
 

 

 

 

 

 

 

 

 

Does the removal of financial incentives from 

Australian general practices affect immunisation 

rates? 

 

 

Christine Mary Hallinan 

 

 

 

 

 

Thesis submitted in fulfilment of the requirements for  

the degree of Doctor of Philosophy 

October 2019 

 

Department of General Practice 

Melbourne Medical School 

The University of Melbourne 

 



 

i 

 

Abstract 

Background  

Financial incentives are commonly used to drive improvements in health care delivery. There is a large 

body of evidence around the impact of the delivery of financial incentives on health outcomes, quality 

and prevention. Results from a systematic review of published reviews found that randomised 

controlled trials and time series studies undertaken between 1980 and 2000 have contributed most of 

the evidence. Most of the studies looked at associations between the introduction of incentives and 

improvements in quality. However, poor study design and unaddressed methodological errors have 

significantly limited the drawing of sound conclusions from the evidence to date. There is a paucity of 

published research on the removal of financial payments to general practitioners (GPs) and its effect on 

preventive care.  

Aim  

This thesis aims to: (i) determine if the removal of general practitioner financial incentive payments for 

immunisation are associated with a reduction in paediatric immunisation coverage; (ii) determine if 

there is evidence of associations between levels of socio-economic disadvantage and paediatric 

immunisation coverage after removal of financial incentive payments to general practitioners, and; (iii) 

determine if there is evidence of an association between levels of relative remoteness and paediatric 

immunisation coverage after removal of financial incentive payments to general practitioners. 

Method 

Childhood immunisation has been linked to the delivery of two financial incentives provided to 

Australian general practitioners for the reporting of paediatric immunisation coverage to the Australian 

Childhood Immunisation Register (ACIR). The General Practice Immunisation Service Incentive 

Payments (SIP) and Outcomes Bonus Payments (OBP) were removed incrementally in 2008 and 2013. 

A systematic review of reviews was undertaken on current evidence of the effect of incentives on 

immunisation. Paediatric immunisation coverage data for all Australian children under the age of seven 

was used to examine the impact of the removal of these incentives on immunisation rates. Interrupted 

segmented regression times-series analysis (ITSA) was performed on postcode-level immunisation 

coverage data across 64 quarters between 2000 and 2016. Sub-group analysis was performed on the 

data stratified for socio-economic disadvantage and rurality. The data were transformed using an 

autoregressive integrated moving average (ARIMA) model to address autocorrelation. 
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Results 

The results revealed an immediate and statistically significant drop in immunisation coverage following 

removal of the second of two incentive payments to GPs, the OBP. This drop persisted even after the 

data was modelled to control for heteroscedasticity and the inflationary effects of the ‘No Jab No Pay’ 

policy. The effect was still evident after the series had been transformed with weighting coefficients to 

address the issue of small cells. The analysis also showed an additional 19,441 children would have 

been reported as being fully immunised between January 2000 and 1 January 2016 had the SIP and 

OBP incentives not been removed. A reduction in immunisation coverage was evident across all socio-

economic quintiles after the national series had been stratified across areas of disadvantage. This effect 

was found to be larger in areas of greater disadvantage. The same outcome was observed across all 

geographic regions of Australia, where major city, regional and remote areas showed a statistically 

significant reduction in immunisation following removal of the OBP. The postcode areas which showed 

the greatest decrease in immunisation were those outer regional to very remote regions of Australia. 

There was no statistically significant change in coverage after removal of the SIP. 

Conclusion 

This thesis establishes evidence of a strong relationship between the removal of incentives to GPs and 

the provision of preventive services. Not only does this analysis provide estimates which are statistically 

significant, it also provides multiple analyses which test the validity of the outcomes. To the author’s 

knowledge, the innovative methods which have been used in this thesis to measure the effects of the 

removal of financial incentives to GPs, has not been previously applied to the research around incentive 

effectiveness in either Australia or overseas. This places this research in a unique position to both 

contribute evidence and influence future policy. 
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1 

 

 

Financial incentives are commonly used to drive improvements in health care delivery. In 1998, the 

Australian Government provided financial payments to general practitioners (GPs) for their work in 

promoting, delivering and reporting on childhood immunisation. These incentives were incrementally 

removed between 2008 and 2013. The aim of this thesis is to determine the effect of the removal of 

general practice financial incentives on childhood immunisation rates. 

 

Childhood Immunisation 

Childhood immunisation refers to the immunisation of a child under seven years of age with 

vaccinations that are due by four years of age and are included on the Australian National Immunisation 

Program (NIP) Schedule. 

National Immunisation Program (NIP) Schedule 

The National Immunisation Program (NIP) Schedule, which was introduced in 1993, provides a 

summary of a series of immunisations that are recommended by the National Immunisation Committee 

(NIC)1 for administration at specific times across a person’s lifespan. The schedule, which has changed 

over time, is informed by the most up-to-date evidence on vaccine efficacy and prevalence of infectious 

diseases. All vaccines listed in the NIP schedule are provided free by the Commonwealth government. 

General Practitioners 

Across the literature, general practitioners are referred to as primary care physicians, family physicians, 

physicians, doctors and family medical doctors. As the intervention of interest is the removal of an 

incentive delivered to Australian general practitioners, namely the General Practice Immunisation 

Incentive (GPII) scheme, I will refer to primary care physicians2 as general practitioners (GPs). 

                                                      
1 Terms of Reference and further information on the National Immunisation Committee adapted from ‘National Immunisation Committee’, 
by Canberra: The Department of Health, Australian Government. Retrieved 13, April 2019, from https://www.health.gov.au/committees-and-
groups/national-immunisation-committee#contact 
2 Primary care physicians (PCPs): PCPs are defined as doctors holding a medical degree and include general practitioners, family doctors, 

family physicians, family practitioners and other generalist physicians working in primary healthcare settings who fulfil primary health care 

tasks. From ‘Capitation, salary, fee-for-service and mixed systems of payment: effects on the behaviour of primary care physicians’ by T. 
Gosden, F. Forland, I. S. Kristiansen, M. Sutton, B. Leese, A. Giuffrida & L. Pedersen, 2000, Cochrane Database of Systematic Reviews, 3, 

CD002215. DOI: 10.1002/14651858.CD002215 
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Pay for performance (P4P) incentives 

Pay for performance (P4P) incentives to general practitioners are generally designed as additional 

payments (for evidence of improved performance) that are paired with an existing payment mechanism, 

such as a salary, fee-for-service (FFS) and/or capitation. In this thesis, the Service Incentive Payment 

(SIP) and the Outcomes Bonus Payment (OBP) can both be described as P4P incentives, as they deliver 

performance-based bonus payments (or target payments) on top of FFS remuneration, for the reporting 

of the completion of vaccination as per pre-specified schedules and for increases in the proportion of 

children vaccinated at a pre-specified level. Throughout the thesis, the Service Incentive Payment 

component of the GPII will be referred to as either the SIP or the GPII-SIP. Throughout the thesis, the 

Outcomes Payment component of the GPII will be referred to as either the Outcomes Bonus Payment 

(OBP) or the GPII-OBP. 

 

‘Money is the mother’s milk of health care’ (Hsiao, 2007; p.950). 

Financial incentives are delivered to PCPs with the intent to change provider behaviour for quality 

improvements in healthcare. Utility theory, behavioural economics, cognitive psychology and 

organisational theory are some of the components of microeconomic3 theory that are used to explain 

how incentives work and why they influence individual behaviour (Conrad & Perry, 2009; Prendergast, 

1999). The provision of and access to, incentives in health care should, however, be based on the 

knowledge of not only how and why, but also where and when they work.  

The theory behind how incentives change behaviour is well established (Balch, 1980; Giacomini, 

Hurley, Lomas, Bhatia, & Goldsmith,1996; Hoff & Stiglitz, 2016; Hsiao, 2007; Hutchison, Levesque, 

Strumpf, & Coyle, 2011; Nilsen, 2015; Prendergast, 1999; Strang, Park, Strombach, & Kenning, 2016), 

yet the evidence around whether incentives delivered to providers actually improve the quality of health 

care remains uncertain. There is a large body of work, ranging from empirical research through to policy 

documentation, which contributes to the evidence base around the impact of incentives delivered to 

providers on primary care quality. The empirical research which currently exists includes evidence from 

randomised controlled trials RCTs), interrupted time series (ITS) and difference-in-difference studies4 

that have had a research focus on immunisation, screening, smoking cessation and the monitoring of 

                                                      
3 Microeconomic theory relates to the application rigorous of mathematical reasoning to economic and social contexts in order to examine the 

economic behaviour of individual units such as businesses and households in the face of scarcity and government interactions. It also involves 

theories around the economic consequences of behaviours on the decisions and behaviours of other actors. Adapted from ‘Behavioural 
Economic and Public Policy Roundtable Proceedings’ by Australian Government Productivity Commission, 2007, Canberra: Productive 

Commission. 
4 A difference in difference (DID) design is a quasi-experimental research design that researchers often use to study causal relationships in 

public health settings where randomized controlled trials (RCTs) are infeasible or unethical. From ‘Designing Difference in Difference 

Studies: Best Practices for Public Health Policy Research’ by C. Wing, K. Simon & R.A. Bello-Gomez, 2018, Annual review of public health, 
39:1, pp. 453-469. 
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disease (Campbell, Reeves, Kontopantelis, Sibbald, & Roland, 2009; Chaix-Couturier et al., 2000; 

Doran et al., 2011; Eijkenaar, Emmert, Scheppach, & Schöffski, 2013; Emmert, Eijkenaar, Kemter, 

Esslinger, & Schoffski, 2012; Flodgren et al., 2011; Giuffrida et al., 1999; Gosden et al., 2001; Houle, 

McAlister, Jackevicius, Chuck, & Tsuyuki, 2012; Li, Hurley, Decicca, & Buckley. 2014; Petersen, 

Woodard, Urech, Daw, & Sookanan, 2006; Ryan, Krinsky, Kontopantelis, & Doran, 2016; Scott et al., 

2011; Town, Kane, Johnson, & Butler, 2005; Van Herck et al., 2010). Some studies have shown 

improvements in quality and some have reported on paradoxical effects, where the delivery of 

incentives has resulted in a diminished quality of care rather than improvement. In the studies where 

incentivised behaviours have led to improvements in quality, there was still no evidence indicating that 

the changes in behaviour persisted over time regardless of whether incentives were removed or 

remained in place (Campbell et al., 2009; Chaix-Couturier et al., 2000; Doran et al., 2011; Eijkenaar et 

al., 2013; Emmert et al., 2012; Flodgren et al., 2011; Giuffrida et al., 1999; Gosden et al., 2001; Houle 

et al., 2012; Petersen et al., 2006; Ryan, et. al., 2016; Scott et al., 2011; Town et al., 2005; Van Herck 

et al., 2010). 

Few studies have quantified the impact of incentive removal, and those that have were constrained by 

methodological limitations and produced conflicting results (Kontopantelis et al., 2014; Lester et al., 

2010; Minchin, Roland, Richardson, Rowark, & Guthrie, 2018; Petersen et al., 2013). This uncertainty 

provides the impetus to re-examine the effects of the removal of incentives. Access to routinely 

collected immunisation data delivers the opportunity to conduct a natural experiment to 

measure/examine the impact of the removal of Australian general practice immunisation incentives on 

the number of children immunised. 

 

The aim of this thesis is to quantify the effect of removing incentives to primary care providers to add 

to the evidence base on the impact of financial incentives on the quality of primary care practice. 

AIM #1. To determine if the removal of general practitioner financial incentive payments for 

immunisation are associated with a reduction in paediatric immunisation coverage across nationally 

aggregated postcode areas in Australia. 

 

Research Question: Is there evidence of a statistically significant reduction in national immunisation 

coverage after the removal of the General Practice Service Incentive Payment in 2008 and the General 

Practice Performance Incentive Payment in 2013? 
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AIM #2. To determine if there is evidence of an association between levels of socio-economic 

disadvantage and paediatric immunisation coverage after removal of financial incentive payments to 

general practitioners. 

 

Research Question: What are the relative differences in change in immunisation coverage between 

areas of disadvantage after the general practitioner financial incentive payments for immunisation have 

been removed? 

 

AIM #3. To determine if there is evidence of an association between levels of relative remoteness and 

paediatric immunisation coverage after removal of financial incentive payments to general practitioners. 

 

Research Question: What are the relative differences in change in immunisation coverage between 

urban and rural regions after the general practitioner financial incentive payments for immunisation 

have been removed? 

 

Improving health care quality is an aim for health care systems across the world. Achieving this aim is 

difficult as the system contains complex inputs, outputs and feedback mechanisms which cannot be 

completely understood by just knowing about the individual component parts. Approaches to improve 

health care practices often involves the delivery of multiple mechanisms which target a range of 

intermediary factors that are hypothesised to be causally be linked to improvements in quality (Geng, 

Peiris, & Kruk, 2017; Grimshaw, Eccles, Lavis, Hill, & Squires, 2012). Interventions such as the 

delivery of educational programs, evidence-based guidelines, decision support tools and financial 

incentives are the quality improvement mechanisms which are most often used to embed improvements 

in clinical care quality into routine general practice.  

Over the past decades, researchers have undertaken many studies in the area around provider behaviour 

and quality in an attempt to better understand the mechanisms which influence GP decision making. 

Many of the findings that have resulted from this work have been described as either ‘mixed’ or 

‘inconsistent’. This is particularly true for the studies examining the impact of financial incentives on 

provider behaviour. Yet, provider-delivered financial incentives continue to be viewed as an important 

mechanism to change provider practices and improve health care delivery (Grimshaw et al., 2012). This 

evidence is briefly summarised in the section below. In 1996, Hellinger published one of the first 

reviews on the impact of financial incentives on physician behaviour. The review reported there was 

some evidence which indicated primary care provider payment structures do influence the way that they 

‘do their work’, however it also concluded that this evidence was not definitive, as it was based on 

studies which were subject to numerous sources of potential bias. Since then, there have been many 
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published reviews which have reported on primary studies investigating the effects of performance 

incentives on provider behaviour. Likewise, these reviews also concluded that evidence was not 

definitive, as much of the primary research was incomplete, not generalisable, and was constrained by 

methodological limitations.  

This primary research aims to address some of the limitations which have been previously described in 

the literature, including sample bias, low statistical power and ungeneralisable results (Armour et al., 

2001; Chaix-Couturier et al., 2000; Christianson, Leatherman, & Sutherland, 2007; Doran et al., 2011; 

Eijkenaar et al., 2013; Emmert et al., 2012; Flodgren et al., 2011; Giuffrida et al., 1999; Gosden et al., 

2001; Hellinger 1996, Houle et al., 2012; Petersen et al., 2006; Scott et al., 2011; Town et al., 2005; 

Van Herck et al., 2010), by undertaking a time series analysis of population level childhood 

immunisation data that has been routinely collected across a 16 year period.  

Childhood immunisation in Australia provides a context for the examination of the effect of financial 

incentives at a whole-of-population level, and it is within this context that this doctoral research is 

undertaken. Childhood immunisation is also a preventive activity which is supported by gold standard 

evidence of effectiveness, and thus provides an opportunity to investigate the effect of incentives 

without the complication of equivocal evidence.  

This examination of the impact of the removal of financial incentives to GPs on the primary preventive 

practice of immunisation is well placed to provide new evidence that reflects an investigation that is 

careful and comprehensive. Childhood immunisation in the Australian general practice setting has been 

linked to the delivery of two explicit financial incentives to GPs for the reporting of paediatric 

immunisation coverage. These financial incentives were introduced in 1998 and removed incrementally 

across a 15-year period: one incentive was removed in 2008 and the other was removed in 2013. This 

data has been used to determine if the removal of financial incentives to Australian GPs impacted on 

the delivery of preventive care and delivers further evidence on the effect of financial incentives on 

primary care practice.  

 

The thesis utilised the opportunity to conduct a natural experiment in Australia to measure the impact 

of the removal of financial incentives to general practitioners on the reporting of immunisation coverage 

for all Australian children under the age of seven years, from 1 January 2000 to 1 January 2016.  
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This thesis begins with an introduction and iteration of intention.  

Chapter Two provides an overview of primary care and prevention. It also delivers a brief examination 

of the policy levers that have been used to embed prevention into contemporary primary care practice. 

The chapter explores the theory behind the use of incentives as policy levers to achieve system-wide 

change. As the thesis uses routinely collected childhood immunisation data to quantify the effect of the 

removal of incentives for immunisation on childhood immunisation coverage, the value, history and 

policies around immunisation are described.  

Chapter Three delivers a systematic review of reviews followed by a rapid review that examines the 

impact of financial incentives to primary care physicians on the delivery of primary and secondary 

prevention. Past reviews have identified empirical gaps in the primary literature and have also detected 

a wide variation in inclusion criteria and outcomes. This overview aims to provide a point of difference 

compared with those already published. Firstly, it offers a more up-to-date review of the literature. 

Secondly, it focuses on the impact of the delivery and removal of incentives on specific primary and 

secondary preventive care interventions. This chapter also provides a rapid review of the relevant 

primary research published between 2010 and 2018, to ensure all relevant empirical studies available 

to date are captured in the thesis.  

This chapter has two main aims: firstly, it aims to provide a focus on prevention and immunisation in 

the Australian primary care setting; and secondly, it introduces the policies and programs that focus on 

improving the rates of immunisation for all children in Australia. In doing so, this chapter provides a 

chronology of strategies which were delivered as part of the Seven Point Plan that was rolled out in 

1998 and provides a specific focus on the strategies around the provision of incentives to GPs. The final 

section of this chapter plots a trendline of immunisation coverage for all Australian children from 1997-

2016. Mapped against this trendline are key policy changes that were delivered across the same period. 
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As this thesis specifically focuses on removal of the SIP immunisation incentive in 2008 and the OBP 

immunisation incentive in 2013, the aim of this chapter is to describe the data and methods used in the 

formal evaluation of the impact of the removal of GP incentives on immunisation rates. It does this with 

the use of an interrupted time series study design. The source and structure of the data is described in 

detail in this chapter, as the characteristics of the data determine which analytic methods are used. The 

methods detailed in this section include the theory and methods around the ARIMA procedure, 

segmented regression analysis and counterfactual estimations.  

In this chapter, the results from the examination of the time series properties of the data are presented. 

This is followed by the results from the interrupted time series analysis, which estimates the effect of 

incentive removal on immunisation rates using segmented regression modelling on multiple data series. 

These data series include series which contain the original data, data which is modelled for scedasticity, 

data forecasted to remove the ‘No Jab No Pay’ policy confounder and data with weighting coefficients 

applied to address the issue of small postcodes cells in the series. In this chapter the estimates of effects 

of incentive removal on the total number of missed immunisation completions are calculated. 

The thesis also investigates the effect of geography on incentive performance in the Australian setting. 

This chapter aims to empirically measure the effects of socio-economic disadvantage and rurality on 

immunisation coverage after financial incentive payments to general practitioners have been removed. 

Details of the methods and results of this sub-group analysis are found in this chapter. 

In chapter eight the outcomes of the systematic review of reviews are provided. The results from the 

empirical analysis are reiterated. Comparisons are made with previous empirical studies and 

deliberations are made on how the results contribute to the evidence and inform future public policy. 

The possible mechanisms associated with the empirical results are also considered in this section and 

future hypotheses associated with these mechanisms are presented to extend the scope of this thesis. 

Finally, the conclusion of the thesis summarises how the thesis has served its purpose and fulfilled its 

aims and offers recommendations for policy. 
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‘…the doctor of the future will not dose us with drugs but will instruct his patients as to the cause and 

prevention of all maladies’ Thomas A. Edison (1847–1931)5 

This thesis argues for more robust empirical research on incentive effectiveness and adds much needed 

empirical research into the current policy arena. At present, there is considerable ambiguity around the 

effect of financial incentives on the delivery of preventive care. The ambiguity exists because, to date, 

many of the studies that have analysed the topic have either been underpowered or have had 

methodological flaws (Armour et al., 2001; Chaix-Couturier et al., 2000; Christianson, Leatherman, & 

Sutherland, 2007; Doran et al., 2011; Eijkenaar et al., 2013; Emmert et al., 2012; Flodgren et al., 2011; 

Giuffrida et al., 1999; Gosden et al., 2001; Houle et al., 2012; Kontopantelis et al., 2014; Lester et al., 

2010; Petersen et al., 2006; Petersen et al., 2013; Scott et al., 2011; Town et al., 2005; Van Herck et al., 

2010).  

It is imperative that the outcome measurement in any study is valid. It is even more important to establish 

that the outcome measurement in research on incentives is a suitable proxy for the measurement of 

incentive effects. As immunisation coverage will be the indicator used as the preventive care outcome 

measurement in this thesis, Chapter 2 provides evidence that demonstrates that the benefits of childhood 

immunisation are unequivocal. The establishment of certainty relating to the effectiveness of childhood 

immunisation will avoid the use of an outcome measurement which does not have a strong evidence base 

and will avoid an outcome measurement where evidence-based guidelines shift over the investigation 

period. 

The first part of this chapter delivers a strong evidence base for the value of primary care and prevention 

and also includes an historical overview of these concepts. In this section, the evolution of the primary 

care paradigm and the processes involved in the embedding of prevention into contemporary primary 

care practice is briefly described. As this thesis aims to determine if incentives are associated with the 

amount of preventive care delivered to patients in the primary care setting, the next section overviews the 

policy levers that governments typically use to embed prevention into contemporary practice. The final 

section of this chapter details the strong evidence base for childhood immunisation. This provides a 

rationale for its use in this thesis in the examination of the influence of financial incentives on population 

health outcomes.  

                                                      
5 Thomas Edison quote from The Wizard of Menlo Park: How Thomas Alva Edison Invented the Modern World, by R. Stross, 2007, U.S.: 

Random House. 
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Primary care is the provision of integrated health services by a clinician to address a person’s health care 

needs. It is care that is continuous, comprehensive and coordinated and is delivered in partnership with 

patients, across family and community settings (Green, 2005; Starfield, 1994; Vanselow, Donaldson, & 

Yordy, 1995). Patient access to preventive health care is inexorably linked to the delivery of timely and 

appropriate care by physicians in the primary care setting. It provides the first point of medical contact 

within the health care system and is central to access of care across all levels. At the core of primary care 

is unrestricted access across the whole of a population, where services are not differentiated by 

geography, gender, disease, or organ system (Starfield, 1994). The delivery of primary care services is 

linked to better quality care, enhanced health outcomes and improved cost effectiveness (Cohen & 

Neumann, 2009; Flocke, Stange, & Zyzanski, 1998; Fries et al., 1993; Maciosek et al., 2006; Nutting, 

1986; Peckham, Hann, & Boyce, 2011; Stange, Kelly, Smith, & Frank, 1991; Starfield, 1994; Starfield, 

Shi, & Macinko, 2005).  

To gain an understanding of the delivery of care in the primary care setting, it is prudent to look back to 

our forebears who have contributed to the development of the primary care paradigm as we see it today. 

Hippocrates (400 BC), in the treatise On Airs, Waters and Places, linked a relationship between places, 

people, health and disease. In doing so, he facilitated thoughts on associations between the environment 

and health, and in turn created insights into the importance of primary care in the prevention of disease. 

‘Whoever wishes to investigate medicine properly should proceed thus: in the first place to 

consider the seasons of the year…Then the winds, the hot and the cold, especially such as are 

common to all countries and then such as are peculiar to each locality. From these things, he 

must proceed to investigate everything else. For if one knows all these things well, or at least 

the greater part of them, he cannot miss knowing, when he comes into a strange city, either the 

diseases peculiar to the place, or the particular nature of common diseases, so that he will not 

be in doubt as to the treatment of the diseases, or commit mistakes, as is likely to be the case 

provided one had not previously considered these matters’ (Hippocrates 400 BC, On Airs, 

Waters, Places Part 1, Part 2) (Atchity & McKenna, 1998, p. 154) 

Interestingly, this concept of primary care, articulated by Hippocrates in 400 BC, all but disappeared in 

the early to mid-twentieth century, when curative medicine was the dominant paradigm in medical care 

(Lewis, 2003). However, in a time when the curative model produced a ‘medi-centric’ approach to all 

clinical care, including care delivered in general practice, GPs such as Dr Charles Fleming and Dr Ian 

Renwick McWhinney were espousing the merits of primary care practice and prevention. In 1954, 
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Fleming described the ‘unique opportunities and vital role for the GP in the practice of preventative 

medicine and health education’ (Fleming, 1954, p.1399). McWhinney, a Scottish GP and family practice 

researcher, published a paper in 1972 entitled ‘Beyond Diagnosis’. In his dissertation, McWhinney (1972) 

presented an alternate paradigm to traditional family medical practice, where he legitimised general 

practitioner (GP) care that had a focus on the ‘problems of everyday living’ as well as illness (p.385). 

Around the same time, Julian Tudor Hart, also a GP in the United Kingdom, published a seminal paper 

in the Lancet entitled ‘The Inverse Care Law’ (Hart, 1971). In this paper, Hart (1971) concluded that the 

availability of good medical care tended to vary inversely with the need of the population served. In 

applying this understanding to his practice, he engaged in primary care practice which involved 

preventive care across all population groups, including that of underserved communities. In doing so, he 

was intuitively employing a whole of population approach to his practice, which is now the foundation 

of contemporary primary care.  

In an equally influential paper, Hart, in 1981, proposed the need for a ‘New Kind of Doctor’, where GPs 

were responsible for both the personal health of their patients and the public health of their local 

communities. In this paper, he asserted the need for a new structure for primary care which would provide 

a greater emphasis on: screening for preventable disease; planning for continuing care of chronic disease; 

immunisation service delivery; and collection of morbidity, mortality and risk factor data of the local 

population. This renewed focus on prevention (rather than on health restoration for patients who were 

already unwell) provided the impetus to restructure the health care system with reforms that had an 

increased emphasis on preventive rather than curative care. 

In 1986, a declaration to ‘re-orientate health services toward disease prevention and the promotion of 

health’ was made by the World Health Organization (WHO) (World Health Organization [WHO], 1986). 

This manifesto, which was declared at the first International Conference on Health Promotion in Ottawa, 

Canada, over 30 years ago, not only put prevention on the agenda, but also put prevention into the political 

and policy landscape (WHO, 1986). With this increased focus on prevention in primary care there was a 

movement away from commentary by an insightful few, toward a preventive care paradigm, which was 

supported by governments, policy makers, health professionals and community members alike. In spite 

of this re-orientation of care thirty years ago, the WHO listed misdirected care6 as one of the five most 

common shortcomings of contemporary health care delivery in the 2008 World Health Report Primary 

Health Care Now More Than Ever (World Health Organization [WHO], 2008). In this report, published 

                                                      
6 Misdirected care-Resource allocation which is clustered around curative services at great cost, thereby neglecting the potential of primary 

prevention and health promotion to prevent up to 70% of the disease burden. Adapted from ‘Reducing health care costs by reducing the need 

and demand for medical services’ by J. F. Fries, C. E. Koop, C. E. Beadle, P. P. Cooper, M. J. England, R. F. Greaves, D. Wright, & The 
Health Project Consortium, 1993, New England Journal of Medicine 329(5), 321-325. doi:10.1056/nejm199307293290506 
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in 2008, the WHO reflected that even two decades on from the Ottawa manifesto, the evidence showed 

that physical and financial health care resources continue to be clustered around curative rather than 

preventive services (WHO), 2008). The WHO also claimed that the allocation of resources away from 

preventive to acute care limited the potential for preventive care services to avert up to an estimated 70.0 

percent of the global disease burden (WHO, 2008).  

International and local research has demonstrated that the impediments to general practitioners adopting 

a more expanded preventive care role are frequent changes in policy and complex funding arrangements 

(Booth, Zwar, & Harris, 2010; Crabtree et al., 2011; Martin & Sturmberg, 2005; Plsek & Greenhalgh, 

2001). Yet, the transformation of the healthcare paradigm toward a more preventative approach 

continues to be centred on changing the way general practitioners deliver care. With these impediments 

in mind, it is understandable that the embedding of prevention into primary care practice has presented 

policy makers with unique challenges. Not only is change constrained by the factors above, it is also 

constrained by practice heterogeneity, where each practice differs in the way it is organised, in the way 

care is delivered and in the professional values that underpin the practice culture (Booth et al., 2010; 

Crabtree et al., 2011; Plsek & Greenhalgh, 2001). These differences across practices are also seen within 

the practice, where each general practitioner brings to the practice, a uniqueness that also adds to the 

complexity of the organisation itself (Booth et al., 2010; Crabtree et al., 2011; Plsek & Greenhalgh, 

2001). Consequently, the organisational complexity inherent in general practice, renders some strategies 

aimed at promoting expanded preventive health roles impotent, and at the same time enables some 

strategies to be potent levers for change. 

General practice is both the entry point to primary medical care, as well as the referral pathway for 

access to secondary and tertiary services (Department of Health and Ageing [DoHA], 2010a; Hensrud, 

2000; Keleher, 2001; Olesen, Dickinson, & Hjortdahl, 2000; Peckham et al., 2011; Stange & Ferrer, 

2009; Starfield, 1994; Starfield et al., 2005; Willcox, Lewis, & Burgers, 2011). This accessibly has 

placed general practitioners in a unique position to deliver public health services, including health 

promotion and prevention. Hence, the delivery of prevention is increasingly seen by Governments and 

policy makers as a key role for GPs (Brotons et al., 2005; DoHA, 2010a; Flocke et al., 1998; Kikano, 

Flocke, Gotler, & Stange, 2000; Olesen et al., 2000; Peckham et al., 2011). This has led to the 

development of public policy to create opportunities for the provision of preventive health at the GP-

patient interface, through the delivery of public health campaigns and the roll out of strategies directed 

specifically at general practice. These general practice strategies, which have had varying degrees of 

success, include: the use of audit and feedback (Davis et al., 1999; Foy, Eccles, Jamtvedt, Grimshaw, 

& Baker 2005); the development of computerised reminder systems (Carpiano, Flocke, Frank, & Stange 

2003; Davis & Taylor-Vaisey, 1997; Stone et al., 2002); the provision of continuing medical education 

(Davis & Taylor-Vaisey, 1997; Davis et al., 1999; Grol & Grimshaw, 1999); the involvement of other 
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providers, such as nurses (Davis et al., 1999; Grol & Grimshaw 1999; Harris & Lloyd, 2012; Laurant 

et al., 2004; Margolis et al., 2004; Stone et al., 2002); the implementation of continuous quality 

improvement programs (Davis & Taylor-Vaisey, 1997; Davis et al., 1999); the use of evidence-based 

algorithms on flow charts (Grimshaw & Russell, 1993, 1994; Grimshaw et al., 1995) and financial 

incentives, performance payments and target bonuses (Campbell et al., 2009; Eijkenaar et al., 2013; 

Scott et al., 2011; Stone et al., 2002; Town et al., 2005). Despite these efforts, much of the research 

around prevention has demonstrated that the clinical preventive services, which have been under-

provided in the past, still remain below national and international targets (Alexander, Brijnath, & 

Mazza, 2015; Arroyave, Penaranda, & Lewis, 2011; Chaudhry et al., 2000; Crabtree et al., 2005; 

Crabtree et al. 2011; Doggett, 2007; Harris, 2016; Mazza & Harris, 2010; Mazza et al., 2011; Stange, 

2000; Stange, Flocke, Goodwin, Kelly, & Zyzanski, 2000; Stone et al., 2002). This relative inertia 

provides an impetus to re-examine how effective these strategies are when it comes to improving the 

delivery of preventive care.  

For this thesis, preventive care is defined as the delivery of interventions to individuals who are either 

healthy or at risk of illness. Individuals at risk of illness are those with an increased probability of having 

an adverse health outcome, including those with biological or environmental factors that increase this 

risk. Interventions to address these risks are defined as ‘…any promotive, preventive, curative or 

rehabilitative activity where the primary intent is to improve health’ (World Health Organization 

[WHO], 2002, p.8). The preventive care underpinning this research around financial incentives to GPs 

is the activity of the delivery, promotion and recording of childhood immunisation. This is defined as a 

primary prevention in Table 2.1, as it has a focus on the reduction of the risk of infection by increasing 

a child’s immunity against communicable disease when they are young and have a greater risk for 

disease (Keeling & Rohanis, 2011). 

Table 2.1  The Three Categories of Prevention 

Categories Prevention 

Primary prevention 

Primary prevention strategies emphasise general health promotion, risk factor reduction 

and other health protective measures. This is achieved through the promotion of safe 

environments and the prevention of illness through the delivery of immunisation 

programs. 

Secondary prevention 

Secondary prevention focuses on early detection and swift treatment of disease. Its 

purpose is to cure disease, slow its progression, or reduce its impact on individuals or 

communities. The early detection and prompt treatment of disease and involves activities 

such as cervical screening, mammography and blood cholesterol testing. 

Tertiary prevention 

Tertiary prevention strategies involve both therapeutic and rehabilitative measures once 

disease is firmly established. The reduction of impairments, prevention of complications 

and the proactive management of chronic disease. 

Adapted from Royal Australian College of General Practitioners Guidelines for Preventive Activities in General Practice 9th edition by The 
Royal Australian College of General Practitioners, 2018a, East Melbourne, Victoria: RACGP 
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Governments and health care providers have become increasingly concerned about the growth in global, 

national and local demands for health care (Australian Institute of Health and Welfare [AIHW], 2016; 

Australian Institute of Health and Welfare [AIHW], 2018a; WHO 2008; World Health Organization 

[WHO], 2018a). In 2015, the world spent a total of US $7.2 trillion on health (WHO, 2018a) and between 

2009 and 2013 Organisations or Economic and Cooperative Development (OECD) countries spent on 

average 9.3 percent of their GDP (Gross Domestic Product) on health (OECD, 2015). In the 2016-17 

financial year, expenditure on health in Australia was estimated at $180.7 billion (10.3 percent of GDP), 

up from $50.3 billion in 1989-90 (6.5 percent of GDP) (AIHW, 2016; AIHW, 2018a). Over this period, 

health expenditure grew at a greater rate than inflation, the population and population ageing. The two 

largest components of health expenditure were hospital services followed by unreferred medical services 

delivered in the primary care setting (AIHW, 2018a).  

It is well established that evidence-based interventions in the primary care setting not only reduce disease 

prevalence, but also promote improved health, well-being and longevity (Cohen, Neumann, & Weinstein, 

2008; Flocke et al., 1998; Fries et al., 1993; Maciosek et al., 2006; Nutting, 1986; Peckham et al., 2011; 

Pignone, Saha, Hoerger, & Mandelblatt, 2002; Stange et al., 1991; Starfield et al., 2005). WHO 

concluded, in the World Health Report in 2002, that even modest preventive care interventions can 

reverse the impact of risk and, in turn, provide significant benefits to health (WHO, 2002). 

Notwithstanding this evidence on the benefits to health, preventive care services are not all equally 

effective in reducing disease, and each service comes with own associated costs (Cohen et al., 2008; 

Maciosek et al., 2006; Wilkinson et al., 2012). This uncertainty is addressed with the development of 

guidelines that provide evidence on the preventive services which have a high health impact, a maximum 

cost effectiveness and target diseases of significant burden to society (Maciosek et al., 2006; Royal 

Australian College of General Practitioners, 2009; Wilkinson et al., 2012). Accordingly, the limited 

resources which are allocated to health care can then be directed to the preventive services which produce 

the largest health improvements with minimal associated costs.  

The United States of America (U.S.) based Institute for Clinical Services Improvement (ICIS) 

Guidelines for Preventive Services has a preventive service ranking system, where preventive services 

are ranked accordingly to an algorithm that is centred on the sum of clinically preventable burden and 

cost effectiveness (Wilkinson et al., 2012). The advantage of this ranking system is that it enables 

decision makers at all levels of the health care system to prioritise preventive services across varying 

population groups. A systematic review undertaken by Cohen et. al. (2008) on the cost effectiveness of 

certain preventive measures showed that Haemophilus influenza type B vaccination of children and 

one-time colonoscopy screening for colorectal cancer in men 60–64 years old delivered the most health 



 

14 

benefits plus the best net cost-savings, compared with other preventive measures (Cohen et al., 2008). 

The same review found many preventive measures delivered only potential health benefits at substantial 

net costs, as demonstrated by the $590,000 per Quality Adjusted Life Year (QALY) associated with 

screening all people over 65 years of age for diabetes (Cohen et al., 2008). In a review of the evidence 

associated with the cost savings and cost-effectiveness of clinical preventive care published one year 

later, Cohen and Newman (2009) concluded that, although many preventive services reflected good 

value for money (costing less than US$50,000 to US$100,000 per QALY), only a few services, such as 

childhood immunisations, were regarded as cost saving. The authors also found the net cost benefits of 

prevention programs were constrained by factors such as: (i) the costs of the intervention; (ii) the 

strength of evidence that supports the intervention and (iii) the context in which the intervention is 

delivered (Cohen et al., 2009).  

The following section of this chapter explores the theory behind the use of policy instruments for 

system-wide change. The section also provides a brief discussion of the use of financial incentives for 

immunisation in the primary care setting.  

 

Governments have the power to influence individual and collective behaviour of health care providers 

through the delivery of policy instruments which modify behaviour. They have traditionally used a 

range of innovations, which include the use of legislation, sanctions, regulations, taxes and subsidies. 

Individual and collective responses to policy is, however, not just dependent on the lever used, but also 

on the context in which it is delivered. Policy problems arise where the complexity of the setting has 

not been incorporated into policy development, leaving policies vulnerable to policy resistance 

(Johnston, 2015). In the case of policy resistance where the effectiveness of traditional approaches is 

compromised, an understanding of the policy environment facilitates the inclusion of innovation into 

the development of policy instruments and reduces the potential for policy failure. 

Balch (1980), in a paper examining the theory underpinning behaviour change, lists four strategies 

enacted by governments to promote change: information, facilitation, regulation and incentives. 

Information strategies are theorised to enable change in situations where information is the main gap 

between the potential and new behaviour. Facilitation strategies are approaches that make adoption of 

a new behaviour easier. For example, facilitation assists by removing the barriers to the change process, 
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such as a city adopting infrastructure changes as part of a bike plan to promote more community cycling. 

Individual motivation has the potential to mediate and is thought to be a factor that influences the 

effectiveness of information and facilitation strategies. Regulation is defined as the requirement for an 

individual to change under threat of penalty, such as fines and imprisonment, and incentive strategies 

are hypothesised to support change by placing price-like mechanisms on goods or services whose 

uptake is  being promoted by the government (Balch, 1980). 

Incentive strategy constructs have been described by Fenna (2004) not as ‘strategy types’ but as ‘policy 

levers’. Policy levers, otherwise known as policy instruments or tools, are adjusted by governments to 

achieve outcomes that conform to public policy objectives. Policy levers incorporate mechanisms 

including exhortation, the delivery of economic incentives or disincentives, provision and regulation to 

promote change. Fenna (2004) describes exhortation as the use of advertising or propaganda to persuade 

or cajole people. The delivery of economic incentives and disincentives are described by Fenna (2004) as 

the use of subsidies, prices and taxes to modify behaviours - provision is where governments directly 

provide the good or services themselves and regulation is the delivery of laws that proscribe, prescribe, 

or control behaviour. A number of alternate theoretical constructs have been developed by theorists across 

a variety of disciplinary areas to explain how policy levers work. As there is no policy lever typology 

which has been universally mandated, there are a range of levers that can be applied by governments to 

deliver health care reform (Althaus, Bridgman, & Davis, 2012). The type of policy lever chosen by a 

government is influenced by the political climate at the time, by the constitutional and legal restrictions 

underpinning the governmental authority and by the environment in which it is delivered (Grace et al., 

2015; Johnston, 2015).  

Governments use both ‘sticks and carrots’ to influence the behaviour of individuals and health care 

providers when aiming to improve health services delivery and population health outcomes. The ‘carrot 

and stick’ approach to health policy, theoretically rewards individuals when they deliver the desired 

response and punishes those that do not. An example of a ‘carrot’ is a bonus payment provided to a GP 

for the attainment of predetermined targets relating to performing a HbA1c test 2F

7 on all patients diagnosed 

with type II diabetes (Campbell et al., 2009) and a ‘stick’ is a threshold penalty where hospitals receive 

a 2.0 percent reduction in their Medicare payments if they fall outside the 10th decile threshold in a given 

clinical area (Riku, 2010). Rather than describing levers as ‘sticks and carrots’, Roberts, Hsiao, Berman 

and Reich (2008) referred to policy levers as ‘control knobs’ in the classification of health sector policy 

                                                      
7 HbA1c (glycated haemoglobin) test- identifies average plasma glucose concentration. The HbA1c test is a frequently used test for people 

with diabetes as it provides an indication of the risk for developing a diabetes-related complication. Adapted from ‘Significance of HbA1c 

Test in Diagnosis and Prognosis of Diabetic Patients’ by S. I. Sherwani, H. A. Khan, A. Ekhzaimy, A. Masood, & M. K. Sakharkar, 2016, 
Biomarker Insights, 11, 95-104. 
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instruments. Roberts et al. (2008) asserted a policy lever should be able to influence a discrete area of the 

health system structure which is malleable to change, and a policy lever should be able to influence the 

functional components of the system which is amenable to adjustment by government action. The health 

system policy lever ‘control knobs’ were classified by Roberts et al. (2008) in terms of: (i) financing; (ii) 

payment; (iii) organisation; (iv) regulation; and (v) behaviour. 

The financing lever controls the overall allocation and distribution of funding across the Federal, State, 

Territory and Local governments, as well as private and not-for-profit sectors. Financing levers also 

influence the degree of financial control and responsibility accorded to each type of health service 

provider (Roberts et al. 2008).  

The payment lever controls the quantity and quality of services provided by health professionals through 

the delivery of fiscal incentives (Roberts et al., 2008). This lever influences the choice of payment 

method, the criteria for professional payment and the rate of pay per unit. The choice of payment system 

is dependent upon the organisation and mode of delivery of a service, including the number of providers 

and importance placed on different types of service provision (Roberts et al., 2008). 

The organisation lever refers to macro-level changes in the location, magnitude and diversity of capital 

and human resources provided across primary, secondary and tertiary care facilities (Roberts et al., 2008). 

It also includes the degree of vertical integration between these types of services. The organisation lever 

also provides policy directives that aim to influence the spread of ownership of health care across the 

private, public, and the not-for-profit sector, as well as the degree of integration and centralisation of 

resources (Roberts et al., 2008).  

The regulation lever applies to the use of government power to enforce changes in behaviour (Roberts et 

al., 2008). The regulation lever can be applied when correction is necessary to achieve non-market goals. 

It can be applied to protect consumers by ensuring quality and safety standards are enforced. Effective 

regulation requires a strong technical competence and resource base and is facilitated by the existence of 

consensus and support across both public and political sectors (Roberts et al., 2008).  

The behaviour lever involves the use of dissemination of information to influence individual and 

organisational behaviour (Roberts et al., 2008). Application of the behaviour lever through the delivery 

of information can involve the distribution of information via formal educational platforms and through 

explicit persuasion and marketing via mass media channels (Roberts, Dixon-Woods, Fitzpatrick, 

Abrams, & Jones, 2002). The next section of this chapter explores the theory behind the use of 

incentives as levers for change in relation to prevention in the primary care setting. 
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‘We have always known that heedless self-interest was bad morals, we now know that it is bad 

economics.’ Franklin D Roosevelt, 1937 

Policy changes endorsed by governments, relating to the organisation and delivery of primary health 

care, are frequently linked to the provision of funds that enhance a primary care provider’s income, 

quality of working life and professional satisfaction (Hutchison et al., 2011). The linking of explicit 

financial incentives with health indicators has been a policy lever used by governments worldwide over 

the past three decades (Van Herck et al., 2010). This ‘buying power’, which in theory gives governments 

the opportunity to influence services through the re-configuration of funding arrangements, is believed 

to enable funding to become a potent health policy lever (Hutchison et al., 2011). Hsiao (2007), a WHO 

expert on the role of health system financing, argues money does not automatically produce efficient, 

equitable and effective health care. Hsiao (2007) also asserts funding structures are more likely to 

influence risk-pooling arrangements and cost burden, rather than contribute to practice change and 

improved outcomes.  

Standard economic theory assumes that individuals are rational and make choices to maximise their 

own utility. It also assumes decisions are influenced by coherent and autonomous individual 

preferences, rather than by social context. Hoff and Stiglitz (2016) cite Arrow (1994) in their argument 

challenging these assumptions and propose the determinants for decision making in standard economic 

theory are socially, rather than individually, based. They also argue the influence of culture and society 

on preferential behaviour is a rapidly growing strand in economics and argue a more realistic approach 

should be applied to the development and delivery of public policy (Hoff & Stiglitz, 2016). Over twenty 

years ago Giacomini et al. (1996) contended that health funding reforms often failed to change 

behaviour in the way policy intended, as the ‘reward-punishment’ (behaviourist) model inadequately 

captured the way that funding reform worked in the real world. However, despite these assertions, 

financial incentives based on reward and punishment have been and still are, the policy instruments of 

choice for policy makers (Giacomini et al., 1996; Strang et al., 2016). Policy makers view them as 

providing a comparatively straightforward way to influence individual behaviour, as they appear to be 

‘cleaner’ instruments (in contrast to other tools, such as persuasion, restructuring and coercion), where 

higher monetary incentives simply lead to improved performance (Giacomini et al., 1996; Strang et al., 

2016). 

Utility theory, behavioural economics, cognitive psychology, organisational theory and implementation 

science are some of the constructs used to explain how incentives influence individual behaviour 

(Conrad & Perry, 2009; Giacomini et al., 1996; Grimshaw et al., 2012; Hoff & Stiglitz, 2016; Nilsen, 

2015; Prendergast, 1999). Utility theory incorporates a concept of rational self-interest and the 
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assumption that individuals are motivated by ‘psychological hedonism’ (Balch, 1980; Jensen, 1994). 

This theory proposes that to increase utility, an individual will strive to maximise pleasure and minimise 

pain and will accordingly behave in a way to acquire enhanced utility (Balch, 1980).  

Behavioural economics incorporates into an economic construct: the significance of an individual’s 

subjective construction of situations; the role that heuristics plays in decision making; and the impact 

of visceral factors on behaviour (Giacomini et al., 1996; Loewenstein, 2000; Town et al., 2004). This 

approach aims for a singular relationship between the funding structures, the individual motivations 

they harness and the natural behavioural responses that come from these motivations (Giacomini et al., 

1996). Figure 2.1 provides a conceptual model, adapted from Giacomini (1996), on how policy makers 

influence decision using a behaviourist (economic) approach. With this approach, policy makers align 

the policy objective with the targeted behaviour by capturing an individual’s interests within policy 

makers’ interests through the use of financial levers. A behaviourist model does not include preferences 

or behavioural predilections and assumes the presence of motives of self-interest and the pursuit of 

financial gain (Giacomini et al., 1996). The approach acknowledges the existence of other nonmaterial 

motives; however, these motives are presumed to be constant and as a result are expected to have little 

influence on behaviour (Giacomini et al., 1996). 

The central tenet of cognitive psychology is that environmental contingencies shape behaviour and 

behaviours followed by certain stimuli are more likely to be repeated (Balch, 1980). It is based on the 

theory that a positive reinforcing stimulus will strengthen a response over time and a negative stimulus 

will strengthen a response if it is withdrawn (Balch, 1980). Cognitive psychology recognises the 

influence of context on an individual’s response. This is evident when a positive reinforcing stimulus 

for one individual can be found to be a negative reinforcement in another, and where a positive 

reinforcing stimulus becomes ineffective when an individual is ‘satiated’ with stimuli overexposure 

(Balch, 1980).  

Financial incentives may paradoxically have a negative effect on intrinsic motivation and cause a 

decrease in performance to levels that are even lower than they were at the pre-incentive period 

following incentive removal (Ryan & Deci, 2000). Conversely, an effective incentive may consequently 

become redundant as the incentivised innovation becomes embedded, and where processes and 

behaviours become so routine and integrated into practice that an effort would be required to return to 

the prior practice. In this case, as the innovation becomes normalised, payment mechanisms produce 

sustained improvements in quality which persist even after removal of the incentive (May & Finch, 

2009). 

Embedded in organisational theory is the acknowledgment that incentives need to be designed to 

complement the organisational and structural contexts within the environments of implementation. 
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Organisational theory implies that organisations with different internal compliance systems will regard 

financial incentives differently (Giacomini et al., 1996). This theory, which is depicted figuratively in 

Figure 2.1., is also guided by the assumptions that members work collectively to achieve goals, not just 

for financial gain, but for normative reasons, such as: social solidarity and personal wellbeing; 

instrumental reasons involving collective accomplishments; as well as coercion (Giacomini et al., 

1996).  

Implementation science is one of the evaluation sciences which has been used to examine the provision 

of financial incentives to physicians to increase their use of evidence-based decisions for preventive, 

diagnostic and treatment practices (Grimshaw et al., 2012). Implementation science is defined as the 

scientific study of the methods used to promote the systematic uptake of evidence-based practice for 

improvements in health service quality and patient care (Eccles, Grimshaw, Walker, Johnston, & Pitts, 

2005; Eccles & Mittman 2006). It is a scientific method that incorporates the systematic phenotyping 

of the core components of an intervention to create a greater understanding of the mechanisms that are 

associated with behaviour change (Michie et al., 2005; Michie, Fixsen, Grimshaw, & Eccles, 2009). To 

do this, clear links between the component parts of the interventions and the theoretical mechanisms 

which underpin changes in behaviour are required (Michie et al. 2005; Michie et al. 2009). The many 

theories underpinning implementation science have been constructed through the modification of 

existing theoretical approaches that relate to the embedding of change, such as Organizational 

Readiness theory constructed by Weiner in 2009; Theoretical Domains Framework validated by Cane, 

O’Connor and Michie in 2012; Normalisation Process Theory developed by May and Finch in 2009; 

and health services research theory called the Consolidated Framework for Implementation Research 

(CFIR) which was constructed by Damschroder et al. in 2009 (Nilsen, 2015). 

‘Men are moved by two levers only: fear and self-interest’ Napoleon Bonaparte (1769–1821) 

Policy makers are well equipped to send messages -‘signals’- through changes to stakeholder funding 

structures. This enables them to solve social problems with the attainment of pre-determined policy 

outcomes. Traditionally, financial incentive schemes were thought of as the delivery mode of signals, 

using monetary rewards and punishments to induce a desired behaviour. The use of funding reforms as 

a policy tool is underpinned by the reward-punishment theory, otherwise known as ‘behaviourism’ 

(Giacomini et al., 1996). Behaviourism and traditional economic theory hold similar core assumptions 

about human nature and motivation, which relates to the desire for money. They both assume 

individuals are primarily self-interested and profit-seeking and will increase their conditional behaviour 

to either gain a reward or decrease it to avoid a punishment (Giacomini et al., 1996). This behavioural 

approach is used in healthcare where payment schemes systematically reward providers for evidence of 
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increased efficiency and enhanced quality. An expectation that an individual will adhere to behaviourist 

expectations, otherwise understood as, adherence to–‘the predictable pursuit of self-interest and 

material profit’–is itself a social construct (Giacomini et al., 1996, p. 11). Health care providers, in 

particular medical professionals, have their own professional social constructs, which often leave 

monetary rewards at odds with the expressed understanding of their work (Frankford, 1994; Furrow, 

1998; Giacomini et al., 1996). This conflict between pecuniary and professional expectations has been 

described by Frankford (1994), Furrow (1998), Giacomini (1996) and Iliffe and Munro (1993), who 

view a physician’s work as a valuable, virtuous and practical endeavour which defies even the best of 

policy makers’ efforts to predict, manipulate or control. Furrow (1998) describes efforts to alter a 

physician’s behaviour through incentives as misguided. He argues bureaucratic control reduces the 

practice of medicine to an industrial process ‘with the physician functioning as not much more than a 

smart robot welder with programmable movements’ (Furrow, 1998, p. 297). Iliffe and Munro (1993) 

describe the general practitioner workforce as one that is heterogeneous in terms of: skill; commitment 

to population health; and attitude to scientific medicine and follow that this heterogeneity results in a 

variation in incentive effects from one GP to another (Iliffe & Munro, 1993). Iliffe and Munro (1993) 

contend that incentives may be overrated as an approach to promote innovation and conclude that, ‘In 

the end carrots and sticks may make general practitioners behave more like donkeys than doctors’ (p. 

307). Despite the above concerns, financial incentives are now embedded in public health policy, where 

a wide variety of financial levers are on offer across national and international primary care contexts. 

Figure 2.1  A Conceptual Model of Financial Incentives Using the Economic Approach 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Adapted from Goldsmith ‘The many meanings of money: a health policy analysis framework for understanding financial incentives’ by M. 
Giacomini, J. Hurley, J. Lomas, V. Bhatia, & L. Goldsmith, 1996, p. 8 Centre for Health Economics and Policy Analysis Working Paper 
Series 1996-06 Centre for Health Economics and Policy Analysis (CHEPA) McMaster University, Hamilton, Canada.

Signal  

(Funding Structure) 

Exchange: Type of payment 

Target: Who is paid? 
Behaviour: What are payments for? 

Policy Maker 

Intentions: Policy objective 

Beliefs: Predicted responses 

Means: Policy ‘toolkit’ (what can be done?) 

  Individuals and Organisations 

Intentions: Motives, objectives, roles 

Beliefs: Resonance of signal and outcome 

Means: How can this be achieved? 

Outcome 

Outcome 

Outcome 

Who is responding? 

Why are they responding? 



 

21 

 

In 2008, WHO launched the first ever guidelines on the delivery of incentives for health. The guidelines 

describe performance incentives as levers that use positive or negative, financial, or non-financial and 

tangible or intangible signals which ‘organisations can use to attract, retain, motivate, satisfy and 

improve the performance of staff’ (Global Health Workforce Alliance [GHWA], 2008, p. 13). Financial 

incentives were defined as payments which specifically related to the terms and conditions of 

employment, quality and performance and the attainment of targets for the provision of priority 

preventive services (Hutchison et al., 2011; GHWA, 2008). Non-financial incentives include levers such 

as: the provision of work autonomy; effective workload management; flexible work hours; support for 

education; career development; and recognition of work (Chaix-Couturier et al., 2000; Frølich, Talavera, 

Broadhead, & Dudley, 2007; McDonald, Cheraghi-Sohi, Tickle, Roland, & Doran, 2010; GHWA, 

2008). Levers used to promote the embedding of complex interventions often incorporated a blend of 

financial and non-financial incentives, including performance feedback, the delivery of information 

technology systems and models to support care-coordination.  

Over the last two decades different types of pay for performance scheme financial incentives have been 

applied to physicians across North Western Europe, including in the United Kingdom (U.K.), primary 

care physicians (PCPs) in the United States (U.S.) and Canada, and to GPs in Australia. These payments 

have been delivered under country-specific designations, such as: Pay for Performance (P4P); Results 

Based Financing; Performance Based Financing; Performance Based Contracting; and General Practices 

Fund8 (Department of Health [DoH], 2014; Greene J., 2013; Riku, 2010). In the early 1990’s, financial 

incentives were introduced into primary care practice across the United Kingdom as part of a suite of 

reforms that aimed to maximise resource efficiency, provide patients with better health care and give 

providers of care greater rewards for responding to local health needs (Chaix-Couturier et al., 2000). 

This was followed by the Quality Outcomes Framework (QOF)9, as part of the General Medical Services 

(GMS) contract, which was introduced in 2004, where general practices were provided contractor 

achievement payments (Lester & Campbell, 2010; Roland, 2004; Roland & Guthrie, 2016). The new 

                                                      
8 The Practice Incentives for General Practices Fund is a funding pool predominantly for incentive payments focused on Australian general 

practices, Indigenous health services and Australian GPs. However, it was also used to support targeted grants or one-off activities and some 
procurement activities (DoH, 2014). 
9 The QOF originally consisted of 146 indicators which were focused on a mix of clinical, organisational and patient focused elements. The 

majority of the indicators-i.e.,76 indicators–represent 52% of the framework were centred on the attainment of clinical outcomes in 11 areas 
(coronary heart disease, left ventricular dysfunction, stroke and transient ischaemic attack, hypertension, diabetes mellitus, chronic obstructive 

pulmonary disease, epilepsy, hypothyroidism, cancer, mental health and asthma) (Lester & Campbell, 2010) 



 

22 

contracts shifted the emphasis from the individual practitioner to the practice and introduced a 

performance incentive framework which rewarded performance through targeted financial payments for 

the attainment of QOF-indicator measurements (Peckham & Hann, 2008; Peckham et al., 2011). To this 

day, the U.K. National Health Service QOF remains one of the largest implementations of healthcare 

pay-for-performance in the world (Roland & Guthrie, 2016; Roland & Olesen, 2016). Around the mid-

nineties, PCPs in the United States were financially rewarded by health care funders, such as insurers 

and employers, for the provision of specific services to patients under managed care plans (Hellinger, 

1996; Rosenthal, Frank, Li, & Epstein, 2005). One of the first of the P4P programs introduced in the 

Australian setting was the Better Practice Program (BPP). The BPP that was delivered in 1996 was 

rolled out in an effort to leverage the Government’s ‘purchasing power’ for quality improvement in 

areas such as after-hours services, patient continuity, minimum average consultation times and rural 

loading (Russell, 2013). Following a series of recommendations made by the General Practice Strategy 

Review Group10
6F in March 1998, the BPP program was replaced with the Practice Incentives Program 

(PIP) and the General Practice Immunisation Incentives (GPII) scheme (Russell, 2013). This Practice 

Incentive Payment scheme, introduced in mid-1998, provided payments to GPs and general practices 

that were accredited with the Royal College of General Practitioners and enrolled in the program. The 

payments were linked to the provision of services linked with the scheme, such as cervical screening, 

diabetes and asthma management and childhood immunisation. The financial incentives were delivered 

to either the individual primary care practitioner or to a medical group across a variety of payment 

mechanisms. Payments for each of these schemes included remuneration across single-threshold 

payment targets, a fixed fee for a patient outcome, tournament base pay for relative ranking scores, and 

as part of remuneration bonuses within a blended payment scheme (Greene, J., 2013; Greene, S. E., & 

Nash, 2009; Scott et al., 2011). 

On 1 January 1996, the Australian Childhood Immunisation Register (ACIR), now referred to as the 

AIR,11 was established to record and monitor paediatric immunisation coverage for children under the 

age of seven, against three major immunisation milestones,8F

12
, in accordance with the National 

Immunisation Program Schedule (NIP). The establishment of this register made it possible to track how 

many children had completed an immunisation schedule, and also enabled children who were overdue 

for each milestone in the schedule to be followed up by their GP.  

                                                      
10 Uptake of the BPB was less than expected, with only 32% of practices receiving BPB payment by April 1996. From ‘Primary Care and 
General Practice in Australia 1990-2012: A chronology of federal government strategies, policies, programs and funding’ by L. Russell, 2013, 

Australian Primary Health Care Research Institute (APHCRI), Australian National University: Canberra. 
11 On 30 September 2016, the ACIR became the Australian Immunisation Register (AIR) and began recording vaccinations given to people 
of all ages in Australia, rather than just focusing on paediatric immunisation. 
12 For immunisation status assessed at: Milestone 1-12 months; Milestone 2-24 months; and Milestone 3-72 months (before 1, March 2008) 

or 60 months (on/after 1, March 2008). 
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Around this same time explicit financial incentives for immunisation were delivered to general 

practitioners (GPs), via direct personal payments or via payments to their practices, for the monitoring 

of a child’s immunisation status, for children who currently attended their practice. These payments 

were delivered as: (i) an information payment to a GP for recording a childhood immunisation schedule 

completion on the register and for following up and vaccinating a child who is more than 2 months 

overdue for their childhood vaccinations under the NIP Schedule, and recording it on the register; and 

(ii) two incentive payments, which were components of the General Practice Immunisation Incentive 

(GPII) scheme7

13
, ,  which funded payment to GPs and their practices for reporting to ACIR the delivery 

of childhood vaccines at six completion points in the NIP immunisation schedule, and the attainment 

of predetermined minimum immunisation coverage level. The structure of these payments is described 

in detail in Chapter 4, under Chapter 4.5.4. In Chapter 4, all of the financial incentives that have been 

provided to GPs and parents to increase immunisation rates in Australia are explicitly described. As this 

thesis was investigating the effect of the removal of incentives for childhood immunisation between 

2000 and 2016, the terminology used for the national immunisation register will be the ACIR.  

As introduced in Chapter 1, there is considerable ambiguity around the effectiveness of incentives on 

preventive care. With this in mind, it is imperative that the outcome measurement for incentive analysis 

is valid. Given that immunisation coverage is the indicator used as the preventive care outcome 

measurement in this thesis, this section provides evidence demonstrating that the benefits of childhood 

immunisation are unequivocal (Keeling & Rohanis, 2011). This establishment of certainty relating to 

the effectiveness of childhood immunisation will avoid the use of an outcome measurement which does 

not have a strong evidence base, and also avoids an outcome measurement where the evidence base 

shifts over the investigation period. The following section also details the evidence base around the 

value of immunisation and provides a framework which depicts the political, contextual, organisational 

and individual determinants which influence vaccination uptake. This section begins with a brief 

historical account on how the discovery of natural immunity in the milkers of cows with cowpox in the 

mid-nineteenth century has led to immunisation being imbedded in health policy as it is today. 

 

                                                      
13 The GPII scheme was an integral part of initiatives developed as part of the Immunise Australia Seven Point Plan. The aim of the Seven 

Point Plan was to improve Australia's childhood immunisation level in response to the reported immunisation coverage for children aged up 
to six years falling to 53% in 1995 (Australian Bureau of Statistics, 2001; National Health and medical Research Council, 1993). 
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‘…You have had the cowpox’, they said to the milkers who caught the cowpox on their fingers after 

milking cows with sore teats; ‘therefore you cannot take on the smallpox’, Jenner and Vaccination, 

1768 (Charles Creighton 1889). 

T

Edward Jenner and The Cow Pox 

In 1796, Edward Jenner took the first step toward developing a process that would result in the total 

eradication of smallpox (Riedel, 2005). Edward Jenner was born on 17 May 1749 in Gloucestershire in 

the U.K. His interest in disease was established at age 13, whilst apprenticed to a country surgeon, and 

his fascination with cow pox and small pox developed after overhearing a local ‘dairy-maid’ say ‘I shall 

never have small pox for I have had cowpox. I shall never have an ugly pock marked face’ (Riedel 2005, 

p. 23). At the time there was no knowledge of the effects of exposure to disease and immunity and it was 

a common belief that ‘dairy-maids’ were in some way ‘protected’ against small pox. Thirty-four years 

later, whilst working as a surgeon in his hometown of Berkeley, Edward Jenner undertook his first 

experiment in vaccination (Hilleman, 2000; Riedel, 2005). It involved the inoculation of an eight-year-

old boy with cowpox using fresh cowpox lesions from the hands and arms of a ‘young dairy-maid’ 

(Riedel, 2005). Jenner noted after the initial inoculation, the boy exhibited no clinical evidence of disease 

even after a further re-inoculation of the variola (small pox) virus two months later (André, 2003; 

Creighton, 1889; Riedel, 2005). With this evidence, he concluded inoculation against the poxvirus was 

complete. Initially, Jenner’s seminal findings were neither supported nor embraced by his medical peers 

(Riedel, 2005). However, by 1799, and with growing support from London surgeons’, results of a survey 

undertaken by Jenner confirmed evidence of resistance to the smallpox virus in all individuals who had 

previously been infected with cowpox (Riedel, 2005). By the year 1800, vaccinations were being 

delivered to people across the U.K. and Europe and by 1853 the smallpox vaccination was made 

compulsory in England and Wales (Stewart & Devlin, 2006). In 1885, the rabies vaccination was 

developed and in 1896 vaccines were introduced to control and eradicate diseases such as cholera, typhoid 

and the plague (Riedel, 2005). Notwithstanding these early developments, it ended up taking over a 

century before Jenner’s findings were used in empirical research around the impact of vaccination on the 

epidemiology of infectious disease. Currently, there are 26 vaccines that are globally available for the 

protection of the individual (and the herd) against vaccine-preventable diseases (World Health 

Organization [WHO], 2018b). There are also 21 ‘pipeline vaccines’ which are in development for the 

treatment of potentially treatable infectious diseases (WHO, 2018b). Details of currently used and 

pipeline vaccines are found in Appendix A. 
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‘With the exception of safe water, no other modality, not even antibiotics, have had such a major effect 

on mortality reduction… than have vaccines.’ (Plotkin, Orenstein, & Offit, 2013).  

It is generally agreed that immunisation is one of the most significant public health developments in the 

past century and, after access to clean water, vaccinations have had one of the greatest impacts on 

improving health worldwide in this time (Ehreth, 2003a; Ehreth, 2003b; Plotkin et al., 2013; Rappuoli, 

Miller, & Falkow, 2002). Vaccines are efficient and effective interventions that deliver both individual 

and population health benefits, such as: disease control; alleviation of disease manifestations; prevention 

of infection; protection of the unvaccinated population; prevention of associated diseases and other 

indirect health care payoffs (André et al., 2008). The population health benefits provided by vaccination 

completion are described in Box 2.1 below.  

‘Man prefers to believe what he prefers to be true.’ Novum Organum, Francis Bacon (1620) 

Evidence-based medicine (EBM) is defined as the conscientious and judicious use of current best evidence in 

conjunction with clinical expertise and patient values to guide health care decisions (Sackett, Rosenberg, Gray, 

Haynes, & Richardson 1996; Straus, Glasziou, Richardson, & Haynes, 2011). The use of EBM to inform 

primary health care practice is based on the methodical collection of data to inform decision making. EBM 

was founded on the Health for All proposition, which was embedded in the 1978 Declaration of Alma-Ata. 

The Health for All policies comprise five key elements, which include: a reduction in exclusion and social 

disparities in health (universal coverage reforms); the organisation of health services around people's needs 

and expectations (service delivery reforms); the integration of health services into all sectors (public policy 

reforms) and the pursuit of collaborative models of policy dialogue (leadership reforms). The elements have 

been used internationally and in Australia to inform immunisation policy, which is underpinned by the pursuit 

of universal immunisation services. Vaccination has been highly effective in averting illness, death and 

disability caused by vaccine-preventable diseases9F (World Health Organization [WHO], 2015a). Estimations 

provided by the WHO indicate that vaccination against diseases such as diphtheria, tetanus, pertussis and 

measles has prevented between two to three million deaths globally per year (WHO, 2015a; WHO, 2018b). 

The WHO has also estimated that in the years between 1990 and 2010, access to vaccination averted around 

0.9 percent of deaths per annum which would have resulted from vaccine preventable infections (Lozano et 

al., 2012). Despite the evidence on the number of deaths averted by immunisation, global vaccination coverage 
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rates10F

14 remain static, with immunisation coverage rates having plateaued at 85.0 percent, and the infant under-

vaccination rate estimated to be around 19.9 million globally (WHO, 2018b).  

The incidence of vaccine preventable diseases has been rising in recent years, even in countries where 

there is universal access to vaccines (Phadke, Bednarczyk, Salmon, & Omer, 2016; WHO, 2018b). For 

example, universal access for childhood vaccination has been in place in Australia since the mid-twentieth 

century (NCIRS, 2017a; NCIRS, 2017b), yet the number of deaths caused by vaccine-preventable diseases 

increased from 17 to 579 per annum from 2012 to 2016 (Australian Institute of Health and Welfare [AIHW], 

2017; Australian Institute of Health and Welfare [AIHW], 2018b). Reported outbreaks and an increase in 

the incidence of vaccine-preventable disease occur as a result of vaccine refusal, vaccine hesitancy, or 

an increased exposure to infections from high-risk or endemic regions. This increased incidence not 

only results in direct burden to individuals, their families and society, but also provides a greater risk 

for fully vaccinated individuals within the ‘herd’. 

This section of the chapter delivers unequivocal evidence that childhood immunisation prevents disease 

and also provides many population health benefits (Box 2.1). The lack of ambiguity around 

immunisation effectiveness provides this thesis with an excellent control variable, as there is no 

ambiguity about whether immunisation works. The provision of a sound control variable strengthens 

this thesis methodology, as it enables the empirical analysis to be centred on the examination of the 

effectiveness of incentives rather than the examination of the activity which is incentivised.  

                                                      
14 Vaccine preventable diseases include diphtheria, hepatitis B, measles, mumps, pertussis (whooping cough), pneumonia, polio, rotavirus 

diarrhoea, rubella, tetanus and cervical cancer. Adapted from Immunization coverage by World Health Organisation, 2018, Geneva: World 

Health Organisation. 
Global Vaccine Coverage is the proportion of the world’s children who receive recommended vaccines. Adapted from Immunization coverage 

by World Health Organisation, 2018, Geneva: World Health Organisation 
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Box 2.1  Population Health Benefits of Completed Immunisation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ERADICATION 
Absolute eradication requires high levels of population immunity over a prolonged period and associated surveillance across all 

regions of the globe (Henderson, D., 1999). In 1980, the World Health Assembly endorsed a statement declaring smallpox 

eradicated (World Health Organization [WHO], 2010). Eradication of the smallpox virus was achieved through the routine 

administration of prophylactic smallpox vaccinations in the developed world and through the delivery of focussed surveillance 

combined with ‘ring vaccination’ in lesser developed regions (Fenner, Henderson, Arita, Jezek, & Ladnyi, 1988; Moss, 2011; 

WHO, 2010). The ‘ring vaccination’ strategy facilitated disease containment through the detection and immediate vaccination of 

any individual who had been exposed to a smallpox patient (Fenner et al., 1988; Moss, 2011; WHO, 2010). Re-emergence of 

smallpox will only be possible on the existence of an alternate environmental reservoir, or if the virus is accidentally or 

malevolently reintroduced (André et al., 2008; Moss, 2011). This eradication of small pox as a result of vaccination is viewed as 

one of the most significant achievements in modern medicine (André et al., 2008). 

ELIMINATION 
Local elimination is possible if transmission does not occur within a 

local population and importation does not result in sustained spread 

of disease (André et al., 2008). However, local elimination does not 

remove the possibility of reintroduction. This has been seen in the 

United States with re-introduction of measles in 2005 by a traveller 

from Romania (Parker et al., 2006). Global elimination of diseases 

that have environmental reservoirs such as tetanus or animal 

reservoirs such as rabies is possible if vaccination of humans (and 

animals) is maintained at high levels (André et al., 2008). 

MORBIDITY AND 

MORTALITY CONTROL 
Efficacious vaccines protect 

individuals if they are administered 

before exposure to disease (André et 

al., 2008). Some vaccines, such as 

rabies, hepatitis B and A, measles and 

varicella, protect when administered 

after exposure (André et al., 2008). 

Pre-exposure immunisation programs 

target specific population groups such 

as infants, adolescent, pregnant 

women, cancer patients, the elderly 

and immunocompromised individuals 

(Ademokun, 2011). Eradication 

requires high levels of population 

immunity over a prolonged period and 

associated surveillance across all 

regions of the globe (Henderson, D., 

1999). In 1980, the World Health 

Assembly endorsed a statement 

declaring smallpox eradicated (WHO, 

2010).  

PREVENTION OF INFECTION 
The primary purpose of vaccination is to prevent infection; however, 

some vaccinations also contribute to the prevention of disease 

progression. This is often seen in vaccine failure, where vaccines 

restrict the severity of disease even though they have failed to prevent 

the onset of disease. In the case of vaccine failure, where disease in a 

vaccinated person has been acquired, symptom development and 

disease progression are often far less than is observed in the non-

vaccinated individual (André et al., 2008). For example, the hepatitis 

A vaccine and the human papillomavirus vaccine (HPV) vaccine 

have demonstrated effectiveness in both the prevention of 

asymptomatic infections and the prevention of symptomatic disease 

(Harper et al., 2004; Innis et al., 1994; Paavonen et al., 2009). This 

was also seen in a German Effectiveness study of an acellular 

pertussis vaccine, where vaccinated individuals who developed 

whooping cough had a significantly shorter duration of chronic 

cough than did the control group (Préziosi & Halloran, 2003). Similar 

findings were also seen in a U.S. case-controlled study, where 

immunised children who developed varicella were seen to exhibit a 

reduced febrile response, fewer skin lesions and fewer complications 

(Vázquez et al., 2004). Milder disease in vaccinees was also reported 

for rotavirus vaccine (Ruiz-Palacios et al., 2006). Vaccines not only 

have protective effects on the individual, they also protect the 

community. The next section will focus on the protective effects of 

vaccines on the community. 

IMMUNITY OF THE ‘HERD’ 
Efficacious immunisation programs have supplementary benefits such as ‘herd 

immunity’ or ‘herd protection’, where the indirect effect of protection of individuals 

against disease also reduces disease in the population groups who are un-vaccinated 

(Anderson & May, 1990; André et al., 2008; Fine, Eames, & Heymann, 2011). Herd 

immunity of the un-vaccinated can only occur if a sufficient proportion of the 

targeted population is immune (Anderson & May, 1990; André et al., 2008; Fine et 

al., 2011). The principles of epidemic theory define disease as the average number 

of transmissions from a single primary case introduced into a susceptible population 

(R0). The immunisation coverage rate necessary to prevent further transmission. 

Therefore, the incidence of infection would decline if the proportion of population 

immune exceeded (R0–1) / R0. Diseases with a higher R0 require higher coverage 

to attain herd protection than diseases with a lower R0. Critical coverage vaccination 

points for diphtheria and polio in childhood immunisation have calculated thresholds 

at 80 to 85 percent coverage (Anderson & May, 1990). For childhood measles and 

pertussis with a high R0 the critical coverage threshold level for herd immunity has 

been calculated at 92-95 percent (Anderson & May, 1990). The effects of herd 

protection enable the elimination of disease without complete immunisation 

coverage at the population level. Notwithstanding this, herd immunity does not 

equate with immunologic immunity, as individuals protected only by herd immunity 

continue to remain fully susceptible to infection on future exposure (Fine et al., 

2011). This is evident in pertussis outbreaks in adults and in outbreaks of measles 

and mumps at university campuses where student populations escaped childhood 

infection because of the effects of herd immunity (André et al., 2008). 

PROTECTION OF THE POPULATION 
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Box 2.1  Population Health Benefits of Completed Immunisation (continued)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

INDIRECT HEALTH CARE PAYOFFS 
Vaccines are one of the most cost-effective public health measures available and 

vaccination is one of the few preventive public health measures that directly save money 

(Chabot, Goetghebeur, & Grégoire, 2004; Ehreth, 2003a; Ehreth, 2003b). Ehreth (2003a) 

estimated direct and indirect global savings to be into the billions for vaccine-preventable 

diseases such as diphtheria, measles, mumps, rubella, small pox and rubella. Immunisation 

programs have been found to be more cost effective than most other public health programs, 

including programs such as osteoporosis treatment to prevent fractures, or statin therapy for 

the secondary prevention of coronary heart disease and smoking-cessation advice for 

smokers which are cost-effective but not as cost-saving (Chabot et al., 2004; Ehreth, 2003b). 

Vaccines also deliver other indirect benefits such as: the prevention of the development of 

antibiotic resistance; the extension of life expectancy; safe travel and mobility; improved 

perinatal and infant primary care service delivery; protection against bioterrorism and the 

promotion of economic growth and equity (André, 2003).  

SOURCE DRYING AND THE HUMAN RESERVOIR 
The existence of a human reservoir is confirmed when infection within the target population cannot be 

sustained after disease transmission between target and nontarget populations has been eliminated (Viana 

et al., 2014). Source drying, a concept related to herd immunity, occurs when vaccinating a target 

population benefits another population. If an epidemiologically connected population has been identified 

as a human reservoir of infection, then it is expected vaccination of the reservoir will decrease the disease 

in the target population (André et al., 2008; Viana et al., 2014). This was demonstrated in a cluster 

randomised trial undertaken in 49 Hutterite colonies across rural Canada, where it was found immunising 

children and adolescents with inactivated influenza vaccine significantly protected the unimmunised 

residents against influenza (Loeb, Russell, & Moss, 2010). A source drying vaccination program was also 

delivered to Australian Indigenous children in remote Northern Queensland communities that had an 

elevated incidence of hepatitis A. Following program delivery, a dramatic decrease in hepatitis A was seen 

in non-vaccinated non-Indigenous population groups as well as the greater Indigenous population across 

region (Hanna, Hills, & Humphreys, 2004). Source drying is also represented in the purposeful vaccination 

of specific occupational groups. It can be seen in food handler’s vaccination programs to control hepatitis 

A, pertussis vaccination programs for those working in close contact with children, influenza vaccination 

initiatives delivered to health care workers and Q fever and rabies vaccines for laboratory workers and 

those in contact with animals (Australian Technical Advisory Group on Immunisation [ATAGI], 2017; 

Teresa Aguado et al., 2018). 

ALLEVIATION OF DISEASE MANIFESTATIONS 
Breakthrough diseases may present in previously vaccinated individuals. However, this 

breakthrough disease in the vaccinated is often milder than in non-vaccinated individuals 

(André et al., 2008). Empirical evidence of this was seen in a study where individuals who 

had developed whooping cough and had been previously been vaccinated with the pertussis 

vaccine, had a significantly shorter duration of chronic cough than the controls (Schmitt et 

al., 1996). These findings of milder clinical symptoms are also consistent with studies that 

have demonstrated individuals with varicella breakthroughs present with less fever, fewer 

lesions and less complications (Vázquez et al., 2004). Less severe rotavirus gastrointestinal 

disease is also evident in those that have been vaccinated (Ruiz-Palacios et al., 2006). 

PROTECTION AGAINST RELATED DISEASES 
It has been reported that vaccines targeting a specific disease can also provide opportunities for the 

protection against other related diseases (André et al., 2008). The protective effects of influenza vaccination 

for acute otitis media was reported in a meta-analysis undertaken by Manzoli, Schioppa, Boccia, & Villari 

(2007). However, these effects were not seen in the Jefferson, Rivetti, Di Pietrantonj, Demicheli, & Ferroni 

(2012) meta-analysis which showed influenza vaccines had no protective effects on either otitis media or 

lower respiratory lung disease. The nonspecific effects reported by Manzoli et al. (2007) have also been 

reported on diseases that are not even related to the vaccine (Aaby, Kollmann, & Benn, 2014). Aaby et al. 

(2014) listed several vaccines such as the measles, tuberculosis, smallpox and polio vaccines which have 

been found to reduce mortality more than can be explained by prevention of each targeted infection. André 

et al. (2008) also reported on studies that indicated measles vaccination protects against multiple 

complications such as dysentery, bacterial pneumonia, keratomalacia and malnutrition. The authors also 

reported on evidence that suggests the enterotoxic Escherichia coli vaccine demonstrates protection against 

diarrhoea which has been caused by Salmonella enterica (André et al., 2008). These nonspecific effects 

were also seen in a meta-analysis undertaken by Higgins et al. (2016), where the meta- analysis showed 

measles vaccination reduced overall mortality by a rate more than would be expected through their effects 

on the diseases they prevent. Although, Tielemans et al. (2017) argued the need for caution in the 

interpretation of findings from observational studies relating to non-specific effects of vaccination, as 

healthy vaccine bias partly explains nonspecific effects after the delivery MMR vaccination. 

CANCER PREVENTION 
It is known infectious agents have a causal relationship with some cancers. Human 

papilloma virus (HPV) is known beyond reasonable doubt to have a direct causal 

relationship with cervical cancer (Bosch et al., 2002; Kuper, Adami, & Trichopoulos, 2000). 

Chronic Hepatitis B is a known cause of hepatocellular carcinoma and the overall relative 

risk for hepatocellular cancer for HBsAg carriers is estimated to be 13.7 times greater than 

non-carriers (Kuper et al., 2000). Hepatitis C is deemed carcinogenic based on 

hepatocellular cancer epidemiological studies  that indicate the risk of hepatocellular cancer 

is 11.5 times higher in those with Hepatitis C antigens, than those who are Hepatitis C 

antigen negative (Kuper et al., 2000). With the development of vaccinations for hepatitis B, 

hepatitis C and HPV, it is expected the incidence of these cancers will decrease over time. 

PROTECTION OF THE POPULATION (continued) 



 

29 

 

The aim of this thesis is to gain an understanding of the evidence around how effective financial 

incentives are as levers for change in the primary care setting. The evidence around financial incentives 

is provided in Chapter 3, where a systematic review of reviews, which follows Cochrane methodology, 

is undertaken (Higgins & Green, 2008). In the section below, the political, structural and social factors 

which also influence immunisation uptake will be outlined.  

Immunisation coverage disparities exist across geographical areas and include variations across nations, 

regions and localities. Coverage disparities are due to many wide-ranging and complex reasons, which 

can be attributed to factors such as limited resources, competing health priorities, poor management of 

health systems and inadequate monitoring and supervision. According to the WHO, the evidence 

indicates that the main reasons for under-vaccination are related to on-going health system practices, 

perceived contra-indications and logistic issues, rather than an individual’s behaviour and attitude (World 

Health Organization [WHO], 2015a). However, there is evidence indicating that vaccination coverage 

disparities in more developed countries are increasingly being determined by parental concerns about 

adverse events, which result in ‘vaccine hesitancy’, where parents delay or refuse vaccination despite the 

availability of vaccination services (Chen, G. J. & Feldman, 2000; Chen, J. Y., Kang, Juarez, Hodges, & 

Chung, 2010; Sadaf, Richards, Glanz, Salmon, & Omer, 2013). Notwithstanding arguments over reasons 

for missed opportunities and contradictory evidence around the determinants of immunisation intake, 

there is universal agreement that individuals who remain unvaccinated put communities at risk of 

communicable disease outbreak (Feikin et al., 2000; Van den Hof, Conyn-van Spaendonck, & 

Steenbergen, 2002). 

There are factors other than policy and its levers which also influence immunisation. Structural factors 

include those related to provider access, as well as systems, such as the efficiency of clinic systems within 

a general practice (Bordley et al., 2000; Cabana et al., 1999; Crawford & Buttery, 2008; Lawrence, Hull, 

MacIntyre, & McIntyre, 2004; Silagy, Sommer, & Piterman, 1992). Other influencing factors include a 

person’s socioeconomic status, a person’s level of education and geographic location (Bond, Davie, 

Carlin, Lester, & Nolan, 2002; Crawford & Buttery, 2008; Crocker-Buque, Edelstein, & Mounier-Jack, 

2017; Fielding et al., 2017; Forgione, Galbraith, K.S., & Galbraith, K. H., 2000; Glatman-Freedman & 
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Nichols, 2012; Hull, McIntyre, & Sayer, 2001; Kaufman et al., 2013; Lawrence, Hull et al., 2004; Luman, 

McCauley, Stokley, Chu, & Pickering, 2002; Luman, Barker, Shaw, McCauley, Buehler, & Pickering, 

2005; Pearce, Marshall, Bedford, & Lynch, 2015; Petousis-Harris, Goodyear-Smith, Turner, & Soe, 

2004; Petousis-Harris, Goodyear-Smith, Turner, & Soe, 2005; Samad, Butler, Peckham, & Bedford 2006; 

Samad, Tate, et al., 2006; Sandford, Tata, Browne, & Pritchard, 2015; Smith, Amlôt, Weinman, Yiend, 

& James, 2017; Tickner, Leman, & Woodcock, 2006; Zhao, Smith, & Hill, 2016; Pearce et al., 2015). 

Cultural influences associated with ethnicity and religion also have the potential to affect childhood 

immunisation coverage rates (Hull et al., 2001; Lawrence et al., 2004; Petousis-Harris et al., 2005; 

Salmon & Siegal, 2001). The political influences which are reported to determine childhood 

immunisation include the personal politics associated with conscientious objection (Fielding, Bolam, & 

Danchin, 2017; Kaufman et al., 2013; Lawrence et al., 2004; Omer et al., 2009; Petousis-Harris et al., 

2004; Petousis-Harris, Goodyear-Smith, Turner, & Soe, 2005; Salmon & Siegel, 2001; Salmon et al., 

2006). 

Additional factors include those associated with general practice, such as provider knowledge, GP 

workloads and remuneration, general practice location and composition, (such as rurality, practice gender 

mix, number of GPs per practice and use of practice nurses for immunisation services), the use of recall 

and reminder systems (Jacobson Vann & Szilagyi, 2005; Jacobson Vann et al., 2018; Szilagyi et al., 

2002); missed opportunities for simultaneous vaccination, the use of multiple vaccination providers and 

provider ambivalence (Brotons et al., 2005; Cabana et al., 1999; Dombkowski, Lantz, & Freed, 2004; 

Grant et al., 2011; Hull, et al., 2001; Lawrence et al., 2004; Luman et al. 2005; Luman & Chu, 2009; 

Nicoll, Elliman, & Begg, 1989; Pereira et al., 2012; Petousis-Harris et al., 2004; Petousis-Harris et al., 

2005; Petousis-Harris et al., 2012; Shavell, Moniz, Gonik, & Beigi, 2012; Zhao et al., 2016).  

Other factors include large family size, younger mothers, single parenting, distrust of healthcare systems 

and governments, dissatisfaction with immunisation service and perceptions of provider ambivalence 

(Dombkowski et al., 2004; Luman, et al., 2002; Luman et al., 2005; Pearce, et al., 2015; Samad, Butler, 

et al., 2006; Samad, Tate, et al., 2006; Smith et al. 2017; Tickner et al., 2006). Lack of parental awareness 

that vaccinations are due is also cited as one of the predicators associated with childhood under-

vaccination (Smith et al., 2017). Whilst parents mostly obtain vaccination information from their GPs 

(Chow, Danchin, Willaby, Pemberton, & Leask, 2017), evidence from a systematic review on barriers to 

the use of reminder/recall interventions for immunisation indicated a detection rate as low as 15.0 – 25.0 

percent for children who are over-due for vaccinations (Pereira et al., 2012). The main reason cited was 

financial and human resource constraints at the practice level, where tracking of vaccination information 

was viewed as time-consuming, costly, and labour-intensive (Pereira et al., 2012).  
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Studies undertaken in the U.K., U.S. and in New Zealand have demonstrated a relationship between low 

socioeconomic status (SES) and decreased immunisation coverage and delayed immunisation. These 

studies have shown an inverse correlation between immunisation coverage and SES, where immunisation 

coverage decreases as the proportion of the population who are socio-economically deprived increases 

(Grant et al., 2011; Petousis-Harris et al., 2012; Samad, Tate et al., 2006; Sandford et al., 2015; Santoli, 

SziIagyi, & Rodewald, 1998; Wright & Polack, 2006). Evidence around the association of socioeconomic 

factors and immunisation coverage is also evident in the Australian context. Between 1997 and 1998, 

Hull et al. (2001) studied immunisation coverage estimates for diphtheria, tetanus and pertussis (DTP) 

and measles, mumps and rubella (MMR) vaccinations for all Australian children under the age of seven. 

Hull et al. (2001) found high levels of education and occupation were significantly associated with lower 

immunisation coverage in metropolitan postcodes. An outcome of lower immunisation coverage was also 

observed in rural postcodes with high levels of unemployment (Hull et al., 2001). Influences associated 

with ethnicity were found to have the potential to affect coverage rates in areas that have a high proportion 

of residents who were born overseas (Hull et al., 2001).  

Socioeconomic influences are also associated with parent’s attitudes to vaccination and parental 

registration for conscientious objection. In a survey of 462 Australian parents with children who were 

confirmed as having incomplete immunisation, 81.0 percent were registered as conscientious objectors 

to immunisation (Lawrence, Hull et al., 2004). Of these conscientious objectors, they were either more 

likely to be highly educated or more likely to reside in a rural area (Lawrence, Hull et al., 2004). Beard 

et al. also published a study examining geographic and demographic trends in objection to vaccination in 

Australia from 2002 to 2013 (Beard et al., 2016). The authors found the proportion of children affected 

by a registered vaccination objection increased from 1.0 percent in 2002 to 2.0 percent in 2013 (Beard et 

al., 2016). This study found parents who registered a conscientious objection to be clustered in regional 

areas (Beard et al., 2016). Furthermore, Beard et al. (2016) found that the proportion of registered 

vaccination objection was lower among children living in areas in the lowest decile of socio-economic 

status (1.1 percent) compared with children living in areas in the highest socio-economic decile (1.9 

percent). 

Immunisation coverage varies across geographical areas. This variation is thought to be a result of 

geographic factors, such as the availability and accessibility of immunisation services, as well as 

determinants which are linked to the population characteristics of the geographic area itself.  



 

32 

Access to immunisation providers is considered an enabler for the delivery of immunisation (Briss, 

Rodewald et al., 2000; MacDonald, 2015; Shefer et al., 1999). This access is potentially compromised 

for some population groups, due to a variation in the number of medical practitioners in certain 

geographical areas. Generally, the number of medical practitioners per headcount of population decreases 

with increasing remoteness. The national practitioner to population ratio for metropolitan Australia is one 

medical practitioner for every 248 people, this decreases to one practitioner for every 443 people in outer 

regional areas and drops to one practitioner for every 653 people in remote areas of Australia (Department 

of Health [DoH], 2016). This differential is even more evident when looking at GP per population 

headcount in Australia, with national workforce statistics reporting in 2016 a ratio of one GP for every 

990 people in major city areas, compared to one GP for every 1,128 persons in outer regional areas, and 

one GP for every 1,626 people in very remote locations (Royal Australian College of General 

Practitioners, 2018b). These urban-rural differences in physician density are also evident across most 

OECD countries (Schoenstein, 2014; OECD, 2017).  

A limited volume of work across international and Australian settings has been undertaken examining 

geographical differences on immunisation coverage. In 2004, Henderson et al. investigated the influence 

of practice type (urban versus rural) and the delivery of incentives on rates of childhood immunisation. 

GPs from 74 practices in remote areas of Scotland received an inducement allowance payment for the 

delivery of immunisation (Henderson et al., 2004). A concurrent childhood immunisation target payment 

was also provided to both urban and rural GPs, irrespective of the practice location. The study found 

there was a statistically significant reduction, of between 4.7 and 6.9 percent, in immunisation coverage 

in children from rural areas compared with children from urban areas for 4,271 children under the age of 

two (Henderson et al., 2004). However, the incentive arrangement for rural practices determined that the 

income generated from the target payment was to be deducted from the inducement allowance, thereby 

providing rural GPs a disincentive to obtain an immunisation coverage up to the target level. This could 

have produced unintended effects resulting in biased results. 

The New Zealand study undertaken by Petousis-Harris et al. (2012) included rurality as a variable in a 

multivariate analysis of immunisation timeliness across a two-year period. This study, which was 

undertaken between 2005 and 2007, detected no association between rurality and immunisation in the 

124 randomly selected practices examined. The Luman et al. (2005) study found significant differences 

in immunisation coverage between states when analysing state level timeliness of vaccine administration 

from the U.S. National Immunisation Survey (Luman et al., 2005). In the Australian ecological study, 

which has been referred to in the section above, Hull et al. (2001) found metropolitan areas with a 

relatively high proportion of Indigenous people were significantly associated with lower immunisation 

coverage compared to other areas with a higher proportion of Indigenous people. Yet, in another study 
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undertaken by Hull and McIntyre (2006), a greater delay in immunisation completion was found among 

Indigenous infants residing in very remote areas of Australian compared to other areas of Australia.  

Annual Immunisations Coverage Reports, which have been published by NCIRS since 2007, have 

reported on Australian immunisation coverage data by vaccine that has been aggregated at state and 

territory level (Hull, Deeks, Menzies et al., 2009; Hull, Mahajan, Dey, Menzies, & McIntyre, 2010; Hull, 

Dey, Mahajan, Menzies, & McIntyre, 2011; Hull, Dey, Menzies, & McIntyre, 2013; Hull, Dey, Menzies, 

Brotherton, & McIntyre, 2013; Hull, Dey, Menzies, Brotherton, & McIntyre, 2014; Hull et al., 2016; Hull 

et al., 2017, 2018). However, statistical analyses comparing state-based rates of immunisation coverage 

against a reference state has not been undertaken in these coverage reports.  

It has been shown that practice nurse shortages have been associated with less timely immunisation 

delivery (Grant et al., 2011; Petousis-Harris et al., 2012). These studies have also shown the maintenance 

of stable practice staff appear to result in more opportune immunisation delivery (Grant et al., 2011; 

Petousis-Harris et al., 2012). Practice nurses contribute to the delivery of immunisation and to the 

monitoring of immunisation register systems in Australia and overseas (Britt et al., 2012; Grant et al., 

2011; Joyce & Piterman, 2011; Petousis-Harris et al., 2012). Systematic reviews published over the past 

10 years on the substitution of physicians with nurses have shown that nurses increase practice capacity 

and do not impact negatively on quality in the primary care setting (Horrocks, Anderson, & Salisbury, 

2002; Laurant et al., 2004; Martínez-González et al., 2014). In an immunisation audit and staff interview 

study, undertaken on 124 practices in New Zealand, it was found that immunisation coverage was higher 

when the ratio of practice nurses to children was higher, and where the nurse had dedicated time for 

follow-up and recall (Grant et al., 2011). This study also found a higher immunisation coverage in the 

practices where staff were confident about immunisation and where immunisation was an organisational 

priority (Grant et al., 2011). Another study undertaken over a three year period on 257 practices in socially 

and geographically diverse areas across the U.K., found no correlation between the number of practices 

nurses, the number of GPs and even practice size and immunisation uptake (Lamden & Gemmell, 2008). 

This lack of association between practice size and immunisation is consistent with the results of another 

U.K. study undertaken over a decade earlier, in an environment with less access to computerised 

databases, less emphasis on preventive care and role expansion for nurses (Lynch, 1995). The Lynch 

(1995) study undertaken on 208 practices in greater Glasgow, across the 2001-2002 financial year, also 

found no correlation between immunisation coverage and practice size. The lack of association between 

practice size and immunisation coverage was also supported by a systematic review undertaken by Ng 

and Ng in 2013. 
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The first section of this chapter provided an overview of the history and development of the primary 

care paradigm as we see it today. It describes prevention across international and Australian contexts 

and delivers an examination of the policy levers which have been used to embed immunisation into 

contemporary practice. The second section of this chapter explores the theory behind the use of 

incentives as policy levers, and the third provides a particular focus on the evidence base for 

immunisation, as well as factors associated with the uptake of childhood immunisation. 

The following chapter delivers a systematic review of reviews which examines the effect of financial 

incentives to primary care physicians on the delivery of primary and secondary prevention. The 

overview focuses on the impact of provider incentives on immunisation. The systematic review of 

reviews seeks to provide a point of difference compared to the overview of reviews published by 

Flodgren et al. in 2011 and Eijkenaar et al. in 2013. Firstly, it offers a more up to date systematic review 

of the literature and secondly, it has an inclusion criterion which includes evidence on the impact of the 

removal of provider-delivered financial incentives.  
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‘Indeed, before the subject could be set in clear and proper light, it was necessary to remove a great 

deal of rubbish’ James Lind 1753 p viii15
15F 

 

This chapter is a systematic review of reviews. It aims to provide the thesis with the most current 

evidence available on the effectiveness of financial incentives to primary care physicians on 

immunisation.  

Immunisation is an evidence-based practice. Its ability to prevent illness is unequivocal (Maciosek et 

al., 2017; Whitney, Zhou, Singleton, & Schacht, 2014; Zhou et al., 2014). A review of evidence on 

incentives and the primary preventive care activity of immunisation16 16F provides an opportunity to test 

the impact of financial incentives on one of the highest-ranking clinical preventive services, in terms of 

burden prevention and cost effectiveness (Maciosek et al., 2017; Whitney, Zhou, Singleton, & Schacht, 

2014; Zhou et al., 2014). Likewise, secondary preventive care activities, such as the early detection of 

cancer, the delivery of smoking cessation programs and the prompt treatment of chronic disease, also 

provide opportunities to test the impact of financial incentives on the benefits and cost effectiveness of 

the delivery of preventive care (Maciosek et al., 2017; Vos et al., 2010). Hence, this systematic review 

of reviews includes review papers which have a focus on the impact of practitioner-provided financial 

incentives on primary and secondary preventive care activities, such as: immunisation; cervical, breast 

and colorectal cancer screening; HbA1c, cholesterol and blood pressure testing; screening for retinal 

and renal disease; and smoking cessation programs. The inclusion of reviews which incorporate 

evidence on a breadth of preventive care activities ensures that reviews which have a focus on 

immunisation are captured and also enables the study of incentives across a variety of evidence-based 

preventive care activities to be examined. 

As the empirical component of this thesis is examining the impact of the removal of financial incentives 

to general practitioners on immunisation, the systematic review of reviews is also searching for reviews 

which have investigated the impact of the removal or withdrawal of financial incentives. This provides 

an opportunity to explore the evidence around the impact of the cessation of incentives.  

To date, two systematic reviews of reviews have appraised the quality and content from existing 

reviews. The first published systematic review of reviews was a Cochrane review of reviews. This 

overview, which was authored by Flodgren et al. (2011), had a search period up to January 2010. The 

                                                      
15 From ‘James Lind and scurvy: 1747 to 1795’ Commentaries on the history of treatment evaluation by Tröhler, 2003, U JLL Bulletin. 

Retrieved January 29, 2013, from http://www.jameslindlibrary.org/articles/james-lind-and-scurvy-1747-to-1795 
16 Adapted from ‘Immunisation in this review refers to the administration, promotion and reporting of immunisation services by primary care 

physicians’ by World Health Organization, 2018. Retrieved November 6, 2016, from https://www.who.int/topics/immunization/en/  
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most recent published systematic review of reviews, which was authored by Eijkenaar et al. in 2013, 

had a search period up to July 2011. The search period for this thesis’ systematic review of reviews is 

from January 1990 through to November 2018. This ensures the overview, as is described below, 

captures the most up-to-date evidence on the delivery of financial incentives to primary care physicians. 

This systematic review of systematic reviews provides a rigorous appraisal of review research to enable 

judgements to be made on the most up to date evidence. The purpose of this systematic review of 

reviews is to address the following three questions:  

(i) What are the effects of the provision of financial incentives to primary care physicians on the 

delivery of evidence-based preventive interventions?  

(ii) What are the effects of the provision of financial incentives to primary care physicians on 

immunisation coverage rates?  

(iii) What are the effects of the removal of financial incentives to primary care physicians on the 

provision of preventive care?  

Preventive care includes primary and secondary preventive care interventions, including immunisation, 

cancer screening and monitoring for the progression of chronic heart disease and diabetes. 

Prior to embarking on the review, a search protocol was developed and is outlined below. The aim of 

this protocol was to avoid selection bias, by systematically identifying and retrieving relevant studies 

for inclusion. The protocol articulates a clear research question and explicitly describes the inclusion 

and exclusion criteria. It also provides a list of the databases searched and articulates the complete set 

of terms, including the Boolean logic operators used in the search. As desktop searches of electronic 

databases rarely retrieve all relevant literature, the search was also supplemented with relevant papers 

from the reference lists of retrieved papers. Internet search engines were also used to source relevant 

review articles that were not accessible from electronic databases. To address the issue of publication 

bias, where negative results tend to be published less frequently, the search also included evidence from 

grey literature, such as unpublished reports and from colleagues who have expertise in this research 

area (Higgins & Green, 2008; Yoshii, Plaut, McGraw, Anderson, & Wellik, 2009). 

 

Examining the leverage effect of financial incentives from the practice change lens, provides a 

perspective that is used for the systematic review. The review focuses on evidence of a change in: 

quality of care; provider behaviour; professional practice; preventive care; patient care; and 

immunisation coverage. Reviews targeting evidence relating to change in quality were included in the 
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overview, as much of the research uses outcomes relating to immunisation and prevention as indicators 

of quality care. Scott et al. (2011), in their review on the effect of financial incentives on the quality of 

health care provided by primary care physicians, included physician clinical behaviour in the definition 

of quality. Petersen, Woodard, Urech, Daw, and Sookanan (2006), in their review investigating P4P 

and quality, included immunisation and screening as determinants of quality care. Quality was defined 

by Petersen et al. (2006) as ‘the degree to which health services for individuals and populations increase 

the likelihood of desired health outcomes’ (p. 266). This definition is used to define quality in this 

systematic review of reviews. 

The review questions were broken down using the search algorithm PICOS (Liberati et al., 2009) to 

guide the development of search terms for the systematic review of reviews. The PICOS acronym refers 

to: P–patient, problem or population; I–intervention; C–comparison, control or comparator; O–outcome 

and S–study design (Figure 3.1). 

Inclusion criteria 

Systematic reviews of systematic reviews and systematic reviews (Cochrane and non-Cochrane), which 

include evidence from randomised controlled trials (RCTs), controlled clinical trials (CCTs), controlled 

before and after studies (CBAs), interrupted time series (ITS) and case controlled (retrospective) studies 

(CAS), were included if they focused on the provision of financial incentives to PCPs for predetermined 

performance targets in the primary care setting. The reviews for inclusion in the systematic review of 

reviews also needed to provide: (i) evidence from high-income countries; (ii) data that is reported in 

numerical form; and (iii) reviews that include primary studies which explicitly report on the magnitude 

and direction of effect. 
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Figure 3.1  PICOS Search Algorithm–Systematic Review of Reviews 

Population(s)/Patient(s) 
 

General Practitioners (GPs), Primary Care Physicians (PCPs), Medical Care 

Providers, Family Physicians 

Intervention(s)/Treatment(s) 
Financial incentives, Incentives, Performance targets 

Pay-for-Performance (P4P) payments, Bonus payments 

Comparator(s) Alternate payments–Fee for Service (F4F), Salary, Capitation 

Outcome(s) 

Change in quality indicators–outcome and process  

Change in physician behaviour relating to prevention  

Change in physician behaviour relating to immunisation 

Change in health service utilisation 

Changes to associated health care costs–health benefits versus costs 

Study Design(s) 

Included Reviews Inclusion Criteria of Included Reviews 

Systematic Reviews 

of Reviews 
Reviews 

Randomised Controlled Trials (RCTs) 

Controlled Clinical Trials (CCTs) 

Controlled Before and After Studies (CBAs) 

Interrupted Time Series Studies (ITS) 

Descriptive Studies 

Cochrane Reviews & 

Systematic Reviews 

Randomised Controlled Trials (RCTs) 

Controlled Clinical Trials (CCTs) 

Controlled Before and After Studies (CBAs) 

Interrupted Time Series Studies (ITS) 

Case controlled (retrospective) studies (CAS)  

Adapted from ‘The PRISMA Statement for Reporting Systematic Reviews and Meta-Analyses of Studies That Evaluate Health Care 

Interventions: Explanation and Elaboration’ by Liberati et al., 2009, Annals of Internal Medicine, 151(4), 65-94. doi:10.7326/0003-4819-151-
4-200908180-00136 

Exclusion criteria 

Systematic reviews that did not report explicit selection criteria and reviews that report results as text 

were not included. Reviews that only reported on descriptive and qualitative studies and reported on 

updates of previous reviews were excluded from analysis. Systematic reviews that reported primarily 

on evidence relating to the provision of incentives in the hospital setting were excluded. Articles that 

focus on other aspects of care, such as payments for evidence of team work, integrated care, inequalities 

as well as payments to patients for undertaking preventive care, were also excluded from review. In 

accordance with the PICOS search algorithm, the search parameters were defined according to those 

listed in Figure 3.1 above. 

Type of participant 

The population of interest included in the reviews are general practitioners, PCPs, family physicians 

and medical care providers who are involved in providing direct patient care in the primary care setting. 
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Type of intervention 

Included in the systematic reviews of reviews are studies which evaluate the effectiveness of financial 

incentive schemes including:  

• Reward payments for evidence of attainment of predetermined performance targets. 

Performance targets are measurements of evidence of activity or enhanced quality that may be 

absolute (at a milestone or at a level) or relative (reflecting improvement on a baseline). 

• Mixed payments that included reward payments for evidence of attainment of predetermined 

performance targets plus any other payment structure, such as payment for a service or episode 

of care (fee for service); a payment for providing care for a specific patient or population 

(capitation) and payments for working a specific time. 

Main outcomes 

The main outcomes of interest in this systematic review of reviews are that it provides: 

• a measure of change in physician clinical behaviour or changes in activity specifically relating 

to primary prevention, secondary prevention and immunisation services in the primary care 

setting; 

• measures of change in health service utilisation, such as evidence of an increase in 

immunisation, cancer and HbA1c screening; 

• measures of change in quality indicators relating to primary prevention in primary care; and 

• measures of change in costs associated with the provision of financial incentives and savings 

associated with quality preventive care. 

The search period is from January 1990 to 1 November 2018. Systematic reviews published in English 

are included in the search. Selection of reviews published only in English may result in a language bias, 

potentially affecting precision and influencing summary effect estimates (Centre for Reviews and 

Dissemination[CRD], 2009). However, due to time, resources and financial constraints, papers 

published in languages other than English are not included in the review. 

Databases 

Electronic database selection was interdisciplinary and was guided by recommendations from the 

Cochrane Effective Practice and Organisation of Care Group (EPOC) (Higgins & Green, 2008). 
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Seven electronic databases were searched for reviews (from their inception dates to November 2018): 

• Cochrane database of systematic reviews (CDSR),  

Ovid–(The Cochrane library Issue 11 of 12, November 2018) 

• Database of Abstracts of Reviews of Effectiveness (DARE),  

Ovid–(The Cochrane library Issue 11 of 12, November 2018) 

• Medline, Web of Knowledge (1990 to November 2018) 

• EMBASE, Ovid (1990 to November 2018) 

• CINAHL, EBSCOhost (1999 to November 2018) 

• PsychINFO, Proquest (1990 to November 2018) 

• EconLit, EBSCOhost (1999 to November 2018) 

Search Methodology 

The search methodology for overview was guided by the methods presented in the Cochrane 

Collaboration17F

17 and the Institute for Quality and Efficiency in Health Care.18F

18 The search strategy was 

broad and included the use of a combination of subject index terms, Medical Subject Headings (MeSH) 

and Free Text terms. The use of MeSH terms was used to increase the precision and specificity of the 

search and served to increase the efficiency of the search by identifying key papers with minimal 

retrieval of irrelevant articles (Chang, Heskett, & Davidson, 2006). MeSH terms were combined with 

Free Text terms to enhance the search strategy by increasing the sensitivity of the search whist 

maintaining the specificity (Chang et al., 2006; Coletti & Bleich, 2001).  

Search Terms 

The following MeSH topic terms were used with the BOOLEAN operators AND, as well as OR and 

included: (Financial incentive$) OR (Target payment$) OR (Pay for performance) AND (Physician$) 

OR (Primary care) OR (Health care) AND (Quality) OR (Prevent$) OR (Immuni$). Free Text terms 

included financial, for, health, care, incentive, pay, payment, performance, P4P, physician, prevention, 

immunisation, primary, quality, target, remove, removal, withdraw, withdrawal, systematic review, 

review. The search strategy is translated across each database using the appropriate controlled 

vocabulary for the specific database.  

Search strategy for additional data 

The reference lists of all included review articles were scanned for additional relevant articles. A citation 

search of the cited primary studies included in the review was also undertaken. Studies relevant to the 

                                                      
17 From Cochrane Handbook for Systematic Reviews of Interventions (Vol. 5) by Higgins, J. P. T., & Green, S., 2008, Cochrane Collaboration: 
Wiley Online Library.  

18 From Institute for Quality and Efficiency in Health Care (IQWIG). Retrieved September 16, 2016, from 
https://www.iqwig.de/en/home.2724.html 
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research question were retrieved and reviewed to further inform and clarify the analysis made in the 

review article. The internet, via Google and Google Scholar (©2018 Google LLC), was also searched 

for relevant published and unpublished review articles not accessible from electronic databases. In 

addition, digital theses repositories were searched for evidence from past PhDs and theses in the field. 

Details of the search strategy can be found in Appendix B. 

 

All article titles and abstracts identified by the database search were screened for relevance. The titles 

and abstracts assessed as potentially relevant were downloaded onto the reference management 

database, EndNote.19F

19 Duplicate articles of the same study and identical articles that had been re-

retrieved across alternate databases were removed. Review studies that did not meet the pre-determined 

inclusion criteria were excluded. Reasons for exclusion included: the review did not report on incentives 

in the primary care setting; the review was not a systematic review; individual studies were not reported 

on; and there was no reporting of numerical data. The papers excluded from systematic review of 

reviews are found in Appendix C. Following the exclusion process, full copies of the included reviews 

were placed in a data extraction table found in Appendix D, so that eligibility for inclusion could be 

determined. Eligibility was based on the methodological quality of each review, which was assessed 

using the A MeaSurement Tool to Assess Systematic Reviews (AMSTAR20F

20) measurement tool. The 

AMSTAR methodology is described in detail in the section below. 

The AMSTAR Tool 

The AMSTAR measurement tool is a decision rule instrument for the assessment of the methodological 

quality of systematic reviews. The AMSTAR tool was constructed using methods developed using the 

Overview Quality Assessment Questionnaire (OQAQ), which was established by Oxman (1994), and a 

checklist for the meta-analysis of randomised controlled trials created by Sacks, Berrier, Reitman, 

Ancona-Berk and Chalmers (1987) and Shea et al. (2007). The tool was initially only tested on 

systematic reviews of randomized controlled trial designs; however, it was validated for use in the 

assessment of the methodological quality of systematic reviews of public health interventions and has 

been recommended by the Cochrane Effective Practice and Organization of Care Group (EPOC) (Shea 

et al., 2009). The original AMSTAR underwent a validation process using a random selection of 11 

                                                      
19 EndNote is a reference management software application http://unimelb.libguides.com/endnote/about 
20 AMSTAR–A MeaSurement Tool to Assess Systematic Reviews- https://amstar.ca/ 
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Cochrane and 19 non-Cochrane reviews, which included meta-analyses and qualitative reviews (Shea 

et al., 2009). It was found to have good agreement, reliability, construct validity and feasibility (Shea 

et al., 2009). More recently the AMSTAR has been developed further into the AMSTAR 2 (Box 3.1), 

however the AMSTAR 2 tool has not yet been extensively validated (Shea et al., 2017). For this reason, 

the original AMSTAR was used to assess the methodological rigour of all the reviews shortlisted for 

inclusion in the overview.  

Box 3.1  AMSTAR 2 

 

 

 

 

 

 
 

AMSTAR Decision Rule 

A review that satisfactorily addresses all 11 items is viewed as a review of the highest quality and a 

score of zero reflects a review that does not meet any of the quality requirements, as established by the 

AMSTAR (Shea et al., 2007). For the purposes of this systematic review of reviews, a decision rule 

based on the calculated AMSTAR score for all domains was made. The rule determined that papers 

with a calculated AMSTAR quality score of five or below will not be included in the review. This 

removes from the pool, papers which have a score less than 45.0 percent of the highest possible 

AMSTAR score and papers which have scores that are characterised as having either a poor or fair 

methodological quality (Shea et al., 2007; Sharif et al., 2013).The 16 potential reviews which were 

assessed for possible inclusion in this review had AMSTAR scores which ranged between 1 and 10 out 

of a possible 11. Of these, nine reviews were excluded because they had a score less than six. This left 

seven reviews for inclusion in the systematic review of reviews. The AMSTAR scores are found in 

Appendix E. 

Of the 658 titles identified in the electronic database searches, 596 titles were excluded, and 62 

potentially relevant articles were screened for retrieval. Of these titles, 30 duplicate and repeated articles 

were excluded and, as a result, 32 articles were retrieved for assessment. Eight additional articles that 

were accessed from sources other than databases were included in the review for assessment of 

The AMSTAR 2 is a modified version of the original measurement tool to enable the appraisal of 

observational studies and non-randomised studies of interventions in the health care setting (Shea et al., 

2017). The revised instrument retained 10 of the original 11 domains (two domains were combined). 

Domain 2 and Domain 11 were split into two and four domains were added. This produced an adapted tool 

which had 16 items in total. The additional four domains included two items which provided more detailed 

consideration of risk of bias for randomised and non-randomised studies, a third item focused on the 

possible causes and significance of heterogeneity and a fourth item assessed the review for provision of 

justification for selection of included study designs (Shea et al., 2017). Rather than delivering a cumulative 

score as does the original AMSTAR, the AMSTAR2 tool provides information on the presence of either 

one or many weaknesses or critical flaws to give an indication of the overall quality of the review. 
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eligibility, which left 40 eligible articles. After further examination, 24 papers were excluded with 

reasons, which included: the papers not being systematic reviews; and reviews that did not report on 

outcomes on individual studies. After this process of elimination, 16 review articles were assessed for 

potential inclusion. A further nine reviews were excluded based on a decision rule relating to the 

AMSTAR score (Shea et al., 2007; Shea et al., 2009). Seven papers remained for inclusion in the 

systematic review of reviews. Figure 3.2 shows the PRISMA flow chart of the different phases of the 

systematic review search strategy.   
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Figure 3.2  PRISMA Flow Chart of Systematic Review of Review Methods21 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                      
21 Figure adapted from ‘Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) Statement’ by Liberati et al., 2009, 
Annals of Internal Medicine, 151(4), 65-94. doi:10.7326/0003-4819-151-4-200908180-00136 
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This systematic review of reviews is interested in evidence around the impact of financial incentives on 

measures which relate to the delivery, utilisation and quality of preventive care in the primary care 

setting. The main outcomes of interest are measurements of: change in quality; change in physician 

clinical behaviour; change in health service utilisation; health service efficiencies (cost); and changes 

in the delivery in preventive care services in the primary care setting. The evidence around each of these 

outcome measures is presented in the section below.  

Quality 

Four of the seven reviews specifically included quality as an outcome measure of provider behaviour 

(Emmert et al., 2012; Houle et al., 2012; Petersen et al., 2006; Scott et al., 2011). Scott et al. (2011) 

defined quality of care as patient-reported outcome measures, PCP clinical behaviours, as well as 

intermediate clinical and physiological measures. Petersen et al. (2006) described the domains of quality 

care as access to care, structure of care, process of care, outcomes of care, and patient experience of 

care, and listed immunisation and cancer screening as a measurable outcome variable. Emmert et al. 

(2012) listed factors such as increasing adherence to evidence-based guidelines, increased emphasis on 

prevention, and early diagnosis of disease as factors that improve quality of care. The review undertaken 

by Houle et al. (2012) evaluating the impact of performance payments targeting individual practitioners 

on quality did not provide a definition of quality, nor did it list the health care outcomes that represent 

quality. 

Behaviour 

Three reviews evaluated the impact of financial incentives on professional practice and provider 

behaviour (Flodgren et al., 2011; Giuffrida et al., 1999; Gosden et al., 2001). Flodgren et al. (2011), in 

the review of reviews examining changes in health professional clinical behaviour, used rates of 

prevention, diagnosis and treatment as indicators that reflect physician behaviour. Outcome measures 

of relevance included immunisation, blood pressure measurement, prescription and referral (Flodgren 

et al., 2011). Giuffrida et al. (1999) undertook a Cochrane review examining the impact of target 

payments on professional practice and health care outcomes. Outcomes of interest included 

measurements of patient outcomes, health services utilisation, health care costs, equity of care and PCP 

satisfaction (Giuffrida et al., 1999). Gosden et al. (2001) also undertook a review looking at the impact 

of payment methods on PCP behaviour. Numerous clinical and process outcomes were reported in the 

Gosden et al. (2001) review. Indicators of provider behaviour included outcomes associated with 

immunisation coverage, rates of diagnostic and curative service delivery, prescriptions and healthcare 

utilisation (Gosden et al., 2001). 
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Cost 

Two reviews focused on the impact of financial incentives on cost (Emmert et al., 2012; Flodgren et 

al., 2011). Emmert et al. (2012) examined the cost utility and cost effectiveness of pay for performance 

schemes, and Flodgren et al. (2011) examined health care costs that included: the cost of the incentives; 

costs associated with the information systems required to implement the financial incentive; and costs 

associated with monitoring the incentive program.  

Prevention 

None of the included reviews narrowed the outcome focus to a specific process measure, such as the 

delivery of preventive care. However, all the reviews included papers that measured quality, behaviour 

and cost-effectiveness with indicators that reflected the delivery of primary and secondary prevention, 

such as immunisation, cancer screening, smoking cessation programs and measurement of glycosylated 

haemoglobin (HbA1c) (Emmert et al., 2012; Flodgren et al., 2011; Giuffrida et al., 1999; Gosden et al., 

2001; Houle et al., 2012; Petersen et al., 2006; Scott et al., 2011). 

A meta-analysis of the review data was not possible because of the large degree of heterogeneity in 

each review and the heterogeneity which was present in the primary studies included in each review. 

Given this, a vote counting procedure and a narrative review of the outcomes of interest was used to 

deliver an overview of the data for this systematic review of reviews. The vote counting procedure 

synthesises the data by comparing the number of outcomes in each review that show a positive response 

to the delivery of financial incentives, against the total number of outcomes reported (Weir et al., 2010). 

This delivers an analysis based on the direction of effect (as a percentage) rather than an estimation of 

statistical significance. The vote counting procedure has been described as a method to manage 

heterogenous data in the Cochrane Handbook for Systemic Reviews of Interventions (Higgins & Green, 

2008). This procedure was also utilised in the Flodgren et al. (2011) systematic review of reviews.  

Following outcome analysis, using the vote counting method, the reviews were classified according to 

a decision rule previously described by Weir et al. (2010) and used by Flodgren et al. (2011) such that: 

• 0% of study outcomes responding positively to intervention = no intervention effect  

• 1%–33% of study outcomes responding positively to intervention = generally ineffective  

• 34%–66% of study outcomes responding positively to intervention = mixed effects 

• 67%–100% of study outcomes responding positively to intervention = intervention effect.  

In applying this methodology, the author was mindful that a positive vote counting result does not 

necessarily imply effectiveness, as study bias may result in an inconclusive conclusion. This is why the 

presence of bias was also reported on in this review. 
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The data table found in Appendix F and data summary found in Appendix G provides details on the 

setting, participants, country and design of every primary study in each review that is included in this 

systematic review. The data was organised according to the type of financial intervention that was 

delivered and the type of outcomes that were assessed. The reported outcomes were categorised into 

three groups: Immunisation; Primary Prevention, such as screening for cancer; and Secondary 

Prevention, which included the monitoring of HbA1c levels, screening for diabetic retinopathy, 

cholesterol control and blood pressure monitoring in patients with chronic heart disease (CHD), referral 

of patients to smoking cessation programs and asthma management. The vote counting and risk of bias 

results for the reviews and primary papers were also included in the data table (Appendix F). 

Financial Incentive Payment Structures  

(i) Reward payments for evidence of attainment of predetermined single threshold performance targets 

Primary papers evaluating physician-delivered target payments for HbA1c, cervical and chlamydia 

screening services, childhood immunisation and mammography at pre-determined thresholds were 

included in five of the seven reviews (Emmert et al., 2012; Flodgren et al., 2011; Houle et al., 2012; 

Petersen et al., 2006; Scott et al., 2011). Three of these reviews reported on data from the Roski et al. 

(2003) cluster RCT study, where the intervention was an incentive payment for the identification and 

management of patients who smoke (Flodgren et al., 2011; Petersen et al., 2006; Scott et al., 2011). 

Two reviews reported on a randomised controlled trial undertaken by An et al. (2008) that included a 

fixed-fee payment to physicians for each referral to a smoking cessation program that occurred after 

referral rates had reached a threshold level (Emmert et al. 2012; Scott et al., 2011). 

(ii) A fixed fee payment per patient for a service, episode of care or outcome  

Studies examining the impact of the provision of an enhanced fixed fee payment for immunisation 

services were included in six of the reviews (Emmert et al., 2012; Flodgren et al., 2011; Giuffrida et al., 

1999; Gosden et al., 2001; Houle et al., 2012; Petersen et al., 2006; Scott et al., 2011). The opportunity 

for physicians to access a fixed-fee payment for evidence of participant smoking cessation following 

recruitment into a smoking cessation program was evaluated in a study undertaken by Twardella and 

Brenner (2007). This study was included in two of the reviews (Houle et al. 2012; Scott et al., 2011).  

(iii) Changes to payment structures  
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Studies examining the effects of changes to the remuneration for the provision of care to an enlisted 

population (capitation), and for the reporting of quality measurements on individual patients, were 

included in the Houle et al. (2012) review. The studies evaluated changes to immunisation, cholesterol, 

blood pressure, HbA1c and/or retinal clinical indicator measurements before and after the introduction 

of P4P. The Houle et al. (2012) review also reported on the P4P outcome data from the Fagan et al. 

(2010) study, which compared capitation payments against physician group bonus payments for the 

attainment of quality targets for patients with diabetes in U.S. primary care practices. The Scott et al. 

(2011) review reported on data from the Gosden et al. (2003) study, which evaluated the impact of 

changes to physician contracts from a mixed payment to a single salary based on levels of childhood 

immunisation and screening (cervical and mammography). Physician group bonus payments for the 

attainment of quality targets for cervical cancer screening, mammography and HbA1c were compared 

against capitation payments in Rosenthal et al. (2005) study. This study was also included in the Scott 

et al. (2011); Flodgren et al. (2011); Houle et al. (2012) and Petersen et al. (2006) reviews. 

(iv) Payments for improvements over a specific time 

The provision of bonuses for evidence of improvements in immunisation and cancer screening over a 

specific period of time was reported on in four studies that were included in the Flodgren al. (2012) and 

Petersen et al. (2006) reviews. 

(v) Payments based on the relative ranking of performance (tournament-based pay) 

The Scott et al. (2011) review reported on a tournament-based incentive scheme in the Young et al. 

(2007) ITS study. In this study, each physician of a U.S. managed care organisation had 5.0 percent of 

their fees withheld to fund the scheme. The pool of money was then redistributed according to physician 

ranking in relation to patient quality indicators. Payments were distributed to all physicians, though 

those who received less than 100.0 percent of the amount withheld (to fund the scheme) experienced a 

fall in revenue. Another study undertaken by Mullen, Frank, and Rosenthal (2009) contained a 

tournament-based physician payment for the provision of care to patients within a medical practice who 

had medical insurance coverage. In this study, physicians who provided more care to patients who did 

not have medical insurance coverage incurred a financial penalty. This study was also reported in the 

Scott et al. (2011) review. 

Comparators 

The comparisons made between the intervention and the control in the primary studies include: (i) salary 

versus capitation in one study (Gosden et al., 2003); (ii) enhanced FFS versus an unspecified control in 

two studies (Fairbrother, Hanson, Friedman, & Butts, 1999; Fairbrother, Siegel, Friedman, Kory, & 

Butts, 2001); (iii) target and bonus payments versus control (comparison intervention not always 

explicitly specified) in 10 studies (An et al., 2008; Beaulieu & Horrigan, 2005; Fairbrother et al., 1999; 
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Fairbrother et al., 2001; Gavagan et al., 2010; Grady, Lemkau, Lee, & Caddell, 1997; Hillman, Ripley, 

Goldfarb, Nuamah, Weiner, & Lusk, 1998; Hillman, Ripley, Goldfarb, Nuamah, Weiner, & Lusk, 1999; 

Mullen et al., 2009; Rosenthal et al., 2005; Roski et al., 2003); (iv) FFS enhanced with target and bonus 

payments versus FFS in two studies (Kouides et al., 1998; Ritchie, Bisset, Russell, Leslie, & Thomson, 

1992); (v) pre pay-for-performance (capitation) versus post pay-for-performance (capitation with target 

and bonus payments) in five studies (Alshamsan, Lee, Majeed, Netuveli, & Millett, 2012; Campbell et 

al., 2009; Fagan et al., 2010; Serumaga et al., 2011; Vamos et al., 2011); and (vi) capitation versus 

tournament based pay in two studies (Mullen et al., 2009; Young et al., 2007). 

Overview of all Primary Papers found across included Reviews 

The primary study table, found in Appendix H, lists all of the 74 primary studies which were reported 

on in the seven included reviews. Across all of these studies, 43 were repeated across the reviews; for 

example, the Kouides et al. (1998) study was included in seven out of the eight reviews. Many of the 

primary studies included in the reviews focused on incentives targeting primary care physicians, with 

study settings generally in the primary care clinic. Alternate study settings included pharmacies, nursing 

homes, community mental health centres, health authorities and hospitals. Outcomes measured ranged 

from immunisation, cancer screening, HbA1c measurements, referrals to smoking cessation programs, 

coordination of care, as well as prescription of and use of pharmaceuticals.  

Each primary paper was examined to determine relevance to the objectives of this review. Research 

papers which reported on outcomes in sectors other than the primary care sector and research that 

examined interventions delivered to specialist physicians, patients, pharmacists and nurses were 

excluded from the review. Papers were also excluded if they reported on uncontrolled studies, such as 

case studies or uncontrolled before and after studies. This ‘filtering’ process provided the opportunity 

to present an overview of the primary research which explicitly investigated the effects of financial 

incentives to primary care physicians on preventive care. As a result of the exclusion criteria described 

above, 43 of the 74 unique papers listed in the primary study table (Appendix H) were excluded. This 

provided 21 unique studies that were found to be applicable to the aims of this overview.  

Primary Papers included in Thesis Review 

As shown in Table 3.1 below, evidence from 21 primary studies investigating the effects of financial 

incentives to physicians on preventive care in the primary care setting were captured in the systematic 

review of reviews. Of these 21 studies, 13 were repeated across more than one review (An et al., 2008; 

Beaulieu & Horrigan, 2005; Fairbrother et al., 1999; Fairbrother et al., 2001; Grady et al., 1997; Hillman 
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et al., 1998, Hillman et al., 1999; Kouides et al., 1998; Ritchie et al., 1992; Rosenthal et al., 2005; Roski 

et al., 2003; Twardella et al., 2007; Young et al., 2007).  

The study designs of the primary papers included in the systematic review included: eight randomised 

controlled trials (RCTs); one clustered RCT; five controlled before and after studies (CBAs); five 

interrupted times series (ITSs); one uncontrolled before and after study which includes a time series 

component (ITS/UBA); and one controlled after-study (CAS). Fifteen studies were based in the U.S., 

five were from England and one was from Scotland. The Kouides et al. (1998) study was described as 

a cost-effectiveness analysis by Emmert et al. (2012) and as a RCT in all other reviews (Flodgren et al., 

2011; Giuffrida et al., 1999; Gosden et al., 2001; Houle et al., 2012; Petersen et al., 2006; Scott et al., 

2011).
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Table 3.1  Primary Studies Included in Systematic Review of Reviews 

Primary Studies Country Design 
Review Studies 

Emmert et al., 

2012 

Flodgren et al., 

201122F

22 

Giuffrida et al., 

1999 

Gosden et al., 

2001 

Houle et al 

2012 

Petersen et al 

2006 

Scott et al.,  

2011 

Alshamsan et al., 2012 U.K. England  ITS        

An et al., 2008 U.S. Clustered RCT        

Beaulieu & Horrigan, 2005 U.S. CBA        

Campbell et al., 2009 U.K. England ITS        

Fagan et al., 2010 U.S. CBA        

Fairbrother et al., 1999 U.S. RCT        

Fairbrother et al., 2001 U.S. RCT        

Gavagan et al., 2010 U.S. CAS        

Gosden et al., 2003 U.K. England CBA        

Grady et al., 1997 U.S. RCT        

Hillman et al., 1998 U.S. RCT        

Hillman et al., 1999 U.S. RCT        

Kouides et al., 1998 U.S. RCT        

Mullen et al., 2009 U.S. CBA/ITS23F

23        

Ritchie et al., 1992 U.K. Scotland UBA/ITS        

Rosenthal et al., 2005 U.S. CBA        

Roski et al., 2003 U.S. RCT        

Serumaga et al., 2011 U.K. England ITS        

Twardella & Brenner, 2007 U.S. RCT        

Vamos et al., 2011 U.K. England ITS        

Young et al., 2007 U.S. ITS        

                                                      
22 Flodgren et al. 2011–Cochrane Systematic Review of Reviews 
23 CBA/ITS- An ITS is conducted with n quarters of data and then a control group (CBA) is added for the same n quarters. Also known as a difference in difference design (Scott et al. 2011). 
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The evidence-based preventive interventions that were included in the reviews comprised: 

immunisation services; the detection of cervical, bowel and breast cancer and the detection and 

management of chlamydial disease; HbA1c testing and screening for and management of high lipid 

levels, high blood pressure, retinopathy and nephropathy; and the delivery of smoking cessation 

programs. Of the studies examining the effects of incentives on immunisation, most had a focus on 

paediatric immunisation services (Fairbrother et al., 1999; Fairbrother et al., 2001; Gavagan et al., 2010; 

Gosden et al., 2003; Hillman et al., 1998; Hillman et al., 1999; Mullen et al., 2009; Ritchie et al., 1992). 

One study evaluated influenza immunisation of the elderly (Kouides et al., 1998).  

Outcomes Reported in Included Reviews 

The outcomes table in Appendix I lists the primary research outcomes from each review included in this 

systematic review of reviews. The assessment of each indicator pre- and post-intervention, provides 

opportunities to estimate the effects of the delivery of financial incentives to physicians on preventive care 

outcomes. The outcome indicators were grouped into categories: Immunisation; Screening; Secondary 

Prevention (HbA1c testing, diabetes/chronic heart disease (CHD) management, and smoking cessation 

and asthma management).  

Seven primary research studies investigating the effects of financial incentives on childhood immunisation 

were reported in six of the seven included reviews (Flodgren et al., 2011; Giuffrida et al., 1999; Gosden 

et al., 2001; Houle et al., 2012; Petersen et al., 2006; Scott et al., 2011). One study examining the effects 

of financial incentives on adult immunisation was also included in the majority of reviews (Emmert et al., 

2012; Flodgren et al., 2011; Giuffrida et al., 1999; Gosden et al., 2001; Houle et al., 2012; Petersen et 

al., 2006). Eight primary studies assessing the effects of financial incentives on HbA1c, cholesterol, and 

blood pressure testing, and a further six studies, assessing the effects of financial incentives on screening 

for cervical and colorectal cancer, mammography and chlamydia testing, were included in the same four 

reviews (Flodgren et al., 2011; Houle et al., 2012; Petersen et al., 2006; Scott et al., 2011). Three studies 

that investigated the effects of financial incentives on smoking cessation and the delivery of smoking 

cessation programs were included in five reviews (Emmert et al., 2012; Flodgren et al., 2011; Houle et 

al., 2012; Petersen et al., 2006; Scott et al., 2011). Only two studies investigated the effects of financial 

incentives on asthma management. They were both included in two of the seven included reviews (Houle 

et al., 2012; Scott et al., 2011). The effect of financial incentives on immunisation will be reported on 

in detail below. The details around the effect of incentives on all other preventive care activities can be 

found in Appendix J. 
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Six of seven reviews reported on the Kouides et al. (1998) randomised controlled trial. In this New 

York-based US study, PCPs working in 54 practices (27 in the intervention group; 27 in the control 

group) received enhanced FFS and target payments for the delivery of influenza immunisation 

injections to active non-nursing home patients 65 years or older. The 21,196 PCPs in the intervention 

group received an additional 10.0 percent (USD33F

24$0.80) or 20.0 percent (USD$1.60) reimbursement, 

on top of FFS, per vaccination, dependent on the PCP reaching an immunisation coverage rate of 70.0 

percent or 85.0 percent, respectively, of the eligible population. The 17,608 PCPs in the control group 

only received the FFS remuneration of USD$8.00 for each immunisation. The outcome measurements 

included: the mean influenza vaccination rate in the intervention period (1991); a change in influenza 

vaccination rate from baseline year (between 1990 and 1991); and overall influenza vaccination rate 

(the sum of all immunisations given, divided by the sum of eligible patients in the intervention period -  

1991). The outcomes measured included absolute and relative changes to immunisation between the 

intervention and control groups. There was an absolute change of 5.9 percent (p=0.22) increase in the 

vaccination rate of the intervention group (intervention 68.6 percent; control 62.7 percent). There was 

a 6.8 percent (p=0.03) difference in increase in immunisation from baseline between the intervention 

and control group (10.3 percent-intervention; 3.5 percent-control). The difference in overall vaccination 

rate was 6.8 percent (N/A) (66.9 percent-intervention; 60.1 percent-control). Three reviews reported a 

unit of analysis error in the Kouides et al. (1998) study due to the overall vaccination rate outcome 

being measured at the patient level, whilst the study was randomised across the primary care physicians 

(Flodgren et al., 2011; Giuffrida et al., 1999; Gosden et al., 2001). Giuffrida et al. (1999) and Gosden 

et al. (2001) also reported that it was not possible to determine the adequacy of concealment of 

allocation in the study, as the method of randomisation was not described. Emmert et al. (2012), 

Giuffrida et al. (1999) and Gosden et al. (2001) argued that the generalisability of the study was also 

limited, as the study baseline was higher than for national levels, due to the program being implemented 

in the context of a demonstration project that included extensive media campaigns and an extension of 

vaccination clinic opening hours. 

The Ritchie et al. (1992) study, undertaken in Scotland in 1992, performed a before and after analysis 

on 95 general practices (313 PCPs) in the Grampian region northeast of Scotland. The population study 

included all children from the region aged two years (~6,600) and aged five years (~6,400). The 

intervention was target payments to PCPs, with the lower or higher payment being based on an 

immunisation rate of 70.0 percent or 90.0 percent, respectively, and the control was capitation. The 

outcomes were measured over a 20-month period between January 1990 and September 1991. 

Outcomes included assessment of the change in the number of practices achieving immunisation rates 

                                                      
24 USD United States Dollars 
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to a level of a least 90.0 percent, and measurements of change in the proportion of immunisations given 

by PCPs. This study showed there was an absolute difference of 49.5 percent in immunisation rates 

between the intervention (80.0 percent increase) and the control (31.0 percent increase) in practices 

which achieved at least 95.0 percent immunisation in the 2-year age group. For practices achieving at 

least 90.0 percent immunisation in the 2-year age group, there was an absolute difference of 18.9 percent 

in immunisation rates between the intervention (92.0 percent increase) and the control (73.0 percent 

increase). There was an absolute difference of 41.1 percent in immunisation rates between the 

intervention (64.0 percent increase) and the control (23.0 percent increase) groups in practices achieving 

at least 9.05 percent immunisation in the 5-year age group. For practices achieving at least 90.0 percent 

immunisation in the 5-year age group, there was an absolute difference of 42.1 percent in immunisation 

rates between the intervention (80.0 percent increase) and the control (38.0 percent increase). The 

outcome associated with the proportion of immunisations given by PCPs showed there was an absolute 

difference of 12.0 percent between the intervention (98.0 percent increase) and the control (86.0 percent 

increase). Given these results, Ritchie et al. (1992) also fitted the trend in immunisations using a logistic 

regression model. Fitting a model to the data showed there was no evidence that the overall linear trend 

had changed following the introduction of target payments (with the model based upon 12 observations 

before and six after the introduction of payments). Giuffrida et al. (1999) argued that it was not possible 

to make any reliable statistical inference using regression modelling, as the number of before (12 before) 

and after (6 after) observation points in the series was too small. Another limitation reported by Flodgren 

et al. (2011), Giuffrida et al. (1999) and Gosden et al. (2001) was the generalisability of the study, as 

the Grampians immunisation system differs from other systems. Gosden et al. (2001) also pointed out 

that there was no specific information provided on the population, PCPs, patients, area and practice 

characteristics of the Grampians region. 

The U.S. based Fairbrother et al. (1999) RCT was also included in the Flodgren et al. (2011) and 

Petersen et al. (2006) reviews. This four-armed trial, undertaken from July 1995 to July 1996, randomly 

assigned 60 PCPs working in 54 practices to one of three intervention groups and a control group. The 

control was FFS for the delivery of influenza vaccinations to children and the intervention was a mix 

of bonus payments, target payments and feedback. In the trial, 15 PCPs in the bonus group received 

face to face and written feedback on performance regarding the provision of immunisation services, as 

well as a bonus payment of USD$1,000 for evidence of a 20.0 percent improvement from baseline; a 

bonus of USD$2,500 for a 40.0 percent improvement; and a bonus of USD$5,000 for evidence of 80.0 

percent of the paediatric patient base having up-to-date vaccinations. The second arm of the trial 

provided 15 GPs the same feedback as in the bonus group, but the bonus was replaced by enhanced FFS 

payments, which provided a top-up of USD$5 per vaccine if the vaccine was administered within 30 

days of the due date, and another top-up of USD$15 was provided for each consultation where all 

vaccines which were due at the consultation were administered. Payment frequency for the enhanced 
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FFS was monthly. The third arm was the provision of feedback only to 15 GPs and the 15 GPs which 

made up the control group received face to face and feedback in writing on paediatric screening 

performance for blood lead levels, tuberculosis and anaemia. Baseline PCP and paediatric 

characteristics across the four arms were compared using one-way analysis of variance and (chi-square) 

X2 tests. Linear and logistic regression was performed on the data. The results indicated that the bonus 

group improved significantly in documented up-to-date immunisation status, with an overall change of 

25.3 percent (P <0.01), but none of the other groups improved significantly, as compared with the 

control. Petersen et al. (2006) reported that the power of the study was limited by the small number of 

PCPs (15) per group. Blinding was also an issue as data collectors were not blinded to intervention 

allocation of the PCPs. 

Fairbrother et al. (2001) undertook a second RCT, between July 1997 and July 1998, examining 

financial incentive payments for paediatric immunisation. The study, which was included in the 

Flodgren et al. (2011), Houle et al. (2012) and Petersen et al. (2006) reviews, was similar in design to 

the previous Fairbrother et al. (1999) trial. However, this trial had three not four arms, and a study 

population of three less PCPs (n=57), due to attrition, and a control group which contained 21 PCPs. 

The interventions were also similar to the previous trial. However the target for access to the bonus 

payment of USD$1,000 increased 5.0 percent to 25.0 percent, as did the target for the USD$2,500 

payment, with an increase from 40.0 percent to 45.0 percent. The USD$5,000 bonus payment target 

remained the same. The control, as in the previous study, was FFS with feedback for the delivery of 

influenza vaccinations to children. Feedback was given on paediatric screening performance for blood 

lead levels and anaemia. The number of PCPs in the bonus intervention arm of the trial increased from 

15 to 24. The number of PCPs in the enhanced FFS intervention arm of the trial decreased from 15 to 

12. The enhanced FFS payments were the same as in the previous trial, however, in this arm, payment 

frequency was every four months, rather than monthly. Baseline PCP and paediatric characteristics 

across the three arms were compared using one-way analysis of variance and X2 tests. Linear and logistic 

regression analysis was performed on the data. The results indicated the bonus group and the enhanced 

FFS both showed significant improvement in documented up-to-date immunisation status, with an 

overall change of 5.9 percent (P<0.05) and 7.4 percent (P<0.01), respectively, compared with the 

control group. Blinding was also an issue in this second study, as data collectors were not blinded 

against the intervention allocation of each PCP. Petersen et al. (2006) reported that in both trials the 

authors advised improvements were due primarily to improvements in the documentation of up-to-date 

immunisation status, rather than an increase in actual vaccines given at the practice. Petersen et al. 

(2006) also reported that the number of missed opportunities to vaccinate did not change. 

Whilst recognising these empirical associations between incentives and immunisation, some caveats 

have been noted. For instance, Giuffrida et al. (1999), Gosden et al. (2001) and Scott et al. (2011) 
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asserted that not all the positive effects found in the primary studies on immunisation were significant. 

In addition, Giuffrida et al. (1999) and Gosden et al. (2001) also argued that the increase in trend found 

in the Ritchie et al. (1992) time series became insignificant when the overall trend was controlled for 

using linear regression. Some studies reported results which were either inconclusive or showed no 

change in immunisation after the delivery of financial incentive payments to PCPs. These effects were 

tabled in the Flodgren et al. (2011), Houle et al. (2012) and Petersen et al. (2006) reviews. 

To date, no systematic reviews have been undertaken which investigate the impact of the removal of 

financial incentives. The reviews included in this systematic review did not report on any primary papers 

which evaluated the effects of the removal of financial incentives on the quality of preventive care. 

In this section, a rapid review of all primary research relating to the topic was undertaken, to ensure all 

relevant primary research available to date has been captured in the thesis systematic review of reviews.  

As previously described, the search period for this systematic review of reviews was from 1 January 

1990 to 1 November 2018. Six hundred and fifty-eight review articles were retrieved in the search and, 

after the application of further inclusion and exclusion rules, seven review articles remained in the 

overview. Of these reviews, the most recently published paper was the systematic review undertaken 

by Houle et al. (2012). The Houle et al. (2012) review reported a search period up to June 201234F

25.  

Although the search period for this thesis’ systematic review of reviews was up to November 2018, the 

evidence provided by the primary papers that were reported in the reviews did not extend beyond the 

year 2012. Dates of included primary papers are listed in Table 3.2 below. This lack of recent primary 

research warranted a further review of all the primary evidence available relating to the delivery of 

financial incentives to primary care physicians on immunisation and preventive care, to ensure all 

relevant primary papers had been accessed. The search period for the rapid review was from January 

2010 to November 2018.  

 

 

 

                                                      
25 Houle et al. did not report the date the search period commenced 
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Table 3.2  Publication Date of Primary Research from the Systematic Review of Reviews 

 

 

Rapid Reviews 

Rapid reviews are a form of knowledge synthesis in which components of the systematic review process 

are either simplified or omitted to produce information in a timely manner (Khangura, Konnyu, 

Cushman, Grimshaw, & Moher, 2012; Ganann, Ciliska, & Thomas, 2010; Tricco et al., 2015; Watt et 

al., 2008a). Rapid reviews attempt to expedite the systematic review process, by restricting the number 

of databases searched, restricting the search date range and omitting grey literature searches (Ganann 

et al., 2010; Haby et al. 2016; Rathbone et al., 2017; Watt et al., 2008a). Despite the increasing use of 

rapid reviews to summarise evidence, there is no standardised methodology for a rapid review, nor is 

there a rapid review approach that is used consistently in the literature (Khangura et al., 2012; Rathbone 

et al., 2017; Tricco et al., 2015; Watt et al., 2008a; Ganann et al., 2010). There are some perceived gaps 

in transparency and in knowledge about the trustworthiness of rapid reviews (Khangura et al., 2012; 

Tricco et al., 2015; Watt et al., 2008a; Watt et al., 2008b). However, Watt et al. (2008b) and Haby et al. 

(2016) found that, whilst axiomatic differences between rapid and full reviews exist, the essential 

conclusions of the rapid reviews did not extensively differ from that of a full review. Likewise, 

Rathbone et al. (2017) found when homogenous databases are used in a title only search, the recall and 

synthesis of relevant studies was not significantly compromised. 
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Aim 

The aim of the rapid review is to collect relevant and up-to-date primary studies which have not been 

captured in the systematic review of reviews.  

Search Period and Title Search  

Quality was maintained in this rapid review by applying the similar methodology as was used in the 

systematic review of reviews. The only changes were a reduction in the databases searched, and titles, 

rather than full papers and abstracts, were screened in the PICOS search. The search period for the rapid 

review was from 2010 to 2018. The protocols guiding the rapid review can be found in Appendix K 

and Appendix L. 

An outcome summary of the primary papers which were captured in the rapid review is presented in 

narrative form, below. The rapid review provided five more primary papers to add to the evidence base 

relating to the provision of financial incentives to primary care providers. Table K.1, found in Appendix 

K, provides summary details of the additional primary studies which were captured in the rapid review. 

A narrative description of three ITS studies undertaken in the U.K. by Kontopantelis et al. (2013), 

Kontopantelis et al. (2014) and Minchin, Roland, Richardson, Rowark and Guthrie (2018a), one 

ITS/UBA study undertaken in the U.S. by Lester et al. (2010) and a U.S. clustered RCT undertaken by 

Petersen et al. (2013) is provided in the section below. Kontopantelis et al. (2014), Minchin et al. 

(2018a) and Lester et al. (2010) investigated the impact of the removal of incentives on preventive care, 

and Kontopantelis et al. (2013) and Petersen et al. (2013) investigated the introduction of financial 

incentives on U.K. quality indicators. 

Lester et al. (2010) 

The ecological study undertaken by Lester et al. (2010) examined the impact of the removal of financial 

incentives to PCPs for four of 20 prespecified quality indicators. The study provided a retrospective analysis 

of patient-level data from 2,523,659 patients who were members of 35 Kaiser Permanente medical facilities. 

The financial incentives were directed towards medical facilities, rather than individual doctors, and were 

attached to quality indicators, including hypertension control, diabetes glycaemic control, screening for 

diabetic retinopathy and screening for cervical cancer. Lester et al. (2010) examined the annual regional 

performance for each indicator in relation to whether a financial incentive was in place or had been removed. 

Financial incentives were removed for screening for both cervical cancer and diabetic retinopathy in 2002 

and 2004, respectively. Hierarchical regression models were used to estimate the effect of removing the 

incentive on performance across each year. In each model the unit of analysis was the medical facility.  
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The results showed that when financial incentives were attached to screening for diabetic retinopathy, 

between 1999 and 2003, the proportion of patients who were screened rose from 84.9 percent to 88.1 percent. 

Four years after incentive removal, rates of screening decreased to a level of 80.5 percent (Lester et al., 

2010). During the years when financial incentives were initially attached to cervical cancer screening, 

between 1999 and 2000, screening rates rose slightly from 77.4 percent to 78.0 percent. Following the 

removal of incentives, cervical screening rates fell to 74.3 percent (Lester et al., 2010). Screening rates 

increased again following the re-introduction of incentives, between 2006 and 2007. Perversely, the 

screening rates for cervical cancers following re-introduction, were lower than the levels during the 

preceding incentivised period. Lester et al. (2010) did not report on a figure for the rate of screening after re-

introduction. From the graphic representation of change in screening rates, it appears cervical screening rates 

increased to a level just above 75.0 percent after reintroduction. At the facility level, there was an average 

annual reduction of 3 per-cent and 1.6 percent, respectively, for diabetic retinopathy and cervical cancer 

screening after financial incentives were removed (Lester et al., 2010).  

The Lester et al. (2010) study had some limitations. Firstly, the authors did not report p-values or confidence 

intervals for annual changes in screening rates before and after the financial incentives were removed. The 

incentive size and frequency of payment was also not reported. There was also a possibility of 

unintended effects bias, as the financial incentives were delivered to the medical facility for the funding 

of core facility operations, staffing and quality improvements, rather than being directly delivered to 

the physician. Generalisability may have also been an issue, as Lester et al. (2010) acknowledge, there 

were significant differences between P4P arrangements in the Northern California Kaiser Permanente 

managed care organisation and P4P contracts in the U.K. National Health Service. Furthermore, 

contamination was also an issue, as strategies such as the development of computerised reminders for 

doctors and databases for direct outreach by non-doctor staff were delivered alongside the incentives. 

The authors also reported that some of these strategies were scaled back at the same time as the 

incentives were removed. This was the case in the screening for diabetic retinopathy incentive, where 

the regionally generated reminder lists to facilities were stopped at the same time as the incentive. Lester 

et al. (2010) did not consider possible autocorrelation in the longitudinal data when calculating estimates 

of change between time periods. 

Kontopantelis et al. (2013) 

The Kontopantelis, Reeves, Valderas, Campbell and Doran (2013) study, investigated the effect of 

incentives on the recorded quality of care for diabetes patients from 2000/1 to 2006/7. Patient-level data 

were extracted from 148 general practices from the U.K. General Practice Research Database (GPRD). 

A sample of 23,920 diabetes patients was identified from a random sample of 653,500 patients. The 

main outcomes measured were the recording of achievement for 17 clinical quality indicators linked to 

the Quality and Outcomes Framework (QOF), for patients diagnosed with Type 1 and Type 2 diabetes. 
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Kontopantelis et al. (2013) reported absolute improvements in the recording of all diabetes indicators, 

ranging from an increase of 4.2 percent in the control of HbA1 to an 85.5 percent increase in the 

provision of smoking cessation advice from 2001/2 to 2006/7. The authors noted the post-QOF 

improvements were consistent with the pre-existing trend, however they did report that the recording 

of diabetic quality indicators was greater than the underlying trend in the first year of the QOF scheme 

(2004/5). The magnitude of these improvements was not evident in subsequent years. The potential for 

unintended effects was also reported by Kontopantelis et al. (2013), as improvements in the recording 

of indicators may have been associated with improved performance in the use of clinical computing 

systems, rather than improvements in quality of care. The authors also reported it was difficult to 

determine if the observed trends in indicator achievement prior to QOF would have continued 

unchanged had the incentive scheme not been introduced, as the study only accessed three years of pre 

QOF data (Kontopantelis et al., 2013). 

Kontopantelis et al. (2014) 

In the Kontopantelis et al. (2014) study, the effect of the withdrawal of incentives on quality of care in 

644 U.K. general practices was investigated. All 13,772,992 patients registered with the practices for a 

time period between 2004 and 2012 were included in the study. The main outcomes measured were 

performance on eight clinical quality indicators that were withdrawn from the QOF during the study 

period. In 2006, the P4P clinical quality indicators for the provision of influenza immunisation for 

patients with asthma, and lithium treatment monitoring for patients with psychosis were removed in 

2006. Five years later, in April 2011, P4P indicators for the monitoring of blood pressure in patients 

with CHD, diabetes and stroke, the monitoring of cholesterol in patients with CHD, and the monitoring 

of blood glucose and cholesterol in patients with diabetes were also removed. Multilevel mixed effects 

multiple linear regression models were used to quantify the effect of incentive withdrawal. 

The study found levels of performance to be generally stable after the removal of the incentives for five 

of the six indicators (Kontopantelis et al., 2014). A small, but statistically significant, drop in 

immunisation for people with asthma, of 0.7 percent (which had been adjusted for changing 

characteristics of Clinical Practice Research Datalink practices) was detected six years following the 

withdrawal of incentives in 2006 (Kontopantelis et al., 2014). Kontopantelis et al. (2014) estimated the 

drop would equate to a reduction of 2.6 patients per practice and 21,500 patients nationally. However, the 

study was limited by exposure of the panel to a concurrent change in evidence relating to the appropriateness 

of immunising patients with asthma, thus any relative decline in immunisation could potentially be attributed 

to practices responding to new evidence, rather than the withdrawal of financial incentives. The results of 

this study were also constrained by the linking of the de-incentivised clinical activities to other clinical 

activities which were still incentivised, thereby making measurements of the impact of incentive removal 

problematic, as the indirect incentivisation continued even after the direct incentives were removed 
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(Kontopantelis et al., 2014). No p-values or confidence intervals were reported for the results. Kontopantelis 

et al. (2014) also did not address autocorrelation in the longitudinal data when calculating estimates of 

change in performance after indicators were withdrawn. 

Minchin et al. (2018) 

Minchin et al. (2018a) also used longitudinal QOF data to examine the effect of the withdrawal of pay-

for-performance incentives on quality-of-care indicators. The data from the electronic medical records 

(EMR) of over 20 million patients in 2819 English primary care practices was used to undertake an 

interrupted (segmented) time series analysis across seven annualised time points, from 2010 to 2017. 

Outcomes included quality measurements for 12 clinical outcome and process indicators that were 

withdrawn from the QOF in 2014 and six indicators for which incentives were maintained.  

The Minchin et al. (2018a) study found reductions in quality for all of the indicators which were 

associated with the removal of financial incentives. The estimated reductions were greatest for 

indicators related to health advice indicators, such as documentation of lifestyle counselling for patients 

with hypertension, and clinical process indicators, such as documentation of a patient’s epilepsy status, 

and the delivery of pre-conception advice for those patients with a diagnosis of epilepsy, the 

documentation of advice provided to patients about the use of long-acting reversable contraceptives, 

body mass index (BMI) documentation for patients, and HbA1c testing for patients diagnosed with a 

severe mental illness. The estimated reductions in these health advice and process indicators were 

between 62.3 (95% CI -65.6, -59.0) and 28.5 (95% CI -39.0, -18.0) percentage points by one year after 

incentive removal (Minchin et al. 2018a). The indicators showing the least response to the removal of 

incentives were generally those associated with clinical outcome measures, such as cholesterol testing 

and control in patients diagnosed as having CHD, stroke or a transient ischaemic attack (TIA), and 

thyroid function testing in patients with hypothyroid disease. Documentation of retinopathy screening 

in patients with diabetes, and documentation of smoking status in all adults also showed a reduced 

response to the removal of indicators, especially when compared to some of the process measures 

described above. The level of reduction in these measures was between 5.8 (95% CI -8.9, -2.7) and 19.8 

(95% CI -22.4, -17.2) percentage points one year after the incentives were removed (Minchin, Roland, 

Richardson, Rowark, & Guthrie, 2018b). 
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Before the removal of financial incentives, the trend for quality of care had a statistically significant 

increase in four35F

26 of the 12 indicators and a statistically significant decrease in two 36F

27 indicators 

(Minchin et al., 2018a; Minchin et al., 2018b.). There was no statistically significant change in trend 

for the remaining six indicators. In the quality indicators where the incentives were maintained, two 37F

28 

out of the six had a statistically significant decrease in quality across the same time period as when 

incentives were removed (Minchin et al., 2018b). 

The strength of the Minchin et al. (2018a) study was its use of interrupted time-series analysis to 

measure the impact of incentive removal, with the utilisation of routinely collected data from 

approximately one third of all English practices. The research was also strengthened by the inclusion 

of a sensitivity analysis, where indicators for which incentives were maintained were analysed using 

data from all practices that had submitted QOF data at a particular point in time. The study reported that 

the results from the sensitivity analysis were consistent with the estimations calculated using the 

practices included in the primary research.  

The Minchin et al. (2018a) study was limited by the small number of data points pre- and post- 

intervention. As the reporting of QOF data is annualised, there was only between three and four data 

points prior to indicator removal and three data points following the removal of incentive across the 

seven-year period. There are no fixed limits regarding the number of data points, however, it is generally 

considered that studies with a small number of time points should be interpreted with caution, as they 

may be underpowered (Bernal, Cummins, & Gasparrini, 2016; Hyndman & Kostenko, 2007; Zhang, 

Wagner, & Ross-Degnan, 2011). Although the statistical power in a time series is also thought to depend 

on other factors, such as the equal distribution of data points before and after the intervention, the 

variability within the data, the number of parameters analysed, the strength of effect and the presence 

of the effects of confounding (Bernal et al., 2016; Hyndman & Kostenko, 2007). Other study limitations 

described by the authors include the potential for contamination by residual confounding, such as 

changes in the quality and amount of documentation, rather than changes in clinical care (Minchin et 

al., 2018a). 

Petersen et al. (2013) 

The Petersen et al. (2013) clustered randomised trial was undertaken in 12 U.S. Veterans Affairs 

outpatient clinics (primary care clinics) between 2007 and 2011, to test the effect of explicit financial 

incentives on blood pressure management and control. Participants included 83 primary care physicians 

                                                      
26 Significant increase in trend prior to incentive removal for HBA1c tested in patients with serious mental illness; Cholesterol controlled in 

patients with stroke; Lifestyle counselling in patients with hypertension; Pre-conception advice in patients with epilepsy. 
27 Significant decrease in trend prior to incentive removal for thyroid function tested in patients with hypothyroidism; Cholesterol tested in 
patients with stroke. 
28 For indicators which had incentives maintained there was a significant decrease in trend in Blood pressure controlled in patients with 

coronary heart disease Blood pressure controlled in patients with stroke at time period when incentives had been removed. 
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and 42 non-physician providers (nurses and pharmacists). The intervention had four arms: (i) physician-

level (individual) incentives; (ii) practice level incentives; (iii) physician-level plus practice level 

(combined physician and non-physician) incentives; and (iv) no incentives (control). Randomisation 

for the RCT was at the outpatient clinic level. The authors reported that cluster randomisation addresses 

the potential for contamination of intervention. Randomisation was also constrained by clinic teaching 

status, geography and location and participation in a concurrent cardiac trial. Petersen et al. (2013) 

calculated sample size using the Donner and Klar (1996) power algorithm and estimated the study to 

have a power of 80.0 percent to detect a minimum difference of 15.0 percentage points between the 

intervention and control groups. The trial had baseline data, with a four-month baseline period, 

commencing November 2007 and finishing in August 2011, following a 12-month post-washout period. 

Participants in the incentive group received up to five, 4-monthly incentive payments (i.e., $USD 9.10 

per measure), for two independent measurements relating to BP monitoring and control targets. For the 

practice-level payments, the aggregated earnings of all physician participants were equally distributed 

between the physician and non-physician participants in the practice. The authors reported that the 

physicians in the combined incentive group received their individual-level performance payment plus 

their practice-level share. 

BP control and management were significantly greater in the physician-only financial incentive arm, 

compared with the practice-only arm, the combined practice–physician arm and the control. The 

difference between the physician financial incentive group and the control group was 8.4 percent (p-

value=0.005). There were no statistical differences between BP control and management in the practice-

only arm, the combined practice and physician arm. Adjusted mean gains in BP control in the physician 

incentive group dropped by 9.3 percent (SD–14.86, 3.82) after the 12-month washout period.  

The study contained a unit of analysis error, with randomisation being at the clinic level, while the 

analysis was at the patient level. In this case, the unit of analysis error results in artificially small 

standard errors, which inflate p-values and statistical significance (Higgins & Green, 2008; Scott et al., 

2011). Funding sources included a contribution of $250,000 from the Directors of Veterans Affairs for 

the participating regions. The authors reported the funding sources had no role in the design and conduct 

of the study, collection, management, analysis or interpretation of the data, preparation, review, or 

approval of the manuscript, and the decision to submit the manuscript for publication. The authors 

reported that the study site investigators and the primary care physician were Veterans Affairs 

employees who did not receive compensation for their contributions other than their salaries. All authors 

completed and submitted a Disclosure of Potential Conflicts of Interest form. No conflict of interests 

was reported. 
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This systematic review of reviews examined the effects of a range of explicit financial incentive 

payments to primary care physicians for the delivery of: (i) immunisation services; (ii) primary 

preventive services, including screening for cancer and chlamydia and the delivery of smoking cessation 

programs; and (iii) secondary preventive services, including the monitoring and management of 

conditions associated with diabetes and heart disease. As the literature review did not retrieve any 

primary papers which had been published beyond 2012, a rapid review which had a search period from 

1 January 2010 to 1 November 2018 was also undertaken to ensure the most up-to-date research was 

captured in this appraisal of the evidence.  

Evidence from one Cochrane systematic review of reviews, six reviews and 25 primary papers was 

captured in this systematic review of reviews. The Cochrane systematic review of reviews (Flodgren et 

al., 2011) and the other six reviews synthesised evidence on the delivery of financial incentives on 

health care quality (Emmert et al., 2012; Giuffrida et al., 1999; Gosden et al., 2001; Houle et al., 2012; 

Petersen et al., 2006; Scott et al., 2011). All of the reviews which appraised the literature on the effects 

of financial incentives reported that the research to date was fragmented, disorganised, abstruse and 

constrained by serious methodological limitations 38F

29 (Emmert et al., 2012; Flodgren et al., 2011; 

Giuffrida et al., 1999; Gosden et al., 2001; Houle et al., 2012; Petersen et al., 2006; Scott et al., 2011). 

In spite of these reported limitations, eight of nine primary studies 39F

30 which examined associations 

between financial incentives and immunisation were described in the reviews as studies which showed 

incentives delivered small but positive effects on immunisation practice. Mixed effects were reported 

in studies which investigated the impact of financial incentives on HbA1c testing, mammography, 

bowel, cervical and chlamydia screening and referral to smoking cessation programs. Likewise, these 

studies were also reported in the reviews as being compromised by a suite of unaddressed 

methodological errors.40F

31 All reviews and many of the primary papers stressed the need for further 

research incorporating more robust study designs, to provide more definitive evidence on the use of 

provider-directed financial incentive schemes to improve health care. 

                                                      
29 Methodological limitations included flaws such as: Non-randomisation; selection bias; detection bias; lack of blinding; absence of p-value 

and confidence intervals when reporting estimates; small sample size and lack of power; incomplete; not-generalisable; contained a baseline 
imbalance; no control; unaddressed issues regarding loss to follow up and unit of analysis errors; unintended effects including contamination 

where effects spill-over of on to other incentivised and un-incentivised outcomes. 
30 Studies which examined the impact of physician delivered incentives on immunisation included research undertaken by Fairbrother et al., 
1999; Fairbrother et al., 2001; Grady et al., 1997; Hillman et al., 1999; Kontopantelis et al., 2013; Kouides et al., 1998; Mullen et al., 2009; 

Ritchie et al., 1992. 
31 Studies which examined the impact of physician delivered incentives on HbA1c testing, mammography, bowel, cervical and chlamydia 
screening and referral to smoking cessation included research undertaken by Alshamsan et al., 2012; An et al., 2008; Beaulieu et al., 2005; 

Campbell et al., 2009; Fagan et al., 2010; Grady et al., 1997; Hillman et al., 1998; Rosenthal et al., 2005; Roski et al., 2003; Serumaga et al., 

2011; Twardella et al., 2007; Vamos et al., 2011; Young et al., 2007). 
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The rapid review in this thesis provided further evidence to supplement what had already been captured 

by the systematic review of reviews. This evidence was in the form of five additional primary papers, 

that included three ITS studies (Kontopantelis et al., 2013; Kontopantelis et al., 2014; Minchin et al., 

2018a), one ITS/UBA study (Lester et al., 2010) and one RCT (Petersen et al., 2013). Each of these 

papers provided empirical evidence on the impact of the delivery and removal of incentives on 

immunisation, cervical cancer screening, retinal screening, blood pressure and cholesterol control 

outcomes. The Lester et al. (2010), Kontopantelis et al. (2014), and Minchin et al. (2018a) studies 

explicitly investigated the removal of P4P incentives on clinical outcome indicators and the 

Kontopantelis et al. (2013) study investigated the effect of the delivery of P4P incentives on clinical 

outcomes. The Petersen et al. (2013) RCT examined the impact of a 12-month washout period following 

the delivery of incentives to physicians for blood pressure management. 

The research to date investigating the effects of the removal of financial incentives is only just emerging. 

As a result, not much yet is known about the effects of incentive withdrawal on the delivery of routine 

care that has been previously incentivised. The four studies included in this review examining incentive 

removal produced conflicting results (Kontopantelis et al., 2014; Lester et al., 2010; Minchin et al., 

2018a; Petersen et al., 2013). Hence, the uncertainty about whether improvements following the 

delivery of incentives can be sustained after financial incentives have been removed continue to persist.  

The outcomes of this comprehensive review of the literature does not provide sufficient evidence to 

support or refute the use of financial incentives. This may well be due to the substantial heterogeneity 

across the primary studies included in the reviews, such as: the variability in the type of financial 

incentive structure used; the contexts in which the incentives were applied and removed; and the types 

of outcomes measured. The use of econometric techniques and regression-based techniques to analyse 

longitudinal data has the potential to identify intervention effects in the presence of bias, as these designs 

are better able to control for heterogeneity and changes in the characteristics of the time trends, which 

are due to factors outside the intervention of interest (D’Agostino & D’Agostino, 2007; Scott et al., 

2011; Wooldridge, 2015). Other factors which impeded the gathering of sound evidence that were 

evident in this review was the lack of rigour around the provision of sufficient detail on: (i) the type of 

payment scheme at baseline (observational study) or in the control group (RCT); (ii) the incentives 

payment structure relating to payment access (i.e., an individual GP or the general practice); (iii) the 

size of incentive payments (percentage of personal income); and (iv) the temporal nature of incentive 

delivery and/or incentive removal. 
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Governments have demonstrated a considerable commitment to policies which have used financial 

incentives as levers for change. These policies require evidence to support their use, through rigorous 

evaluation to determine effectiveness and cost-effectiveness. Having argued for the need to undertake a 

further review, the systematic review and rapid review in this chapter have not provided any further evidence 

to either support or refute the use of incentives to increase or sustain the delivery of preventive care. This 

position of equipoise provides an impetus to undertake a more detailed research investigation to provide 

methodologically sound evidence, in order to inform future policy. With access to 16 years of longitudinal 

national immunisation data, a rigorous and robust analysis of the impact of incentives on immunisation is 

presented in the empirical chapters of this thesis (Chapters 6 and 7). 

The following chapter provides an overview of the immunisation policy, programs and schedules that 

currently apply to childhood immunisation. The next chapter will also describe, in detail, the political, 

organisational and individual structures which have influenced the delivery of immunisation to Australian 

children over the past two decades
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This chapter provides a chronology of strategies which were delivered as part of the Seven Point Plan 

that was rolled out in 1998. The strategies, which were part of the Seven Point Plan, were directed 

toward both parents and general practitioners - to parents as they are ultimately responsible for ensuring 

their child is fully immunised, and to GPs in the recognition that they are key players in the provision 

of immunisation services to children. Having identified a chronology of policy levers for immunisation, 

this chapter then pinpoints when these financial incentives were delivered and removed over time. The 

final section of this chapter plots a trendline of immunisation coverage for all Australian children, from 

1997-2016. Mapped against this trendline are key policy changes that were delivered across the same 

period. This provides a ‘helicopter view’ of the apparent influence of the impact of the removal of 

incentives and sets up the rest of the thesis for further in-depth analysis to confirm if the effects of 

incentive removal on immunisation rates can be confirmed empirically.  

 

The Australian health care system is, like most other health systems, a complex mix of past and present 

policies shaped by policy makers and is influenced by current population health priorities as well as the 

availability of resources. In the current Australian heath care system, health services are funded and 

delivered by the public and the private sectors (Parliament of Australia, 2019a). Public sector funding 

arrangements have been developed using complex funding algorithms to facilitate the sharing of 

services (and their associated costs), between Commonwealth, state and local governments. These 

public sector services include those which are fully funded by the Commonwealth Government, such 

as Medicare and the Pharmaceutical Benefits Scheme (Parliament of Australia, 2019a). The public 

sector services which are funded through shared Commonwealth and state and territory funding 

arrangements are those delivered in public hospitals. The health services which are funded through the 

private sector, such as services associated with in-hospital care, are those which are financed using 

private health insurance payments, individual out-of-pocket payments (payments made by patients for 

services that have a fee which is greater than the allocated Medicare payment) and third-party insurance 

payments (such as vehicle insurance) (Parliament of Australia, 2019a). Some of the private sector 

funding arrangements, including those associated with private health insurance, are part-subsidised by 

the Commonwealth Government (Parliament of Australia, 2019a). The delivery of preventive services 

to the public has traditionally been viewed as a state level and local government obligation, however, it 
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has emerged over time and now is viewed as a Commonwealth government priority. A brief overview 

of the history and development of the Australian health care system is found in Box 4.1 below. 

Box 4.1  History of Health Care in Australia 

 

 

 

 

 

 

 

Over the past few decades the Australian Government has increasingly recognised the value of 

prevention in the delivery of health services. In the 2003-2004 Budget, the then Minister for Health and 

Ageing, Senator Kay Patterson, announced new steps towards making prevention ‘a fundamental pillar 

of Medicare so that the health system becomes more focused on health rather than illness’ (Australian 

Government, 2003a; Patterson, 2003). The budget contained a bundle of initiatives, under the Focus on 

Prevention package, which included additional funding for a suite of immunisation, preventive health 

and health promotion programs (Australian Government, 2003b; Patterson, 2003). These initiatives 

were funded by revenue from a mix of Commonwealth, State and Territory funds and enabled the 

delivery of preventive services in general practice and hospital settings and at local government level. 

Paradoxically, the effects of these mixed funding streams resulted in cost-shifting between different 

provider types, which caused an increase in fragmentation of care, where consumers were forced to 

receive care at multiple locations with different payment options and inconsistent communication 

between care providers (Doggett, 2007).  

In response to this evidence of care fragmentation, changes were made at the policy, professional and 

practice level to support general practitioners to adopt a more systematic approach to preventive care 

management. General practices were provided financial incentive payments for the delivery, reporting 

and coordination of preventive activities as part of the Practice Incentive Payment Program and the 

Pre-federation health care was delivered, in the main, across hospital settings under the jurisdiction of six colonial 

territories (Browning, 2000; Lewis, 2014). After the Constitution was passed, in 1901, health care continued to be 

recognised as the province of the states and territories. The six States and two Territories were deemed responsible 

for the provision of funds for the subsidisation of hospital care. During this period, no general policy on public 

health prevailed at state and territory level and public health issues were managed and funded on an ad-hoc basis 

(Lewis, 2003). This was maintained until the 1946 amendment bill to The Constitution, which allowed for the 

Commonwealth Government to make financial provision for medical services across all settings (Healy, Sharman, 

& Lokuge, 2006; Parliament of Australia, 2010; Parliament of Australia, 2013a). This amendment enabled medical 

practitioners to receive Commonwealth Government funds for the provision of patient care. Over this time, the 

Commonwealth Government contributed 40 per cent of the general costs required to fund hospital services within 

each State and Territory. The role of the State and Territories in the operation, governance and partial funding of 

public hospitals was retained up until the introduction of a new agreement between the Council of Australian 

Governments (COAG) in August, 2011, where the Commonwealth, state and territory governments became jointly 

responsible for funding public hospital services through activity-based funding. 
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General Practice Incentive Program (Department of Human Services [DHS], 2005; Department of 

Human Services [DHS], 2006). Another strategy included the provision of ongoing funding to the 

Divisions of General Practice (DHS, 2005; DHS, 2006). The focus of these GP organisations which, in 

2004, had a GP membership base of 94.0 percent across 120 local Divisions of General Practice, was 

prevention, early intervention and the promotion of integrated care in the primary care setting (Harris 

& Zwar, 2014; Russell, L., 2013). The Commonwealth Government funding enabled the Divisions to 

provide ongoing support to GPs to facilitate the embedding of preventive care into routine practice. 

However, preventive care interventions remain underutilised in the general practice setting, with 

prevention estimated to account for between seven and eight percent of all GP encounters over the 

decade (Britt et al., 2009; Britt et al., 2016). It appears that the shift towards a more preventive role 

continues to be constrained by structural and organisational factors, such as GP workloads and practice 

capacity, as well as contextual factors, such as a lack of patient resonance on the value of prevention in 

the general practice setting. (Alexander, Brijnath, & Mazza, 2015; Doggett, 2007; Mazza et al., 2011). 

General practice is the point of entry to the health care system, with most Australians seeing a GP at 

least once in each year. Presently, Australian general practice is largely funded by FFS payments from 

patients, who are reimbursed through access to rebates as part of the national health insurance scheme, 

Medicare (Boxall & Gillespie, 2013; Parliament of Australia, 2019a; Parliament of Australia, 2019b). 

The costs of Medicare are ‘offset’ by contributions through the tax system, with an annual levy of 2.5 

percent of taxable income applied to Australian taxpayers (Parliament of Australia, 2019b). Since the 

introduction of Medicare in 1984, the Medicare Benefits Schedule (MBS) has been highly successful 

in meeting the original Medicare aims of affordability and universality, with on average 74.5 percent of 

GP services being provided cost-free to patients over the last decade (Department of Health [DoH], 

2017). The bulk billing rate for 2016-17 is reported as 77.8 percent (DoH, 2017). For services that are 

billed above the bulk billing MBS rate, patients are required to pay a ‘gap’ payment to their GP to make 

up the difference. General practitioners can only claim payments from Medicare for patient care that 

occurs during face-to-face consultations, or for the preparation of management plans for eligible 

patients with chronic disease (Swerissen, Duckett, & Moran, 2018). The exceptions to the FFS funding 

system include salaried medical officers working in community health centres and Aboriginal Medical 

Services (Australian Institute of Health & Welfare [AIHW], 2018c). In addition to FFS payments, and 

as part of a blended payment approach for general practice, many general practices, Indigenous health 

services and general practitioners receive practice and service incentive payments under the Practice 

Incentive Payment (PIP) program (Swerissen et al., 2018). 
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The PIP program, administered by the Department of Human Services [DHS] on behalf of the 

Commonwealth Department of Health (DoH), is funded by the Commonwealth Government, under the 

Practice Incentives for General Practices Fund (DoH, 2014). The PIP, a practice-level bonus payment, 

was introduced in 1998 and has been designed to link with current national health priorities. The PIP 

aims to target practice activities to: (i) promote continuing practice improvements; (ii) foster quality 

care; (iii) enhance capacity; (iv) increase access; and (v) improve patient health outcomes. The Service 

Incentive Payment (SIP) is an additional payment introduced in 2001, which is paid directly to general 

practitioners, for the completion of annual cycles of care to patients with diabetes and asthma, and for 

the provision of cervical screening for under-screened women (DoH, 2014). In the 2017-18 year, 5831 

practices were recorded as participating in the practice incentive program. This represents an estimated 

82.0 percent participation rate (Department of Human Services [DHS], 2018). It is understood that that 

most of the PIP payments are paid directly to GPs, yet with this understanding comes the proviso that 

what GPs do with these funds is discretionary. Hence, in some circumstance there may be a ‘PIP fund 

sharing’ arrangement between an individual GP and the general practice they work in. These 

arrangements between GPs and their practices are worth considering, as the role that each GP has within 

a general practice (i.e., GP principal, partner and associate versus salaried employee, contracted 

employee and locum) has been found to be a factor which predicts the use of incentives to boost income 

(Kecmanovic & Hall, 2015). 

The SIP and the OBP immunisation incentive payments, which are under investigation in this thesis, 

were arrangements within the PIP program that were delivered to GPs and their practices from July 

1998 to May 2013 (DoH, 2014). Although the incentive payments for immunisation no longer exist, 

the Commonwealth Government continues to provide financial incentives to GPs, as part of PIP quality 

improvement funding arrangements, for the management of diabetes and asthma, and for the provision 

of cervical screening, after-hours and aged care services (DHS, 2018). 

The Royal Australian College of General Practitioners (RACGP), developed the first Australian 

preventive care guidelines Putting prevention into practice in 1998 (Royal Australian College of General 

Practitioners [RACGP], 1998). Many of the recommendations were based on guidelines which were 

endorsed by the National Health and Medical Research Council (NHMRC).  

Other sources of evidence included the National Heart Foundation of Australia, the Canadian and US 

preventative guidelines, as well as the results of systematic reviews. Subsequent editions of the guidelines 

have been published over the past two decades. These revised editions have incorporated guidelines based 

on the most recent and rigorous evidence from Australian and International sources. 
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Childhood vaccinations are generally delivered in the primary care setting, either by a physician, a nurse, 

or by a provider working in a community health organisation. In Australia, vaccinations are delivered in 

a variety of settings, such as general practices, by local governments or in maternal and child health 

centres. Ninety-three percent of children aged six years and under see a general practitioner on an average 

of seven times a year (Achat, McIntyre, & Burgess, 1999). Currently, vaccination services are 

predominantly delivered in the general practice setting, with 67.9 percent of all childhood vaccinations 

delivered by general practice providers (Department of Health [DoH], 2018). 

The Australian Bettering the Evaluation and Care of Health (BEACH) study found that of all services 

delivered in general practice, immunisation was one of the most frequently managed (new) problems, 

after upper respiratory chest infections (Britt et al., 2016). The BEACH activity data, which was based 

on information collected from 1000 nationally representative GPs who were randomly selected to 

participate in the annual BEACH survey, found immunisation ranked seventh out of the 35 most common 

problems managed, and accounted for about five out of every 100 encounters between the years 2006–

07 to 2015–16 (Britt et al., 2016). The BEACH data also reported on the work of practice nurses, finding 

that immunisation accounted for 18.9 percent of all practice nurse (PN) encounters (Britt et al., 2016). It 

was the most frequent item number claimed when PN MBS items were claimable and accounted for 

between 55.0 and 72.0 percent of all PN claimable MBS items (Britt et al., 2016; Department of Human 

Services [DHS], 2015a). The PN item number for immunisation was removed in 2012, however, the 

delivery of PN immunisation was sustained, with nurses delivering an estimated 50.1 percent of the 

recorded immunisation injections at GPs immunisation encounters between 2015-16 (Britt et al., 2016). 

 

Prior to the establishment of particular programs for immunisation, vaccinations were delivered in response 

to disease outbreak, and in alignment with vaccine development. In 1804, the Smallpox vaccine was 

developed and delivered across the state of New South Wales (NSW) (NCIRS, 2017a). Almost one century 

later, in 1900, in response to health threats due to exposure to Y. pestis, ‘the plague vaccine’ was delivered 

to the people of NSW NCIRS (2017a). In 1924, diphtheria vaccines were delivered across Victoria to 

manage a diphtheria outbreak (NCIRS, 2017a). School-based vaccinations commenced with the delivery of 

the diphtheria vaccine to school children generally in 1932 (NCIRS, 2017a). Following this, the tetanus 

vaccine was introduced to all members of the armed forces in World War II (NCIRS, 2017a). The clinical 

effectiveness of the tetanus vaccine was evident in the armed forces cohort and it was subsequently 

introduced into the childhood immunisation schedule (NCIRS, 2017a). The vaccines delivered in the early 
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years of the childhood vaccination program focused on the prevention of poliomyelitis, tetanus and 

diphtheria (Lister, McIntyre, Burgess, & O’Brien, 1999).  

The National Paediatric Immunisation Schedule, introduced by the Australian Government in 1975, was 

delivered as part of the first national, population-based immunisation program. The Government funded the 

vaccines, which were recommended in the 1st edition of Immunisation Procedures (now known as The 

Australian Immunisation Handbook). The then schedule recommended the delivery of multiple doses of the 

combined diphtheria, tetanus and pertussis (DTPw) vaccine for children under 6 years of age and three doses 

of oral polio vaccine (OPV), plus a monovalent dose of measles vaccine for all children under 12 months of 

age (NCIRS, 2017a). In 1981, the immunisation schedule was expanded to include a monovalent mumps 

vaccine for children between 12 and 15 months of age (NCIRS, 2017a). By 1983, the Government funded 

a combined measles-mumps (MM) vaccine for children under 12 months of age (NCIRS, 2017a). In 1989, 

the rubella vaccine was funded and was included in the paediatric schedule as a combined measles, mumps 

and rubella vaccination (MMR) (NCIRS, 2017a). These vaccinations were delivered in the form of a whole-

of-population immunisation program and were administered across State and Territory jurisdictions. The 

monovalent and multivalent immunisations on the most current41F

32 paediatric schedule include: Hepatitis B, 

Diphtheria-Tetanus-Acellular Pertussis, Haemophilus influenzae type b, inactivated poliomyelitis (hepB-

DTPa-Hib-IPV); Pneumococcal conjugate (13vPCV); Rotavirus; Haemophilus influenzae type b and 

meningococcal C (Hib-MenC); Measles, mumps and rubella (MMR); Diphtheria, tetanus, acellular pertussis 

(DTPa); Diphtheria, tetanus, acellular pertussis and inactivated poliomyelitis (DTPa-IPV) (DoH, 2018). 

Some of the most significant developments in vaccination practice across Australia from 1890 to 2017 are 

listed in Appendix M. 

The prior section discussed the development of vaccination delivery with the use of population-level 

immunisation schedules that incorporated systematic and nationwide strategies. The embedding of 

vaccine delivery is imperative in the management of communicable diseases, as is the surveillance of 

disease. The systematic and objective evaluation of surveillance data determines the relevance, 

effectiveness and impact of immunisation strategies. The recording of disease and associated deaths has 

been undertaken since settlement in 1788 (Miller, Deeble, Roche, & Spence, 2004). Over time, the 

infectious disease surveillance program has developed from a simple tabulation of disease and death to 

an Australia-wide program, where the surveillance and control of communicable diseases is organised 

                                                      
32 The most current immunisation schedule was published in July, 2018 
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and monitored through a multiplicity of committees, advisory and expert groups. Box 4.2 provides 

further detail on more recent development of disease surveillance which has led to Australian disease 

surveillance as we find it today. 

Box 4.2  A Brief History of National Immunisation Surveillance in Australia 

 

 

 

 

 

 

 

 

 

 

The following section describes in detail the development of the National Immunisation Strategy, from 

its establishment in the mid-nineties to its current form. At the core of the strategy, was the provision 

of a framework which detailed key actions to: improve immunisation coverage rates; address vaccine 

safety concerns; secure vaccine supply; and use data analysis to improve program monitoring and 

evaluation. This strategy delivered multiple policy levers over a two-year period from 1997 to 1998. Of 

particular interest to the work presented here were the financial incentives which were delivered to GPs 

in July 1998, which can be seen on the left-hand side of Figure 4.5 in section 4.7 of this chapter. 

Between October 1991 and March 1993, a working panel of public health, academic, government and 

community experts met to develop a national strategy to improve childhood immunisation coverage 

across Australia (National Health and Medical Research Council [NHMRC], 1993). The strategy, 

developed by the NHMRC, was established in response to evidence of poor immunisation coverage across 

In 1988, a NHMRC workshop on national disease surveillance recommended the establishment of a Working Party 

to develop a nationally consistent approach to surveillance (Miller et al., 2004). An outcome of the workshop was 

a determination from the Working Party to: (i) compile a list of nationally notifiable communicable diseases; (ii) 

construct an inventory of existing surveillance activities; (iii) develop a uniform approach to national surveillance; 

and (iv) develop a universal surveillance database (Miller et al., 2004). In 1997, this was achieved by the 

establishment of a National Notifiable Diseases Surveillance Scheme (NNDSS) which was administered under the 

auspices of the Communicable Diseases Network Australia. The NNDSS reported vaccine preventable diseases to 

the National Centre for Immunisation and Research and Surveillance (NCIRS) (NCIRS 2017a). In 1998, the NCIRS 

established a national serosurveillance program where information from vaccine-preventable disease (VPD) 

notifications, VPD hospitalisations and deaths was integrated to produce a surveillance report (NCIRS 2017a). This 

enabled the mapping of disease across population groups and geographical areas. Under this surveillance scheme, 

notifications were made to the State or Territory health authorities under the provisions of the public health 

legislation. These notifications were transformed to computerised, de-identified unit records, which were then 

supplied to the Australian Government Department of Health for collation and analysis. This publicly available data 

is now published daily on the Internet and quarterly in the journal Communicable Diseases Intelligence. This 

tracking of infectious disease at the population level enables at-risk individuals, individuals associated with certain 

geographic areas and individuals of a specific age to be identified, so population groups can be specifically targeted 

with the delivery of timely vaccination programs.  
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all jurisdictions (coverage rate estimates were below 65.0 percent) and evidence of the persistent prevalence 

of vaccine-preventable diseases, such as whooping cough and measles (NHMRC, 1993). The working panel 

reviewed the existing arrangements for the funding, provision, evaluation and reporting of 

immunisation services across Australia. The findings that were detailed in the NHMRC National 

Immunisation Strategy, published in April 1993, underpin much of the policy we now see today. In fact, 

the policies delivered in the Seven Point Plan (Figure 4.1) were a direct result of the review and were 

derived from the recommendations made by the working panel in 1993 (NHMRC, 1993.)  

The strategy delivered recommendations for the provision of Commonwealth-funded initiatives to 

increase immunisation coverage through the improvement of vaccination uptake and notification of 

immunisation encounters to Medicare Australia (formerly the Health Insurance Commission). The 

recommended initiatives listed in Box 4.3 focused on ‘systems development’, as it was apparent from 

the NHMRC review that inefficiencies existed in areas such as: tendering processes related to 

vaccination purchasing; the coordination of services between jurisdictions, sectors and providers; the 

recording and monitoring of vaccinations; vaccination handling (cold chain monitoring 
42F

33) and the 

monitoring and evaluation of immunisation program performance (NHMRC, 1993). 

Box 4.3  The Australian National Immunisation Strategy 1993 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                      
33 The system of transporting and storing vaccines within the safe temperature range of +2°C to +8°C to ensure maximum potency of vaccines 

Initiatives endorsed by the NHMRC as part of the National Immunisation Strategy included the: 

• promotion of opportunistic administration through the delivery of ‘on-the spot’ immunisations in the general practice 

and hospital settings; 

• development and systematic delivery of targeted educational programs for parents; 

• provision of regular updates and advice for immunisation providers; 

• linking of funding to the provision of surveillance data for incidence of vaccine preventable diseases and individual 

immunisation coverage rates; 

• improvements in the surveillance and reporting mechanisms for paediatric immunisation coverage according to age; 

• improvements in mechanisms for the recording of immunisation delivery to increase the quality of records held by 

service delivery agencies and parents; 

• development of evidence based cold chain standards to maintain vaccine potency, including the provision of 

mechanisms for cold chain surveillance and monitoring; 

• introduction of legislation requiring parents to present a record of immunisation status when enrolling children in a 

child care facility and school (introduced in Victoria in 1990, in NSW in 1992); and 

• development of register and recall systems to enable parent reminders for due immunisations (NHMRC, 1993). 
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On 1 January 1996, ACIR was established to provide opportunities to record and monitor national paediatric 

immunisation coverage against immunisation milestones in the National Immunisation Program (NIP). 

Following the establishment of ACIR, the Seven Point Plan was launched by the Australian Government, 

on 1 March 1997 (Figure 4.1). Manifest in the Seven Point Plan were the resolutions made by the 27th World 

Health Assembly and the recommendations made by the NHMRC in 1993 (DoHA, 2010a). This was an 

important development in immunisation policy, as embedded in this plan was the delivery of financial 

incentives to general practitioners, which are the focus of analysis later in this chapter. The plan delivered 

policy across seven strategic areas, as illustrated below (DoHA, 2010a). 

Figure 4.1  The Seven Point Plan–Seven Strategies to Improve Immunisation Rates 

 

From Immunise Australia Program by the Department of Health and Ageing, 2010b. Canberra: Australian Government.  

Strategy 1 Financial Incentives for Parents 

Maternity Immunisation Allowance 

The first initiative directed towards parents was delivered on 1 January 1998. The initiative, the Maternity 

Immunisation Allowance, provided a bonus immunisation payment of AUD$200 as a top-up payment for 

SEVEN POINT PLAN 

STRATEGY 1 

Parent initiatives where the 'fully immunised for age' ACIR status were linked to payments  

STRATEGY 2 

A bigger role for general practitioners  

STRATEGY 3 

The monitoring & evaluation of immunisation targets 

STRATEGY 4 

Immunisation days 

STRATEGY 5 

Initiatives to enable measles eradication  

STRATEGY 6 

Education and research  

STRATEGY 7 

School entry requirements 
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the Maternity Allowance4 3F

34 payment of AUD$750 (which was already in place) to parents, for ensuring their 

child’s immunisation coverage was up-to-date for age. It was designed to act as an incentive and reminder 

for parents to immunise their children on time (Parliament of Australia, 1998a). 

Childcare Rebates for Parents 

On 27 April 1998, the Childcare Assistance Rebate 44F

35 and the Childcare Cash Rebate45F

36 eligibility 

requirements were amended to include an immunisation component. Following this amendment, 

parents were required to demonstrate that their child was fully immunised according to the National 

Immunisation Schedule (Parliament of Australia, 1998b). The Child Care Benefit (CCB), introduced on 

1 July 2000, replaced the Childcare Assistance and Childcare Cash Rebate (Parliament of Australia, 2002). 

As with prior childcare payments, access to CCB was dependent upon the meeting of immunisation 

requirements. As such, to receive the rebate, demonstration of full immunisation coverage appropriate to 

milestone age was required. Rebates were also delivered if the child was on a catch-up immunisation 

schedule; overseas; or immunisation exempted due to a medical contraindication, acquired natural immunity 

or a declaration of conscientious objection (Parliament of Australia, 2002). 

Strategy 2 A Bigger Role for GPs 

Financial Incentives to General Practitioners–The GPII scheme 

The General Practice Immunisation Incentives (GPII) Scheme was introduced on 1 July 1998. Financial 

incentives, in the form of Service Incentive Payments (SIPs) and Outcome Bonus Payments (OBP), were 

provided to general practitioners for the provision and reporting of immunisation services to ACIR. 

Divisions of General Practice 

A few years prior to the GPII scheme of 1992, the Divisions of General Practice37 were established to provide 

support to GPs and nurses working in general practice. Funding was delivered directly to Divisions of 

General Practice to support general practices to improve immunisation coverage levels. Commonwealth 

Government funds were made available to Divisions across all jurisdictions for the design and 

implementation of strategies to: (i) promote coordination with other providers; (ii) develop educational and 

                                                      
34 The Maternity Allowance was first introduced by the Australian Government in October, 1912 and modified in 1994 and became means 

tested in 1996. 
35 Child Care Rebate–CCR was paid to families to help them with the cost of work-related childcare expenses. After paying an initial amount 

($19.50 per week), families were eligible for either a 30 per cent rebate or a 20 per cent rebate (depending on their income level) of the 
remaining cost of care, minus any other Childcare Assistance received. 
36 Childcare Assistance-In 1984 standardised fee relief for children in non-profit centre-based long day care centres was introduced. This fee 
relief, called Childcare Assistance, was the main avenue through which the Commonwealth supported childcare. 
37 The Divisions of General Practices (Div GP) established in 1992, were independent organisations (GP and nurse members) that were 

established to provide support general practices and GPs in service deliver services. Div GP activities included health promotion, early 
intervention and prevention strategies, health service development, chronic disease management, medical education and workforce support. 

On 1 July 2012 the Division of General Practices were disbanded and replace with Medicare Locals (ML) that were established to engage 

with GPs and other primary health care providers to achieve high levels of immunisation coverage across Australia. On 1 July 2015 Medicare 
Locals abolished and replaced with ‘fewer but larger’ Primary Health Networks (PHN’s). Support for immunisation same as provided by 

DGP’s/MLs and includes: education & training; cold chain management, ACIR/AIR reporting support, assistance with recall/reminders, policy 
and practice updates. 
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training material for GPs and nurses, (iii) establish and maintain systems for the reporting of immunisation 

to ACIR; and (iv) target high-risk groups with low immunisation levels (KPMG, 2000a). The Divisions of 

General Practice also developed guidelines relating to the immunisation schedule, including the provision 

of advice on ‘catch-up’ immunisations, vaccine storage and cold chain procedures, the reporting of data to 

ACIR, access to ACIR feedback reports and the claiming of GPII and reporting payments (KPMG, 2000a). 

The Divisions of General Practice were governed and supported by national, State and Territory based 

bodies, which were also funded by Commonwealth Government-provided initiatives. 

Strategy 3 The Monitoring and Evaluation of Immunisation Targets 

Following the implementation of ACIR on 1 January 1996, the first estimates of immunisation coverage 

were published in the journal Communicable Diseases Intelligence (CDI) in March 1998. Since this time, 

ACIR immunisation coverage data has been published quarterly in the journal. The CDI journal is a 

publication of the Communicable Disease and Surveillance Branch at the Office of Health Protection in the 

Australian Government Department of Health and Ageing. 

Strategy 4 Immunisation Days 

Other initiatives of the plan included Immunisation Days, where between 2 August and 6 December 1997, 

three Immunisation Days were rolled out in geographical areas of low immunisation coverage. Over these 

days, 4,600 individuals (including children, adolescents and adults) were administered vaccinations across 

195 sites across Australia.  

Strategy 5 Measles Eradication Initiatives  

A one-off school-based measles control campaign undertaken from 3 August to 6 November 1998, offered 

a MMR (measles-mumps-rubella) vaccination to all primary school aged children. Around 1.7 million or 

96.0 percent of school aged children between 5 and 12 years of age were vaccinated during the campaign.  

Strategy 6. Education and Research  

On 1 August 1997, the National Centre for Immunisation Research & Surveillance (NCIRS) was 

established. The aim of the NCIRS was to inform policy and planning for immunisation services in Australia 

and to support initiatives in the surveillance of vaccine-preventable diseases, including disease surveillance, 

vaccine coverage and immunisation adverse events.  

Public health campaigns 

A public health campaign to promote the uptake of immunisation services by the public was also rolled out 

in August 1997. The campaign delivered immunisation promotion material through media sources such as 



 

78 

television and magazines. The campaign also had a component that focused on targeting individuals from 

culturally and linguistic diverse (CALD) backgrounds.  

Non-financial Incentives to GPs 

Around this time, there was also an immunisation strategy targeting GPs. The strategy included the 

distribution of a new edition of the Australian Immunisation Handbook, a regular column in Australian 

Doctor46F

38, a rural satellite broadcast program and a range of resource materials. Immunisation providers 

continue to receive program information, resources and copies of the new edition of the Handbook on 

publication. 

Strategy 7 School Entry Legislation 

In 1990, Victoria became the first Australian State to amend public health legislation and adopt school entry 

immunisation laws (Swain, 1997). New South Wales then followed with an amendment to the Public Health 

Act in 1991 and the passing of legislation in 1992, which determined that documentation of immunisation 

status was required when a child was enrolled in childcare or primary school (Swain, 1997). Requirements 

for documentation of a child’s immunisation status was also legislated in the Australian Capital Territory on 

1 July 1993 (Swain, 1997). On 12 June 1997, recommendations for nationwide school entry legislation was 

developed by the Legislation Reform Working Group and endorsed by the National Public Health 

Partnership (NHMRC, 1993). As part of the school entry legislation, non-immunised children were still 

allowed to enrol in the school or centre 
47F

39 however, this entitlement did not apply if there was an 

outbreak of a vaccine-preventable disease in the area (Swain, 1997). Tasmania introduced a school 

enrolment documentation of vaccination requirement into the School Education Act in 1997 and Western 

Australia introduced school entry legislation in 1999 (Swain, 1997). The Northern Territory and South 

Australia have yet to mandate a vaccination document as a requirement for school entry (NCIRS, 2017b). 

The Australian Childhood Immunisation Register (ACIR) was established in 1997, as part of Strategy 3 in 

the Seven Point Plan. Prior to the establishment of the ACIR, immunisation coverage was ascertained in an 

ad-hoc manner. Initially, the Health Insurance Commission administered the ACIR from the time of its 

establishment until 1 October 2005 (Health Insurance Commission [HIC], 2004). From that period to 

the present day, the ACIR has been administered by Medicare Australia, which is operated by the 

Department of Human Services. The register incorporated immunisation coverage data plus demographic 

data on all enrolled children under the age of 7 years who are registered with Medicare. Participation in the 

                                                      
38 Australian Doctor is a publication that delivers news, opinion and analysis on a wide range of clinical and political issues relevant to 

Australian general practitioners. It also provides accredited educational activities. 

39 Provision was made for exemption on medical, personal, or religious grounds (Swain, 1997) 
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ACIR is ‘opt-out’, so it constitutes an almost complete population register, as over 98% of all Australian 

children are registered with Medicare by 12 months of age (O'Brien, Sam, & Mead, 1998). Children not 

enrolled in Medicare can also be added to the ACIR via a supplementary number. Since 2001, immunisations 

given overseas may be recorded if a provider endorses their validity. Box 4.4 provides details of how 

estimates of immunisation coverage were made prior to the establishment of the ACIR. 

Data are transferred to the ACIR when a recognised immunisation provider supplies details of an eligible 

immunisation, either through the internet, using the Medicare Australia web site, or by submitting paper 

encounter forms, which are scanned at a central location. The existence of medical contraindications and 

conscientious objection to immunisation is also recorded on the ACIR. All vaccination records for a child 

remain on the register indefinitely. Immunisations recorded on the Register must be rendered in accordance 

with the guidelines issued by the NHMRC as stated in The Australian Immunisation Handbook. 

Notifications falling outside these guidelines or delivery of a duplicate notification prompt an enquiry with 

the provider and, if validity cannot be established, they are rejected. Conscientious objection to 

immunisation, based on a parent's belief that immunisation should not occur, is also recorded on the register, 

as is the number of children who have a record of no vaccine across all scheduled milestone points. 

Box 4.4  Immunisation Coverage Estimate prior to the ACIR  

 

 

 

 

 

The ACIR serves numerous public health functions, including the measuring and monitoring of 

immunisation coverage rates for Australian children under the age of seven (NCIRS, 2015). Aggregated 

immunisation coverage data at postcode to state level delivers information relating to immunisation coverage 

and geography and facilitates the identification of regions at risk during disease outbreaks. The register also 

provides data relating to the immunisation status of individual children. This can be drawn upon to provide 

information regarding a child’s immunisation history to parents and immunisation providers. In addition, the 

ACIR immunisation history statement can inform parents of their eligibility for specific parent incentive 

payments, such as the Child Care Benefit and Family Tax Benefit Part A, as these payments have been 

linked with immunisation requirements, to encourage parents to vaccinate their child at recommended age 

milestones. 

The first coverage estimates provided by the newly established ACIR were published in the Communication Disease 

Intelligence (CDI) Journal in March 1998. Prior to the establishment of the ACIR, immunisation rates were estimated from 

data collected from Australian Bureau of Statistics (ABS), surveys and other ad hoc data collection methods. The ABS 

collected childhood immunisation data from 1989 to 1990, in 1995 and in 2001. Data collected from 1989 to 1990 and in 

2001 were part of the National Health Survey (NHS), while the 1995 data were collected as part of the Children's 

Immunisation and Health Screening Survey (N= 14,800). In all three surveys, adults were interviewed in their homes and 

asked questions to determine the immunisation status of their children (aged six years or less) relative to the national 

vaccination schedule applicable at the time of interview. Prior to the establishment of ACIR in 1995, the ABS survey 

estimates were viewed to provide the most valid estimates for paediatric immunisation in Australia (Lister, McIntyre, 

Burgess, & O’Brien, 1999). 
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Immunisation details of individual children are provided to ACIR by recognised immunisation providers, 

such as medical practitioners and nurses. The ACIR is funded by the Commonwealth Government and 

administered by the Department of Human Services on behalf of the Commonwealth of Australia. Section 

46B of the Health Insurance Act 1973 (the Act) requires the Chief Executive Medicare (Deputy Secretary 

Human Services) to establish and maintain the ACIR (Department of Human Services [DHS] 2015b). The 

Act also requires the Chief Executive Medicare to make payments to recognised immunisation providers 

who notify ACIR that they have immunised children in accordance with the national vaccination schedule. 

The Department of Health (DoH) is responsible for the overall management of ACIR, in the context of the 

NIP, as agreed by Australian, State and Territory Governments. 

The ACIR register has important benefits, not only in the recording of immunisation to promote child and 

community safety, but also as a data repository, so that the type of research which has been undertaken in 

this thesis can be conducted.  

 

Federal policy and funding provide powerful levers to facilitate improvements in public health. The 

Australian Government has used a number of levers around the funding, legislation and regulation of 

immunisation services delivered across all levels of government into general practice, with the ambition of 

improving immunisation coverage. This complexity makes it difficult to attribute changes in levels of 

immunisation to a particular policy. With this in mind, the following section explicitly describes each of the 

specific interventions which were delivered under the policy frameworks that had been developed over past 

decades by Australian Governments to increase immunisation.  

So, how effective are these policy levers in increasing the rate of paediatric immunisation across time 

and how sensitive is immunisation practice to the removal of such levers? It is difficult to ascertain the 

impact of individual policy levers on immunisation coverage in an environment where numerous levers 

were delivered simultaneously as part of a broader package, such as the Seven Point Plan. As described 

previously, the Seven Point Plan contained policy levers which targeted families and general practices 

through the delivery of financial incentives to both parents and GPs. Policy levers also targeted 

organisations, such as general practices and the national immunisation register, through the provision 

of the funding for monitoring and evaluation systems. Institutions such as child care centres and schools 

were also targeted in the plan and, in doing so, inclusion and exclusion mechanisms based on evidence 

of complete immunisation were delivered into schools and centres. These policy levers have been 

enacted for almost 20 years. Over this time, the levers have been modified and even removed because 

of reforms driven by the ‘changing hands’ of Governments and factors such a policy redundancy, where 
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the ‘lifespan’ of the policy inevitably ends. As this research has a focus on the factors which are 

associated with the uptake of childhood immunisation, the section below expounds on the policy levers 

that have been rolled out over the last three decades to increase childhood immunisations rates. 

The policy levers that were used in Australia between 1975 and 2016 to increase immunisation rates are 

illustrated in Figure 4.2 and Figure 4.3. As is evident from these Figures, the levers that the government has 

used in an attempt to increase immunisation rates are numerous, and included strategies for: the development 

of a national immunisation schedule; the provision of financial incentive payments to parents; the delivery 

of financial incentive payments to GPs; the development and maintenance of a national vaccination register; 

the provision of feedback and monitoring via the national vaccination register; and the provision of an 

enhanced immunisation role for nurses. The mapping of the immunisation policy levers across time is a vital 

component of the thesis, as it provides valuable background information on immunisation policy and, 

importantly, enables the teasing apart of the multiple policy levers, so the intervention of interest in this time 

series study is examined and policy confounders can be accounted for. 

.
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Figure 4.2  Policy Levers for Immunisation 1975-1999
IMMUNISATION 

1 January 1996–DHS–Australian 

Childhood Immunisation Register 

(ACIR) established.  

ACIR reporting enabled the (i) 

establishment of a national register of 
vaccinations given to children under 

7year; (ii) the provision of information 

to parents and GPs about a child’s 

immunisation status and (iii) the 

provision of information to 

governments and the public about 

national immunisation coverage.  

1998 DHS–General Practice Immunisation Incentive (GPII) established 

-1 July 1998 -GPII SIP-Provision of payments ($18.50 per child) for the 

completion of immunisation schedule  

-1 July 1998–GPII Outcomes Payment-Provision for payments for reporting 

immunisation of 70 percent of children attending the general practice 

1 February 1997 DoHA–National Immunise Australia 

Program (NIP) established and led to the development of:  

-Australian Technical Advisory Group on Immunisation 

(ATAGI)–ATAGI provides technical /medical advice on the 

administration of produces The Australian Immunisation 

Handbook (approved by NHMRC) -National Immunisation 

Committee (NIC)–NIC provides advice on strategic directions 

including communication strategies and materials for 

informing providers and the community about immunisation 

policy and programs. 

1 January 1998–Department of 

Social Services–Maternity 

Allowance Payment for Parents. 

Provision of one off lump sum 

payment ($236.70 indexed), not 

means tested, to parents for 

completion of 18-month milestone  

in immunisation schedule.  

1 August, 1997 DHS–National Centre for Immunisation 

Research and Surveillance (NCIRS) established and enabled 
continuing research and surveillance of vaccine preventable 

diseases. 

LEVERS Timeline 1975- 2000 

April  1993 -NHMRC 

National Immunisation 

Strategy developed 

27 April  1998- DHS Childcare 

Payments. Parents/guardians with 

children in childcare applying for 

Childcare Assistance and Childcare 

Cash Rebate (50% childcare costs- not 

means tested) required evidence of 
completion of immunisation milestones 

for payment access. 
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1990–Victoria-Primary 

school entry vaccination 

documentation requirement. 

First introduced as amendment 

in Health 1990; Legislated in 

Public Health and Wellbeing 
Act 2008. 

1997-Tasmania–Child care and 
Primary school entry vaccination 

documentation requirement; 

Legislated in Public Health Act 

1997. 

1992–NSW- Child care and 

Primary school entry vaccination 

documentation requirement. 

First introduced in 1992 as 

amendment of Public Health ACT 

1991; Legislated in Public Health 
Act 2010. 

1999–Western Australia–

School enrolment 

vaccination documentation 

requirement.; The School 

Education Act 1999. 

1975- Department of Health-State and Territory Programs 
1975-Coordinate the delivery of funded vaccines to GPs practitioners, councils, hospitals, child and community health centres according to the National Immunisation Program 

1975-Department of Health-State and Territory Programs 
Provide ongoing information and advice to service providers about the National Immunisation 

Schedule.  

Provide community information and resources and representation on national and state committees. 
Manage State/Territory Databases-Incidence, prevalence, adverse events.  

1975-Australian Local Government Association (AGLA)–560 local government bodies across States and Territories in Australia 
Local government (LG) immunisation providers administer vaccinations under State and Territory Department of Health immunisation programs. 

LG immunisation (i) managed, staffed and resourced by individual local governments for LGAs (ii) contracted to other immunisation providers. 

1975-Local Government Association (LGA) 

Nurses / GPs/ alternate providers administer vaccinations in local government operated vaccination clinic/sessions 
GPs/nurses/midwives administer opportunistic vaccination in infant welfare centres and community health centres 

1992- DoHA-The establishment 

of Division of General Practices  

(Div. of GP) for the provision of 
immunisation education, reports 

and feedback to general practices 

within 121 general practice 

Division areas across Australia. 

1 February 1997–DoHA–National 

Immunise Australia Program (NIP) -

Vaccines provided cost free to providers 

under the National Immunisation Program 

for provision of vaccinations to children 

across ages outlined in the National 

Immunisation Schedule. 

1 January 1996–DHS–ACIR 

-The delivery of immunisation coverage 

reports to, general practices, GPs and 

Divisions of General Practices 

- GPs receive an ACIR notification 

payment of $3.00 -$6.00 for the reporting 

of an immunisation encounter with a child. 

1 July 1998 DHS GPII Quarterly payments to individual GPs for evidence of (i) the 

delivery of individual vaccines by either the GP or an immunisation provider 

working in the general practice and (ii) immunisation targets in general practice 

paediatric population groups. Target payments to GPs are accessible even if the GP 

does not administer the vaccination. 

1 July 1998 DoHA Provision of funds for the Div. of GP Immunisation Program 

for: (i) the provision of immunisation education, reports and feedback to general 

practices within Division area; (ii) support the participation of general practices in 

the GPII scheme. 

1998–Australian Divisions of General Practice (ADGP) was established to provide 
support for the delivery of the General Practice Immunisation Incentive scheme 

through the Divisions of General Practice. 

1993- Immunisation Schedule-  

OPV, DTPw(x5), MMR(x2), 

Hib(x4) 
 

1998- Immunisation Schedule–

OPV(x4), DTPw or DTPa(x5), 

Hib(x5), MMR(x2) 
  

1996- Immunisation Schedule–

OPV(x4), DTPw(x3), DTPw or 

DTPa(x2), Hib(x5), MMR(x2) 
  

August,–December1997–Immunisation Days 

Three immunisation days were rolled out in geographical areas of low 

immunisation coverage. Over these days, 4,600 individuals (including children, 

adolescents and adults) were vaccinated at a total of 195 sites across Australia. 

3 August, to 6 November 1998–A one off (measles-mumps-

rubella) vaccination offered to all primary school aged children 

in Australia. Around 1.7 million or 96% of school aged children 

5-12 years were vaccinated during campaign. 

1975–First National 

Immunisation Schedule–

Polio oral (OPV), Measles, 

Diphtheria + Tetanus + whole 

cell Pertussis (DTPw) (x3) 

1982- Immunisation Schedule-  
OPV, DTPw(x3), Measles-

Mumps (MM) 
  
1989- Immunisation Schedule-  
OPV, DTPw(x3), Measles-

Mumps-Rubella (MMR) 
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Figure 4.3  Policy Levers for Immunisation 2000-2016
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1 January 2012 DHS–Practice Nurse Practice Incentive 

Program (PNPIP):2006-2012 Removed  

1 October, 2008 -GPII SIP-
Provision of payments ($18.50 
per child) for the completion of 
immunisation schedule 
removed. 

Timeline 2000- 2013 

1 November 2005 -Provision of 

general practices with FFS for 

immunisation services provided by 
nurses (PN MBS item10993–

$10.40-$11.55.) 

1 January 2009. Maternity 

Immunisation Allowance (MIA) -

Provision of two lump sum payments 
($118.40 indexed), not means tested, 

to parents for completion of both 18 

month and four-year-old milestones 

in immunisation schedule. 

1 July 2012–Strengthening Immunisation for Children has 

replaced the MIA and is only available as a $726 supplementary 

payment to parents eligible for Family Tax Benefit Part A. The 

payment is provided as three lump sum payments on evidence  

of immunisation at one, two and five-year checkpoints 

1 May 2013 -GPII 

Outcomes target 

payment removed. 

Child Care Benefit 1 July 2000–

DHS–Childcare Benefit (means tested) 

replaced Childcare Assistance. 
Childcare benefit and Childcare cash 

rebate (50% childcare costs–non-means 

tested) provided payments to assist with 

childcare immunisation milestone 

completed. 
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Department of Health-State and Territory Programs  
Coordinate the delivery of funded vaccines to GPs practitioners, councils, hospitals, child and 
community health centres according to the National Immunisation Program 

Department of Health-State and Territory Programs 
Provide ongoing information and advice to service providers about the National Immunisation Schedule  
Provide community information and resources and representation on national and state committees 
Manage State/Territory Databases-Incidence, prevalence, adverse events  
  

1 January 2012–Removal of PN MBS item 10993 for the provision of general 

practices with FFS payments for immunisation services provided by a practice nurse 

($10.40-$11.55). 

31 June 2012–Australian General Practice Network (AGPN) abolished. AGPN 

replaced with newly established primary care organisation Australian Medicare Local 

Alliance (AMLA).  
31 June 2012–Divisions of General Practice abolished. 121 Div. of GPs were 

replaced with 61 Medicare Locals (MLs). MLs engage with GPs and other primary 

health care providers to achieve a high level of immunisation coverage across Australia. 

1 July 2012–Australian Medicare Local Alliance (AMLA) established to support 

and encourage the provision of safe, effective and timely vaccinations across all 
immunisation service providers including general practice.  

1 July 2012 –Medicare Locals established to engage with GPs and other primary 

health care providers to achieve high levels of immunisation coverage across Australia 

1 October, 2008–GPII Service 

Incentive Payment Removed GPs no 
longer able to claim quarterly GPII SIP- 

payment ($18.50 per child) for the 

completion of immunisation schedule  

1 May 2013–GPII Outcomes payment removed. GPs no longer 

able to claim quarterly outcomes payments of $ 3.21 per Whole 

Patient Equivalent (WPE) were made available to GPs under the 
program (approximately, $1,000 per quarter for suburban practice 
with 5GPs). 

1 November 2005–Establishment 

of PN MBS item 10993 for the 

provision of general practices with 

FFS payments for immunisation 

services provided by a practice 

nurse ($10.40-$11.55)  

2000-Local Government Association (LGA) 
Nurses / GPs/ alternate providers administer vaccinations in local government operated vaccination clinic/sessions 
GPs/nurses/midwives administer opportunistic vaccination in infant welfare centres and community health centres 

2000-Australian Local Government Association (AGLA)–560 local government bodies across States and Territories in Australia 
Local government (LG) immunisation providers administer vaccinations under State and Territory Department of Health immunisation programs 
LG immunisation (i) managed, staffed and resourced by individual local governments for LGAs (ii) contracted to other immunisation providers 

2002- Immunisation Schedule– 

hepB, DTPw(x5), OPV(x4), MMR(x2), 

hepBHib(x3) Pneumococcal(x3) *, nCCV 

2005- Immunisation Schedule - 

hepB, DTPw+IPV (inactivated polio 

vaccine) (x4), hepB Hib (x3), 

7vPCV(x3), MMR(x2), MenCCV, 

Varicella 

2007- Immunisation Schedule– 
hepB, DTPwIPV(x4), hepBHib(x3), 

7vPCV(x3), Rotavirus(x3), MMR(x2), 

MenCCV, Varicella 
  

2008- Immunisation Schedule – 

hepB, DTPwIPVhepBHib(x3), 

7vPCV(x3), Rotavirus(x3), 

MMR(x2), Hib, MenCCV, 

Varicella, DTPwIPV   
2010- Immunisation Schedule - 
hepB, DTPwIPVhepBHib(x3), 

7vPCV(x3), Rotavirus(x3), MMR(x2), 

Hib, MenCCV, Varicella, DTPwIPV 
  
2011- Immunisation Schedule – 

hepB, DTPwIPVhepBHib(x3), 

7vPCV(x4), Rotavirus(x3), MMR(x2), 

Hib, MenCCV, Varicella, DTPwIPV 
 

July 2012- Immunisation Schedule – 
hepB, DTPwIPVhepBHib(x3), 7vPCV(x4), 

MMR(x2), Rotavirus(x3), Hib, MenCCV, 

Varicella DTPwIPV 
 October-2012- Immunisation Schedule- 
hepB, DTPwIPVhepBHib(x3), 7vPCV(x3), 

MMR(x2), Rotavirus(x3), Hib, MenCCV, 

Varicella, DTPwIPV 
  

January 2013–Immunisation Schedule- 
hepB, DTPwIPVhepBHib(x3), 

7vPCV(x3), Rotavirus(x3), MMR(x2), 

Hib, MenCCV, Varicella, DTPwIPV 
  July 2013–Immunisation Schedule- 
hepB, DTPwIPVhepBHib(x3), 

7vPCV(x3), Rotavirus(x3), MMR(x2), 

Hib, MenCCV, MMRVaricella, DTPwIPV 
  

2005-General practitioners administer vaccinations in opportunistic/planned 

consultations or at general practice immunisation clinics/sessions 
Nurses administer vaccinations in opportunistic/planned consultations or at 

general practice immunisation clinics/sessions for and on behalf of the GP 
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1 January 2016-

GPII Outcomes 

target payment 

removed. 

LEVERS 

1 July 2015 Medicare Locals abolished and replaced with 

‘fewer but larger’ Primary Health Networks (PHN’s). Support 

for immunisation same as provided by DGP’s/MLs and includes: 

education & training; cold chain management, ACIR/AIR 
reporting support, assistance with recall/reminders, policy and 

practice updates. 

 

2000–Immunisation Schedule- OPV(x4), 

DTPa-hepB(x3), DTPa(x2), Hib(x3), 
MMR(x2) 
  

2000-Australian Capital 

Territory- Child care and 

Primary school entry 

vaccination documentation 

requirement; Legislated in 
Public Health Regulations Act 

2000. 
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A review was undertaken to: (i) capture evidence on the determinants of vaccination uptake; and (ii) 

determine the effectiveness of interventions used to increase immunisation. This review informs a 

framework specific to the Australian context, which is depicted in Figure 4.4, below. Included in this 

framework are community-based determinants which influence supply, and provider- and system-based 

determinants which influence demand. As highlighted in Figure 4.4, interventions to improve 

immunisation uptake can be categorised as: those which target health service delivery; those which 

target vaccination access; and those which increase demand for vaccines. Common approaches to 

increase immunisation demand include incentives to parents, community education and knowledge 

translation to promote and sustain vaccine uptake. Approaches which increase access to immunisation 

services include those which are directed at providers and at health systems, such as the delivery of 

financial incentives to GPs for the reporting and delivery of immunisation services. Other strategies 

include the provision of education and support to providers (e.g. a practice-based register) and the 

establishment of a national register. The establishment of a national register not only provides 

opportunities for the development of immunisation coverage reports to inform future policy, but can 

also be used to set up general practice recall and reminder systems and increase the demand of 

immunisation via the provision of information directly to a parent and their child’s GP. Figure 4.4 has 

been informed using evidence obtained from the literature review on the determinants of immunisation, 

which is found in Appendix N. 
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Increase 

Community 

Demand for 

Vaccinations 

Community Based 

Determinants 

• Improvement in a parent’s attitude 

regarding vaccination 

• Improvement in a parent’s knowledge 

about immunisation 

• Improvement in a parent’s motivation to 

vaccinate their child 

• Cost free access to vaccinations on National Immunisation 

Schedule  

• Parent immunisation payments and child care  rebates 

• Vaccination requirements for childcare and school entry 

• Monetary Sanctions for Family Assistance Payments 

• Parent access to child’s paper-based record and electronic 

immunisation history statement 

Immunisation 

Provider & System 

Based 

Determinants 

Increase Access to 

Vaccination 

Services 

System directed 

interventions 

Provider directed 

interventions 

• Vaccinations on schedule provided cost free to parents  

• Increase GP workforce in areas of workforce shortage  

• Fund nurse providers in general practice 

• Fund nurse providers in local government areas and maternal 

and child health centres 

• Education delivered to patients by GP and nurse providers at 

general practices and local government 

• Reminders and recalls to parents via general practice recall 

and reminder systems 

• GP assessment and feedback via Australian Immunisation 

Registry reports 

• Payment to GP for the reporting of immunisation services  

• GP/nurse education and resources including provision of 

National Immunisation Handbook 

• National, State, Local Government Immunisation Campaigns 

• Development and maintenance of immunisation register 

• Development electronic immunisation history statement 

• Increase provider supply 

• Improved vaccination affordability 

• Increased parent exposure to providers 

• Best practice in appropriate vaccination 

• Informed assessment of a child’s 

vaccination status 

• Improvements in opportunistic vaccination 

• Increased parent exposure to providers 

• Informed assessment of a child’s vaccination 

status 

• Improvements in opportunistic vaccination 

• Agility in addressing outbreaks at local area 

level 

Improvements in 

vaccine supply, 

demand and delivery 

 

 Reduction in vaccine 

preventable disease 

Reduced morbidity and 

mortality 

Determinants Inputs Outputs 
               Outcomes 

Short-term    Medium-term                

Outcomes 

Long-term 

 

Figure 4.4  The Determinants of Immunisation 
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At this stage of the thesis, an environmental scan was undertaken, involving a search for the policies 

around childhood immunisation over the period of interest. In this section, an overview of each financial 

incentive provided to parents, GPs and general practices which have been delivered, modified and 

removed between 1998 and 2016 is provided. The mapping out of when, where and to whom these 

financial incentives were provided is an important exercise. It is important because the delivery, 

removal, or modification of each incentive may not only impact on immunisation coverage (just as the 

removal of the GP incentives were hypothesised to do), but, when delivered simultaneously with 

another one, may either enhance or inhibit the other. Another problem that arises when incentives are 

delivered in close proximity to each other is that one may mask the effect of the other, or importantly, 

one may make the other incentive redundant. 

The challenge that multiple incentives bring to a time series analysis is that the effect of one intervention 

is difficult to analyse when there is another intervention delivered alongside it. This complexity raises 

the possibility of confounding and makes it imperative to be able to use an analysis method which can 

take into account the timing and various policy initiatives. Time series analysis offers the potential to 

investigate the effect of one financial incentive in amongst a suite of other incentives, by using 

sophisticated statistical methods, such as forecasting and prediction. Forecasting enables the researcher 

to forecast ahead to remove a policy effect that may potentially interfere in the analysis of the effect of 

another policy. The method used for doing this in this thesis is detailed in Chapter 5. It is used to address 

the effect of the ‘No Jab No Pay’ policy (listed below in 4.6.1), as the ‘No Jab No Pay’ policy potentially 

confounds the analysis of the removal of the OBP for general practitioners. 

Maternity Immunisation Allowance (1998-2012) 

The Maternity Immunisation Allowance (MIA) was introduced in January 1998 and remained in place up 

until July 2012. It provided a non-means-tested payment of AUD$200, which was payable to parents if 

ACIR had received notification by an accredited immunisation provider that their child had received all 

immunisations due at, or before, 18 months of age (Australian Government, 2018; Parliament of Australia, 

1998a). This payment was on top of a Maternity Allowance payment of AUD$750, which had no 

immunisation requirement, that was payable following the birth of the child (Australian Government, 2018; 

Parliament of Australia, 1998a). Prior to this, a Maternity Allowance of AUD$870.30 had been delivered to 

parents upon the birth of a child; however, this allowance did not include any immunisation requirements 

for payment access (Australian Government, 2018; Commonwealth of Australia, 1997). 
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On July 1, 2001, a means tested Maternity Immunisation Allowance payment of AUD$208 and an 

AUD$780 Baby Bonus payment came into effect (Australian Government, 2018). Again, as with the prior 

immunisation allowance, eligibility for the MIA allowance was subject to the child being fully immunised 

according to the immunisation schedule. Valid exemptions from the immunisation requirement for access 

to the payment included: medical contraindications for immunisation; a declaration of conscientious 

objection; the child currently being overseas and Vaccination Catch Up program access. There was no 

immunisation requirement for access to the Baby Bonus payment. These payments were indexed, and prior 

to abolishment, they amounted to AUD$210.66 and AUD$842.64, respectively (Australian Government, 

2018). 

From 1 July 2004, a non-means-tested lump sum Maternity Payment of AUD$3,000 which increased to 

AUD$4,000 in July 2006 and AUD$5,000 in July 2008, replaced the means tested Baby Bonus payment 

(Australian Government, 2004). A Maternity Immunisation Allowance top-up payment of AUD$210.66 

also became universally available to all parents accessing the Maternity Payment (Australian Government, 

2004). These payments were also indexed against CPI. The Maternity Payment was formally renamed the 

Baby Bonus in 2007 (Parliament of Australia, 2013b). 

From 1 January 2009, an income test was applied to the Baby Bonus and it was no longer paid as a lump 

sum payment (Parliament of Australia, 2013b). However, Maternity Immunisation Allowance payments 

continued to be paid outside the means-testing requirement (Parliament of Australia, 2012). The first 

payment of AUD$122.75 was made if the child was reported to ACIR as fully immunised between 18 to 24 

months of age. The second AUD$122.75 payment was made if the child was reported as fully immunised 

between 48 and 60 months of age (Parliament of Australia, 2012). These payments, which were indexed bi-

annually, provided incentives for parents to immunise their child at two milestone points within the schedule. 

After 1 July 2010, payments were indexed annually for movements in the consumer price index (CPI) 

(Department of Social Services, 2014). The payments increased to a value of AUD$129.00 by July 2012 

(Australian Government, 2018). 

On 1 July 2012, the Maternity Immunisation Allowance payment was replaced with a Family Tax Benefit 

(FTB) Part A48F

40
  and end of year FTB Part A supplementary payment of AUD$726 per child, per year (Australian 

Government, 2012). These payments were only made to families who were eligible for Family Tax Benefits. 

FTB Part A payments were conditional on, and only available if, the child was reported as fully immunised 

by 12, 24 and 60 months of age (Australian Government, 2012). As was required for prior immunisation 

allowances, the reporting of the delivery of all immunisations in the National Immunisation Schedule was 

mandatory for a child to be assessed as fully immunised. On 1 July 2012, Meningococcal C, pneumococcal 

                                                      
40 FTB Part A is a means tested Commonwealth Government fortnightly payment to a parent/s for each dependent child under 19 years of age.  
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and varicella vaccinations were added to the list of required immunisations for access to the FTB Part A 

supplementary payment (Australian Government, 2012). 

Childcare Rebates (1998—Present) 

Childcare Assistance Rebate and the Childcare Cash Rebate (1998-2000) 

Parents were the recipients of the Childcare Assistance Rebate49F

41 and the Childcare Cash Rebate50F

42 which 

was introduced in 1998 and replaced in 2000 with the Child Care Benefit (described below). In this incentive, 

a parent received financial payments in the form of childcare fee rebates upon demonstration of their child’s 

fully immunised status at the completion of immunisation schedule milestones (Parliament of Australia, 

1998b). This was enacted in 1998, through an amendment to the Childcare Payments Act 1997, whereby no 

prior immunisation requirements were mandated for access to childcare rebate payments (Parliament of 

Australia, 1998b). This was viewed as providing parents with a financial incentive to complete immunisation 

at each milestone.  

Child Care Benefit (2000-Present) 

The Child Care Benefit (CCB), introduced on 1 July 2000, replaced the Childcare Assistance and the 

Childcare Cash Rebate (Parliament of Australia, 2002). The CCB, which was means tested, enabled parents 

to claim a fee rebate of up to 50 hours per week on approved childcare services, on the condition they are 

either currently employed, seeking employment or training for employment (Parliament of Australia, 2002). 

Families on the lowest income tier (less than AUD$29,000 per annum) could claim payments of up to 

AUD$129 per week per child. Minimal rates of AUD$21.70 per child per week were paid to families with 

incomes in the highest income tier (greater than AUD$85,653 per year) (Parliament of Australia, 2002). As 

with prior childcare payments, access to CCB at the time was dependent upon the meeting of immunisation 

requirements. As such, to receive the rebate, demonstration of full immunisation coverage appropriate to 

milestone age was required. Rebates were also delivered if the child was on a catch-up immunisation 

schedule, overseas, or immunisation-exempted, due to either a medical contraindication or declaration of 

conscientious objection (Parliament of Australia, 2002). 

Child Care Tax Rebate (2004-Present) 

An announcement of another childcare assistance payment was made in September 2004 with a starting date 

of 1 July 2005 (Parliament of Australia, 2005). The payment, known as the Child Care Tax Rebate (CCTR), 

was not means tested and enabled families to claim as quarterly payments or a lump sum end-of-year 

                                                      
41 Childcare Assistance-In 1984 standardised fee relief for children in non-profit centre-based long day care centres was introduced. This fee 

relief, called Childcare Assistance, was the main avenue through which the Commonwealth supported childcare. 
42 Childcare Rebate -CCR was paid to families to help them with the cost of work-related childcare expenses. After paying an initial amount 

($19.50 per week), families were eligible for either a 30 per cent rebate or a 20 per cent rebate (depending on their income level) of the 

remaining cost of care, minus any other Childcare Assistance received. 
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payment. The purpose of the payment was to assist parents with 30.0 percent of the costs associated with 

out-of-pocket expenses for childcare (Parliament of Australia, 2005). To access this payment of up to 

AUD$4,000 per child, per annum, families needed to be in receipt of the CCB, to use approved care, meet 

pre-determined work and study arrangements and demonstrate full immunisation coverage across milestone 

age points in the National Immunisation Schedule (Parliament of Australia, 2005). The payment enabled 

out-of-pocked expenses from the prior financial year to be claimed on the next year’s taxation return as a 

non-refundable taxation offset (Parliament of Australia, 2005). On 1 July 2009, CCTR was renamed CCR. 

The change of name is in recognition that the rebate is no longer a tax offset under taxation legislation but 

was paid directly to families. Fifty percent of out-of-pocket childcare costs were rebated to families who 

were using approved childcare for work, training, or study-related reasons (Australian Government, 2018). 

The non-means-tested payments were delivered as either a fortnightly payment, a reduction in fees, or 

annually as a lump sum post-tax payment. The annual limit for the rebate was between AUD$7,500 and 

AUD$5,941 per child per year (Australian Government, 2018).  

‘No Jab No Pay’ Policy (2016-Present) 

On 1 January 2016, the rules regarding access to FTB Part A and the Child Care Benefit (CCB) were 

amended (Australian Government, 2015). The amendments, which were part of the ‘No Jab No Pay’ policy, 

removed the exemption rule relating to conscientious objection (Australian Government, 2015). 

Consequently, parents of children who were previously eligible for allowance payments on the declaration 

of ‘conscientious objection to immunisation’ were not able to receive payments if their child was recorded 

on the ACIR as being not fully immunised for a milestone within the schedule (Australian Government, 

2015). Approved exemptions for immunisation requirements still applied in the cases of the child having a 

medical contraindication, or natural immunity, or if the child was a part of an approved vaccine study,  if the 

vaccine was temporarily unavailable, or if the child was vaccinated overseas. 

As previously stated, explicit incentive payments were delivered to general practitioners under the General 

Practice Immunisation Incentive (GPII) scheme, as part of the Immunise Australia Program. The GPII 

scheme, introduced on 1 July 1998, consisted of two components, with the first component being the SIP 

payment (also referred as the GPII-SIP) and the second component the OBP (also referred as the GPII-OBP). 

The first incentive payments to GPs who reported a pre-determined level of children as ‘fully immunised’ 

was delivered in August 1998 (DHS, 2005).  
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Service Incentive Payment (1998-2008) 

The SIP payments were introduced in 1998 and removed in 2008. The payments consisted of quarterly51F

43 

payments of AUD$18.50 per notification per child, and were provided to GPs for reporting to ACIR the 

delivery of childhood vaccines at six completion points in the NIP immunisation schedule (DHS, 2005). The 

reporting of the administration of particular vaccines to an individual child, at two, four, six, 12, 18 and 48 

months of age, acts as a trigger for GP payment (DHS, 2005). The vaccines required for assessment as fully 

immunised to trigger payments included diphtheria, Haemophilus influenzae type b (Hib), hepatitis B, 

measles mumps, pertussis, polio, rubella, tetanus and varicella (SIP payment only) (DHS, 2005). There are 

several vaccines included in the immunisation schedule that did not trigger GPII payments. These include 

meningococcal C vaccine (Men C), 7vPCV and rotavirus vaccine (DHS, 2005). It is difficult to estimate 

the income gained from SIP payment access, as practice populations vary, however, SIP estimations for 

a ‘typical’ general practice (that has around 300 children registered with the practice) would amount to 

around AUD$500 per quarter per GP (KPMG, 2000a). 

Outcomes Bonus Payment (1998-2013) 

The OBP payments were introduced in 1998, at the same time as the introduction of SIP payments. They 

were removed in 2013, five years after the SIP payments were removed. The quarterly payment was based 

on the proportion of children fully immunised (aged seven years or under) who attended the practice. The 

payments were provided so that GPs could access funds, outside of fee-for-service payments, for expenses 

associated with the delivery of coordinated immunisation services, such as costs linked to cold chain 

management, the establishment and maintenance of recall and reminder systems and immunisation clinics 

(DHS, 2005). The level of specific reimbursement of the OBP payment varied over time, but remuneration 

was calculated at between AUD$3.50 and AUD$4.00 per fully immunised WPE52F

44. The WPE value was the 

sum of the fractions of care provided to children associated with the practice. Association with the practice 

was determined by a child’s minimum attendance of two visits across a 12-month reference period. Using 

WPE calculations for a ‘typical’ general practice, it is estimated the OBP would amount to around 

AUD$1,000 per quarter for practices who have a 90.0 percent coverage for children under the age of seven 

who are registered in the practice. 

Initially, the OBP payment was delivered to general practices that achieved a minimum immunisation 

coverage level of 70.0 percent (KPMG, 2000b). The quantum merit was increased if the immunisation level 

reached 80.0 percent, and increased again if the practice achieved coverage rates of 90.0 percent or above. 

                                                      
43 Quarterly payments are made in February for the period from 1 November to 31 January; in May for the period from 1 February to 30 April; 
in August, for the period from 1 May to 31 July; in November for the period from 1 August, to 31 October. 
44 WPE or Whole Patient Equivalent –Is the numerical representation of the proportion of care provided to child under seven at a practice over 

a 12-month reference period, compared to the overall care provided to those children by all general practice during the same period. 
Approximately $1,000 per quarter for practice with a 312 WPE coverage of >=90% (KPMG, 2000a). 
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After the first year of the scheme, the 70.0 percent threshold was removed and raised to a minimum level of 

80.0 percent (KPMG, 2000b). The OBP payments were claimable on demonstration of at least 90.0 percent 

immunisation coverage of children under the age of seven who had attended the practice at least twice over 

a 12-month period and were assessed as fully immunised at NIP completion points (KPMG, 2000b). Just as 

for the SIP, the reporting of the administration of a certain vaccine to a child at two, four, six, 12, 18 and 48 

months of age triggers the OBP payment (DHS, 2005). 

The Commonwealth Government announced in the May 2008-09 Budget that GPII SIP payments would 

cease on 1 October 2008. Following this, the Australian Government announced in the Federal Budget 2012-

13, that the GPII Outcomes payments would cease in May 2013. The AUD$6.00 information payment to 

general practitioners per calendar month for each notification to ACIR of a vaccination that completes one 

of the six aged-based completion points of the NIP schedule has continued up to the present date. Under the 

2015-16 Budget, the Commonwealth Government covenanted the delivery of an additional AUD$6.00 

incentive payment for GPs and other immunisation providers who identify and report any child who is two 

months overdue on any completion points on the immunisation schedule (Parliament of Australia, 2015) 

The Practice Report (ACIR021A and GPII020A)-(1998-2013) 

The GPII scheme commenced with the delivery of quarterly immunisation coverage statements to GPs and 

to Divisions of General Practices53F

45 in August 1997 and was removed 16 years later (DHS, 2005). The 

coverage statements were in the form of quarterly ACIR021A reports that listed the number of children who 

have attended the GP for a medical service over the past 12 months and who are due, or overdue, for an 

immunisation (Medicare Australia, 2012). From August 2003, the GPII scheme mandated a new report 

template, the GPII020A practice report (Box 4.5) (Medicare Australia, 2012). This practice report, which 

was like the ACIR021A practice report, produced quarterly reports for GPs after each GPII Outcomes 

payment calculation was made.  

After cessation of the GPII-OBP payment in May 2013, the GPII020A report was made redundant and the 

ACIR021A report was used to provide feedback and follow-up to GPs. These reports provided GPs and 

practices similar information that was accessible in the GPII020A reports. The ACIR reports enabled 

practices to: follow-up children overdue for an immunisation; contact families of children at risk of disease 

during a disease outbreak; maintain accurate records for general practice recall and reminder systems; and 

identify vaccination details of those children who are not recorded on the ACIR (Groom et al. 2015; Hull, 

Deeks, & McIntyre, 2009; Hull, Deeks, Menzies et al., 2009). A range of other statistical reports relating to 

immunisation coverage is accessible to providers via ACIR. These reports include information relating to 

                                                      
45 The Divisions of General Practice were established in 1992 to support GPs and their general practices in the provision of immunisation 

services to children (Figure 4.2 & Figure 4.3). 
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the child’s practitioner, locality, disease vaccinated, history, natural immunity, medical contraindications 

and conscientious objection, including opt-out status (Medicare Australia, 2012). 

Box 4.5  The GPII020A report 

 

 

 

 

 

 

Medicare rebates for the immunisations provided by practices nurses (PNs) working in general practices 

were introduced in 2005 and removed in 2012. These PN rebates were replaced with a block grant for the 

employment of a PN, and still exist today. 

The background of this Australian Government strategy was the provision of financial support to employ a 

PN to improve patient access to medical services in rural areas and in areas of GP workforce shortage. The 

allocation of funding amounting to AUD$104.3 million over four years for the employment of a nurse was 

announced in the 2001-02 Australian Federal Budget (Commonwealth of Australia, 2001). The purpose of 

the funding was to increase PN workforce and PN skillset to enable the transfer of some clinical tasks, such 

as immunisation, from the GP to the PN.  

On 1 November 2005, the Australian Government delivered an initiative to enable certain services provided 

by nurses working in general practice to be paid through the Medicare Benefits Schedule (MBS) (Medicare 

Australia, 2005). In the suite of Medicare Benefit Schedule items available for PNs, was an immunisation 

item MBS item 10993 (Medicare Australia, 2005). This MBS item enabled GPs to claim a FFS payment of 

AUD$11.35 (regardless of the number of vaccinations administered) for an immunisation encounter 

provided by a PN, on his/her behalf (Department of Health and Ageing, 2010c). This PN MBS initiative led 

to a substantial increase in the provision of immunisation services by a PN (Britt, Fahridin, & Miller, 2010; 

Jolly, 2007; Joyce & Piterman, 2010). In fact, immunisation services provided by PNs accounted for more 

than 60.0 percent of all MBS item funded services provided by nurses between 2005 to 2012 (Department 

of Human Services [DHS], 2015). Claims for PN immunisation services peaked at 5,516,028 services in the 

The GPII020A report included:  

• details of current immunisation history recorded on the immunisation register for each child listed with 

the GP  

• details of single visit children 

• the vaccines required to be recorded on the ACIR for the child to be assessed as fully immunised 

• Medicare data relating to each child on the register including the child’s personal details 

• details of due and overdue vaccines at a disease level 

• the complete immunisation history of the child across all milestones 

• medical contraindications 

• any recorded natural immunities (Medicare Australia, 2012) 
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2009-10 financial year. This accounted for over 72.0 percent of itemised services provided by a nurse (DHS, 

2015). Estimates of the average annual remuneration for PN immunisation services in a general practice 

(with four GPs) that has a SWPE54F

46 value of AUD$4,000 was estimated by the Department of Health to be 

around AUD$117,000 (Department of Health and Ageing [DoHA] 2011). 

On the 10 May 2010, the Australian Government announced the PN immunisation, wound care and cervical 

smear MBS items would be removed from the MBS schedule as part of the 2010-11 Budget Measures 

(Australian Government, 2010). Some PN items remained on the schedule, such as services provided to a 

patient with a chronic disease and health checks provided by a nurse. (Australian Government, 2010). Also 

announced in the same budget, was the delivery of incentive payments to PIP accredited practices, 

amounting to between AUD$15,000 to AUD$25,000 per annum per 1,000 SWPE, where an Enrolled Nurse 

or Registered Nurse worked at least 12 hours 40 minutes per week (Australian Government, 2010). One‑off 

grants of AUD$5,000 were also provided to practices seeking to attain accreditation to cover the costs of 

attaining accreditation, such as increased staff training and appropriate vaccine storage requirements 

(Australian Government, 2010). These payments were provided as part of the PN incentive program (PNIP) 

(Australian Government, 2010). 

 

In the following section of this chapter, two decades of publicly available national paediatric 

immunisation coverage data is plotted on a graph to depict changes in national childhood immunisation 

rates from the years 1997 to 2016. An overlay of the policy levers which were on the policy landscape 

across that period of time is also plotted on the graph. This graph, which is found in Figure 4.5, at the 

end of this chapter, provides a ‘policy picture’ which plots changes in immunisation rates against 

changes in policy for each of the three immunisation milestones55F

47 that are included in the National 

Immunisation Program (NIP) Schedule (DoH, 2018). Although causality cannot be ascribed, and 

inferences cannot be made using this ‘policy picture’, the mapping of the trendline against individual 

policy levers provides a graphic illustration of ‘what actually happened’ over certain periods of time. 

This also provides an impetus for further examination of the effect of policy on immunisation by using 

more empirical methods, which are described in Chapter 5. 

                                                      
46 The SWPE value of a practice is the sum of the fractions of care provided to practice patients, weighted for the age and gender of each 

patient. The average full-time GP has a SWPE value of around 1,000 SWPEs annually. (Department of Human Services 2015a). 
47 The first of the three milestones (Milestone 1), refers to immunisation for a child less than 12 months. The second milestone (Milestone 2) 
refers to immunisation for a child greater than 12 months of age and up to 24 months and the third milestone (Milestone 3) refers to 

immunisation for a child greater than 24 months and up to 60 (72) months. The third age-group milestone was assessed at 72 months of age 

prior to 1 March 2008. 
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The publicly available data that was used to map policy with immunisation coverage was collected from 

annual and quarterly reports authored by the NCIRS, which was first published in the Journal of 

Communicable Disease Intelligence (CDI) in 2007 (Hull, Deeks, Menzies et al., 2009; Hull et al., 2010; 

Hull et al., 2011; Hull et al., 2013; Hull et al., 2013; Hull et al., 2014; Hull et al., 2016; Hull et al., 2017, 

2018). Prior to 2007, information relating to immunisation coverage was collected from biennial 

national surveillance publications that reported on the epidemiology of vaccine-preventable diseases 

and trends in national paediatric immunisation coverage estimates (Brotherton et al., 2004; Brotherton 

et al., 2007; McIntyre et al., 2000; McIntyre et al., 2002). 

Since the inception of ACIR, the cohort method has been used to calculate coverage at the national 

population level (Hull, McIntyre, Heath, & Sayer, 1999). The birth cohort method clusters all children 

born in a given quarterly period into a single group, so the vaccination status of the cohort can be 

assessed across immunisation milestones. For example, a child is defined as belonging to the first cohort 

if he or she was born between 1 January 1996 and 31 March 1996 (O'Brien et al., 1998). Each cohort 

was described as consisting of children who were enrolled with Medicare, to counter the effects of 

duplicate records (Hull et al., 1999; Lister et al., 1999; O'Brien et al., 1998). This Medicare database 

was reported to provide a population close to that of a complete population of all Australian children, 

as it was estimated that at the time of the development of the register, over 98.0 percent of Australian 

children were registered with Medicare by 12 months of age. (Hull et al., 1999; Lister et al., 1999; 

O'Brien et al., 1998). 

Every CDI report detailed the ACIR methodology (Box 4.6) for the assessment of the vaccination status 

of each cohort at three key milestones. Coverage at the first milestone was reported to provide an 

assessment of a child’s vaccination status at 12 months of age, for vaccines due at six months. Coverage 

at the second milestone was reported to provide an assessment of a child’s vaccination status at 24 

months of age, for vaccines due at 12 months; and coverage at the third milestone was reported to 

provide an assessment of a child’s vaccination status at either 60 or 72 months of age, for vaccines due 

at 48 months (Hull et al., 1999). In all CDI publications, the vaccinations that were included in the 

National Immunisation Program (NIP) schedule were described. It was evident from the information 

provided in each report that the NIP schedule had changed many times over the years since inception 

of the ACIR (NCIRS, 2017a). Also declared in each report was notification of receipt of a later vaccine 

dose, which implies the receipt of earlier doses (even if no earlier vaccination was recorded). This effect 

has been described in the literature as the third dose assumption (Brotherton et al., 2004; Hull & 
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McIntyre, 2000a; Hull, Lawrence, MacIntyre, & McIntyre, 2003a; McIntyre et al., 2000; O'Brien et al., 

1998). Details of vaccinations currently included in the NIP Schedule for children from birth to four 

years are listed in Table 4.1. 

Box 4.6  The ACIR ‘Fully Immunised’ Calculation Algorithm 

 

 

 

 

 

 

 

Table 4.1  Australian National Immunisation Program Schedule 

* Additional vaccines for Aboriginal and Torres Strait Islander children (QLD, NT, WA and SA) and medically at-risk children 

Adapted from National Immunisation Program Schedule by Department of Health (2018) at 
https://beta.health.gov.au/resources/publications/national-immunisation-program-schedule-portrait 

                                                      
48 Hep A-Hepatitis A; Hep B-Hepatitis B; DTPa-Diphtheria, tetanus, acellular pertussis (whooping cough); Hib-Haemophilus influenzae 

type b; MenACWY-Meningococcal strains-A,C,W&Y; polio inactivated polio; 13vPCV-pneumoccal conjugate; Rotavirus- rotavirus; 
MMR-measles, mumps and rubella; MMRV-measles, mumps, rubella and varicella (chicken pox) 

National Immunisation Program Schedule from July 2018 

Milestone Age Childhood Vaccines56F48 

1 Birth Hep B        

1 2 Months Hep B DTPa Hib Polio   13vPCV Rotavirus 

1 4 Months Hep B DTPa Hib Polio   13vPCV Rotavirus 

1 6 Months Hep B DTPa Hib Polio   13vPCV*  

1 12 Months Hep A*  MenACWY  MMR  13vPCV  

2 18 Months Hep A* DTPa Hib   MMRV   

2 24 Months       13vPCV  

2 26 Months         

3 48 Months  DTPa  Polio     

The methodology the Australian Childhood Immunisation Register (ACIR) used to calculate the proportion of 

children declared as ‘fully immunised’ was also explained in the CDI publications, with the numerator being 

described as the number of children registered with Medicare who were assessed as ‘fully’ immunised and the 

denominator being described as the total number of children registered with Medicare for each age cohort 

(Brotherton et al., 2004; Hull, Deeks, Menzies, et al., 2009; Hull & McIntyre, 2000a). The CDI publications also 

described the provision of a three-month minimum lag period for the late reporting of immunisations to ACIR. This 

proviso was based on the condition that the late reports applied to vaccinations which were administered on or 

before a child’s respective first, second or fifth (sixth) birthday (Brotherton et al., 2004; Hull, Deeks, Menzies, et 

al., 2009; Hull & McIntyre, 2000a; O'Brien et al., 1998). If the late reports referred to vaccinations given after the 

applicable birthday, then the child would not be classified as fully covered (Brotherton et al., 2004; Hull, Deeks, 

Menzies, et al., 2009; Hull & McIntyre, 2000a; O'Brien et al., 1998).  

https://beta.health.gov.au/resources/publications/national-immunisation-program-schedule-portrait
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In this final section, an immunisation and policy trendline has been developed using information from 

publicly available immunisation coverage reports. The data was accessed in numerical and graphical 

form. The methods used to develop the immunisation policy trendline in Figure 4.5 are described in 

detail in Appendix O. 

Immunisation coverage data from the years 1993 to 2005 was published in a supplementary section of 

the CDI in the form of simple bar or line graphs (Brotherton et al., 2004; Brotherton et al., 2007; 

McIntyre et al., 2000; McIntyre et al., 2002). Immunisation coverage was represented in graphic form 

in these early publications, with the horizontal axis representing the percentage of children immunised 

nationally at a milestone point and the vertical axis representing coverage assessments at quarterly time 

points. From the year 1997 to 2001, only two milestone points were denoted in the plots, one at 12 

months and the second at 24 months (McIntyre et al., 2000). This was due to measurements of 

immunisation being assessed across cohorts of children moving through the immunisation program over 

time, resulting in a lag in time before the first cohort (1997) reached an age for assessment at the third 

age milestone at 72 months (6 years) of age. The reports provided immunisation coverage data for 

children vaccinated at all three milestone ages from the year 2002 onwards.  

The McIntyre et al. (2000) vaccination coverage report plotted immunisation coverage from 1993 to 

1998 for the first and second milestone. The trendline for the first milestone in the report represented 

immunisation coverage for three doses of diphtheria, tetanus, pertussis and Hib vaccines, however the 

second milestone trendline represented immunisation coverage for one measles, mumps and rubella 

dose only. From 2002 onwards, all published reports plotted the vaccination status of each cohort using 

the assessment of ‘fully covered’ for the multiple vaccines, which were listed in the relevant NIP 

Schedule at the time for each of the three key milestones. 

The early years of data collection (in particular the data collected before the year 2000) was limited by 

a lack of systematic provider reporting procedures to ACIR, hence assessments of coverage were 

considered as minimum estimates, due to under-reporting (Brotherton et al., 2004; Hull et al., 1999; 

Hull, & McIntyre, 2000b; Hull et al., 2003b; Lister et al., 1999). Some of the reasons cited were a failure 

by general practitioner providers to notify ACIR of immunisation encounters, delays in data 

transmission, late Medicare registrations and difficulties in recording immunisations given overseas 

(Hull et al., 2002b; Hull et al., 2003b). Reporting of immunisation coverage rates by ACIR improved 

over time. This was thought to be due to: an increase in the number of provider notifications to ACIR 
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after the introduction of the general practice reporting incentives; less delay with increased use of 

electronic notifications; and the introduction of combination vaccines resulting in improved 

efficiencies, due to the reporting of multiple vaccines in one notification (Hull, Deeks, & McIntyre, 

2009). By the early 2000’s, the ACIR data was viewed as being an accurate monitor of trends in 

immunisation coverage (Hull et al., 2003b).  

As is evident in Figure 4.5, trends in overall childhood vaccination rates, for vaccines due by one and 

two years of age on the National Immunisation Program (NIP), showed a rapid and steady increase in 

immunisation coverage following the introduction of the measures from the Seven Point Plan. Coverage 

rates for vaccines due by four years of age showed an increase in coverage rates, however the rate of 

increase was less than that for the other milestones. At all milestone ages, the rates of immunisation 

plateaued within four years after commencement of the measurements. The increase in coverage rates 

were most rapid for children in Milestone 2, who were due for their 12-month vaccines. There was a 

break in the immunisation coverage trendline for children who were due for their four-year-old 

vaccines. This was due to changes in the overdue rules in Milestone 3, where children were classified 

as overdue for the four-year-old vaccines at five years instead of the previous six years of age. 

There was a steady increase in immunisation coverage rates for vaccines due by six months of age 

(Milestone 1) from 75.0 percent in the first cohort, as assessed on 31 March 1997, to around 90.0 

percent, as assessed on 30 September 2001. This coincided with the introduction of incentive payments 

to parents and general practitioners. Coverage rates had another steep rise over the quarter from 30 June 

to 30 September in 2000. At that time there were no major policy changes, however there were changes 

to the administration and timing of the Hib vaccine in May 2000. This may have influenced decision 

making, resulting in a ‘surge effect’ where parents or providers choose to deliver the immunisation 

before the forthcoming change.  

Since 2000, national coverage rates for children fully vaccinated remained steady at around 90.0 percent  

until the end of the year 2011. In September 2011, national immunisation coverage rates for the first 

milestone peaked at a ‘fully covered’ rate of just under 92.0 percent . From this period onward, rates 

appeared to trend down to below 90.0 percent  with immunisation coverage dipping after the removal 

of the general practice outcomes bonus payment (GPII-OBP). From 31 December 2014 onward, the 

trend appeared to steadily increase. This increase appeared to coincide with the announcement of the 

‘No Jab No Pay’ policy. 
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For vaccines due at 12 months of age (Milestone 2), coverage rates assessed in March 1998 also 

increased steadily, from around 64.0 percent  to just above 90.0 percent  by 31 December 2002. 

Coverage rates appeared to plateau between June and December 1999 and then rose rapidly, from a rate 

of around 76.0 percent  in March 2000 to 85.0 percent  as assessed on 30 September 2000. From that 

period onward, the coverage rate for children assessed as fully immunised at the second milestone 

fluctuated at around 92.0 percent  - slightly higher than that of the stable coverage rates for those 

children assessed at the first milestone. There was a steep decrease in immunisation coverage in June 

2014, from a rate of around 93.0 percent  to about 87.0 percent  in the following September quarter. 

This coincided with the introduction of an additional dose of the measles–mumps–rubella (MMR) 

vaccine on 1 July 2014, which would have resulted in the drop in MMR coverage in the preceding 

quarters, until catch up across the cohort was achieved. This would have had a flow-on effect on overall 

immunisation coverage. 

Immunisation coverage at the milestone for four-year-old vaccinations (Milestone 3) were first recorded 

on 31 March 2002. The trendline showed a modest increase from just over 80.0 percent  coverage to 

around 83.0 percent  by 31 December 2003. The trendline plateaued until 31 March 2006 and then, over 

the next three quarters, rose steadily, to a rate of 88.0 percent  by 30 December 2006. Coverage rates 

peaked to about 88.5 percent  in December 2007 after dipping to 87.0 percent  throughout the 2006-

2007 year. 

A steep increase in immunisation coverage was evident in the Milestone 3 trendline from 31 March 

2006 to December 2006. This increase in coverage persisted across the quarters until it ‘disappeared’ 

with the change in overdue rules from six to five years. The rapid rise in immunisation coincided with 

the delivery of the introduction of policies which were associated with immunisation. These policies 

included the introduction of remuneration for immunisations administered by a practice nurse (PN) in 

November 2005 and the introduction of a parent payment in July 2005 which was linked to evidence of 

a child’s fully immunised status. Remuneration for PN immunisation, theoretically, may have been 

associated with the delivery of more four-year-old vaccinations, however, this association is not likely 

as the increase in coverage was not evident in the either Milestone 1 or Milestone 2 trends. The July 

2005 ‘parent payment’ was in the form of a childcare tax rebate where, on demonstration of full 

immunisation coverage, a parent would be eligible to claim funds of up to AUD$4,000 per child relating 

to the costs associated with childcare (Parliament of Australia, 2005). As this one-off payment was 

provided as a tax offset each July, public awareness would have been limited, which may explain the 

’12-month lag effect’ that is evident on the trendline. 
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On 1 March 2008, the age that determined an overdue status for vaccines changed from six years of age 

to five years. This resulted in a relative drop in the number of children assessed as ‘fully immunised’ at 

the third milestone, from around 88.0 percent  to 77.0 percent . The change in the overdue rule resulted 

in the re-classification of children who were five years of age who were classified as having a fully 

immunised status to a classification of incomplete immunisation after the change. It took over 2 years 

for the third-year milestone to re-establish the immunisation coverage rates that were evident prior to 

the overdue rule change. From 30 September 2010 onwards, immunisation coverage increased steadily 

and by June 2015 coverage was over 92.0 percent . Over this period school entry requirements for 

documentation of complete immunisation at the third immunisation milestone was mandated and 

legislated across all jurisdictions of Australia.
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Figure 4.5  National Immunisation and Policy Trendline 1997-2016 

 

0.0%

5.0%

10.0%

15.0%

20.0%

25.0%

30.0%

35.0%

40.0%

45.0%

50.0%

55.0%

60.0%

65.0%

70.0%

75.0%

80.0%

85.0%

90.0%

95.0%

100.0%

3
1

-M
ar-9

7

3
0

-Ju
n

-9
7

3
0

-Sep
-9

7

3
1

-D
ec-9

7

3
1

-M
ar-9

8

3
0

-Ju
n

-9
8

3
0

-Sep
-9

8

3
1

-D
ec-9

8

3
1

-M
ar-9

9

3
0

-Ju
n

-9
9

3
0

-Sep
-9

9

3
1

-D
ec-9

9

3
1

-M
ar-0

0

3
0

-Ju
n

-0
0

3
0

-Sep
-0

0

3
1

-D
ec-0

0

3
1

-M
ar-0

1

3
0

-Ju
n

-0
1

3
0

-Sep
-0

1

3
1

-D
ec-0

1

3
1

-M
ar-0

2

3
0

-Ju
n

-0
2

3
0

-Sep
-0

2

3
1

-D
ec-0

2

3
1

-M
ar-0

3

3
0

-Ju
n

-0
3

3
0

-Sep
-0

3

3
1

-D
ec-0

3

3
1

-M
ar-0

4

3
0

-Ju
n

-0
4

3
0

-Sep
-0

4

3
1

-D
ec-0

4

3
1

-M
ar-0

5

3
0

-Ju
n

-0
5

3
0

-Sep
-0

5

3
1

-D
ec-0

5

3
1

-M
ar-0

6

3
0

-Ju
n

-0
6

3
0

-Sep
-0

6

3
1

-D
ec-0

6

3
1

-M
ar-0

7

3
0

-Ju
n

-0
7

3
0

-Sep
-0

7

3
1

-D
ec-0

7

3
1

-M
ar-0

8

3
0

-Ju
n

-0
8

3
0

-Sep
-0

8

3
1

-D
ec-0

8

3
1

-M
ar-0

9

3
0

-Ju
n

-0
9

3
0

-Sep
-0

9

3
1

-D
ec-0

9

3
1

-M
ar-1

0

3
0

-Ju
n

-1
0

3
0

-Sep
-1

0

3
1

-D
ec-1

0

3
1

-M
ar-1

1

3
0

-Ju
n

-1
1

3
0

-Sep
-1

1

3
1

-D
ec-1

1

3
1

-M
ar-1

2

3
0

-Ju
n

-1
2

3
0

-Sep
-1

2

3
1

-D
ec-1

2

3
1

-M
ar-1

3

3
0

-Ju
n

-1
3

3
0

-Sep
-1

3

3
1

-D
ec-1

3

3
1

-M
ar-1

4

3
0

-Ju
n

-1
4

3
0

-Sep
-1

4

3
1

-D
ec-1

4

3
1

-M
ar-1

5

3
0

-Ju
n

-1
5

3
0

-Sep
-1

5

3
1

-D
ec-1

5

P
er

ce
n

ta
ge

 %

Quarterly Dates

Milestone 1-First year milestone for vaccines due at 6 months

Milestone 2-Second year milestone for vaccines due at 12 months

Milestone 3-Sixth year milestone for vaccines due at 4 years

Milestone 3-Fifth year milestone for vaccines due at 4 years

GP remuneration 
for Practice Nurse 
IMMUNISATION

INTRODUCED
1 November 2005

Change in 
overdue rules 

for 3rd Milestone 
from 6 to 5 years

1 March 2008 
GP remuneration for 
PN IMMUNISATION 

REMOVED
1  January 2012

Financial Incentive Payments to Eligible  
General Practitioners**

for Completion of all Immunisation Milsestones
Service incentives Payment

GPII-SIP INTRODUCED#

Outcomes Bonus Payments
GPII-OBP INTRODUCED##

1 July 1998

Immunisation Reports
School Entry Legislation 

Introduced
31 March 1997

Public Health Campaigns*
Rolled out Nationally

1 August, 1997

GPII SERVICE 
INCENTIVE PAYMENT 
GPII-SIP REMOVED

1 October, 2008

1 January 1996 The Australioan Childhood Immunisation Register (ACIR) established

Financial Incentive 
Payments to Parents 

for Completion of 
Immunisation 

Milestones
27 April  1998 

* Public health campaigns–(i)1 August, 1997 broad marketing campaign via television, maga. People from CALD backgrounds also targeted (ii) 2 August, 4 October, 6 December, 1997 the delviery of Immunisation days-targeting geographical areas of low immunisation coverage.
**Eligible GPs-are GPs working in accredited general practices which have been registered for practice incentive payments (PIP) or alternatively (as from February 2011) GPs who meet GP entry requirements relating to safety and storage of vaccines.
# GPII SERVICE INCENTIVE PAYMENT–is a service incentive payment made to eligible GPs when completion of the immunisation schedule for children aged 0-6is reported to ACIR.
# # GPII OUTCOMES BONUS PAYMENT–is a performance incentive payment made to eligible GPs for evidence of immunisation of 90 percent of children under seven years of age attending the GP (payment threshold in 1998 was 70 percent -threshold ahs has increased over time).

Parental 
Immunisation 

Allowance 
Removed

1 July 2012

'No Jab No Pay'  
Proposal 

Anounced
Jan-Feb 2015

'No Jab No Pay'  
Proposal  

Introduced
1 January 2016

Annual Child Care 
Tax Rebate linked to 

Immunisation 
Status Introduced

1 July 2005

Change in Schedule for 
Milestone 1 with inclusion of 
an additional dose of MMR

1 July 2014 

GPII OUTCOMES 
BONUS PAYMENT

GPII-OBP REMOVED
1 May 2013
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This chapter presented an overview of the Australian health care system and provided a particular focus 

on the delivery of preventive care in the primary care setting. It also delivered a chronology of strategies 

that were part of the Seven Point Plan, which was rolled out in 1998 to increase immunisation coverage 

rates in Australia. The policy levers that were used in Australia between 1975 and 2016 to increase 

immunisation rates were also described in this chapter. In the final section, publicly available policy 

documents and ACIR data were used to graphically depict Australian paediatric immunisation coverage 

over a 19-year period of time. This immunisation-policy plot showed that immunisation coverage rates 

were influenced by the delivery of policies that were embedded in The Seven Point Plan that had been 

rolled out in 1997. Similarly, the plot showed that changes in health policy, public policy and changes 

to immunisation algorithms appeared to have an effect on national immunisation coverage rates. 

Importantly, the immunisation coverage plot, when overlaid with policy changes, provided this thesis 

with a figurative representation of the association between policy levers and immunisation coverage 

rates from 1997 to 2016. 

The timeline for the immunisation policy plot was from March 1997 to January 2016 and the grid points 

on the horizontal axis were between zero and 100. A scale of this size provided a ‘helicopter view’ of 

immunisation over time. However, as immunisation coverage has a narrow range, the large scale 

resulted in a blunting effect, which may have been hiding potentially important coverage changes. This 

issue is addressed in the latter part of this thesis, where an empirical analysis of immunisation coverage 

rates is undertaken using raw data and interrupted times series (ITS) analytic techniques. The use of 

national paediatric immunisation coverage data enables the analysis to be ‘scaled up’ and also provides 

the opportunity to perform segmented regression modelling on the data across specified periods of time. 

These statistical techniques are described in detail in Chapter 5.  

Results from the main empirical analysis are provided in Chapter 6 and sub-group analysis is described 

and reported on in Chapter 7. The main analysis investigates if GP financial incentive payments for 

immunisation is associated with a reduction in immunisation coverage across nationally aggregated 

postcode areas of Australia. The sub-group analysis examines the impact of socio-economic indices and 

rurality on immunisation coverage following removal of incentive payments to Australian GPs. Chapter 

5 describes the benefits and opportunities for use of ITS in the analysis of policy interventions, and also 

provides detail on the theory and practice of interrupted times series analysis.
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A time-trend of immunisation coverage rates mapped against key immunisation policies was 

constructed in Chapter 4. By itself, this time-trend cannot be used to examine the impact of incentive 

removal, though it does highlight potential associations between policy and immunisation trend 

changes. The aim of this chapter is to describe the data and methods used in the formal evaluation of 

the impact of the removal of GP incentives on immunisation rates with the use of an interrupted time 

series study design.  

This thesis specifically focuses on the removal of the SIP immunisation incentive in 2008 and the OBP 

immunisation incentive in 2013, as shown in Chapter 4, Figure 4.5. As the exact nature of the incentives 

which were removed were explicitly described in Chapter 4.6.2, under the heading Incentive Payments 

to General Practitioners-The GPII, an overview of the intervention itself will not be provided below. 

The source and structure of the data are described in detail in this chapter, as the characteristics of the 

data determine which analytic methods are used. Finally, the time trend from Milestone 1 is described 

and a descriptive analysis is undertaken of observed changes to the time trend following removal of the 

incentives. 

The main analysis presented in Chapter 6 will focus on the incentive payments which were 

incrementally removed between 2008 and 2013. As described in Chapter 4, when the incentives were 

in place, SIP and OBP bonus payments were provided quarterly to GPs, with these payments being 

based on the immunisation information provided by GPs to ACIR in the prior quarterly period. If the 

GPII incentive payments were impacting on immunisation coverage rates, it could be assumed that after 

the removal of each incentive there would have been an immediate drop in immunisation coverage in 

the subsequent quarterly period. It would be plausible to assume that these decreased rates of 

immunisation would persist as long as no other initiative was introduced. As the removal of the GP 

incentive was widely publicised across community and GP networks, it would be expected there would 

be no lag period. It could be expected that the removal of the GPII-SIP would have less impact on 

immunisation coverage than the removal of the OBP, as after the removal of the SIP the OBP was still 

in place, thereby maintaining incentivised payments to GP. 
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This thesis is concerned with establishing if immunisation activities are sustained after financial 

incentive payments to general practitioners are removed. The specific hypothesis is whether the removal 

of general practitioner financial incentive payments for immunisation is associated with a reduction in 

national paediatric immunisation coverage. 

The removal of incentives forms a natural experiment that affected all GPs at one point in time. 

Randomisation was not possible, as these incentives were removed in the context of the delivery of 

multiple policies at a national level (Campbell et al., 2000; Kaptchuk, 2001; Victora, Habicht, & Bryce, 

2004). Interrupted time series (ITS) study designs are increasingly viewed as a viable alternative for the 

evaluation of public health interventions in the absence of randomisation. In fact, ITS is considered to 

provide a strong quasi-experimental design which is particularly suited to the introduction of population 

level interventions that have a clearly defined period of time (Bernal et al., 2016). An interrupted time 

series study design (ITS) is used to assess the impact of an intervention (typically a policy change) on 

an outcome across many time periods. The strength of the design is that it uses segmented regression 

analysis (a modified version of standard regression analysis) to detect changes to outcomes before and 

after exposure to an intervention. The counterfactual trend, that is the trend in absence of the policy (or 

policy change) of interest, can be forecasted in these designs, assuming that no other factor would have 

changed the trend. 

Time series refers to a continuous sequence of observations taken from a population, consecutively over 

time. The strength of time series data is the use of temporal data which is collected in ‘real world’ 

settings, so that pre-interventional trends can be accounted for. This characteristic allows the effects of 

the intervention to be differentiated from effects due to changes in the secular trend (known as ‘the 

counterfactual’) (Bernal et al., 2016; Taljaard, McKenzie, Ramsay, & Grimshaw, 2014). In an ITS 

study, an outcome variable of interest is modelled across time to establish an underlying trend. The 

design is described as an interrupted time series, as the series is ‘interrupted’ by an intervention at a 

specific point in time. The hypothesis associated with any time series is that the series of observations 

after the intervention will have a different level, or slope, from the series of observations before the 

intervention (Shadish, Cook, & Campbell, 2002). The interruption, or change in intercept across a 

series, can be in the form of: (i) a change in the slope pre-intervention and post-intervention; (ii) a 

change in the level or intercepts pre-intervention and post-intervention; (iii) a change in both the level 
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and slope; and (iv) a change in the seasonality or cyclicity of the data even when there is no detectable 

change in the intercept and slope. The seasonality and cyclicity of time series data refers to predictable 

and repeating fluctuations in the data as detailed in Box 5.1. 

Box 5.1  Seasonality and Cyclicity of a Time Series Explained 

 

 

 
 

 

 
 

 

 
 

 

 

 

 

 
 

 
 

Adapted from https://robjhyndman.com/hyndsight/cyclicts/ 

A one-off increase or fall in the trend line, where the slope does not change following the intervention, 

is called a change in level or change in intercept. A change in the level and slope of a series is called a 

change in drift, trend, or slope. Post intervention changes can also include effects in the variances around 

the mean, such as increased heterogeneity or increased homogeneity in the outcome measures. The 

effects can either be continuous, where they do not decay over time, or discontinuous, with effects not 

persisting over time. Sometimes post-intervention effects drift toward the pre-intervention level or 

slope, or even regress to the mean. Effects can be anticipated, immediate or delayed in their initial 

manifestation. Anticipated effects, are, for example when decision makers know the policy is being 

implemented in the future and change their behaviour before the policy change. Immediate effects are 

simpler to interpret, as their onset can be matched exactly to the time of the intervention. In the case of 

delay, theoretical justifications for the presence of delay can be made. The hypothetical alternate refers 

to a scenario in which the intervention had not occurred, and the trend continues unchanged. This is 

referred to as the ‘counterfactual’ (Shadish et al., 2002). These characteristics are illustrated in Figure 

5.1. 

Interrupted segmented regression (time series) analysis is an analytic method that, when used on time 

series data, allows the outcome of interest to evolve over specific time periods, called ‘segments’, before 

and after an intervention (Wagner, Soumerai, Zhang, & Ross-Degnan, 2002). This enables a change in 

the level or slope of the outcome, which may constitute an intervention effect. Segmented regression 

analysis also allows variables other than the intervention of interest to be controlled for. With the 

A seasonal pattern exists when a series is influenced by seasonal factors, such as factors associated with quarters in 

the year, the month, or day of the week. Seasonality always has a fixed pattern and a known period that is 

associated with dates on the calendar. Seasonal time series are sometimes called periodic time series. 

A cyclic pattern exists when data exhibit rises and falls that are not associated with a fixed period of time. The 

duration of these fluctuations is usually of at least 2 years. An example of a cyclical pattern is the El Niño–Southern 

Oscillation (ENSO) weather pattern which is associated with a sustained period (years) of warming (El Niño) in the 

central and eastern tropical Pacific.  

In general, the average length of cycles is longer than the length of a seasonal pattern and the magnitude of cycles 

tends to be more variable than the magnitude of seasonal patterns. 
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inclusion of pre-intervention observations, potential threats to internal validity can be addressed and 

post-intervention observations enable the delay and degree of persistence of the causal impact to be 

statistically specified. 

Figure 5.1  Characteristics of a Time Series 

 

Heteroscedasticity–The Unequal Scatter of the Residual Terms 

The testing of the stationarity of time series data is pivotal when using OLS to measure the effects of 

an intervention (Chatfield, 2004; Hamilton, 1995; Wooldridge, 2015). This is because the accuracy of 

the estimates produced by OLS is dependent on the series being homoscedastic (stationary) (Chatfield, 

2004; Hamilton, 1995; Wooldridge, 2015). A homoscedastic series has particular properties, such as 

outcome measures that have a constant variance and residuals that are normally distributed with a mean 

equal to zero (Chatfield, 2004; Hamilton, 1995; Wooldridge, 2015). A heteroscedastic (non-stationary) 

series has outcome measures that have an unequal variance and non-random residual errors with an 

increasing, decreasing, or cyclical pattern (Chatfield, 2004; Hamilton, 1995; Wooldridge, 2015). Time 

series data is typically heteroscedastic (Banerjee, Dolado, Galbraith, & Hendry, 1993; Box, Jenkins, 

Reinsel, & Ljung, 2016; Chatfield, 2004; Wooldridge, 2015). It is often found to have inter-

dependencies between and across data points, where the value of one observation t is related to the 

value of the previous observations t-1, t-2, … t-n (Banerjee et al., 1993; Box et al., 2016; Chatfield, 

2004; Wooldridge, 2015). Inter-dependencies are known to complicate statistical analysis because 

observations are no longer independent of one another, leading to small standard errors and 

overestimates of statistical significance as well as bias of intervention effect estimates (Engle & 

Granger, 1987; Granger & Newbold, 1974; Hamilton, 1995; Maeshiro, 2000; Phillips, 1986).  
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Autocorrelation 

Autocorrelation refers to correlation between the residual errors across data points (Wooldridge, 2015). 

Data which is autocorrelated can be described as displaying a ‘carry-over effect’ between successive 

disturbances (i.e., data points) across the series. The presence of autocorrelation in a series can produce 

standard errors which are biased. Positive autocorrelation results in standard errors that are smaller than 

the true standard errors and the opposite effect can be seen in a series that is negatively autocorrelated 

(Box et al., 2016; Hamilton, 1995; Sharma, 1987). 

As described above, heteroscedastic data produces a series with an outcome variable that has an error 

term with an unequal variance, and autocorrelated data produces a series with an outcome variable that 

contains inter-dependent values which are influenced by the values in the preceding period of time 

(Engle & Granger, 1987; Granger & Newbold, 1974; Hamilton, 1995; Maeshiro, 2000; Phillips, 1986). 

Although the heteroscedastic series and autocorrelated series are defined differently, an autocorrelated 

series can also be described as a heteroscedastic series, as the inter-dependent processes may also 

produce error terms with an unequal variance (Box & Pierce, 1970; Rho & Shao, 2015). In the case 

where an autocorrelated series also contains heteroscedastic characteristics, the autocorrelated series is 

often described as being weakly heteroscedastic (or weakly non-stationary), because the sum of the 

residual means in autocorrelated data is generally quite small and the residual errors frequently show a 

distribution which approximates one that is close to normal (Box & Pierce, 1970; Rho & Shao, 2015). 

Unit Root Processes 

A unit root process is a highly persistent, random detour (or walk) which is outside of the 

autocorrelations that are present from one individual data point to the next (Chatfield, 2004; 

Wooldridge, 2015). A unit root process is determined not only by the intrinsic correlation in the series, 

but also the environment outside of the series. For example, water flowing down a river has a constant 

flow (trend), however the river also has eddies. These random eddies, which behave like a unit root, 

can cause a canoeist’s path to detour, and these eddies are influenced by external factors, such as water 

turbulence, wind and other whims of nature; so each canoeist’s journey is different, no matter what the 

run of the river is. Knowledge of whether this time series contains a unit root provides guidance as to 

how the underlying trend in the series should be modelled. It also provides information on the degree 

of persistence in the outcome variable (Chatfield, 2004; Wooldridge, 2015). 

Residual Minimising Models 

If the series is found to be heteroscedastic (autocorrelated and/ or contains a unit root process) it will be 

transformed prior to performing the segmented regression analysis. This transformation involves the 

identification of the dependencies among the data points, so they can be eliminated to minimise the sum 

of squared residuals. The Auto-Regressive Moving Average (ARIMA) models are the ‘residual 

minimising’ models which are used in this analysis (Box & Jenkins, 1970; Box & Tiao, 1975). 
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The statistical power of time series analysis depends on the number of data points (sample size) (Box 

and Tiao, 1975; Schultzberg & Muthén, 2018). Box and Tiao (1975) recommend between 50 and 100 

repeated time points for adequate power. Yet modelling undertaken by Schultzberg and Muthén (2018) 

show that, in the case of a simple model where there is a large sample size (n=150), a smaller number 

of time points (t=25) provides sufficient power (Schultzberg & Muthén, 2018). Other factors which 

influence the statistical power of a time series include: (i) the distribution of data points before and after 

the intervention; (ii) the variability within the data; (iii) the strength of the effect; (iv) the number of 

parameters to be estimated; (v) the amount of noise in the data: and (vi) the presence of confounding 

effects such as seasonality (Bernal et al., 2017; Chatfield, 2004; Zhang et al., 2011). 

The Milestone 1 series provides 64 equally distributed times points constructed from quarterly cross-

sections of 153,350 postcode-quarter values. The number of data points before and after each 

intervention (removal of the SIP and OBP) range between 11 and 53. This provides the empirical 

research undertaken in this thesis with enough statistical power to satisfy the above recommendation 

for adequate effect sizes. 

 

The ACIR records demographic and immunisation data on all Australian children under 7 years of age 

enrolled in Medicare.7F GPs and practice nurses (PNs) submit vaccination details to ACIR by data transfer 

directly from the practice management software, by uploading immunisation information into the ACIR 

online portal, or by manually entering details into ACIR encounter form. This information is processed 

daily by the ACIR and provides feedback (as a report) to the GP and the practice on the number of 

individuals who have received valid vaccinations. The data is almost consistent with the complete 

population register for Australian children, with approximately 99.0 percent  of the 250,000 to 305,000 

children born each year being registered with Medicare49 by 12 months of age58F (Australian Bureau of 

Statistics [ABS], 2016a; Australian Institute of Health & Welfare [AIHW], 2013; Hull, Deeks, & 

                                                      
49 Medicare is a Commonwealth Government funded universal health care system which was introduced in 1984, to provide free or subsidised 
treatment to all Australian citizens by health professionals. Children not enrolled in Medicare can also be added to the ACIR by the provision 

of a supplementary immunisation number (SIN). 
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McIntyre, 2009; Hull et al., 1999; O’Brien et al., 1998). As described in Chapter 4.7.1, the ACIR uses 

the birth cohort method across a 3-month age group for calculating immunisation coverage. Presently, 

immunisation status is assessed at 12 months (Milestone 1), 24 months (Milestone 2) and 60 months 

(Milestone 3)50
59F, for vaccine sequences which are due at birth, two, four, six and 12 months, 18 months 

and 48 months, respectively.  

De-identified ACIR immunisation coverage data for children living in every Australian postcode area 

were provided by the Department of Health. For each postcode and for each quarter, data were provided 

on the number of children immunised and the population of eligible51 children in the relevant 3-month 

age cohort. The request for the ACIR immunisation data was made on 26 March 2013. Access to the 

ACIR data involved processes which were convoluted and time consuming. There was a two-year lag 

from the time of the initial request to the delivery of the first batch of the data. The data were delivered 

by the ACIR in two batches, the first in May 2015 and the second batch in July 2016. Appendix P, 

Appendix Q and Appendix R detail the processes involved in gaining access to data, starting from the 

establishment of communication pathways to the development of high-level data specification tables.  

The data were received from ACIR in an aggregated form, by postcode, quarter and by milestone age 

group. It provided information on the immunisation status of every child on the ACIR over a 16-year 

period, between 1 January 2000 and 1 January 2016. In January 2016, the register expanded to include 

the childhood vaccination history for adolescents up to the age of 20, and on 30 September 2016 the 

ACIR became the Australian Immunisation Register (AIR) (Parliament of Australia, 2017). In this 

study, the register will be referred to as the ACIR, as the analysis period did not include quarters after 

January 2016, and coverage relating to childhood immunisation was the only data that was included in 

the analysis. 

Immunisation coverage variables included: (i) the total number of eligible children on the Medicare 

register in a postcode (Number in Postcode), (ii) the number of children fully immunised (Fully),60F

52 and 

(iii) the percentage of children fully immunised in a postcode (Percent_Fully). The quarterly reports 

delivered coverage data which was calculated for all children who had been reported as being fully 

immunised by the end of each quarterly processing date. The ACIR files were examined for missing 

                                                      
50 Prior to a change in immunisation coverage algorithm for Milestone 3 on 01 March 2008, immunisation status was assessed at 72 months 

of age for vaccination due at 5 years of age. 
51 ‘Eligible’ refers to all children registered with Medicare Australia. 
52 As per the National Immunisation Program Schedule 
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data prior to importation into Stata 15 ® (StataCorp LP, Texas, U.S.). There were no missing values in 

the Percent_Fully variable. The Number in Postcode variable and the Fully variable contained missing 

values. Not all excel files contained the same number of variables. The State variable, which was 

missing in the 6th, 9th, 10th and 11th file, was derived from an aggregation of the relevant postcodes. 

Third Milestone coverage was not available until the 9th quarter, as the children in the first cohort of the 

series needed to be at least 72 months of age before coverage rates for that milestone could be calculated. 

The postcode variable contained around 3,170 unique postcodes, which were repeated across the whole 

series and age groups. The number of postcodes for each quarter varied over time, with a minimum of 

2529 postcodes found in the first quarter and a maximum of 2,704 postcodes found in the eighth quarter. 

The variation in the number of postcodes is due to variations in boundaries across time. Immunisation 

variables for each milestone were represented in 2,336 and up to 2,481 postcodes in each of the 64 

quarters in the series. There was a total of 443,615 reported immunisation outcomes relating to 

immunisation coverage at Milestones 1, 2 and 3 for each postcode included the complete dataset.  

The analysis uses data on Milestone 1 only. There are two reasons for this. First, it is well known that 

delay in the receipt of the first vaccine dose in an immunisation series results in delay in subsequent 

vaccination sequences (Dombkowski, Lantz, & Freed, 2002; Hanna, Hills, & Humphreys, 2004; Hull 

& McIntyre, 2006; Luman et al., 2005; Luman & Chu, 2009; Petousis-Harris et al., 2012; Strine, Luman, 

Okoro, McCauley, & Barker, 2003; Yusuf, Daniels, Smith, Coronado, & Rodewald, 2000). Assessment 

of vaccination coverage for vaccinations due by 12 months provides the most complete assessment of 

a child’s immunisation status, as the delivery of vaccines for children under 12 months of age is not as 

dependent on prior vaccine delay. Furthermore, there is a minimal interval requirement for serial 

vaccines in infants under six months. This restricts vaccination acceleration and limits the opportunity 

to ‘mask’ delayed immunisation with the use of catch-up strategies (Hull & McIntyre, 2006).  

The second reason for using only Milestone 1 is that younger children are likely to have the most 

exposure to GPs, and the impact of vaccine delay on subsequent vaccine delivery. Parents often cite 

GPs as one of their most trusted sources of information regarding their child’s vaccination safety and 

scheduling (Roberts, Dixon-Woods, Fitzpatrick, Abrams, & Jones, 2002; Wallace et al., 2014; 

Williams, Woodward, Majeed, & Saxena, 2011; Zhao et al., 2016) and in the first year of life, children 

have a greater number of GP visits than at any other time (Goldfeld, Wright, & Oberklaid, 2003; Gunn, 

Lumley, & Young, 1996; Golenko, Shibl, Scuffham, & Cameron, 2015). Using Milestone 1 coverage 

as an outcome provides the study with a measure that most accurately depicts the general practice 

determinants for childhood vaccination. 
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Descriptive analysis of Milestone 1 is found in the section below. Whilst the empirical analysis is 

undertaken on Milestone 1 data only, the trendlines for all three immunisation milestones are located in 

Appendix S. A narrative analysis of the Milestone 2 and Milestone 3 trendlines are specified in detail 

and have been placed in Appendix T. 

There are 3,083 unique postcodes in the Milestone 1 dataset. These postcodes, which were repeated 

across quarterly timepoints, contained information on the immunisation status of every child who was 

registered with Medicare. The 16-year series contained 153,350 observations in the Percent_Fully 

variable. The total number of observations in the Percent_Fully variable equated to the number of 

postcodes in each quarter, multiplied by the number of quarters across the time period of investigation 

(64 quarters). Each observation is the proportion of children who were reported by their GP (or other 

health care provider) as being fully immunised in postcode p at quarter q in year t. The Number in 

Postcode variable is the denominator of the Percent _Fully variable, and is the total number of eligible 

children in postcode p at quarter q in year t. The numerator Fully is the number of children fully 

immunised in a postcode. The ACIR suppressed53 the numerator and denominator (Number in Postcode 

and Fully) in small cell postcode areas (POAs) that contained a population of less than 10 children. As 

a result, there were 67,341 missing values in the Number in Postcode variable (denominator) and 67,381 

suppressed values in the Fully variable (numerator). This suppression rule was applied by ACIR, as 

even after data is de-identified and aggregated, there is still a potential risk that it can be re-identified, 

especially if the information comes from small population postcodes where the postcode details are 

reported (Centre for Epidemiology and Evidence [CEE], 2015; NAHDO, 2005; VanEenwyk & 

Macdonald, 2012). Notwithstanding the application of a suppression rule to this data, the risk of re-

identification in this thesis is negligible, as postcode details are hidden, and all the postcode level data 

is aggregated at national and larger geographic areas.  

In this analysis, the Percent_Fully variable is the outcome measure used to estimate national 

immunisation coverage, as it did not have the application of the suppression rule and it provides a 

complete variable which does not contain missing data. With this in mind, a sensitivity test was 

undertaken to test the validity of the Percent_Fully variable, to see if the calculated proportion of 

children fully immunised correlates with the Percent_Fully values. This involved an imputation of the 

percentage of children fully immunised using the number in postcode value (Number in Postcode) as 

the denominator and the number of children immunised in a postcode (Fully) as the numerator. The 

                                                      
53 Note: Not all postcodes with less than 10 children had reported as fully immunised per quarter were suppressed by the ACIR. 
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unsuppressed raw data correlated with the ACIR Percent_Fully values, thus the Percent_Fully variable 

was deemed to provide values which are valid. 

For the postcodes which had a Fully value suppressed, a value of one was applied to the Fully variable 

if that postcode in the associated quarter had a Percent_Fully value greater than zero (implying that at 

least one child within that postcode, at that point in time, was fully immunised). Whilst this reflects a 

conservative approach to imputation, and can potentially lead to an underestimation of effect, it will 

minimise the potential for biased results and will also avoid the over-inflation of effect. This provided 

a dataset with an estimated 3,937,092 children (at a minimum) who were reported as fully immunised 

across the 16 year period. A tabulation of the number of children fully immunised (Table U.1), the 

number of children in a postcode (Table U.2) and the number of postcodes (U.3) in the Milestone 1 

series can be found in Appendix U. 

Small Cells and Statistical Inference 

It was important to obtain the data at postcode level because this provides variation across rurality and 

socio-economic status of postcodes that will be used in the sub-group analysis. Whilst the removal of 

all postcodes with less than 10 children would result in the reduction of over 45 percent of postcodes in 

the data set, it accounts for less than two percent54 of the child population and contributes to just over 

two and a half percent of the overall immunisation completion reports in the series (Table 5.1). This is 

because the small cell postcodes have small populations and do not contribute significantly to the overall 

coverage. The issue around small cells, privacy and suppression requirements has been discussed 

previously, however, there is also an issue relating to small cell size and the disproportionate influence 

cells with small numbers have on time series models (Hull et al., 2001). Data from smaller POAs are 

subject to larger relative variance and can potentially produce skewed distributions with less reliable 

inferences (CEE, 2015; NAHDO, 2005; VanEenwyk & Macdonald, 2012).  

 

 

 

 

                                                      
54 For the postcodes which had a Number in Postcode value suppressed, a value of one was applied to the Number in Postcode variable if that postcode 

(in the associated quarter) had a Percent_Fully value which was greater than zero (implying that at least one child residing in that postcode, at that point 
in time, was fully immunised). This provides a minimum population estimation. 
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Table 5.1  Postcodes Reporting Immunisation Completion–Large Cells versus Small Cells 

Milestone 1 

Large Cells 

(from postcodes that 

contain >9 children) 

Small Cells  

(from postcodes that 

contain <10 children) 

Total 

Postcodes Reporting 

Immunisation Completion 

Percent_Fully 

Number of Postcodes 82,718 70,632 153,350 

Proportion 53.94% 46.06% 100% 

Number of Children in a 

Postcode 

Number in Postcode 

Number of Children 4,228,959 78,93455 4,307,893 

Proportion 98.17% 1.83% 100% 

Number of Children Fully 

Immunised in a Postcode 

Fully 

Number of Children 

Fully Immunised 
3,835,881 101,211 3,937,092 

Proportion 97.43% 2.57% 100% 

Since it is necessary to calculate a mean immunisation rate nationally for each quarter, in order to 

construct the time series, it would be preferable to simply add up the total number of eligible children 

across all postcodes and the total number of immunised children across all postcodes and take an 

average. This can only be done, however, for those postcodes with non-missing values, and so may lead 

to measurement error of the national immunisation rate. However, as the Percent_Fully immunised 

variable was not suppressed, this variable provides complete data, where we have no missing values 

across every postcode in every quarter in every year. A calculation of a weighted mean population size 

cannot be used because of missing data. Weights are therefore calculated based on the proportion of 

small (less than 10 children) to large postcodes (greater than or equal to 10 children). This is detailed 

in Chapter 6. 

 

Vaccination coverage at Milestone 1 is plotted in Figure 5.2. The line plots on the graph represent the 

proportion of Australian children who were recorded on the ACIR as fully immunised. The trendlines for 

immunisations due by Milestone 1 commenced at Quarter 1, with this quarter representing the proportion of 

children who were reported as ‘fully immunised’, between 1 January 2000 and 31 March 2000.  

                                                      
55 A greater amount of Number in Postcode values were suppressed compared to the number of values suppressed in Fully immunised variable. 
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For all vaccines due by one year of age at Milestone 1, coverage rates rapidly increased from 87 percent 

from the first quarter to 91 percent by the 11th quarter. They then plateaued, fluctuating between 90 

and 91 percent for most series. There was a steep increase in coverage between the 60th and 62nd 

quarter, where rates peaked to around 94 percent. There was minimal change in the trendline following 

the removal of the GPII-SIP on 01 October 2008.  

A sharp dip was evident at the 31 March 2011 quarter, however, there were no significant changes to 

immunisation policy, incentives and coverage calculation algorithms during this period. Yet, in the 

quarter prior to this drop, the recommended age for the first dose of the DTPa vaccine was changed 

from 8 weeks to 6 weeks of age. Although, as completion of immunisation for Milestone 1 is assessed 

at 12 months of age, the change in the recommended date for DTPa is not likely to have caused this dip. 

In the quarter succeeding this dip, the trendline rebounded upwards to a level above the trend level of 

the previous stable interval. This coincided with changes to the immunisation schedule, where 

supplementary pneumococcal conjugate vaccines were available for children at 2, 4 and 6 months. 

Coverage levels were maintained for four quarters following this rebound. From 1 January 2012 

onwards, remuneration for PN immunisation services was removed and replaced with a funding 

mechanism that did not specifically link PN payments to immunisation62F

56. This modification in PN 

funding arrangements did not appear to impact on immunisation coverage, as the trendline continued 

to increase in the quarters following the change. On 1 July 2012, the Parental Immunisation Allowance 

was removed. A downward trend that persisted for over three quarters followed this policy change.  

On 01 May 2013, the second and final part of the two-part GP immunisation payment, the GPII–OBP, 

was discontinued. This discontinuation coincided with a significant dip in the trendline, from a level 

midway between 90 and 95 percent, to a coverage rate around 89 percent in the quarter succeeding the 

removal of the OBP. Following the dip after the removal of the GPII-OBP, immunisation coverage 

trended up to the levels prior to the removal of the OBP. There was a steep rise in immunisation 

coverage about two years after the removal of the OBP. This coincided with the announcement of the 

‘No Jab No Pay’ policy. 

On the 1st of July 2013, the immunisation coverage algorithm was amended to include the 3rd dose of 

the pneumococcal conjugate vaccine (PCV) for a classification of ‘fully immunised’. This amendment 

was a coverage calculation change and was included in the immunisation coverage requirement for the 

30 December 2013 quarterly calculation. The change did not include the introduction of any new 

vaccinations into the Milestone 1 schedule and did not impact on immunisation coverage trendline at 

                                                      
56 In January 2012, Australian Government replaced claimable practice nurse MBS items, including a MBS item for immunisation with a 
practice nursing incentive payment (PNIP). The PNIP is calculated according to the practice's standardised whole patient equivalent and the 

total number of hours per week for which the practice employs a nurse. Payments are calculated and paid retrospectively on a quarterly basis 
(Department of Health and Ageing, 2011). 
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or after the 30 December 2013 quarter. This algorithm change did not result in any reported change in 

trend in PCV immunisation coverage across the period.  

In January 2015, the Australian Government publicly announced an impending change to welfare 

payments. The changes were part of the ‘No Jab No Pay’ Policy, introduced on 01 January 2016, where 

a parent’s welfare payments (if eligible) were linked to a child’s immunisation coverage status. The 

immunisation trendline increased rapidly following the public announcement of the ‘No Jab No Pay’ 

Policy and reached levels not recorded previously. Two quarters prior to policy implementation, the 

trendline peaked to an immunisation rate close to 94 percent. Following this peak, coverage trended 

downwards to an immunisation coverage of mid 92 percent. This was still well above levels previously 

recorded. 

After visual inspection of the trendline, there is evidence of a decrease in immunisation coverage in the 

quarter following the removal of the GPII-OBP in Milestone 1 (Figure 5.2). This drop was also evident 

in the other milestone cohorts (Appendix S & T). There is a small negative fluctuation evident after 

removal of the GPII-SIP in Milestone 1, which was also evident in the Milestone 2 trendline, although 

was not present in the Milestone 3 trendline. Changes in trend are difficult to detect through visual 

inspection alone. Further examination of the Milestone 1 data using time series regression analysis 

techniques will be undertaken to determine the significance of the changes in trend. 
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Figure 5.2  National Immunisation Coverage-Milestone 1 Trendline 
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The temporal nature of the time series data provides an opportunity to visually inspect the series over 

time. The first step in the analysis of the immunisation coverage data is the visual examination of the 

graphical patterns across the time series. The visual inspection provides an opportunity to compare the 

patterns in the data before incentives were removed with the patterns in the data after incentives were 

removed. The visual examination of the series enables the data to be observed before the analysis 

progresses to more complex data analytic techniques. 

It is important to use more complex techniques when analysing time series data because, as useful as a 

visual examination is in detecting changes in the trend and level of a series, it is not a method which 

can provide information on whether the changes are the result of chance alone or due to factors other 

than intervention. So, to assess for effects due to chance and to control for other effects, segmented 

regression analysis (interrupted time series analysis [ITSA]) will be used to model how the removal of 

the SIP and the removal of the OBP impacted on immunisation coverage across time. 

The interventions of interest in the segmented regression analysis are the withdrawal of incentives for 

the reporting of completion of Milestone 1 vaccination schedules and the attainment of practice 

immunisation coverage targets. The outcome of interest is the proportion of fully immunised children 

aged 18 months or less in postcode areas of Australia. Three segmented regression lines will be fitted 

to the data. Segment 1, from quarters 1 to 35, will represent the immunisation coverage trend when both 

the SIP and the OBP were in place (this is also referred to as the pre-intervention period). Segment 2, 

from quarters 36-53, will represent the trend of coverage after removal of the SIP and prior to OBP 

removal. Segment 3, from quarters 54 to 64, will depict changes in the level and trend of immunisation 

coverage after removal of the SIP and OBP immunisation incentive payments (Table 5.2).  

Prior to analysis, however, the time series needs to be tested as to whether it accords with the 

assumptions required for the use of ordinary least squares (OLS) regression. If not, then the series may 

need to be transformed to render the segmented regression analysis as valid. For a segmented regression 

analysis to be considered as valid the analysis needs to adhere to the econometric assumptions around 

time series data and linear regression, as is discussed in the section below.  
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Table 5.2  Quarterly Timepoints 
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The data set flow chart in Figure 5.3 depicts data analysis pathways that are conditional on the 

characteristics of the original immunisation coverage data and the presence of policy confounders, 

which need to be addressed. The amount of scedasticity and autocorrelation in the original series, the 

presence of small cells, and the inflationary effects of the ‘No Jab No Pay’ policy (as described in 

Chapter 4.5.2) determine the number of models that are included in the empirical analysis of the national 

data set. On the evidence of significant heteroscedasticity and autocorrelation in the original series, a 

second data set is developed after the original series has been transformed into one which contains less 

correlated processes. Transformation involves the modelling of the original series with an ARIMA 

model, so that much of the residual autocorrelation is removed. Another data set is also developed to 

control for the ‘No Jab No Pay’ policy. It includes original data for the first 60 quarters of the series 

merged with four ex-ante forecasts. Ex-ante forecasts are the estimates which have been forecasted 

ahead, where the predictions are extrapolated using an ARIMA model developed from the prior 60 

quarters of the original series. This dataset aims to provide a series for the segmented regression that 

controls for the trend changes associated with the ‘No Jab No Pay’ policy confounder. A fourth data set 

is also developed to address the potential issue of small cell bias. To do this, weighting coefficients are 

applied to all postcodes in the original series, to counter the effect of small cells on the regression 

estimates.
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Figure 5.3  Data Set Flow Chart 
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Determination of Homoscedasticity 

As previously stated, a critical assumption when building an OLS model is that the error terms (𝜀𝑡) 

(also referred to as residuals) are homoscedastic and serially uncorrelated (Engle & Granger, 1987; 

Granger & Newbold, 1974; Granger & Newbold, 2001; Hamilton, 1995; Phillips, 1986). While 

heteroscedasticity is not thought to significantly bias coefficient estimates, it does reduce the size of the 

p-values, which could indicate that the estimate terms are statistically significant when they are not 

(Hamilton, 1995). This effect occurs because in heteroscedastic data there is an increase in the variance 

of the coefficient estimates which is not detected in the OLS procedure (Engle & Granger, 1987; 

Granger & Newbold, 1974; Granger & Newbold, 2001; Hamilton, 1995; Phillips, 1986).  

The immunisation coverage data is visually examined to test for evidence of heteroscedasticity in series. 

If the immunisation coverage data is found to be heteroscedastic, the heteroscedasticity will be evident 

in a scatterplot, where the scatterplot will have a cone-like or s-like shape that depicts a variance which 

is changing over time. Linear and quadratic regression lines are fitted to the original and residual data, 

to highlight episodes of above-trend and below-trend growth (slope). Summary statistics of the residuals 

are also calculated to determine if the series mean is zero. This statistical measure provides further 

evidence to correspond with the scatterplot and regression line tests. 

Following this, the immunisation coverage series is decomposed. Decomposition is a statistical 

technique where the immunisation coverage data is deconstructed into several component parts, where 

each part represents either the trend, cyclical, seasonal or residual component of the series. A graphical 

plot of these separate components provides further information on the most appropriate model to use 

for the modelling of immunisation coverage across time. 

There are two formal tests used for detecting autocorrelation in time series data: the Durbin-Watson; 

and the Breusch-Godfrey LM test. The Durbin-Watson statistic uses ordinary least squares regression 

to determine if the residual errors are serially uncorrelated (Durbin & Watson, 1951). The Durbin-

Watson statistic requires the regressors to be strictly exogenous and is only valid in a time series where 

exogeneity is assumed (Godfrey, 1978; King, 1981). The Breusch-Godfrey LM test does not require 

the regressors to be strictly exogenous and is valid in a time series where regressors are mildly 

endogenous. The tests differ in their ability to detect correlation at higher order lags (Baum, 2006; 

Godfrey, 1978). The Durbin-Watson test is most valid when detecting autocorrelation from one time 
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point to the next. The Breusch-Godfrey LM (chi2) statistic can test for serial correlation of the residuals 

across numerous time periods (lags). 

The Durbin-Watson statistic can take on values between 0 and 4. The null hypothesis for this statistic 

is that the variable contains no serial correlation at first order lags (between one time point and the next). 

Under the null hypothesis of no serial correlation, chi2 is equal to 2. Values of chi2 less than 2 suggest 

positive autocorrelation, whereas values of chi2 greater than 2 suggest negative autocorrelation. The 

null hypothesis is rejected if the chi2 test statistic has a p-value less than 0.05.  

In the Breusch-Godfrey LM test the LM regression model is augmented with numerous lagged values 

across the residual series. The null hypothesis for this test is that the variable contains no serial 

correlation at higher order lags (i.e., the residual correlation does not persist across single or multiple 

periods in time). The LM statistic is comparable to the critical values on the chi2 distribution, hence the 

null hypothesis is for the series if the LM test statistic has a p-value less than 0.05. 

The characteristics of the immunisation coverage itself determines whether the Durbin-Watson or the 

Breusch-Godfrey statistic is used to test the series for autocorrelation. The characteristic is ascertained 

following exploration of the series, where each component of the series is visually examined. 

Testing for a unit root is also required when modelling time series data. Statistical theory offers a wide 

range of unit root tests, which include the Augmented Dickey-Fuller (ADF) test statistic and the 

modified Dickey-Fuller t-test (DF-GLS) test statistic. The ADF test is one of the best known and most 

widely used tests. The DF-GLS t-test is similar to the ADF test, except the series is transformed via a 

generalized least squares (GLS) regression prior to performing the test. Elliott, Rothenberg and Stock 

(1996) contend that the DF-GLS t-test has significantly greater power than the previous versions of the 

ADF test. However, others argued that the power of each competing test is more dependent on the 

inclusion of a trend component, the sample size and the number of chosen lags (Haldrup & Jansson, 

2005; Ng & Perron, 2001; Wu, 2010). The number of timepoints in a series also impact on the power 

of a unit root test. The power of the ADF and DF-GLS tests are at their lowest when the time series has 

50-time points or less. Both tests’ statistics show an increase in power with an increasing number of 

observations, although modelling has shown the DF-GLS test to be more efficient when there is a small 

sample size (Markéta & Darina, 2016). In this analysis, the Augmented Dickey-Fuller (ADF) test 

statistic is used to test for the presence of unit roots in the immunisation coverage data. 

The choice of test for unit root detection is ascertained by the underlying components of the series, such 

as the magnitude of the trend and the signal of the residual correlation. The underlying components of 

the series are determined in the next section of the chapter.  
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‘Remember that all models are wrong; the practical question is, how wrong do they have to be not to 

be useful.’ George Box (Box & Draper, 1979, p. 74) 

Typically, most time series data are found to be non-stationary, where there is often evidence of a unit 

root and autocorrelated values. If the immunisation coverage series is determined to be non-stationary, 

the heteroscedasticity is accounted for with the application of an ARIMA modelling procedure prior to 

the calculation of beta coefficients using OLS. If the immunisation series is found to be stationary, then 

there is no requirement for the data to be transformed with an ARIMA model prior to the application of 

piecewise regression techniques.  

The ARIMA63F

57 model is a type of statistical model developed by Box and Jenkins (1970) that is used in 

the analysis and forecasting of time series data (Box & Jenkins, 1970). ARIMA models attempt to 

identify patterns in time series data, so the data generating processes that produce the patterns can be 

modelled. The main purpose of applying an ARIMA model to time series data is to ‘model out’ 

autocorrelation, ‘smooth’ unit roots and ‘predict’ future immunisation trends. Using an ARIMA to 

remove autocorrelated data and minimise the impact of the unit root process converts a heteroscedastic 

series to one which is closer to homoscedastic, so the conditions for OLS are fulfilled. The forecasting 

enables the construction of a counterfactual, which represents what the series would look like in the 

absence of policy change. 

The acronym ARIMA is descriptive, as it explains the key components of the model itself, such that: 

• AR represents autoregression, where the AR component of the model represents the dependent 

relationship between an observation at any single time period with a number of its own lagged 

(consecutive) observations. The AR component of an ARIMA model captures most of the 

autocorrelated data that can be found in a heteroscedastic series, so that the problem of 

autocorrelation can be addressed. A single or multiple number of autoregressive terms may be 

required to capture the degree of autocorrelation found in a series (Box 5.2). 

• I represents integrated, where the I denotes the trend and the amount of differencing (the 

subtraction of an observation from an observation at the previous time step) which is required 

to make the time series stationary. The I component of an ARIMA model captures most of the 

non-seasonal trends that can be found in a heteroscedastic series, so that the effects of a trend 

or the presence of a unit root process can be addressed. The number of non-seasonal 

                                                      
57 An ARIMA model is otherwise known as a Box-Jenkins Model after George Box and Gwilym Jenkins (1970) 
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differencing procedures needed to transform the series from non-stationary to stationary is 

determined by the amount of trend present in the series. 

• MA represents the moving average, where the MA component of the model represents the 

dependency between the residual errors of an observation with the residual errors of the 

proceeding observation (Box 5.2). The averaging ‘moves’ over time, in that each data point of 

the series is sequentially included in the averaging. The MA component of an ARIMA model 

captures the autocorrelation in the residual errors, so that the effects of unequal variance and 

residual error trend can be addressed. 

Box 5.2  The AR and MA Components of a Model  

 

 

 

 

 

The application of an ARIMA model to this series can be considered as a regression model of the series 

where immunisation coverage is stationarised (i.e., integrated) and the independent variables are an 

estimation of immunisation coverage correlation across time as well as an estimation of the residual 

error correlation over time. 

An ARIMA model is annotated as an ARIMA (p, d, q) model, where: 

• p is the number of autoregressive terms that capture the degree of autocorrelation 

• d is the number of non-seasonal differences needed for stationarity 

• q is the number of lagged residual errors in the prediction equation 

The ARIMA forecasting equation for a stationary time series is a linear equation such that: 

Ŷ𝑡 = 𝐵 + ϕ1𝑌t−1 + ⋯ + ϕ1𝑌t−p− θ1et−1 − ⋯ − θqet−q + 𝜀𝑡 

Here, ϕ represents the autoregressive (AR) parameters (p) which measure the correlation between 

current and past (lagged) values of the immunisation rate. θ represents the moving average (MA) 

parameters (q), Ŷ𝑡  equals the sum of a constant and/or a weighted sum of one or more recent values of 

Y and/or a weighted sum of one or more recent values of the errors. The θ parameters are defined so 

that their signs are negative in the above equation (Box & Jenkins, 1970; Box et al., 2016). 

 

The AR and MA components of a model indicates the duration or persistence of a pattern (how the current value of 

the data is affected by previous values (lags of itself). For example, immunisation coverage modelled with an 

autoregressive term of the first order AR(1) indicates persistence of a pattern from one quarter to the next, while an 

AR(2) indicates immunisation coverage in any one quarter is affected by coverage from the prior two quarters. 

Similarly, a moving average term of the first order MA(1) indicates persistence of a pattern in the residual errors 

from one quarter to the next, while an MA(2) indicates the characteristics of the residual errors in any one quarter is 

affected by the residual area characteristic from the prior two quarters. The longer the span of the moving average, 

the smoother the series will be. 
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Along with the development of the ARIMA statistical model, Box and Jenkins (1970) also developed 

a ‘three step’ methodology for the systematic identification, estimation and diagnostic checking of 

candidate models that have been developed to fit a specific time series dataset. This approach is used in 

the development of a model to fit the immunisation coverage data in this thesis (Box 5.3). 

Box 5.3  The Box Jenkins ARIMA Model Approach 

 

 

 

 

 

ARIMA Model Identification 

Determination of Order of Differencing 

Prior to fitting an ARIMA model to the immunisation coverage data, the order of differencing required 

to make the series stationary (I=d) needs to be established. The order of differencing refers to the 

number of times a series is differenced (d). For example, the first difference of a series is the observation 

at time t minus the observation at time t–1. So, if Yt denotes the observation of the time series Y at 

period t, then the first difference of Y at the period t is equal to 𝐘𝐭−𝐘𝐭−𝟏. The first difference of a series 

represents the change in value between each observation in the original series. Second order 

differencing requires the first order differencing of the series, which has already been first differenced.  

Differencing is a useful procedure in ARIMA model development as it enables a clearer picture of the 

underlying processes to be visualised (Box & Jenkins, 1970; Granger & Newbold, 2001; Hyndman & 

Athanasopoulos, 2014). It also enables the transformation of a non-stationary series to a stationary series 

by stabilising the series mean, which in effect reduces the possibility of a spurious regression when 

OLS is used to calculate regression estimations (Box & Jenkins, 1970; Granger & Newbold, 2001; 

Hyndman & Athanasopoulos, 2014). However, whilst it is important to determine how much 

differencing a series requires, the differencing procedure does come with a caveat. This caveat is around 

the effect of over-differencing where the ‘baby is thrown out with the bathwater’ (Cochrane, 2018). 

Hence, the correct order of differencing in model development is the lowest order of differencing that 

transforms time series data so that it: (i) fluctuates around a well-defined mean value; (ii) has the lowest 

standard deviation; and (iii) minimal correlation between adjacent observations (lags).  

The Box-Jenkins method is an approach which is underpinned by the assumption that the process that generated the 

time series can be approximated using an ARMA model if it is stationary or an ARIMA model if it is non-stationary. 

The use of the Box-Jenkins iterative approach to build a stochastic model consists of the following 3 steps: 

• Model Identification–The data is used to select a set of candidate models.  

• Model Estimation and Diagnosis–The parameters of the candidate model are tested for goodness of fit. 

• Model Comparison–The fitted model is evaluated in the context of the available data  

(Box & Jenkins, 1970). 
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Identification of AR or MA terms in an ARIMA model 

Following the determination of the order of differencing, the correlograms and partial correlograms of 

the original and differenced immunisation data were used to determine if any autoregressive or moving 

average terms are required to correct any autocorrelation that remains in the series after differencing. 

This was established through the visual inspection of autocorrelation function (acf) and partial 

autocorrelation (pacf) plots, as seen in Figure 5.4. Acf plots produce bar charts of the coefficients of 

correlation between an outcome value at one point in time with its previous value (lags of itself). Pacf 

plots depict correlation between lags after removal of the correlations which already exist across the 

series (which have already been depicted by the acf plot). The area outside the grey area of the 

correlogram plots depicts the area that indicates the presence of significant autocorrelation. 

The number of lags that are visualised outside of the confidence interval of the plot determine the 

number of AR terms and MA terms to be put in the model. In many cases, the best model is one that 

only uses AR or MA terms, as it is possible for an AR and a MA term to cancel each other’s effects. To 

determine if an MA or an AR term is the best fit for a particular series, correlogram plots are examined 

for evidence of either an AR or a MA signature. A series with an AR signature generally has positive 

autocorrelation at lag 1. This type of signature also has an acf correlogram plot which shows a slow 

decay over a higher number of lags and pacf plot which displays a sharp cut off at a low number of lags. 

A series with an MA signature generally has positive autocorrelation at lag 1 and a rapid decay at lag 2 

and beyond. The pacf for a series with a dominant MA signature displays a sinusoidal pattern at lower 

lags and often shows negative autocorrelation at lag 1. 

In Figure 5.4, the theoretical plot on the left shows how the autocorrelation between the current and 

previous values decay as the lag length increases. In this acf plot, the autocorrelations are clearly 

significant for the first four lags. This is consistent with an AR(4) process signature, yet these multiple 

autocorrelations could also be due to the propagation of the large amount of autocorrelation which is 

evident at lag 1. This is why it is advantageous to examine both the acf and pacf plot, as the pacf plot 

provides additional information about what type of correlative process is dominating the series. pacf 

plots are able to depict the autocorrelations which still remain in the series following the removal of the 

correlations that were detected in the acf. The pacf plot on the right of Figure 5.4 has a significant spike 

which is present only at lag 1. This indicates that all of the higher-order autocorrelations detected in the 

acf plot are effectively explained by the lag 1 autocorrelation. (Figure 5.4). The features of a series with 

an AR signature indicate the time is potentially under-differenced 

Conversely, a theoretical series with an MA signature as depicted in Figure 5.5, has an ACF correlogram 

plot which displays a sharp cut off and a pacf plot which shows a slow decay over a higher number of 

lags. A series with an MA signature often has negative autocorrelation this can also be seen in the pacf 
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plot to the right of Figure 5.5. The features of a series with an MA signature often indicates the series 

is potentially over-differenced. 

Figure 5.4  Series with a pure AR (4) process 

 

 

 

 

 

 

Figure 5.5  Series with a pure MA (1) process 

 

 

 

 

 

Model Development 

This visualisation technique, where the order of differencing and correlogram plots are used to inform 

ARIMA model development is iterative, where rules relating to the addition and the removal of AR and 

MA terms is determined by how the ACF and pacf plots ‘look’ after they have been differenced. If a 

pure AR or MA processes is not evident in the original data, an AR and MA model of low order (such 

as an AR(1) or MA(1) is fitted to the data and the ACFs of the residuals are examined to see if an 

additional AR or MA term needs to be added to the model. These techniques produce multiple potential 

models that will be assessed using goodness of fit tests that provide an indication of how well each 

model fits the data. 
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Estimation and Diagnosis 

The ARIMA Model of Best Fit  

Choosing which ARIMA model best fits the data depends on the goodness of fit of each model. 

Goodness of fit is assessed using Akaike Information Criterion (AIC) and Bayesian Information Criteria 

(BIC) tests on all of the models which have been developed using the information provided by the 

correlogram plots. Preferences for candidate selection are made for each model with the lower AIC and 

BIC (Dziak, Coffman, Lanza, & Jermiin, 2018). A comparison will only be made across models with 

the same differencing structure. The lower BIC implies either fewer explanatory variables or a better 

fit (Dziak et al., 2018). The BIC is closely related to the AIC. However, the BIC generally penalises 

models with more variables more strongly than the AIC (Dziak et al., 2018). 

In addition, point estimates for the first five quarters of each candidate model are calculated to examine 

which specifications imply a similar view of the underlying stochastic process of the immunisation 

coverage series. The calculation of these predicted values (Psi weights) enables the direct comparison 

of each candidate model.  

The ARIMA forecasting equation  

Ŷ𝑡 = 𝐵 +  ϕ1𝑌t−1+ ⋯ +  ϕ1𝑌t−p− θ1et−1 − ⋯ − θqet−q + ε𝑡  

is used to calculate five-point estimates, following regression of data for each candidate ARIMA model. 

Point estimates that embody divergent views of the underlying stochastic process potential exhibit 

parameter redundancy (i.e., the model is too complex). If parameter redundancy is evident, the Box-

Jenkins principal of parsimony, which emphasises choosing the model with the fewest parameters, is 

applied to the selection process (Box & Jenkins, 1970; Box et al., 2016). 

ARIMA Model Diagnostic checks 

There are also several diagnostic checks that can be used to assess the validity of the models. Overfitting 

refers to having too many independent variables. The risk associated with choosing the most 

parsimonious specification is that the model is too simplistic to account for the dynamics of the 

immunisation series. Overfitting may also occur if too many parameters are used in the model. In 

overfitting, it is important to have a notion of how the model may be oversimplified, rather than to just 

add to random parameters. Examination of the size of the coefficient of the added parameter helps 

determine if the less parsimonious specification adds to model development. If the coefficient of the 

added parameter is small, the principal of parsimony64F

58 is maintained.  

                                                      
58 Parsimony refers to the development of the simplest model which contains the least number of variables to provide the greatest explanatory 

power. 
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Test of Residuals across Candidate Models 

Diagnostic checking of the candidate ARIMA models is the most important stage of time series model 

building. The measure of a well-specified (accurately fitted) model is evidenced by the residuals, ε𝑡 , 

being uncorrelated. The presence of correlated residuals in a model indicates there is still information 

left in the error terms. At this stage of ARIMA model development an analysis of the residuals is 

performed to determine which of the candidate models have the least amount of residual autocorrelation.  

Residuals which are uncorrelated are also referred to as residuals which contain white noise. The formal 

statistical tests which are frequently used to detect the amount of residual white noise in a series is the 

Bartlett's cumulative periodogram white noise test and the Portmanteau Q statistic. The Ljung-Box test 

is another frequently use statistic to test a series for white noise. However, caution is generally exercised 

when using the Ljung-Box statistic in a series which contains a unit root (Baum, 2006). Hence, the 

Bartlett’s B statistic and the Portmanteau Q statistic are the tests of choice to determine the amount of 

white noise contained in the residuals of each candidate model. 

For Bartlett’s B statistic and the Portmanteau Q statistic, the bigger the statistic, the stronger the 

evidence against the null hypothesis that the residuals are uncorrelated (white noise). These tests can 

detect autocorrelation from lags (1) to lags (p). Hyndman and Kostenko (2007) recommend the testing 

of autocorrelation up to 2 lags for seasonal data and up to 10 lags for non-seasonal data. For both tests, 

failing to reject the null hypothesis provides evidence that the ARIMA model has successfully modelled 

the residual autocorrelation in the data. A small number of models are selected based on the results of 

the white noise tests. These models are further compared for goodness of fit, to determine which model 

would best predict and forecast immunisation coverage trends. 

Model Comparison 

Predicted Models 

Prior to model comparison, a forecasting algorithm that best fits the data needs to be determined. 

Forecasting of data is achieved with the application of different algorithms to the estimation procedure. 

The one-step ahead forecast assumes that the previous forecast is actual data. Dynamic forecasts are 

multi-step ahead forecasts, which take the lag structure into account and use the previous forecasted 

value of the dependent variable to compute the next one. The choice of the algorithm involves a trade-

off between bias and estimation variance.  

The one-step ahead forecasts produce more efficient parameter estimates compared to the dynamic 

forecasts, however, in the case of model misspecification, the one-step ahead forecasts are more prone 

to produce biased results. The robustness of the dynamic forecast estimation procedure makes it the 

approach of choice in the case of low order autoregressive models, such as an AR(1) model. The 
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algorithm used to forecast ahead is determined by the characteristics of the data: if a higher order 

autoregressive model best fits the data, a one-step ahead algorithm is used to forecast the data. In the 

case of multiple models fitting the data well, a dynamic algorithm is used in the forecasting procedure. 

Evaluation using Forecasts–In Sample versus Out Sample checks 

The predictive validity of each candidate model is evaluated by comparing each model’s relative 

forecast bias against the original data. The forecast bias is tested by comparing forecast estimations 

made from the estimated data within an estimation segment, with estimations made from actual data 

within a validation segment.  

For the immunisation coverage series, the first estimation segment is referred to as the ‘in-sample’ 

segment, also known as the historical segment. In this check, the in-sample estimation will use modelled 

data from quarters 1 to 41 to estimate forecasts for quarters 42-64. The mean of these predictions will 

then be compared with the mean of the actual known values for quarters 42-64. The second validation 

segment, also known as the ‘out of sample’ segment, includes all predictions across quarters 1 to 64 to 

estimate forecasts. The mean of these out-sample forecasts for each model is compared with the mean 

of the original data for the whole of series. 

The forecast error for each segment is measured by calculating the differences in the mean (in-sample 

and out-sample) between the original and modelled series, and the differences in the standard deviation 

of the residual error (in-sample and out-sample) between the original and modelled series. The most 

optimal forecast is deemed to be the model which has a segment mean closest to that of the original 

data, and the lowest dispersion of the residuals as measured by calculating the standard deviation of the 

residuals. 

An optimal forecast is generally deemed to be one that minimises the sum of the squared errors. The 

Diebold-Mariano test evaluates each model’s forecast using mean squared error, mean absolute error 

and mean absolute prediction error calculations (Diebold & Mariano, 2012). The null hypothesis of the 

Diebold-Mariano test is that there is equal predictive accuracy between competing forecasts.  

The Diebold-Mariano test was chosen to compare accuracy across competing forecasts, because it 

allows for forecast errors which are potentially non-Gaussian, have a nonzero mean and are serially and 

contemporaneously correlated (Diebold & Mariano, 2012). The model which most closely fits the 

original series from Quarters 1–64, is the model of choice for the segmented regression analysis of the 

immunisation coverage series.  
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Segmented regression analysis involves the fitting of a linear regression line to immunisation coverage 

data across time periods, ‘segments’, so a change in the level of immunisation coverage that may 

constitute ‘an effect’ can be observed. The difference in slope and difference in intercept before and 

after the removal of the incentive were calculated by subtracting the regression coefficients of the 

segments at quarter 35 and quarter 54 as is represented in Figure 5.6.  

Figure 5.6  Regression Segments for 64 Quarters of the Original Data  

 

The segmented linear regression model fits a least squares regression line to each segment of the 

independent variable (time) and thus assumes a linear relationship between time and the independent 

variable within each segment, such that: 

 

 

Here the 𝛾𝑡 in the theoretical model above will represent the proportion of children declared fully 

immunised at milestone per quarter in time (t). Time will represent a continuous variable indicating time 

in quarters (4 monthly periods) at time t from the start of the observation period (1 January 2000) to the 

end (1 January 2016).  

𝜸𝒕 =  𝜷𝟎 + 𝜷𝟏 ∗ 𝐭𝐢𝐦𝐞𝒕 + 𝜷𝟐 ∗ 𝐢𝐧𝐭𝐞𝐫𝐯𝐞𝐧𝐭𝐢𝐨𝐧𝟏𝒕 + 𝜷𝟑 ∗ 𝐭𝐢𝐦𝐞 𝐚𝐟𝐭𝐞𝐫 𝐢𝐧𝐭𝐞𝐫𝐯𝐞𝐧𝐭𝐢𝐨𝐧𝟏𝒕 + 

𝜷𝟒 ∗ 𝐢𝐧𝐭𝐞𝐫𝐯𝐞𝐧𝐭𝐢𝐨𝐧𝟐𝒕 + 𝜷𝟓 ∗ 𝐭𝐢𝐦𝐞 𝐚𝐟𝐭𝐞𝐫 𝐢𝐧𝐭𝐞𝐫𝐯𝐞𝐧𝐭𝐢𝐨𝐧𝟐𝒕 +  𝛆𝒕 … 
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Intervention1t in this model is a dummy variable indicating the time before (=0) and after (=1) an 

intervention. In this analysis, Intervention1t will represent the time before and after the removal of the 

SIP incentive payments at the end of the 35th quarter. Intervention2t in the model is a dummy variable 

indicating the time (t) occurring before (=0) and after (=1) a second intervention. This will represent 

the time occurring before and after the OBP was removed at the end of the 54th quarter. 

Time after intervention is a continuous variable which counts the number of time points after an 

intervention at time t. In this analysis, time after the intervention1 was coded 0 before SIP incentive 

removal and (time-35) after removal of the SIP incentive. Time after the intervention2 was coded 0 

before removal of the OBP incentive and (time-54) after removal of the OBP incentive.  

The error term, ε𝑡 , at time t ,which represents the variability not explained by the model, may consist 

of either a normally or non-normally distributed random error and/or an error term that may be 

correlated to errors at preceding or subsequent points in time.  

Table 5.3 illustrates the data structure for the analysis of the effects of the removal of general practice 

incentives. The aggregated outcome measure is the mean number of immunisations per postcode, 

calculated at quarterly points in time.  
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Table 5.3  Data Structure 

Quarter Date 
Percentage of children fully 

immunised per postcode 

Time  

after SIP removed 

𝛽1 

SIP & OBP in place = 0 

SIP removed = 1 

𝛽2 

Time after SIP & OBP 

removed 

𝛽3 

OBP in place = 0 

SIP & OBP removed = 1 

𝛽4 

1 31/3/2000 87.746 0 0 0 0 

2 30/6/2000 88.351 0 0 0 0 

3 30/9/2000 90.867 0 0 0 0 

4 31/12/2000 90.766 0 0 0 0 

5 31/3/2001 90.927 0 0 0 0 

6 30/6/2001 90.808 0 0 0 0 

7 30/9/2001 89.848 0 0 0 0 

8 31/12/2001 89.874 0 0 0 0 

9 31/3/2002 89.354 0 0 0 0 

10 30/6/2002 90.542 0 0 0 0 

11 30/9/2002 91.576 0 0 0 0 

12 31/12/2002 91.030 0 0 0 0 

13 31/3/2003 90.426 0 0 0 0 

14 30/6/2003 91.316 0 0 0 0 

15 30/9/2003 90.566 0 0 0 0 

16 31/12/2003 90.589 0 0 0 0 

17 31/3/2004 90.191 0 0 0 0 

18 30/6/2004 90.632 0 0 0 0 

19 30/9/2004 90.383 0 0 0 0 

20 31/12/2004 90.162 0 0 0 0 

21 31/3/2005 90.716 0 0 0 0 

22 30/6/2005 90.434 0 0 0 0 

23 30/9/2005 90.366 0 0 0 0 

24 31/12/2005 89.452 0 0 0 0 

25 31/3/2006 90.698 0 0 0 0 

26 30/6/2006 90.291 0 0 0 0 

27 30/9/2006 91.090 0 0 0 0 

28 31/12/2006 89.846 0 0 0 0 

29 31/3/2007 90.858 0 0 0 0 

30 30/6/2007 90.886 0 0 0 0 

31 30/9/2007 90.992 0 0 0 0 

32 31/12/2007 90.681 0 0 0 0 
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Table 5.3  Data Structure (Cont.) 

Quarter Date 
Percentage of children fully 

immunised per postcode 

Time  

after SIP removed 

𝛽1 

SIP & OBP in place = 0 

SIP removed = 1 

𝛽2 

Time after SIP & OBP 

removed 

𝛽3 

OBP in place = 0 

SIP & OBP removed = 1 

𝛽4 

33 31/3/2008 90.931 0 0 0 0 

34 30/6/2008 90.357 0 0 0 0 

35 30/9/2008 90.883 0 0 0 0 

36 31/12/2008 90.825 1 1 0 0 

37 31/3/2009 90.660 2 1 0 0 

38 30/6/2009 90.957 3 1 0 0 

39 30/9/2009 90.719 4 1 0 0 

40 31/12/2009 90.995 5 1 0 0 

41 31/3/2010 90.810 6 1 0 0 

42 30/6/2010 91.173 7 1 0 0 

43 30/9/2010 91.035 8 1 0 0 

44 31/12/2010 90.681 9 1 0 0 

45 31/3/2011 89.291 10 1 0 0 

46 30/6/2011 91.633 11 1 0 0 

47 30/9/2011 91.126 12 1 0 0 

48 31/12/2011 91.489 13 1 0 0 

49 31/3/2012 91.807 14 1 0 0 

50 30/6/2012 91.280 15 1 0 0 

51 30/9/2012 91.097 16 1 0 0 

52 31/12/2012 90.928 17 1 0 0 

53 31/3/2013 90.429 18 1 0 0 

54 30/6/2013 90.659 19 1 0 0 

55 30/9/2013 89.187 20 1 1 1 

56 31/12/2013 89.491 21 1 2 1 

57 31/3/2014 90.188 22 1 3 1 

58 30/6/2014 90.889 23 1 4 1 

59 30/9/2014 90.434 24 1 5 1 

60 31/12/2014 90.435 25 1 6 1 

61 31/3/2015 92.847 26 1 7 1 

62 30/6/2015 93.857 27 1 8 1 

63 30/9/2015 93.057 28 1 9 1 

64 31/12/2015 92.421 29 1 10 1 
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Piecewise Regression 

Segmented linear regression is also known as piecewise regression. The term piecewise regression 

refers to the establishment of a priori ‘breakpoints’ across a complete series where the data is split into 

separate segments or pieces. The beta coefficients, which are generated using piecewise regression, can 

be fitted into multiple predictive models that can be used to estimate the impact of an intervention that 

sits between one segment and the next. 

In this analysis, three different piecewise regression techniques were used as a ‘checking procedure’ to 

ensure each parameter estimate could be confirmed as correct. The techniques included: (i) the 

regression of three separate segments which were rescaled at quarter 1, quarter 35, quarter 36, quarter 

54, quarter 55 and quarter 64 (the quarters represent the beginning and end of each segment); (ii) the 

regression of separate segments where change points are centred using dummy variables which have 

been rescaled to zero at quarters 36 and 54 and (iii) the use of linear spline interpolation to calculate 

separate coefficients by splitting the linear regression of the complete series into knots at quarters 36 

and 54. All of these techniques are considered as equivalent, in that each model should generate the 

same predicted value (UCLA, 2015). The main differences relate to changes in the way the boundaries 

of each segment are structured (UCLA, 2015). With this in mind, it is expected the estimates that have 

been produced using technique (ii) and (iii) will have slightly smaller standard errors and marginally 

narrower confidence intervals, as these techniques are better able to capture the non-linear relationships 

in the data (UCLA, 2015).  

Stata 15 ® was used to perform piecewise linear regression (segmented linear regression) on the 

immunisation coverage series. The coding and commands for the piecewise regression of the original 

series can be found in Appendix V. 

Parameter Estimates 

The parameter estimates produced by the piecewise regression is used to determine the percentage of 

change in trend and the percentage of change in level from one segment of the immunisation coverage 

series to the next. The first segment is the time when the SIP and OBP incentives are in place, segment 

two is the period following removal of the SIP incentive (when the OBP is still in place); and the third 

segment is the period in the immunisation series when both the SIP and the OBP incentive have been 

removed.  
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The parameter estimates produced in the piecewise regression are also used to extrapolate an estimation 

of the change in the number of children recorded as fully vaccinated following removal of the SIP and 

OBP incentives. These estimates are calculated using a counterfactual model and integrative methods. 

This is described in further detail in the following section, Chapter 5.8, under Expressing Intervention 

Effects. 

The piecewise linear regression of the immunisation coverage series produces more estimates than are 

denoted in the theoretical segmented regression model described in Chapter 5.7.3 and below. This is 

because the segmented regression model requires only a baseline coefficient 𝛽0, coefficients which 

estimate trend across a segment (𝛽2 ) and (𝛽4), and coefficients which estimate changes in level between 

one segment and the next (𝛽3 ) and (𝛽5 ) to model the effect of an intervention on an outcome.  

𝜸𝒕 =  𝜷𝟎 + 𝜷𝟏 ∗ 𝐭𝐢𝐦𝐞𝒕 + 𝜷𝟐 ∗ 𝐢𝐧𝐭𝐞𝐫𝐯𝐞𝐧𝐭𝐢𝐨𝐧𝟏𝒕 + 𝜷𝟑 ∗ 𝐭𝐢𝐦𝐞 𝐚𝐟𝐭𝐞𝐫 𝐢𝐧𝐭𝐞𝐫𝐯𝐞𝐧𝐭𝐢𝐨𝐧𝟏𝒕 + 

𝜷𝟒 ∗ 𝐢𝐧𝐭𝐞𝐫𝐯𝐞𝐧𝐭𝐢𝐨𝐧𝟐𝒕 + 𝜷𝟓 ∗ 𝐭𝐢𝐦𝐞 𝐚𝐟𝐭𝐞𝐫 𝐢𝐧𝐭𝐞𝐫𝐯𝐞𝐧𝐭𝐢𝐨𝐧𝟐𝒕 +  𝛆𝒕 …) 

The parameters estimated by the piecewise regression which are found on the following page in Table 

5.4, include beta-coefficients which estimate the intercept at the boundaries of each segment, beta-

coefficients which estimate the trend across each segment and beta-coefficients which estimate the 

change in trend and level of the regression line from one segment to the next. The piecewise regression 

also produce estimates of significance, including standard errors, t-statistics, p-values and confidence 

intervals. 
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Table 5.4  Parameter Estimates Captured in Piecewise Regression of Immunisation Coverage 

�̂�0 
The constant term and the baseline level of the proportion of children declared fully immunised 65F

59 per quarter at time zero (t = 0) when the SIP and OBP financial 

incentives were in place. 

�̂�1 An estimate of the trend (slope) which depicts the proportion of children declared fully immunised before the removal of the SIP incentive (baseline trend). 

�̂�2 
An estimate of the change in level of the proportion of children declared as fully immunised after removal of the SIP compared with those declared as fully 

immunised before the SIP incentive was removed. 

�̂�3 
An estimate of the change in trend of the proportion of children declared fully immunised each quarter after removal of the SIP financial incentive compared with 

the trend prior to the removal of the SIP incentive. 

�̂�4 
An estimate of the change in level of the proportion of children declared fully immunised immediately after the removal of the OBP from those declared as fully 

immunised before the OBP incentive was removed.  

�̂�5 
An estimate of the change in trend of the proportion of children declared fully immunised each quarter after removal of the OBP financial incentive compared with 

the trend prior to the removal of the OBP outcomes incentive. 

�̂�6 A continuous variable estimating the level of the proportion of children declared fully immunised before the removal of the SIP incentive  

�̂�7 A continuous variable estimating the level of the proportion of children declared fully immunised after the removal of the SIP incentive  

�̂�8 A continuous variable estimating the trend of the proportion of children declared fully immunised before OBP incentive removed  

�̂�9 A continuous variable estimating the level of the proportion of children declared fully immunised before the removal of the OBP incentive  

�̂�10 A continuous variable estimating the level of the proportion of children declared fully immunised after the removal of the OBP incentive 

�̂�11 A continuous variable estimating the trend of the proportion of children declared fully immunised after OBP incentive removal  

  �̂�12 A continuous variable estimating the level of the proportion of children declared fully immunised at the last quarter of the series  

 

                                                      
5959 As per the Australian National Immunisation Program (NIP) schedule 
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The two segmented regression models below, which depict the removal of the financial incentive across 

the time series have a similar structure, even though Model 1 models the immunisation series across the 

full 64 quarters and Model 2 is a truncated ‘cut down’ version of the complete series where it models 

the first 60 quarters only. With the last four quarters removed, the Model 2 trendline is used to estimate 

a ‘No Jab No Pay’ counterfactual, where forecasts predict what immunisation coverage would have 

been, had the ‘No Jab No Pay’ policy not existed.  

Providing a counterfactual for the potential influences of the ‘No Jab No Pay’ policy is an important 

aspect of the analysis, because immunisation coverage levels showed a rapid and immediate rise as soon 

as the ‘No Jab No Pay’ proposal was announced in January 2015. This policy, which targeted parents 

by restricting a parent’s access to taxation rebates if a child was not up to date with vaccinations, had 

the potential to confound the true impact of the removal of the general practitioner OBP that had 

occurred in May 2013. 

γ̂64(incentive removed) =  𝛽0̂ +  𝛽1̂ ∗ 35 + 𝛽2̂ ∗ 1 + 𝛽8 ̂ ∗ 19 +  𝛽4̂ ∗  1 + 𝛽11̂ ∗  10            (1) 

 

γ̂60(incentive removed) =  𝛽0̂ + 𝛽1̂ ∗ 35 + 𝛽2̂ ∗ 1 + 𝛽8 ̂ ∗ 19 +  𝛽4̂´ ∗  1 + 𝛽11´̂ ∗  6          (2) 

where 𝛽0̂ equals baseline, 𝛽1̂ equals the trend before removal of the SIP, 𝛽2̂ equals the change in level 

after the removal of the SIP, 𝛽8̂ equals the trend before removal of the OBP, 𝛽4̂´ equals the change in 

level after removal of the OBP, 𝛽11̂´ equals the trend after removal of the OBP (Table 5.4). 

Note: 𝛽4̂´ and 𝛽11̂´ in Model 2, the ‘Cut Down’ series (quarters 1-60) do not have the same magnitude 

as the 𝛽4̂ and 𝛽11̂ for the original series (Quarters 1–64). The beta coefficients from the ‘Cut Down’ 

series model are annotated with an apostrophe to differentiate them from the same coefficients in the 

model for the original series. 
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The above section details the segmented regression models which are used to produce parameter 

estimates that report on changes in level and trend immunisation coverage. This is just one way an 

intervention effect in a time series study can be ascertained. In the section below, the methodology on 

how to estimate a financial incentive counterfactual value is detailed. For this counterfactual analysis, 

the counterfactual provides predictions on what would have happened to immunisation coverage had 

the financial incentives to GPs not been removed. 

The analysis that includes the prediction of a counterfactual involves a comparison of trend and level 

outcome estimates following incentive removal, with predicted trend and level outcome estimates that 

are based on the estimates which were calculated prior to incentive removal. In this case, the effect of 

incentive removal is expressed as: (i) the absolute difference between the predicted outcome (based on 

the removal of the incentive) and the counterfactual value; and (ii) the ratio of the predicted to the 

counterfactual value, which is expressed as a percentage increase or decrease. In this thesis ‘the 

counterfactual’ is the estimation of a counterfactual outcome based on what would have happened 

across the series had the policy to abort the delivery of SIP and OBP incentives not occurred.  

The estimates are presented as coefficients in a table and are also reported as the number of children 

who have missed out on attaining ‘completed immunisation’ as a result of the removal of the financial 

incentives. The attainment of ‘completed immunisation’, also known as attaining a ‘fully immunised’ 

status, refers to a child having received all of the required vaccinations per the National Immunisation 

Program Schedule which are due at Milestone 1. 

The parameter estimates calculated from the linear segmented regression model on the effects of the 

removal of incentives to Australian GPs for the reporting paediatric immunisation coverage will be 

calculated in two ways: 

• Estimations of the level and trend changes expressed as parameter estimates (Table 5.4)  

• Estimations of post-intervention outcome compared with counterfactual estimates (Table 5.5; 

Figure 5.7). 

The outcome and counterfactual estimates in Table 5.5 are used to calculate immunisation coverage 

after the removal of incentives and immunisation coverage if the incentives had not been removed. The 

parameter estimates (beta coefficients) in Table 5.4 are also used to extrapolate an estimation of the 
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change in the number of children recorded as fully vaccinated following removal of the SIP and OBP 

incentives. The extrapolation procedure uses Model (2) to model the data as this model does not include 

the ‘No Jab No Pay’ policy confounder.  

 γ̂60(incentive removed) = 𝛽0̂ + 𝛽1̂ ∗ 35 + 𝛽2̂ ∗ 1 + 𝛽8 ̂ ∗ 19 +  𝛽4 ´̂ ∗  1 + 𝛽11´
̂ ∗  6            (2)  

where 𝛽0̂ equals baseline, 𝛽1̂ is the trend before removal of the SIP, 𝛽2̂ is the change in level after 

removal of the SIP, 𝛽8̂ is the trend before removal of the OBP, 𝛽4 ´̂ is the change in level after removal 

of the OBP, 𝛽11̂´ is the trend after removal of the OBP (Table 5.4, Table 5.5, & Figure 5.7).  

The parameter estimates from Model 2, the ‘Cut Down’ series, are used in the counterfactual procedure. 

The methodology for the counterfactual model development and antiderivative calculations are found 

in the section below. Table 5.5 displays the coefficients that will be used in the models to express the 

difference in immunisation coverage between the ‘Cut Down’ series and the counterfactual. Figure 5.7 

below provides a graphical illustration of the models for 60 quarters of the original series (‘Cut Down’ 

series) and the counterfactual. This is expanded on further in section 5.8.3 and 5.8.4 below. 

Table 5.5  Parameter Estimates for Original series Quarters 1-60 and Counterfactual Models 

Segment Incentive 

Intercept 1 Intercept 2 Quarter 60 Trend 

Quarter 
β 

Coefficient 
Quarter 

β 

Coefficient 
Quarter 

β 

Coefficient 
Quarters 

β 

Coefficient 

Segment 1 

SIP & OBP in Place 1 𝛽0̂         1–35 𝛽1̂ 

SIP & OBP in Place 35 𝛽6̂        1–35 𝛽1̂ 

Intersect 
Change in Level 

Segment 1 & Segment 2 
35 𝛽2̂ 36           

Segment 2 

SIP Removed 36 𝛽7̂ 54 𝛽9̂     36–54 𝛽8̂ 

SIP Continues  

‘SIP Counterfactual’ 
36 𝛽13̂ 54 𝛽14̂     36–54 𝛽1̂ 

Intersect 
Change in Level 

Segment 2 & Segment 3 
    54 𝛽4̂´ 55       

Segment 3 

SIP & OBP Removed 36 𝛽7̂ 55 𝛽10̂´ 60 𝛽16̂ 55–60 𝛽11´̂  

OBP Continues  

‘OBP Counterfactual’ 
36 𝛽7̂ 55 𝛽15̂ 60 𝛽17̂ 55–60 𝛽8̂ 

SIP & OBP Continues 

‘SIP & OBP’ 

Counterfactual 
36 𝛽13̂ 55 𝛽14̂ 60 𝛽18̂ 55–60 𝛽1̂ 
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Figure 5.7  Model of Original and Counterfactual Outcomes 
 

 
 

To calculate the counterfactual for the removal of the SIP incentive, the regression model (Model 2) 

produces coefficient estimations which have been derived using immunisation coverage data from the 

first 35 quarters of the series. Model 2 is used to calculate the counterfactual because the last four 

quarters associated with the ‘No Jab No Pay’ policy are not included in the Model 2 equation.  

 

γ̂60(incentive removed) = 𝛽0̂ +  𝛽1̂ ∗ 35 + 𝛽2̂ ∗ 1 + 𝛽8 ̂ ∗ 19 +  𝛽4̂ ∗  1 + 𝛽11̂ ∗  6            (2) 

 

These coefficients will be used to predict the counterfactual trend from quarters 36 to 54. A lag was not 

included in the model, as the date of removal of the SIP incentive was widely publicised. Also, the 

claiming processes for access to the SIP was terminated on the date of incentive cessation, hence there 

was no lag between the delivery and effect of the policy change.  
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The models for the segmented regression of immunisation outcomes after removal of the SIP incentive 

(Model 3) and regression of the counterfactual (Model 4) are presented below. The regression equation 

at quarter 54 (Model 3), models immunisation coverage from the beginning of the series until just after 

the SIP incentive has been removed, 

γ̂54(incentive removed) = 𝛽0̂ + 𝛽1̂ ∗ 35 + 𝛽2̂ ∗ 1 + 𝛽8 ̂ ∗ 19            (3) 

where 𝛽0̂ equals baseline (the level of immunisation coverage at the beginning of the series), 𝛽1̂ equals 

the trend before removal of the SIP, 𝛽2̂ equals the change in level after removal of the SIP, 𝛽8̂ equals 

the trend before removal of the OBP (Table 5.4, Table 5.5, & Figure 5.7). 

The counterfactual regression equation at quarter 54 (Model 4), models what would have happened had 

the SIP not been removed (note: no SIP removal effects in the model), 

γ̂54(incentive continued) = 𝛽0̂ +  𝛽1̂ ∗ 54            (4) 

where 𝛽0̂ equals baseline, and 𝛽1̂ equals the trend before removal of the SIP (Table 5.4, Table 5.5, & 

Figure 5.7). 

Absolute effect 

The difference between the equation in Model 4 and the equation in Model 3,  

γ̂54(incentive removed) −  γ̂54(incentive continued)  =  − 𝛽1̂ ∗ 19 +  𝛽2̂ ∗ 1 + 𝛽8 ̂ ∗ 19  

estimates the absolute effect of the removal of the SIP on immunisation coverage. 

Relative change 

The relative change in outcome associated with the removal of the SIP as in the equation below is 

expressed as a percentage change by multiplying by 100; 

γ̂54(incentive removed) − γ̂54(incentive continued)/  γ̂54(incentive continued)∗100  

=
− 𝛽1̂  ∗ 19 + 𝛽2̂ ∗ 1 + 𝛽8 ̂ ∗ 19

 𝛽0̂ + 𝛽1̂ ∗ 54     
∗ 100 
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To calculate the counterfactual for the removal of the OBP incentive, the regression model (Model 2) 

produces coefficient estimates which have been derived using immunisation coverage data from the 

second segment of the series, the period of time when only the OBP was in place. Model 2 is used to 

calculate the counterfactual, because the last four quarters associated with the ‘No Jab No Pay’ policy 

are not included in the Model 2 equation.  

γ̂60(incentive removed) = 𝛽0̂ +  𝛽1̂ ∗ 35 + 𝛽2̂ ∗ 1 + 𝛽8 ̂ ∗ 19 +  𝛽4̂´ ∗  1 + 𝛽11´̂ ∗  6            (2) 

Coefficients from this segment are used to predict the counterfactual trend from quarters 55 to 60. This 

model does not include the last four quarter of the series, because these quarters were potentially 

influenced by the No Jab No Pay’ policy confounder. Again, a lag was not included in the model, as, 

similar to the removal of the SIP incentive, the cessation of the OBP incentive was widely publicised. 

Likewise, the claiming processes for access to the OBP were also terminated on the date of incentive 

cessation. This delivered a policy effect which was immediate.  

The models for the segmented regression of immunisation outcomes following the removal of the OBP 

incentive (Model 5) and regression of the counterfactual outcomes (Model 6) are presented below. The 

regression equation at quarter 60 (Model 5), models immunisation coverage from the beginning of 

segment two at quarter 36 until the time of the announcement of the ‘No Jab No Pay’ policy at the 60th 

quarter, 

γ̂𝑞(incentive removed) =  𝛽7̂ + 𝛽8 ̂ ∗ 19 +  𝛽4 ´̂ ∗  1 + 𝛽11´̂ ∗  6            (5) 

where q = 36 – 60, the baseline 𝛽7̂ equals the baseline for this model (the level of immunisation coverage 

following removal of the SIP), 𝛽8̂ equals the trend before removal of the OBP, 𝛽4 ´̂ equals the change in 

level after removal of the OBP, 𝛽11̂´ equals the trend after removal of the OBP (Table 5.4, Table 5.5, & 

Figure 5.7). 

The counterfactual regression equation at quarter 60, (Model 6), models what would have happened 

had the OPB not been removed (note: no OBP removal effects in the model), 

γ̂𝑞(incentive continued) =  𝛽7̂ + 𝛽8 ̂ ∗ 25            (6) 

where q = 36 – 60, the baseline 𝛽7̂, equals the trend at the beginning of Segment 2, just after the SIP 

incentive had been removed, 𝛽8̂ equals the trend across Segment 2 before the OBP was removed 

(Table 5.4, Table 5.5, & Figure 5.7). 
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Absolute effect 

The difference between the equation in Model 6 and the equation in Model 5,  

γ̂𝑞(incentive  removed) − γ̂𝑞(incentive continued) =  − 𝛽8 ̂ ∗ 6 +  𝛽4̂´ ∗  1 + 𝛽11´̂ ∗  6, where q = 36-60  

estimates the absolute effect of the removal of the OBP on immunisation coverage. 

Relative change 

The relative change in outcome associated with the removal of the SIP as in the equation below is 

expressed as a percentage change by multiplying by 100; 

γ̂𝑞(incentive removed) − γ̂𝑞(incentive continued)/  γ̂𝑞(incentive continued) ∗ 100 , where q = 36-60 

 

=  
− 𝛽8̂  ∗ 6 + 𝛽4 ´̂ ∗ 1 + 𝛽11´̂ ∗ 6

 𝛽7̂ + 𝛽8̂ ∗ 25  
∗ 100 

 

The model for the segmented regression of immunisation outcomes following the removal of the SIP 

and OBP incentive is represented in Model 2, below. The regression model for the counterfactual 

outcomes is represented in Model 7. The regression equation at quarter 60 (Model 7), models 

immunisation coverage from the beginning of the series at the first quarter until the time of the 

announcement of the ‘No Jab No Pay’ policy at the 60th quarter, 

γ̂60(incentive removed) = 𝛽0̂ +  𝛽1̂ ∗ 35 + 𝛽2̂ ∗ 1 + 𝛽8 ̂ ∗ 19 +  𝛽4 ´̂ ∗  1 + 𝛽11´̂ ∗  6            (2) 

where 𝛽0̂ equals the baseline for this model (the level of immunisation coverage at the beginning of the 

series), 𝛽1̂ equals the trend before removal of the SIP, 𝛽2̂ equals the change in level after removal of the 

SIP, 𝛽8̂ equals the trend after removal of the SIP, 𝛽4̂ equals the change in level after removal of the 

OBP,  𝛽11̂ equals the trend after removal of the OBP (Table 5.4, Table 5.5, & Figure 5.7). 

The counterfactual regression equation at quarter 60, (Model 7), models what would have happened 

had the SIP and the OPB not been removed (note: no SIP removal or OBP removal effects in the model), 

γ̂60(incentive continued) = 𝛽0̂ +  𝛽1̂ ∗ 60            (7) 
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where the baseline 𝛽0̂, equals the trend at the beginning of Segment 1, 𝛽1̂ equals the trend across 

Segment 1 before the SIP was removed (Table 5.4, Table 5.5, & Figure 5.7). 

Absolute effect 

The difference between the equation in Model 7 and the equation in Model 2,  

γ̂60(incentive removed) − γ̂60(incentive continued) = − 𝛽1̂ ∗ 25 + 𝛽2̂ ∗ 1 + 𝛽8 ̂ ∗ 19 +  𝛽4 ´̂ ∗  1 + 𝛽11´̂ ∗  6 

models the absolute effect of the removal of the SIP and the OBP on immunisation coverage. 

Relative change 

The relative change in outcome associated with the removal of the SIP as in the equation below is 

expressed as a percentage change by multiplying by 100; 

γ̂60(SIP &OBP removed) −  γ̂60(SIP &OBP continued)/  γ̂60(SIP &OBP removed)∗100  

=
−𝛽1̂ ∗ 25 +  𝛽2̂ ∗ 1 + 𝛽8 ̂ ∗ 19 + 𝛽4 ´̂ ∗ 1 +  𝛽11´̂ ∗ 6

 𝛽0̂ +  𝛽1̂ ∗ 60
∗ 100 

Confidence intervals (CIs) will be calculated for absolute and relative effects using methodology 

described in Zhang et al. (2011, p.4) where, CIs for absolute and relative effects of 

γ̂𝑞(incentive removed) – γ̂𝑞(incentive continued) = γ̂𝑞(incentive removed) – γ̂𝑞(incentive continued)  

±1.96*standard error of γ̂𝑞(incentive removed) – γ̂𝑞(incentive continued) . 

This chapter provided an overview of the inherent characteristics of time series data. It also detailed the 

methodological requirements for predictive model development when using time series data. An 

illustration of the counterfactual trend was provided in this chapter and the methods used to calculate 

counterfactual estimates were also described. 

Details on the methods required to undertake sub-group analysis were not provided in this chapter. 

These details are provided in Chapter 7. The methods for the analysis for the sub-group are similar to 

what is described above. The following chapter, Chapter 6, delivers the results for the main analysis. 

The chapter also provides detail on the characteristics of the immunisation coverage data set and 

illustrates how the models for the national series across the 64 quarters were developed using prediction 

and forecasting techniques. 
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The previous chapter has outlined how, prior to the performance of regression analysis on the series, 

the immunisation coverage data was visually examined for changes in trend in the context of 

immunisation policy changes. The chapter also described how the immunisation coverage series was 

examined for evidence of autocorrelation and the presence of a unit root. Based on the results of the 

initial examination of the original data set, the data was transformed into three additional series through 

the application of modelling procedures. These modelling procedures were described in Chapter 5.5 

and illustrated in the data set flow chart (Figure 5.3). The scedasticity of the original series, the presence 

of small cells and the trend changes associated with the ‘No Jab No Pay’ policy determined what 

transformation procedures were applied to the original series.  

In this chapter, the results from the examination of the time series properties of the data, which were 

outlined in Chapter 5.5, are presented. This is followed by the results from the interrupted time series 

analysis, which estimated the effect of incentive removal on immunisation rates using segmented 

regression modelling, which was described in Chapter 5.7. Finally, the estimates of effects on the total 

number of immunisations are presented. These methods were detailed in Chapter 5.8. The results in the 

following sections are presented in terms of each data set used, which is shown in Table 6.1 below, 

starting with the original data series.  

Table 6.1  Data Series for Segmented Regression Analysis 

Series Quarters National Immunisation Coverage Data  

1 1–64 Original Series: Original data 

2 1–64 Modelled Series: Original data transformed using an ARIMA model 

3 1–64 
Forecasted Series: Original data (Q1–60)66F60 merged with ARIMA modelled 

forecasted data (Q61–64)67F61 

4 1–64 Weighted Series Weighted data 

                                                      
60 Q1-60 Including quarter 1 through to quarter 60 
61 Q61-64 Including quarter 61 through to quarter 64 
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The aim of this analysis is to detect changes in the slope and trend of immunisation coverage after the 

removal of financial incentives to general practitioners. Prior to the fitting of a regression line and before 

model development, the lineplot for immunisation coverage at Milestone 1 is visually examined. This 

examination enables the early detection of patterns in the data. The lineplot patterns for Milestone 1 are 

represented graphically in Figure 5.2 and described in detail in Chapter 5.4.1. From the visual inspection 

of Figure 6.1, below, there is no evidence of either season or cyclical patterns in the data. However, 

there is evidence of an outlier in the second segment, where immunisation coverage dropped from 90.7 

percent to 89.4 percent between December 2010 and January 2011. This drop, which immediately 

rebounded to around 91.6 percent in the subsequent quarter, coincided with amendments to the age for 

the first dose of the DTPa vaccine, where the recommended age for the DTPa was changed from 8 

weeks to 6 weeks of age. Yet this is an unlikely cause for the dip, as completion of immunisation for 

Milestone 1 immunisations is assessed at 12 months of age, which is well beyond the age associated 

with the DTPa schedule change. Around this time there were no significant changes to immunisation 

policy, incentives and coverage calculation algorithms. As a result, this coverage anomaly is classified 

as an outlier of unknown origin.  

Following a visual inspection of the time series plot, immunisation coverage was plotted as a lineplot 

with three segmented regression lines fitted to the data (Figure 6.1). The first segment consisted of 

immunisation coverage data from the beginning of the series to the quarter prior to removal of the SIP. 

The second segment contained data collected after removal of the SIP through to coverage data collected 

in the quarter just after the OBP was removed. As the removal of the OBP occurred in the middle of a 

reporting quarter, between the second and the third segment, this second segment also included a small 

amount of data collected after the OBP was removed. Data from the 54th quarter was included in the 

second segment rather than the third segment, to prevent being contaminated with data collected whilst 

the OBP was still in place. The first segment shows a regression trendline which steadily increased from 

around 90 percent to just under 91 percent prior to removal of the SIP. There was evidence of a slight 

drop in the level of immunisation coverage after removal of the SIP. The slope of the trendline also 

decreased after removal of the SIP, with the regression line in the second segment showing only a 

marginal increase in coverage. The regression line for the third segment showed a substantial drop in 

immunisation coverage to a level around the 89 percent mark immediately after removal of the OBP. 

The slope of the regression line in segment three increased rapidly, with evidence of a dramatic increase 

in immunisation coverage after the initial drop, to a level of about 93.5 percent. Embedded in this 

segment was the ‘No Jab No Pay’ policy, which appeared from visual examination to have had a 

positive impact on immunisation uptake. 
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Figure 6.1  Segmented Regression Trendlines for Quarters 1–64
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As previously stated, a critical assumption when using ordinary least squares regression for segmented 

regression analysis is that the error terms, εt of the series, are white noise, where the residuals are 

stationary and serially uncorrelated (homoscedastic). If the immunisation series is not homoscedastic, 

it would be defined as heteroscedastic, where the residuals are not random with a non- zero mean and 

non-constant variance.  

Determination of Scedasticity 

The immunisation coverage series was explored for heteroscedasticity by isolating the residual data 

from the original series. This enables a visual comparison of the series signal with the random noise. 

Plots of the separate components of the series provide further information on the most appropriate model 

to use for the modelling of immunisation coverage across time. 

Scatterplot–Original Series Quarters 1–64 

The scatter plots and regression lines of the original data of the series, in Figure 6.2, indicate the series 

is heteroscedastic with a non-zero mean and non-constant variance. The plot of the residual data, on the 

right, shows a regression line with a near-zero mean and a scatter plot with a non-constant variance.  

Figure 6.2  Scatter Plot of Original and Residuals Quarters 1–64 
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Summary Statistic 

For a series to be determined as stationary, the residuals need to have both a zero mean and a constant 

variance. The summary statistic stationarity test in Table 6.2 shows a residual mean close to zero. 

However, as the immunisation coverage has a non-constant variance, as is evident in the scatterplots 

presented in Figure 6.2, the series is deemed as being non-stationary. 

Table 6.2  Summary Statistic of Residuals Quarters 1–64 

Variable Observations Mean Std. Dev. Min Max 

Residuals 64 −1.67e-09 0.8441333 −2.242276 2.489529 

Determination of Normality 

Histogram–Original Series Quarters 1–64 

The histogram plots in Figure 6.3, depict the uniformity of the series and the residual distribution. Both 

the original and residual data is unimodal and there is minimal evidence to support the presence of 

seasonal or cyclical patterns. The data does not appear negatively or positively skewed. There is an 

outlier to the left of the mean of the plots. The histograms indicate the majority of immunisation 

coverage across the quarters was generally within one standard deviation of the mean, however there 

were periods of growth between one and two standard deviations and some periods of coverage 

deceleration beyond two standard deviations of the mean. The histograms below indicate the residuals 

are not uniform, and this lack of uniformity in the residuals influences the complete series. 

Figure 6.3  Histogram of Original and Residuals 

 

 

 

 

 

 

 

 

Time Series Decomposition 

In the analysis of time series data, it is standard practice to isolate and visually examine all of the 

components which make up a series (Granger & Newbold, 2014; McCleary & McDowall, 2017). This 
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systematic isolation of the components that makes up a complete series provides further detail on the: 

(i) trend (ii) seasonal and (iii) irregular trends (Granger & Newbold, 2014; McCleary & McDowall, 

2017). As there were no seasonal components detected in this series, these cyclical components are not 

represented in Figure 6.4 below. Thus, the first graph in Figure 6.4 depicts all the deterministic and 

stochastic trends that are in the complete series; the second graph depicts the trend component of the 

series; and the third graph shows the residual components that are detected. 

Complete Series: The complete series in the first graph, below, shows a deterministic plus a stochastic 

trend. The deterministic trend dominated the mid-section of immunisation coverage series, where the 

fluctuations of coverage above and below the trend line is randomly distributed. The break in the 

deterministic structure is a result of the presence of volatile stochastic trends at both ends of the series. 

Trend Component: The trend component of the above series shows an increase in coverage to an 

above trend level, followed by a plateau as immunisation coverage rates stabilised, then a relative 

deceleration of below trend coverage with a rapid increase in coverage at the end of the series. 

Irregular Component: The irregular (residual) component plots the short-term fluctuations or ‘shocks’ 

in the series which, if truly irregular, should not be systematic, nor predictable. Some of the peak and 

dips of the series appear random, especially through the middle section of the graph, however the last 

dip in the series coincides with the removal of the immunisation OBP and the peak at the end of the 

series coincides with the announcement of the ‘No Jab No Pay’ policy. There were no seasonal or 

cyclical component present on series decomposition. 

Figure 6.4  Decomposition of Immunisation Coverage Series Quarters 1–64 

Decomposition Immunisation Coverage Milestone 1 Quarters 1–64 

All Components 
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Trend Component 

 

Irregular (Residual) 

Component 

 

Tests for Autocorrelation 

Following the exploration of the series with scatterplots, histograms and series decomposition a more 

formal assessment of heterogeneity was undertaken using the Breusch-Godfrey LM (chi2) statistic. The 

Breusch-Godfrey test statistic was chosen over the Durbin Watson test as the visual examination 

indicated the immunisation series was not exogenous and the Breusch-Godfrey test does not require the 

series to be strictly exogenous to be valid (as does the Durbin-Watson test). 

An a priori decision on the number of lags to include in the LM regression was made based on 

theoretical assumptions that the data itself determines lag length. As the series contains quarterly data 

Lag 4 was chosen as the higher order lag to test as the series contains quarterly data. This enables the 

detection of seasonal or cyclical correlation across the 64 quarters of the series. 
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Breusch-Godfrey test 

The Breusch-Godfrey LM statistic is 16.401 (p=0.0025) for higher order correlation across four 

quarterly lags, therefore the null hypothesis that the series was not correlated was rejected. This 

indicates there is a 99.75 percent chance the series has residuals that are correlated across four or less 

lags (Table 6.3). 

Table 6.3  Breusch-Godfrey LM test–Original Series Q1-64 

Breusch-Godfrey LM test for higher order autocorrelation  

B-G LM test does not require that all the regressors be strictly exogenous 

lags(p) chi2 df Prob>chi2 

4 16.401 4 0.0025 

H0: No serial correlation 

To reject the null hypothesis the p-value needs to be smaller than p=0.05 

 Testing for a Unit Root 

The core of a unit root test is to assess whether ‘shocks’ in the residual data of a series have transitory 

or permanent effects. As stated previously, if immunisation coverage is found to contain a unit root, 

then the series needs to be transformed to remove the process prior to segmented regression analysis.  

The Augmented Dickey-Fuller (ADF) test statistic uses a regression procedure to test for a unit root. 

The series was tested for a unit root using the ADF statistic because there is a small positive drift 

apparent in the trend component of the series (Figure 6.2 & Figure 6.3) and there is a significant negative 

process in the histogram of the residuals (Figure 6.3). As the series has not been differentiated, the trend 

is included in the ADF regression. The null hypothesis is that immunisation coverage series contains a 

unit root and, as the series contains a trend, the alternative hypothesis is that the series is stationary 

about a linear time trend.  

Decisions to determine the number of lags to be included in a unit root test can sometimes be determined 

by the frequency of data collection. Typically, tests for a unit root for data which has been collected at 

quarterly time points are across four lags. However, as there was no quarterly seasonal component 

detected in the series, the number of lags chosen was not determined by data frequency, but by a 

stepwise approach to lag selection68F

62 and by the Min MAIC lag value in the Dickey-Fuller t-test69F

63. After 

using these criteria for lag selection, three lags were chosen for the unit root test. The Z(t) value for the 

Augmented Dicky-Fuller test was calculated to equal -3.009 (p=0.1296) for the presence of a unit root 

across three lags, therefore the null hypothesis that the series contained a unit root could not be rejected. 

                                                      
62 The maximum number of lags is chosen and reduced one-by-one. The remaining lag that is statistically significant is the lag of choice. 
63 The Min MAIC lag has been found to perform better in selecting appropriate lag values for ADF test (Ng & Perron, 2001). The Min 

MAIC results of the DF-GLS test are available on request. 
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This indicates there is a 12.96 percent chance that at some point in the series there was a unit root 

process across at least three lags (Table 6.4). 

Table 6.4  Augmented Dickey-Fuller Test for a Unit Root–Original Series Quarters 1–64 

Augmented Dickey-Fuller test for unit root 

lags(p) Z(t) 5% Critical value p-value 

3 −3.009 −3.490 0.129 

H0=Variable contains a unit root  

To reject the null hypothesis the p-value needs to be smaller than p=0.05 

Conclusion 

Segmented regression analysis requires the homoscedasticity of the immunisation coverage series to be 

established prior to performing the modelling procedure. The presence of scedasticity is ascertained by 

visually examining the series and by undertaking statistical testing of the data. The tests as described in 

the section above, found the immunisation coverage series: (i) to contain autocorrelated data and a unit 

root process which is present across at least three quarters; (ii) to contain residual errors which are 

distributed around zero that have a non-constant variance; and (iii) to have a normally distributed 

histogram that shows a significant outlier to the left of the mean. Therefore, the heteroscedasticity of 

this series was accounted for with the application of an ARIMA modelling procedure, as is detailed in 

the following section. 

The ARIMA model will be developed using the Box-Jenkins approach to model an ARIMA (p, d, q) 

process (Box 5.3). 

Model Identification 

Correlogram Examination 

Correlogram plots provide a guide for the selection of the ARIMA models which best fit time series 

data. As discussed in Chapter 5, autoregressive (AR) models tend to present as a sharp cut off in the 

pacf plot and a slow trending or sinusoidal degradation in the acf plot (Figure 5.4). The opposite applies 

for pure MA models, where Moving Average (MA) models present as a sharp cut off in the acf plot and 

a slow sinusoidal degradation in the pacf plot (Figure 5.5).  

The Original Series 

In Figure 6.5, the plot on the left shows the acfs of the original series to have an exponential and 

sinusoidal form that appears to die out slowly after one high positive autocorrelation in lag 1.The pacfs 
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plot of the original series, found on the right of Figure 6.5, shows the pacfs also contain one positive 

autocorrelation in lag 1 and, like the acfs, has a process which fails to die out. The acfs and pacfs are 

not typical of either a pure AR or MA process, however the series could be described as having AR 

signature, as the acf process has a sinusoidal form which decays gradually, the pacf cuts off sharply and 

both acfs and pacfs have positive spikes at lag 1.  

Figure 6.5  ACFs and PACFs of the Original Series 

  

The Residual Series 

As shown on the left of Figure 6.6, the sample acfs of the residual series die out after one high positive 

autocorrelation in lag 1. Like the acfs of the original series, the residual series also has acfs that have 

an exponential and sinusoidal form. The acf process tends to damp out after lag10. Figure 6.6 on the 

right shows the sample pacfs of the residual series die out after one high positive autocorrelation in lag 

1. The positive spikes at the first lag at each acf and pacf indicate the presence of residual correlation. 

There was no discernible pattern in the higher order lags. 

Figure 6.6  ACFs and PACFs of the Residual Series 
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Visualisation of the correlogram plots in Figure 6.5 and Figure 6.6 show that the immunisation coverage 

data fits neither a pure AR process (Figure 5.4) nor does it fit a pure MA process (Figure 5.5). This is 

because the partial correlogram shows significant autocorrelation at higher order lags. To deal with this, 

an AR(1) model of low order and a MA(1) model of low order are fitted to the data. Following this, 

acfs of the residual series is examined to see if additional AR or MA terms need to be added to the 

model. However, prior to doing this, the immunisation coverage series is differenced to see if removing 

the trend makes the correlative processes more visible. The purpose of these techniques is to produce 

multiple potential models using the goodness of fit tests, which were described in Chapter 5. 

 

Differencing the immunisation coverage series de-trends the data, so that processes other than the 

intrinsic growth of the series can be visualised. These processes, such as a unit root process, produce 

what looks like a ‘shock’ in the series that persists over time. They are often represented in a 

correlogram as partial autocorrelation at higher order lags. The persistent effect of a ‘shock’ or ‘outlier 

event’, which is often seen in the pacf correlograms of a series, indicates the presence of correlation or 

a trend in the residual of a series. These processes are often found in real world data following an 

intervention or an effect that disturbs the underlying trend. The immunisation coverage data was 

differenced in this section, to try to determine if there are any significant trends or correlative processes 

which can be depicted in model development. As observed in the left correlogram in Figure 6.7, the 

sample acfs of the series transformed with a first difference tailing off slowly. The plots show there 

were no lags which exceeded the confidence interval bounds in the acf, hence there was no evidence of 

significant autocorrelation in the series after differencing. The sample pacfs of the first differenced 

series, as shown in the right plot of Figure 6.7, failed to die out, and the partial autocorrelation at the 

first lag was negative. The pacfs contained lags with more negative than positive spikes, which indicates 

negative correlation in the residuals of the series after the trend was removed.  

Figure 6.7  ACFs and PACFs of the First Differenced Series 
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Invertibility of ARMA models  

An AR model is said to be invertible if it is algebraically equivalent to a converging infinite order of an 

MA model. For example, an AR(1) model is algebraically equivalent to a MA(∞) model. It is also 

possible for an AR term and a MA term to cancel each other out. If a mixed AR-MA model appears to 

fit the data, rather than using multiple MA and AR terms, a model with one less AR term and one less 

MA term will provide the best fit, for example an ARIMA(0,0,2) may provide a better fit than an 

ARIMA(1,0,3). This was kept in mind in model development. 

Candidate Model Selection 

Multiple models were developed using the information from the correlogram plots which showed the 

series had either a MA or an AR process that possibly required first order differencing to transform it 

to stationarity. Out of these models, a smaller number of candidate models were selected using Akaike 

Information Criterion (AIC) and Bayesian Information Criterion (BIC). In this procedure, the models 

with the lowest AIC and BIC for the non-differenced and differenced data sets were selected for further 

goodness of fit testing (Table 6.5). As stated in Chapter 5.6.2, preference was given to the models with 

the lowest AIC and BIC. Both the BIC and AIC approximations are closely related, however, the BIC 

tends to penalise complex models more strongly than the AIC (Dziak et al., 2018). 

An a priori decision was made to select three models from the undifferenced series and three models 

from the differenced series that have the lowest combined mean AIC and BIC scores for further testing. 

This determined which of the candidate models were selected for goodness of fit testing. In Table 6.5 

the shaded rows indicate the series which were modelled after applying a first-differencing procedure 

(i.e., removing the trend). The models with the ticks in the Candidate Model Selection column are the 

models which were selected for further testing based on the results of the AIC and BIC approximations. 

Table 6.5  Candidate Model Selection 

Model ARIMA(p,d,q)70F

64 
Order of 

Differencing 
AIC BIC (AIC+BIC)/2 

Candidate 

Model 

Selection 

Percent Immunised Q1-64, ARIMA(1,0,0) Nil 150.7859 157.2626 154.0243 ✓ 

Percent Immunised Q1-64, ARIMA(0,0,1) Nil 159.1918 165.6684 162.4301  

Percent Immunised Q1-64, ARIMA(0,0,2) Nil 152.3976 161.0332 156.7154 ✓ 

Percent Immunised Q1-64, ARIMA(1,0,1) Nil 152.7483 161.3839 157.0661 ✓ 

                                                      
64 The ARIMA model is classified as an ‘ARIMA(p,d,q)’ model, where:  

p is the number of autoregressive terms,  

d is the number of nonseasonal differences needed for stationarity and  

q is the number of lagged forecast errors in the prediction equation (see in Chapter 7.6.1). 
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Model ARIMA(p,d,q) 
Order of 

Differencing 
AIC BIC (AIC+BIC)/2 

Candidate 

Model 

Selection 

Percent Immunised Q1-64, ARIMA(1,1,3) First 148.5887 159.3044 153.94655 ✓ 

Percent Immunised Q1-64, ARIMA(0,1,3) First 148.6246 159.3403 153.98245 ✓ 

Percent Immunised Q1-64, ARIMA(0,1,1) First 152.9727 159.4022 156.18745 ✓ 

Percent Immunised Q1-64, ARIMA(0,1,0) First 154.0543 158.3405 156.1974  

Model Estimation 

Each candidate ARIMA model was compared by examining the Psi weights that have been calculated 

using point estimate equations across the first five quarters of the immunisation coverage series. This 

procedure, from estimations of each of the four candidate models, provides an indication of which 

models have a similar underlying stochastic process. Further detail on this procedure can be found in 

Chapter 5.6.2, under the subheading The ARIMA Model of Best Fit. 

Point Estimates for Candidate Models 

The point estimate equations found below are the based on the ARIMA models which were chosen 

for further testing based on the results of the AIC and BIC approximations. The STATA® coding for 

point estimate (psi weight) calculations for the original series can be found in Appendix W. 

ARIMA Model (1,0,0)–Psi100 

Point estimate equation: Ŷt = 𝛽 −  𝜙1Yt−1 + εt  

ARIMA Model(1,0,1)–Psi101 

Point estimate equation: Ŷt = 𝛽 −  𝜙1Yt−1 −  𝜃1et−1 + εt  

ARIMA Model (0,0,2)–Psi002 

Point estimate equation: Ŷt = 𝛽 −  𝜃1et−1 −  𝜃2et−2 + εt   

ARIMA Model (0,1,1)–Psi011 

Point estimate equation: Ŷt = 𝛽 + Yt−1+ 𝜙1Yt−p− 𝜃1et−1 + εt  

ARIMA Model (0,1,3)–Psi013 

Point estimate equation: Ŷt = 𝛽 + Yt−1+ 𝜙1Yt−p− 𝜃1et−1 − 𝜃2et−2 − 𝜃3et−3 + εt  

ARIMA Model (1,1,3)–Psi113 

Point estimate equation: Ŷt = 𝛽 +  𝜙1Yt−1 + Yt−1+ 𝜙1Yt−p− 𝜃1et−1 − 𝜃2et−2 − 𝜃3et−3 + εt  
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Table 6.6  Point Estimates for Candidate Models for Original Data Quarters 1 -64 

Lags ARIMA Candidate Models 

 ARIMA(1,0,0) 
Psi100 

ARIMA(1,0,1) 
Psi101 

ARIMA(0,0,2) 
Psi002 

ARIMA(0,1,1) 
Psi011 

ARIMA(0,1,3) 
Psi013 

ARIMA(1,1,3) 
Psi113 

1 0.6632 0.6740 0.6527 −0.2634 −0.3956 −0.3857 

2 0.4398 0.4303 0.4189 0.0000 −0.2390 −0.2375 

3 0.2916 0.2747 0.0000 0.0000 −0.3654 −0.3514 

4 0.1934 0.1754 0.0000 0.0000 0.0000 −0.0237 

5 0.1283 0.1120 0.0000 0.0000 0.0000 −0.0016 

All but two of the candidate models in Table 6.6, above, embody divergent views of the underlying 

stochastic process in the immunisation coverage series. The ARIMA(1,0,0) model and the 

ARIMA(1,0,1) have similar point estimates across all five lags. This implies they have an almost 

identical view of the stochastic process which is embedded in the immunisation coverage series. The 

ARIMA(0,0,2) has similar point estimates to the ARIMA(1,0,0) and the ARIMA(1,0,1) at one lag and 

across two lags, however the ARIMA(0,0,2) model does not capture the data at higher order lags. The 

ARIMA(0,1,1) is an inefficient model as it captures significantly less data compared with the other 

models. The ARIMA(0,1,3) and the ARIMA(1,1,3) have similar point estimates, however 

ARIMA(0,1,3) does not completely capture all the data at higher order lags. A more detailed description 

of the point estimate results from Table 6.6 is provided in Box 6.1. The ARIMA(1,0,0) and the 

ARIMA(1,0,1) models most closely fit the same stochastic process in the immunisation coverage series. 

These models are tested further for goodness of fit.  

Box 6.1  Candidate Model Psi Estimates 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Psi estimates for the ARIMA(1,0,0) indicate that 66.32% of the ‘shock’ from the effects of the stochastic process 

persists into the succeeding lag of immunisation coverage. This is followed by 43.98% of the ‘shock’ persisting into 

the second lag and 29.16% into the third lag. The fourth and fifth lags contain 19.34% and 12.83% of the original 

process respectively.  

The Psi estimates for the ARIMA(1,0,1) model indicates that 67.40% of the stochastic process persists into the 

succeeding lag of immunisation coverage, followed by 43.03% of the original process into the second lag and then 

27.47% into third lag. The fourth and fifth lags contain 17.54% and 11.20% of the original process respectively.  

The Psi estimates for the ARIMA(0,0,2) model indicates that 65.27% of the stochastic process persists into the 

succeeding lag of immunisation coverage, followed by 41.89% of the original process into the second lag. In this model 

the ‘shock’ does not persist in successive lags.  

The Psi estimates for the ARIMA(0,1,1) model indicates that only 23.64 % of a negative stochastic process persists 

into the second lag. In this model the ‘shock’ does not persist beyond the second lag.  

The Psi estimates for the ARIMA(0,1,3) model indicates that 39.56% of a negative stochastic process persists into the 

second lag and then 23.90% of the original 'shock' continues into the succeeding lag. The effects of the process 

continues, with a ‘shock’ of 36.54% continuing into third lag. In this model the ‘shock’ does not persist in beyond the 

third lag.  

The Psi estimates for the ARIMA(1,1,3) model indicates that 38.57% of a negative stochastic process persists into the 

second lag and then 23.75% of the 'shock' continues into the succeeding lag. The effects of the process continues, with 

the shock of 35.14% continuing into third lag. The fourth and fifth lags contain 2.37% and 0.16 % of the original 

process respectively.  
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Model Diagnostic check 

Overfitting 

The Box Jenkins approach emphasises choosing the most parsimonious specification (i.e., the model 

with the fewest parameters) (Box & Jenkins, 1970). Hence, there may be a tendency to fit models that 

are too simple to account for the dynamics of the time series under consideration. One way to guard 

against this tendency to ‘overfit the data’ is by adding parameters to the model. If the ARIMA model 

fits the data well, then adding another parameter should not produce estimates which are overly different 

to the estimates produced by the model before overfitting (Box & Jenkins, 1970). To perform this 

diagnostic check on the ARIMA(1,0,0) and the ARIMA(1,0,1) models of choice, each model is fitted 

with an extra autoregressive (AR) and then an extra moving average (MA) term.  

The additional parameters added to the ARIMA(1,0,0) model transforms it into an ARIMA(2,0,0) and 

an ARIMA (1,0,1) model. Note: the transformation of the ARIMA(1,0,0) to the ARIMA (1,0,1) model 

produces the same model that was selected on the Psi estimate criteria in the prior section, Point 

Estimates for Candidate Models. The results from the ARIMA(1,0,0) overfitting procedure show that 

the additional AR and MA parameters had very small coefficients and did not significantly change the 

coefficient in the AR parameter of the original ARIMA(1,0,0) model. The results for this overfitting 

test can be found in Table X.1, Appendix X, under the heading Overfitting of the ARIMA(1,0,0)-

ARIMA(1,0,1) and ARIMA(0,0,2). This indicates the ARIMA(1,0,0) model is stable and provides further 

confirmation that the ARIMA(1,0,0) model fits the data reasonably well. 

Additional parameters were then added to the ARIMA(1,0,1) model to transform it into an 

ARIMA(2,0,1) and an ARIMA (1,0,2) model. Results from this ARIMA(1,0,1) overfitting procedure 

show that the additional AR and MA parameters had relatively large coefficients and the AR and MA 

parameters were significantly different to the coefficients in the ARIMA(1,0,1) model. The results for 

this test can be found in Table X.2, Appendix X, under the heading Overfitting of the ARIMA(1,0,1)-

ARIMA(2,0,1) and ARIMA(1,0,2). This indicates that the ARIMA(1,0,1) model does not fit the data as 

well as the ARIMA(1,0,0) model. This result is worth considering, however, it is prudent at this stage 

to reconfirm model fit by testing the residual specifications of each of the models in the following 

section. 

Residual tests on the ARIMA(1,0,0) and ARIMA(1,0,0) models 

Another measure of a well specified ARIMA model is evidence that the residuals of each model are 

random white noise and contain minimal correlated data. The Bartlett’s statistic and the Portmanteau Q 

statistic are the statistical tests which are used to determine if the residuals of the ARIMA(1,0,0) and 

ARIMA(1,0,0) models contain random white noise and data which is not correlated. 
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The Bartlett’s statistic for the ARIMA(1,0,0) model has a chi2 value of 0.5221 (p=0.9480), therefore 

the null hypothesis that the residual components of the ARIMA(1,0,0) series are random is not rejected. 

This indicates there is a 94.80 percent chance that the residuals are white noise. The Q statistic for the 

Portmanteau test is 18.7829 (p=0.9444), therefore the null hypothesis that the residual components of 

the ARIMA(1,0,0) series are not autocorrelated is not rejected. This indicates there is a 94.44 percent 

chance that the residuals are uncorrelated (Table 6.7).  

The Bartlett’s statistic for the alternate ARIMA(1,0,1) model has a chi2 value of 0.5260 (p=0.9448), 

similar to the other model above, thus the hypothesis that the residual components of the ARIMA(1,0,1) 

series are random is not rejected. This result indicates that there is a 94.48 percent chance that the 

residuals of the ARIMA(1,0,1) series are white noise. The Q statistic for the Portmanteau test is 19.0999 

(p=0.9379), thus the hypothesis that the residual components of the ARIMA(1,0,1) series are not 

autocorrelated is also not rejected. This indicates there is a 93.79 percent chance that the residuals are 

uncorrelated (Table 6.7).  

These results indicate both of the models ARIMA(1,0,0) and ARIMA(1,0,1), which have been selected 

to model the data, are well specified. From this point on in model development, the fit of each model 

was tested using a forecast evaluation procedure. Here, the forecast errors found in each model were 

compared to determine which model most closely forecasts the original data (i.e., which forecast has 

the least error). 

Table 6.7  Test of Residuals Across Candidate Models 

ARIMA MODEL 
Cumulative Periodogram  

White-Noise Test 

Portmanteau Test for Residual 

White-Noise 

Immunisation Coverage Q 1-64 Bartlett’s Statistic Prob > chi2(df) 
Portmanteau Q 

Statistic 

Prob > 

chi2(6) 

ARIMA(1,0,0) 0.5221 0.9480 18.7829 0.9444 

ARIMA(1,0,1) 0.5260 0.9448 19.0999 0.9379 

 H0: Residuals = White Noise H0: No Autocorrelation 

 

Model Development, Comparison and Forecast Evaluation 

In this step, the predictive (forecast) validity of each of the models is examined as another means toward 

assessing the goodness of fit of each model to the data. As described in the methods, the prediction and 

ex-ante forecasting of data is achieved with the application to the estimation procedure of a one-step 

ahead, or a multi-step ahead (dynamic) algorithm. A dynamic (dy) forecast estimation procedure is used 

as it is more robust in lower order autoregressive models compared with ex-ante forecasting. During 

this forecast evaluation procedure, the ARIMA(1,0,0) model is referred to as arima100dy and the 

ARIMA(1,0,1) model is referred to as arima101dy. 
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Comparisons of forecasts estimated from each arima100dy and arima101dy model were made to 

determine which model has greater predictive validity. This is achieved by comparing the results from 

in-sample and out-sample checking procedures, as described in the Evaluation using Forecasts section 

under Model Comparison in Chapter 5.6.2. Table 6.8 compares the in-sample and out-sample means by 

calculating the difference in mean from the arima models with the mean values from the original data.  

Comparisons are also made by calculating the difference in standard deviation from each model with 

the standard deviation from the original data. The calculated differences for each model are then 

compared to determine which model has the least amount of difference from the original data. The 

procedure found the mean and standard deviation comparative calculations from the arima100dy and 

arima101dy models are negligible (difference=0.0063%). The difference in in-sample and out-sample 

dispersion (residual SD) between the arima100dy and arima002dy models are also negligible 

(difference=0.0059%). These results indicate that the predictive ability between the two models is 

similar.  

Table 6.8  In-Sample versus Out-Sample Forecast Comparisons 

ARIMA Model Forecast Selection Q1-64  

Period-Means Immunisation Coverage Mean arima100dy Mean arim101dy 

In sample (historical) 90.4124 90.4933 90.4982 

Out sample (validation) 91.0482 90.8839 90.8825 

Total 90.7005 90.6702 90.6723 

Out-In Difference 0.6358 0.3906 0.3843 

Original In-Out vs Model In-Out*  0.2452 0.2515 

Period -Standard Deviations SD Residuals average SD Residuals arima100dy SD Residuals arima101dy 

In sample 0.6898 0.7310 0.7307 

Out sample 0.7850 0.8074 0.8004 

Total 0.7381 0.7798 0.7739 

*A comparison of 'Out Sample' and 'In sample' mean differences between original and modelled series 

Diebold-Mariano test 

The forecast accuracy between the chosen models is also tested using the Diebold-Mariano forecast 

comparison test (Table 6.9). This test, which compares the accuracy of forecasts for the ARIMA(1,0,0) 

and ARIMA(0,0,2) models has an S(1) measure of 0.225 (p=0.8219), therefore, based on these results 

the hypothesis of equal forecast accuracy for each model cannot be rejected.  
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Table 6.9  Diebold-Mariano Forecast Comparison Test Quarters 1–64 

Diebold-Mariano forecast comparison test for Immunisation Coverage Q1-64 

Competing forecasts:  arima100dy versus arima101dy 

Criterion: MSE over 64 observations 

Maxlag = 10 chosen by Schwert criterion Kernel: uniform 

Series MSE 

arima100dy 0.6158 

arima101dy 0.6149 

Difference 0.009342 

S(1) = 0.225 p-value = 0.8219 

H0: Forecast accuracy is equal. 

To reject the null hypothesis the p-value needs to be smaller than p=0.05 

*The S(1) measure calculated in the Diebold-Mariano test, is produced by an algorithm that calculates the mean difference between the loss 

criteria of zero difference between prediction and the original series for the arima100dy and the arimar101dy prediction, using an estimate of 
the variance of the difference series. 

This Diebold-Mariano result of equal forecast accuracy, along with the Bartlett’s and the Portmanteau 

test results (Table 6.9) shows there is little difference in the way each model deals with the residual 

error and autocorrelation. This means the rationale to determine which model best fits the immunisation 

coverage data will be outside of the formal statistical tests which have been undertaken in the last few 

sections of this chapter. With this in mind, the primary criteria that will be used to select a final model 

will be that of the principle of parsimony. In all, model development parsimony is highly valued (Box 

& Jenkins, 1970; Hyndman & Athanasopoulos, 2014). This makes the ARIMA(1,0,0) model, which 

has less parameters than the ARIMA(1,0,1), the model of choice. Further to this, the results from the 

overfitting procedure indicate that the ARIMA(1,0,0) produces the models that provide parameter 

coefficients which most closely reflect the parameter coefficients that were in the model prior to 

overfitting (p.159). For these reasons, the model of choice to predict immunisation coverage for the 

whole series is the ARIMA(1,0,0) model using dynamic forecasts (arima100dy), such that: 

Ŷ𝑡 = 𝛽− 𝜃1et−1 + 𝜀𝑡 

where 𝛽 is a baseline coefficient,  𝜃1 is the beta coefficient for the slope (trend), et−1 represents the 

amount of correlation that is present in the slope coefficient and 𝜀𝑡 is the random residual error. 

 

The model which has been developed to most closely fit the data in Chapter 6.2.3. (after correlated 

processes have been removed) is the ARIMA(1,0,0) model. The extent of the influence of 
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autocorrelation and the presence of a unit root on the immunisation coverage trendlines can be 

visualised by plotting the original series against the series modelled using an ARIMA(1,0,0) procedure 

(Figure 6.8). 

As seen in Figure 6.8, the original and modelled plots have similar trends and similar irregular 

component structures. There is less variation in the modelled series compared to the original series (i.e., 

the series modelled by an ARIMA(1,0,0) looks smoother). The trendlines in the modelled series have 

smaller gradients in the first and third segments. This indicates that the ARIMA model successfully 

captured some of the underlying data generating process at either end of the series. In both series there 

is evidence of a significant drop in immunisation coverage in the quarter following the removal of the 

Outcome Bonus Incentive payment, in May 2013. This indicates that the effect of incentive removal is 

present even after the correlation processes in the original series were captured in the ARIMA model. 

Modelling out the correlation in the original data gives an opportunity to calculate the effects of 

incentive removal using OLS on the original series and on the modelled series. This enables the biased 

effects of non-stationarity on the regression estimates to be ascertained. If the regression produces 

similar beta coefficients and levels of significance, one can assume that the underlying data generating 

processes detected in the original series had minimal impact on the regression results. 
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Figure 6.8  Series Modelled with an ARIMA(1,0,0) Model and Original Series
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In this section, the objective is to remove the effect of the ‘No Jab No Pay’ policy that occurred in 

quarter 60. This is done by using only the first 60 quarters of data and predicting the last 4 quarters of 

the series, as illustrated in the flow chart in Figure 5.3. Chapter 6.1 provides detail on the multiple series 

which will be used to investigate the impact of the removal of financial incentives to GPs on national 

immunisation coverage (Table 6.1, Chapter 6.1.1). One of these series (Dataset 3), contains 

immunisation coverage values for the first 60 quarters of the original series merged with ex-ante values 

to produce another 64 quarter series. The four ex-ante values are predicted using an ARIMA model on 

the first 60 quarters of the original series. 

Two graphs of the immunisation coverage series are presented in Figure 6.9, below. The top graph 

depicts the complete series and the bottom graph represents the ‘Cut Down’ series. Presenting the two 

graphs in the one figure enables the ‘Cut Down’ series to be visually compared with the original series. 

It also establishes how much the last four values of the complete series have influenced the third 

segment trend. The graph that depicts the ‘Cut Down’ series shows a truncated third segment, due to 

the exclusion of the quarters associated with ‘No Jab No Pay’ policy. A visual inspection of the original 

and ‘Cut Down’ series shows identical lineplots and regression trendlines across the first two segments. 

However, with the removal of the last four quarters of the original series, the ‘Cut Down’ graph shows 

distinct changes in the slope, level and length of the trendline in the third segment.  

Visual examination of the two graphs show minor differences in slope between the two series, however 

the trendline intersection points at the 60th quarter, which represents the time associated with the ‘No 

Jab No Pay’ policy, shows clear differences between the ‘Cut Down’ and the original series. In the ‘Cut 

Down’ series the black arrow highlights the level of the trendline at the 60th quarter. The trendline level 

for the ‘Cut Down’ series sits at around 90.7 percent, which is much lower than the level of around 91.8 

percent in the original series, which was associated with the effect of the ‘No Jab No Pay’ policy.  

As is evident in the complete series, the lineplot for the third segment of the ‘Cut Down’ series shows 

a substantial and immediate drop after removal of the outcome bonus payment (OBP). Similarly, the 

‘Cut Down’ lineplot recovered in much the same way as it did the complete series. However, in spite 

of an initial recovery, which looked like a regression to the mean, it appears from the lineplot that the 

initial ‘shock’ had persistent effects, as the lineplot in the ‘cut off’ series showed the reduced levels of 

immunisation coverage persisted for over 18 months following removal of the OBP (Figure 6.9)
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Figure 6.9  The Complete Series and ‘Cut Down’ Series 
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In the following section, the ‘Forecasted Series’ contains the first 60 quarters of the original data (the 

‘Cut Off’ Series) are merged with four ex-ante forecasted values. This series enables the effect of 

incentive payment removal to GPs to be visualised after the effects of the ‘No Jab No Pay’ policy has 

been omitted from the series. As is applied to the complete series, a critical assumption when using 

ordinary least squares regression in time series data is that the residuals are homoscedastic. Hence, this 

‘Cut Down’ series is also explored, to determine if it is heteroscedastic. This involves testing the series 

for evidence of heteroscedasticity using the same methods that were described in the sections above. 

Determination of Scedasticity 

Scatterplot–Original Series Quarters 1-60 

It is evident from the scatter plots and regression lines that the ‘Cut Down’ series is more heteroscedastic 

than the completed series. The plot shows a regression line with a nonzero mean and a scatter plot with 

a non-constant variance. The quadratic fit data (Figure 6.10) shows much more acceleration of 

immunisation coverage at the beginning of the series and a greater deceleration at the end of the series, 

as compared with the plots of the complete data set (Figure 6.2). 

Figure 6.10  Scatter Plot of Original and Residuals Quarters 1-60 

  

  Summary Statistic 

For a series to be determined as stationary, the residuals need to have both a zero mean and a constant 

variance. The summary statistic stationarity test in Table 6.10 shows a residual mean close to zero. 

However, as the immunisation coverage has a non-constant variance, as is evident in Figure 6.11, the 

series is deemed as non-stationary. 
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Table 6.10  Summary Statistic of Residuals Quarters 1-60 

Variable Observations Mean Std. Dev. Min Max 

Residuals 60 −8.23e-10 0.7058615 −2.479036 1.242548 

Determination of Normality 

Histogram–Original Series Quarters 1-60 

The histogram plots in Figure 6.11 depict the uniformity of the series and the residual distribution. Like 

the histograms for the complete series (Figure 6.3), the histograms of the ‘Cut Down’ series are 

unimodal, and provide little evidence indicating the presence of seasonal or cyclical patterns. Both of 

the histograms below are non-symmetric and have a distribution that is skewed to the left. This indicates 

the series mean is smaller than the series median, where there is a greater number of quarters where 

immunisation coverage is larger than the mean. 

Figure 6.11  Histogram of Original and Residuals 1-60 

 
 

 

 

 

 

 

 

 

 

 

Time Series Decomposition 

Complete Series: The ‘Cut Down’ series shows a deterministic plus a stochastic trend (Figure 6.12). 

The deterministic trend dominates the mid-section of the series, where fluctuations of coverage above 

and below its trend line are randomly distributed. There is a stochastic trend at either end of the series. 

As previously described, there is a significant amount of growth in the last four quarters of the complete 

series. The removal of these high growth values in the ‘Cut Down’ series is evident in the decomposition 

plot, where the fitted line in the ‘Cut Down’ series appears to have a reduced level and gradient 

compared with the complete series. 
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Trend Component: The middle graph in Figure 6.12 shows the trend component in the ‘Cut Down’ 

series increasing to a level well above the trend mean. This is then followed by a deceleration to a level 

below the trend mean. This deceleration is evidenced at the end of the series. The distinctive pattern in 

the trend component of the ‘Cut Down’ series is dissimilar to the pattern exhibited in the trend 

component in the complete series, which is found in Figure 6.4. 

Irregular Component: The irregular (residual) component plots of the ‘Cut Down’ series, which are 

in the third graph in Figure 6.12, have an identical structure to the first 60 quarters of the complete 

series. The last dip in the series coincides with the removal of the OBP. 

Figure 6.12  Decomposition of Immunisation Coverage Series Quarters 1–60 

Decomposition Immunisation Coverage Milestone 1 Quarters 1- 60 

All Components 

 

Trend Component 
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Irregular (Residual) 

Component 

 

Tests for Autocorrelation 

Breusch-Godfrey test 

The Breusch-Godfrey LM statistic is 7.930 (p=0.0942) for higher order correlation across four quarterly 

lags, therefore, the null hypothesis that the series is not correlated could not be rejected (Table 6.11). 

Much of the autocorrelation that is present in the complete series (Table 6.3) is eliminated when the last 

four quarters of the series are removed. 

Table 6.11  Breusch-Godfrey LM test–Original Series Quarters 1-60 

Breusch-Godfrey LM test for higher order autocorrelation  

*B-G LM test does not require that all the regressors be strictly exogenous 

lags(p) chi2 df Prob>chi2 

4 7.930 4 0.0942 

H0: No serial correlation 

To reject the null hypothesis the p-value needs to be smaller than p=0.05 

 

Testing for a Unit Root 

The Augmented Dicky-Fuller test for the presence of a unit root is -3.494 (p=0.0266), therefore the 

assumption that the series contained a unit root can be rejected (Table 6.12). This shows that the unit 

root which was present in the complete series (Table 6.4) was removed when the last four quarters of 

the series were not included in the analysis. 

Table 6.12  Augmented Dickey-Fuller Test for a Unit Root–Quarters 1-60 

Augmented Dickey-Fuller test for Unit Root 

lags(p) Z(t) 5% Critical value p-value 

3 −3.640 −3.494 0.0266 

H0=Variable contains a unit root  
To reject the null hypothesis the p-value needs to be smaller than p=0.05 
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Conclusion 

The ‘Cut Down’ series contained some quarters which were not serially correlated. In addition, the 

residual errors had a non-normal distribution around zero and a non-constant variance. Furthermore, 

the histograms were skewed to the left, however there were no outliers, and there is no evidence of the 

series containing a unit root process. As a result, this series will be modelled using an ARIMA prediction 

procedure to produce forecasted values for quarters 61 to 64. The ARIMA model was developed using 

the Box-Jenkins approach to model an ARIMA (p, d, q) process (Box 5.3). The steps involved in 

ARIMA model development for the ‘Cut Down’ series are identical to those in the complete series, and 

can be found in Appendix Y. Two competing forecasts were developed for the ‘Cut Down’ series, 

following model identification, model estimation and model diagnostic checking. 

Diebold-Mariano Forecast Comparison Test 

The forecast accuracy of the chosen models for the ‘Cut Down’ series is also tested using the Diebold-

Mariano forecast comparison test (Table 6.13). This test, which compares the accuracy of forecasts for 

the ARIMA(1,0,0) and ARIMA(0,0,2) models, has an S(1) measure of 0.6026 (p=0.5468). Therefore, 

based on these results, the hypothesis of equal forecast accuracy for each model cannot be rejected.  

Table 6.13  Diebold-Mariano Forecast Comparison Test Quarters 1–60 

Diebold-Mariano forecast comparison test for Immunisation Coverage Q1-60 

Competing forecasts:  arima100dy versus arima002dy 

Criterion: MSE over 60 observations 

Maxlag = 10 chosen by Schwert criterion Kernel: uniform 

Series MSE (Mean Squared Error) 

arima100dy 0.4615 

arima002dy 0.4559 

Difference 0.005586 

S(1)* = 0.6026  p-value = 0.5468 

H0: Forecast accuracy is equal. 

To reject the null hypothesis the p-value needs to be smaller than p=0.05 

*The S(1) measure calculated in the Diebold-Mariano test, is produced by an algorithm that calculates the mean difference between the loss 

criteria of zero difference between prediction and the original series for the arima100dy and the arimar101dy prediction, using an estimate of 
the variance of the difference series.
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The Diebold-Mariano result of equal forecast accuracy, along with the Bartlett’s and the Portmanteau 

test results (Appendix Y, Table Y.3) show there is little difference in the way each model deals with 

the residual error and autocorrelation. This means the rationale to determine which model best fits the 

first 60 quarters of the immunisation coverage data will be outside of the formal statistical tests that 

have been undertaken in Appendix Y in this thesis. The Box-Jenkins approach to model development 

supports the principle of parsimony (Box & Jenkins, 1970), hence the model of choice to predict 

immunisation coverage for the first 60 quarters of the original series is the ARIMA(1,0,0) model using 

dynamic forecasts (arima100dy), such that, 

Ŷ𝑡 = 𝛽 −  𝜃1et−1 + 𝜀𝑡 

where 𝛽 is a baseline coefficient,  𝜃1 is the beta coefficient for the slope (trend), et−1 represents the 

amount of correlation that is present in the slope coefficient and 𝜀𝑡 is random residual error. 

The development of an ARIMA(1,0,0) prediction model from the immunisation coverage ‘Cut Down’ 

series provides the opportunity to merge four ex-ante forecast values onto the first 60 quarters of the 

original series. This produces a Series 3 dataset (Table 6.1, Chapter 6.1.1), so that the effects of the 

removal of the OBP, when the ‘No Jab No 

 

The effects of the ‘No Jab No Pay’ policy on the third segment trendline was described in Chapter 5.4. 

This policy, which linked a parent’s welfare payments to a child’s immunisation coverage status was 

associated with an immediate and rapid increase in immunisation in the last four quarters of the series. 

As a result, it is difficult to determine if the reduction in immunisation coverage that was evident 

following the removal of the GP incentive in the 54th quarter persisted across the rest of the quarters in 

the series. To address this, the quarters associated with the ‘No Jab No Pay’ policy were removed and 

replaced with four quarters which were forecasted using a model developed from the first 60 quarters 

of the series. This procedure was described in Chapter 5.5.4, under Data Analysis, and in Figure 5.3. 

There is evidence of a significant drop in immunisation coverage in the quarters following the removal 

of the OBP, in May 2013. The trendline in the third segment had a steeper positive gradient compared 

with the trendlines in earlier segments, yet it did not attain the immunisation coverage level that was 

found in the earlier segments (Figure 6.13). This indicates that, although there was a recovery after the 

initial drop following incentive removal, the effects of the ‘shock’ persisted over time, where the level 

in trend in Segment 3 remained well below the levels when the OBP was in place. 
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Figure 6.13  Forecasted Series 
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In this section, the influence of the small cells is visualised using plots of the original data and plots of 

data which contain only large postcode cells65. To do this, a ‘large cell’ series, which contains only data 

that has postcode population size (i.e., denominator) greater than nine, is developed. This series 

represents what the series would look like if all postcodes that had a population of 10 children or less 

were either removed from the series or suppressed . A ‘weighted’ series is 

also developed in this section. In this ‘weighted’ series, weights are applied to the Percent_Fully (i.e., 

proportion of children fully immunised) variable to diminish the effects of small cells on the regression 

estimates. of the weighted series, the original series and the 

large cell series, so the rudimentary differences between each series can be ascertained. 

The small cell distribution for the postcode areas in Milestone 1 can be visualised in the histograms 

found in Appendix Z. The extent of influence of the small cells on the immunisation coverage lineplots 

can be visualised in the original and suppressed cell lineplots, found in Figure 6.14 and Figure 6.15. 

The inclusion of small cells into the immunisation coverage series produces a plot with a similar trend 

and irregular component compared to the series with the small cells removed

 

 

 

 

 

 

 

 

 

                                                      
65 Large postcode cells refers to postcodes in the series which have a population size of 10 children or greater. 



   

175 

Figure 6.14  Comparison of Large Cell Series* and Original Series

*Large Cell Series = Series with small postcode cells (<10) removed, also referred to as Suppressed Series 
#Original Series = Complete Series with all Postcodes Included 
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Figure 6.15  Comparison of Lineplots and Trendlines of Large Cell Series* and Original Series#

*Large Cell Series = Series with small postcode cells (<10) removed, also referred to as Suppressed Series 
#Original Series = Complete Series with all Postcodes Included 
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The aim of the weighting procedure is to reduce the over-representation of immunisation coverage from 

the small postcode areas on the overall series trend, and reduce the impact of small cell bias on the 

regression results. To do this, a weight is calculated for each postcode cell to adjust the number of 

immunisation coverage observations per postcode to the population of children per postcode. The 

estimated weighting coefficient for the small cells is calculated by dividing the child population 

proportion per postcode (of postcodes with a population of less than 10 children) by the proportion of 

postcodes in the series with immunisation outcome data that have a population of nine children or less 

(Box 6.2). The weighting coefficient for the large cells is calculated by dividing the child population 

proportion per postcode (of postcodes with a population of 10 children or greater) by the proportion of 

postcodes in the series with immunisation outcome data that have a population of 10 children or greater 

(Box 6.2). The small cell coefficient is reported as an estimated weighting coefficient, due to the 

suppression of small cells in postcodes with a denominator less than 10. As previously described, an a 

priori decision was made to impute the suppressed Fully immunised cells with a value of one fully 

immunised child. This imputed value may not be a true reflection of the child population size of that 

postcode in a particular quarter, as it provides an estimated population size rather than a true population 

size of the small cells in the series. The application of the small cell weight versus the large cell weight 

is conditional on the size of the Numpost cell (i.e., number of children in a postcode). The default weight 

is equal to 1. 

Box 6.2  Weighting Coefficient Models 

 

 

 

 

 

 

The national immunisation coverage data tabulated in Appendix U, Table U.2, provided the necessary 

fields (i.e., number of children in a postcode; number of postcodes; number of quarters) to undertake 

calculations for the weighting coefficients which are found in Table 6.14 below. 

 

𝑊𝑒𝑖𝑔ℎ𝑡𝑖𝑛𝑔 𝐶𝑜𝑒𝑓𝑓 𝑆𝑚𝑎𝑙𝑙 𝐶𝑒𝑙𝑙𝑠 =

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑃𝑜𝑠𝑡𝑜𝑑𝑒 𝑆𝑖𝑧𝑒𝑠 (𝑆𝑖𝑧𝑒 < 10)
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑃𝑜𝑠𝑡𝑐𝑜𝑑𝑒 𝑆𝑖𝑧𝑒𝑠 𝑖𝑛 𝑆𝑒𝑟𝑖𝑒𝑠

 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑃𝑜𝑠𝑡𝑐𝑜𝑑𝑒𝑠 𝑅𝑒𝑝𝑜𝑟𝑡𝑖𝑛𝑔 𝐼𝑚𝑚𝑢𝑛𝑖𝑠𝑎𝑡𝑖𝑜𝑛   (𝑆𝑖𝑧𝑒 < 10)
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑃𝑜𝑠𝑡𝑐𝑜𝑑𝑒𝑠 𝑅𝑒𝑝𝑜𝑟𝑡𝑖𝑛𝑔 𝐼𝑚𝑚𝑢𝑛𝑖𝑠𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑆𝑒𝑟𝑖𝑒𝑠 

 

 

 

 

𝑊𝑒𝑖𝑔ℎ𝑡𝑖𝑛𝑔 𝐶𝑜𝑒𝑓𝑓 𝐿𝑎𝑟𝑔𝑒 𝐶𝑒𝑙𝑙𝑠 =

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑃𝑜𝑠𝑡𝑜𝑑𝑒 𝑆𝑖𝑧𝑒𝑠 (𝑆𝑖𝑧𝑒 ≥ 10)
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑃𝑜𝑠𝑡𝑐𝑜𝑑𝑒 𝑆𝑖𝑧𝑒𝑠 𝑖𝑛 𝑆𝑒𝑟𝑖𝑒𝑠

 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑃𝑜𝑠𝑡𝑐𝑜𝑑𝑒𝑠 𝑅𝑒𝑝𝑜𝑟𝑡𝑖𝑛𝑔 𝐼𝑚𝑚𝑢𝑛𝑖𝑠𝑎𝑡𝑖𝑜𝑛   (𝑆𝑖𝑧𝑒 ≥ 10)
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑃𝑜𝑠𝑡𝑐𝑜𝑑𝑒𝑠 𝑅𝑒𝑝𝑜𝑟𝑡𝑖𝑛𝑔 𝐼𝑚𝑚𝑢𝑛𝑖𝑠𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑆𝑒𝑟𝑖𝑒𝑠 
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Table 6.14  Weighting Procedure National Series 

Weighting 

Procedure 

Postcode 

Cell Size 

Number 

of 

Children 

Proportion of Small 

vs. Large Postcode 

Population 

Number of 

Postcodes 

Reporting on 

Immunisation  

Completion 

Proportion of 

Small vs. Large 

Postcodes Reporting 

on Immunisation 

Completion 

Weighting 

Coefficients 

Small 

Cells 

Postcodes 

with <10 

children 

78,934 
78,934 

/4,307,893 
0.0257 70,632 

70,632/ 

153,350 
0.4606 

0.0257/

0.4781 
0.0398 

Large 

Cells 

Postcodes 

with ≥ 10 

children 

4,228,959 
4,228,959 

/4,307,893 
0.9743 82,718 

82,718/ 

153,350 
0.5394 

0.9743/

0.5214 
1.8199 

Total 
All 

Postcodes 
4,307,893  1.0000 153,350  1.0000   

 

Data Anomaly–Weighted Series 

Following the application of weighting coefficients to the national data, the weighted series was 

compared with the original series. Visual examination of the two series showed a comparable trend and 

irregular component in all quarters of the series, other than in Quarter 48 (31st December 2011) (Figure 

16.6). The figure clearly shows that the application of the weighting coefficients produced a significant 

outlier at Quarter 48. Here the Percent_fully value dropped six percentage points, from a value of 92.10 

percent at Quarter 47, to a Percent_fully value of 85.69 percent at Quarter 48. This was followed by an 

immediate rise in immunisation coverage of up to 92.97 percent in the subsequent quarter (Quarter 49). 

This is clearly an anomaly that was produced by the weighting procedure, as the outlier was not 

expressed in any of the other national data series. Interestingly, the outlier was expressed at the same 

time point as a policy change which included the removal of a bonus payment to GPs for vaccinations 

delivered by a practice nurse (detailed in Chapter 4.6.3). As this outlier was only evident after the 

application of the small cell weighting procedure, it is worthy of further investigation once the weighted 

series has been stratified for SEIFA and geography, as this will expose any associations between the 

outlier and certain postcode areas. 

For the purposes of the analysis of the national weighted series, two series will be developed. One series, 

the ‘Weighted Series’ will contain the outlier and the other series the ‘Weighted Outlier Removed 

Series’ will contain an imputed Percent_fully value of 92.54 percent, which represents the mean of the 

data points either side of the outlier. The line plot and regression trendlines for the Weighted Series and 

the Weighted Outlier Removed Series are found in Figure 6.17 and 16.18. As this outlier was expressed 

only in the weighted series and is clearly an anomaly that impacts significantly on the regression lines 

(that warrants addressing), the regression result for both series will be presented in the body of the 

thesis. 
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Figure 6.16  Comparison of Original & Weighted Series 
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Figure 6.17  Lineplots of Weighted Series and Weighted Series with Outlier Removed 
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Figure 6.18  Lineplot and Trendline of Weighted Series and Weighted Series Outlier Removed
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Summary 

Preliminary analysis of the original data was undertaken so the inherent properties of the series and the 

constraints associated with the policy landscape across the period of investigation are addressed. This 

preliminary work resulted in the development of a number of data series (Table 6.1, Chapter 6.1.1), so 

that the data and policy confounding issues which were described in the section above are controlled 

for. The use of multiple data sets in the analysis provides an opportunity to test the robustness of the 

results for the original series against the results from the modelled, forecasted and weighted series. From 

this point on, the chapter delivers the parameter estimates and counterfactual estimations that have been 

derived from the segmented regression modelling procedures. 

 

 

In this section, the results of the ITS segmented regression analysis are presented. The analysis was 

conducted using four different datasets (Table 6.1, Chapter 6.1.1) to test the robustness of the ITS 

results, to address the various issues with the data series, which include scedasticity, the presence of 

small cells and the coverage changes associated with the ‘No Jab No Pay’ policy. An additional dataset 

was included in this section of the analysis. This dataset included data from the weighted series 

containing an imputed mean value at the 48th quarter following the removal of an extreme outlier at 

that time point. 

The results of the segmented regression analysis are reported in the following way: firstly, the changes 

in level and trend following removal of the incentives for each series are briefly described, tabulated 

and presented below; then, the segmented regression estimates are compared across each series to 

determine the validity and accuracy of each regression result; following this, the original dataset will 

be used to calculate a counterfactual value, where estimates of immunisation coverage following 

removal of each incentive is compared with immunisation coverage estimated using baseline level and 

trend values for each segment. Calculation of the counterfactual value provides immunisation coverage 

estimates with the assumption that incentives were still in place (i.e., not removed). The methodology 

for the counterfactual procedure is described in Chapter 5.8. 
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Series 1 Original series Quarters 1–64 

The parameter estimates for the segmented regression of the original series are graphically represented 

in the trendlines and lineplots for the series found in Figure 6.1. The baseline estimate, the change in 

level and trend following removal of the SIP and OBP, and the level at the end of the series are presented 

in Table 6.15 below. 

Table 6.15  Original Series-Parameter Estimates for Change in Level and Trend 

Series 1 Original Series Quarters 1–64 Coefficient 
Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝛽0 Level at Q=0 Intercept at beginning of Segment 1 89.950 0.232 388.43 0.000 89.4846 - 90.4149 

𝛽2 Change in level (intercept) after SIP removal  

      (Q36-54) 
−0.047 0.376 −0.13 0.900 −0.8019 - 0.7073 

𝛽3 Change in slope (trend) after SIP removal 

    (Q36-54) 
−0.015 0.030 −0.49 0.627 −0.0755 - 0.0459 

𝛽4 Change in level (intercept) level after OBP removal 

    (Q55-64) 
−1.889 0.487 −3.88 0.001 −2.8921 - 0.8871 

𝛽5 Change in slope (trend) after OBP removal 

    (Q55-64) 
0.464 0.076 6.12 0.000 0.3076 - 0.6195 

𝛽12 Level at Q=64 Intercept at the end of Segment 3 93.416 0.480 194.57 0.000 92.3084 - 94.5227 

 

H0: No difference in immunisation coverage after removal of incentive 

Coefficients insignificant at the 0.05 probability level 

Table 6.16 shows that the coefficients for the change in level and trend (slope) after removal of the SIP 

incentive are negative, small and insignificant at the 0.05 percent probability level. There is a 1.889 

percentage point (p=0.001) decrease in the level of immunisation coverage immediately after removal 

of the OBP incentive. Even though immunisation coverage dropped after the outcomes payment ceased, 

the overall change in trend across the segments prior to and after OBP removal is positive 0.464 

(p=0.000). The positive change in trend could be due to a combination of reversion to the mean, where 

immunisation coverage reverts towards the mean after a ‘shock’, and the inflationary effects of the ‘No 

Jab No Pay policy. As the data has not been transformed to control for heteroscedasticity, the segment 

estimates may potentially yield an overestimation of effects.  

Table 6.16 provides baseline coefficients and change estimates for the removal of the SIP and OBP 

incentives, yet the piecewise regression produces multiple coefficients (12 in total), which also include 

estimates of the slope and levels for each segment. All of the coefficients that were produced by the 

piecewise regression are found in Table AA.1 of Appendix AA. 
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Series 2 Modelled Series  

The parameter estimates for the segmented regression of the modelled series, which contain 64 quarters 

of original data that was transformed using an ARIMA100dy model, is graphically represented in the 

trendlines and lineplots for the series found in Figure 6.8. The baseline estimate, the change in level and 

trend following removal of the SIP and OBP and the level at the end of the series are presented in Table 

6.16 below. 

Table 6.16  Modelled Series-Parameter Estimates for Change in Level and Trend 

Series 2 Modelled Series Quarters 1–64 Coefficient 
Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝛽0 Level at Q=0 Intercept at beginning of Segment 1 90.229 0.155 583.70 0.000 89.9186 - 90.5396 

𝛽2 Change in level (intercept) after SIP removal  

      (Q36-54) 
−0.009 0.251 −0.03 0.972 −0.5125 - 0.4950 

𝛽3 Change in slope (trend) after SIP removal 

     (Q36-54) 
−0.004 0.020 −0.19 0.848 −0.0444 - 0.0367 

𝛽4 Change in level (intercept) level after OBP removal 

     (Q55-64) 
−1.287 0.349 −3.69 0.001 −2.0070 - –0.5680 

𝛽5 Change in slope (trend) after OBP removal 

     (Q55-64) 
0.276 0.054 5.08 0.000 0.1640 - 0.3878 

𝛽12 Level at Q=64 Intercept at the end of Segment 3 92.247 0.371 248.35 0.000 91.3900 - 93.1031 

 

H0: No difference in immunisation coverage after removal of incentive 

Coefficients insignificant at the 0.05 probability level 

The coefficient estimates for the change in level and slope, following removal of the SIP incentive in 

the modelled series, are similar to the coefficients for the original series with both being small and 

insignificant. As occurred in the original series, the modelled series had an immediate and significant 

decrease in immunisation coverage after removal of the OBP, although the magnitude of change in the 

modelled series is less than that of the original series. In this series, the modelled data provides 

regression estimates which show that the level of immunisation coverage decreases by 1.287 percentage 

points (p=0.001) in the quarter following OBP removal. Despite this decrease, there is an increase in 

overall trend of 0.276 (p=0.001) pre- and post- OBP removal. All OBP change estimates for the 

modelled series were smaller in magnitude compared with the original series. This reduction in 

magnitude is a result of the ARIMA model successfully removing the autocorrelation and unit root 

processes which were present in the original series. All of the coefficients that were produced by the 

piecewise regression for the modelled series are found in Table AA.2 of Appendix AA. 
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Series 3 Forecasted Series-Original Data Quarters 1-60 and ARIMA100dy Quarters 61–64 

The parameter estimates for the segmented regression of the forecasted series which contains 60 

quarters of original data and four quarters of forecasts (predicted using an ARIMA100dy model), is 

graphically represented in the trendlines and lineplots for the series found in Figure 6.13. The baseline 

estimate, the change in level and trend following removal of the SIP and OBP, and the level at the end 

of the series, are presented in Table 6.17, below. 

Table 6.17  Forecasted Series*-Parameter Estimates for Change in Level and Trend 

Series 3 Forecasted Series–Quarters 1–64* Coefficient 
Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝛽0 Level at Q=0 Intercept at beginning of Segment 1 89.950 0.232 388.43 0.000 89.4846 - 90.4149 

𝛽2 Change in level (intercept) after SIP removal  

      (Q36-54) 
−0.047 0.376 −0.13 0.900 −0.8019 - 0.7073 

𝛽3 Change in slope (trend) after SIP removal 

     (Q36-54) 
−0.015 0.030 −0.49 0.627 −0.0755 - 0.0459 

𝛽4 Change in level (intercept) level after OBP removal 

     (Q55-64) 
−1.257 0.385 −3.26 0.003 −2.0501 - −0.4632 

𝛽5 Change in slope (trend) after OBP removal 

     (Q55-64) 
0.082 0.060 1.37 0.184 −0.0415 - 0.2053 

𝛽12 Level at Q=64 Intercept at the end of Segment 3 90.613 0.253 358.06 0.0000 90.0298 - 91.1969 

H0: No difference in immunisation coverage after removal of incentive 

Coefficients insignificant at the 0.05 probability level 

*Forecasted Series-Quarters 1–64=Original Data Quarters 1-60 merged with Predicted Data Quarters 61-64 

The regression coefficients for estimates of change following the removal of the SIP incentive in the 

forecasted series are the same as the estimates for the original series. This is because, from the first to 

the 60th quarter, the data in the forecasted series is identical to the data in the original series. In this 

series, the last four quarters contain ex-ante predictions that were developed from the first 60 quarters 

of the original series.  

The regression estimates for the forecast series show a 1.257 percentage point (p=0.0030) decrease in 

immunisation coverage immediately following the removal of the OBP incentive. The coefficient for 

change in trend following removal of the OBP is small and insignificant (0.082, p=0.184). This indicates 

that the rebound in immunisation coverage after the initial drop following removal of the OBP that is 

evident in the other series, is not as evident in the forecasted series. The forecasted series does not 

contain any data which is associated with time period around the delivery of the ‘No Jab No Pay’ policy. 

This provides evidence that the increase in trend observed after OBP removal in Series 1 and 2 was 
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likely to be attributed to the ‘No Jab No Pay’ policy. All of the coefficients which were produced by 

the piecewise regression for the modelled series are found in Table AA.3 of Appendix AA. 

Series 4 Weighted Series Quarters 1–64 

The parameter estimates for segmented regression of the weighted series is graphically represented in 

the trendlines and lineplots for the series, found in Figure 6.17. The baseline estimate, the change in 

level and trend following removal of the SIP and OBP and the level at the end of the series are presented 

in Table 6.18, below. 

Table 6.18  Weighted Series-Parameter Estimates for Change in Level and Trend  

Series 4 Weighted Series Quarters 1–64 Coefficient 
Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝛽0 Level at Q=0 Intercept at beginning of Segment 1 89.224 0.346 257.73 0.000 88.5196 - 89.9283 

𝛽2 Change in level (intercept) after SIP removal  

      (Q36-54) 
1.385 0.696 1.99 0.052 −0.0117 - 2.7825 

𝛽3 Change in slope (trend) after SIP removal 

     (Q36-54) 
−0.104 0.056 −1.86 0.068 −0.2168 - 0.0081 

𝛽4 Change in level (intercept) level after OBP removal 

     (Q55-64) 
−0.951 1.200 −0.79 0.435 −3.4224 - 1.5202 

𝛽5 Change in slope (trend) after OBP removal 

     (Q55-64) 
0.549 0.187 2.94 0.007 0.1646 - 0.9334 

𝛽12 Level at Q=64 Intercept at the end of Segment 3 93.898 0.903 103.99 0.000 91.816 - 95.9803 

 

H0: No difference in immunisation coverage after removal of incentive 

Coefficients insignificant at the 0.05 probability level 

The coefficient estimates for a change in level, following removal of the SIP incentive, shows a 1.385 

(p=0.052) percentage point increase in immunisation coverage immediately following removal of the 

SIP incentive. This is significantly higher than the estimates found in the other series. The slope of the 

regression line decreased by 0.104 (p=0.068) following removal of the SIP. Although the change in 

slope is fairly small, this series produced an estimate that was ten times larger and one which had 

narrower confidence intervals, compared to the above series.  

A decrease in immunisation coverage of 0.951 percentage points (p=0.435) was found in the quarter 

following the removal of the OBP incentive. This weighted series estimate had a very wide confidence 

interval and was half the size of the same point estimate found in the original series. The effect of the 

outlier on the regression line would have potentially contributed to these results. To test this effect, the 

regression coefficients for the weighted series will be recalculated using data that does not contain the 

extreme outlier. This will involve calculating the mean of each value which is antecedent and 
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subsequent to the outlier so that this mean can be imputed into the data point which previously contained 

the outlier. All of the coefficients which were produced by the piecewise regression for the weighted 

series are found in Table AA.4 of Series 4 in Appendix AA. 

Series 5 Weighted Series with Outlier Removed Quarters 1–64 

The parameter estimates for segmented regression of the weighted series that has the outlier removed, 

is graphically represented in the trendlines and lineplots for the series found in Figure 6.16 and Figure 

6.17. The baseline estimate, the change in level and trend following removal of the SIP and OBP and 

the level at the end of the series are presented in Table 6.19 below. 

Table 6.19  Weighted Series–Outlier Removed Estimates for Change in Level and Trend  

Series 5 Weighted Series Outlier Removed Quarters 1–64 Coefficient 
Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝛽0 Level at Q=0 Intercept at beginning of Segment 1 89.224 0.337 264.53 0.000 88.5465 - 89.9283 

𝛽2 Change in level (intercept) after SIP removal  

      (Q36-54) 
1.421 0.547 2.60 0.012 0.3224 - 2.7825 

𝛽3 Change in slope (trend) after SIP removal 

     (Q36-54) 
−0.068 0.044 −1.55 0.127 −0.1568 - 0.0082 

𝛽4 Change in level (intercept) level after OBP removal 

     (Q55-64) 
−1.672 0.875 −1.91 0.068 −3.4749 - 1.5202 

𝛽5 Change in slope (trend) after OBP removal 

     (Q55-64) 
0.513 0.136 3.77 0.001 0.2325 - 0.9334 

𝛽12 Level at Q=64 Intercept at the end of Segment 3 93.898 0.903 103.99 0.000 91.816  - 95.9803 

The coefficient estimates for a change in level 1.421 (p=0.012) and slope -0.104 (p=0.068), following 

removal of the SIP incentive, show a similar amount of change in percentage points of immunisation 

as was found in the weighted series. Yet, the estimate for change in immunisation coverage following 

the removal of the OBP incentive was almost double the estimate that was calculated using data from 

the weighted series containing the outlier. This segment change point showed an estimated decrease in 

immunisation of 1.672 percentage points (p=0.102) at the time of OBP removal. The coefficient for 

change in trend showed that the trend increased 0.513 (p=0.001) after the OBP was removed. As 

reported previously, this increase is most likely to be due to the inflationary effects of the ‘No Jab No 

Pay Policy’. All of the coefficients which were produced by the piecewise regression for the weighted 

series that had the outlier removed are found in Table AA.5, Series 5 in Appendix AA. 
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Segmented regression analysis is undertaken on five unique data sets to empirically measure the impact 

of the cessation of two financial incentives payments, the SIP and the OBP, on immunisation coverage. 

A tabulated summary of all results is presented in Table 6.20, below.  

These data sets were tested for correlation and the presence of a unit root. All series, other than the 

forecasted series, which had the last four quarters removed, contained correlated data and a unit root 

process. This indicates that most of the correlated data and the unit root processes were contained in the 

last four quarters of the series, around the time when the ‘No Jab No Pay’ policy was in place.  

In three of the five series there is no significant change in the level of immunisation coverage following 

removal of the SIP. The series which showed a significant change in level following removal of the SIP 

were the two weighted series. All series showed a decrease in slope following removal of the SIP, 

although none of these results were significant. 

All the series showed that removal of the OBP incentives is associated with a reduction in the level of 

immunisation coverage of between 0.951 and 1.889 percentage points. The original series had the 

largest coefficient for change in level following removal of the OBP, and the change in level in the 

weighted series was not statistically significant. The smallest coefficient for level of change following 

removal of the OBP is found in the weighted series, however this coefficient almost doubled in size 

once the outlier in the weighted series was removed. All series showed an increased rate of 

immunisation coverage following removal of the OBP. This is most likely to be associated with the 

effect of the ‘No Jab No Pay’ policy on immunisation. 

These results indicate that, after the final financial incentive payment to GPs for the reporting of 

immunisation were removed, the original series produced a large and statistically significant drop in 

immunisation coverage. This effect persisted even after the data was transformed to address 

autocorrelation and the presence of small cells. After modelling the data to control for the inflationary 

effects of the ‘No Jab No Pay’ policy, the decrease in immunisation coverage appeared to persist over 

at least 11 quarters. 
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Table 6.20 Segmented Regression Results Summary 

National Paediatric Immunisation Coverage 
Correlation 

𝐻0: no serial correlation 

(5% significance) 

Unit Root 
𝐻0  : contains a unit root 

(5% significance) 

Removal of the SIP 
𝑯𝟎: β=0 

(5% significance) 

Removal of the OBP 

𝑯𝟎: β=0 

(5% significance) 

Series Quarters 
Immunisation Coverage 

Data 
Lag 4 

(Breusch-Godfrey) 

Lag 3 
(Augmented Dickey Fuller) 

𝛽2 Level Change 
 (Conf. Int.) 

p-value 

𝛽3 Slope Change 
 (Conf. Int.) 

p-value 

𝛽4 Level Change 
 (Conf. Int.) 

p-value 

𝛽5 Slope Change 
 (Conf. Int.) 

p-value 

1 1–64 Original Series Correlated 
p>chi2=0.003 

Unit Root 
p=0.130 

−0.047 
(−0.8019 - 0.7073) 

p=0.900 

−0.015 
(−0.0755 - 0.0459) 

p=0.627 

−1.889 
(−2.8918 - −0.8871) 

p=0.001 

0.464 
(0.3076 - 0.6195) 

p=0.000 

2 1–64 Modelled Series Correlated 
p>chi2=0.012 

Unit Root 
p=0.137 

−0.009 
(−0.5125 - 0.4950) 

p=0.972 

−0.004  
(−0.0444 - 0.0367) 

p=0.848 

−1.287 
(−2.0070 - −0.5680) 

p=0.001 

0.276  
 (0.1640 - 0.3878) 

p=0.000 

3 1–64 Forecasted Series Uncorrelated 
p>chi2=0.062 

No Unit Root 
p=0.027 

−0.047 
(−0.8019 - 0.7073) 

 p=0.900 

−0.015 
(−0.0755 - 0.0459) 

p=0.627 

−1.257 
(−2.0501 - −0.4632) 

 p=0.003 

0.082 
(−0.0415 - 0.2053) 

p=0.184 

4 1–64 Weighted Series Correlated 
p>chi2=0.002 

Unit Root 
p=0.492 

1.385 
(−0.0118 - 2.7825) 

p=0.052 

−0.104 
(−0.2168 - 0.0082) 

p=0.068 

−0.951 
(−3.4224 - 1.5202) 

p=0.435 

0.549 
(0.1646 - 0.9334) 

p=0.007 

5 1–64 
Weighted Series 

Outlier Removed 
Correlated 
p>chi2=0.000 

Unit Root 
p=0.312 

1.421 
(0.3224 - 2.7825) 

p=0.012 

−0.068 
(−0.1568 - 0.0082) 

p=0.127 

−1.672 
(−3.4749 - 1.5202) 

 p=0.068 

0.513 
(0.2325 - 0.9334) 

p=0.001 
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As described in Chapter 5.7.4, the analysis includes the prediction of a counterfactual. It comprises the 

comparison of trend and level outcome estimates following incentive removal, with the predicted trend 

and level outcome estimates that are based on the estimates calculated prior to incentive removal. The 

effect of incentive removal is expressed as: (i) the absolute difference between the predicted outcome 

(based on the removal of the incentive) and the counterfactual value; and (ii) the ratio of the predicted 

to the counterfactual value that is expressed as a percentage increase or decrease. The estimation of the 

counterfactual outcome is based on what would have happened across the series had the policy to cease 

the SIP and OBP incentives not occurred. 

Marginal effects of the removal of the SIP and the OBP are calculated using the parameters of the 

segmented regression model, Model (2). Estimation of the counterfactual uses estimates that have been 

calculated for the first 60 quarters of the original series, the ‘Cut Down’ series. These estimates are 

found in Table AA.6, Appendix AA, and in the coefficient table below (Table 6.21). The reason why 

extrapolation procedure use Model (2) to model the data (the first 60 quarters) is to avoid the 

confounding effects of the ‘No Jab No Pay’ policy. 

 γ̂60(incentive removed) = 𝛽0̂ + 𝛽1̂ ∗ 35 + 𝛽2̂ ∗ 1 + 𝛽8 ̂ ∗ 19 +  𝛽4 ´̂ ∗  1 + 𝛽11´̂ ∗  10            (2)  

where 𝛽0̂ denotes baseline, 𝛽1̂ denotes the trend before removal of the SIP, 𝛽2̂ denotes the change in 

level after removal of the SIP, 𝛽8̂ denotes the trend before removal of the OBP, 𝛽4´̂ denotes the change 

in level after removal of the OBP, 𝛽11´̂  denotes the trend after removal of the OBP (Table 5.4, Table 

6.21 & Figure 6.19). Note: 𝛽4̂´ and 𝛽11̂´ in Model 2, the ‘Cut Down’ series (Quarters 1-60), do not have 

the same magnitude as the 𝛽4̂ and 𝛽11̂ for the original series (Quarters 1–64). The coefficients from the 

‘Cut Down’ series model are annotated with an apostrophe to differentiate them from the same 

coefficients in the model for the original series. 

The coefficients, which are in Table 6.21, are used to calculate immunisation coverage for the 

counterfactual. The methodology for extrapolation of the counterfactual estimations has previously 

been detailed, in Chapters 5.8.3 to 5.8.5.
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Table 6.21  Parameter Estimates for ‘Cut Down’ Series and Counterfactual Model Quarters 1-60 

Segment Incentive 

Intercept 1 Intercept 2 Quarter 60 Trend 

Quarter 
β 

Coefficient 
Quarter 

β 

Coefficient 
Quarter 

β 

Coefficient 
Quarters 

β 

Coefficient 

Segment 

1 

SIP & OBP in Place 1 𝛽0̂ 
89.950 

        1–35 𝛽1̂ 
0.026 

SIP & OBP in Place 35 𝛽6̂ 
90.875 

 

  
      1–35 𝛽1̂ 

0.026 

Intersect 
Change in Level 

Segment 1 & Segment 2 
35 𝛽2̂ 

-0.047 
36           

Segment 

2 

SIP Removed 36 𝛽7̂ 
90.828 

54 𝛽9̂ 
91.035 

    36-54 𝛽8̂ 
0.011 

SIP Continues  

‘Counterfactual’ 
36 𝛽13̂ 

90.875 
54 𝛽14̂ 

91.369 
    36-54 𝛽1̂ 

0.026 

Intersect 
Change in Level 

Segment 2 & Segment 3 
    54 𝛽4̂´ 

-1.629 
55       

Segment 

3 

SIP & OBP Removed 36 𝛽7̂ 
90.828 

55 𝛽10̂´ 
89.406 

60 𝛽16̂ 
90.802 

55–60 𝛽11̂´ 
0.279 

OBP Continues  

‘OBP Counterfactual’ 
36 𝛽7̂ 

90.828 
55 𝛽15̂ 

91.035 
60 𝛽17̂ 

91.101 
55–60 𝛽8̂ 

0.011 

SIP & OBP Continues 

‘SIP & OBP’ Counterfactual 
36 𝛽13̂ 

90.875 
55 𝛽14̂ 

91.369 
60 𝛽18̂ 

91.510 
55–60 𝛽1̂ 

0.026 

Figure 6.19  Parameter Estimates for ‘Cut Down’ series and Counterfactual Model Quarters 1-60 
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The counterfactual effects of the removal of the SIP incentive are calculated using coefficients which 

have been derived from the regression model (Model 2), to produce estimations of immunisation 

coverage from the 36th to the 54th quarter of the series. Model 2, which models the first 60 quarters of 

the original series (the ‘Cut Down’ series) is used to calculate the counterfactual, so that the four last 

quarters of the original series, which are associated with the ‘No Jab No Pay’ policy, are removed. 

γ̂60(incentive removed) = 𝛽0̂ +  𝛽1̂ ∗ 35 + 𝛽2̂ ∗ 1 + 𝛽8 ̂ ∗ 19 +  𝛽4 ´̂ ∗  1 + 𝛽11´̂ ∗  6            (2) 

Below are the equations which are used to calculate the counterfactual. Model 3 models immunisation 

coverage from 36th to the 54th quarter. Included in this model are the effects of the removal of the SIP. 

Model 4 fits the regression of the counterfactual and models what would have happened, had the SIP 

not been removed across the same period of time, 

γ̂𝑞(incentive removed) = 𝛽7̂ + 𝛽8 ̂ ∗ 19 , where q = 36 − 54            (3) 

γ̂𝑞(incentive continued) = 𝛽6̂ +  𝛽1̂ ∗ 19, where q = 36 − 54            (4) 

where 𝛽7̂ denotes the level of immunisation coverage immediately after the SIP was removed, 𝛽8̂ 

denotes the trend after the SIP was removed, 𝛽6̂ denotes the level of immunisation coverage 

immediately before removal of the SIP, 𝛽1̂ denotes the trend before removal of the SIP (Table 5.4, Table 

6.21 & Figure 6.19). 

SIP Removed 

γ̂𝑞(incentive removed) = 𝛽7̂ + 𝛽8 ̂ ∗ 19, where q = 36 − 54            (3) 

γ̂𝑞(incentive removed) = 90.828 + 0.011 ∗ 19 

γ̂q(incentive removed) = 91.037 

 

SIP Continued–The Counterfactual 

γ̂𝑞(incentive continued) = 𝛽6̂ +  𝛽1̂ ∗ 19, where q = 36 − 54            (4) 

γ̂𝑞(incentive continued) = 90.875 +  0.026 ∗ 19 

γ̂𝑞(incentive continued) = 91.369 
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Absolute Effect  

The difference between the equation in Model 3 and the equation in Model 4,  

 γ̂𝑞(incentive removed) −  γ̂𝑞(incentive continued)  = 𝛽7̂  +  𝛽8̂ ∗ 19 −  𝛽6̂ − 𝛽1 ̂ ∗ 19, where q = 36 – 54 

estimates the absolute effect of the removal of the SIP on immunisation coverage. 

γ̂𝑞(incentive removed) − γ̂𝑞(incentive continued) = 90.828 + 0.011 ∗ 19 − 90.875 − 0.026 ∗ 19 

γ̂𝑞(incentive removed) −  γ̂𝑞(incentive continued) =  −0.332 (CI: −1.0670 – 0.4030) 

 

Relative Difference 

The relative difference in the outcome associated with the removal of the SIP is expressed as a 

percentage by multiplying by 100; 

γ̂𝑞(incentive removed) − γ̂𝑞(incentive continued)/  γ̂𝑞(incentive continued) *100, where q = 36 – 54 

=  
 𝛽7̂ + 𝛽8 ̂ ∗ 19 − 𝛽6̂ − 𝛽1 ̂ ∗ 19

 𝛽6̂ +  𝛽1̂ ∗ 19  
∗ 100 

=  
90.828 + 0.011 ∗ 19 − 90.875 − 0.026 ∗ 19

 90.875 + 0.494
∗ 100 

=  
−0.332

 91.369
∗ 100 

=  −𝟎. 𝟑𝟔𝟑% 

 

Absolute and Relative Effects 

The absolute effect of the removal of the SIP incentive resulted in a 0.332 reduction in immunisation 

coverage, and a relative decrease in immunisation coverage of 0.363 percent from the beginning of the 

36th quarter to the end of the 54th quarter. This result also shows that if the SIP incentive had continued 

there would have been a 0.363 percent increase in immunisation coverage. 
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Number of Missed Immunisation Completions 

To estimate the number of children who have missed out on immunisation completion following the 

removal of the SIP incentive, the effect of the removal of the SIP between the 36th and 54th quarter is 

multiplied by the number of children reported as fully immunised across the same period of time. 

∑ �̂�𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒𝑑

54

𝑡=36

 = (1 + 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒/100) ∗  𝑋𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑟𝑒𝑚𝑜𝑣𝑒𝑑  

∑ �̂�𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒𝑑

54

𝑡=36

 = (1 + 0.00363)  ∗  𝑋𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑟𝑒𝑚𝑜𝑣𝑒𝑑  

∑ �̂�𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒𝑑

54

𝑡=36

 = (1.00363) ∗ 1,250,908 

∑ �̂�𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒𝑑

54

𝑡=36

 = 1,255,449 

where the relative difference was calculated using counterfactual calculations for absolute and relative 

effect, and  𝑋𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑟𝑒𝑚𝑜𝑣𝑒𝑑  is determined by undertaking a summation of the number of children 

recorded as fully immunised for Milestone 1 per postcode from Quarters 36 to 54 (Appendix BB, Table 

BB.1). 

The estimated number of missed immunisation completions lost due to SIP removal  

= �̂�𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒𝑑–  𝑋𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑟𝑒𝑚𝑜𝑣𝑒𝑑  

=1,255,449 – 1,250,908 

= 4,541  

 

Results 

The estimation of the SIP counterfactual indicates that, had the SIP incentive not been removed, an 

additional 4,541 children would have been reported as being fully immunised between 1 October 2008 

and 1 October 2013. Between 1 January 2000 and 1 October 2013, 3,249,733 Australian children were 

reported as being fully immunised for Milestone 1 vaccinations. Based on the Milestone 1 immunisation 

data and the counterfactual estimate, which predicted an additional 4,541 children would have been 

fully immunised had the SIP incentive not been removed, there would have been an overall increase in 

the number of children immunised of 0.140 percent had the incentive continued. 
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The counterfactual effects of the removal of the OPB are calculated using coefficients that have been 

derived from the regression of the first 60 quarters of the original series, (Model 2) to produce 

estimations of immunisation coverage from the 54th to the 60th quarter of the series.  

 

γ̂60(incentive removed) = 𝛽0̂ +  𝛽1̂ ∗ 35 + 𝛽2̂ ∗ 1 + 𝛽8 ̂ ∗ 19 +  𝛽4 ´̂ ∗  1 + 𝛽11´̂ ∗  6            (2) 

 

Model 5 models the effects of the removal of the OBP, and Model 6 models what would have happened 

had the OBP not been removed, 

γ̂𝑞(incentive removed) =  𝛽10´̂  +  𝛽11´̂ ∗  6, where q = 54 – 60            (5) 

γ̂𝑞(incentive continued) =  𝛽9̂ + 𝛽8̂ ∗ 6, where q = 54 – 60            (6) 

where 𝛽
10

´̂  denotes the level of immunisation coverage immediately after the OBP was removed, 𝛽11̂´ 

denotes the trend after removal of the OBP, 𝛽9
̂= 𝛽15

̂  denotes the level of immunisation coverage 

immediately before removal of the OBP, and 𝛽8
̂ denotes the trend before removal of the OBP (Table 

5.4, Table 6.21 & Figure 6.19). 

 

OBP Removed 

γ̂𝑞(incentive removed) =  𝛽10´̂  +  𝛽11´̂ ∗  6, where q = 54 – 60            (5) 

γ̂𝑞(incentive removed) = 89.406 + 0.279 ∗ 6 

γ̂54−60(incentive removed) = 91.080 

 

 

OBP Continued -The Counterfactual 

γ̂𝑞(incentive continued) =  𝛽9̂ + 𝛽8̂ ∗ 6, where q = 54 – 60            (6) 

γ̂𝑞(incentive continued) = 91.035 +  0.011 ∗ 6 

γ̂𝑞(incentive continued) = 91.101 



   

196 

Absolute Effect 

The difference between the equation in Model 5 and the equation in Model 6,  

γ̂𝑞(incentive  removed) − γ̂𝑞(incentive continued) = 𝛽10´̂  + 𝛽11´̂ ∗  6 − 𝛽9̂ −  𝛽8 ̂ ∗ 6, where q = 54 − 60  

estimates the absolute effect of the removal of the OBP on immunisation coverage. 

γ̂ q(incentive removed) − γ̂ q(incentive continued) = 89.406 + 0.279 ∗ 6 − 91.035 − 0.011 ∗ 6 

γ̂ 𝑞(incentive removed)− γ̂ 𝑞(incentive continued) = −0.021 (CI: −0.7874 - 0.7454) 

 

Relative Difference 

The relative change in outcome associated with the removal of the OBP in the equation below is 

expressed as a percentage change by multiplying by 100; 

γ̂𝑞(incentive removed) − γ̂𝑞(incentive continued)/  γ̂𝑞(incentive continued) *100, where q = 54 − 60 

=  
 𝛽10̂´ + 𝛽11´̂ ∗ 6 −  𝛽9 ´̂ − 𝛽8̂ ∗ 6

 𝛽9̂ +  𝛽8̂ ∗ 6     
∗ 100 

=  
89.406 + 0.279 ∗ 6 − 91.035 − 0.011 ∗ 6

91.035 +  0.011 ∗ 6
∗ 100 

=  
−0.021

 91.101
∗ 100 

= −0.023% 

Absolute and Relative Effects 

The absolute effect of the removal of the OBP incentive resulted in a 0.021 reduction in immunisation 

coverage, and a relative decrease in immunisation coverage of 0.023 percent from the end of the 54th 

quarter to the end of the 60th quarter. This result also shows that if the OBP incentive continued there 

would have been a 0.023 percent increase in immunisation coverage. 
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Number of Missed Immunisation Completions 

To estimate the number of children who have missed out on immunisation completion following the 

removal of the OBP incentive, the effect of the removal of the OBP is multiplied by the actual number 

of children reported as fully immunised. 

∑ �̂�𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒𝑑

60

𝑡=54

 = (1 + 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒/100) ∗  𝑋𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑟𝑒𝑚𝑜𝑣𝑒𝑑  

∑ �̂�𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒𝑑

60

𝑡=54

 = (1.00023)  ∗  𝑋𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑟𝑒𝑚𝑜𝑣𝑒𝑑  

∑ �̂�𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒𝑑

60

𝑡=54

 = (1.00023) ∗ 410,099 

∑ �̂�𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒𝑑

60

𝑡=54

 =  410,193 

where the relative difference was calculated using counterfactual calculations (section above) and 

 𝑋𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑟𝑒𝑚𝑜𝑣𝑒𝑑  was determined by undertaking a summation of the number of children recorded as 

fully immunised for Milestone 1 per postcode from the end of the 54th quarter to the end of the 60th 

quarter (Appendix BB, Table BB.1). 

The estimated number of missed immunisation completions lost due to OBP removal  

= �̂�𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒𝑑– 𝑋𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑟𝑒𝑚𝑜𝑣𝑒𝑑 

= 419,552–410,099 

= 94 

 

Results 

The estimation of the OBP counterfactual indicates that, had the OBP incentive not been removed, an 

additional 94 children would have been reported as being fully immunised between 1 October 2013 and 

1 January 2015. Between 1 October 2008 and 1 January 2015, 1,661,007 Australian children were 

reported as being fully immunised for Milestone 1 vaccinations. Based on the Milestone 1 immunisation 

data and the counterfactual estimate, which predicted an additional 94 children would have been fully 

immunised had the OBP incentive not been removed, there would have been an overall increase in the 

number of children immunised of 0.006 percent had the incentive continued. 
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The counterfactual effects of the removal of the SIP and OBP incentive were calculated using 

coefficients which have been derived from the regression model (Model 2) to produce estimations of 

immunisation coverage data from the 36th to the 60th quarter of the series.  

γ̂60(incentive removed) = 𝛽0̂ +  𝛽1̂ ∗ 35 + 𝛽2̂ ∗ 1 + 𝛽8 ̂ ∗ 19 +  𝛽4 ´̂ ∗  1 + 𝛽11´̂ ∗  6            (2) 

Model 7 models the effects of the removal of the SIP and OBP and Model 8 models what would have 

happened had the SIP and OBP not been removed, 

γ̂𝑞(incentive removed) =  𝛽7̂ + 𝛽8̂ ∗ 19 +  𝛽4 ´̂ ∗  1 + 𝛽11´̂ ∗  6, where q = 36 – 60            (7) 

γ̂𝑞(incentive continued) =  𝛽6̂ + 𝛽1 ̂ ∗ 25, where q = 36 – 60            (8) 

where 𝛽
7

̂ denotes the level of immunisation coverage immediately after the SIP was removed, 𝛽
8

̂ 

denotes the trend after SIP removal,  𝛽4̂´ denotes the change in level after removal of the OBP, 𝛽11̂´ 

denotes the trend after removal of the OBP, 𝛽
6

̂ denotes the level of immunisation coverage immediately 

before removal of the SIP, and 𝛽1
̂ denotes the trend before removal of the SIP (Table 5.4, Table 6.21 

& Figure 6.19). 

 

SIP and OBP Removed 

γ̂𝑞(incentive removed) =  𝛽7̂ + 𝛽8̂ ∗ 19 +  𝛽4 ´̂ ∗  1 + 𝛽11´̂ ∗  6, where q = 36 – 60            (7) 

γ̂36−60(incentive removed) = 90.828 +  0.011 ∗ 19 + (−1.629 ∗ 1) + 0.279 ∗ 6 

γ̂36−60(incentive removed) = 91.082 

 

SIP and OBP Continued -The Counterfactual 

γ̂𝑞(incentive continued) =  𝛽6̂ + 𝛽1 ̂ ∗ 25, where q = 36 – 60            (8) 

γ̂36−60(incentive continued) = 90.875 +  0.026 ∗ 25 

γ̂36−60(incentive continued) = 91.525 
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Absolute Effect 

The difference between the equation in Model 7 and the equation in Model 8,  

γ̂𝑞(incentive  removed) − γ̂𝑞(incentive continued) = 𝛽7̂  + 𝛽8̂ ∗ 19 + 𝛽4 ´̂ ∗  1 +  𝛽11´̂ ∗  6 − 𝛽6 ̂ −  𝛽1 ̂ ∗ 25,  

where q = 36 – 60 estimates the absolute effect of the removal of the SIP and OBP on immunisation  

coverage. 

γ̂ 𝑞(incentive removed) − γ̂ 𝑞(incentive continued)

= 90.828 + 0.011 ∗ 19 + (−1.629) +  0.279 ∗  6 − 90.875 −  0.026 ∗ 25 

γ̂ 𝑞(incentive removed)− γ̂ 𝑞(incentive continued) =  −0.443 (CI: −0.9996 - 0.1136) 

 

Relative Difference 

The relative change in outcome associated with the removal of the SIP and OBP as in the equation 

below is expressed as a percentage change by multiplying by 100; 

γ̂𝑞(incentive removed) − γ̂𝑞(incentive continued)/  γ̂𝑞(incentive continued) *100, where q = 36 – 60 

=  
𝛽7
̂  + 𝛽8

̂ ∗ 19 + 𝛽4´̂ ∗  1 + 𝛽11´̂ ∗  6 − 𝛽6 
̂ − 𝛽1 

̂ ∗ 25

𝛽6
̂ + 𝛽1 

̂ ∗ 25    
∗ 100 

=  
90.828 + 0.011 ∗ 19 − 1.629 + 0.279 ∗ 6 − 90.875 − 0.650

90.875 + 0.026 ∗ 25
∗ 100 

=  
−0.443

 91.525
∗ 100 

= −0.484% 

Absolute and Relative Effects 

The absolute effect of the removal of the SIP and the OBP incentive resulted in a 0.443 reduction in 

immunisation coverage and a relative decrease in immunisation coverage of 0.484 percent from the 

beginning of the 36th quarter to the end of the 60th quarter. This result also shows that, if the OBP 

incentive had continued, there would have been a 0.484 percent increase in immunisation coverage. 



   

200 

Number of Missed Immunisation Completions 

To estimate the number of children who have missed out on immunisation completion following the 

removal of the SIP and the OBP incentive, the effect of the removal of the SIP and the OBP is multiplied 

by the actual number of children reported as fully immunised. 

∑ �̂�𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒𝑑

60

𝑡=36

 = (1 + 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒/100) ∗  𝑋𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑟𝑒𝑚𝑜𝑣𝑒𝑑  

∑ �̂�𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒𝑑

60

𝑡=36

 = (1.005) ∗  𝑋𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑟𝑒𝑚𝑜𝑣𝑒𝑑  

∑ �̂�𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒𝑑

60

𝑡=36

 = (1.005) ∗ 1,661,007 

∑ �̂�𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒𝑑

60

𝑡=36

 =  1,669,046 

 

where the relative difference was calculated using counterfactual calculations (section above), and 

 𝑋𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑟𝑒𝑚𝑜𝑣𝑒𝑑  was determined by undertaking a summation of the number of children recorded as 

fully immunised for Milestone 1 per postcode from Quarters 36 to 60 (Appendix BB, Table B.1). 

The estimated number of missed immunisation completions lost due to OBP removal  

= �̂�𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒𝑑–  𝑋𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑟𝑒𝑚𝑜𝑣𝑒𝑑  

= 1,669,046–1,661,007 

= 8,039 

Results 

The estimation of the SIP and OBP counterfactual indicates that, had the SIP and OBP incentive not 

been removed, an additional 8,039 children would have been reported as being fully immunised 

between 1 October 2008 and 1 January 2015. Between 1 January 2000 and 1 January 2015, 3,659,832 

Australian children were reported as being fully immunised for Milestone 1 vaccinations. Based on the 

immunisation data and the counterfactual estimate, which predicted an additional 8,039 children would 

have been fully immunised, had the OBP incentive not been removed, there would have been an overall 

increase in the number of children immunised of 0.219 percent, had the incentive continued. 
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Summary 

Table 6.22 presents a summary of the counterfactual results for the ‘Cut Down’ series. In this table, the 

absolute and relative effect of the removal of the SIP and the OBP incentives on immunisation rates for 

the first 60 quarters of the series is presented. A counterfactual estimation is also presented in the table, 

where the counterfactual outcome is based on the number of children who had ‘missed out’ on 

immunisation completion, due to the cessation of the SIP in 2008 and the OBP in 2013. 

Table 6.22 

Overview 

These counterfactual results, from the ‘Cut Down’ series, show that removing general practice 

incentives for immunisation decreased the number of children recorded as being fully immunised. This 

is particularly evident in the SIP counterfactual model. Yet, these effects are as not as evident in the 

removal of the OBP. This is interesting because the decrease in level following the removal of the OBP 

was much larger on visual examination than it was for the removal of the SIP (Figure 6.1, Figure 6.9, 

& Table 6.18). This is because, even though the last four quarters of the immunisation series were 

removed in the ‘Cut Down’ series, the impact of the effect of the ‘No Jab No Pay’ policy continued to 

influence the gradient of the trendline. This is evident in the counterfactual modelling, because the 

absolute difference estimation for the OBP counterfactual is so much smaller than the estimation 

produced for the removal of the SIP incentive. For this reason, the counterfactual procedure will be 

performed on the Forecasted series, because this is the only series that does not contain any of the 

confounding influences of the ‘No Jab No Pay Policy’.



   

202 

 

Marginal effects of the removal of the SIP and the OBP are again calculated using the parameters of 

the segmented regression model. This time, the data from the Forecasted series and Model (1) is used 

to estimate the effects of incentive removal with the confounding effects of the ‘No Jab No Pay’ policy 

removed. These estimates are found in Appendix AA (Table AA.3) and in the coefficient table, below 

(Table 6.23). The reason why the Forecasted series is used in the extrapolation procedure is so that a 

more accurate prediction about the impact of incentive removal on immunisation completion is 

provided to the analysis. The Forecasted series provides this, as the series completely removes all effects 

of the ‘No Jab No Pay’ policy, including the effects on the trendline that are evident in the ‘Cut Down’ 

series. Hence the model is such that; 

 γ̂64(incentive removed) = 𝛽0̂ + 𝛽1̂ ∗ 35 + 𝛽2̂ ∗ 1 + 𝛽8 ̂ ∗ 19 +  𝛽4 ´̂ ∗  1 + 𝛽11´̂ ∗  10            (1)  

where 𝛽0̂ denotes baseline, 𝛽1̂ denotes the trend before removal of the SIP, 𝛽2̂ denotes the change in 

level after removal of the SIP, 𝛽8̂ denotes the trend before removal of the OBP, 𝛽4 ´̂ denotes the 

forecasted change in level after removal of the OBP, 𝛽11´̂  denotes the forecasted trend after removal of 

the OBP (Table 5.4, Table 6.23, & Figure 6.20). Note: 𝛽4̂´ and 𝛽11̂´ in Model 1, the Forecasted series, 

does not have the same magnitude as the 𝛽4̂ and 𝛽11̂ for the original series. For this reason, the 

coefficients from the Forecasted series model are annotated with an apostrophe to differentiate them 

from the same coefficients in the model for the original series. 

The outcome estimates in Table 6.23 have been used to calculate immunisation coverage for the 

counterfactual, and coefficients presented in this table have been used to extrapolate an estimation of 

the change in the number of children recorded as fully vaccinated following removal of the SIP and 

OBP incentives. The method and results for the calculation of the counterfactual are located in the 

section below.
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Table 6.23  Parameter Estimates for Forecasted Series and Counterfactual Model Quarters 1–64 

Segment Incentive 

Intercept 1 Intercept 2 Quarter 60 Trend 

Quarter 
β 

Coefficient 
Quarter 

β 

Coefficient 
Quarter 

β 

Coefficient 
Quarters 

β 

Coefficient 

Segment 

1 

SIP & OBP in Place 1 𝛽0̂ 
89.950 

        1–35 𝛽1̂ 
0.026 

SIP & OBP in Place 35 𝛽6̂ 
90.875 

 

  
      1–35 𝛽1̂ 

0.026 

Intersect 
Change in Level 

Segment 1 & Segment 2 
35 𝛽2̂ 

-0.047 
36           

Segment 

2 

SIP Removed 36 𝛽7̂ 
90.828 

54 𝛽9̂ 
91.035 

    36-54 𝛽8̂ 
0.011 

SIP Continues  

‘SIP Counterfactual’ 
36 𝛽13̂ 

90.875 
54 𝛽14̂ 

91.354 
    36-54 𝛽1̂ 

0.026 

Intersect 
Change in Level 

Segment 2 & Segment 3 
    54 𝛽4̂´ 

-1.257 
55       

Segment 

3 

SIP & OBP Removed 36 𝛽7̂ 
90.828 

55 𝛽10̂´ 
89.778 

60 𝛽16̂ 
90.613 

55–60 𝛽11̂´ 
0.093 

OBP Continues  

‘OBP Counterfactual’ 
36 𝛽7̂ 

90.828 
55 𝛽15̂ 

91.035 
60 𝛽17̂ 

91.084 
55–60 𝛽8̂ 

0.011 

SIP & OBP Continues 

‘SIP & OBP’ Counterfactual 
36 𝛽13̂ 

90.875 
55 𝛽14̂ 

91.354 
60 𝛽18̂ 

91.369 
55–60 𝛽1̂ 

0.026 

Figure 6.20  Parameter Estimates for Forecasted series and Counterfactual Model Quarters 1–64 
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There was no need for the removal of the SIP incentive counterfactual to be recalculated here, as the 

model for the original data and the forecasted data in the first two segments of the series for both models 

is identical.  

The counterfactual effects of the removal of the OPB were calculated using coefficients that have been 

derived from the regression of the Forecasted series, (Model 9) to produce estimations of immunisation 

coverage from the end of 54th quarter to the end of the series.  

γ̂64(incentive removed) = 𝛽0̂ +  𝛽1̂ ∗ 35 + 𝛽2̂ ∗ 1 + 𝛽8 ̂ ∗ 19 + 𝛽4 ´̂ ∗  1 + 𝛽11´̂ ∗  10´            (9) 

Model 10 models the effects of the removal of the OBP, and Model 11 models what would have 

happened had the SIP and OBP not been removed, 

γ̂𝑞(incentive removed) =  𝛽10´̂  +  𝛽11´̂ ∗  10, where q = 54 – 64            (10) 

γ̂𝑞(incentive continued) =  𝛽9̂ + 𝛽8̂ ∗ 10 , where q = 54 – 64            (11) 

where 𝛽
10

´̂  denotes the level of immunisation coverage immediately after the OBP was removed; 𝛽11̂´ 

denotes the trend after removal of the OBP; 𝛽9
̂ = 𝛽15

̂  denotes the level of immunisation coverage 

immediately before removal of the OBP; and 𝛽8
̂ denotes the trend before removal of the OBP (Table 

5.4, Table 6.23, & Figure 6.20). 

 

OBP Removed 

γ̂𝑞(incentive removed) =  𝛽10´̂  +  𝛽11´̂ ∗  10, where q = 54 – 64            (10) 

γ̂𝑞(incentive removed) = 89.778 + 0.093 ∗ 10 

γ̂𝑞(incentive removed) = 90.708 

 

OBP Continued -The Counterfactual 

γ̂𝑞(incentive continued) =  𝛽9̂ + 𝛽8̂ ∗ 10, where q = 54 – 64            (11) 

γ̂𝑞(incentive continued) = 91.035 +  0.011 ∗ 10 

γ̂54−64(incentive continued) = 91.145 
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Absolute Effect 

The difference between the equation in Model 10 and the equation in Model 11,  

γ̂𝑞(incentive  removed) − γ̂𝑞(incentive continued) = 𝛽10´̂  + 𝛽11´̂ ∗  10 − 𝛽9̂ − 𝛽8 ̂ ∗ 10, where q = 54 − 64 

estimates the absolute effect of the removal of the OBP on immunisation coverage. 

γ̂ 𝑞(incentive removed) − γ̂ 𝑞(incentive continued) = 89.778 + 0.093 ∗ 10 − 91.035 − 0.011 ∗ 10 

γ̂ 𝑞(incentive removed)− γ̂ 𝑞(incentive continued) =  −0.437 (CI: −0.9662 - 0.0922) 

 

Relative Difference 

The relative change in outcome associated with the removal of the OBP in the equation below is 

expressed as a percentage change by multiplying by 100; 

γ̂𝑞(incentive removed) − γ̂𝑞(incentive continued)/  γ̂𝑞(incentive continued)  ∗ 100, where q = 54 − 64 

=  
 𝛽10̂´ + 𝛽11´̂ ∗ 10 − 𝛽9 ´̂ − 𝛽8̂ ∗ 10

 𝛽9̂ +  𝛽8̂ ∗ 10  
∗ 100 

=  
89.778 + 0.093 ∗ 10 − 91.035 − 0.011 ∗ 10

91.035 +  0.011 ∗ 10
∗ 100 

=  
−0.437

 91.145
∗ 100 

= -0.479% 

 

Absolute and Relative Effects 

The absolute effect of the removal of the OBP incentive resulted in a 0.043 reduction in immunisation 

coverage and a relative decrease in immunisation coverage of 0.479 percent from the end of the 54th 

quarter to the end of the 64th quarter. This result also shows that if the OBP incentive continued there 

would have been a 0.479 percent increase in immunisation coverage. 
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Number of Missed Immunisation Completions 

To estimate the number of children who have missed out on immunisation completion following the 

removal of the OBP incentive, the effect of the removal of the OBP is multiplied by the actual number 

of children reported as fully immunised. 

∑ �̂�𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒𝑑

64

𝑡=54

 = (1 + 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒/100) ∗  𝑋𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑟𝑒𝑚𝑜𝑣𝑒𝑑  

∑ �̂�𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒𝑑

64

𝑡=54

 = (1 + 0.00479)  ∗  𝑋𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑟𝑒𝑚𝑜𝑣𝑒𝑑  

∑ �̂�𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒𝑑

64

𝑡=54

 = (1.00479) ∗ 687,359 

∑ �̂�𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒𝑑
64
𝑡=54  = 690,651 

 

where the absolute difference was calculated using counterfactual calculations and  𝑋𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑟𝑒𝑚𝑜𝑣𝑒𝑑  

was determined by undertaking a summation of the number of children recorded as fully immunised for 

Milestone 1, per postcode, from the end of Quarter 54 to the end Quarter 64 (Appendix BB, Table 

BB.2). 

The estimated number of missed immunisation completions lost due to OBP removal  

= �̂�𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒𝑑–  𝑋𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑟𝑒𝑚𝑜𝑣𝑒𝑑  

= 690,651 − 687,359 

= 3,292 

 

Results 

The estimation of the OBP counterfactual indicates that, had the OBP incentive not been removed, an 

additional 3,292 children would have been reported as being fully immunised between 1 October 2013 

and 1 January 2016. Between 1 October 2008 and 1 January 2016, 1,938,267 Australian children were 

reported as being fully immunised for Milestone 1 vaccinations. Based on the immunisation data and 

the counterfactual estimate that predicted an additional 3,292 children would have been fully immunised 

had the OBP incentive not been removed, there would have been an overall increase in immunisation 

coverage of 0.170 percent had the incentive continued. 
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The counterfactual effects of the removal of the SIP and OBP incentive are calculated using coefficients 

which have been derived in Model 12 using the Forecast series to produce estimations of immunisation 

coverage data from the 36th to the 64th quarter of the series.  

γ̂64(incentive removed) = 𝛽0̂ + 𝛽1̂ ∗ 35 + 𝛽2̂ ∗ 1 + 𝛽8 ̂ ∗ 19 +  𝛽4 ´̂ ∗  1 + 𝛽11´̂ ∗  10            (12) 

Model 13 models the effects of the removal of the SIP and OBP and Model 14 models what would have 

happened had the SIP and OBP not been removed, 

γ̂𝑞(incentive removed) =  𝛽7̂ + 𝛽8̂ ∗ 19 +  𝛽4 ´̂ ∗  1 + 𝛽11´̂ ∗  10,  where q = 36 – 64            (13) 

γ̂𝑞(incentive continued) =  𝛽6̂ + 𝛽1 ̂ ∗ 29,  where q = 36 – 64            (14) 

where 𝛽
7

̂ equals the level of immunisation coverage immediately after the SIP was removed; 𝛽
8

̂ equals 

the trend after SIP removal;  𝛽4̂´ equals the change in level after removal of the OBP; 𝛽11̂´ equals the 

trend after removal of the OBP;  𝛽
6

̂ equals the level of immunisation coverage immediately before 

removal of the SIP; and 𝛽1
̂ equals the trend before removal of the SIP (Table 5.4, Table 6.23, & Figure 

6.20). 

 

SIP and OBP Removed 

γ̂𝑞(incentive removed) =  𝛽7̂ + 𝛽8̂ ∗ 19 +  𝛽4 ´̂ ∗  1 + 𝛽11´̂ ∗  10,  where q = 36 – 64            (13) 

γ̂𝑞(incentive removed) = 90.828 +  0.011 ∗ 19 + (−1.257 ∗ 1) + 0.093 ∗ 10 

γ̂𝑞(incentive removed) = 90.710 

 

SIP and OBP Continued -The Counterfactual 

γ̂𝑞(incentive continued) =  𝛽6̂ + 𝛽1 ̂ ∗ 29,  where q = 36 – 64            (14) 

γ̂𝑞(incentive continued) = 90.875 +  0.026 ∗ 29 

γ̂𝑞(incentive continued) = 91.629 
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Absolute Effect 

The difference between the equation in Model 13 and the equation in Model 14,  

γ̂𝑞(incentive  removed) − γ̂𝑞(incentive continued) = 𝛽7̂  + 𝛽8 ̂ ∗ 19 + 𝛽4´̂ ∗  1 + 𝛽11´̂ ∗  10 − 𝛽6 ̂ − 𝛽1 ̂ ∗ 29,  

where q = 36 – 64 estimates the absolute effect of the removal of the SIP and OBP on immunisation 

coverage. 

γ̂ 𝑞(incentive removed) − γ̂ 𝑞(incentive continued)

= 90.828 +  0.011 ∗ 19 + (−1.257 ∗ 1) + 0.093 ∗ 10 − 90.875 −  0.026 ∗ 29 

γ̂ 𝑞(incentive removed)− γ̂ 𝑞(incentive continued) = −0.919 (CI: −1.3443 - −0.4937) 

 

Relative Difference 

The relative change in outcome associated with the removal of the SIP and OBP in the equation below 

is expressed as a percentage change by multiplying by 100; 

γ̂𝑞(incentive removed) − γ̂𝑞(incentive continued)/  γ̂𝑞(incentive continued) *100, where q = 36 – 64 

=  
𝛽7 
̂ + 𝛽8 

̂ ∗ 19 + 𝛽4´̂ ∗  1 + 𝛽11´̂ ∗  10 − 𝛽6 
̂ − 𝛽1 

̂ ∗ 29

𝛽6
̂ + 𝛽1 

̂ ∗ 29    
∗ 100 

=  
90.828 +  0.011 ∗ 19 + (−1.257 ∗ 1) + 0.093 ∗ 10 − 90.875 −  0.026 ∗ 29

90.875 +  0.026 ∗ 29
∗ 100 

=  
−0.919

 91.629
∗ 100 

= −𝟏. 𝟎𝟎𝟑%  

 

Absolute and Relative Effects 

The absolute effect of the removal of the SIP and OBP incentive resulted in a 0.919 reduction in 

immunisation coverage and a relative decrease in immunisation coverage of 1.003 percent from the 

beginning of the 36th quarter to the end of the 64th quarter. This result also shows that if the SIP and 

OBP incentive continued there would have been a 1.003 percent increase in immunisation coverage. 



   

209 

Number of Missed Immunisation Completions 

To estimate the number of children who have missed out on immunisation completion following the 

removal of the SIP and OBP incentive on the Forecast series, the effect of the removal of both incentives 

is multiplied by the actual number of children reported as fully immunised. 

∑ �̂�𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒𝑑

64

𝑡=36

 = (1 + 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒/100)  ∗  𝑋
𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑟𝑒𝑚𝑜𝑣𝑒𝑑 

 

∑ �̂�𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒𝑑
64
𝑡=36  = (1.010)  ∗  𝑋

𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑟𝑒𝑚𝑜𝑣𝑒𝑑 
 

∑ �̂�𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒𝑑

64

𝑡=36

 = (1.010) ∗ 1,938,267 

∑ �̂�𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒𝑑
64
𝑡=1  = 1,957,708 

 

where the relative difference was calculated using counterfactual calculations and  𝑋𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑟𝑒𝑚𝑜𝑣𝑒𝑑  

is determined by undertaking a summation of the number of children recorded as fully immunised for 

Milestone 1, per postcode, from Quarter 36 to Quarter 64 (Appendix BB, Table BB.2). 

The estimated number of missed immunisation completions lost due to OBP removal  

= �̂�𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒𝑑–  𝑋𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 𝑟𝑒𝑚𝑜𝑣𝑒𝑑  

= 1,957,708 – 1,938,267 

=  19,441 

Results 

The estimation of the SIP and OBP counterfactual indicates that, had the SIP and OBP incentive not 

been removed, an additional 19,441 children would have been reported as being fully immunised 

between 1 October 2008 and 1 January 2016. Between 1 January 2000 and 1 January 2016, 3,937,092 

Australian children were reported as being fully immunised for Milestone 1 vaccinations. Based on the 

immunisation data and the counterfactual estimate that predicted an additional 19,441 children would 

have been fully immunised had the SIP and OBP incentives not been removed, there would have been 

an overall increase in immunisation coverage of 0.491 percent had the incentive continued. 

Summary 

Table 6.24 presents a summary of the counterfactual results for the forecasted series. A counterfactual 

outcome estimation based on the number of children who had ‘missed out’ on immunisation completion 

due to the cessation of the SIP in 2008 and the OBP in 2013 is also presented in the table below. 
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Table 6.24

Overview 

This chapter provides an overview of the inherent characteristics of time series data. It details the 

methodological requirements for predictive model development when using time series data. Regression 

coefficients and the counterfactual estimates are also presented in this chapter. The counterfactual 

estimates which were produced, using the regression coefficients from the ‘Cut Down’ series and 

forecasted series, showed particularly interesting results. The estimates for the ‘Cut Down’ series 

indicated that the number of children recorded as being fully immunised would have increased by an 

estimated 8,039 children had both GPII-SIP and GPII-OBP  persisted across the 15 year period. This 

loss of ‘potential’ immunisation completions was particularly evident in the GPII-SIP counterfactual 

mode, where an estimated loss of 4,541 completed immunisations between January 2000 and May 2013 

was calculated using the regression estimates. Paradoxically, this effect was not as marked following 

the removal of the GPII-OBP, even though the decrease in level was much larger on visual examination 

than it was for the removal of the GPII-SIP. This can be explained by the impact of the effect of the ‘No 

Jab No Pay’ policy, which continued to influence the gradient of the trendline even though the last four 

quarters of the immunisation series were removed from the ‘Cut Down’ series. For this reason, the 

counterfactual procedure was also performed on the ‘Forecasted Series’, as this was the only series 

produced in the main analysis that did not contain any the confounding influences from the ‘No Jab No 
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Pay Policy’. The forecasted series counterfactual results were even more dramatic, where the number of 

children recorded as being fully immunised decreased by an estimated 19,441 across a 16-year period. 

These results are powerful, and not only have implications around incentive effectiveness, but also show 

how removal of incentives for activities such as immunisation can have public health consequences, 

including decreasing ‘herd immunity’ and increasing the risk of an individual (both children and adults) 

acquiring a communicable disease. The next chapter details with methods and results of the sub-group 

analysis. 
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The aim of the sub-group analysis is to determine if there is evidence of an association between levels 

of socioeconomic disadvantage and rurality (remoteness areas) on paediatric immunisation coverage 

after removal of financial incentive payments to general practitioners. To do this, time series regression 

analysis will be undertaken on the immunisation data to determine the relative differences in coverage 

across areas of Australia after the general practitioner financial incentive payments have been removed. 

Research undertaken around geography and immunisation coverage across international contexts has 

found low vaccination uptake associated with socio-economic disadvantage and geographic remoteness 

areas that are classified as either rural or remote (Alshamsan et al., 2012; Alshamsan, Majeed, 

Ashworth, Car, & Millett, 2010; Beaulieu & Horrigan, 2005; Hungerford, Ibarz-Pavon, Cleary, & 

French, 2018; Sandford et al., 2015; Wright & Polack, 2006).  

Associations between relative socio-economic disadvantage and rurality in the Australian context has 

also been examined, however, this research has been limited to one ecological study, which was 

undertaken by Hull et al. in 2001. In consideration of the lack of evidence around socio-economic 

disadvantage and rurality in the Australian setting, the same 64 quarters of immunisation coverage data 

which was examined the main analysis will be explored to ascertain if the removal of incentives has 

different effects on different populations. The demographic sub-group analyses include the use of 

Australian Bureau of Statistics (ABS) Socio-Economic Indexes of Relative Socioeconomic 

Disadvantage (SEIFA-IRSD) and Australian Statistical Geography Standard (ASGS) structures. 

 

Aim 

The aim of the SEIFA-IRSD sub-group analysis is to determine the relative differences in change in 

immunisation coverage between areas of socioeconomic disadvantage, after financial incentive 

payments to general practitioners have been removed.  

Background 

International studies have demonstrated a relationship between socioeconomic status (SES) and a 

decrease in paediatric immunisation coverage, where immunisation coverage of a population decreases 
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as the proportion of the population in the most socio-economically deprived deciles increases (Grant et 

al., 2011; Hungerford et al., 2018; Lynch, 1995; Pearce et al., 2015; Petousis-Harris et al., 2012; Samad 

et al., 2006; Sandford et al., 2015; Santoli et al., 1998; Wright & Polack, 2006). This association was 

also found in an Australian ecological study undertaken on nationally aggregated data in the year 2000. 

The study used paediatric immunisation coverage estimates for DTP 73F

66 and MMR vaccinations and 

showed an association between higher levels of socioeconomic deprivation and lower DTP 

immunisation coverage in rural areas of Australia (Hull et al., 2001).  

The Socio-Economic Indexes for Areas (SEIFA) are used and have been developed using information 

collected every five years from the Australian population and housing census. SEIFA ranks areas in 

Australia according to relative socio-economic advantage and disadvantage. SEIFA are assigned to 

geographic areas rather than to individuals, and represent the average socio-economic characteristics of 

the people, families and households living in a particular area. SEIFA comprises a suite of four indices 

(Box 7.1), each of which uses different variables when providing scores on relative socio-economic 

advantage and disadvantage. 

Box 7.1  The Four SEIFA Indices 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/2033.0.55.001main+features100052011 

The four indexes of SEIFA each capture a slightly different nuance of socio-economic advantage and 

disadvantage (Australian Bureau of Statistics [ABS], 2017). Hull et al. (2001) used the IRSD index as 

an explanatory variable when evaluating the relationship between socioeconomic indicators and 

immunisation outcomes of Australian children. Likewise, the SEIFA Index of Relative Socio-economic 

Disadvantage (IRSD) is used in this research. The use of the same index provides consistency across 

the two Australian studies, and also seeks to address some of the issues around research heterogeneity, 

which was found as a limitation in the systematic review undertaken in Chapter 3.  

A postcode area with a lower IRSD quintile score indicates an area of relative greater disadvantage, 

where many people living in the area have a low income, no qualifications and are employed in low 

                                                      
66 DTP–Diphtheria, pertussis and tetanus combined vaccine MMR–Measles, mumps and rubella combined vaccine. 

 

The four Australian Bureau of Statistics, Socio-Economic Indexes of Relative Socioeconomic 

SEIFA indexes comprise: 

• Index of Relative Socio-economic Disadvantage (IRSD) 

• Index of Relative Socio-economic Advantage and Disadvantage (IRSAD) 

• Index of Education and Occupation (IEO) 

• Index of Economic Resources (IER). 
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skill occupations. A high quintile disadvantage score indicates a relative lack of disadvantage in general, 

such that: fewer people living in the postcode area with a higher IRSD score have a low income; fewer 

people have no qualifications; and fewer people are employed in low skill occupations. The variables 

included in the IRSD index are found in Box 7.2.  

Box 7.2  IRSD Variable List 

Variable Description 

ENGLISHPOOR Percentage of people who do not speak English well 

NOEDU Percentage of people aged 15 years and over who have no educational attainment 

OCC_SERVICE_L 
Percentage of employed people classified as low skill Community and Personal Service 

workers 

OCC_DRIVERS Percentage of employed people classified as Machinery Operators and Drivers 

OVERCROWD Percentage of occupied private dwellings requiring one or more extra bedrooms 

SEP_DIVORCED Percentage of people aged 15 years and over who are separated or divorced 

NOCAR Percentage of occupied private dwellings with no cars 

DISABILITYU70 
Percentage of people under the age of 70 who have a long-term health condition or 

disability and need assistance with core activities 

ONEPARENT Percentage of one parent families with dependent offspring only 

LOWRENT 
Percentage of occupied private dwellings paying rent less than AUD$166 per week 

(excluding AUD$0 per week) 

UNEMPLOYED Percentage of people (in the labour force) who are unemployed 

NOYEAR12ORHIGHER 
Percentage of people aged 15 years and over whose highest level of education is Year 11 

or lower 

OCC_LABOUR Percentage of employed people classified as Labourers 

NONET Percentage of occupied private dwellings with no internet connection 

CHILDJOBLESS Percentage of families with children under 15 years of age who live with jobless parents 

INC_LOW 
Percentage of people with stated household equivalised income between AUD$1 and 

AUD$20,799 per year 

Source https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/2033.0.55.001main+features100052011 

Two SEIFA-IRSD data cubes were merged by POA postcode areas to postcodes values in the Postcode 

variable from the 64 ACIR data sets which are contained in the ACIR immunisation coverage series. 

These SEIFA-IRSD cubes were developed from ABS census data from the 2006 and 2011 census. To 

do this, SEIFA-IRSD data cubes were merged with ACIR data across each quarter of the series. As the 

2006 SEIFA census data was collected in August in 2006, this data was merged with ACIR data from 

the first quarter to the 26th quarter. The 2011 SEIFA census data was collected in August 2011, so this 

data was merged with ACIR data from quarters 27 to the 64. As this research measured the impact of 

two changes in policy across time, the removal of the SIP in October 2008 (quarter 35) and OBP in 
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May 2013 (quarter 54), census data for 2006 and 2011 provided the closest representation of population 

characteristics at those points in time. The STATA 15 ® coding for the merging procedure is found in 

Appendix CC.  

The SEIFA Postal Area variable was created by ABS by allocating whole census collection districts 

(CDs)67 to Australia Post (AusPost) postcode data on a 'best fit' basis (Australian Bureau of Statistics 

[ABS] 2018). The AusPost postcode, which is a four-digit number used by AusPost to assist with mail 

delivery, does not currently define geographic boundaries that match with the ABS-POA postcode 

variable (ABS, 2018). This is an understood limitation when ABS data is merged with data from 

AusPost postcodes, yet the ABS derived POAs are viewed as the closest approximate possible to 

AusPost postcode-based data (ABS, 2018).  

There was a loss of 7.23 percent of postcodes in the immunisation coverage series when the postcodes 

from the ACIR (immunisation) data were merged with the SEIFA postcode data (Table 7.1). This loss 

can be attributed to the lack of alignment between AusPost postcodes and postcodes for POAs (ABS, 

2018). Factors contributing to the lack of alignment include the exclusion of AusPost postcodes from 

the POA classification when the POA covers two or more AusPost postcodes68 and the exclusion of 

AusPost postcodes that are not in street delivery areas (i.e., post office boxes, mail back competitions, 

large volume receivers and specialist delivery postcodes) (ABS, 2018). Other contributing factors 

include the duration of the time series, as over the 16-year period of analysis there were many changes 

to AusPost postcode classifications and changes to geographic boundaries (ABS, 2018). The data in 

Table 7.1 showed the postcodes and POA mismatch to be more evident in some States and Territories 

than in others, such as in the Northern Territory, where the mapping of larger Northern Territory POAs 

across to postcodes in South Australian and Western Australia resulted in a greater loss of postcode 

data (ABS, 2018). Whilst this is worthy of discussion, these data anomalies, caused by the sharing of 

AusPost postcodes across POAs and the loss of AusPost postcodes across time, will have minimal 

impact on the SEIFA-IRSD analysis, as the unit of analysis in this section is larger POA SEIFA quintiles 

rather than State or Territory based geographic areas. 

 

 

 

                                                      
67 The Census Collection District (CDs) are the smallest unit for collection and processing of Census of Population and Housing. CDs also 
serve as the basic building block in the ASGC and are used for the aggregation of statistics to larger ASGC geographic areas 
68 An Australia Post postcode can be allocated to only one POA (ABS, 2018). 
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Table 7.1  ACIR-AusPost and SEIFA Indices of Disadvantage-POA Postcode Alignment  

States & Territories of 

Australia 

ACIR AusPost 

SEIFA IRSD POA 

Non Alignment  
(n) 

ACIR AusPost 

SEIFA IRSD POA 

Alignment  
(n) 

ACIR Immunisation Data 

AusPost 

(N) 

ACT 224 1,558 1,782 

NT 768 1,612 2,380 

NSW 3,293 36,734 40,027 

VIC 1,904 36,824 38,728 

QLD 577 24,928 25,505 

SA 477 17,168 17,645 

WA 3,419 17,510 20,929 

TAS 430 5,924 6,354 

Australia 11,092 142,258 153,350 

Australia 

(Percent) 
7.23% 92.77% 100% 

Following the merge of immunisation and SEIFA-IRSD (IRSD) data, the IRSD decile scores for all 

areas was divided into quintiles, with Quintile 1 containing the lowest 20 percent of IRSD decile scores 

for the most disadvantaged areas, and Quintile 5 containing the highest 20 percent of IRSD decile scores 

for the least disadvantaged area. The distribution of postcodes reporting immunisation completion per 

quintile by State and Territory, as found in Table 7.2, indicates that the number of people living in the 

most disadvantaged areas is not equally distributed across Australia. As shown (except for NT and 

ACT) there seems to an even distribution of postcodes across the SEIFA quintiles (Table 7.2).  
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Table 7.2  Distribution of Postcodes Reporting Immunisation Completion by IRSD Quintiles 

States 

& Territories 

of Australia 

SEIFA IRSD Quintiles  

Total 

N (%) Quintile 1 
Most Disadvantaged 

n (%) 

Quintile 2 

n (%) 

Quintile 3 

n (%) 

Quintile 4 

n (%) 

Quintile 5 
Least Disadvantaged 

n (%) 

ACT 24 (1.54) 34 (2.18) 0 (0) 78 (5.01) 1,422 (91.27) 1,558 (100) 

NT 630 (39.08) 164 (10.17) 334 (20.72) 231 (14.33) 253 (15.69) 1,612 (100) 

NSW 8,554 (23.29) 8,418 (22.92) 6,905 (18.80) 4,716 (12.84) 8,141 (22.16) 36,734 (100) 

VIC 4,818 (13.08) 6,403 (17.39) 7,325 (19.89) 9,594 (26.05) 8,684 (23.58) 36,824 (100) 

QLD 5,433 (21.79) 5,303 (21.27) 4,847 (19.44) 5,927 (23.78) 3,418 (13.71) 24,928 (100) 

SA 3,750 (21.84) 3,924 (22.86) 3,662 (21.33) 2,997 (17.46) 2,834 (16.51) 17,168 (100) 

WA 2,469 (14.10) 2,875 (16.42) 3,949 (22.55) 4,240 (24.21) 3,977 (22.71) 17,510 (100) 

TAS 2,283 (38.54) 1,220 (20.59) 999 (16.86) 776 (13.10) 646 (10.90) 5,924 (100) 

Australia 27,961 (19.66) 28,341 (19.92) 28,021 (19.70) 28,559 (20.08) 29,376 (20.65) 142,258 (100) 

The aim of the analysis is to detect changes in the slope and trend following removal of financial 

incentives to GPs, after the series was stratified for IRSD indices. The lineplots found in Figure 7.1 

represent the proportion of Australian children who were recorded on the ACIR as fully immunised 

across five quintiles of relative disadvantage. Across the series, the line graphs indicate lower 

immunisation coverage and a greater variation in immunisation coverage for children in the IRSD 

Quintile 1 (greater relative disadvantage) postcode. Immunisation coverage rates for IRSD Quintiles 2, 

3 and 4 appear to have a similar variance across the series. Immunisation coverage for children in 

postcodes associated with the highest IRSD score–Quintile 5 (least relative disadvantage) is slightly 

below the middle quintiles and well above Quintile 1 across each quarter of the series. This pattern of 

relative lower immunisation coverage in high IRSD quintile areas has been observed in other Australian 

and international studies and has been hypothesised to be attributed to increased conscientious objection 

in the highest socioeconomic strata (Beard et al., 2016; Hull et al. 2001; Fielding et al., 2017; Kaufman 

et al., 2013; Pearce et al., 2015).  

Quintiles 1 to 4 showed a small drop in rates of immunisation immediately following removal of the 

SIP. This was not evident in Quintile 5. All quintiles showed comparable changes in rates of 
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immunisation immediately following removal of the OBP. This is particularly evident in the lineplots 

for the Quintile 2 to 5 series. In these four series, the lineplots are clustered together and appear to have 

a similar rate and magnitude of change in the quarters associated with the removal of the OBP. Quintile 

1, the quintile which represents areas of greatest disadvantage, shows a steeper gradient and a deeper 

drop in immunisation coverage compared to the other quintiles. This clustering effect is also evident 

around the period associated with the ‘No Jab No Pay’ announcement. Clustering between quintiles is 

not evident at any other time across the series. 
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Figure 7.1  National Immunisation Coverage SEIFA-IRSD* Quintile Trendline 

*A lower IRSD quintile score indicates an area of relative greater disadvantage. 
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Regression Trendlines–Quintiles 1-5 

Prior to performing regression analysis on the data in Table 7.2, immunisation coverage trends across 

each quintile were visually examined. These trends are plotted across three segments of the series, with 

each segment representing immunisation coverage before and after removal of the SIP and OBP 

incentives. Examination of the trendlines in Figure 7.2, Figure 7.3, and Figure 7.4 provides a visual 

comparison of changes in level and slope across each SEIFA quintile. 

Segment 1 Quintiles 1-5 

The trendlines in the first segment of each series in Figure 7.2, Figure 7.3, and Figure 7.4 represent 

immunisation coverage when the SIP and OBP incentives were in place. Each of the series which 

contained data from the second up to the fifth quintile showed a small increase in slope across the first 

segment. The level varies across these series, with higher levels of immunisation coverage evident in 

the middle quintiles, from Quintile 2 up to Quintile 4. Immunisation coverage levels were lowest in 

Quintile 1 and 5. Quintile 2 had the steepest increase in trendline, and Quintile 1 had a trendline that 

showed no increase in coverage in the first segment of the series. 

Segment 2 Quintiles 1-5 

The trendlines in the second segment of each series in Figure 7.2, Figure 7.3 and Figure 7.4 represent 

immunisation coverage whilst the OBP incentive was still in place, but after the SIP incentive was 

removed. The slope varied across each quintile, with Quintile 1 showing an increase in immunisation 

coverage across the segment, and Quintiles 2 and 3 showing a decrease in immunisation coverage of a 

similar magnitude. There was a lot of variation in the level of immunisation coverage at the beginning 

of segment 2, yet at the end of the segment, just prior to removal of the OBP, the immunisation level 

was similar across all quintile indices (Figure 7.2, Figure 7.3, & Figure 7.4). 

Segment 3 Quintiles 1-5 

The trendlines in the third segment of each series in Figure 7.2, Figure 7.3 and Figure 7.4 represent 

immunisation coverage after all incentive payments were removed. The lineplot in this period showed 

rates of immunisation coverage following the removal of the OBP. Each quintile showed a slope with 

a similar gradient and level across the segment. This indicates the level of drop in immunisation 

coverage following removal OBP to be consistent across each socioeconomic group. The relative rate 

of change across the segment was also comparable. 
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Overview Quintiles 1-5 

The effects of SIP removal on immunisation coverage varies across each quintile index. Changes in 

immunisation rates immediately after removal of the SIP range from an increase in level in Quintile 1, 

to a decrease in level in Quintiles 2 and 3. The decrease in the level of immunisation following removal 

of the OBP is consistent across all IRSD quintiles (i.e., indices). Visual inspection of each quintile plot 

provides a crude assessment of how the impact of incentive removal on immunisation coverage varies 

across geographic areas of socioeconomic disadvantage. For this reason, segmented regression 

estimates are calculated in the next section, so that changes in level and slope following the removal of 

each incentive is empirically measured.  

The characteristics of each quintile series are to be examined to determine if issues such as scedasticity 

and the presence of small cells continue to influence series after the national series has been stratified 

for SEIFA.  

Figure 7.2  Segmented Regression Trendlines–Quintile 1 
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Figure 7.3 Segmented Regression Trendlines–Quintile 2 and Quintile 3
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Figure 7.4 Segmented Regression Trendlines–Quintile 4 and Quintile 5
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Heteroscedasticity Tests and Weighting Coefficients 

Prior to performing regression analysis on the stratified series, the heteroscedasticity of each quintile is 

tested and weighting coefficients for each quintile series are calculated. The methods used in the 

segmented regression analysis are not described in detail in this section, as they are identical to the 

methods described in Chapters 5 and 6.  

Heteroscedasticity–IRSD Quintiles 

The immunisation coverage series has previously been examined for evidence of autocorrelation and 

the presence of a unit root. These biases may also be present after the series has been stratified into 

IRSD quintiles. To address the potential biases, the series is modelled with an ARIMA model if it is 

found to be correlated or to contain a unit root. This is determined using the Breusch-Godfrey LM test 

to detect higher order autocorrelation, and the Augmented Dickey-Fuller test used to detect the presence 

of a unit root. If the SEIFA series is found to be heteroscedastic, it will be modelled using the same 

ARIMA(100) [arima(100)dy] process which was used to model the national series. 

Small Cell Bias–IRSD Quintiles 

The impact of the small cells on the SEIFA series is also accounted for with weighting coefficients that 

are determined by the proportion of small cells in each of the series. The results of the regression 

analysis are presented in a table, so that judgments on the impact of incentive removal for each quintile 

include comparisons of each IRSD quintile for the original and weighted series. 

Data Anomalies, Outliers and Policy Confounders–IRSD Quintiles 

Stratification of data is known to result in the expression of exceptional outliers (Knorr & Ng, 1999), 

hence, it is considered that the analysis of the stratified series will facilitate the detection of policy 

outliers which may impact on the regression results. The impact of the ‘No Jab No Pay’ policy on 

immunisation coverage estimates will not be addressed in this section, as it was addressed in the 

previous chapter and is outside the scope of this sub-group analysis, which has a focus on the relative 

differences in immunisation across quintiles of disadvantage after incentives have been removed. 

Weighted Series–IRSD Quintiles 

The methods used to calculate the weighting coefficients for the stratified series are identical to the 

methods used for the national data. These methods are described in detail in Chapter 6.6.2. The 

weighting procedure for the data contained in each quintile is presented in the section below. The 
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weighting coefficients that are tabulated in this section are the weights which are applied to each quintile 

from the original series. The lineplots for each weighted quintile series are presented in the graph found 

under Figure 7.5. The regression coefficients for each of these weighted quintiles are found in the 

section below (Chapter 7.2.8) and in Appendix EE (Table EE.3, Table EE.7, Table EE.10, Table EE.13, 

Table EE.17). 

Weighted Quintile Lineplots–Quintiles 1–5 

This graph shows the quintile lineplots for the Quintile 1 weighted series and Quintile 2 weighted series 

to have a relatively lower immunisation coverage and greater variation in immunisation coverage, as 

compared with the other lineplots. This was quite evident in the first segment of the weighted quintile 

series, where the lower quintile plots show a wide variation in rates of immunisation and a pattern of 

relative lower immunisation. Of all the weighted quintiles, Quintile 4 appeared to have the highest rates 

of immunisation coverage. Over time, the variance in immunisation rates between all weighted quintiles 

decreased. This is apparent with the clustering of the weighted quintile lineplots in Segments 2 and 3. 

Quintile 1 and Quintile 2, which represent areas of greatest disadvantage, show steeper gradients and a 

deeper drop in immunisation coverage compared to the other weighted quintiles. At Quarter 48 (31st 

December 2011), all of the weighted quintile lineplots simultaneously expressed an outlier which 

showed a steep drop in immunisation that was followed by an immediate rebound. This ‘shock’ that 

coincided with the removal of payments for practice nurse immunisation was not evident in the original 

quintile series. An additional outlier was also expressed in the weighted series. This outlier, which was 

evident on the first segment of the Quintile1 weighted series (31st March 2002), did not coincide with 

any known changes in policy around that period of time, hence the factors associated with this anomaly 

remain unknown.
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Figure 7.5  National Immunisation Coverage SEIFA-IRSD Quintile Lineplots Weighted Series 
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IRSD Quintile 1 

Scedasticity Tests–Quintile 1 

A formal assessment of heterogeneity is undertaken using the Breusch-Godfrey LM statistic. The 

Breusch-Godfrey LM statistic for the Quintile 1 series is 6.780 (p=0.1480) for higher order correlation 

across four quarterly lags, therefore the null hypothesis that the series was not correlated was not rejected. 

The core of a unit root test is to assess whether ‘shocks’ in the residual data of a series have transitory or 

permanent effects. The Z(t) value for the Augmented Dicky-Fuller test was calculated to equal -2.640 

(p=0.2617) for the presence of a unit root across three lags, therefore the null hypothesis that the series 

contains a unit root was not rejected. A tabulation of the Augmented Dicky Fuller and Breusch-Godfrey 

LM test results for Quintile 1 is found in Appendix DD in Table DD.1 and Table DD.2. The Quintile 1 

series contains uncorrelated data and a unit root process across at least three quarters. To avoid an 

overestimation of the significance of change estimates, the heteroscedasticity of the series is accounted 

for with the application of an arima(100)dy modelling procedure. 

Small Cell Bias–Quintile 1 

Over 51 percent of the cells in the Quintile 1 series contain postcodes with less than 10 children. To 

address the effects of small cell bias on the regression results, weighting coefficients were calculated for 

the series. The weights found in Table 7.3, were applied to the Quintile 1 series prior to regression. 

Table 7.3 Weighting Procedure Quintile 1 Series  

Weighting 

Procedure 

Postcode 

Cell Size 

Number 

of 

Children 

Proportion of Small 

vs. Large Postcode 

Population 

Number of 

Postcodes 

Reporting on 

Immunisation 

Completion 

Proportion of 

Small vs. Large 

Postcodes Reporting 

on Immunisation 

Completion 

Weighting 

Coefficients 

Small 

Cells 

Postcodes 

with <10 

children 

14,922 
14,992/ 

729,614 
0.0205 14,313 

14,303/ 

27,961 
0.5119 

0.0205/

0.5119 
0.0400 

Large 

Cells 

Postcodes 

with ≥ 10 

children 

714,692 
714,692/ 

729,614 
0.9795 13,648 

13,648/ 

27,961 
0.4881 

0.9795/

0.4881 
2.0069 

Total 
All 

Postcodes 
729,614  1.0000 27,961  1.0000   

Data Anomaly–Quintile 1 Weighted Series 

Data anomalies produce outliers which impact on the trendline gradients and levels, the standard deviation 

of the series and the regression coefficients at change points. Outliers, the observations which lie outside 

the deterministic and stochastic pattern in a time series distribution, are represented graphically by spikes 

or dips of an observation at a given point in time.  
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As evident in Figure 7.5, an extreme outlier at Quarter 48 became apparent following the application of 

weighting coefficients to the stratified series (Note: the outlier which was present in the 45th quarter of 

the national series was not present in the Quintile 1 weighted series.) The effects of this data anomaly on 

the regression results of the weighted series are tested in this section. In doing so, the outlier at quarter 48 

is replaced with an estimate that is calculated using the mean of the antecedent value at Quarter 47 (91.18 

percent) and subsequent value at Quarter 49 (94.87 percent) prior to performing the regression procedure; 

hence the outlier value of 84.22 percent was replaced with a mean value of 93.02 percent. 

IRSD Quintile 2 

Scedasticity Tests–Quintile 2 

The Breusch-Godfrey LM statistic for the Quintile 2 series is 9.617 (p=0.0474) for correlation across four 

quarterly lags, therefore the null hypothesis that the series was not correlated was rejected. The Z(t) value 

for the Augmented Dicky-Fuller test was calculated to equal -3.542 (p=0.0351) for the presence of a unit 

root across three lags, therefore the null hypothesis that the series contains a unit root was rejected. A 

tabulation of the Augmented Dicky Fuller and Breusch-Godfrey LM test results for Quintile 2 is found 

in Appendix DD, in Table DD.3 and Table DD.4. The serial correlation, which is detected in the Quintile 

2 series is accounted for with the application of an arima(100)dy modelling procedure. 

Small Cell Bias–Quintile 2 

Just under 48 percent of the cells in the Quintile 2 series contain postcodes with less than 10 children. 

The weights found in Table 7.4, are applied to the Quintile 2 series prior to regression. 

Table 7.4 Weighting Procedure Quintile 2 Series  

Weighting 

Procedure 

Postcode 

Cell Size 

Number 

of 

Children 

Proportion of Small 

vs. Large Postcode 

Population 

Number of 

Postcodes 

Reporting on 

Immunisation 

Completion 

Proportion of 

Small vs. Large 

Postcodes Reporting 

on Immunisation 

Completion 

Weighting 

Coefficients 

Small 

Cells 

Postcodes 

with <10 

children 

14,165 
14,165/ 

755,268 
0.0188 13,584 

13,584/ 

28,341 
0.4793 

0.0188/

0.4793 
0.0391 

Large 

Cells 

Postcodes 

with ≥ 10 

children 

741,103 
741,103/ 

755,268 
0.9812 14,757 

14,757/ 

28,341 
0.5207 

0.9812/

0.4793 
1.8845 

Total 
All 

Postcodes 
755,268  1.0000 28,341  1.0000   

Data Anomaly–Quintile 2 

The extreme outlier which was present at Quarter 48 in the Quintile 1 weighted series was also apparent 

in the Quintile 2 weighted series. In the Quintile 2 series the values either side of Quarter 48 equalled 

92.87 and 95.80 percent. To address this data anomaly, the outlier value of 84.21 percent was replaced 
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with the mean value of 94.34 percent (being the mean of Quarter 47 and 49) in the 48th quarter of the 

Quintile 2 weighted series. 

IRSD Quintile 3 

Scedasticity Tests–Quintile 3 

The Breusch-Godfrey LM statistic for the Quintile 3 series is 2.692 (p=0.6106) for correlation across four 

quarterly lags, therefore the null hypothesis that the series was not correlated was not rejected. The Z(t) 

value for the Augmented Dicky-Fuller test is calculated to equal -3.519 (p=0.0374) for the presence of a 

unit root across three lags, therefore the null hypothesis that the series contained a unit root was rejected. 

A tabulation of the Augmented Dicky Fuller and Breusch-Godfrey LM test results for Quintile 3 is found 

in Appendix DD, in Table DD.5 and Table DD.6. The scedasticity tests for the Quintile 3 data indicates 

the series is not autocorrelated and does not contain a unit root process. As a result, the series do not 

require a modelling procedure prior to regression analysis. 

Small Cell Bias–Quintile 3 

Just under 49 percent of the cells in the Quintile 3 series contain postcodes with less than 10 children. 

The weights found in Table 7.5 are applied to the Quintile 3 series prior to regression. 

Table 7.5 Weighting Procedure Quintile 3 Series 

Weighting 

Procedure 

Postcode 

Cell Size 

Number 

of 

Children 

Proportion of Small 

vs. Large Postcode 

Population 

Number of 

Postcodes 

Reporting on 

Immunisation 

Completion 

Proportion of 

Small vs. Large 

Postcodes Reporting 

on Immunisation 

Completion 

Weighting 

Coefficients 

Small Cells 

Postcodes 

with <10 

children 

14,086 
14,086/ 

864,300 
0.0163 13,470 

13,470/ 

28,021 
0.4807 

0.0163/ 

0.4807 
0.0339 

Large Cells 

Postcodes 

with ≥ 10 

children 

850,214 
850,214/ 

864,300 
0.9837 14,551 

14,551/ 

28,021 
0.5193 

0.9837/ 

0.5193 
1.8943 

Total 
All 

Postcodes 
864,300  1.0000 28,021  1.0000   

Data Anomaly–Quintile 3 

The extreme outlier which was present at quarter 48 in the Quintile 1 and Quintile 2 weighted series was 

not apparent in the Quintile 3 weighted series, hence no further transformations of the Quintile 3 data was 

undertaken. 
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IRSD Quintile 4 

Scedasticity Tests–Quintile 4 

The Breusch-Godfrey LM statistic for the Quintile 4 series is 13.548 (p=0.0089) for correlation across 

four quarterly lags, therefore, the null hypothesis that the series was not correlated was rejected. The Z(t) 

value for the Augmented Dicky-Fuller test is calculated to equal -2.845 (p=0.1809) for the presence of a 

unit root across three lags, therefore, the null hypothesis that the series contains a unit root was not 

rejected. A tabulation of the Augmented Dicky Fuller and Breusch-Godfrey LM test results for Quintile 

4 is found in Appendix DD, in Table DD.7 and Table DD.8. The scedasticity tests for the Quintile 4 data 

indicates the series is correlated and contains a unit root process, and as a result an arima(100)dy 

modelling procedure is applied to the series prior to the regression analysis. 

Small Cell Bias–Quintile 4 

Small postcode cells contribute to 39 percent of all postcode cells in the Quintile 4 series. This proportion 

is around 10 percent less than was found in Quintiles 1 to 3. This could be explained by associations 

between lower IRSD and geographic remoteness, where there is a larger proportion of smaller postcodes 

from rural and remote geographic areas that are classified as having a greater socioeconomic 

disadvantage. Hence, it would be expected that, as geographic disadvantage decreases, so do the number 

of postcodes with small cell sizes. Regardless, a weighting procedure is applied to the Quintile 4 series to 

test the effect of the small cells on the segmented regression results (Table 7.6). 

Table 7.6 Weighting Procedure Quintile 4 Series 

Weighting 

Procedure 

Postcode 

Cell Size 

Number 

of 

Children* 

Proportion of Small 

vs. Large Postcode 

Population 

Number of 

Postcodes 

Reporting on 

Immunisation 

Completion 

Proportion of 

Small vs. Large 

Postcodes Reporting 

on Immunisation 

Completion 

Weighting 

Coefficients 

Small Cells 

Postcodes 

with <10 

children 

11,568 
11,568/ 

909,863 
0.0127 11,063 

11,063/ 

28,559 
0.3874 

0.0127/ 

0.3874 
0.0328 

Large Cells 

Postcodes 

with ≥ 10 

children 

898,295 
898,295/ 

909,863 
0.9873 17,496 

17,496/ 

28,559 
0.6126 

0.9873/ 

0.6126 
1.6116 

Total 
All 

Postcodes 
909,863  1.0000 28,559  1.0000   

Data Anomaly–Quintile 4 

The outlier which was present at quarter 48 in the Quintile 1 and Quintile 2 weighted series was also 

apparent in the Quintile 4 weighted series. Although the value was not as extreme as the outlier value 

which was present in the first two weighted quintile series, it still appeared to be well outside the 
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underlying trend. For this reason, the outlier value of 87.43 percent was replaced with a value of 93.74 

percent, which is the mean of Quarter 47 at 92.81 percent and Quarter 49 at 94.68 percent.  

IRSD Quintile 5 

Scedasticity Tests–Quintile 5 

The Breusch-Godfrey LM statistic for the Quintile 5 series is 12.761 (p=0.0125), for correlation across 

four quarterly lags, therefore, the null hypothesis that the series was not correlated was rejected. The Z(t) 

value for the Augmented Dicky-Fuller test is calculated to equal -3.719 (p=0.0211) for the presence of a 

unit root across three lags, therefore, the null hypothesis that the series contains a unit root was rejected. 

A tabulation of the Augmented Dicky Fuller and Breusch-Godfrey LM test results for Quintile 5 is found 

in Appendix DD, in Table DD.9 and Table DD.10. The serial correlation, which is detected in the Quintile 

5 series, is accounted for with the application of an arima(100)dy modelling procedure. 

Small Cell Bias–Quintile 5 

As was evident in the Quintile 4 series, the proportion of postcodes with small cells in Quintile 5 was 

comparability less than in areas with lower quintile indices. About 26 percent of postcodes in Quintile 5 

contained less than 10 registered children. Just as in Quintiles 4, this would be due to Quintile 5 containing 

less postcodes from more disadvantaged rural and remote areas. The postcode areas in Quintiles 5 which 

contain a smaller number of registered children could be in areas where there are not many families with 

children, such as areas in and around a major city. The Quintile 5 weights are applied to the series to 

reduce the impact of small cell bias on the regression estimates (Table 7.7). 

Table 7.7 Weighting Procedure Quintile 5 Series 

Weighting 

Procedure 

Postcode 

Cell Size 

Number 

of 

Children* 

Proportion of Small 

vs. Large Postcode 

Population 

Number of 

Postcodes 

Reporting on 

Immunisation 

Completion 

Proportion of 

Small vs. Large 

Postcodes Reporting 

on Immunisation 

Completion 

Weighting 

Coefficients 

Small Cells 

Postcodes 

with <10 

children 

7,960 
7,960/ 

1,023,631 
0.0078 7,566 

7,566/ 

29,376 
0.2576 

0.0078/ 

0.2576 
0.0302 

Large Cells 

Postcodes 

with ≥ 10 

children 

1,015,671 
1,015,671/ 

1,023,631 
0.9922 21,818 

21,810/ 

29,376 
0.7424 

0.9922/ 

0.7424 
1.3364 

Total 
All 

Postcodes 
1,023,631  1.0000 29,376  1.0000   
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Data Anomaly–Quintile 5 

Like the outlier in the Quintile 4 weighted series, the outlier value in the Quintile 5 weighted series was 

not as extreme as the outlier value for the first two weighted quintile series. It too appeared to be well 

outside the underlying trend, and, as a result, the outlier value of 87.25 percent was replaced with a value 

of 93.74 percent, which was calculated using the mean of the values for Quarter 47 (93.81 percent) and 

Quarter 49 (94.17 percent). 

Data Sets for Analysis 

The immunisation coverage component of the SEIFA-IRSD series has been examined for evidence of 

autocorrelation, the presence of a unit root, small cell bias and the presence of policy-attributed outliers. 

The analysis is presented as a regression of the original data across all quintiles and the regression of all 

series that have been modified to address these potential biases. The segmented regression analysis is 

undertaken on the eighteen data sets listed in Table 7.8, below. The regression results for the change in 

level and change in trend following removal of the SIP comprises a point in time when one out of the two 

incentives for immunisation were removed. These results are presented in Table 7.9, along with the results 

for the change in level and trend following removal of the OBP, which represent a point in time when all 

incentives for immunisation were removed. The parameter estimates for the removal of the SIP and the 

OBP incentive for each of the SEIFA-IRSD data sets are also located in Appendix EE77F

69
,, as the regression 

results tabulated in Table 7.9 only include estimations for change in level and trend. 

 

 

 

 

 

 

 

 

                                                      
69 Table AA-1 Quintile 1 Data Set 1, Table AA-2 Quintile 1 Data Set 2, Table AA-3 Quintile 1 Data Set 3, Table AA-4 Quintile 1 Data Set 4, Table AA-5 Quintile 

2 Data Set 5, Table AA-6 Quintile 2 Data Set 6, Table AA-7 Quintile 2 Data Set 7, Table AA-8 Quintile 2 Data Set 8, Table AA-9 Quintile 3 Data Set 9, Table 
AA-10 Quintile 3 Data Set 10, Table AA-11 Quintile 4 Data Set 11, Table AA-12 Quintile 4 Data Set 12, Table AA-13 Quintile 4 Data Set 13, Table AA-14 

Quintile 4 Data Set 14, Table AA-15 Quintile 5 Data Set 15, Table AA-16 Quintile 5 Data Set 16, Table AA-17 Quintile 5 Data Set 17, Table AA-18 Quintile 5 

Data Set 18. 
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Table 7.8 Data Sets for Segmented Regression Analysis Stratified for Socioeconomic Indices 

Index of 

Relative  

Socio-economic 

Disadvantage 

Percent 

Immunised 

per  

Quintile 

(N) 

Data Set SEIFA Series for Analysis 

IRSD Quintile 1 27,961 

Data Set 1 Original Series Quintile 1 

Data Set 2 Original Series transformed using an ARIMA(1,0,0) model Quintile 1 

Data Set 3 Weighted Series Quintile 1 

Data Set 4 Weighted Series with Outlier Removed Quintile 1 

IRSD Quintile 2 28,341 

Data Set 5 Original Series Quintile 2 

Data Set 6 Original Series transformed using an ARIMA(1,0,0) model Quintile 2 

Data Set 7 Weighted Series Quintile 2 

Data Set 8 Weighted Series with Outlier Removed Quintile 2 

IRSD Quintile 3 28,021 

Data Set 9 Original Series Quintile 3 

Data Set 10 Weighted Series Quintile 3 

IRSD Quintile 4 28,559 

Data Set 11 Original Series Quintile 4 

Data Set 12 Original Series transformed using an ARIMA(1,0,0) model Quintile 4 

Data Set 13 Weighted Series Quintile 4 

Data Set 14 Weighted Series with Outlier Removed Quintile 4 

IRSD Quintile 5 29,376 

Data Set 15 Original Series Quarters 1–64 Quintile 5 

Data Set 16 Original Series transformed using an ARIMA(1,0,0) model Quintile 5 

Data Set 17 Weighted Series Quintile 5 

Data Set 18 Weighted Series with Outlier Removed Quintile 5 

SEIFA-IRSD Data Characteristics–Quintile Series 

Three of the five quintile areas contained correlated values across each series (Quintile 2, Quintile 4 and 

Quintile 5). Unit roots were also detected in two of the five quintiles (Quintile 1 and Quintile 4). The 

heteroscedasticity, which was present in all quintiles (other than the Quintile 3 series), was transformed 

using an ARIMA model.  
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Weighting coefficients were applied to each SEIFA-IRSD data set to control for the impact of small cell 

bias on the analysis. The application of the weighting coefficients produced an outlier in four of the five 

series (Quintile 1, Quintile 2, Quintile 4 and Quintile 5). The effects of the data anomaly were addressed 

using an imputation procedure, which replaced the outlier value with a mean of the antecedent value and 

the value which immediately followed the outlier. 

Change in Level 

The regression coefficients, which provide estimates of the change in the level of immunisation following 

the removal of the SIP incentive for each of the quintile series, range from an increase of 2.898 percent 

(p-value=0.007) in the Quintile 3 weighted series to a decrease of 0.599 percent (p-value=0.419) in the 

Quintile 5 weighted series. Although the Quintile 3 weighted series was significant, most of the estimates 

of change following removal of the SIP incentive had wide confidence intervals and p-values that indicate 

the results were not significant at the 0.05 percent probability level. 

All but one of the above quintile series listed in Table 7.8 above, produced negative effect estimates for 

change in level after removal of the OBP incentive. These estimates ranged from a decrease of 

immunisation coverage of 2.457 percent (p-value=0.136) in the Quintile 5 weighted series (which had the 

outlier removed) to a decrease of 0.489 percent (p-value=0.781) in the Quintile 1 weighted series. The 

confidence intervals and p-values for the unweighted estimates were significant, with p-values for each 

regression coefficient ranging from p=0.003 to p=0.047. The weighted quintile series produced regression 

estimates with substantially wider confidence intervals as compared to the non-weighted series. The only 

series which showed an increase in immunisation coverage following OBP removal was the Quintile 2 

series, which had a weighting coefficient applied. In this series, the weighting procedure produced an 

extreme outlier which impacted on the regression trendlines. After the outlier was removed from the 

weighted series, the weighted estimate changed from an increase in immunisation of 0.404 percent (p-

value=0.855) to a 0.643 percent (p-value=0.733) decrease in immunisation coverage. 

 



   

235 

Change in Trend 

All series produced varied effect estimates for change in trend after removal of the SIP incentive. 

Estimates ranged from an increase in immunisation coverage of 0.010 percent (p-value=0.841) in the 

Quintile 1 series to a decrease in coverage of 0.234 percent (p-value=0.055) in the Quintile 1 weighted 

series. The estimates for change in trend following removal of the OBP all showed highly significant 

positive effects. These regression results were influenced by ‘No Jab No Pay Policy’, which caused a 

major increase in immunisation coverage 12 months after the OBP was removed.  

Visualisation of Original and Transformed Series-SEIFA-IRSD 

The above modelling procedures were undertaken to test the robustness of the regression results for the 

original series after it has been stratified for indices of disadvantage. This robustness test involves the 

comparison of the coefficients for the segmented regression model after the original series has been 

stratified for SEIFA, against the same series after it has been transformed to address the issue of 

scedasticity, the presence of small cells and exceptional outliers. Prior to tabulating these parameter 

estimates, each IRSD quintile that contains original, modelled and weighted data is plotted against itself, 

to enable a visual comparison of the lineplots and trendlines before and after each quintile has been 

transformed. This visualisation procedure shows that the transformation procedures significantly 

change the lineplot structure, the variance and the gradient of each regression trendline (Figure 7.6, 

Figure 7.7, Figure 7.8, Figure 7.9, & Figure 7.10). The first description below provides a comparative 

analysis of the data from the untransformed quintile series and the data after it has been modelled using 

an ARIMA process. Following this, descriptions of the effect of the application of a weighting 

coefficient, and the effects of the application of a weighting coefficient that has had a major outlier 

removed, are provided so that the effects of all transformation procedures can be overviewed. 

The ARIMA(1,0,0) modelling procedure, which had been applied to all of the quintiles, delivered 

lineplots with a lower magnitude than was evident in the original stratified series. Although the ARIMA 

modelled quintiles had much smaller magnitude changes across the series, the structure was similar to 

that of the stratified series which did not have the ARIMA(1,0,0) model applied. The modelled quintiles 

also produced a noticeable reduction in variance and had trendlines with smaller gradients (Figure 7.6, 

Figure 7.7, Figure 7.8, Figure 7.9, & Figure 7.10). 

The quintiles which had been weighted to address the effects of small cell postcodes showed markedly 

different lineplots, with much wider variance compared to the unweighted series. The regression 

trendlines in the weighted quintiles differed in both magnitude and gradient compared with the quintiles 

that did not have a weighting coefficient applied. Differences between the weighted quintiles and those 

that contained unmodified data were those associated with trendline endpoints, which showed vastly 
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different immunisation coverage levels before and after removal of each incentive. These differences 

were particularly evident in Quintile 1, Quintile 2, Quintile 4 and 5 following removal of the SIP (Figure 

7.5, Figure 7.6, Figure 7.7, Figure 7.9 and Figure 7.10).  

The weighted quintiles also produced outliers which were not present in the unweighted series. One of 

the most significant outliers in the weighted series was one which showed a rapid and significant drop 

in immunisation coverage coinciding with the removal of bonus payments for vaccinations delivered 

by PNs. The remuneration, which was in the form of an AUD$11.55 payment for each vaccination 

provided by a PN, required the general practice to claim a specific Medicare item number for the PN 

immunisation activity (MBS item 10993). This outlier was evident in the Quintile 1, Quintile 2, Quintile 

4 and Quintile 5 series, and can be seen in the bottom left graph in (Figure 7.6, Figure 7.7, Figure 7.9, 

& Figure 7.10). In all of the weighted quintiles, the level of immunisation in the quarter associated with 

the removal of the PN item number dropped between 5 and 8.5 percentage points. Although the outlier 

was present in Quintile 3 series (Figure 7.8, bottom left graph) the drop in immunisation coverage was 

not as marked. This drop in immunisation coverage, expressed in the weighted series, may indicate that 

there is an association between the claiming of incentives for PN immunisations in postcode areas which 

have a smaller population of children.  

To test the effects of the PN outlier on the regression trendlines for the weighted series, the outlier value 

which was associated with the removal of remuneration for PN immunisation, found at ‘31/12/2011’ 

(Quarter 48) in Figure 7.6, Figure 7.7, Figure 7.9 and Figure 7.10, was removed and replaced with an 

imputed value. The imputed value was calculated by replacing the outlier value with mean of the 

antecedent value and the value which immediately followed the outlier value. The effect of the removal 

of the outlier for the weighted series can be observed in Figure 7.6, Figure 7.7, Figure 7.9 and Figure 

7.10. In Figure 7.6, there was a small decrease in the gradient for the weighted Quintile 1 series 

following removal of the outlier. The effect of this gradient change on the level of immunisation rates 

following removal of the OBP is evident in the visual examination of the bottom left and bottom right 

graphs found in Figure 7.6. This shows that the removal of the outlier produces an increase in the 

reduction of immunisation rates following removal of the OBP. Likewise, the weighted series for 

Quintile 2 found in the bottom two graphs in Figure 7.7, also showed a small decrease in the gradient 

following removal of the outlier. This change to the gradient resulted in a reversal of the outcome 

associated with removal of the OBP, where the increase in immunisation following removal of the OBP 

for the Quintile 2 weighted series became a decrease in immunisation once the outlier was removed. A 

comparison of the weighted series and the weighted series with the outlier removed, in the Quintile 4 

and 5 series, can be visualised in the bottom two graphs of Figure 7.9 and Figure 7.10. These figures 

show the same effects that were found in the Quintile 1 weighted series after the outlier was removed. 
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 Figure 7.6  SEIFA IRSD- Quintile 1 Lineplots and Trendlines 
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 Figure 7.7  SEIFA IRSD- Quintile 2 Lineplots and Trendlines
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 Figure 7.8  SEIFA IRSD- Quintile 3 Lineplots and Trendlines
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Figure 7.9  SEIFA IRSD- Quintile 4 Lineplots and Trendlines
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  Figure 7.10  SEIFA IRSD- Quintile 5 Lineplots and Trendlines
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Table 7.9 SEIFA IRSD Segmented Regression Results Summary

Paediatric Immunisation Coverage 
Correlation 

𝐻0 ∶ no serial correlation 

(5% significance) 

Unit Root 
𝐻0 ∶ contains a unit root 

(5% significance) 

Removal of the SIP 
𝑯𝟎: β=0 

(5% significance) 

Removal of the OBP 
𝑯𝟎: β=0 

(5% significance) 

Data 

Set 

IRSD 

Quintile 
Immunisation Coverage Quarters 1–64 Lag 4 Lag 3 

𝛽2 Level Change 
(Conf. Int.) 

p-value 

𝛽3 Slope Change 
(Conf. Int.) 

p-value 

𝛽4 Level Change 
(Conf. Int.) 

p-value 

𝛽5 Slope Change 
(Conf. Int.) 

p-value 

1 Quintile 1 Original Series 
Uncorrelated 

p= 0.148 

Unit Root 

p=0.262 

0.173 
(−1.0155 - 1.3622) 

p=0.771 

0.010 
(−0.0861 - 0.1053) 

p=0.841 

−2.161 
(−3.5112 - −0.8099) 

p=0.003 

0.529 
(0.3194 - 0.7396) 

p=0.000 

2 Quintile 1 Original Series ARIMA(1,0,0) model 
Uncorrelated 

p= 0.205 

No Unit Root 

p=0.009 

−0.034 
(−0.4682 - 0.3995) 

p=0.874 

0.003 
(−0.0316 - 0.0382) 

p=0.850 

−0.507 
(−1.1082 - 0.0951) 

p=0.085 

0.121 
(0.0277 - 0.2149) 

p=0.013 

3 Quintile 1 Weighted Series 
Correlated 

p=0.002 

Unit Root 

p=0.309 

2.358 
(−0.6521 - 5.3686) 

p=0.122 

−0.238 
(−0.4799 - 0.0046) 

p=0.054 

−0.463 
(−4.0947 - 3.168) 

p=0.795 

0.300 
(−0.2649 - 0.8647) 

p=0.285 

4 Quintile 1 Weighted Series with Outlier Removed 
Correlated 

p=0.000 

Unit Root 

p=0.677 

2.405 
(−0.3744 - 5.1836) 

p=0.088 

−0.191 
(−0.415 - 0.0323) 

p=0.092 

−1.390 
(−4.226 - 1.4465) 

p=0.323 

0.254 
(−0.1876 - 0.6947) 

p=0.248 

5 Quintile 2 Original Series 
Correlated 

p=0.047 

No Unit Root 

p=0.035 

−0.063 
(−1.2029 - 1.0762) 

p=0.912 

−0.053 
(−0.1447 - 0.0387) 

p=0.251 

−2.003 
(−3.3131 - 0.6933) 

p=0.004 

0.487 
(0.2829 - 0.6904) 

p=0.000 

6 Quintile 2 Original Series ARIMA(1,0,0) model 
Uncorrelated 

p=0.081 

No Unit Root 

p= 0.027 

0.100 
(−0.4097 - 0.6105) 

p=0.694 

−0.025 
(−0.0665 - 0.0156) 

p=0.219 

−0.770 
(−1.4223 - −0.1176) 

p=0.023 

0.184 
(0.0827 - 0.2856) 

p=0.001 

7 Quintile 2 Weighted Series 
Uncorrelated 

p=0.187 

Unit Root 

p=0.271 

2.033 
(−0.8606 - 4.9271) 

p=0.164 

−0.181 
(−0.4143 - 0.0515) 

p=0.124 

0.448 
(−4.1203 - 5.0169) 

p=0.841 

0.169 
(−0.5412 - 0.8800) 

p=0.628 

8 Quintile 2 Weighted Series with Outlier Removed 
Uncorrelated 

p=0.118 

Unit Root 

p=0.197 

2.087 
(−0.5428 - 4.7159) 

p=0.117 

−0.128 
(−0.3398 - 0.0835) 

p=0.230 

−0.618 
(−4.5241 - 3.2891) 

p=0.747 

0.116 
(−0.4915 - 0.7238) 

p=0.697 

9 Quintile 3 Original Series 
Uncorrelated 

p=0.611 

No Unit Root 

p= 0.037 

0.369  

(−0.6660 - 1.4041) 
p=0.477 

−0.047 
(−0.1304 - 0.0362) 

p=0.261 

−1.636 
(−3.2454 - −0.0256) 

p=0.047 

0.415 
(0.1648 - 0.6656) 

p=0.002 

10 Quintile 3 Weighted Series 
Correlated 

p=0.019 

Unit Root 

p=0.562 

2.939 
(0.8325 - 5.046) 

p=0.007 

−0.083 
(−0.2526 - 0.0865) 

p=0.330 

−0.726 
(−3.5592 - 2.1076) 

p=0.602 

0.715 
(0.2746 - 1.1560) 

p=0.003 

11 Quintile 4 Original Series 
Correlated 

p=0.009 

Unit Root 

p=0.181 

0.027 
(−0.7980 - 0.8513) 

p=0.949 

−0.014 
(−0.0808 - 0.0520) 

p=0.665 

−1.885 
(−3.2015 - −0.5693) 

p=0.007 

0.465 
(0.2601 - 0.6696) 

p=0.000 

12 Quintile 4 Original Series ARIMA(1,0,0) model 
Correlated 

p=0.023 

Unit Root 

p=0.197 

0.001 
(−0.3885 - 0.3915) 

p=0.994 

0.001 
(−0.0306 - 0.0322) 

p=0.958 

−1.055 
(−1.6790 - −0.4318) 

p=0.002 

0.210 
(0.1135 - 0.3075) 

p=0.000 

13 Quintile 4 Weighted Series  
Uncorrelated 

p=0.671 

Unit Root 

p=0.093 

0.286 
(−1.8223 - 2.3948) 

p=0.786 

0.024 
(−0.1462 - 0.1932) 

p=0.782 

−1.494 
(−4.8674 - 1.8796) 

p=0.370 

0.477 
(−0.0476 - 1.0018) 

p=0.073 

14 Quintile 4 Weighted Series with Outlier Removed 
Uncorrelated 

p=0.383 

No Unit Root 

p=0.034 

0.319 
(−1.6247 - 2.2636) 

p=0.743 

0.057 
(−0.0997 - 0.2132) 

p=0.470 

−2.158 
(−5.1284 - 0.8120) 

p=0.147 

0.444 
(−0.0181 - 0.9059) 

p=0.059 

15 Quintile 5 Original Series 
Correlated 

p=0.013 

No Unit Root 

p= 0.021 

0.321 
(−0.4369 - 1.0789) 

p=0.399 

−0.020 
(−0.0811 - 0.0409) 

p=0.510 

−1.819 
(−2.7470 - −0.8908) 

p=0.000 

0.424 
(0.2792 - 0.5679) 

p=0.000 

16 Quintile 5 Original Series ARIMA(1,0,0) model 
Correlated 

p=0.034 

No Unit Root 

p= 0.035 

0.209 
(−0.2312 - 0.6493) 

p=0.345 

−0.005 
(−0.0404 - 0.0304 

p=0.778 

−1.040 
(−1.6308 - −0.4494) 

p=0.001 

0.213 
(0.1211 - 0.3049) 

p=0.000 

17 Quintile 5 Weighted Series 
Uncorrelated 

p=0.234 

Unit Root 

p= 0.177 

−0.713 
(−2.3319 - 0.9061) 

p=0.381 

−0.165 
(−0.2958 - −0.0352) 

p=0.014 

−1.829 
(−4.4507 - 0.7930) 

p=0.163 

0.630 
(0.2217 - 1.0373) 

p=0.004 

18 Quintile 5 Weighted Series with Outlier Removed 
Uncorrelated 

p=0.041 

Unit Root 

p= 0.187 

−0.677 
(−2.0547 - 0.6999) 

p=0.328 

−0.130 
(−0.2409 - −0.0192) 

p=0.022 

−2.539 
(−4.5621 - −0.5154) 

p=0.016 

0.594 
(0.2793 - 0.9088) 

p=0.001 
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Results Summary SEIFA 

Segmented regression analysis is undertaken on 18 unique data sets to empirically measure the 

association between socio-economic disadvantage and paediatric immunisation coverage after removal 

of financial incentive payments to general practitioners. A tabulated summary of all results is presented 

in Table 7.9 above.  

These data sets were tested for autocorrelation and the presence of a unit root. All series, other than the 

Quintile 3 series, contained correlated data and a unit root process. This indicates that the Quintile 3 

does not contain the heteroscedastic process present in all other quintile series. It is possible that this 

process may be related to an outlier, which was associated with the removal of remuneration for practice 

nurses, as was expressed in all of the weighted series other than in the Quintiles 3 series.  

In 17 of the 18 series, there is no significant change in the level of trend detected following removal of 

the SIP. The series, which showed a significant change in level following removal of the SIP, was the 

Quintile 3 weighted series. Two out of the eighteen series showed a significant change in slope 

following SIP removal. In this case, the two Quintile 5 weighted series showed that immunisation 

coverage rates decreased over time in the segment associated with SIP incentive removal. 

All quintiles had at least one statistically significant coefficient showing that the removal of the OBP 

incentives was associated with a reduction in the level of immunisation coverage. The Quintile 1 series 

and Quintile 5 weighted series (with outlier removed) each had the largest coefficients for change in 

level following removal of the OBP. Just as for the national series, all quintiles showed an increased 

rate of immunisation coverage following removal of the OBP, which is most likely to have been 

associated with the effect of the ‘No Jab No Pay’ policy on immunisation. 

There were wide differences in outcomes across each quintile series following removal of the SIP 

incentive. The effect ranged from outcomes associated with large increases in immunisation levels 

through to outcomes associated with no significant drops in coverage. This range of outcomes was not 

as evident when examining the effect of the removal of the OBP. For the outcomes associated with the 

removal of the OBP, a drop in immunisation was seen across all of the original series quintiles and 

many of the modelled quintiles.  

When comparing the quintiles which contain original data only, the postcodes associated with quintiles 

with lower SEIFA indices showed a greater reduction in immunisation following removal of the OBP, 

compared to the postcodes associated with quintiles with higher SEIFA indices. Yet, when this data 

was modelled with an ARIMA model and weighting coefficient, the reverse applied. Across all of the 

results what is clear is that there was a greater response to the removal of the final incentive payment 
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(the OBP) at each end of the quintile spectrum. Thus, postcodes from the middle quintile, Quintile 3, 

showed the least response to OBP incentive removal. 

 

Aim 

The aim of the remoteness area (RA) sub-group analysis is to determine the relative differences in 

change in immunisation coverage between major cities, rural and remote areas, after the general 

practitioner financial incentive payments were removed. 

Background 

A small volume of work has been undertaken at the population level on geographical areas and 

immunisation coverage. Published studies include research undertaken in international and Australian 

contexts. Although many of the population-based studies examined immunisation across different 

geographic regions (Dombkowski et al., 2004; Grant et al., 2011; Lawrence et al., 2004; Luman & Chu, 

2009; Petousis-Harris et al., 2012; Takahashi, Metcalf, Ferrari, Tatem, & Lessler, 2017; Wright & 

Polack, 2006), there are very few studies which have specifically compared differences in immunisation 

coverage between children from urban versus rural areas. One study comparing immunisation coverage 

differences between children from urban and rural postcodes was the ecological study undertaken by 

Hull et al. (2001). This study examined urban and rural variation in predictors for immunisation for all 

Australian children across a 12-month period. It found predictors for immunisation coverage varied 

across areas of rurality, where a high level of education was associated with lower immunisation 

coverage in metropolitan areas only, and high unemployment was associated with lower immunisation 

coverage in rural postcode areas only (Hull et al., 2001).  

To investigate the effect of geography on the impact of the removal of GP incentives on paediatric 

immunisation coverage, postal indexes contained in ABS Australian Standard Geographical 

Classification (ASGS) remoteness area data was linked to the postcodes in the ACIR register. The 

ASGS classifies geographical areas across Australia into areas of relative remoteness. Relative 
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remoteness is measured using the Accessibility and Remoteness Index of Australia (ARIA+) index78F

70, 

which is derived by measuring the road distance from a point to the nearest urban centres and localities.  

The five79F

71 classes of geographic remoteness based on a measure of relative access to services include: 

• RA1–Major Cities of Australia 

• RA2–Inner Regional Australia 

• RA3–Outer Regional Australia 

• RA4–Remote Australia 

• RA5–Very Remote Australia 

Geographic remoteness is essentially a measure of a physical location's level of access to goods and 

services. Large population centres tend to have a greater range of goods and services available than 

small centres. Typically, a population centre is not likely to provide a full range of goods and services 

until its population reaches around 250,000 people 80F

72. The measures of remoteness used by the 

Australian Bureau of Statistics (ABS) are based on population estimates obtained from the Census of 

Population and Housing, conducted every 5 years.  

The linkage of the ABS ASGS data with the immunisation coverage data involved the same 

methodology as was applied for the linkage of SEIFA-IRSD postcode data with the ACIR data. To do 

this, one ABS ASGS data cube was merged by postcode area to postcodes in the Postcode variable from 

the 64 ACIR data sets that are contained in the ACIR immunisation coverage series. The ABS ASGS 

data cubes were developed using postcodes contained in the census data collected in the 2011 Census 

of Population and Housing. The remoteness area Postal Area variable was created by ABS by allocating 

remoteness area classifications to AusPost postcode data on a 'best fit' basis. As previously indicated, 

the ABS-derived POAs are viewed as the closest approximate possible to address postcode-based data. 

As occurred with the SEFIA data, there was a small amount of immunisation coverage data lost in the 

ASGS data cube merge, where 5.54 percent of postcodes in the immunisation coverage series did not 

merge with the ASGS data. Similarly, this loss was due to a mismatch of the ‘best fit’ approximations 

of the ASGS variable with the ACIR AusPost postcode, as well as the duration of the time series. The 

data in Table 7.10 show the postcode and POA mismatch for the ASGS Postal Area data.  

 

                                                      
70 The Accessibility/Remoteness Index of Australia (ARIA) continues to be developed and maintained by the Hugo Centre at the University 

of Adelaide. ARIA was created as a joint project with the Australian Department of Health and Ageing in 
1998https://www.adelaide.edu.au/hugo-centre/spatial_data/aria/ 
71 Two other RA classes Migratory–Offshore–Shipping and No usual address will not be included in this research. 
72 AIHW Remoteness classification (ASGS-RA) N http://meteor.aihw.gov.au/content/index.phtml/itemId/531713 )Accessed 10//04/2018 

http://meteor.aihw.gov.au/content/index.phtml/itemId/531713
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Table 7.10  ACIR-AusPost and ASGS Remoteness Area-POA Alignment  

States & Territories 

of Australia 

ACIR AusPost 

ASGS Remoteness Area POA 

Alignment  
(n) 

ACIR AusPost 

ASGS Remoteness Area POA 

Non Alignment  
(n) 

ACIR Immunisation Data 

AusPost 

(N) 

ACT 1,576 206 1,782 

NT 1,623 757 2,380 

NSW 37,082 2,945 40,027 

VIC 37,560 1,168 38,728 

QLD 25,209 296 25,505 

SA 17,536 109 17,645 

WA 18,041 2,888 20,929 

TAS 6,220 134 6,354 

Australia 144,847 8,503 153,350 

Australia  

(Percent) 
94.46% 5.54% 100% 

Following the merge, the ABS ASGS scores for all areas was divided into five areas of rurality, from 

RA1, which contained postcode data linked to all major cities of Australia, down to RA5, which 

contained data for postcodes which were linked to the remotest areas of Australia. The distribution of 

postcodes reporting immunisation completion per ASGS by State and territory, as found in Table 7.11, 

indicates that the number of people living in the most remote postcodes is not equally distributed across 

Australia. Note that the Northern Territory and Tasmania do not have any postcodes that are classified 

as a major city, yet a city is located in each of these regional areas. The reason for this is the ASGS 

Remoteness classification groups areas into ‘remoteness classes’ where all members of a ‘class’ have 

similar, but not identical characteristics, thus inner regional parts of Tasmania are inner regional because 

of its location in the context of Australia, not because of location within Tasmania (ABS, 2018). 
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Table 7.11 Distribution of Postcodes Reporting on Immunisation by ASGS Remoteness Areas 

States 

& 

Territories 

of Australia 

ASGS Remoteness Areas of Australia  

Total 

N (%) RA 1 

Major Cities 

n (%) 

RA 2 

Inner Regional 

n (%) 

RA 3 

Outer Regional 

n (%) 

RA 4 

Remote 

n (%) 

RA 5 

Very Remote 

n (%) 

ACT 1,515 (96.13) 61 (3.87) 0 (0.00) 0 (0.00) 0 (0.00) 1,576 (100.00) 

NT 0 (0.00) 0 (0.00) 693 (42.70) 420 (25.88) 510 (31.42) 1,623 (100.00) 

NSW 19,222 (51.84) 8,966 (24.18) 7,712 (20.80) 842 (2.27) 340 (0.92) 37,082 (100.00) 

VIC 15,685 (41.76) 14,818 (39.45) 6,702 (17.84) 355 (0.95) 0 (0.00) 37,560 (100.00) 

QLD 9,949 (39.47) 5,015 (19.89) 6,581 (26.11) 1,691 (6.71) 1,973 (7.83) 25,209 (100.00) 

SA 7,369 (42.02) 3,596 (20.51) 4,551 (25.95) 1,292 (7.37) 728 (4.15) 17,536 (100.00) 

WA 6,640 (36.81) 3,054 (16.93) 3,595 (19.93) 2,944 (16.32) 1,808 (10.02) 18,041 (100.00) 

TAS 0 (0.00) 2,445 (39.31) 3,372 (54.21) 274 (4.41) 129 (2.07) 6,220 (100.00) 

Australia 60,380 (41.69) 37,955 (26.20)  33,206 (22.92) 7,818 (5.40) 5,488 (3.79) 144,847 (100.00) 

For this analysis, the geographic areas classified as remote (RA4) and very remote (RA5) under ASGS 

classification will be combined and classified as the term ‘Outer Regional to Very Remote Australia’ 

(Table 7.12). These remoteness areas have been combined to protect the confidentiality of smaller 

populations within the immunisation series. Outer Regional, with Remote and Very Remote areas, are 

frequently combined when reporting on health outcomes in areas with smaller population sizes 

(Australian Bureau of Statistics [ABS], 2016b; Australian Bureau of Statistics [ABS], 2016c; AIHW 

2018c). 

Table 7.12 Distribution of Postcodes in Aggregated Remoteness Area Classifications 

Remoteness Area Class RA Code 
ACIR–ASGS Postcodes 

(n) 

ACIR–ASGS Postcodes 

(%) 

Major Cities of Australia RA1 60,380 41.69% 

Inner Regional Australia RA2 37,955 26.20% 

Outer Regional to Very Remote Australia RA3, RA4 & RA5 46,512 32.11% 

Australia RA1–RA5 144,847 100% 
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The aim of this analysis is to detect changes in the slope and trend following removal of financial 

incentives to GPs, after the series has been stratified for geographic areas. The lineplots found in Figure 

7.11, represent the proportion of Australian children who were recorded on the ACIR as fully 

immunised across three remoteness classifications. The RA line graphs indicate higher immunisation 

coverage for children in outer regional and remote areas. This may be due to the effect of small cells in 

more remote areas. There also appears to be a greater variation in immunisation coverage in areas with 

increasing remoteness across the series. Immunisation coverage rates in Major Cities and Inner 

Regional areas are clustered together and appear to have a similar variance across the series. The plot 

line patterns appear similar across all geographical areas. All quintiles show a drop in the trendline 

following removal of the outcome bonus payment. The outlier which was present at the 48th quarter in 

the national series and the SEIFA series is also evident in the RA series
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Figure 7.11  Immunisation Coverage Stratified for ASGS Remoteness Area Classifications
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Regression Trendlines–Remoteness Area 

Prior to performing regression analysis on the data in Table 7.11, immunisation coverage trends across 

each remoteness area were visually examined. These trends are plotted across three segments of the 

series, with each segment representing immunisation coverage before and after removal of the SIP and 

OBP incentives. Examination of the trendlines, in Figure 7.12 and Figure 7.13, provides a visual 

comparison of changes in level and slope across each geographic area. 

Segment 1 Remoteness Areas 1-5 

The trendlines in the second segment of each series in Figure 7.12 and Figure 7.13 represent 

immunisation coverage when the SIP and OBP incentives were in place. The series that contained data 

from postcodes located in major cities (RA1) and inner regional Australia (RA2) showed a slight 

increase in slope across the first segment. There was a negligible change in slope for the series which 

contained data from outer regional and remote areas (RA3, RA4 and RA5). The level of immunisation 

coverage varied across each series, with the more remote areas of Australia showing higher levels of 

coverage across the whole segment. 

Segment 2 Remoteness Areas 1-5 

The trendlines in the second segment of each series, in Figure 7.12 and Figure 7.13, represent 

immunisation coverage whilst the OBP incentive was still in place, but after the SIP incentive had been 

removed. The slope of the segment varied across each remoteness area, with the trendline for 

immunisation coverage within regional and rural areas of Australia showing minimal change in slope 

following removal of the SIP. The trend in major city areas decreased following removal of the SIP. 

The trendline at the end of the second segment, just prior to removal of the OBP, appeared to be at a 

similar level for all geographic areas in Australia (Figure 7.12 & Figure 7.13).  

Segment 3 Remoteness Areas 1-5 

The trendlines in third segment of the regression plots, found in Figure 7.12 and Figure 7.13, represent 

immunisation coverage after all incentive payments were removed. Each remoteness area showed a 

slope with a similar gradient and level across the segment. This indicates that the level of drop in 

immunisation coverage following removal OBP was consistent across all geographic areas across 

Australia, and the rate of change across the segment was also equally comparable. 
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Overview Remoteness Areas of Australia 

There was a small amount of variation in level and slope across remoteness area in the first two 

segments of the series. The effects of the removal of the SIP in each region ranged from a slight increase 

in the level and slope of the trendline in regional and remote areas to a decrease in level and slope in 

major cities, following SIP removal. The level and slope of trend in the third segment following removal 

of the OBP was consistent across all geographic areas.  

A fairly coarse assessment of how the impact of incentive removal on immunisation coverage varies 

across geographic areas is provided by visual examination of each of the remoteness area plots. As was 

done in the previous section, segmented regression estimates are calculated in the next section, so that 

changes in level and slope following the removal of each incentive for each remoteness area can be 

empirically measured. The remoteness area series are examined to determine the extent to which 

heteroscedasticity, the presence of small postcode cells and the ‘No Jab No Pay’ policy influence each 

of the regression trendlines. The analysis of the stratified series also involves the detection of policy 

outliers. 

Figure 7.12  Segmented Regression Trendlines–Remoteness Area 1 
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Figure 7.13  Segmented Regression Trendlines–Remoteness Area 2 & Remoteness Area 3-5 
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Heteroscedasticity Tests and Weighting Coefficients 

The heteroscedasticity of each remoteness area was tested and a weighting coefficient for each series 

was calculated, prior to undertaking further analysis on the stratified series. 

Heteroscedasticity–Remoteness Areas 

Examination for evidence of autocorrelation and the presence of a unit root is required to determine if 

the regression of the original data stratified into Remoteness Areas produces biased results. Series 

heteroscedasticity is determined using the Breusch-Godfrey LM test to detect series autocorrelation, 

and the Augmented Dickey-Fuller test is used to detect the presence of a unit root. If the RA series is 

found to be heteroscedastic, it will be modelled using an arima(100)dy process. 

Small Cell Bias–Remoteness Areas 

The impact of the small cells on the RA series is also ascertained using a weighting coefficient, which 

is determined by the proportion of small cells in each of the series. The results of the regression analysis 

are presented in a table, so that judgments on the impact of incentive removal for each quintile can 

include comparisons of each geographic area for the original and modelled series. 

Data Anomalies, Outliers and Policy Confounders–Remoteness Areas 

Similar to what was expressed in the national and SEIFA series, there is also evidence of an outlier in 

the 45th quarter of each remoteness area series (Figure 7.12, Figure 7.13). As was also evident in the 

SEIFA series, the outlier is especially pronounced in certain geographic areas, such as areas with 

increasing remoteness. 

Weighted Series–Remoteness Areas 

The methods used to calculate the weighting coefficient for the series stratified for remoteness are 

identical to the methods used for the national data and SEIFA series. These methods are described in 

detail in Chapter 6.6.2. The weighting coefficients, which are tabulated in this section, are the weights 

that are applied to each remoteness area after stratification of the original series. The lineplot graph for 

the weighted remoteness series is presented in Figure 7.14 and the regression coefficients for each of 

these remoteness areas are found in the section below (Chapter 7.3.8) and in Appendix GG (Table GG.3, 

Table GG.7, Table GG.11). 
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Weighted Remoteness Area Lineplots–RA 1-5 

In the first segment of each of the weighted series, the graph in Figure 7.14 shows that the remoteness 

area for Inner Regional and Outer Regional to Very Remote areas have lineplots that depict a lower 

immunisation coverage compared to Major Cities areas. The graph also shows that these regional and 

remote areas which have weighting coefficients applied to the data have lineplots which are clustered 

together, even though they each have a wide variance. This wide variation in immunisation coverage 

rates across the series was not evident in the Major Cities lineplot. As each series progressed into the 

second and third segments, the differences in variance between the regional and remote areas, compared 

to major city areas, persisted, yet there was a reversal in the comparably lower immunisation coverage 

rates that were seen in regional and remote geographic areas, as these lineplots indicated immunisation 

coverage in these areas increased to levels which were greater than was seen in the weighted major city 

areas. 

Of all the remoteness areas, the Outer Regional to Very Remote areas appeared to have the highest peak 

in rates of immunisation coverage. This was seen in the original series and was also evident in this 

weighted series, even after the application of weighting coefficients. As was also seen in the weighted 

SEIFA series, all of the remoteness area lineplots simultaneously expressed an outlier that showed a 

steep drop in immunisation followed by an immediate rebound. Similarly, this dip, which coincided 

with the removal of payments for practice nurse immunisation, was also not evident in the remoteness 

area series that had not been modified by the weighting procedure. 
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Figure 7.14  Immunisation Coverage Stratified for ASGS Remoteness Area Weighted Series 
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Remoteness Area 1 Major Cities of Australia 

Scedasticity Tests–RA1 

As was done for the SEIFA series, a formal assessment of heterogeneity of the Remoteness Area series 

is undertaken using the Breusch-Godfrey LM (chi2) statistic. The Breusch-Godfrey LM statistic for the 

RA(1) series is 15.349 (p=0.0031) for higher order correlation across four quarterly lags, therefore, the 

null hypothesis that the series was not correlated was rejected. The Z(t) value for the Augmented Dicky-

Fuller test was calculated to equal -2.678 (p=0.2451) for the presence of a unit root across three lags, 

therefore, the null hypothesis that the series contains a unit root was not rejected. A tabulation of the 

Augmented Dicky Fuller and Breusch-Godfrey LM test results for RA(1) is found in Appendix FF in 

Table FF.1 and Table FF.2. The RA(1) series contains correlated data and a unit root process across at 

least three quarters. To avoid an overestimation of the significance of change estimates, the 

heteroscedasticity of the RA(1) series is accounted for with the application of an arima(100)dy 

modelling procedure. 

Small Cell Bias–Remoteness Area 1  

Just over 12 percent of the cells in the Major Cities series contain postcodes with less than 10 children. 

To address the effects of small cell bias on the regression results, weighting coefficients were calculated 

for the series. The weights found in Table 7.13 are applied to the RA(1) series prior to regression. 

Table 7.13 Weighting Procedure RA1 Remoteness Area 

Weighting 

Procedure 

Postcode 

Cell Size 

Number 

of 

Children* 

Proportion of Small 

vs. Large Postcode 

Population 

Number of 

Postcodes 

Reporting on 

Immunisation 

Completion 

Proportion of 

Small vs. Large 

Postcodes Reporting 

on Immunisation 

Completion 

Weighting 

Coefficients 

Small 

Cells 

Postcodes 

with <10 

children 

8,743 
8,743/ 

3,125,285 
0.0028 7,525 

7,525/ 

60,380 
0.1246 

0.0028/

0.1246 
0.0225 

Large 

Cells 

Postcodes 

with ≥ 10 

children 

3,116,542 
3,116,542/ 

3,125,285 
0.9972 52,855 

52,855/ 

60,380 
0.8754 

0.9972/

0.8754 
1.1391 

Total 
All 

Postcodes 
3,125,285  1.0000 60,380  1.0000   

Data Anomaly–Remoteness Area 1 Weighted Series 

An outlier at Quarter 48 became evident following the application of a weighting coefficient to the RA1 

series. The effect of this data anomaly on the regression results of the weighted series is tested in this 
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section. In doing so, the outlier value of 88.89 percent is replaced with 92.07 percent, the mean of 

Quarter 47 (92.24 percent) and Quarter 49 (91.89 percent). 

ASGS RA2–Inner Regional Australia 

Scedasticity Tests–Remoteness Area 2 Inner Regional Australia 

The Breusch-Godfrey LM statistic for the RA(2) series is 10.278 (p=0.0360) for correlation across four 

quarterly lags, therefore, the null hypothesis that the series was not correlated was rejected. The Z(t) 

value for the Augmented Dicky-Fuller test was calculated to equal -3.283(p=0.0691) for the presence 

of a unit root across three lags, therefore, the null hypothesis that the series contains a unit root was not 

rejected. A tabulation of the Augmented Dicky Fuller and Breusch-Godfrey LM test results for RA(2) 

is found in Appendix FF in Table FF.3 and Table FF.4. 

The serial correlation, which is detected in the RA(2) series, is accounted for with the application of an 

arima(100)dy modelling procedure. 

Small cell Bias–Remoteness Area 2 Inner Regional Australia 

Around fifty-five percent of the cells in the Inner Regional series contained postcodes with less than 10 

children. The weights found in Table 7.14 are applied to the series prior to regression. 

Table 7.14 Weighting Procedure RA2 Remoteness Area 

Weighting 

Procedure 

Postcode 

Cell Size 

Number 

of 

Children* 

Proportion of Small 

vs. Large Postcode 

Population 

Number of 

Postcodes 

Reporting on 

Immunisation 

Completion 

Proportion of 

Small vs. Large 

Postcodes Reporting 

on Immunisation 

Completion 

Weighting 

Coefficients 

Small 

Cells 

Postcodes 

with <10 

children 

23,812 
23,812/ 

720,615 
0.0330 20,865 

20,865/ 

37,955 
0.5497 

0.0028/

0.5497 
0.0601 

Large 

Cells 

Postcodes 

with ≥ 10 

children 

696,803 
696,803/ 

720,615 
0.9670 17,090 

17,090/ 

37,955 
0.4503 

0.9972/

0.4503 
2.1474 

Total 
All 

Postcodes 
720,615  1.0000 37,955  1.0000   

Data Anomaly–Remoteness Area 2 Inner Regional Australia 

An outlier at Quarter 48 became evident following the application of a weighting coefficient to the RA2 

series. The effect of this data anomaly on the regression results of the weighted series is tested in this 

section. This involved replacing the outlier value of 83.70 percent with a value of 92.07 percent, the 

mean of Quarter 47 (92.44 percent) and Quarter 49 (95.15 percent). 
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ASGS RA3–5 – Outer Regional to Very Remote Australia 

Scedasticity Tests–Remoteness Area 3-5 Outer Regional to Very Remote Australia 

The Breusch-Godfrey LM statistic for the RA(3-5) series is 12.352 (p=0.0149) for correlation across 

four quarterly lags, therefore, the null hypothesis that the series was not correlated was rejected. The 

Z(t) value for the Augmented Dicky-Fuller test was calculated to equal -3.497(p=0.0397) for the 

presence of a unit root across three lags, therefore, the null hypothesis that the series contains a unit root 

was not rejected. A tabulation of the Augmented Dicky Fuller and Breusch-Godfrey LM test results for 

RA(3-5) is found in Appendix FF in Table FF.5 and Table FF.6. 

Small cell Bias–Remoteness Area 3-5 Outer Regional to Very Remote Australia 

Over seventy percent of the cells in the Outer Regional series contained postcodes with less than 10 

children, and over eighty percent of the cells in the Remote to Very Remote series contained postcodes 

with less than 10 children. To address the effect of small cells on the regression estimates in the Outer 

Regional to Very Remote series, a weighting coefficient for the Outer Regional postcodes was 

calculated (Table 7.15), and a separate weighting coefficient for the Remote to Very Remote postcodes 

was calculated (Table 7.16). Two separate weighting coefficients were calculated to account for the 

different size of postcode areas in Outer Regional areas, compared to the size of postcodes in Remote 

to Very Remote areas. Alternate weighting coefficients were calculated for this series where the Outer 

Regional to Very Remote data were combined to test the effect of splitting the weighting procedure. 

The regression results which used the combined RA3-5 data coefficients are very similar to the results 

calculated using the weighting procedure described above. These alternate results can be found in 

Appendix II, Table II.11 and Table II.12. 

Table 7.15 Weighting Procedure RA3–5 Outer Regional Remoteness Area 

Weighting 

Procedure 

Postcode 

Cell Size 

Number 

of 

Children* 

Proportion of Small 

vs. Large Postcode 

Population 

Number of 

Postcodes 

Reporting on 

Immunisation 

Completion 

Proportion of 

Small vs. Large 

Postcodes Reporting 

on Immunisation 

Completion 

Weighting 

Coefficients 

Small 

Cells 

Postcodes 

with <10 

children 

26,004 
25,986/ 

353,550 
0.0735 23,525 

23,525/ 

33,217 
0.7082 

0.0735/

0.7082 

0.103

8 

Large 

Cells 

Postcodes 

with ≥10 

children 

327,546 
327,546/ 

353,550 
0.9265 9,692 

9,692/ 

33,217 
0.2918 

0.9265/

0.2918 

3.175

4 

Total 
All 

Postcodes 
353,550  1.0000 33,217  1.0000   
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Table 7.16 Weighting Procedure RA3–5 Remote to Very Remote Remoteness Area 

Weighting 

Procedure 

Postcode 

Cell Size 

Number 

of 

Children 

Proportion of Small 

vs. Large Postcode 

Population 

Number of 

Postcodes 

Reporting on 

Immunisation 

Completion 

Proportion of 

Small vs. Large 

Postcodes 

Reporting on 

Immunisation 

Completion 

Weighting 

Coefficients 

Small 

Cells 

Postcodes 

with <10 

children 

11,668 
11,668/ 

90,968 
0.1283 10,662 

10,662/ 

13,295 
0.8020 

0.1287/ 

0.8020 
0.1600 

Large 

Cells 

Postcodes 

with ≥10 

children 

79,300 
79,300/ 

90,968 
0.8717 2,633 

2,633/ 

13,295 
0.1980 

0.8713/ 

0.1980 
4.4025 

Total 
All 

Postcodes 
90,968  1.0000 13,295  1.0000   

Data Anomaly–Remoteness Area 3-5 – Outer Regional to Very Remote Australia 

As evident in Figure 7.15, an extreme outlier at Quarter 48 became apparent following the application 

of a weighting coefficient to the Outer Regional to Remote series. To test the effects of this data anomaly 

on the regression results of the weighted series, the outlier at quarter 48 was replaced with an estimate 

that was calculated using the mean of the antecedent value at Quarter 47 (94.58 percent) and subsequent 

value at Quarter 49 (96.38 percent). Hence, the outlier value of 80.60 percent was replaced with a mean 

value of 95.47 percent. 

Data Sets for Analysis 

The immunisation coverage component of each series, which has been stratified for ASGS remoteness 

areas, is examined for evidence of autocorrelation, the presence of a unit root and small cell bias. To 

address these potential biases the remoteness area analysis is presented as a regression of the original 

data, which has been stratified across remoteness areas, the regression of the remoteness area data which 

has been modelled using an ARIMA process and the regression of the remoteness area data following 

the application of weights. As an outlier was expressed following the application of the weighting 

coefficients, each weighted series which has the outlier removed is also regressed. Table 7.17 below 

lists the data sets which are included in the remoteness area analysis.  
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Table 7.17 Data Sets for Segmented Regression Analysis Stratified for Remoteness 

Remoteness 

Areas of 

Australia 

Percent Immunised 

per 

 Remoteness Area 

(N) 

Data Set Remoteness Area Series for Analysis 

ASGS RA1 

Major City 

Areas  

60,380 

Data Set 1 Original Series RA1 

Data Set 2 Original Series transformed using an ARIMA(1,0,0) model RA1 

Data Set 3 Weighted Series RA1 

Data Set 4 Weighted Series RA1 with Outlier Removed 

ASGS RA2 

Inner Regional 

Areas  

37,955 

Data Set 5 Original Series RA2 

Data Set 6 Original Series transformed using an ARIMA(1,0,0) model RA2 

Data Set 7 Weighted Series RA2 

Data Set 8 Weighted Series RA2 with Outlier Removed 

ASGS RA3-5 

Outer Regional 

to Rural 

Remote Areas  

46,512 

Data Set 9 Original Series RA3–5 

Data Set 10 Original Series transformed using an ARIMA(1,0,0) model RA3–5 

Data Set 11 Weighted Series RA3–5 

Data Set 12 Weighted Series RA3–5 with Outlier Removed 

As was done in the SEIFA series analysis, the effect estimates for change in level and trend following 

the removal of the SIP and the OBP incentive are presented in Table 7.18. This provides an opportunity 

to examine the impact of partial and complete incentive removal across each ASGS remoteness area. 

All of the parameter estimates which have been calculated for the three ASGS remoteness area data sets 

are located in Appendix GG81F

73  

Remoteness Areas Data Characteristics–RA Series  

All of the remoteness areas contained correlated values across each series. Unit roots were also detected 

in two of the three areas (Major Cities and Inner Regional areas of Australia). The heteroscedasticity, 

which was present in all the remoteness area series, was transformed using an ARIMA model. A 

weighting coefficient was applied to each RA data set, to control for the impact of small cell bias on 

                                                      
73 Table CC-1 Remoteness Area 1 Data Set 1, Table CC-2 Remoteness Area 1 Data Set 2, Table CC-3 Remoteness Area 1 Data Set 3, Table 

CC-4 Remoteness Area 1 Data Set 4, Table CC-5 Remoteness Area 2 Data Set 5, Table CC-6 Remoteness Area 2 Data Set 6, Table CC-7 

Remoteness Area 2 Data Set 7, Table CC-8 Remoteness Area 2 Data Set 8, Table CC-9 Remoteness Area 3 Data Set 9, Table CC-10 
Remoteness Area 3 Data Set 10, Table CC-11 Remoteness Area 3 Data Set 11, Table CC-12 Remoteness Area 3 Data Set 12 



   

261 

the analysis. The application of the weighting coefficient produced an outlier in each weighted series. 

This outlier was most evident in the RA2 and RA3–5 weighted series. The effects of the data anomaly 

were addressed using an imputation procedure, which replaced the outlier value with a mean of the 

value antecedent to the outlier and the value which immediately followed the outlier.  

Change in Level 

All of the regression coefficients for each remoteness area provided effect estimates that ranged from 

large, significant increases in immunisation coverage to small, insignificant drops in immunisation 

following the removal of the SIP incentive. The estimates did not show any evidence of a rural gradient 

effect following SIP removal. Only two out of the 12 estimates showed a change in level which was 

statistically significant at the 0.05 percent probability level. These coefficients showed that the RA3–5 

weighted series and the RA3–5 weighted series with the outlier removed had an increase in 

immunisation coverage of 4.696 percent (p-value=0.019) and 4.757 percent (p-value=0.008), 

respectively, following removal of the SIP. This is an interesting result, as there was no evidence of a 

statistically significant increase in immunisation after removal of the SIP in any of the series included 

in this research. A sensitivity analysis was undertaken to test this SIP removal outcome, where the 

weighting coefficients for the RA3-5 series were recalculated by combining all three remoteness areas. 

This procedure produced estimates which were very close to the above. These results can be found in 

Appendix HH and Appendix II. The validation of these weighting coefficients for the outer regions to 

remote regions indicates that the result is potentially a true effect, where in more remote areas of 

Australia the impact of all of the interventions delivered, from the beginning of the Seven Point Plan, 

produced a significant increase in immunisation coverage across time, even after the SIP was removed. 

Interestingly, this effect only became evident after the series was transformed to address the effect of 

small cells. This is worthy of further investigation, and again provides the impetus to address the effect 

of small cell on regression modelling after stratifying data for effects associated with rurality. 

All but one of the remoteness area series showed that the removal of the OBP incentive reduced 

immunisation rates. There was evidence of a statistically significant rural gradient effect in the 

untransformed series following the removal of the OBP incentive, where there was evidence of a greater 

decrease in the level of immunisation coverage as remoteness increased. Here, the coefficients showed 

that, following the removal of the OBP, immunisation coverage in the RA1series, the RA2 series and 

the RA3–5 series decreased by an estimated 1.414 percent (p-value=0.001), 2.002 percent (p-

value=0.001) and 2.285 percent (p-value=0.071), respectively. All of the RA series which had been 

modelled by an ARIMA process showed a statistically significant effect following removal of the OBP. 

Although this effect showed a drop in immunisation coverage across each series, it varied across rural 

areas, where the greatest reduction was found in Outer Regional to Rural Remote areas, and the least 

reduction in immunisation coverage was found in the Inner Regional areas of Australia. The only 
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statistically significant effect that was found in the weighted series was in the Major Cites series that 

had the outlier removed. Here, the estimate indicated that there was a drop in immunisation coverage 

of 1.2 percent (p-value=0.035) following removal of the OBP. 

Change in Trend 

All of the remoteness areas series indicated there was a reduction in immunisation rates following the 

removal of the SIP incentive. Of these areas, only two out of 12 showed a decrease in the trend that was 

significant at the 0.05 percent probability level. The series which provided estimates that were 

statistically significant included the RA1 weighted series, which showed a decrease in immunisation 

rates of 0.155 percent (p-value=0.000), and the RA1 the weighted series, which had an outlier removed 

that showed a decrease in immunisation of 0.138 percent (p-value=0.000). There was no evidence of a 

rural gradient effect following SIP removal in any of the remoteness area series.  

As was evident in the SEIFA series, the remoteness area estimates for change in trend following removal 

of the OBP showed highly significant positive effects. These statistically significant effects were found 

in all but three of the series. The analysis in Chapter 6, which examined the impact of the removal of 

the quarters associated with the ‘No Jab No Pay’ policy on the regression results, indicated that analysis 

of the series was influenced by the inflationary effects of the ‘No Jab No Pay Policy’. It appears that 

the inflationary effect of the ‘No Jab No Pay’ policy, which was present in the national series, was also 

found across all geographic areas of Australia, even after the series was stratified for rurality. 

Visualisation of Original and Transformed ASGS-RA Series 

The above modelling procedures were undertaken to test the robustness of the regression results for the 

original series after it had been stratified for remoteness areas. This involves a comparison of the 

coefficients for the segmented regression model, as was done for the SEIFA-IRSD series in the prior 

section of this chapter. This comparison provides an opportunity to examine how scedasticity, the 

presence of small cells and exceptional outliers have influenced the segmented regression results in 

each of the RA series. As was provided in the analysis of the SEIFA-IRSD series, this section also 

provides a plot of each RA containing the original, modelled and weighted data, to enable a visual 

comparison of the lineplots and trendlines before and after each area has been transformed (Figure 7.15, 

Figure 7.16, Figure 7.17). Firstly, the graphs that were produced by the untransformed ASGS-RA series 

and the graphs from the series that had been modelled with an ARIMA model were visually compared, 

as is described in the section below. Following this, descriptions of the effects of the application of a 

weighting coefficient, and the effects of the application of a weighting coefficient which has had a major 

outlier removed on each untransformed lineplot and trendline for the RA series, are also described. 
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The ARIMA(1,0,0) modelling procedure, which has been applied to all of the remoteness areas, 

delivered lineplots with a lower magnitude than is evident in the original stratified series. Figure 7.10, 

Figure 7.11 and Figure 7.12 show that the modelled RAs produced a marked reduction in variance and 

trendlines that had smaller gradients and lower segment intersection points. Like the SEIFA-IRSD 

series, the lineplots from the modelled series for all RAs also had a similar lineplot pattern to the RAs, 

which contained original data (Figure 7.10, Figure 7.11, Figure 7.12). 

The remoteness areas which had been weighted to address the effects of small cell postcodes showed 

markedly different lineplots, which had a much wider variance compared to the unweighted series. The 

regression trendlines in the weighted RAs differed in both magnitude and gradient. In the comparison 

of the plots from the unweighted and weighted data, there were noticeable differences in the trendline 

levels before and after removal of each incentive. As was seen in the SEFIA weighted series, these 

differences were particularly evident following removal of the SIP (Figure 7.10, Figure 7.11, Figure 

7.12). The weighted RA series also contained substantial outliers that were not present in the 

unweighted series. Similarly, the most significant outlier was the value that coincided with the removal 

of a bonus payment for vaccinations delivered by a practice nurse. This outlier can be seen in the bottom 

left graph in Figure 7.10, Figure 7.11 and Figure 7.12, and was expressed in all the RAs of the original 

series, although it was most noticeable in the regional RA(2) to very remote areas RA(3-5) of the series. 

The level of immunisation in the quarter associated with the removal of the PN item number across 

each RA ranged from 4 to 15 percentage points. This drop is very similar to the decrease in 

immunisation coverage which was manifested in the SEIFA weighted series, where there was a 

discernible drop in immunisation coverage in areas of less disadvantage and most disadvantage. The 

presence of the same outlier in the RA and SEIFA-IRSD series provides additional evidence that there 

may be an association between the claiming of incentives for PN immunisations in postcode areas which 

have a smaller population of children. As incentives for PN immunisations is outside the scope of this 

thesis, it will not be examined further. 

As was also undertaken in the SEIFA-IRSD analysis, the effects of the PN outlier on the regression 

trendlines for the RA weighted series were tested by removing the outlier which was associated with 

the removal of remuneration for PN immunisation. To do this, the outlier, which was plotted at 

‘31/12/2011’ in Figure 7.10, Figure 7.11 and Figure 7.12, was removed and replaced with an imputed 

value calculated using the mean of the values for the antecedent and subsequent quarters to the quarter 

which was associated with the removal of remuneration for PN vaccination.  

The effect of the removal of the outlier for the weighted series can be observed in the graphs on the 

bottom right in Figure 7.10, Figure 7.11 and Figure 7.12. The removal of the outlier in the weighted 

RA1 series did not result in significant changes to the level and trend across the series segments (Figure 
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7.10). This was not the case for the RA2 and RA3–5 weighted series, which represent areas associated 

with outer regional up to very remote regions in Australia. In these areas, the effect of removal of the 

outlier produced a clear change in gradient in the segment representing time prior to removal of the 

OBP. For both series, the decrease in the gradient resulted in an increase in the reduction of 

immunisation rates following removal of the OBP. In fact, for the remotest areas of Australia, the 

removal of the outlier resulted in a reversal of the OBP outcome, where the increase in immunisation 

following removal of the OBP for the RA3–5 weighted series became a decrease in immunisation, once 

the outlier was removed. This effect is evident in the visual examination of the bottom left and bottom 

right graphs found in Figure 7.12. 
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Figure 7.15  ASGS-RA(1) Major Cities Lineplots and Trendlines 
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Figure 7.16  ASGS-RA(2) Inner Regional Lineplots and Trendlines 
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Figure 7.17  ASGS-RA(3-5) Outer Regional to Very Remote Lineplots and Trendlines 
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Table 7.18 ASGS Segmented Regression Results Summary 

Paediatric Immunisation Coverage 
Correlation 

𝑯𝟎 ∶ 𝐧𝐨 𝐬𝐞𝐫𝐢𝐚𝐥 𝐜𝐨𝐫𝐫𝐞𝐥𝐚𝐭𝐢𝐨𝐧 

(5% significance) 

Unit Root 
𝑯𝟎 ∶ 𝐜𝐨𝐧𝐭𝐚𝐢𝐧𝐬 𝐚 𝐮𝐧𝐢𝐭 𝐫𝐨𝐨𝐭 

(5% significance) 

Removal of the SIP 
𝑯𝟎: β=0 

(5% significance) 

Removal of the OBP 
𝑯𝟎: β=0 

(5% significance) 

Data 

Set 

ASGS 

RA 
Immunisation Coverage Quarters 1–64 Lag 4 Lag 3 

𝛽2 Level Change 
(Conf. Int.) 

p-value 

𝛽3 Slope Change 
(Conf. Int.) 

p-value 

𝛽4 Level Change 
(Conf. Int.) 

p-value 

𝛽5 Slope Change 
(Conf. Int.) 

p-value 

1 
Remoteness Area 1 

Major Cities 
Original Series 

Correlated 

p= 0.003 

Unit Root 

p=0.245 

0.427 
(−0.2552 - 1.1095) 

p=0.214 

−0.045 
(−0.1002 - 0.0097) 

p=0.104 

−1.414 
(−2.2183 - 0.6089) 

p=0.001 

0.461 
(0.3354 - 0.5857) 

p=0.000 

2 
Remoteness Area 1  

Major Cities 
Original Series ARIMA(1,0,0) model 

Correlated 

p= 0.022 

Unit Root 

p=0.229 

0.273 
(−0.1833 - 0.7292) 

p=0.235 

−0.021 
(−0.0579 - 0.0156) 

p=0.253 

−1.004 
(−1.6013 - −0.4069) 

p=0.002 

0.266 
(0.1732 - 0.3590) 

p=0.000 

3 
Remoteness Area 1  

Major Cities 
Weighted Series 

Correlated 

p=0.007 

Unit Root 

p=0.114 

0.733 
(−0.2613 - 1.7278) 

p=0.145 

−0.155 
(−0.2347 - −0.0746) 

p=0.000 

−0.866 
(−2.2932 - 0.5622) 

p=0.223 

0.555 
(0.3328 - 0.7769) 

p=0.000 

4 
Remoteness Area 1 

Major Cities 
Weighted Series with Outlier Removed 

Correlated 

p=0.002 

Unit Root 

p=0.157 

0.750 
(−0.1314 - 1.6314) 

p=0.094 

−0.138 
(−0.2088 - −0.067) 

p=0.000 

−1.200 
(−2.3056 - −0.0936) 

p=0.035 

0.538 
(0.3661 - 0.7102) 

p=0.000 

5 
Remoteness Area 2 

Inner Regional 
Original Series 

Correlated 

p=0.036 

Unit Root 

p=0.070 

−0.118 
(−0.9626 - 0.7270) 

p=0.781 

−0.019 
(−0.0870 - 0.0490) 

p=0.578 

−2.022 
(−3.1385 - −0.9048) 

p=0.001 

0.428 
(0.2546 - 0.6020) 

p=0.000 

6 
Remoteness Area 2 

Inner Regional 
Original Series ARIMA(1,0,0) model 

Uncorrelated 

p=0.086 

Unit Root 

p= 0.058 

−0.060 
(−0.3963 - 0.2770) 

p=0.724 

−0.003 
(−0.0299 - 0.0243) 

p=0.838 

−0.818 
(−1.2935 - −0.3428) 

p=0.002 

0.147 
(0.0727 - 0.2206) 

p=0.000 

7 
Remoteness Area 2 

Inner Regional 
Weighted Series 

Correlated 

p=0.045 

Unit Root 

p=0.563 

−0.094 
(−3.2502 - 3.0623) 

p=0.953 

−0.222 
(−0.4762 - 0.0318) 

p=0.085 

−1.667 
(−5.9116 - 2.5774) 

p=0.426 

0.598 
(−0.0626 - 1.2578) 

p=0.074 

8 
Remoteness Area 2 

Inner Regional 
Weighted Series with Outlier Removed 

Correlated 

p=0.030 

Unit Root 

p=0.450 

−0.041 
(−2.9125 - 2.8307) 

p=0.977 

−0.169 
(−0.4002 - 0.062) 

p=0.148 

−2.729 
(−6.1098 - 0.6511) 

p=0.109 

0.544 
(0.0187 - 1.0703) 

p=0.043 

9 
Remoteness Area 3-5 

Outer Regional to Very Remote  
Original Series 

Correlated 

p=0.015 

No Unit Root 

p=0.040 

0.012 
(−1.0572 - 1.0811) 

p=0.982 

−0.003 
(−0.0894 - 0.0827) 

p=0.938 

−2.285 
(−3.8925 - −0.6782) 

p=0.007 

0.518 
(0.2684 - 0.7683) 

p=0.000 

10 
Remoteness Area 3-5 

Outer Regional to Very Remote 
Original Series ARIMA(1,0,0) model 

Correlated 

p=0.022 

Unit Root 

p=0.070 

0.023 
(−0.5094 - 0.5545) 

p=0.933 

−0.002 
(−0.0449 - 0.0407 

p=0.922 

−1.042 
(−1.8910 - −0.1927) 

p=0.018 

0.235 
(0.1033 - 0.3674) 

p=0.001 

11 
Remoteness Area 3-5 

Outer Regional to Very Remote 
Weighted Series 

Uncorrelated 

p=0.061 

Unit Root 

p= 0.520 

4.696 
(0.8141 - 8.5785) 

p=0.019 

−0.271 
(−0.5831 - 0.0418) 

p=0.088 

1.408 
(−4.2739 - 7.0895) 

p=0.614 

0.302 
(−0.5814 - 1.1861) 

p=0.488 

12 
Remoteness Area 3-5 

Outer Regional to Very Remote 
Weighted Series with Outlier Removed 

Correlated 

p=0.009 

Unit Root 

p= 0.498 

4.775 
(1.3316 - 8.2175) 

p=0.008 

−0.192 
(−0.4695 - 0.0847) 

p=0.169 

−0.157 
(−4.6205 - 4.3074) 

p=0.943 

0.224 
(−0.4702 - 0.9184) 

p=0.512 
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Results Summary Remoteness Areas 
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Chapter 7 explores the associations between different levels of socioeconomic disadvantage and 

immunisation coverage following removal of financial incentive payments to general practitioners. Also 

investigated in this chapter, is the impact of different areas of geographic remoteness on immunisation 

coverage following the removal of financial incentives. Each of the series which were stratified for 

SIEFA and rurality was transformed based on evidence of heteroscedasticity, the presence of postcodes 

with small numbers of children and the expression of significant outliers. 

Comparison of the original data from each stratified series with the data that had been transformed in 

these series showed that the application of an ARIMA model dampened the effect of the removal of the 

GPII-OPB on immunisation coverage. These comparisons also showed that the weighting procedure 

significantly altered the lineplots, trendline and regression coefficients in most of the stratified series. 

These findings were particularly evident in the series which were associated with rural and remote areas 

and in areas that were defined as most disadvantaged. This chapter also illustrates how series 

stratification, and the application of weighting coefficients, increases the expression of outlier values. 

It also provides an impetus to explore the data further, to investigate the effect of removal of the practice 

nurse remuneration  on immunisation coverage in areas of socioeconomic disadvantage, and in areas 

where there are smaller numbers of children in the population.  

The regression outcomes provided by the analysis in this chapter showed no associations between 

immunisation coverage and levels of socioeconomic disadvantage in the SEIFA series, following 

removal of the SIP incentive. There were also no associations detected between immunisation coverage 
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and geographic remoteness in the remoteness area series, after removal of the SIP. This is interesting, 

as the removal of the SIP accounted for only one half the GPII incentive. At the time of removal of the 

SIP, the second component of the GPII incentive, the OBP, was still in place. This may have contributed 

to the lack of significant associations between removal of the SIP, immunisation coverage and 

geography. Given this, associations around levels of immunisation coverage and socioeconomic 

disadvantage and remoteness, which were tested following SIP removal, were clearly evident after the 

OBP incentive payment was removed. Once the OBP was removed, the analysis revealed that there was 

a larger reduction in immunisation coverage in areas associated with quintiles that are representative of 

postcode areas reflecting greater disadvantage, compared with quintiles that are representative of 

postcode areas reflecting lower socioeconomic disadvantage. This gradient of effect was reversed once 

the original SEIFA data had been transformed with weighting coefficients. Here, each transformed 

series showed a greater reduction in immunisation coverage in the higher quintile postcode areas 

compared to lower quintile postcodes.  

All of the results from the five quintiles containing data from the original series were statistically 

significant, and three out four quintiles modelled using an ARIMA process were statistically significant. 

Only one statistically significant result was found across the nine weighted series which were included 

in the analysis, hence the reversal of the gradient of effect that was seen across each weighted series 

should be interpreted with caution. This significant result, which was obtained from the analysis of the 

weighted series, was found in the Quintile 5 series that had the outlier at Quarter 48 removed. 

The gradient of effect that was detected in the original series which had been stratified for 

socioeconomic indices was also found in the original series which had been stratified for remoteness 

areas. This can be seen in the analysis of the remoteness area series, where the Outer Regional to Very 

Remote areas of Australia, that are representative of areas of greater rurality, showed a significantly 

greater reduction in immunisation coverage compared with Major City and Inner Regional areas, which 

are associated with more urban areas of Australia. A similar gradient effect was also seen in the series 

after it had been modelled with an ARIMA process, although the modelled data showed that in Inner 

Regional areas of Australia there was a relatively lower reduction in immunisation coverage, compared 

with the reduction found in Major City and Outer Regional areas.  

As was also seen in the SEIFA weighted series, there was a reversal in the gradient of effect after the 

remoteness area had been transformed with weighting coefficients. Here, each transformed series 

showed a greater reduction in immunisation coverage in the more urban areas of Australia. All of the 

results from the three remoteness areas, and three series which modelled the original data using an 

ARIMA process, were statistically significant. Of the six weighted series that were included in the 
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remoteness area analysis, only one was found to be statistically significant. Again, caution should be 

applied in the interpretation of this result.  

The next chapter, which is the final chapter of this thesis, will provide a discussion on the outcomes of 

the systematic review. It will also reiterate the results from the empirical analysis and will compare the 

methodology used in this thesis with other research that has investigated the same topic. This chapter 

will also summarise how the thesis has met its aims and will offer recommendations for policy. 
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The first aim of the thesis was to determine if the removal of general practitioner financial incentive 

payments for immunisation is associated with a statistically significant reduction in paediatric 

immunisation coverage across nationally aggregated postcode areas in Australia. To do this, segmented 

regression modelling was performed on the series, so that the estimates of change following incentive 

removal could be obtained and then used to calculate a counterfactual. The second and third aim of the 

thesis was to determine if there is evidence of associations between levels of socio-economic 

disadvantage, geographic remoteness and paediatric immunisation coverage after the removal of 

financial incentive payments to general practitioners. 

 

The results found an immediate and statistically significant drop in immunisation coverage following 

removal of the second of two incentive payments to GPs, the OBP. This drop persisted even after the 

data was modelled to control for heteroscedasticity and the inflationary effects of the ‘No Jab No Pay’ 

policy. The effect was still evident after the series had been transformed with weighting coefficients to 

address the issue of small cells. The analysis also showed that an additional 19,441 children would have 

been reported as being fully immunised between January 2000 and 1 January 2016 had the SIP and 

OBP incentives not been removed. These estimates also indicated that there would have been an overall 

increase in the number of children immunised of 0.491 percent had each incentive continued. 

The reduction in immunisation after removal of the OBP that was observed in the national series, was 

also evident across all socio-economic quintiles after the series had been stratified across areas of 

disadvantage. This effect was found to be larger in areas of greater disadvantage. The same outcome 

was observed across all geographic regions of Australia, where major city, regional and remote areas 

all showed a statistically significant reduction in immunisation following removal of the OBP. The 

postcode areas which showed the greatest decrease in immunisation were those outer regional to very 

remote regions of Australia. As found in the national series, these results were also robust across a 

number of different specifications of the regression models. 

Access to routinely collected whole-of-population data provided an excellent opportunity to produce 

research that was highly powered, as it included every child (N=4,307,893) who was registered with 

the Australian Medicare Register from 1 January 2000 to 1 January 2016. The 16 year time period 

delivered rigour to the investigation, as it provided the time series with 64 quarterly data points, with at 

least 10 quarters either side of each incentive removal. Access to data at postcode level provided another 
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key strength to this study, as it enabled sub-group analysis to be performed at higher geographic areas. 

The thesis was further strengthened with the use of analytical methods that included the application of 

transformation procedures to control the series for heteroscedasticity, small cell size and policy 

confounders. The provision of counterfactual estimations that enabled the calculation of the number of 

immunisations that would have been lost, had the financial incentives not been removed, provided the 

thesis another opportunity to investigate the impact of incentive removal.  

These methods provided a novel approach to intervention analysis, particularly in intervention analysis 

in the primary care setting. Not only did it involve the calculation of a counterfactual, it also used a 

forecasting procedure to calculate a ‘controlled’ counterfactual, which enabled the effects of a policy 

confounder to be removed. This approach not only shows how the removal of incentives can affect 

future health outcomes, it also provides to the research community methodological innovation in the 

analysis of health care interventions. 

 

The adoption of policy which uses financial levers to promote improvements in evidence-based practice 

is simple in concept, yet complex in execution. This complexity is no more evident than in the delivery 

of financial incentives to primary care physicians, where the degree of leverage that financial incentives 

have on practice change requires: an understanding of the financial incentive itself; an acknowledgment 

of the complexity of primary care practice; and a consideration of the validity of the practice that the 

incentive is promoting. As the main area of interest in this thesis is the amount of leverage that financial 

incentives have on the quality of care that GPs provide, research in the area not only requires knowledge 

of the structure and timing of the incentives of interest, but also an understanding of the strength of 

evidence underpinning the practices that these financial levers are incentivising. Hence, the 

determination of the strength of evidence on the effectiveness of childhood immunisations to prevent 

disease was an essential component of the research undertaken in this thesis.  

The primary aim of this thesis was to use routinely collected primary care data to examine the extent to 

which the provision of financial incentives to GPs has had an impact on the care that they provide. 

Examining the effectiveness of the provision of financial incentives to providers is difficult to 

undertake, because incentives are frequently delivered as part of a suite of multiple interventions, rather 

than as an intervention delivered at a single point in time. The need to unravel multiple components of 

a health care policy in the investigation of incentive effectiveness is often cited in the literature as a 

challenge, as was reported in the systematic review found in Chapter 3 (Emmert et al., 2012; Flodgren 

et al., 2011; Giuffrida et al., 1999; Gosden et al., 2001; Houle et al., 2012; Petersen et al., 2006; Scott 

et al., 2011). The study reported here has tackled this challenge by using a robust forecasting 

methodology to disentangle components of a policy to address co-integration. This is the first time that 
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this type of methodology has been used in research that has analysed the impact of a single component 

within a multicomponent intervention. 

There is also minimal published evidence indicating that improvements, if found, persist regardless of 

whether the incentives were removed or whether they remain in place (Campbell et al., 2009; Chaix-

Couturier et al., 2000; Doran et al., 2011; Eijkenaar et al., 2013; Emmert et al., 2012; Flodgren et al., 

2011; Giuffrida et al., 1999; Gosden et al., 2001; Houle et al., 2012; Kontopantelis et al., 2014; Lester 

et al., 2010; Minchin et al., 2018a; Petersen et al., 2006; Petersen et al., 2013; Ryan et al., 2016; Scott 

et al., 2011; Town et al., 2005; Van Herck et al., 2010). Yet, the complex methodologies that have been 

described in this research were able to show that the drop in immunisation coverage persisted even after 

the data was transformed for address autocorrelation and the presence of small cells. This persistence 

of effect was also seen after the data was modelled to control for the inflationary effects of the ‘No Jab 

No Pay’ policy. These robust methods, which have involved the production of a number of different 

specifications to the regression models, have not been previously applied to research around this area 

of interest. 

There is not a lot of published evidence concerning the impact of incentives to providers that takes into 

account levels of socioeconomic deprivation and relative remoteness. Of the available research, most 

studies focus on the influence of socioeconomic status on the United Kingdom Quality Outcomes 

Framework (QOF) outcomes. Much of this primary evidence was included in a systematic review 

undertaken by Alshamsan, Majeed, Ashworth, Car and Millett, in 2011. In this review, the researchers 

evaluated the impact of U.K. pay-for-performance programmes on socioeconomic inequalities. The 

results of this review showed that the least-deprived practices outperformed the most deprived practices 

on the clinical indicators that were within the U.K. QOF (Alshamsan et al., 2011). This is in contrast to 

the outcomes found in this empirical research, where the observed effect of removal of incentives was 

larger in areas of greater socio-economic disadvantage. This is interesting, yet it is difficult to make 

comparisons, as the Alshamsan et al. (2011) review focused on the impact of the delivery of pay-for-

performance incentives to providers, whereas the research in this thesis examined the removal of 

incentives delivered to providers. Comparison is also limited by the results from the Alshamsan et al. 

(2011) review, as Alshamsan et al. (2011) found multiple serious limitations in the primary research 

included in the review, such as a lack of a baseline and control in the study designs and incomplete 

practice level socioeconomic data, that potentially led to an underestimated socioeconomic effect 

(Alshamsan et al. 2011). This again places the empirical research undertaken in this thesis in a good 

position to contribute to the evidence base, as time series is viewed as one of the most powerful quasi-

experimental designs for evaluating the effectiveness of population level health interventions (Bernal 

et al. 2016) and there was very good alignment between immunisation coverage postcodes and social 

economic postcodes after the national series was stratified across SEIFA indices. 
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This thesis has dealt with analytical challenges presented in routinely collected primary care data. In 

particular, it has been meticulous in addressing some of the previously reported studies’ limitations. 

This is evident from the analytic methods described above, which incorporated the application of 

transformation procedures to the national series, so the inherent characteristics of the data that are 

thought to limit the validity of the regression results, such as heteroscedasticity and the presence of 

small cells, are addressed. Hence, multiple data series were developed from the national series to 

validate the estimation provided from the original data. The issue of autocorrelation has been previously 

considered in health intervention research (Wagner et al., 2005; Guthrie, Clark, Reynish, McCowan, & 

Morales, 2013). In these studies, the effects that autocorrelation has on regression estimates is described, 

tested for and included in the regression model (Wagner et al., 2005; Guthrie et al., 2013). The 

influence of data heteroscedasticity and the presence of small cells on segmented regression results is 

not mentioned in the existing research on the removal of financial incentives to GPs that was sourced 

in the literature review (Kontopantelis et al., 2014; Lester et al., 2010; Minchin et al., 2018a). Another 

factor which is known to impact on the validity of segmented regression estimations in intervention 

analysis is the presence of co-interventions. (These are also referred to as policy confounders in this 

analysis.) Wagner et al. (2005) describe co-interventions as interventions which occur close to the 

intervention of interest. In this study, a co-intervention in the form of the ‘No Jab No Pay’ policy 

appeared to prevent the true effect of the removal of incentives from being expressed. This co-

intervention effect was addressed through the use of forecasting procedure, so that the policy 

confounder could be modelled out of the series. This type of modelling was also not evident in the 

published research on the delivery of incentives to providers in the primary care setting. 

 

A range of policy levers have been used over time to improve immunisation coverage in Australia. This 

research, which examined the provision and removal of financial to incentives to GPs, established, 

across multiple analyses, that the removal of incentives to GPs resulted in a drop in immunisation 

coverage. Yet, at the same time, the research also showed that there was an increase in immunisation 

12 months after the OBP incentive was removed. This increase was produced by an effect that was 

associated with the ‘No Jab No Pay’ policy, where parents were denied access to government-provided 

welfare funds if their child was not fully immunised. This ‘No Jab No Pay’ policy, which resulted in a 

steep rise in immunisation across a short period of time, was so effective that it appeared to absorb the 

negative effect of OBP removal. Notwithstanding the ‘No Jab No Pay’ outcome, the impact of moving 

incentives for immunisation away from providers across to parents needs to be carefully considered, for 

two reasons: (i) the evidence around the delivery of incentives in the form of monetary sanctions to 

parents has yet to be determined (Centers for Disease Control and Prevention, [CDC] 2018); and (ii) 

the ‘No Jab No Pay’ policy has the potential to be discriminatory, because it punishes families who are 
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eligible for financial assistance, and punishes those who have complex and multiple barriers to 

vaccination access (Beard, Leask, & McIntyre, 2017). Whether the effect of the ‘No Jab No Pay’ policy 

persists over time has yet to be determined, but given the context of this incentive and the uncertainty 

about the effectiveness of incentives to parents, the ‘No Jab, No Pay’ monetary sanction should be 

evaluated with the rigour that has been demonstrated in this thesis. 

 

In conclusion, the removal of the final of the two incentives, the OBP, which had been delivered to GPs 

for the reporting of completion of immunisation, resulted in an immediate and significant drop in 

immunisation coverage in the national series. This effect was also evident when the national series was 

stratified for socioeconomic disadvantage and remoteness areas. The outcome did not change after the 

national series had been transformed to address issues associated with: data autocorrelation; the 

presence of a large number of small postcode areas; and a co-intervention policy confounder. The same 

associations were expressed in the stratified series, where evidence of an immediate and significant 

drop in immunisation coverage across each of the stratified series was also found. This evidence 

establishes that the removal of incentives should be carefully considered by policy makers, particularly 

when the changes apply to health policy, as these changes may contribute to negative population health 

outcomes. This research also establishes the value of empirically measuring outcomes associated with 

policy changes, so that the unintended effects of the cessation of a policy lever can be rapidly addressed. 

This thesis establishes evidence of a strong relationship between the removal of incentives to GPs to 

perform preventive services and the actual provision of preventive services. Not only does this analysis 

provide estimates which are statistically significant, it also provides multiple analyses which test the 

validity of the outcomes. This places this research in a unique position to both contribute evidence and 

to influence future health care policy. 
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 Currently Used and Pipeline Vaccines 

Available Vaccines Year Registered  Status 

Cholera 1896 Vaccine available 

Dengue 2016 Vaccine available 

Diphtheria 1923 Vaccine available 

Haemophilus influenzae type b  1988 Vaccine available 

Hepatitis A 1991 Vaccine available 

Hepatitis B 1981 Vaccine available 

Hepatitis E 2011 Vaccine available 

Human papillomavirus  2007 Vaccine available 

Influenza 1936 Vaccine available 

Japanese encephalitis 1988 Vaccine available 

Malaria 2015 Vaccine available 

Measles 1963 Vaccine available 

Meningococcal meningitis 1963 Vaccine available 

Mumps 1967 Vaccine available 

Pertussis 1926 Vaccine available 

Plague  1896 Not recommended 

Pneumococcal disease 1976 Vaccine available 

Poliomyelitis 1955 Vaccine available 

Rabies 1885 Vaccine available 

Rotavirus 2006 Vaccine available 

Rotavirus (withdrawn 1999) 1998 Vaccine withdrawn 

Rubella 1969 Vaccine available 

Smallpox  1796 Disease Eradicated 

Tetanus 1927 Vaccine available 

Tick-borne encephalitis 1941 Vaccine available 

Tuberculosis 1927 Vaccine available 

Typhoid 1896 Vaccine available 

Varicella 1984 Vaccine available 

Yellow Fever 1935 Vaccine available 
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Pipeline vaccines Year Registered  Status 

Campylobacter jejuni N/A Not Available 

Chagas Disease N/A Not Available 

Chikungunya N/A Not Available 

Dengue N/A Not Available 

Enterotoxigenic Escherichia coli N/A Not Available 

Enterovirus 71  N/A Not Available 

Group B Streptococcus  N/A Not Available 

Herpes Simplex Virus N/A Not Available 

HIV-1 N/A Not Available 

Human Hookworm Disease N/A Not Available 

Leishmaniasis Disease N/A Not Available 

Malaria N/A Not Available 

Nipah Virus N/A Not Available 

Nontyphoidal Salmonella Disease N/A Not Available 

Norovirus N/A Not Available 

Paratyphoid fever N/A Not Available 

Respiratory Syncytial Virus  N/A Not Available 

Schistosomiasis Disease N/A Not Available 

Shigella N/A Not Available 

Staphylococcus aureus N/A Not Available 

Streptococcus pneumoniae N/A Not Available 
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 Search Strategy Systematic Review of Reviews 

MeSH terms 

Physician$ OR Primary Care OR Health care (Topic –Add MeSH) 

Quality OR Prevent$ OR Immuni$ (Topic –Add MeSH) AND Review 

Free text search terms 

Financial, for, health, care, incentive, pay, payment, performance, P4P, physician, prevention, 

immunisation, primary, quality, review, target, remove, removal, review, systematic review 

 

MEDLINE N=338 (01/11/2018) 

Financial incentive$ OR Target payment$ OR Pay for performance (Topic –Add MeSH) 

Physician$ OR Primary Care OR Health care (Topic –Add MeSH) 

Quality OR Prevent$ OR Immuni$ (Topic –Add MeSH)  

Review 

 

EMBASE N=61 (01/11/2018) 

Financial incentive OR Target payment OR Pay for performance–Abstract 

Physician OR Primary Care OR Health care –Abstract 

Quality OR Prevent$ OR Immunisation–Abstract 

Review–Abstract 

 

CINHAL N=41 (01/11/2018) 

Financial incentive OR Target payment OR Pay for performance–Abstract 

Physician OR Primary Care OR Health care –Abstract 

Quality OR Prevention OR Immunisation–Abstract 

Review  

Review–All text 

 

Psych info N=48 (01/11/2018) 

Financial incentive OR Target payment OR Pay for performance–Abs 

Physician OR Primary Care OR Health care –Abs 

Quality OR Prevention OR Immunisation -Abs 

Review–Anywhere 
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EconLit N=21 (01/11/2018) 

Financial incentive OR Target payment OR Pay for performance–Abstract 

Physician OR Primary Care OR Health care –Abstract 

 

CDSR82F

74 N=84 (01/11/2018) 

Financial incentive OR Target payment OR Pay for performance–Abstract 

Physician OR Primary Care OR Health care –Abstract 

Quality OR Prevention -Abstract 

Review–Abstract 

 

DARE83F

75 N=65 (01/11/2018) 

Financial incentive OR Target payment OR Pay for performance–Abstract 

Physician OR Primary Care OR Health care –Abstract 

Quality OR Prevention-Abstract 

Review–Abstract 

 

 

 

 

 

                                                      
74 CDSR–Cochrane Database of Systematic Reviews 
75 DARE–Database of Abstracts of Reviews of Effects 
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 Excluded Reviews 

No. Author Reason for exclusion 

1 Bokhour et al. (2006) Not a systematic review study–a qualitative study 

2 Conrad & Christianson (2004) 
Data not reported at an individual study basis–a narrative 

review 

3 Conrad & Perry (2009) Not a systematic review study–a theoretical paper 

4 Dudley, Miller, Korenbrot, & Luft (1998) 
Data not reported at an individual study basis–a narrative 

review 

5 Dudley et al. (2004) No numerical outcome data reported 

6 Dudley (2005) Not a systematic review study–a theoretical paper 

7 Eijkenaar (2012) Data not reported at an individual study basis 

8 Frølich, Talavera, Broadhead, & Dudley (2007) Data not reported at an individual study basis 

9 Gavagan et al. (2010) A retrospective quasi-experimental study  

10 Gillam, Siriwardena, & Steel (2012) Data not reported at an individual study basis 

11 Grossbart (2006) Not a systematic review study 

12 Hellinger (1998) 
Review does not report on individual financial incentive 

studies 

13 
Kirschner, Braspenning, Akkermans, Annelies 

Jacobs, & Grol (2013) 
Not a systematic review study 

14 Korda and Eldridge (2012) Not a systematic review study–a theoretical paper 

15 Langdown & Peckham (2014) Limited review to QOF data only 

16 Magrath and Nichter (2012) Not a systematic review study–a theoretical paper 

17 Mendelson et al. (2017) Outcome data not reported numerically 

18 Mullen, Frank, & Rosenthal (2009) Data not reported at an individual study basis 

19 Peckham, Ham, & Boyce (2011) No numerical data reported 

20 Rosenthal & Frank (2006) Data not reported at an individual study basis 

21 Scott & Hall (1995)  
Evaluates methodological issues relating to research on the 

effects of GP remuneration 

22 Steel & Willems (2010) Report of data on individual studies not accessible 

23 Town, Kane, Johnson, & Butler (2005) No numerical data reported 

24 Young et al. (2007) Not a systematic review study 
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 Extraction Table-Review Characteristics 

Reference 
Search 

Period 

Level of 

evidence 

# of Studies 

/Study design 
Primary research Population Outcome 

Intervention 

Comparator 
Country 

Health 

Care 

Sector 

Effect 

 

Achat et al., 1999 

 

AIM: 

To review the effect of 

financial incentives in 
immunisation uptake. 

 

1966 - 

June 1998 

Level I RCT84F

76  Kouides et al., 1998 Primary care 

physicians 

Adult immunisation FSS & Incremental 

target/bonus payments  
FFS–No bonus 

U.S. Primary 

care 

Effectiveness 

Cost–effectiveness 

Level III UAS85F

77/Cohort 

Study  

Moran et al., 1996 Adults Influenza immunisation Lottery type financial 

incentive 
No incentive 

U.S. Primary 

care 

Effectiveness 

UAS/Cohort 
Study 

Loevinsohn & 
Loevinsohn 1987 

Parents Childhood 
immunisation 

Food incentive 
Non-food incentive 

Nicaragua Primary 
care 

Effectiveness 

UAS/Cohort 

Study 

Yokley & Glenwick 

1984 

Children Immunisation coverage Financial incentives 

& non-financial 
incentives  

U.S. Primary 

care 

Effectiveness 

UAS/Cohort 

Study 

Ritchie et al., 1992 Primary care 

physicians 

Paediatric immunisation Target/bonus-post 

1990 contract 

Pre–1990 contract 

Scotland Primary 

care  

Effectiveness 

Level 

IV 

Observational 

Study  

Leese & Bosanquet-

1996 

Physician groups Immunisation 

coverage 

Target/bonus-post 

1990 NHS contract 

U.K. Primary 

care 

Effectiveness 

Observational 

Study 

Unti et al., 1997 Children and 

adolescents 

HepB vaccination consent 

form. 

Non-financial & 

financial incentives 

U.S. Primary 

care 
 

Effectiveness 

Armour et al., 2001 

 

AIM: 

To evaluate the effect of 

financial incentives on 
physician behaviour 

 

1966– 

December 2001 

Level I 

 

RCT  

 

Kouides et al., 1998 Primary care 

physicians 

Adult immunisation FSS & Incremental 

target/bonus payments  
FFS–No bonus 

U.S. Primary 

care 

Effectiveness 

Cost effectiveness 

RCT  
 

Hillman et al., 1998 Primary care 
physicians 

Cancer screening (breast, 
cervical, colorectal) 

Target/bonus and 
Feedback 

Partial target bonus 

and Feedback 
No Feedback no 

target bonus 

U.S. Primary 
care 

Effectiveness 

Incentive design 
preferences 

Level II 

 

ITS86F

78  Hemenway 1995 Primary care 

physicians 

Childhood immunisation Capitation 

Target/bonus 

U.S. Primary 

care 

Effectiveness 

 

Level III 
 

UAS/Cohort 
Study  

Grumbach et al., 1998 Primary care 
physicians 

Health resource use 
Primary care physicians 

behaviour 

Salary 
Capitation 

Fee for service (FFS) 

Target/bonus 

U.S. Primary 
care 

Incentive design 
preferences 

Effectiveness 

                                                      
76 RCT–Randomised Controlled Trial 
77 UAS/Cohort–Prospective Uncontrolled Cohort Study (Uncontrolled After Study) 
78 ITS–Interrupted Time Series Design 
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UAS/Cohort 

Study 

Hillman et al., 1987  CEOs, Primary care 

physicians 

Hospitalisation rates 

Paediatric preventive  

care and immunisation 
 

Salary 

Capitation FFS 

Target/bonus 
Withholding 

U.S. Primary/ 

Secondary 

care 

Effectiveness 

Incentive design 

preferences 

UAS/Cohort 

Study 

Debrock & Arnould -

1992  

Primary care 

physicians 

Health resource use Salary 

Capitation 

FFS Target/bonus 
 

U.S. Primary 

care 

Effectiveness 

Incentive design 

preferences 

Chaix-Couturier et al., 

2000 

 

AIM: 

To evaluate the effect of 
all financial incentive 

types on costs, process 

and/or outcomes of care 
 

January 1993 

–May 1999 

Level I RCT  

 

Mort et al., 1996 Primary care 

physicians 

Health resource use Patient insurance 

status 

U.S. Primary 

care 

Effectiveness 

RCT Hickson et al., 1987 Primary care 

physicians 

Primary care physicians 

behaviour 

Salary 

FFS 

U.S. Primary 

care 

Effectiveness 

RCT Nyman et al., 1995  Primary care 
physicians 

Primary care physicians 
behaviour 

Medicare review 
triggers 

U.S. Primary 
care 

Effectiveness 

RCT Laurie et al., 1994 Patients Health resource use 
Primary care physicians 

behaviour 

Pre-paid 
FFS 

U.S. Primary 
care 

Effectiveness 

RCT Rosenberg et al., 1995  Patients Health resource use 

Primary care physicians 
behaviour 

Medicare review 

triggers 

U.S. 

 

Primary 

care 

Effectiveness 

RCT Kouides et al., 1998 Primary care 

physicians 

Adult immunisation FSS & Incremental 

target/bonus payments  
FFS–No bonus 

U.S. Primary 

care 

Effectiveness 

Cost effectiveness  

RCT Hillman et al., 1998 Primary care 

physicians 

Cancer screening (breast, 

cervical, colorectal) 

Target/bonus and 

Feedback 

Partial target bonus 
and Feedback 

No Feedback no 

target bonus 

U.S. Primary 

care 

Effectiveness 

Incentive design 

preferences 

 

RCT Davidson et al., 1992  

 

Primary care 

physicians 

Health resource use 

Children 
 

FFS with bonus 

payments Pre-paid 

U.S. Primary 

care 

Effectiveness 

Christianson et al., 2007 

 

 

 

 

 

 

AIM: 
To examine the effect 

of Financial incentives 

on the behaviour of 
health providers and 

organisations on quality 

of care 

January 1998 

–June 2007 

Level I 

 

Review Achat et al., 1999  Primary care 

physicians 

CEOs 

Patients  
Physician groups 

Physician groups 

Physician groups 

Childhood immunisation 

Childhood prevention  

Primary care physicians 

behaviour 

Health resource use 

Preventive care  

Patient outcomes 

Target/bonus 

Salary 

Capitation 

FFS/FFS Pre-paid 

Withholding 

Feedback 

Feedback 

Australia 

U.S. 

U.S. 

Germany 

Primary 

care-10 

Secondary 

care 

Effectiveness 

Incentive design 

preferences 

Process of care 

 Review Armour et al., 2001 

 Review Chaix-Couturier et al., 

2000  

 Review Dudley et al., 1998  

 Review Dudley et al., 2004  
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 Review Peterson et al., 2006  Physician group Patient satisfaction 

Process measure 

Medicare review 

triggers Patient 

insurance status 
 Review Rosenthal & Frank 2006 

 Review Scott & Hall 1995  

 Review Town et al., 2005  

 RCT  Fairbrother et al., 1999 Primary care 

physicians 

Childhood immunisation Target/bonus 

FFS Feedback 

U.S. Primary 

care 

Effectiveness 

 RCT  Fairbrother et al., 2001 Primary care 

physicians 

Childhood immunisation Target/bonus 

Enhanced FFS 

U.S. Primary 

care 

Effectiveness 

 RCT  Grady et al., 1997  Primary care 

physicians 

Referrals for 

mammograms 

Target/bonus 

Feedback Charts 
Peer/performance  

U.S. Primary 

care 

Effectiveness 

 RCT  Hillman et al., 1998 Primary care 

physicians 

Cancer screening (breast, 

cervical, colorectal) 

Target/bonus and 

Feedback 

Partial target bonus 
and Feedback 

No Feedback no 

target bonus 

U.S. Primary 

care 

Effectiveness 

Incentive design 

preferences 
 

 RCT  Hillman & Ripley 1999 Primary care 

physicians 

Childhood immunisation & 

paediatric preventive care 

services 

Feedback 

Target/bonus and 

Feedback 
Control

  

U.S. Primary 

care 

Effectiveness 

Incentive design 

preferences 

 RCT  Pantilat et al., 1999 Primary care 

physicians 

Referrals FEE-for service 

Capitation 
Capitation plus 

Target/bonus 

U.S. Primary 

care 

Effectiveness 

Incentive design 
preferences 

 RCT Shen et al., 2004  Primary care 
physicians 

Primary care physicians 
decision making 

Capitation 
FFS 

U.S. Primary 
care 

Effectiveness 
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 Level II 

 

QuasiExp87F

79 

 

Felt-Lisk et al., 2007  Primary care 

physicians 

Preventive care –well baby 

visits 

Target/bonus U.S. Primary 

care  

Effectiveness 

 QuasiExp Rosenthal et al., 2005  Primary care 

physicians 

Cervical cancer 

screening 

Mammography 

HbA1c measurement 

Target/bonus U.S. Primary 

care  
Effectiveness 

 CBA8 8F

80 Amundson et al., 

2003 

Primary care 

physicians 

Quit smoking advice Target/bonus U.S. Primary 

care  
Effectiveness 

 CBA Beaulieu and Horrigan 
2005 

Primary care 
physicians 

Diabetes care Target/bonus 
Feedback 

U.S. Primary 
care  

Effectiveness 

 CBA Greene et al., 2004 Primary care 

physicians 

Evidence-based  treatment 

of sinusitis 

Withholding U.S. Primary 

care  

Effectiveness 

 CBA Langham et al., 1995 Primary care 

physicians 

Screening for CVD risk 

factors 

Target/bonus U.K. Primary 

care  

Effectiveness 

 CBA Hanson et al1998  Primary care 

physicians 

Paediatric Immunisation  

Paediatric lead and 

anaemia screenings 

FFS 

Capitation 

U.S. Primary 

care  

Effectiveness 

 Level III 
 

UBA89F

81 Campbell et al., 2007 Primary care 
physicians 

CHD, Asthma 
Type 2 Diabetes 

Target/bonus U.K. Primary 
care  

Effectiveness 

 UAS/Cohort 
Study 

Chung et al., 2003 Primary care 
physicians 

Paediatric immunisation 
Ace inhibitors HF 

HbA1c measurement 

Target/bonus U.S. Primary 
care  

Effectiveness 

  

 UAS/Cohort 

Study 

Doran et al., 2006 Primary care 
physicians 

Clinical care chronic 
disease  

Organisation of care 

Patient experiences 

Target/bonus U.K. Primary 
care  

Effectiveness 

 UAS/Cohort 

Study 

Hillman et al., 1987  CEOs, Primary care 
physicians 

Hospitalisation rates 
Paediatric preventive care 

and immunisation 

Salary, FFS 
Capitation 

Target/bonus 

Withholding 

U.S. Secondary 
/Primary care  

Effectiveness 

 UAS/Cohort 

Study 

Ritchie et al., 1992 Primary care 
physicians 

Paediatric immunisation  Scotland Primary 
care  

Effectiveness 

Christianson et al., 2008 

 

AIM: 

To examine the 
effectiveness of P4P 

initiatives instituted by 

health plans or provider 
organisations of quality 

measures  

August 2007 Level II QuasiExp Felt-Lisk et al., 2007 Primary care 
physicians 

Preventive care –well baby 
visits 

Target/bonus payment U.S. Primary 
care  

Effectiveness 

QuasiExp Rosenthal et al., 2005 Primary care 

physicians 

Cervical cancer screening 

Mammography 

HbA1c measurement 

Target/bonus payment U.S. Primary 

care  

Effectiveness 

QuasiExp Levin-Scherz et al., 
2006 

Primary care 
physicians 

Diabetes, asthma 
performance measures 

Target/bonus payment U.S. Primary 
care  

Effectiveness 

                                                      
79 QuasiExp Quasi-Experimental Design 
80 CBA Controlled Before and After Design 
81 UBA–Uncontrolled Before and After Study 
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 QuasiExp Morrow et al., 1995 Primary care 

physicians  

Childhood immunisation 

Cholesterol 

Screening in adults 

Target/bonus 

Chart review 

Peer feedback 

U.S. Primary 

Care  

Effectiveness 

CBA Amundson et al., 2003 
 

Primary care 
physicians 

Quit smoking advice Target/bonus payment U.S. Primary 
care  

Effectiveness 

CBA Beaulieu and Horrigan 

2005 

Primary care 

physicians 

Diabetes care Target/bonus 

Feedback 

U.S. Primary 

care  

Effectiveness 

CBA Greene et al., 2004 Primary care 

physicians 

Evidence-based  treatment 

of sinusitis 

Withholding U.S. Primary 

care  

Effectiveness 

Level III 
 

UAS/Cohort 
study 

Campbell et al., 2007 Primary care 
physicians 

CHD, Asthma 
Type 2 Diabetes 

Target/bonus U.K. 
 

Primary 
care  

Effectiveness 

UAS/Cohort 

study 

Chung et al., 2003 Primary care 

physicians 

Paediatric immunisation 

Ace inhibitors CHF 

HbA1c measurement 

Target/bonus U.S. Primary 

care  

Effectiveness 

Level 

IV 

Observational Larsen, Cannon & 

Towner 2003 

 

Primary care 

physicians 

Diabetes performance 

measures 

Bonus payment U.S. Primary 

care 

Effectiveness 

Eijkenaar et al., 2013 

 

Review of Systematic 

Reviews 
 

AIM: 

To provide an overview 
of the reviews examining 

the effects of P4P on 

effectiveness, cost-

effectiveness and inequity 

of health care. 

January 2000 
- June 2011 

Level I Review Alshamsan et al., 2010 Primary care 

physicians 

 

CEOs 

Nursing 

homes/residents 

 

Obstetrician 

Midwives 

Patients 

 

Preventive care 

Patient outcomes 

Patient satisfaction 

Resource use 

Process measures 

Target/bonus 

payments 

 

Feedback 

Salary 

Capitation 

FFS 

U.S. 

U.K. 

Australia 

Scotland 

Germany 

Canada 

Taiwan 

Primary 

care 

 

Secondary 

care 

Effectiveness 

Cost –effectiveness 

Unintended 

consequences 

 

Non-financial 

incentives 

design preferences 

Review Amour & Pitts 2003 

  Review Briesacher et al., 2009 

Review Chaix-Couturier et al., 
2002 

  Review Christianson et al., 2007 

Review Dudley et al., 2004 

  Review Eldridge & Palmer 2009 

Review Emmert et al., 2011 

  Review Frølich et al., 2007 

Review Giuffrida et al., 2000 

  Review Kane et al., 2004 

Review Mehrota et al., 2009 

  Review Petersen et al., 2006 

Review Rosenthal & Frank 2006 

  Review Sabatino et al., 2008 

Review Schatz 2008 
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  Review Scott et al., 2011 

Review Sorbero et al., 2006 

  Review Steel et al., 2010 

Review Town et al., 2005 

Review Van Herk et al., 2011 

Emmert et al., 2012 

 

AIM: 

To identify and analyse 
evidence on economic 

evaluation of P4P 

 

2000 April -
2010 

Level I RCT Nahra et al., 2006 Secondary care 
bonus payments 

Quality care–Heart disease Target/bonus U.S. Secondary 
care 

Effectiveness 
Cost -effectiveness 

RCT An et al., 2008 Primary care 

physicians 

Referrals to Quitline Target/bonus 

Usual care–no bonus 

U.S. Primary 

care 

Effectiveness 

Cost effectiveness 

RCT Kouides et al., 1998 Primary care 
physicians 

Physician groups 

Adult immunisation FSS & Incremental 
target/bonus payments  

FFS–No bonus 

U.S. Primary 
care 

 

Effectiveness 
Cost effectiveness 

Level II 

 

Partial cost 

effectiveness 
evaluation 

Lee et al., 2010 Specialist Primary 

care physicians 

Diabetes care Target/bonus 

payments 
FFS 

Taiwan Specialist 

clinics 
 

Cost–effectiveness 

UAS/Cohort 

Study 

Norton 1992 Nursing 

Home residents  

Nursing home access 

Residents health status 
Medicaid expenditures 

Target/bonus 

payments 

U.S. Nursing 

homes 

Effectiveness 

Cost–effectiveness 

UAS/Cohort 

Study 

Rosenthal 2009 Obstetrician 

Midwives 

Care across pregnancy 

continuum 

Target/bonus 

payments 

U.S. Specialist 

clinics 

Cost–effectiveness 

UAS/Cohort 
Study 

Ryan  Primary care 
physicians 

Cost 
Mortality 

Morbidity indicators 

 

Target/bonus 
payments 

U.S. Primary 
care 

 

Cost–effectiveness 

Level III UBA Curtin et al., 2006 Primary care 

physicians 

Diabetes care Target/bonus  U.S. Primary 

care 

Cost–effectiveness 

UBA Parkee et al., 2007 Secondary care 

Pharmacy 

Adherence to evidence-

based guidelines 
 

Target/bonus U.S. Secondary 

care 

Cost–effectiveness 

Flodgren et al., 2011 

Systematic Reviews of 

Systematic Reviews 

 
AIM: 

To provide an overview 

of the  
effectiveness of 

financial incentives in 

changing healthcare 
professional behaviour 

and patient outcomes. 

1990– 

January 2010 

Level I Review Akbari 2009 Primary care 

physicians 

Appropriateness and rates 

of referrals 

FFS 

Capitation 
Fundholding 

U.S. 

U.K. 
Finland 

Primary 

Care  

Effectiveness 

Cost-effectiveness 

Review Gosden 2001 Primary care 

physicians 

Primary care physicians’ 

behaviour 

Preventive care 

Childhood immunisation 

Target/bonus 

FFS 

Capitation 

U.S. 

Canada 

Denmark 

U.K. 

Primary 

Care  

Effectiveness 

Review Petersen 2006 

 

Primary care 

physicians 

Practices 
Nurses 

Quantitative measure of 

quality care including 

prevention, access, 
structure, process, outcome 

and experience of care. 

Target/bonus U.S. Primary 

Care  

Effectiveness 

Cost-effectiveness 

Process of care 
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Review Sturm 2007 Prescribers Prescribing, healthcare 

utilisation and outcomes 

prescribing costs. 

Fundholding U.K. 

Germany 

Ireland 

Primary 

Care  

Effectiveness 

Cost-effectiveness 

 

Giuffrida et al., 1999 

 

AIM: 

To evaluate the  
impact of target payments 

on professional practice 

and health care outcomes 

1966– 
October 1997 

Level I RCT Kouides et al., 1998 Primary care 
physicians 

Physician groups 

 

Adult vaccination FSS & Incremental 
target/bonus payments  

FFS–No bonus 

 

U.S. Primary 
care 

Effectiveness 

Level II ITS Ritchie et al., 1992 Primary care 

physicians 

Paediatric immunisation Target/bonus-post 

1990 contract 

Pre–1990 contract 
 

Scotland Primary 

care 

Effectiveness 

 

Gosden et al., 2001 

 

AIM: 

To evaluate the  

impact of payment 
methods on the behaviour 

of primary care 

physicians 

1966–1997 Level I RCT Davidson et al., 1992 Primary care 

physicians 

Health resource use 

Children 

FFS + bonus  

Pre-paid 

U.S. Primary 

care 

Effectiveness 

RCT Hickson et al., 1987 Primary care 

physicians 

Primary care physicians 

behaviour 

Salary 

FFS 

U.S. Primary 

care 

Effectiveness 

RCT Kouides et al., 1998 Primary care 

physicians 

Physician groups 

Adult vaccination FSS & Incremental 

target/bonus payments  

FFS–No bonus 
 

U.S. Primary 

care 

Effectiveness 

Level II CBA Krasnik et al., 1990 Primary care 

physicians 

Number of services 

provided/1000 patients 
before and after FFS & 

bonus payments 

Capitation 

FFS & bonus payments 
for preventive and 

laboratory services 

Denmark Primary 

care 

Process of care 

 CBA Hutchison et al., 1994 Primary care 

physicians 
Secondary care 

Capitation & incentive 

payment to health service 
organisation 

FFS 

Secondary care 

admission rate 
Secondary care days 

per 1000 patients 

adjusted for age, sex 

and SES 

Canada Primary 

care 
Secondary 

care 

Effectiveness 

Process of care 
 

 ITS Ritchie et al., 1992 Primary care 

physicians 

Paediatric immunisation Target/bonus-post 

1990 contract 
Pre–1990 contract 

 

Scotland Primary 

care 

Effectiveness 

Hellinger 1996 

 
AIM: 

To evaluate the impact of 

financial incentives on 
physician  

behaviour in Managed Care 

Plans 

Not reported Level I RCT Manning et al., 1984 Primary care 

physicians  
Patients 

Physician salaried 

Physician FFS 

Ambulatory care 

services 
Patient expenses 

U.S. Primary/ 

secondary 
care 

Physician payment 

preferences 

RCT Martin et al., 1989 Primary care health 

plan organisations 
Patients 

Health plan with 

gatekeeper 
Health plan no gatekeeper 

Health service charges U.S. Primary/ 

secondary 
care 

Physician payment 

preferences 

RCT Perkoff et al., 1976 Primary care 

physicians  
Patients 

Physician salaried 

Physician FFS 

Hospital/Ambulatory 

care service use 
 

U.S. Primary/ 

secondary 
care 

Physician payment 

preferences 

RCT Hickson et al., 1987 Primary care 

physicians 

Primary care physicians 

behaviour 

Salary 

FFS 

U.S. Primary 

care 

Effectiveness 

Level II CAS/Cohort 

study 

Clancy & Hillner 1989 Primary care 

physicians  

Patients 

Diagnostic tests FFS patients 

Prepaid patients 

U.S. Primary 

care 

Physician payment 

preferences 
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Level III UAS Greenfield et al., 1992 Primary care 

physicians  

FFS/Prepaid patient 

hospitalisation 

rates 

Solo physicians small 

group, large 

multispecialty clinics 

U.S. Primary 

care 

Physician payment 

preferences 

UAS Rapoport et al., 1992 Patients Length of ICU stay Prepaid health 
insurance 

No prepaid insurance 

U.S. Primary 
care 

Physician payment 
preferences 

UAS Murray et al., 1992 Patients FFS patient/Prepaid patient 
diagnostic tests 

FFS patients 
Prepaid patients 

U.S. Primary 
care 

Physician payment 
preferences 

 

Houle et al., 2012 

 

AIM: 

To evaluate the effect of 
P4P targeting health care 

providers on quality of 

care and health outcomes. 

1990– 

June 2012 
 

Level I RCT Fairbrother et al., 2001 Primary care 

physicians 

Childhood immunisation Target/bonus 

Enhanced FFS 
FFS 

U.S. Primary 

Care  

Effectiveness 

RCT Grady et al., 1997  Primary care 

physicians 

Referrals for 

mammograms 

Target/bonus 

Chart stickers 

Peer/performance 

Feedback 

U.S. Primary 

Care  

Effectiveness 

RCT Kouides et al., 1998 Primary care 
physicians 

Primary care 

physician groups 

Adult immunisation FSS & Incremental 
target/bonus payments  

FFS–No bonus 

U.S. Primary 
Care  

Effectiveness 
Cost effectiveness 

RCT  Twardella & Brenner, 
2007 

Primary care 
Physician 

Patients 

Smoking cessation FFS & Bonus payment 
FFS 

Germany Primary 
Care 

Effectiveness 

Level II CBA Rosenthal et al., 2005 Primary care 
physicians 

Cervical screening 
Mammography 

HBA1C measurement 

Capitation bonus 
payments 

Capitation 

U.S. Primary 
Care  

Effectiveness 

CBA Fagan et al., 2010 Primary care 

physicians 

Influenza Vaccination 

Preventive screening 

Capitation bonus 

payments 
Capitation 

U.S. Primary 

Care  

Effectiveness 

CBA Beaulieu & Horrigan 

2005 

Primary care  

Physicians 
Patients  

Diabetes care Capitation/FFS bonus 

payments 
Capitation/FFS 

US Primary 

Care  

Effectiveness 

ITS Campbell et al., 2009 NR Introduction of QOF Bonus for attainment 

of QOF Indicators 

U.K. Primary 

Care  

Effectiveness 

ITS Serumaga et al., 2011 Patients Introduction of QOF Bonus for attainment 

of QOF Indicators 
U.K. Primary 

Care  

Effectiveness 

ITS Vamos et al., 2011 Patients Introduction of QOF Bonus for attainment 

of QOF Indicators 
U.K. Primary 

Care  

Effectiveness 

ITS Alshamsan et al., 2012 Patients Introduction of QOF Bonus for attainment 

of QOF Indicators 
U.K. Primary 

Care  

Effectiveness 

ITS MacBride-Stewart et al., 

2008 

NR Introduction of QOF Bonus for attainment 

of QOF Indicators 
U.K. Primary 

Care  

Effectiveness 

Level III Controlled 
Cohort Study 

Gavagan et al., 2010 Primary care 
physicians 

Cervical screening 
Mammography 

Target/bonus 
Pre- Target/bonus 

U.S. Primary 
Care  

Effectiveness 

UBA Morrow et al., 1995 Primary care 

physicians  

Childhood immunisation 

Cholesterol 

Screening in adults 

Target/bonus 

Chart review 

Peer feedback 

U.S. Primary 

Care  

Effectiveness 
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UBA Chung et al., 2003 Primary care 

physicians 

Paediatric immunisation 

Ace inhibitors HF 

HbA1c measurement 

Target/bonus U.S. Primary 

Care  

Effectiveness 

UBA Armour et al., 2004 Patients N/R90F

82 N/R U.S. Primary 
Care  

Effectiveness 

UBA Coleman et al., 2007 Patients-Smokers Introduction of QOF Bonus for attainment 
of QOF Indicators 

U.K. Primary 
care 

Effectiveness 

UBA Doran et al., 2011 Patients Introduction of QOF Bonus for attainment 

of QOF Indicators 
U.K. Primary 

care 

Effectiveness 

UBA Greene et al., 2004 Physicians 

Patients 

P4P 

Capitation 

Capitation bonus 

payments 
Capitation 

U.S. Primary 

care 

Effectiveness 

UBA Kiran et al., 2012 Patients P4P 

FFS or Capitation 

Capitation/FFS bonus 

payments 
Capitation/FFS 

Canada Primary 

care 

Effectiveness 

UBA McGovern et al., 2008 Patients Introduction of QOF Bonus for attainment of 

QOF Indicators 
U.K. Primary 

care 

Effectiveness 

UBA McGovern et al., 2008 Patients Introduction of QOF Bonus for attainment of 

QOF Indicators 
U.K. Primary 

care 

Effectiveness 

UBA Millett et al., 2007 Patients Introduction of QOF Bonus for attainment of 
QOF Indicators 

U.K. Primary 
care 

Effectiveness 

UBA Simpson et al., 2011 Patients Introduction of QOF Bonus for attainment of 
QOF Indicators 

U.K. Primary 
care 

Effectiveness 

UBA Simpson et al., 2006 Patients Introduction of QOF Bonus for attainment of 

QOF Indicators 
U.K. Primary 

care 

Effectiveness 

UBA St Jacques et al., 2004 Anaesthetists 

Surgical cases 

P4P 

Salary 

Salary bonus payments 

Salary 

U.S. Hospital Effectiveness 

UBA Steel at al. 2007 Patients  Introduction of QOF Bonus for attainment of 

QOF Indicators 
U.K. Primary 

care 

Effectiveness 

UBS Young et al., 2007 Physicians P4P 

Capitation 

FFS withholding P4P- 

Diabetes Indicators 

U.S. Primary 

care 

Effectiveness 

Level 
IV 

UAS/Cohort 
Study 

Ettner et al., 2006 Primary care 
physicians 

Patient quality indicator 
and satisfaction scores. 

Target/bonus U.S. Primary 
Care  

Effectiveness 

UAS/Cohort 

Study 
Pourat et al., 2005 Physicians P4P 

Capitation, FFS, Salary 

N/R U.S. Primary 

Care  

Effectiveness 

UAS/Cohort 

Study 
Kralewki et al., 2000 Physicians P4P 

Capitation 

 

N/R U.S. Primary 

Care  

Effectiveness 

Kane et al., 2004 

 

AIM: 
To evaluate evidence on 

the impact of financial 

incentives delivered to 

1966–2002 Level I RCT Hillman et al., 1998 Primary care 

physicians 

Primary care 
physicians group 

Cancer screening (breast, 

cervical, colorectal) 

Target/bonus and 

Feedback 

Partial target bonus 
and Feedback 

No Feedback no 

target bonus 

U.S. Primary 

Care 

Effectiveness 

Incentive  

design  
preferences 

                                                      
82 N/R–Not Reported 
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providers and patients on 

the uptake of preventive 

care. 

RCT Kouides et al., 1998 Primary care 

physician/physician 

groups 

Adult immunisation FSS & Incremental 

target/bonus payments  

FFS–No bonus 

U.S. Primary 

Care 

Effectiveness 

Cost effectiveness 

RCT Fairbrother et al., 1999 Primary care 
physicians 

Childhood immunisation Target/bonus 
FFS 

Feedback 

U.S. Primary 
Care 

Effectiveness 

RCT Fairbrother et al., 2001 Primary care 
physicians 

Childhood immunisation Target/bonus 
Enhanced FFS 

U.S. Primary 
Care 

Effectiveness 
Incentive design  

RCT Hillman & Ripley 1999 Primary care 

physicians 

Childhood immunisation & 

paediatric preventive care 
services 

Feedback 

Target/bonus and 
Feedback 

Control 

U.S. Primary 

Care 

Effectiveness 

Incentive  
design  

preferences 

ITS Ritchie et al., 1992 Primary care 
physicians 

Paediatric immunisation Target/bonus-post 
1990 contract 

Pre- 1990 contract 

Scotland Primary 
Care 

Effectiveness 
Incentive  

design  

preferences 

RCT Grady et al., 1997  Primary care 

physicians 

Referrals for 

mammograms 

Target/bonus 

Chart stickers 

Peer/performance 
Feedback 

U.S. Primary 

Care 

Effectiveness 

Incentive  

design  
preferences 

Level 

II 

CBA Morrow et al., 1995 Primary care 

physicians  

Childhood immunisation 

Cholesterol 

Screening in adults 

Target/bonus 

Chart review 

Peer feedback 

U.S. Primary 

Care 

Effectiveness 

Incentive  

design  
preferences 

CBA Fox & Phua 1995 Primary care 

physicians 
 

Prenatal care Target/bonus U.S. Primary 

Care 

Effectiveness 

Petersen et al., 2006 

 

AIM: 
To evaluate the effect of 

financial incentives on 

performance and 
measures of quality care. 

 

1980– 

November 

2005 

Level I RCT Grady et al., 1997  Primary care 

physicians 

Referrals for 

mammograms 

Target/bonus 

Chart stickers 

Peer/performance 
Feedback 

Not 

Reported 

Primary 

Care 

Effectiveness 

Incentive  

design  
preferences 

RCT Hillman et al., 1998 Primary care 

physicians 
Primary care 

physicians group 

 

Cancer screening (breast, 

cervical, colorectal) 

Target/bonus and 

Feedback 
Partial target bonus 

and Feedback 

Control 

Not 

Reported 

Primary 

Care 

Effectiveness 

Incentive  
design  

preferences 

RCT Kouides et al., 1998 Primary care 
physicians 

Primary care 
physicians group 

Adult immunisation FSS & Incremental 
target/bonus payments  

FFS–No bonus 

Not 
Reported 

Primary 
Care 

Effectiveness 
Cost effectiveness 

RCT Christensen et al., 2000 Pharmacists Educational services to 

patients 

Bonus payments 

above FFS 

Control 

Not 

Reported 

Primary 

Care 

Effectiveness 

RCT Fairbrother et al., 1999 Primary care 

physicians 

Childhood immunisation Target/bonus 

FFS 

Feedback 

Not 

Reported 

Primary 

Care 

Effectiveness 

RCT Hillman & Ripley 1999 Primary care 
physicians 

Childhood immunisation & 
paediatric preventive care 

services 

Feedback 
Target/bonus 

Feedback 

Control 

Not 
Reported 

Primary 
Care 

Effectiveness 
Incentive  

design  

preferences 
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RCT Fairbrother et al., 2001 Primary care 

physicians 

Childhood immunisation Target/bonus 

Enhanced FFS FFS 

Not 

Reported 

Primary 

Care 

Effectiveness 

RCT Roski et al., 2003 Primary care 
physicians 

Smoking cessation  
practices 

Smoking cessation g 
Target/bonus 

Not 
Reported 

Primary 
Care 

Effectiveness 
Cost-effectiveness 

 RCT Norton 1992 Nursing 
Home residents  

Nursing home access 
Residents health status 

Medicaid expenditures 

Target/bonus 
payments 

Not 
Reported 

Primary 
Care 

Effectiveness 
Cost-effectiveness 

 Level 

II 

CBA Clark et al., 1995 Primary care 

physicians 

For services to 

populations with 

additional mental health 

needs 

Enhanced FFS U.S. Primary 

Care 
Effectiveness 

 CBA Shen et al., 2004  Primary care 

physicians 

For services to female 

populations with additional 
needs 

Performance based 

contracting 

U.S. Primary 

Care 

Effectiveness 

 CBA Beaulieu and Horrigan 

2005 

Primary care 

physicians 

Diabetes care Target/bonus 

Feedback 

U.S. Primary 

Care 

Effectiveness 

 CBA Rosenthal et al., 2005 Primary care 

physicians 

Cervical screening 

Mammography 

HbA1c measurement 

Target/bonus 

payments 

No control reported 

Not 

Reported 

Primary 

Care 

Effectiveness 

 Level 

IV 

UAS/Cohort 

Study 

McMenamin et al., 2003 Primary care 

physicians 

Smoking cessation 

intervention 

Bonus payments Not 

Reported 

Primary 

care 

Effectiveness 

 UAS/Cohort 

Study 

Pourat et al., 2005 Primary care 

physicians 

Patient quality indicator, 

patient satisfaction scores 
and peer review 

Performance based 

contracting 

U.S. Primary 

Care 

Effectiveness 

 UAS/Cohort 

Study 

Safran et al., 2000 Primary care 

physicians 

Not ascertained Patient satisfaction Not 

Reported 

Primary 

Care 

Effectiveness 

   UAS/Cohort 

Study 

Casalino et al., 2003 Primary care 

physicians 

Improved contract for 

evidence of health care 

quality. 

Quality care for 

diabetes, HF, asthma 

and depression 

 Primary 

care 

Effectiveness 

Scott et al., 2011 

 

AIM: 
To evaluate the effect of 

financial incentives on 

the quality of health care 
provided by primary care 

physicians. 

2000– 

August 2009 

Level I RCT  An et al., 2008 Primary care 

physicians 

Referrals to Quitline Target/bonus 

Usual care–no bonus 

U.S. Primary 

care 

Effectiveness 

Cost effectiveness 

RCT Roski et al., 2003 Primary care 

physicians 

Smoking cessation  

practices 

Target/bonus 

Smoking cessation 
guidelines 

U.S. Primary 

care 

Effectiveness 

Cluster RCT Twardella & Brenner, 

2007 

Primary care 

physicians 

Physician groups 

Usual care 

Training & incentive 

& medication combinations 

Smoking cessation  Germany Primary 

care 

Effectiveness 

Level II CBA Gosden et al., 2003 Physician groups Quality care 

Cervical cytology 

Childhood immunisation 

Standard national 

capitation and FFS 

contract 
NHS salaried contract 

U.K. Primary 

care 

Effectiveness’ 

CBA Rosenthal et al., 2005 Primary care 

physicians 

Cervical screening 

Mammography 
HbA1c measurement 

Target/bonus 

payments 
No control reported 

U.S. Primary 

care 

Effectiveness 
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CBA/ITS 

(Difference in 

Difference) 

Mullen et al., 2009 Physician groups Cervical, chlamydia 

mammography screening 

rateHbA1c testing 
Asthma medication 

Target payments-

threshold 

Bonus payments-
tournament based 

U.S. Primary 

care 

Effectiveness 

ITS Young et al., 2007 Primary care 

physicians 

Diabetes indicators 

HbA1c, Urinalysis, 

Lipoprotein density level 
(LDL), Eye examination 

 

FFS withholding 

Target payments 

U.S. Primary 

care 

Effectiveness 

Van Herck et al., 2010 

 

AIM: 

To summarise the 
evidence on P4P 

Effects on clinical 

effectiveness 
access, equity  

coordination and 

continuity, patient 
centredness and cost-

effectiveness. 

2004–2009 Level I RCT An et al., 2008 Primary care 
physicians 

Referrals to Quitline Target/bonus 
Usual care–no bonus 

U.S. Primary 
care 

Effectiveness 
Cost effectiveness 

  RCT Fairbrother et al., 1999 Primary care 

physicians 

Childhood immunisation Target/bonus 

FFS Feedback 

U.S. Primary 

care 

Effectiveness 

  RCT Fairbrother et al., 2001 Primary care 

physicians 

Childhood immunisation Target/bonus 

Enhanced FFS 

U.S. Primary 

care 

Effectiveness 

  RCT Grady et al., 1997 Primary care 
physicians 

Referrals for 
mammograms 

Target/bonus Feedback  
Chart stickers 

Performance  

U.S. Primary 
care 

Effectiveness 

  RCT Hillman et al., 1998 Primary care 
physicians 

Cancer screening (breast, 
cervical, colorectal) 

Target/bonus/ Feedback 
Partial target bonus and 

Feedback 

No Feedback no target 
bonus 

U.S. Primary 
care 

Effectiveness 

  RCT Hillman & Ripley 1999 Primary care 

physicians 

Childhood immunisation & 

paediatric preventive care 

services 

Feedback 

Target/bonus and 

Feedback 
Control 

U.S. Primary 

care 

Effectiveness 

  RCT Kouides et al., 1998 Primary care 

physician/physician 
group 

Adult immunisation FSS & Incremental 

target/bonus payments  
FFS–No bonus 

U.S. Primary 

care 

Effectiveness 

Cost effectiveness 

  RCT Roski et al., 2003 Primary care 

physicians 

Smoking cessation  

practices 

Target/bonus 

Smoking cessation 
guidelines 

U.S. Primary 

care 

Effectiveness 

  Cluster RCT Twardella & Brenner, 

2007 

Primary care 

physicians 

Physician groups 

Usual care  

Training & incentive 

Training &medication 
Training/incentive & 

training/medication 

Smoking cessation  Germany Primary 

care 

Effectiveness 

 Level II CBA Beaulieu and Horrigan 
2005 

Primary care 
physicians 

Diabetes care Target/bonus 
Feedback 

U.S. Primary 
care 

Effectiveness 

  CBA Grossbart 2006 Secondary care Quality measures Traditional payment 

Very small incentives 

U.S. Secondary 

care 

Effectiveness 

  CBA Lindenauer et al., 2007 Secondary care Quality measures Bonus payments US Secondary 
care 

Effectiveness 

  ITS Campbell et al., 2009 Primary care 
physicians 

Physician groups 

Asthma 
Diabetes 

CHD 

Prior/ Post 
introduction of NHS 

QOF contract 

U.K. Primary 
care 

Effectiveness 

  ITS McBride-Stewart et al., 
2008 

Primary care 
physicians 

Physician groups 

Prescribing patterns 
relating to QOF drugs 

QOF contract relating 
to QOF drugs  

Non QOF drugs 

Scotland Primary 
care 

Effectiveness 
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  ITS Young et al., 2007 Primary care 

physicians 

HbA1c, Urinalysis, 

Lipoprotein density level 

(LDL), Eye examination 

FFS withholding 

Target payments 
US Primary 

care 
Effectiveness 

  Time Series Amundson et al., 2003 Primary care 
physicians 

Quit smoking advice Target/bonus US Primary 

care 
Effectiveness 

  Time Series Chung et al., 2003 Primary care 

physicians 

Child immunisation 

Ace inhibitors HF 

HbA1c measurement 

Target/bonus US Primary 

care 
Effectiveness 

  Time Series Coleman et al., 2007b Primary care 

physicians 

Physician groups 

Smoking cessation 

interventions 

Prior intro NHS QOF 

contract/Post intro 

NHS QOF contract 

U.K. Primary 

care 
Effectiveness 

  Time Series Pedros et al., 2009 Secondary care 
Primary care 

physicians 

Not reported Target/bonus payments 
at institution, 

department & Primary 
care physicians’ level 

Spain Secondary 
care 

Effectiveness 

  ITS/UBA Ritchie et al., 1992 Primary care 

physicians 

Paediatric immunisation Target/bonus-post 1990 

contract 

Pre-1990 contract 
Performance based 

contract 

Scotland Primary care Effectiveness 

  ITS/UBA Casale et al., 2007 Surgeons Elective CABG Pre–1990 contract 
Performance based 

bonus payments 

US Secondary 
care 

Effectiveness 

  ITS/UBA Coleman 2007 Primary care 

physicians 
Specialists 

Glycaemic control 

HbA1c measurement 

Performance based 

bonus payments 
Salary 

U.K. Primary care 

Secondary 
care 

Effectiveness 

  ITS/UBA Tahrani et al., 2008 Primary care 

physicians 
Physician Groups 

Diabetes indicators 

BMI, smoking, HbA1c 
retinal screening, BP, 

micro-albumin 

Prior to introduction of 

NHS QOF contract 
Post introduction NHS 

QOF contract 

U.K. Primary care Effectiveness 

  ITS/UBA Weber et al., 2008 Primary care 

physicians 

BMI, smoking, HbA1c 

retinal screening, BP, 
micro-albumin 

Performance based 

bonus payments 

US Primary care Effectiveness 

  ITS/Cross 

sectional 

Pearson et al., 2008 Physician groups HEDIS measures 

Diabetes, cancer screening, 
asthma 

antidepressant medication 

Contracts based on 

performance 

US Primary care Effectiveness 

  ITS/UAS Vaghela et al., 2008 Primary care 
physicians 

Physician groups 

Diabetes measures 
HbA1c, BP, Lipids 

Prior/post introduction 
NHS QOF contract 

U.K. Primary care Effectiveness 

 Level III UBA-19        

 Level 

IV 

      Cross sectional survey-51       

 Other      Modelling-8        
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 AMSTAR Quality Assessment of Reviews 

Assessment of quality of systematic review using AMSTAR tool Achat et al., 1999 
Armour et al., 

2001 

Chaix-Couturier et 

al., 2000 

Christianson et al., 

2007 

Christianson et al., 

2008 

1. Was an 'a priori' design provided? 

The research question and inclusion criteria should be established before the conduct of the review. 

Note: Need to refer to a protocol, ethics approval, or pre-determined/a priori published research 

objectives to score a “yes.” 

 

 

 Yes  Yes  Yes  Yes  Yes 

 No  No x No  No  No 

 
Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 

 N/A  N/A  N/A  N/A  N/A 

2. Was there duplicate study selection and data extraction? 

There should be at least two independent data extractors and a consensus procedure for disagreements 

should be in place. 

Note: 2 people do study selection, 2 people do data extraction, consensus process or one person checks 

the other’s work. 

 

 Yes  Yes  Yes  Yes  Yes 

 No  No  No  No  No 

 
Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 

 N/A  N/A  N/A  N/A  N/A 

3. Was a comprehensive literature search performed? 

At least two electronic sources should be searched. The report must include years and databases used 

(e.g., Central, EMBASE and MEDLINE). Key words and/or MESH terms must be stated and where 

feasible the search strategy should be provided. All searches should be supplemented by consulting 

current contents, reviews, textbooks, specialized registers, or experts in the particular field of study and 

by reviewing the references in the studies found. 

Note: If at least 2 sources + one supplementary strategy used, select “yes” (Cochrane register/Central 

counts as 2 sources; a grey literature search counts as supplementary). 

 

 Yes  Yes  Yes  Yes  Yes 

 No  No  No  No  No 

 
Cannot 

answer 
 

Cannot 

answer 
x 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 

 N/A  N/A  N/A  N/A  N/A 

4. Was the status of publication (i.e., grey literature) used as an inclusion criterion? 

The authors should state that they searched for reports regardless of their publication type. The authors 

should state whether or not they excluded any reports (from the systematic review), based on their 

publication status, language etc. 

Note: If review indicates that there was a search for “grey literature” or “unpublished literature,” 

indicate “yes.” SINGLE database, dissertations, conference proceedings and trial registries are all 

considered grey for this purpose. If searching a source that contains both grey and non-grey, must 

specify that they were searching for grey/unpublished lit. 

 Yes x Yes x Yes  Yes  Yes 

 No  No  No  No  No 

 
Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 

 N/A  N/A  N/A  N/A  N/A 

5. Was a list of studies (included and excluded) provided? 

A list of included and excluded studies should be provided. 

Note: Acceptable if the excluded studies are referenced. If there is an electronic link to the list but the 

link is dead, select “no. 

 Yes  Yes  Yes  Yes  Yes 

 No  No  No  No  No 

 
Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 

 N/A  N/A  N/A  N/A  
N/A 
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6. Were the characteristics of the included studies provided? 

In an aggregated form such as a table, data from the original studies should be provided on the 

participants, interventions and outcomes. The ranges of characteristics in all the studies analysed e.g., 

age, race, sex, relevant socioeconomic data, disease status, duration, severity, or other diseases should be 

reported.   

Note: Acceptable if not in table format as long as they are described as above. 

 

 Yes  Yes  Yes  Yes  Yes 

 No  No x No  No  No 

 
Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 

 N/A  N/A  N/A  N/A  N/A 

7. Was the scientific quality of the included studies assessed and documented? 

'A priori' methods of assessment should be provided (e.g., for effectiveness studies if the author(s) chose 

to include only randomized, double-blind, placebo controlled studies, or allocation concealment as 

inclusion criteria); for other types of studies alternative items will be relevant.  Note: Can include use of 

a quality scoring tool or checklist, e.g., Jadad scale, risk of bias, sensitivity analysis, etc., or a 

description of quality items, with some kind of result for EACH study (“low” or “high” is fine, as long 

as it is clear which studies scored “low” and which scored “high”; a summary score/range for all 

studies is not acceptable). 

 Yes  Yes  Yes  Yes  Yes 

 No  No  No  No  No 

 
Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 

 N/A  N/A  N/A  N/A  N/A 

8. Was the scientific quality of the included studies used appropriately in formulating conclusions? 

The results of the methodological rigor and scientific quality should be considered in the analysis and the 

conclusions of the review and explicitly stated in formulating recommendations.  

Note: Might say something such as “the results should be interpreted with caution due to poor quality of 

included studies.” Cannot score “yes” for this question if scored “no” for question 7. 

 

 Yes  Yes  Yes  Yes  Yes 

 No  No x No  No  No 

 
Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 

 N/A  N/A  N/A  N/A  N/A 

9. Were the methods used to combine the findings of studies appropriate? 

For the pooled results, a test should be done to ensure the studies were combinable, to assess their 

homogeneity (i.e., Chi-squared test for homogeneity, I2). If heterogeneity exists a random effects model 

should be used and/or the clinical appropriateness of combining should be taken into consideration (i.e., 

is it sensible to combine?). 

Note: Indicate “yes” if they mention or describe heterogeneity, i.e., if they explain that they cannot pool 

because of heterogeneity/variability between interventions. 

 

 

 

 Yes  Yes  Yes  Yes  Yes 

 No  No x No  No  No 

 
Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 

 N/A  N/A  N/A  N/A  N/A 

10. Was the likelihood of publication bias assessed? 

An assessment of publication bias should include a combination of graphical aids (e.g., funnel plot, other 

available tests) and/or statistical tests (e.g., Egger regression test, Hedges-Olken). 

Note: If no test values or funnel plot included, score “no”. Score “yes” if mentions that publication bias 

could not be assessed because there were fewer than 10 included studies 

 

 

 

 

 

 Yes  Yes  Yes  Yes  Yes 

 No  No  No  No  No 

 
Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 

 N/A  N/A  N/A  N/A  N/A 
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11. Was the conflict of interest included? 

Potential sources of support should be clearly acknowledged in both the systematic review and the 

included studies. 

Note: To get a “yes,” a statement declaring no conflicting or competing interests and/or an indication of 

funding source or support for the systematic review is required  

 Yes  Yes x Yes  Yes  Yes 

 No  No  No  No  No 

 
Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 

 N/A  N/A  N/A  N/A  N/A 

Score 1/11 3/11 4/11 4/11 3/11 

 

 

 

 

 

 

     

Assessment of quality of systematic review using AMSTAR tool 
Eijkenaar et al., 

2013 

Emmert et al., 

2012 

Flodgren et al., 

2011 

Giuffrida et al., 

1999 

Gosden et al., 

2001 

1. Was an 'a priori' design provided? 

The research question and inclusion criteria should be established before the conduct of the review. 

Note: Need to refer to a protocol, ethics approval, or pre-determined/a priori published research 

objectives to score a “yes.” 

 

 Yes  Yes  Yes  Yes  Yes 

x No  No  No  No  No 

 
Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
x 

Cannot 

answer 

 N/A  N/A  N/A  N/A  N/A 

2. Was there duplicate study selection and data extraction? 

There should be at least two independent data extractors and a consensus procedure for disagreements 

should be in place. 

Note: 2 people do study selection, 2 people do data extraction, consensus process or one person checks 

the other’s work. 

 

 Yes  Yes  Yes  Yes  Yes 

 No  No  No  No  No 

 
Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 

 N/A  N/A  N/A  N/A  N/A 

3. Was a comprehensive literature search performed? 

At least two electronic sources should be searched. The report must include years and databases used 

(e.g., Central, EMBASE and MEDLINE). Key words and/or MESH terms must be stated and where 

feasible the search strategy should be provided. All searches should be supplemented by consulting 

current contents, reviews, textbooks, specialized registers, or experts in the particular field of study and 

by reviewing the references in the studies found. 

Note: If at least 2 sources + one supplementary strategy used, select “yes” (Cochrane register/Central 

counts as 2 sources; a grey literature search counts as supplementary). 

 

 Yes  Yes  Yes  Yes x Yes 

 No  No  No  No  No 

 
Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 

 N/A  N/A  N/A  N/A  N/A 

4. Was the status of publication (i.e. grey literature) used as an inclusion criterion? 

The authors should state that they searched for reports regardless of their publication type. The authors 

should state whether or not they excluded any reports (from the systematic review), based on their 

publication status, language etc. 

Note: If review indicates that there was a search for “grey literature” or “unpublished literature,” 

indicate “yes.” SINGLE database, dissertations, conference proceedings and trial registries are al 

considered grey for this purpose. If searching a source that contains both grey and non-grey, must 

specify that they were searching for grey/unpublished lit. 

 Yes  Yes  Yes  Yes  Yes 

 No  No  No  No  No 

 
Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
x 

Cannot 

answer 

 N/A  N/A  N/A  N/A  N/A 



   

299 

 

5. Was a list of studies (included and excluded) provided? 

A list of included and excluded studies should be provided. 

Note: Acceptable if the excluded studies are referenced. If there is an electronic link to the list but the 

link is dead, select “no.” 

 

 

 

 Yes  Yes  Yes  Yes x Yes 

x No  No  No  No  No 

 
Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 

 N/A  N/A  N/A  N/A  N/A 

6. Were the characteristics of the included studies provided? 
In an aggregated form such as a table, data from the original studies should be provided on the 
participants, interventions and outcomes. The ranges of characteristics in all the studies analysed e.g., 
age, race, sex, relevant socioeconomic data, disease status, duration, severity, or other diseases should be 
reported.  Note: Acceptable if not in table format as long as they are described as above. 
 

 
 
 
 

x Yes  Yes  Yes  Yes  Yes 

 No x No  No  No  No 

 
Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 

 N/A  N/A  N/A  N/A  N/A 

7. Was the scientific quality of the included studies assessed and documented? 

'A priori' methods of assessment should be provided (e.g., for effectiveness studies if the author(s) chose 

to include only randomized, double-blind, placebo controlled studies, or allocation concealment as 

inclusion criteria); for other types of studies alternative items will be relevant.  Note: Can include use of 

a quality scoring tool or checklist, e.g., Jadad scale, risk of bias, sensitivity analysis, etc., or a 

description of quality items, with some kind of result for EACH study (“low” or “high” is fine, as long 

as it is clear which studies scored “low” and which scored “high”; a summary score/range for all 

studies is not acceptable). 

 

 Yes  Yes  Yes  Yes  Yes 

 No  No  No  No  No 

x 
Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 

 N/A  N/A  N/A  N/A  N/A 

8. Was the scientific quality of the included studies used appropriately in formulating conclusions? 

The results of the methodological rigor and scientific quality should be considered in the analysis and the 

conclusions of the review and explicitly stated in formulating recommendations.  

Note: Might say something such as “the results should be interpreted with caution due to poor quality of 

included studies.” Cannot score “yes” for this question if scored “no” for question 7. 

 

 

 Yes  Yes  Yes  Yes  Yes 

 No  No  No  No  No 

 
Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 

 N/A  N/A  N/A  N/A  N/A 

9. Were the methods used to combine the findings of studies appropriate? 

For the pooled results, a test should be done to ensure the studies were combinable, to assess their 

homogeneity (i.e., Chi-squared test for homogeneity, I2). If heterogeneity exists a random effects model 

should be used and/or the clinical appropriateness of combining should be taken into consideration (i.e., 

is it sensible to combine?). 

Note: Indicate “yes” if they mention or describe heterogeneity, i.e., if they explain that they cannot pool 

because of heterogeneity/variability between interventions. 

 Yes  Yes  Yes  Yes  Yes 

 No  No  No  No  No 

 
Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 

 N/A  N/A  N/A  N/A  N/A 
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10. Was the likelihood of publication bias assessed? 

An assessment of publication bias should include a combination of graphical aids (e.g., funnel plot, other 

available tests) and/or statistical tests (e.g., Egger regression test, Hedges-Olken). 

Note: If no test values or funnel plot included, score “no”. Score “yes” if mentions that publication bias 

could not be assessed because there were fewer than 10 included studies 

 

 Yes  Yes  Yes  Yes  Yes 

x No x No  No  No  No 

 
Cannot 

answer 
 

Cannot 

answer 
x 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 

 N/A  N/A  N/A  N/A  N/A 

11. Was the conflict of interest included? 

Potential sources of support should be clearly acknowledged in both the systematic review and the 

included studies. 

Note: To get a “yes,” a statement declaring no conflicting or competing interests and/or an indication of 

funding source or support for the systematic review is required 

 Yes x Yes x Yes  Yes  Yes 

 No  No  No  No  No 

 
Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 

 N/A  N/A  N/A  N/A  N/A 

Score 5/11 7/11 10/11 8/11 7/11 

      

Assessment of quality of systematic review using AMSTAR tool 
Hellinger  

1996 

Houle et al., 

2004 
Kane et at. 2004 

Petersen et al. 

2006 
Scott et al. 2011 

1. Was an 'a priori' design provided? 

The research question and inclusion criteria should be established before the conduct of the review. 

Note: Need to refer to a protocol, ethics approval, or pre-determined/a priori published research 

objectives to score a “yes.” 

 

 Yes x Yes  Yes  Yes x Yes 

 No  No x No  No  No 

 
Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
x 

Cannot 

answer 
 

Cannot 

answer 

 N/A  N/A  N/A  N/A  N/A 

2. Was there duplicate study selection and data extraction? 

There should be at least two independent data extractors and a consensus procedure for disagreements 

should be in place. 

Note: 2 people do study selection, 2 people do data extraction, consensus process or one person checks 

the other’s work. 

 Yes  Yes  Yes x Yes x Yes 

 No  No  No  No  No 

 
Cannot 

answer 
 

Cannot 

answer 
x 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 

 N/A  N/A  N/A  N/A  N/A 

3. Was a comprehensive literature search performed? 

At least two electronic sources should be searched. The report must include years and databases used 

(e.g., Central, EMBASE and MEDLINE). Key words and/or MESH terms must be stated and where 

feasible the search strategy should be provided. All searches should be supplemented by consulting 

current contents, reviews, textbooks, specialized registers, or experts in the particular field of study and 

by reviewing the references in the studies found. 

Note: If at least 2 sources + one supplementary strategy used, select “yes” (Cochrane register/Central 

counts as 2 sources; a grey literature search counts as supplementary). 

 

 Yes  Yes  Yes  Yes x Yes 

 No  No x No x No  No 

 
Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 

 N/A  N/A  N/A  N/A  N/A 
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4. Was the status of publication (i.e. grey literature) used as an inclusion criterion? 

The authors should state that they searched for reports regardless of their publication type. The authors 

should state whether or not they excluded any reports (from the systematic review), based on their 

publication status, language.  

Note: If review indicates that there was a search for “grey literature” or “unpublished literature,” 

indicate “yes.” SINGLE database, dissertations, conference proceedings, trial registries are all 

considered grey for this purpose. If searching a source that contains both grey and non-grey, must 

specify that they were searching for grey/unpublished lit. 

 

 Yes  Yes x Yes x Yes  Yes 

 No  No  No  No  No 

 
Cannot 

answer 
x 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 

 N/A  N/A  N/A  N/A  N/A 

5. Was a list of studies (included and excluded) provided? 

A list of included and excluded studies should be provided. 

Note: Acceptable if the excluded studies are referenced. If there is an electronic link to the list but the 

link is dead, select “no.” 

 Yes  Yes x Yes  Yes  Yes 

 No  No  No  No  No 

 
Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 

 N/A  N/A  N/A  N/A  N/A 

6. Were the characteristics of the included studies provided? 

In an aggregated form such as a table, data from the original studies should be provided on the 

participants, interventions and outcomes. The ranges of characteristics in all the studies analysed e.g., 

age, race, sex, relevant socioeconomic data, disease status, duration, severity, or other diseases should be 

reported.   

Note: Acceptable if not in table format as long as they are described as above. 

 

 Yes  Yes  Yes  Yes  Yes 

 No  No  No  No  No 

 
Cannot 

answer 
x 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 

 N/A  N/A  N/A  N/A  N/A 

7. Was the scientific quality of the included studies assessed and documented? 

'A priori' methods of assessment should be provided (e.g., for effectiveness studies if the author(s) chose 

to include only randomized, double-blind, placebo controlled studies, or allocation concealment as 

inclusion criteria); for other types of studies alternative items will be relevant.  Note: Can include use of 

a quality scoring tool or checklist, e.g., Jadad scale, risk of bias, sensitivity analysis, etc., or a 

description of quality items, with some kind of result for EACH study (“low” or “high” is fine, as long 

as it is clear which studies scored “low” and which scored “high”; a summary score/range for all 

studies is not acceptable). 

 Yes  Yes  Yes  Yes  Yes 

 No  No  No  No  No 

 
Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 

 N/A  N/A  N/A  N/A  N/A 

8. Was the scientific quality of the included studies used appropriately in formulating conclusions? 

The results of the methodological rigor and scientific quality should be considered in the analysis and the 

conclusions of the review and explicitly stated in formulating recommendations.  

Note: Might say something such as “the results should be interpreted with caution due to poor quality of 

included studies.” Cannot score “yes” for this question if scored “no” for question 7. 

 Yes  Yes  Yes  Yes  Yes 

 No  No  No  No  No 

 
Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 

 N/A  N/A  N/A  N/A  N/A 



   

302 

 

9. Were the methods used to combine the findings of studies appropriate? 

For the pooled results, a test should be done to ensure the studies were combinable, to assess their 

homogeneity (i.e., Chi-squared test for homogeneity, I2). If heterogeneity exists a random effects model 

should be used and/or the clinical appropriateness of combining should be taken into consideration (i.e., 

is it sensible to combine?). 

Note: Indicate “yes” if they mention or describe heterogeneity, i.e., if they explain that they cannot pool 

because of heterogeneity/variability between interventions. 

 Yes x Yes  Yes  Yes x Yes 

 No  No x No  No  No 

 
Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
x 

Cannot 

answer 
 

Cannot 

answer 

 N/A  N/A  N/A  N/A  N/A 

10. Was the likelihood of publication bias assessed? 

An assessment of publication bias should include a combination of graphical aids (e.g., funnel plot, other 

available tests) and/or statistical tests (e.g., Egger regression test, Hedges-Olken). 

Note: If no test values or funnel plot included, score “no”. Score “yes” if mentions that publication bias 

could not be assessed because there were fewer than 10 included studies 

 Yes  Yes  Yes  Yes  Yes 

 No  No  No x No x No 

 
Cannot 

answer 
 

Cannot 

answer 
x 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 

 N/A  N/A  N/A  N/A  N/A 

11. Was the conflict of interest stated? 

Potential conflicts of interest and sources of support should be clearly acknowledged in both the 

systematic review  

Note: To get a “yes,” a statement declaring no conflicting or competing interests and/or an indication of 

funding source or support for the systematic review is required 

 Yes x Yes  Yes x Yes x Yes 

 No  No  No  No  No 

 
Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 
 

Cannot 

answer 

 N/A  N/A  N/A  N/A  N/A 

Score 1/11 7/11 5/11 7/11 10/11 

 

 

    

Assessment of quality of systematic review using AMSTAR tool 
Van Herck et al., 

2010 
   

1. Was an 'a priori' design provided? 

The research question and inclusion criteria should be established before the conduct of the review. 

Note: Need to refer to a protocol, ethics approval, or pre-determined/a priori published research 

objectives to score a “yes.” 

 Yes         

x No         

 
Cannot 

answer 
        

 N/A         

2. Was there duplicate study selection and data extraction? 

There should be at least two independent data extractors and a consensus procedure for disagreements 

should be in place. 

Note: 2 people do study selection, 2 people do data extraction, consensus process or one person checks 

the other’s work. 

 

x Yes         

 No         

 
Cannot 

answer 
        

 N/A         
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3. Was a comprehensive literature search performed? 

At least two electronic sources should be searched. The report must include years and databases used 

(e.g., Central, EMBASE and MEDLINE). Key words and/or MESH terms must be stated and where 

feasible the search strategy should be provided. All searches should be supplemented by consulting 

current contents, reviews, textbooks, specialized registers, or experts in the particular field of study and 

by reviewing the references in the studies found. 

Note: If at least 2 sources + one supplementary strategy used, select “yes” (Cochrane register/Central 

counts as 2 sources; a grey literature search counts as supplementary). 

 

 Yes         

 No         

 
Cannot 

answer 
        

 N/A         

4. Was the status of publication (i.e. grey literature) used as an inclusion criterion? 

The authors should state that they searched for reports regardless of their publication type. The authors 

should state whether or not they excluded any reports (from the systematic review), based on their 

publication status, language etc. 

Note: If review indicates that there was a search for “grey literature” or “unpublished literature,” 

indicate “yes.” SINGLE database, dissertations, conference proceedings and trial registries are all 

considered grey for this purpose. If searching a source that contains both grey and non-grey, must 

specify that they were searching for grey/unpublished lit. 

 

 Yes         

x No         

 
Cannot 

answer 
        

 N/A         

5. Was a list of studies (included and excluded) provided? 

A list of included and excluded studies should be provided. 

Note: Acceptable if the excluded studies are referenced. If there is an electronic link to the list but the 

link is dead, select “no.” 

 

 Yes         

x No         

 
Cannot 

answer 
        

 N/A         

6. Were the characteristics of the included studies provided? 

In an aggregated form such as a table, data from the original studies should be provided on the 

participants, interventions and outcomes. The ranges of characteristics in all the studies analysed e.g., 

age, race, sex, relevant socioeconomic data, disease status, duration, severity, or other diseases should be 

reported.  Note: Acceptable if not in table format as long as they are described as above. 

 Yes         

x No         

 
Cannot 

answer 
        

 N/A         

7. Was the scientific quality of the included studies assessed and documented? 

'A priori' methods of assessment should be provided (e.g., for effectiveness studies if the author(s) chose 

to include only randomized, double-blind, placebo controlled studies, or allocation concealment as 

inclusion criteria); for other types of studies alternative items will be relevant.  Note: Can include use of 

a quality scoring tool or checklist, e.g., Jadad scale, risk of bias, sensitivity analysis, etc., or a 

description of quality items, with some kind of result for EACH study (“low” or “high” is fine, as long 

as it is clear which studies scored “low” and which scored “high”; a summary score/range for all 

studies is not acceptable). 

 

 

 Yes         

x No         

 
Cannot 

answer 
        

 N/A         
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8. Was the scientific quality of the included studies used appropriately in formulating conclusions? 

The results of the methodological rigor and scientific quality should be considered in the analysis and the 

conclusions of the review and explicitly stated in formulating recommendations.  

Note: Might say something such as “the results should be interpreted with caution due to poor quality of 

included studies.” Cannot score “yes” for this question if scored “no” for question 7. 

 

 

 

 Yes         

 No         

 
Cannot 

answer 
        

 N/A         

9. Were the methods used to combine the findings of studies appropriate? 

For the pooled results, a test should be done to ensure the studies were combinable, to assess their 

homogeneity (i.e., Chi-squared test for homogeneity, I2). If heterogeneity exists a random effects model 

should be used and/or the clinical appropriateness of combining should be taken into consideration (i.e., 

is it sensible to combine?). 

Note: Indicate “yes” if they mention or describe heterogeneity, i.e., if they explain that they cannot pool 

because of heterogeneity/variability between interventions. 

x Yes         

 No         

 
Cannot 

answer 
        

 N/A         

10. Was the likelihood of publication bias assessed? 

An assessment of publication bias should include a combination of graphical aids (e.g., funnel plot, other 

available tests) and/or statistical tests (e.g., Egger regression test, Hedges-Olken). 

Note: If no test values or funnel plot included, score “no”. Score “yes” if mentions that publication bias 

could not be assessed because there were fewer than 10 included studies 

 

 Yes         

x No         

 
Cannot 

answer 
        

 N/A         

11. Was the conflict of interest included? 

Potential sources of support should be clearly acknowledged in both the systematic review and the 

included studies.  

Note: To get a “yes,” a statement declaring no conflicting or competing interests and/or an indication of 

funding source or support for the systematic review is required 

x Yes         

 No         

 
Cannot 

answer 
        

 N/A         

Score 5/11     
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 Data Table-Systematic Review of Reviews 

                                                      
83 Reports of bias or risk in the included primary studies. 
84 AMSTAR–Methodological Assessment Tool–A MeaSurement Tool to Assess Systematic Reviews 

Reference 

Search 

Period 

# of Studies 

/Study design 

Primary 

research 

Health Care 

Sector/ 

Population/ 

Country 

Incentives Outcomes 
Risk of Bias91F

83 

Potential Risk 

 

(as determined 

by the review) 

Overall Effect 

Number of 

databases 

searched Intervention Comparator Immunisation 

Primary 

Prevention 

(Screening) 

Secondary 

Prevention 

((Diabetes/CHD 

Other) 

Vote Counting 

 
𝐈𝐧𝐭𝐞𝐫𝐯𝐞𝐧𝐭𝐢𝐨𝐧 

𝐞𝐟𝐟𝐞𝐜𝐭𝐬
𝐀𝐥𝐥 𝐞𝐟𝐟𝐞𝐜𝐭𝐬

 

Inference 
AMSTAR92F

84 

Score 
 

Emmert et al., 

2012 

 

AIM: 
To identify and 

analyse 

evidence on 

economic 

evaluation of 
P4P 

 

CONCLUSION 
The majority of 

studies showed 

improved 
quality of care 

can be achieved 

at higher costs. 
Significant 

heterogeneity 

between studies 
and variation in 

methodological 

quality limits 
the ability to 

make a strong 

conclusion 
. 

2000 – 
April 2010 

 

6-Databases 
Well defined 

search strategy 

 

AMSTAR-7 

RCT Nahra et al., 
2006  

(Cost-utility 

analysis) 

Secondary care/ 
Hospital setting 

n=85 

US 

Bonus payment 
1.2-2 percent 

DRG payment 

No control   Scores on three 
quality of heart 

care process 

measures were 
analysed across 4 

years 

Improvements 

were converted 

into QALYs Cost 
per QALY 

ranged from 

$30,081to 
$12,967. 

No control 
Results from the 

first year 

(comparison) 
were already 

influenced by 

P4P 

8/9 (88 percent) 
Effective 

 

Authors did not  
report on the 

statistical 

significance of 

primary papers 

included in the 
review. 

 

Authors reported 
on potential for 

selection and 

publication bias. 
 

Authors reported 

methodological 
quality scores on 

all included 

studies. 

Inconclusive 
 

Authors reported 

results were 
limited by 

studies with poor 

study design. 

 

 

RCT 

 

 

An et al., 2008  

(Cost 

effectiveness 
analysis) 

Primary care 

clinics n=4 

US 

Bonus payment 

$5000 lump-sum 

for reaching 50 
smoking 

cessation 

referrals. 

Additional 

referral–$25 

extra payment 

No bonus 

payment 

  Intervention 

clinics made 

1042 extra quit 
referrals 289 

extra enrolees in 

program. 

ICER of P4P 

program $83 per 

additional 
referral and $300 

per additional 

enrolees.  

Evaluated only 

one process 

measure  
 

Costs only 

consisted of 

incentive 

payments.  

 

 RCT Kouides et al., 

1998(Cost 

effectiveness 
Analysis) 

Primary care/ 

Primary care 

physicians 
n=54 

US 

Bonus $0.80 per 

vaccination (10 

percent > FFS) 
for immunisation 

rate-70 percent. 

$1.60 per 
vaccination for 

rate-85 percent. 

Median bonus 
potential $530 

per practice. 

FFS- No bonus 

payments 

Immunisation- 

after 4 months 

immunisation 
rates 

intervention 

group 10.3 
percent vs. 3.5 

percent, 

(P = 0.03).  
Total costs 

amounted to 

$4,362 or $3.02 
per extra 

immunisation 

(1,443 more 

  Generalisability 

limited as 

program was 
implemented in 

the context of a 

demonstration 
project included 

extensive media 

campaign and 
extended opening 

hours of clinics. 
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immunisations 

were observed in 
the intervention 

group). 

  CBA Lee et al., 2010  
(Partial cost 

effectiveness 

evaluation) 

Primary-Tertiary 
care/ 

Patients 

n=38,671 
Taiwan 

Bonus payments 
above FFS to 

specialist 

physicians  

FFS   Intervention 
group exhibited 

increase 

adherence 
diabetes 

guidelines, 

physician visits 
and smaller 

increase in 

hospitalisations  

Description of 
P4P not 

described 

No clear analysis 
of program costs 

Methodological 

quality scored 
the second 

lowest all 

included studies 

 

  RCT Norton 1992 

(Partial cost 

effectiveness 
evaluation) 

Secondary care/ 

Nursing homes 

n=36 
US 

Financial 

incentives on 

admission, 
outcome 

measures, timely 

discharges 

 No financial 

incentives 

  Intervention 

group costs 20 

percent lower 
due to shorter 

length of stay. 

Marcov model 
showed the 

probability of 

death and 
hospitalisation 

fell. 

Program costs 

not reported 

Generalisability 
limited  

Costs of program 

not reported 
Generalisability 

limited because 

intervention 
would have made 

  CBA Rosenthal et al., 
2009 

Primary care/ 
Patients and 

obstetricians or 

midwives  
n not reported 

US 

Financial bonus -
$100 after birth 

for evidence of 

patient centred 
care in first 

trimester 

Obstetrician 
Midwives 

  Intervention 
group estimated 

(crude) to have a 

reduction in 
spending in first 

year of life of 

$235 

participants more 
sensitive to 

offered bonus 

payments than 
other populations. 

Relative effects of 

patient /provider 

incentives 

unknown. 

  Cohort study Ryan et al., 2009 Secondary care/ 
Hospitals/ 

n not reported 

US 

Hospitals receive 
2 percent or 1 

percent increase 

in annual DRG 
payment-for 

demonstration of 

quality 

No bonus   No difference in 
risk-adjusted 30-

day mortality and 

60-day costs.  

Costs for 
administering 
program not 

included in 

analysis. 
Generalisability 

limited- program 

voluntary. 
  UBA 

Case Study 

Curtin et al. 

2006 

Primary care/ 

Primary care 

physicians 

n not reported 

US 

Bonus based  

on physicians 

scores- quality 

care-diabetes 

No control   Savings 

amounted to 

$1.9-2.9 million 

in 2003 -2004 

respectively. 

Positive return 
on investment of 

1.6 to 2.5 

respectively. 

No control group 

Costs not 

described in 

detail 

Not possible to 

disentangle 
effects of P4P 

and public 

reporting 
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  Not reported Parkes et al., 

2007 

Primary/ 

Secondary care/ 
Physician 

patients 

n not reported 
US 

Bonus 

reimbursement 
paid for 

adherence to 

evidence-based 
guidelines 

Patient bonus for 

compliance 

No control   Savings totalled 

$1666, 272 (9.2 
percent) 

Largest savings 

hospital and 
pharmacy care 

No control group 

Secular trend not 

considered 
Impact of quality 

care not assessed 
Not possible to 

disentangle the 

effects of 
physician and 

patient incentives.  

 

Reference 

Search 

Period  

# of Studies 

/Study design 

Primary 

research 

Health Care 

Sector/ 

Population/ 

Country 

Incentives Outcomes 
Risk of bias 

Potential Bias 

 
(as determined by 

the systematic 

review of reviews) 

Overall Effects 

Number of 

databases 

searched Intervention Comparator Immunisation 

Primary 

Prevention 

(Screening) 

Secondary 

Prevention 

((Diabetes/CHD 

Other) 

Vote Counting 

 
𝐈𝐧𝐭𝐞𝐫𝐯𝐞𝐧𝐭𝐢𝐨𝐧 

𝐞𝐟𝐟𝐞𝐜𝐭𝐬
𝐀𝐥𝐥 𝐞𝐟𝐟𝐞𝐜𝐭𝐬

 

Inference 

AMSTAR Score 

Flodgren et al., 

2011 

(Cochrane 
Review) 
 

AIM: 

To provide an 

overview of the  
effectiveness of 

financial 

incentives in 
changing  

healthcare 

professional 
behaviour and 

patient 

outcomes  
 

CONCLUSION 
Four reviews 

reporting low to 

moderate quality  

1990 – 

January 2010 

 
11–Databases 

Well defined 

search strategy 
 

AMSTAR-10 

Reviews-4 

 

32Studies 
10 RCTs 

18 CBA 

4 ITS 
11 U.K. 

6 US 

2 GER 
1 Canada 

1 FIN 

1 DEN 
1 Ireland 

Akbari et al., 

2009  

 
RCT-1 

CBA-3 

 

Primary care 
physicians/ 

paediatricians 

n=94 

in primary care 

practices n=48 

Office based 

practice 

physicians n=80 
RCT 

US  

Davidson et al., 

1992 

CBA 

U.K. 

Coulter 1993 
Kammerling et al., 

1996 

Finland 

Linnala 2001 

Low cost FFS 

 

 
Fundholding 

referral patterns 

 
 

Lower cost 

private specialist 
services 

 

High cost FFS 

or/ capitation 

 
Non-

fundholding 

referral patterns 
 

Patient 

incentives and 
access to a 

referral list 

  Reported on 

practice 

organisational 
interventions to 

increase referrals 

from primary to 
secondary care. 

  

All four papers 

had a unit of 

analysis error 
RCT paper had 

high risk of bias  

(Davidson 1992) 
Three CBA 

papers judged 

as low quality 
Risk of two CBA 

studies having 

unit of analysis 
errors 

(Hutchison 1996; 

Krasnik 1990) 

5/8 (62 percent) 

Effective 

 
Authors reported 

on of statistical 

significance and 
 selection, 

detection and 

publication bias 
in primary studies 

within each 

review.  
 

Authors reported 

methodological 
quality scores on 

all included 

reviews. 

 Inconclusive 

 

Authors argued 
methodological 

quality of the 

included reviews 
was moderate 

to high. 

The rating of the 
quality of the 

included 

primary studies 
in the reviews 

was low to 

moderate. 

evidence 

suggests that 

financial 
incentives may 

be effective in 

changing 

profess practice. 

The evidence 

has serious 
methodological 

. limitations in 
its completeness 

and 

generalisability 

  Gosden et al., 

2001 

 
RCT-3 

ITS-1 

CBA-2 

Primary care 

physicians n=935; 

Practices n=149 

RCT 

US 

Davidson et al., 

1992  

Hickson et al., 
1987 

Kouides et al., 

1998 

CBA 

Denmark 

Krasnik et al., 

1990 
Canada 

High cost FFS 

or/ capitation 

FFS & target 
payments 

FFS & capitation 

High cost FFS 

or capitation 

FFS capitation 
and ambulatory 

incentive 

payment 

FFS and 

capitation plus 

bonus for 
special services 

(including 
prevention) 

Adult 

immunisation 

rates 
Paediatric 

immunisation 

 Improved patient 

care  

Primary care 
physician 

behaviour 

 

Risk of detection 

bias (Davidson 

1992; Krasnik 
1990) 

No concurrent 

control  

(Ritchie 1990) 

Two RCTs had 

unit of analysis 
errors (Davidson 

1992; Kouides 
1998) 
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85 Shen 2003-Country not reported 

Hutchison et al., 

1996 

ITS  

U.K.  

Ritchie et al., 

1992 

   Petersen et al., 

2005 

 

RCT-9 
CBA-4 

Other-4 

Primary care/ 

physicians n=212; 

Practices n=274; 

skilled nursing 

facilities n=36 

US 

RCT 

Norton 1992 

Kouides et al., 

1998 

Hillman et al., 

1998 

Hillman& Ripley. 

1999 

Christensen et al., 

2000 

Roski et al., 2003 

Grady et al., 1997 

Fairbrother et al., 

1999 

Fairbrother et al., 

2001 

CBA  

Shen 200393F

85  

Clark et al., 1995 

Rosenthal et al., 

2005  

Beaulieu & 

Horrigan 2005 

Cross Sectional 

Survey 

Casalino 2003 

McMenamin et 

al., 2003 

Safran et al., 2000 

Pourat et al., 2005 

Enhanced FFS 
 

Target bonus 

payments 
 

 

FFS 
 

No target 

payments 
 

Compliance 
with paediatric 

wellness and 

immunisation 
guidelines; 

Childhood 

immunisation 
coverage 

Adult 
immunisation 

 rates 

Compliance with 
cancer screening 

guidelines; 

Mammography 
referrals 

Cancer and 

mammography 
screening rates 

Quantitative 

measure of 
quality care for 

diabetic patients; 

HbA1c testing 

Tobacco use and 
quitting advice 

Payments for 

improvements in 
process of care 

Bonus capitation 

payment for 
decreased 

hospitalisation 

 

Checklist used to 
determine review 

quality.  

Details of 
checklist not 

accessible. 

One study scored 
zero (poor 

quality)  

Six papers scored 
2   

Five papers 

scored 3 
No papers scored 

4  

(excellent qual)  

  

            
            

            
            

   Sturm et al. 

2007 

 

ITS-3 
CITS-3 

CBA-7 

 

Primary care/ 

Practices n= 857 

ITS 

Germany 

Guether 1997 

Schoffski et al., 

1997  

Ireland 

Physician 

fundholding. 

Policies effecting 

prescribing 
behaviour of 

physicians 

   Prescribing, 

healthcare 

utilisation 
(referrals) and 

outcomes 

prescribing costs 

Serious 

limitations for all 

CBA papers. 

Some limitations 
for ITS papers. 
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    Walley et al., 
2000 

Controlled ITS  

U.K. 

Harris & 

Scrivener 1996 

Rafferty et al.1997  

Wilson et al.1995  
CBA 

Baines et al., 1997 

Bradlow & 

Coulter 1993 

Burr et al., 1992 

Corney & 

Kerrison 1997  

Kammerling & 
Kinnear 1996 

Wilson et al., 

1999 

Whynes et al.1997 

       

           

           

Reference 

Search 

Period  

# of Studies 

/Study design 

Primary 

research 

Health Care 

Sector/ 

Population/ 

Country 

Incentives Outcomes 
Risk of Bias  

Potential Bias 

 
(as determined by 

the review) 

Overall Effects 

Number of 

databases 

searched Intervention Comparator Immunisation 

Primary 

Prevention 

(Screening) 

Secondary 

Prevention 

((Diabetes/CHD 

Other) 

Vote Counting 

 
𝐈𝐧𝐭𝐞𝐫𝐯𝐞𝐧𝐭𝐢𝐨𝐧 

𝐞𝐟𝐟𝐞𝐜𝐭𝐬
𝐀𝐥𝐥 𝐞𝐟𝐟𝐞𝐜𝐭𝐬

 

Inference 
AMSTAR 

Score 
 

Giuffrida et al., 

1999 

(Cochrane 

Review) 
 

AIM: 

To evaluate the 
impact of target 

payments on 

professional 
practice and 

health care 

outcomes 
CONCLUSION: 

The evidence 

from the studies 
is not of 

sufficient quality  

1966 - 
October 1997 

 

7–Databases 
Well defined 

search strategy 

 
AMSTAR-8 

RCT 
 

 

Kouides et al., 
1998 

Primary care/ 
Practices  

n=54 

US 
 

Incremental 
target/bonus 

payments & FSS  

 

FFS- No bonus 
payments 

Intervention group 

Influenza 

vaccination rate 5-

9 percent greater 

than control (not 
significant). 

Change in 

influenza 

vaccination rate 

from baseline year 

was 6.8 percent 

greater than 
control group (not 

significant). 

Overall influenza 

vaccination rate 

higher but could 

not be analysed 

because of unit of 

analysis error 
 

  Concealment 

allocation for 

randomisation Not 

reported 

Loss to follow-up 
not reported 

Unit of analysis 

error as the 

intervention was 

randomised to the 

physician and the 

outcome was 
measured at the 

patient level 

Positive effects 

shown but not 

statistically 

significant  

2/2 (100 percent) 
Effective 

 

Authors reported 
on statistical 

significance of 

primary papers. 
 

Authors reported 

on potential bias 
in primary 

studies. 

 
Authors reported 

methodological 

quality of 
primary studies 

Inconclusive 
 

Authors argued it 

was not possible 
to determine 

effect because of 

low power in, 
lack of statistical 

significance and 

lack of 
generalisability 

in the included 

studies. 

whether target  

payment 
provides a 

method of 

improving 
primary health 

care. 

Results were not 
pooled as there 

 ITS Ritchie et al., 

1992 

Primary care/ 

Practices  
n=95 

Scotland 

Target/bonus-

post 1990 
contract 

 

Pre–1990 

contract 

Paediatric 

immunisation 
increased after 

the introduction 

of target 
payment. 

Primary and pre-

school increase 
in immunisation 

  Limited 

generalisability 
as the baseline 

immunisation 

rates in the 
Kouides study 

higher than 

national average 
ITS study is 
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was only two 

studies and 
heterogeneity in 

content, design 

and outcomes of 
included studies 

ranged b/w 50-20 

percent and 42-
41 percent 

respectively. 

When analysed 
against a logistic 

regression model 

Ritchie found no 
evidence that 

overall linear 

trend had 
changed. 

 

based upon 12 

obs. before and 
six after the 

intervention, 

which is not 
sufficient to 

enable reliable 
statistical 

inference. 

Limited 
generalisability 

as the baseline  
immunisation 

system evaluated 

by Ritchie was 
different from 

other systems in 

Scotland. 

 

Reference 

Search 

Period 
 

# of Studies 

/Study design 

Primary 

research 

Health Care 

Sector/ 

Population/ 

Country 

Incentives Outcomes 
Risk of bias  

Potential Bias 

 

(as determined 

by review) 

Overall Effects 

Number of 

databases 

searched 
 

Intervention Comparator Immunisation 

Primary 

Prevention 

(Screening) 

Secondary 

Prevention 

((Diabetes/CHD 

Other) 

Vote Counting 
 

𝐈𝐧𝐭𝐞𝐫𝐯𝐞𝐧𝐭𝐢𝐨𝐧 
𝐞𝐟𝐟𝐞𝐜𝐭𝐬

𝐀𝐥𝐥 𝐞𝐟𝐟𝐞𝐜𝐭𝐬
 

Inference 

AMSTAR Score 
 

Gosden et al., 

2001  

 

AIM: 
To evaluate the 

impact of 

payment 
methods on the 

behaviour of 

primary care 
physicians 

1966–1997 
 

9-Databases 

 
AMSTAR-7 

RCT Davidson et al., 
1992 

 

Primary care 
physicians n=80 

 US 

1.Capitation 
2. FFS (high 

rates) 

 
 

FFS (low rates)   FFS group 
children 

-More visits to 

primary care 0.92 
versus 0.77 

(P<0.1) 

Capitation group 
children 

-Less visits to a 

specialist 0.24 
versus 0.25 

(P<0.1) 

Detection bias 
due to physician 

self-report in the 

capitation 
intervention 

Allocation 

concealment and 
follow-up not 

clear 

Unit of analysis 
error. 

6/6 (100 percent) 
Effective 

 

Authors reported 
on statistical 

significance of 

primary papers if 
available. 

 

Authors reported 
on potential bias 

in primary 

studies. 
 

Authors reported 

methodological 
quality of 

primary studies 

Inconclusive 
 

Authors argued it 

was not possible 
to determine 

effect because of 

heterogeneity, 
low power, lack 

of statistical 

significance and 
lack of 

generalisability 

in the included 
studies. 

CONCLUSION 
The evidence of 

the impact of 

payment 
systems is not 

robust enough to 

be used to 

inform policy. 

There was 

considerable 
variation in the 

quality of 

reporting, study, 
setting and the 

range of 

outcomes 
measured. 

 RCT Hickson et al., 
1987 

Primary care/ 
Paediatric 

resident 

physicians n=18 
Patients in 

salaried group 

n=496 

Patients in FFS 

group n=395 

US 

Salary group 
$20/month 

FFS group 
$2/visit 

  FFS physicians 
-More patient 

visits (0.86 more) 

-More frequent 
visits (0.49 more) 

-Less visits to 

emergency room 

(0.1 fewer) 

Limited 
generalisability: 

small sample 

size, academic 
setting, young 

residents 

 RCT Kouides et al., 

1998 

Primary care/ 

physicians (PCP) 

n=54; 
Patients>65 years  

-Intervention 

group  
n=21,196  

Intervention-

PCPs n=27 

Bonus $0.80 per 
shot (10 percent 

> FFS) for 

immunisation 
rate-70 percent. 

Control- 

PCPs n=27 

 
FFS- No bonus 

payments 

Intervention group 

Immunisation rate 

increased 5.9 
percent 

(68.6 percent) 

intervention 

  Unit of analysis 

error for one of 

the outcomes 
(overall 

immunisation 

rate) 
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-Control group 

n=17 608 
US 

 

$1.60 per shot 

for rate-85 
percent. Median 

bonus potential 

$530 per 
practice. 

62.7 percent 

control 
group) (P=0.22) 

(not significant) 

Change in 
vaccination rate 

increased 6.8 

percent from 
baseline (10.3 

percent) 

intervention 
group-3.5 percent 

control group) 

(P=0.03) 
Overall 

vaccination rate 

increased 6.8 
percent 

(66.9 percent) 

intervention 
group-60.1 percent 

control group) 

(P=N/A) 

Generalisability: 

baseline 
immunisation 

rates were higher 

than the national 
levels 

Positive effects 

shown but 
increase in 

vaccination rate 

not statistically 
significant  

 

  CBA Krasnik et al., 

1990 

Primary care/ 

Primary care 

physicians 
n=426 

Patients 

intervention 
group  

n=470,000  

Patients control 

group  

n=560,000 

Denmark  
 

Intervention-

PCPs n=100 

FFS plus bonus 
payments for 

preventive 

services-
immunisation, 

cervical smears, 

laboratory 

investigations, 

HbA1c 

Control- 

PCPs n=326 

 
FFS/capitation 

  Intervention 

group: 

Increase in 
consultations, 

diagnostic and 

curative services 
Decrease in 

referrals to 

specialists and 

hospitals 

Possible 

selection bias 

physician 
volunteer 

Possible unit of 

analysis error 

  

  CBA Hutchison et al., 

1994 

Primary care 

physicians  
n=116 

Patients 

intervention 
group 

n=89,148 

Patients control 
group  

n=180,255 

Canada 

Intervention-

PCPs n=39 
Capitation & 

incentive 

payment to 
health service 

organisation if 

hospitalisation 
rate lower than 

the regional rate 

Control- 

PCPs n=77 
 

FFS 

  Hospital 

admission rate of 
intervention 

group 0.2 less 

than control 
(P=0.312) 

Hospital 

days/1000 
patients adjusted 

for age, sex and 

SE intervention 
group 3.0 greater 

than control 

(P=0.774) 

Effects not 

statistically 
significant 

  

  ITS Ritchie et al., 

1992 

Primary care/ 

Practices  
n=95 

Primary care 

physicians 
n=313 

Target payment 

varies according 
to immunisation 

rate-70 percent 

or 90 percent 

FFS Intervention 

group 
Immunisation 

rates (95-90 

percent) 
increased 162.1 

  Generalisability: 

-no information 
on PCP, patients, 

area, practice 

characteristics 
baseline 
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Scotland (U.K.) percent,26.1 

percent 
respectively 

Immunisation 

rates (95-90 
percent) 

increased 177.3 

percent,111.1 
percent 

Logistic 

regression 
model indicated 

no evidence of 

change in overall 
linear trend. 

immunisation 

rates were higher 
than the national 

levels 

 
 

Reference 

Search 

Period 

# of Studies 

/Study design 

Primary 

research 

Health Care 

Sector/ 

Population/ 

Country 

Duration 

Incentives Outcomes 
Risk of bias 

Potential Bias 

 
(as determined by 

review) 

Overall Effects 

Number of 

databases 

searched Intervention Comparator 
Immunisation 

 

Primary 

Prevention 

(Screening) 

Secondary 

Prevention 

((Diabetes/CHD 

Other) 

Vote Counting 

 
𝐈𝐧𝐭𝐞𝐫𝐯𝐞𝐧𝐭𝐢𝐨𝐧 

𝐞𝐟𝐟𝐞𝐜𝐭𝐬
𝐀𝐥𝐥 𝐞𝐟𝐟𝐞𝐜𝐭𝐬

 

Intervention 

AMSTAR 

Score 

Houle et al., 
2012 

 

AIM: 
To evaluate the 

effect of P4P 

targeting health 
care providers 

on quality of 

care and health 

outcomes 

1990- 
June 2012 

 

6-Databases 
Well defined 

search strategy 

 
AMSTAR-8 

RCT Fairbrother et al., 
2001 

 

Primary care/ 
Primary care 

physicians 

n=60 (year 1) 
n=57 (year 2) 

US 

2 Years 

Target bonus 
payments for: 

improvements in 

vaccination rates 
(30-40 percent) 

adherence to 

guidelines (80-90 
percent) 

Payments b/w 

$1000-7500 

FFS 
 

Change in 
number children 

receiving 

recommended 
vaccinations (1 

yr.) 

Intervention 
increase 5.9 

percent 

Control-decrease 

2.5 percent (P 

<0.05) 
 

  
 

Statistically 
significant 

improvement in  

immunisation 
rates the absolute 

effect size small. 

Bias not reported 
 

32/98 (32 
percent) 

Ineffective 

 
Authors reported 

on statistical 

significance of 
primary papers if 

available  

 

Authors. reported 

on 

Inconclusive  
 

Authors argue 

there are minimal 
methodologically 

robust studies 

comparing P4P 
with other  

payment models 

CONCLUSION: 

The effect of 
P4P targeting 

individual 

practitioners on 
quality of care 

and outcomes 

remains largely 
uncertain A 

small number of  

 RCT Koudies et al., 

1998 

Not reported by 

Houle et al., 
2012 

US 

1 Year 

Bonus of $0.80 

per shot or $1.60 
per 

vaccination if 

immunization 
rate of 70 percent 

or 85 percent 

achieved 

FFS Adult 

immunisation 
change (1 y) 

Intervention 

increase 10.3 
percent 

Control-increase 

2.5 percent (P 
=0.03) 

  Statistically 

significant 
improvement in  

immunisation 

rates the absolute 
effect size small. 

Bias not reported 

potential bias in 

primary studies 
when reported by 

primary study. 

 
Authors reported 

methodological 

quality of 
primary studies 

for individual 

practitioners; 
most are small 

observational 

studies of 
variable quality. 
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86 Given the prior secular trends 

methodologicall

y robust studies 
compare P4P 

with alternate 

payment 
models. Most 

studies in area 

are small 
observational 

studies of 

variable quality 

 RCT Grady et al., 

1997 

Primary care 

physicians 
n=95 

Female patients 

n=11,426 
US 

1 Year 

Mammography 

referral- $1 for 
percentage of 

patients referred  

(i.e.$50 check 
was provided for 

50 percent 

referral rate) 

Not reported   Change in referral 

rates (1yr)  

Intervention 26 

percent 

Control 25 percent  

(P=0.46) 

Change in 
mammography 

completion 

Intervention 28.2 

percent 

Control 30.2 

percent 

(P=0.14) 

No difference. 

 Allocation 

concealment 
unknown 

Bias not reported 

  

  RCT Twardella & 

Brenner, 2007 

Primary care 

physicians 

n=49 
Patients  

n=222 
Germany 

1 Year 

Bonus of $130 

euro per 

participant who 
was nicotine free 

FFS   Nicotine frEE.no 

difference 

between groups 
Control 2.7 

percent 
Intervention 3.5 

percent  

(P =0.75) 

Appropriate 

follow-up and 

complete 
reporting 

unknown. 
 

  

  ITS Campbell et al., 

2009 

Not reported 

U.K. 

9 Years 

P4P bonus for 

attainment of 

QOF indicators 

  CHD 

P4P greater than 

expected 

change in 2005 94F

86  

(P=0.06) 

Less than expected 

improvement in 

2005–2007 versus 

1998–2003 

(P=0.02) 

Asthma 

P4P greater than 

expected 

change in 2005Error! 

Bookmark not defined. 

(P=0.001) 

Less than expected 

improvement in 

2005–2007 versus 

1998–2003 

(P=0.16) 

Diabetes 

P4P greater than 

expected 

change in 2005Error! 

Bookmark not defined. 

(P=0.001) 

Less than expected 

improvement in 

2005–2007 versus 

1998–2003 

(P=0.91) 

 

 Baseline 

characteristics 

and/or Outcomes 
similar 

unknown. 

Complete 
outcome 

reporting 

unknown. 
Reliability of 

source of 

primary outcome 
unknown. 
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  ITS Serumaga et al., 

2011 

Patients  

n= 470,725 
U.K. 

7 Years 

P4P bonus for 

attainment of 
QOF indicators 

  BP control 

Level change -1.19 

percent  

(CI -2.06-1.09) 

Trend change -0.01 

percent  

(CI -0.06–0.03) 

BP measured 

Level change 0.85 

percent  

(CI -3.04–4.74) 

Trend change -0.01 

percent  

(CI -0.24–0.21) 

New medication 

Level change 0.67 

percent  

(CI -2.37–3.81) 

Trend change 0.02 

percent  

(CI -0.23-0.19) 

Hypertension 

outcomes 

Level change 0.07 

percent  

(CI -0.13-0.19) 

Trend change 0.05 

percent  

(CI -0.02-0.07) 

 

 Baseline 

characteristics 
and/or Outcomes 

similar 

unknown. 
Appropriate 

follow-up 

unknown. 
Complete 

outcome 

reporting 
unknown. 

Adequate 

protected against 
contamination 

unknown. 

  

  ITS Vamos et al., 

2011 

Patients  

n= 154,945 

U.K. 
9 Years 

P4P bonus for 

attainment of 

QOF indicators 

  Diabetic patients 

BP measured 

Improvement post 

P4P (P=0.001) 

Total cholesterol 

(<=5.0mmol) 

Improvement post 

P4P (P=0.05) 

HbA1c 

(<=7.0mmol) 

Deterioration post 

P4P (P=0.01) 

 

 Baseline 

characteristics 

and/or Outcomes 
similar 

unknown. 

  

  ITS Alshamsan et al., 
2012 

Primary care 
Practices 

n= 29 

Patients-diabetic 
n= 7,434 

U.K. 

7 Years 

 

P4P bonus for 
attainment of 

QOF indicators 

  HbA1c 

Level change 0.04 

percent  

(CI -0.04–0.21) 
Trend change -0.19 

percent  

(CI 0.15–0.22) 

Total cholesterol 

Level change -0.12 

percent  

(CI -0.18–-0.06) 

Trend change 0.03 
percent  

(CI 0.01–0.05) 

Systolic BP 

Level change -1.95 

percent  

(CI -2.87–-1.02) 

 Baseline 
characteristics 

and/or Outcomes 

similar unknown. 
Complete 

outcome 

reporting 

unknown. 
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87 Accounting for secular trends 

Trend change -1.04 

percent  

(CI -1.42–-0.64) 

 

  ITS MacBride-
Stewart et al., 

2008 

Not reported 
Scotland 

Drugs 
incentivized by 

the QOF 

 

Drugs not 
incentivized by 

the QOF 

 

  P4P less than 
expected change 

in prescribing 

between 2004-06 
(P=0.001) 

Less than 

expected 
improvement in 

2005–2007 

versus 2002-
200495F

87 

P4P no 

significant 
difference in rate 

of change 

prescribing for 
2004–2000 

versus 2002–

2004Error! Bookmark 

not defined. 

 

   

  CBA  Beaulieu & 

Horrigan 2005 

21 physicians 

476 patients with 

Diabetes 
Primary care 

Physicians 

n= 21 
Patients-diabetic 

n= 476 

U.S. 
12 Months 

Pre-P4P 

Target bonus 

payments 

Post -P4P 

Capitation 

FFS 

 

HbA1c 

Pre-Post P4P 
Between group 

difference 2.5 

percent 

Lipid panel 

Pre-Post P4P 

Between group 

difference 16.1 

percent 
Retinal exam 

Pre-Post P4P 

between group 

difference 24.4 

percent 

Nephropathy test 

Pre-Post P4P 
between group 

difference 33.9 

percent 

HbA1c<=9.5 

percent 

Pre-Post P4P 

between group 

difference 12 
percent 

Cholesterol LDL 

<=130mg/dL 

Pre-Post P4P 

between group 

difference 24.2 

 No complete 

outcome 

reporting 
No reliable 

source 

of primary 
outcome data. 

Study not 

adequately 
protected against 

contamination. 

Not known if 
baseline 

characteristics 

and/or outcomes 
were similar 

Confidence 

Intervals not 
reported. 
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  CBA Rosenthal et al., 

2005 

Not reported 

US 

Target bonus 

payments 

Capitation  Increase in 

cervical screening 

in intervention 

group 

No difference in 

mammography 

monitoring b/w 
intervention and 

control 

No difference in 

HbA1c 

monitoring b/w 

intervention and 

control. 

 

 No appropriate 

follow-up of 
patients and/or 

professionals 

Not known if 
baseline 

characteristics 

and/or outcomes 
were similar. 

 

 

  CBA Fagan et al., 

2010 

Primary care/ 

Practices 

n=9 
Patients 

Control 
n=19,350 

Patients Diabetes 

n=1,587 
US 

 

Bonus payments 

based on the 

proportion of 
specific P4P 

indicators met 

Capitation Significant 

increase 

influenza  
vaccination in 

intervention 
group 

OR, 1.79  

(CI, 1.37–2.35) 
 

No difference in 

HBA1C testing 

Nephropathy and 

Retinopathy 

screening  

LDL cholesterol 

screening b/w 
intervention and 

control. 

 

 Baseline 

characteristics 

and/or outcomes 
similar not the 

same 

  CAS Gavagan et al., 
2010 

Primary care/ 

Primary care 

physicians 

n=110 
Physician 

assistants 

n=2 

US 

Annual bonus 

payments for 

attainment of 

thresholds in three 
quality indicators 

($4000US per 

indicator). 

Salary No statistically 

significant 

differences 

detected between 
the intervention 

and control groups 

in childhood 

immunisation rates 

No statistically 

significant 

differences 

detected between 
intervention and 

control groups 

in secular trends 

in Pap test rates 

and 

mammography. 

 

  

 Baseline 
characteristics 

and/or outcomes 

similar Unknown 
method for loss 

to follow up. 

  

  UBA Morrow et al., 

1995 

Primary care/ 

Not reported 

US 
 

Target bonus 

payments (P4P) 

Chart review 
Peer feedback 

Capitation Childhood 

immunisation 

Pre P4P -78.1 

percent  

(CI 73.9 percent–

82.1 percent)  

Post P4P -95.6 

percent  
(CI 93.5 percent–

97.7 percent) 

(P = 0.001) 

Cholesterol 

screening adults 

Pre P4P -91.9 

percent 

(CI 87.8 percent–

94.4 percent)  

Post P4P -95.4 

percent  
(CI 91.7 percent–

97.4 percent) 

(P = 0.001) 

 

 Method for loss 

to follow up/ 

protection 
against 

contamination 

unknown 
 

  

  UBA Chung et al., 
2003 

Primary care/ 
Primary care 

physicians 

n=800 
(baseline) 

n=1600 (final 

year) 
US 

Target bonus 
payments (P4P) 

FFS Childhood-Year 
2 immunisation 

Pre P4P -83.2 

percent Post P4P 
-87.3 percent  

(P = 0.061) 

 

HbA1c testing  

for diabetes 

Pre P4P -51.5 
percent  

Post P4P 79.6 

percent 

(P = 0.001)  

Referral of ACE 

inhibitors for HF  

 Baseline 
characteristics 

and/or Outcomes 

similar unknown. 
Incomplete 

outcome 

reporting 
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Pre P4P -40.8 

percent  

Post P4P 64.2 

percent  

(P = 0.001) 

  UBA Armour et al., 
2004 

Primary care/ 
Patients 

n=6,749 
U.S. 

Target bonus 
payment amount 

not reported by 
Armour et al., 

2004 

Control  Colorectal cancer 

screening 

Pre P4P 23.4 

percent  

Post P4P26.4 

percent  

(P <0.01) 

 No baseline 
reporting  

No follow up. 
Study not 

adequately 

protected against 
contamination. 

  

  UBA Coleman et al., 

2007 

Primary care 

Patients-Smokers 

n=1,607,782 
U.S. 

Introduction of 

QOF 
Bonus for 

attainment of 

QOF Indicators 

 Rate ratio, 3.03 

(CI 2.98–3.09) 

 Appropriate 

follow-up 

unknown. 
 

  

  UBA Doran et al., 

2011 

Primary care 

Patient 

prescribing rates 

n=653,500 

U.K. 

Introduction of 

QOF 
Post P4P   For post-P4P year 

2004–2005 

Incentivized 

prescriptions 4.3 

percent  
(CI-3.3 percent-5.3 

percent) 

Nonincentivized 

prescriptions -0.9 

percent  

(C -1.9 percent 0.2 

percent) 

For post-P4P year 
2006–2007 

Incentivized 

prescriptions 2.9 

percent 

CI 2.0 percent to 

3.7 percent 

Nonincentivized 
prescriptions -1.7 

percent CI-2.7 

percent–0.0 

percent) 

Baseline 

characteristics 

and/or Outcomes 

similar unknown. 

Appropriate 
follow-up 

unknown. 

Study not 
adequately 

protected against 
contamination. 

 

 

  

  UBA Greene et al., 
2004 

PC Physicians 
n=900 

Patients 

n=420,000 
Prescribing rates 

of ineffective 

medications 

U.S.  

P4P 
Capitation 

Capitation bonus 
payments 

Capitation 

  Significant 

between pre-P4P 

and post P4P 

group prescribing 
(P <0.05) 

 

Study not 
adequately 

protected against 

contamination. 
 

  

  UBA Kiran et al., 2012 Primary care 

Patient diabetes 

n=757,928 
Canada 

Post P4P 

FFS or 

Capitation 

Post P4P 
Bonus payments 

Capitation/FFS 

 Retinal exam 

HbA1c test 

Lipid test in prior 

2 years. Pre P4P 

and P4P no 

significant 

difference. 

Pre P4P 
Relative risk 1.22 

(CI 1.21-1.23)- 

 Appropriate 

follow-up 

unknown. 
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Post P4P 

Relative risk 1.31 

(CI 1.30-1.32) 

  UBA McGovern et al., 

2008 

Primary care 

Diabetic patients 

Pre-P4P 37,329  
Post-P4P 56,561  

U.K. 

Introduction of 

QOF 

 

Bonus for 

attainment of 

QOF 
Indicators 

 

 Difference 
between Pre- and 

Post P4P (P 

<0.005) 

Smoking advice 

BP=500/90 mmhg 

Total cholesterol 

<=5.0mmo 

 Appropriate 

follow-up 

unknown. 

 

  

  UBA McGovern et al., 

2008 

Primary care  

CHD patients 
Pre-P4P n=58,406  

Post-P4P 

n=75,495  

U.K. 

Introduction of 

QOF 
Bonus for 

attainment of 

QOF Indicators 

 Difference 
between Pre- and 

Post P4P (P 

<0.005) 

(HbA1c =7.4 

percent 

BP=145/85mmhg 

Total cholesterol 

<=5.0mmol 
Antiplatelet/ 

antihypertension 

medications 

 Appropriate 

follow-up 

unknown. 
Adequate 

protection 

against 
contamination 

unknown. 
Reliability of 

Outcome 

reporting not 
known. 

  

  UBA Millett et al., 

2007 

Primary care 

Patients diabetic 
n=4,284 

U.K. 

Introduction of 

QOF 
Bonus for 

attainment of 
QOF Indicators 

 Difference in 

percent off 

smokers given 

cessation advice 

Significant 

difference Pre- 

and Post P4P (P 
<0.001) 

 Reliability of 

Outcome 

reporting not 

known. 

 

  

  UBA Simpson et al., 

2006 

Primary care 

Stroke patients 
Pre-P4P n=21,901 
Post-P4P n=32,401 

U.K. 

Introduction of 

QOF 
Bonus for 

attainment of 

QOF Indicators 

Influenza 

vaccination 

34.2 percent 

(CI 33.4 percent-

35 percent) 

 

Difference 

between Pre- and 

Post P4P  

Smoking advice 

17.0 percent 

(CI 15.7 percent-
18.3 percent 

Total cholesterol 

<=5.0mmol 2.3 

percent 

(CI 0.6 percent-

2.3 percent) 

BP=150/90mmhg 

1.3 percent 
(CI 0.4 percent-

2.2 percent) 

Antiplatelet/ 

medications  

32.3 percent 

(CI 31.5 percent-

33.1 percent. 

 Reliability of 

Outcome 

reporting not 

known. 

 

  

  UBA Simpson et al., 

2011 

Primary care 
Patients  

Pre-P4P  

n=142,976 

Post-P4P  

n=199,207 

U.K. 

Introduction of 

QOF 

Bonus for 

attainment of 

QOF Indicators 

 Difference 

between Pre- and 

Post P4P  
BP140/90mmhg 
18.9 percent 

 Appropriate 
follow-up 

unknown. 

Study not 

adequately 

protected against 

contamination. 
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(CI 18.5 percent-

19.4 percent) 

Antihypertensive

s 

9.2 percent 

(CI 9.0 percent-

9.5 percent) 

 

  UBA St Jacques et al., 

2004 

 

Anaesthetists 

n=31 

Surgical cases 
n=6,618 

U.S. 

P4P 

Salary 

Salary bonus 

payments 

Salary 

  Difference Pre-

P4P Post P4P 

(P <0.001) 

 

Reliability of 

Outcome report 

not complete 

Adequate 

protection against 

contamination 

unknown 

  

  UBA Steel at al. 2007 

 

Primary care 

Patients  
n=1,156  

U.K. 

Introduction of 

QOF 
Bonus for 

attainment of 

QOF Indicators 

 Asthma 

(Incentivised) 

Difference Pre-

Post (P <0.001) 

Hypertension 

(Incentivised) 

Difference Pre-

Post (P <0.001) 
Depression 

(Non-incentivised) 

Difference Pre-

Post (P=0.22) 

Osteoarthritis 

(Non-incentivised) 

Difference Pre-

Post (P=0.43) 
 

 Baseline 

characteristics 

and/or Outcomes 
not similar. 

No allocation 

concealment. 
Assessment of 

primary outcome 

not blinded. 
Appropriate 

follow-up 

unknown. 
Adequate 

protection 

against 
contamination 

unknown. 
Complete 

outcome reporting 
unknown 

  

  UBS Young et al., 

2007 
 

Primary care 

Physicians 
n=334  
U.S. 

P4P 

Capitation 

Tournament 

Payments 
Diabetes 

 Difference in rate 

of change for 

adherence to 

annual targets  

HbA1c x 2 

LDL cholesterol 

Urinalysis 
Eye Exam 

(HbA1c x 2 

LDL cholesterol 

Urinalysis) -

insignificant 

Eye exam (P 

<0.001) 

 

Complete 

outcome reporting 

unknown. 

Reliability of 

Outcome 

reporting not 

complete 

  

  

Cohort 

study 

Ettner et al.,  

2006 

Primary care/ 

Patients 
n=6,194  

U.S. 

P4P Capitation or 

Salary or 
FFS 

 

 Although rates for 

process-of-care 

measures (i.e. 

HbA1c, lipids, 

immunisations) 

were higher 

among patients 
attended by 

physicians paid by 

salary/capitation 

compared to FFS, 

there no 

statistically 

significant 
differences were 

associated with 

Outcome 

reporting not 

reliable. 

Baseline 

characteristics 

and/or Outcomes 

unknown. 
Blinded 

assessment of 

primary outcome 

unknown. 
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P4P bonus 

schemes, 

irrespective of 

baseline 

remuneration 

method. 

  Cohort s 

study 

Kralewski et al, 

2000 

Primary care 

Physician 

n=57,123 
U.S. 

P4P Capitation or 

 

 Not Reported     

  

Cohort study Pourat et al. 

2005 
 

Primary care 

Physician 
n=948 

U.S. 

P4P Capitation or 

Salary or 
FFS 

 

Association b/w 

remuneration 

and Chlamydia 

screening. 

Females 15-19 

years 
FFS-0.96 

(CI 0.58-1.59) 

P4P Capitation-

1.32 (CI -0.65-

2.72)P4P Salary-

1.45  

(CI 0.66-3.15) 

Females 20-25 
years. FFS-1.32  

(CI 0.55-3.15) 

P4P Capitation-

0.87 

(CI 0.43-1.75) 

P4P Salary-1.37 

(CI 0.50-3.74) 
Partner treatment 

FFS-0.59 

(CI 0.30-1.15) 

P4P Capitation-

0.93 

(CI 0.49-1.77) 

P4P Salary-0.78 

(CI 0.51-1.20). 

 Appropriate 

follow-up 
unknown. 
Blinded 

assessment of 

primary outcome 

unknown. 

Reliability of 

primary outcome 
data unknown. 

Study not 

adequately 
protected against 

contamination. 

 

 

 

Reference 

Search 

Period 

# of Studies 

/Study design 

Primary 

research 

Health Care 

Sector/ 

Population/ 

Country 

Incentives Outcomes 
Risk of bias 

Potential Bias 

 
(as determined by 

review) 

Overall Effects 

Number of 

databases 

searched Intervention Comparator 
Immunisation 

 

Primary 

Prevention 

(Screening) 

Secondary 

Prevention 

((Diabetes/CHD 

Other) 

Vote 

Counting 
 

𝐈𝐧𝐭𝐞𝐫𝐯𝐞𝐧𝐭𝐢𝐨𝐧 
𝐞𝐟𝐟𝐞𝐜𝐭𝐬

𝐀𝐥𝐥 𝐞𝐟𝐟𝐞𝐜𝐭𝐬
 

Intervention 

AMSTAR 

Score 

Petersen et al., 

2006 

AIM: 

To evaluate the 

effect of 
financial 

incentives and 

the 
provision of 

high-quality 

health care. 

January 1980 
November 2005 

 

1-Database 

 
AMSTAR-7 

RCT Grady et al.,  

1997 

Primary care/ 

Practices n=61 
Primary care 

physicians n=95 

Not reported 

Performance 

target payment 
1-Cue (posters 

&chart stickers) 

and bonus ($50 
for 505 referral) 

n=20 

2-Cue only n=18 

Control not 

described in 
review in review  

n=23 

 No effect. The 

referrals for 
mammograms in 

the financial 

incentive arm not 
significantly 

different from 

the control arm 

 Research quality 

score 2/4. Score 
algorithm graded 

1 as poor, 4 as 

excellent.  
No description of 

scoring methods. 

6/14 (43 percent) 

Mixed Effects 
 

Authors reported 

on statistical 
significance of 

primary papers if 

available. 

Inconclusive 

 
Authors found 

most of the 

articles retrieved 
for the search 

were descriptions 

rather than 

incentives for 
evaluations. 
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CONCLUSION: 

Thirteen of 17 
studies 

examined 

process-of-care 
quality 

measures, most 

were for 
prevention. Five 

of the 6 studies 

of physician-
level financial 

incentives and 7 

of the 9 studies 
of provider 

group–level  

 RCT Hillman et al., 

1998 

Primary care/ 

Practices n=52/ 
Not reported 

Relative 

performance 
target payment 

(percent 

improvement 
above threshold) 

1-Full and partial 

bonus payment -
20-10 percent 

capitation for 

compliance with 
cancer screening 

for women age 

>50yrs n=26 

Control not 

described in 
review in review 

n=26 

 No effect. 

Absolute 
increase in mean 

compliance 

scores for 
intervention 

group screening -

breast, cervical, 
colorectal 

from 

baseline26.3 
percent 

control 26.4 

percent 

 Small effect may 

be due to the 
small size of the 

bonus. 

Research quality 
score 3/4 

Authors reported 

on potential bias 
in primary 

studies. 

 
Authors reported 

methodological 

quality of 
primary studies. 

Authors found no 
studies evaluating 

the optimal 
duration of 

financial quality 

or persistence of 
their effects. 

Publication bias 

was noted as a 
limitation. 

 

incentives found 
partial or 

positive effects 

on quality 
measures. One 

of the 2 studies 

of 
incentives at the 

payment-system 

level found a 
positive effect 

on 

access to care 
and showed 

evidence of a 

negative effect 

on access to care 

or the sickest 

patients. 
Unintended 

effects 

of incentives 
were suggested 

in 4 studies. The 

authors found 
no studies 

examined the 

optimal duration 
of financial 

incentives for 

quality or the 
persistence of 

their effects 

after 
termination. 

Only 1 study 
addressed cost-

effectiveness 

 RCT Kouides et al., 
1998 

Primary care/ 
Practices (Solo & 

Group) n=54 

Not reported 

Absolute 
performance 

target payment. 

Influenza immu 
FFS- $8. If rate 

>70 percent, 

$0.80 bonus 
payment. If 

rate>85 percent 

bonus payment 
of $1.60 n=27 

Control not 
described in 

review in review 

n=27 
 

Positive effect. 
Statistically 

significant 

increase adult 
immunisation 
rates 6.8 percent 

(P=0.03) 

  Small effect may 
be due to the 

small size of the 

bonus. 
Research quality 

score ¾. 

  

 RCT Christensen et 

al., 2000 

Primary care/ 

Pharmacies 
n=200/ 

Not reported 

Enhanced FFS 

for cognitive 
services provided 

by pharmacist to 

the patient n=110 

Control not 

described in 
review 

n=90 

  Positive effect 

1.59 educational 
services per 100 

Medicaid scripts 

vs. 0.67 control 

(P<0.001) 

   

 RCT Fairbrother et al., 

1999 

Primary Care/ 

Physicians n=60 
Not Reported 

1-Performance 

bonus target 
payment and 

feedback n=15 

2 Enhanced FFS 

and feedback 

n=15 

3-Feedback only 
n=15 

 

Control not 

described in 
review 

n=15 

Partial effect. 

Performance 
bonus group 

significant 

improvement-
change of 25.3 

percent 

(P<0.01)–in the 
documentation of 

childhood 
immunisation 

status. 

Improvements in 

other groups not 

seen. 

  Low power- n 

small. 
 

Change in bonus 

arm due 
to improved 

documentation  

rather than 
vaccine admin 

 No change in 

missed 
opportunity to 

vaccinate  

Research quality 
score 3/4  

  

 RCT Hillman & 

Ripley 1999 

Primary Care/ 

Practices n=49 
Not Reported 

Full and partial 

bonus 20-10 
percent 

capitation for 
compliance with 

immunisation& 

well child visits 

Control not 

described in 
review 

n=15 

No significant 

differences in 
childhood 

immunisation 
and well child 

visits between 

groups. 

  Small effect may 

be due to the 
small size of the 

bonus 
Research quality 

score 3/4 
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for children < 

6yrs 
1- Feedback & 

incentive n=19 

2-Feedback only 
n=15 

  RCT Fairbrother et al., 

2001 

Primary care/ 

Physicians n=57 
Not Reported 

1-Performance 

bonus target 
payment n=24 

2-EnhancedFFS 

n=12 
 

Control not 

described in 
review 

n=15 

Positive effect. 

Significant 
improvement in 

documented up-

to-date childhood 
immunisation 

status in bonus & 

enhanced FFS 
groups compared  

to control.  

  Change in bonus 

arm due to 
improved 

documentation  

rather than 
vaccine 

administration. 

Missed 
opportunity to 

vaccinate did not 

change. 
Research quality 

score ¾ 

 

  

  RCT Roski et al., 2003 Primary care/ 

Practices n=37 

Not Reported 

1-Bonus 

incentive 

payment n=13 
2-Incentive 

payment & 

central patient 
registry n= 9 

 

Control not 

described in 

review 
n=15 

 

 Incentive group 

significant 

change in 
smoking status 

by physicians. 

No significant 
differences in 

provision of 

advice and 
quitting rates. 

 Incentive was 

associated with 

increased 
documentation of 

tobacco use only. 

Research quality 
score 3/4 

  

  RCT Norton 1992 Skilled nursing 

facility (nursing 

homes) n=36 

Not Reported 

Bonus payment 

admission, 

outcome and 

discharge quality 

incentive n=18 

Control not 

described in 

review 

n=18 

 

  Positive effect. 

Nursing homes 

with incentive 

payment 

admitted more 
‘type D&E’ 

patients, less 

likely to be 
admitted to 

hospital, more 

likely discharged 
home and in 

Markov model 

saved an 
estimated $3000 

per stay. 

Research quality 

score 3/4 

  

  CBA Clark et al.,  
1995 

Primary care/ 
US Community 

mental health 

centre n=7 
Patients n=185 

US 

Enhanced FFS Control not 
described in 

review 

n=18 
 

  Partial effect 
Increased 

treatment time 

per patient after 
payment change 

 

Research quality 
score 3/4 

  

  CBA Shen et al.,  

2004 

Primary care/ 

Patients n=5,552 

Substance abuse 
patients n=2,367 

Performance 

based contracting  

   Negative effect 

Substance abuse 

patients had 
diminished 

Research quality 

score 2/4 
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Medicaid 

patients n=3,185 
US 

access after 

change in 
payment 

structure 

  CBA Beaulieu and 
Horrigan 2005 

Primary care/ 
US Primary care 

physicians n=21 

Diabetic patients 
managed by 

PCPs n=476 

Diabetic patients 
n=600 

Bonus payment 
for quality 

targets in the care 

of diabetes 
patients 

   Partial effect 
Improvements in 

indicators of 

quality diabetes 
care.  

No improvement 

in HbA1c testing 

Research quality 
score 1/4 

  

  CBA Rosenthal et al., 

2005 

Primary care/ 

Practices n=163 
PacifCare 

California 

Pacific 
Northwest 

Not reported 

Performance 

bonus for 
providers based 

on target rates for 

cervical cancer 

screening (lowest 
baseline, HbA1c 

diabetic testing & 

mammography  

  Partial effect 

Significant 3.6 
percent 

improvement in 

cervical cancer 
screening rates 

(P=0.02) 

Improvement in 
mammography 

screening rates 

HbA1c not 
statistically 

significant. 

 Research quality 

score 2/4 

  

  Cross 
Sectional 

Survey 

McMenamin et 
al., 2003 

Primary care/ 
Practices 

n=1,104 

Not Reported 

Financial 
incentives, 

additional 

income, better 
contracts with 

health plans 

   Partial effect of 
payments on 

smoking 

cessation 
intervention. 

Research quality 
score 1/4 

  

  Cross 

Sectional 

Survey 

Pourat et al.,  

2005 

Primary care/ 

Medicaid HMOs 

in 8 areas with 

highest rates of 
Chlamydia 

trachomatis 

screening 
Medicaid HMO 

enrolment/ 

US 

Performance 

based contracting  

   Physicians 

reimbursed 
capitation/financi

al incentive, or a 
salary/financial 

incentive 

provide more  
Chlamydia 

screen compared 

with physicians 
paid by other 

methods. 

Research quality 

score 1/4 

  

  Cross 
Sectional 

Survey 

Safran et al.,  
2000 

Primary care/ 
Primary care 

physician in 8 

independent 
practice networks 

(IPA) 

Patients n=2,761 
Not Reported 

Not ascertained 
in survey 

 

 
 

 

 

   Partial effect.  
Financial 

incentives 

provided to 
physicians for 

evidence of 

patient 
satisfaction were 

related to 

increase in 
patient score on 

quality scale. 

Research quality 
score 1/4 

  



   

324 

 

  Cross sectional 

survey 

Casalino et al., 

2003 

Primary care 

practices 
n=1,040 

Not Reported 

 Improved 

contract for 
evidence of 

health care 

quality. 

   The extent of use 

of organised care 

management 

processes for 

asthma, heart 

failure, depression 
and diabetes. 

Multivariate linear 

regression. 

Partial effect 

Research quality 

score 1/4 

  

Reference 

Search 

Period 

# of Studies 

/Study design 

Primary 

research 

Health Care 

Sector/ 

Population/ 

Country 

Incentives Outcomes 

Risk of bias 

Potential Bias 

(as determined 

by each review) 

Overall Effects 

Number of 

databases 

searched Intervention Comparator 
Immunisation 

Primary & 

Primary 

Prevention 

(Screening) 

Secondary 

Prevention 

((Diabetes/CHD 

Other) 

Vote Counting 
 

𝐈𝐧𝐭𝐞𝐫𝐯𝐞𝐧𝐭𝐢𝐨𝐧 
𝐞𝐟𝐟𝐞𝐜𝐭𝐬

𝐀𝐥𝐥 𝐞𝐟𝐟𝐞𝐜𝐭𝐬
 

Intervention 

AMSTAR Score 

 

Scott et al., 2011 

(Cochrane 
Review) 

 

AIM: 
To evaluate the 

effect of 

financial 
incentives on the 

quality of health 

care provided by 
primary care 

physicians  

January 2000 - 

August 2009 
 

 9–Databases 

 Well defined 
search strategy 

 

AMSTAR-10 

Cluster RCT An et al.,  

2008 

US Primary care 

Primary care 
clinic n= 49 

Intervention 

n=24  
Usual Care n=25 

 

Performance 

bonus to clinic -
$5000 for 

clinician referral 

of 50 smokers 
 

Usual care 

 

  Relative change 

in smokers 
referred to 

telephone 

counselling Post-
intervention 

=63.1 percent 

Intervention=11.
4 percent 

Control=4.2 

percent 
Absolute 

difference 

=7.2 percent 

Insufficient 

information on 
random sequence 

generation and 

allocation 
concealment 

No blinding- 

performance and 
detection bias in  

all outcomes. 

Not possible to 
separate the 

financial and  

non- financial 
components of  

the intervention.  

18/32 (56 

percent) 
Mixed Effects 

 

Authors reported 
on statistical 

significance of 

primary papers if 
available and 

potential bias in 

primary studies. 
 

Authors reported 

methodological 
quality of 

primary studies. 

Inconclusive 

 
Poor study 

design led to 

substantial risk 
of bias in most 

studies. None of 

the studies 
addressed issues 

of selection bias. 

 

CONCLUSION: 

There is support 
the use 

insufficient 

evidence to  
support or not of 

financial 

incentives to 
improve the 

quality of 

primary health 
care. The 

evidence was 

generally of a 
low quality 

because of risk of 

bias due to either 
non-

randomisation or 

selection bias, or 
both. Lack of 

blinding in the 

 Cluster RCT Roski et al., 2003 Primary care/ 

Primary care 
clinic n=40  

Patients~66,000 

US 

Performance 

target payments 
relating to: 

identification and 

documentation of 
tobacco status; 

provision of quit 

smoking advice 
1-financial 

incentive payout 

n=15 
2-finaicial 

incentive plus 

access to patient 
registry and 

intervention 

system n=10 

Access to printed 

versions of 
smoking 

cessation 

guidelines 
n=15 

  Results 

demonstrated a 
statistically 

significant effect 

for one of eight 
smoking 

cessation 

practices (the 
percentage of 

patients who had  

their tobacco use 
status identified). 

Most outcomes 

were higher in 
intervention 

group but were 

not statistically 
significant 

Unit of analysis 

error in methods. 
Randomisation at 

clinic level 

Insufficient 

information on 
random sequence 

generation and 

allocation 
concealment 

Incomplete 

outcome data 
(attrition bias) all 

outcomes 

No blinding 
performance and 

detection bias in 

all outcomes 
Outcomes may 

have been 

influenced by 
confounders: the 

introduction of 

audits and exit 
interviews in 

clinics; publicity 
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three cluster-

RCTs was also 
an issue. A 

pooled statistical 

analysis of the 
results was not 

possible due to  

whilst the 

analysis 
performed at 

patient level. 

relating to 

lawsuit against 
tobacco industry; 

contamination 

between 
experimental 

groups. 

heterogeneity 
between studies. 

 Cluster RCT Twardella & 
Brenner, 2007 

Primary care/  
Practices n=82 

Primary care 

physicians n=94 
Patients n=577 

Germany 

1- Training & 
incentive 

(Practices n=21 

Patients n=146) 
 

2- Training & 

medication 
(Practices n=21 

Patients n=144) 

 
3- Training & 

incentive & 

medication 
(Practices n=20 

Patients n=221) 

Usual care 
(Practices n=20 

Patients n=76) 

  Smoking 

abstinence-self 

reported and 

validated by 
serum nicotine 

increased with 

Interventions 2 

&3 compared to 

usual care. 

Intervention 1-

Training & 

Incentive 
=3 percent (5/139) 

Intervention 2 

Training 

&Medication =12 

percent (17/123) 

Intervention 3 

Training, 
Incentive & 

Medication =15 

percent (32/187) 

Control-usual care 

=3 percent (2/72) 

Unit of analysis 

error in methods 

Randomisation at 
clinic level whilst 

the analysis 

performed at 

patient level. 

Insufficient 
information on 

allocation 

concealment 
-Selection bias 

evident (random 

sequence 
generation) 

-No blinding- 

performance and 
detection bias in 

all outcomes 

- Incomplete 
outcome data 

(attrition bias) all 

outcomes-reason 
for withdrawal 

not given by 

authors 
 

  

  CBA Gosden et al., 
2003 

Primary care/ 
Practices n=20 

Practices under 

standard national 
contract n=10 

Practices under 

NHS contract 
n=10 

U.K. 

Financial 
incentive is the 

change in  

method of 
payment for U.K. 

GPs working 

under standard 
national system. 
Capitation-control 

Salary-intervention 

NHS  
No change in 

payment method. 

Difference in 

absolute change in 

childhood 

immunisation 
from capitation to 

salaried contract 

= -1.8 percent 

Difference in 

absolute change in 

preschool booster 

from capitation to 
salaried contract 

= -1.8 percent 

Difference in 
absolute change 

in cervical 

cytology from 
capitation to 

salaried contract 

= 0.38 percent 
 

Difference 

absolute change 

in: 

continuity of 
care= 

0.3 percent; trust 

in doctor=0.58 

percent, doctor’s 

knowledge of 

patient=1.18 

percent, access= -
1.08 percent, 

technical care 

=1.29 percent, 

communication=0.

08 percent 

interpersonal care 

0.16 percent, 

overall 
satisfaction=0.86 

percent 

Due to CBA 

design random 

sequences 

generation, 
allocation 

concealment and 

blinding bias 

exists for all 

outcomes 

Decisions relating 

why practices 
would choose 

salaried contract 

are unobserved 

and may influence 

outcome. 
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  CBA Rosenthal et al., 

2005 

Primary care/ 

Primary care 
practices n= 167 

US 

Performance 

bonus target 
payments 

n=134 

California 
Pre- Int. 

(Intervention) Post 
Int. 

(Intervention) 

Performance 

bonus target 
payments 

n=33 

Pacific North 
West 

 Statistically 

significant 
difference in 

absolute change 

cervical 
screening with 

bonus payments= 

3.6 percent 
(P=0.02) 

Non-significant 

difference in 
absolute change 

in mammography 

with bonus 
payments 

=1.7 percent 

No difference in 

absolute change in 

HbA1c with bonus 

payments=0 

percent 

Increasing trend in 

quality of care in 
the intervention 

and the control 

groups 

 

Insufficient 

information on 
performance 

/detection bias 

and allocation 
concealment 

(blinding) 

As a result of 
CBA design 

random 

sequences 
generation bias 

exists for all 

outcomes 

  

  CBA/ 
ITS 

Mullen et al., 
2009 

Primary care/ 
Practices  

Year 1 n=172 

Year 2 n=70 
US 

PacifCare(QIP)-1 
threshold targets 

for five clinical 

measures at 75th 
percentiles of 

performance in 

the preceding 
year 

PacifCare(QIP)-2  

threshold targets 
for ten clinical 

measures at 85th 

percentiles of 
performance in 

the preceding 

year.  

IHA year 1, IHA 

year2 

tournament-
based payments 

on relative 

ranking of 
medical group- 

no details of IHA 

scheme provided 
by Mullen 

Int. group1- 

QIP1 
Int. group2- 

IHA1+QIP2 

Int. group 3- 
IHA2+QIP 

Pre- pay-for- 
performance 

scheme 

Inconclusive 
outcome despite 

statistically 

significant 
difference in the 

change in 

childhood 
immunisation 

rates after  

introduction of 
P4P. A sharp fall 

in immunisation 

rates in control 
group in 2002 

(one year prior to 

commencement 

of P4P program) 

Statistically 
significant effect 

for impact of 

financial 
payments on 

cervical 

screening rate 
over two 

progressive time 

points 3.5 
percent (Int. 

group2) and 6 

percent (Int. 
group3) 

 

ITS analysis of 

IHA groups 

demonstrated  

a reversal of 
downward trend 

for chlamydia 

screening after it 
was included as a 

reward indicator 

in Int. group3 
 

No statically 
significant effect 

for the 

prescribing of 
appropriate 

asthma 

medication 

Due to ITS 
design random 

sequences 

generation bias 
exists for all 

outcomes. 

Potential 
selection bias as 

medical groups 

that had data for 
the entire period 

were included in 

analyses. 
The use different 

geographic areas 

as the control 

may result in 

different 

population -
physician 

characteristics 

which could 
potentially be the 

factors that 

correlate with the 
outcomes rather 

than the type of 

payments under 
investigation. 

 

 
 

  

  ITS Young et al., 

2007 

Primary care/ 

Physicians n=334 
US 

FFS withholding 

(5 percent) to 
fund incentive 

pool 
Target payments 

on relative 

ranking against 
adherence to 

National and 

HEDIS data on 
the on-diabetes 

indicator 
measures for the 

study period 

 

 

Physician 

adherence to 
diabetes 

screening for 
indicators: 

1.HbA1c, 2. 

Urinalysis, 3. 
Lipoprotein 

 Due to ITS 

design random 
sequences 

generation, 
allocation 

concealment and 

blinding bias 

  



   

327 

 

 

guidelines for 

diabetes 
screening 

density level 

(LDL) 
4.Eye exam  

No difference in 

indicators 1,2,3  
Statistically 

significant 

improvement in 
adherence rate to 

on eye exam 

(P<0.001). 

exists for all 

outcomes 
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 Data Summary-Systematic Review of Reviews 

Emmert at al. 2012 

Emmert et al. (2012), searched 6 databases and included nine studies published between 2000 and 2010 which provided economic evaluations of P4P initiatives. 

Many of the studies were based in the U.S., other than the Lee et al. (2010) study, which was based in Taiwan. Study designs included four RCTs, two CBAs, 

one UBA and one cohort study. One study did not report a study design. Emmert et al. (2012), reported on population details for the An et al. (2008), Kouides 

et al. (1998), Lee et al. (2010), Nahra et al. (2006) and Norton (1992) studies. The Curtin et al. (2006), Parke (2007), Rosenthal et al. (2009) and Ryan A. M. 

(2009) studies did not report on population numbers. The aggregated study population for included primary studies was at least 54 PCPs, 38,671 patients, 85 

hospitals and 36 nursing homes. Three studies were classified as full economic evaluations (An et al., 2008; Kouides et al., 1998; Nahra et al., 2006) and six 

studies were classified as partial economic evaluations (Curtin et al., 2006; Lee et al., 2010; Norton, 1992; Parke, 2007; Rosenthal et al., 2009; Ryan A. M., 

2009). An et al. (2008) and Kouides et al. (1998), investigated the impact of a P4P program on the referrals of smokers to a quitline and on influenza 

immunisation rates in the elderly, respectively. Curtin et al. (2006), evaluated the financial impact of a P4P program on diabetes care. The remaining studies 

evaluated the impact of P4P in settings other than primary care and included studies evaluating outcomes in the hospital setting, nursing homes and in secondary 

care (Lee et al., 2010; Nahra et al., 2006; Norton, 1992; Parke, 2007; Rosenthal et al., 2009; Ryan A. M., 2009). The AMSTAR methodological quality score 

for the Emmert et al. (2012) review was graded as 7/11. 

Flodgren et al. 2011 

Flodgren et al. (2011) searched 11 databases from 1993 to 1999 in the Cochrane systematic review of reviews which evaluated the impact of financial incentives 

on healthcare professional behaviour and patient outcomes. Flodgren et al. (2011) recorded an AMSTAR score of 9 for the Akbari et al. (2008) and the Sturm 

et al. (2007) reviews. The Gosden et al. (2001) and the Petersen et al. (2006) reviews, were classified by Flodgren et al. (2011) as having AMSTAR quality 

scores of 7.  



   

329 

 

The Akbari et al. (2008) and Sturm et al. (2007) studies were Cochrane reviews and the other two studies were non-Cochrane reviews (Gosden et al., 2001; 

Petersen et al., 2006). The included reviews reported on 32 studies which included RCTs (10), CBAs (18) and ITSs (4). Of the studies, 11 studies were based 

in the U.K., six were based in the U.S., two were based in Germany and one study to each was based in Canada, Finland, Denmark and Ireland (Flodgren et al., 

2011). The country of origin was not stated for nine of the included studies. The aggregated study population of the reviews included in  overview was at least 

1241 PCPs, 1,328 primary care practices, 80 specialist physicians and 36 nursing homes. The AMSTAR methodological quality score for the Flodgren et al. 

(2011) overview of reviews was graded as 10/11. 

Giuffrida et al., 1999 

Giuffrida et al. (1999) searched 7 databases between 1966 and 1997, in the evaluation of the impact of target payments on professional practice and health care 

outcomes. The Cochrane systematic review included data from two primary studies; one RCT from the U.S. (Kouides et al., 1998) and one ITS from Scotland 

(Ritchie et al., 1992). Giuffrida et al. (1999) reported a study population of 54 primary care practices and 38,804 patients in the Kouides et al. (1998) evaluation 

of target payments on influenza immunisation rates in the elderly. The Ritchie et al. (1992) ITS study examining the introduction of target payments on paediatric 

immunisation rates was reported by Giuffrida et al. (1999) to have a study population of 95 general practices, which included 313 PCPs. The AMSTAR 

methodological quality score for the Giuffrida et al. (1999) review was graded as 8/11. 

Gosden et al., 2001 

Gosden et al. (2001) searched 9 databases from 1966 to 1997 and included three RCTs (Davidson et al., 1992; Hickson, Altemeier, & Perrin, 1987; Kouides et 

al., 1998), three CBAs (Hutchison, 1994; Hutchison et al., 1996; Krasnik et al., 1990) and one ITS (Ritchie et al., 1992) in the review of the impact of payment 

methods on the behaviour of primary care physicians. Three studies were from the U.S. (Davidson et al., 1992; Hickson et al., 1987; Kouides et al., 1998), one 

study was undertaken in Denmark (Krasnik et al., 1990) and one was from Scotland (Ritchie et al., 1992). As described above, Hickson et al. (1987) and 

Davidson et al. (1992) evaluated a change in payment structures on quality. Kouides et al. (1998) and Ritchie et al. (1992) specifically focused on the impact of 

target payments on immunisation and Krasnik et al. (1990) investigated the impact of remuneration changes (capitation to a mixed FFS) on preventive care. 

The Hutchison (1994) and Hutchison et al. (1996) studies examined the impact of changes to funding arrangement from FFS to capitation with an ambulatory 
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incentive payment on hospitalisation rates. Gosden et al. (2001) reported details of the study population of all primary studies included in the review. The 

aggregated study population for the review was 1007 PCPs and 1,339,098 patients. The AMSTAR methodological quality score for the Gosden et al. (2001) 

review was graded as 7/11. 

Houle et al., 2012 

Houle et al. (2012) searched 6 databases (plus additional sources) up to June 2012 and included four RCTs (Fairbrother et al., 2001; Grady et al., 1997; Kouides 

et al., 1998; Twardella & Brenner, 2007); three CBAs (Beaulieu & Horrigan, 2005; Gavagan et al., 2010; Rosenthal et al., 2005); five ITS studies (Alshamsan 

et al., 2012; Campbell et al., 2009; MacBride-Stewart, Elton, & Walley, 2008; Serumaga et al., 2011; Vamos et al., 2011); three CBA studies (Beaulieu & 

Horrigan, 2005; Fagan et al., 2010; Rosenthal et al., 2005); one CAS study (Gavagan et al., 2010); two cohort studies (Ettner et al., 2006; Pourat, 2005); and 15 

UBA studies (Armour et al., 2004; Chung et al., 2003; Coleman et al., 2007; Doran et al., 2011; Greene R. A. et al., 2004; Kiran et al., 2014; McGovern, 

Boroujerdi, et al., 2008; McGovern, Williams, et al., 2008; Millett et al., 2007; Morrow, Gooding, & Clark, 1995; Simpson et al., 2006; Simpson et al., 2011; 

St. Jacques, Patel, & Higgins, 2004; Steel, Maisey, Clark, Fleetcroft, & Howe, 2007; Young et al., 2007) in the evaluation of P4P programs 4P targeting 

individual practitioners on quality of care and outcomes. Of the 30 included studies, seven were from the U.K., 19 studies were undertaken in the U.S., three 

were from Scotland and one was undertaken in Canada. The aggregated study population for the review was 3692 PCPs, 4569662 patients, 38 practices, 2 

physician assistants, 31 Anaesthetists and 6618 surgical cases. Houle et al. (2012) did not provide study population details on the Kouides et al. (1998), Campbell 

et al. (2009), MacBride-Stewart et al. (2008) and Rosenthal et al. (2005) studies. The AMSTAR methodological quality score for the Houle et al. (2012) review 

was graded as 7/11. 

Petersen et al., 2006 

Petersen et al. (2006) searched 6 databases (plus additional sources) between 1980 and 2005 and included nine RCTs (Christensen et al., 2000; Fairbrother et 

al., 1999; Fairbrother et al., 2001; Grady et al., 1997; Hillman et al., 1998; Hillman et al., 1999; Kouides et al., 1998; Norton, 1992; Roski et al., 2003), four 

CBA studies (Beaulieu & Horrigan, 2005; Clark et al., 1995; Rosenthal et al., 2005; Shen et al., 2004) and four cross sectional surveys (Casalino et al., 2003; 

McMenamin et al., 2003; Pourat, 2005; Safran et al., 2000) in the evaluation of the impact of explicit financial incentives on quality care. Of the 17 studies, 
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four were recorded as from the U.S. (Beaulieu & Horrigan, 2005; Clark et al., 1995; Rosenthal et al., 2005; Shen et al., 2004). The country of origin was not 

stated for the remaining 13 studies (Casalino et al., 2003; Christensen et al., 2000; Fairbrother et al., 1999; Fairbrother et al., 2001; Grady et al., 1997; Hillman 

et al., 1998; Hillman et al., 1999; Kouides et al., 1998; McMenamin et al., 2003; Norton, 1992; Pourat, 2005; Roski et al., 2003; Safran et al., 2000). Four 

studies evaluated the effectiveness of enhanced fee for-service payments (Christensen et al., 2000; Clark et al., 1995; Fairbrother et al., 1999; Fairbrother et al., 

2001), 10 studies investigated the impact of bonus payments for quality targets (Beaulieu & Horrigan, 2005; Casalino et al., 2003; Grady et al., 1997; Hillman 

et al., 1998; Hillman et al., 1999; Kouides et al., 1998; McMenamin et al., 2003; Norton, 1992; Rosenthal et al., 2005; Roski et al., 2003) and three studies 

investigated the impact of performance based contracts (Pourat, 2005; Safran et al., 2000; Shen et al., 2004). Petersen et al. (2006) reported details of the study 

population of all primary studies included in the review. The aggregated study population for the review was 233 PCPs, 6,713patients, 2568 practices, 36 

nursing homes, 200 pharmacies and PCPs contracted with a US Medicare HMO in 8 Californian counties. The AMSTAR methodological quality score for the 

Petersen et al. (2006) review was graded as 7/11. 

Scott et al., 2011 

Scott et al. (2011) searched 9 databases from 2000 to 2009 and included three cluster-RCTs (An et al., 2008; Roski et al., 2003; Twardella & Brenner, 2007), 

two CBAs (Gosden et al., 2003; Rosenthal et al., 2005), one controlled ITS-CBA/ITS (difference-in-difference design) (Mullen et al., 2009) and one ITS study 

(Young et al., 2007), in the review of the effect of financial incentives on quality. Five of the seven studies were from the U.S., (An et al., 2008; Mullen et al., 

2009; Rosenthal et al., 2005; Roski et al., 2003; Young et al., 2007), one study was undertaken in the U.K. (Gosden et al., 2003) and one was from Germany 

(Twardella & Brenner, 2007). The review investigated the effect of bonus incentive payments on the delivery of targeted preventive care measures (An et al., 

2008; Mullen et al., 2009; Rosenthal et al., 2005; Roski et al., 2003; Twardella & Brenner, 2007; Young et al., 2007). It also evaluated the impact of changes 

to the payments mechanisms on the quality of primary care and on processes of care (Gosden et al., 2003). Scott et al. (2011) reported details of the study 

population of all primary studies included in the review. The aggregated study population for the review was 600 practices (An et al., 2008; Mullen et al., 2009; 

Rosenthal et al., 2005; Roski et al., 2003; Twardella & Brenner, 2007; Young et al., 2007), 428 PCPs (Twardella & Brenner, 2007; Young et al., 2007) and 

66577 patients (Roski et al., 2003; Twardella & Brenner, 2007). The AMSTAR methodological quality score for the Scott et al. (2011) review was graded as 

10/11. 
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Populations and Settings of Primary Research 

The target population of the primary studies included from reviews was primary care physicians working in primary care clinics (at least 1275 clinics). The 

setting details were not clear for some studies included in the reviews (Beaulieu & Horrigan, 2005; Fairbrother et al., 1999; Fairbrother et al., 2001; Gavagan 

et al., 2010; Grady et al., 1997; Serumaga et al., 2011; Young et al., 2007). 

Details on the number of practices in the Kouides et al. (1998), the Rosenthal et al. (2005) and the Twardella & Brenner (2007) studies were not reported in the 

Houle et al. (2012) review. The Vamos et al. (2011) study enrolled 422 primary care clinics in the investigation of pay for performance payments, details of 

this study population were also not reported in the Houle et al. (2012) review. 

At least 1084 primary care physicians were exposed to an intervention in the Beaulieu & Horrigan (2005), Fairbrother et al. (1999), Fairbrother et al. (2001), 

Gavagan et al. (2010), Grady et al. (1997), Ritchie et al. (1992), Twardella & Brenner (2007) and Young et al. (2007) studies. Houle et al. (2012) did not provide 

details on physician or practice numbers for the Vamos et al. (2011) and Serumaga et al. (2011) primary studies. 

Most reviews reported on patient outcomes when they were described in the primary studies (Alshamsan et al., 2012; Beaulieu & Horrigan, 2005; Campbell et 

al., 2009; Fagan et al., 2010; Grady et al., 1997; Ritchie et al., 1992; Rosenthal et al., 2005; Twardella & Brenner, 2007; Vamos et al., 2011; Young et al., 2007). 

Across all studies included in the reviews, outcome measurements were reported on at least 3,692,372 patients. For two studies included in the Houle et al. 

(2012) review, there were no details provided on patient numbers (Campbell et al., 2009; Young et al., 2007) and in another two studies Houle et al. (2012) 

only reported patient numbers for the intervention arm of the Twardella & Brenner (2007) RCT. Houle et al. (2012) also incorrectly reported patient numbers 

in the Beaulieu & Horrigan (2005) study. The Petersen et al. (2006) review did not report the patient numbers provided in the Grady et al. (1997) study. Campbell 

et al. (2009) did not specifically report on actual patient numbers in the ITS, but did provide details on patient recruitment across the years101F

88

                                                      

88 Staff abstracted clinical data from the medical records kept by 42 nationally representative family practices. In each practice, data were collected for nonoverlapping random samples of patients 

(20 in 1998 and 12 each in 2003, 2005 and 2007) who had heart disease, asthma, or diabetes (Campbell et al. 2009). 
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 Primary Studies across all Reviews 

Design Included/ 

Excluded 
Author/s Country Incentive Immunisation Screening HbA1c Diabetes /CHD Programs 

Outcomes 

Measured 

ITS  Included Alshamsan et al., 2012 U.K. P4P bonus for QOF   HbA1c 
Cholesterol-LDL 

Blood pressure 
  

Clustered 

RCT 
Included An et al., 2008 U.S. Bonus payment     Smoking 

cessation 
 

UBA Excluded Armour et al., 2004 U.S. Pre–Post P4P  Colorectal     

CBA Excluded Baines 1997 U.K. Capitation–fundholding      Prescribing 

CBA  Included Beaulieu & Horrigan 2005 U.S. Target payments for diabetes   HbA1c   Quality 

CBA Excluded Bradlow & Coulter 1993  U.K. Capitation–fundholding      Prescribing 

CBA Excluded Burr 1992 U.K. Capitation–fundholding      Prescribing 

ITS Included Campbell et al., 2009 U.K. P4P-Diabetes, CHD Asthma   HbA1c 

Cholesterol-LDL 

Blood pressure 

Retinal exam 

Asthma 

Antihypertension 

Medications 

 

Survey Excluded Casalino 2003 U.S. Contract payments     Smoking 

cessation  
 

RCT Excluded Christensen et al., 2000 U.S. 
Bonus payment to pharmacists for 

education 
     

Prescribing 

Cost saving acute 

care 

UBA Excluded Chung et al., 2003 U.S. P4P versus FFS- 
Childhood 

Immunisation 
 

Diabetes 

HbA1c 
   

CBA Excluded Clark et al., 1995 U.S. Enhanced FFS      Mental health 

UBA Excluded Coleman et al., 2007 U.K. P4P bonus for QOF   HbA1c 

Cholesterol-LDL 

Blood pressure 

Retinal exam 

Asthma 

Medications-

CHD 

 

CBA Excluded Coulter 1993  U.K. Fundholding      Outpatient 

referral  

CBA Excluded Corney & Kerrison 1997 U.K. Fundholding      Prescribing 

UBA Excluded Curtin et al., 2006 U.S. P4P for diabetes care-Case study      Cost 

Effectiveness 
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RCT Excluded Davidson et al., 1992 U.S. Pre-paid capitation or FFS      
Primary care 

Secondary care  

Emergency access 

UBA Excluded Doran et al., 2011 U.K. P4P bonus for QOF Indicators      Prescribing 

UBA Excluded Ettner et al., 2006 U.S. Target payments for immunisation 
Adult 

Immunisation 
 HbA1c 

Cholesterol-LDL 

Retinal exam 

Nephropathy 

  

CBA Included Fagan et al., 2010 U.S. P4P for diabetes targets   HbA1c 

Cholesterol-LDL 

Retinal exam 

Nephropathy 

  

RCT Included Fairbrother et al., 1999 U.S. Target payments for immunisation 
Childhood 

Immunisation 
     

RCT Included Fairbrother et al., 2001 U.S. Target payments for immunisation 
Childhood 

Immunisation 
     

UBA  Excluded Fox & Phua 1995 U.S. Increase in FFS payment      
Access to 

obstetric care 

CAS Included Gavagan et al., 2010 U.S. Annual Target Bonus Payments 
 Cervical 

Mammography 

   
 

CBA Included Gosden et al., 2003 U.K. Change from Capitation to Salary 
Childhood 

Immunisation 
Cervical    Quality 

RCT Included Grady et al., 1997 U.S. Token bonus & chart stickers  Mammography     

UBA Excluded Greene et al., 2004 U.S. P4P or Capitation      Prescribing 

CBA Excluded Guether 1997 Germany Drug budgets      Prescribing 

CBA/ 

CITS 
Excluded Harris & Scrivener 1996 U.K. Capitation–fundholding       Prescribing 

RCT Excluded Hickson et al., 1987 U.S. Salary or FFS      
Primary care  

Secondary care 

Emergency access 

RCT Included Hillman et al., 1998 U.S. 
Target payment for cancer 

screening 
 

Cervical 

Colorectal 

Mammography 

    

RCT Included Hillman & Ripley 1999 U.S. Target payment for immunisation 
Childhood 

Immunisation 
     

CBA Excluded Hutchison et al., 1996 Canada 
FFS to capitation plus reduced 

hospitalisation incentive 
     Referrals 

CBA Excluded 
Kammerling & Kinnear 

1996 
U.K. Capitated fundholding      Specialist 

referrals 

UBA Excluded Kiran et al., 2012 Canada FFS/Capitation to Bonus Payments   HbA1c 
Cholesterol-LDL 

Retinal exam 
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RCT Included Kouides et al., 1998 U.S. Target payment for immunisation 
Adult 

Immunisation 
     

ITS Excluded Krasnik et al., 1990 U.K. Capitation to mixed FFS      Quality 

RCT Excluded Laurie et al., 1994 U.S. Pre-paid Capitation or FFS      
Access 

Quality-self 

reported 

CBA Excluded Lee et al., 2010  Taiwan P4P program for diabetes targets      Quality in clinics 

& hospitals 

CBA Excluded Linnala 2001 Finland Capitation–fundholding      Hospital 

specialist referral 

UBA Excluded McGovern et al., 2008 U.K. P4P Patients with diabetes    Cholesterol-LDL Smoking advice  

UBA Excluded McGovern et al., 2008 U.K. P4P Patients with CHD   HbA1c 
Blood pressure 

Cholesterol-LDL 

Antiplatelet/ 

Antihypertension 

medications 

 

Survey Excluded McMenamin et al., 2003 U.S. Financial incentives     Smoking 

cessation  
Quality 

ITS  Excluded 
MacBride-Stewart et al., 

2008 
Scotland P4P bonus for QOF      

Incentivised 

medications 

UBA Excluded Millet et al 2007 U.K. P4P Patients with diabetes     Smoking advice  

UBA Excluded Morrow et al., 1995 U.S. P4P versus Capitation 
Childhood 

Immunisation 
  Cholesterol   

RCT Excluded Mort et al., 1996 U.S. Insurance or no insurance     Smoking 

cessation 

Primary care 

access 

CBA/ 

ITS 
Included Mullen et al., 2009 U.S. Target bonus/tournament payments 

Childhood 

Immunisation 

Cervical 

Chlamydia 

Mammography 

HbA1c  Asthma 

Medications 
 

RCT Excluded Nahra et al., 2006  U.S. Bonus payment      Secondary care 

access 

RCT Excluded Norton 1992 U.S. Bonus payment      
Secondary care  

Morbidity  

Mortality 

RCT Excluded Nyman et al., 1995  U.S. Financial sanctions      Prescribing 

N/R Excluded Park et al., 2007 U.S. Bonus payment for quality      

Primary care 

Secondary care 

Cost effectiveness 

Survey Excluded Pourat et al., 2005 U.S. Performance based contracting     Smoking 

cessation  
 

CBA/ 

CITS 
Excluded Rafferty 1997 Ireland Capitation–fundholding      Prescribing 
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ITS Included Ritchie et al., 1992 Scotland Target payments for immunisation 
Childhood 

Immunisation 
     

RCT Excluded Rosenberg et al., 1995  U.S. Patients access to second opinion      Secondary care 

access 

CBA Included Rosenthal et al., 2005  U.S. Target payments for screening  Cervical 

Mammography 
HbA1c    

RCT Included Roski et al., 2003 U.S. Bonus payment     Smoking 

cessation 
 

Cohort Excluded Ryan et al., 2009 U.S. Bonus payment      Quality acute 

care 

UBA Excluded St Jacques et al., 2004 U.S. P4P Anaesthetists      

Number of 

surgical cases 

delayed 

Survey Excluded Safran et al., 2000 US Financial incentives     Smoking 

cessation  
 

CBA Excluded Schoffski 1997 Germany Drug budgets      Quality 

disadvantage 

ITS Included Serumaga et al., 2011 U.K. P4P bonus for QOF    
Blood pressure 

BP Medications 
  

CBA Excluded Shen 2003 US Bonus payment      Prescribing 

UBA Excluded Simpson et al., 2006 U.K. Introduction of QOF 
Influenza 

vaccination 
     

UBA Excluded Simpson et al., 2011 U.K. Introduction of QOF    BP Monitoring   

UBA Excluded Steel et al., 2007 U.K. Introduction of QOF    

Asthma, BP 

Depression 

Osteoarthritis 

  

Clustered 

RCT 
Included Twardella & Brenner 2007 US 

Target payment, training & 

education 
    Smoking 

cessation 
 

ITS Included Vamos et al., 2011 U.K. P4P bonus for QOF    HbA1c 
BP Monitoring 

Total cholesterol 
  

CBA Excluded Walley 2000 Ireland Target payments      Prescribing 

CBA Excluded Whynes 1997  U.K. Capitation–fundholding      Prescribing 

CBA/ 

CITS 
Excluded Wilson 1995  U.K. Capitation–fundholding      Prescribing 

CBA Excluded Wilson 1999 U.K. Capitation–fundholding      Prescribing 
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ITS Included Young et al., 2007 US P4P Patients with diabetes   HbA1c 

Retinal screening 

Nephropathy 

Cholesterol-LDL 

  

 

RCT  Randomised Controlled Trials 

CAS  Controlled After Studies (Retrospective Studies) 

UBA  Uncontrolled Before and After Trial 

Clustered RCT  Clustered Randomised Trials 

ITS  Interrupted Time Series Studies 

Cohort  Cohort Study 

CBA  Controlled Before and After Studies 

CBA/ITS  Controlled Interrupted Time Series 

Survey Survey Design 

N/R Not Reported 
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 Outcomes Table- Primary Research Intervention Effects 

Authors Review Primary papers Design Country Incentive Immunisation Screening 

Secondary 

Prevention 

Diabetes /CHD 

Smoking 

Cessation 

Presence of Bias102F

89 
 (as determined by the 

review) 

Overall Effect of 

Incentive on 

Outcome 

Inference 

Emmert et al., 2012 Review An et al., 2008 RCT10 3F

90 U.S. Bonus payment   
Smoking 

cessation 

Methodological 

strength score 

60.7%104F

91 

Evaluated only one 

process measure. 

Positive effects. Inconclusive. 

 

Methodological 

quality variable. 

Significant 

heterogeneity. AMSTAR Score 7/11  Kouides et al., 1998 RCT U.S. 
Target payment 

for immunisation 

Adult 

Immunisation 
  

Methodological 

strength score 63% 

Generalisability 

limited. 

 

Positive effects. 

Flodgren et al. 2011 

Cochrane 

Systematic 

Review of 

Reviews 

Beaulieu & 

Horrigan 2005 
CBA  U.S. 

Target payments 

for diabetes 
  HbA1c 

Measured outcomes 

other than diabetes. 
N/A 

Inconclusive. 

 

Methodological 

quality variable. 

Significant 

heterogeneity. 

AMSTAR Score 

10/11 
 

Fairbrother et al., 

1999 
RCT U.S. 

Target payments 

for immunisation 

Childhood 

Immunisation 
  Control unspecified. N/A 

  
Fairbrother et al., 

2001 
RCT U.S. 

Target payments 

for immunisation 

Childhood 

Immunisation 
  Control unspecified. N/A 

  Grady et al., 1997 RCT U.S. 
Token bonus & 

chart stickers 
   Control unspecified. N/A 

  Hillman et al., 1998 RCT U.S. 

Target payment 

for cancer 

screening 

   Control unspecified. N/A 

  
Hillman & Ripley 

1999 
RCT U.S. 

Target payment 

for immunisation 

Childhood 

Immunisation 
  Control unspecified. N/A 

                                                      
89 Reports of bias or risk in the included primary studies. 

90 Cost Effectiveness Analysis 

91 Reflects the unweighted average score based on awarded points for 38 defined quality criteria by Drummond and Jefferson (Drummond et al., 2005) 
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  Kouides et al., 1998 RCT U.S. 
Target payment 

for immunisation 

Adult 

Immunisation 
  Unit of analysis error. N/A 

  Ritchie et al., 1992 ITS Scotland 
Target payments 

for immunisation 

Childhood 

Immunisation 
  

No concurrent 

control. 
N/A 

  
Rosenthal et al., 

2005  
CBA U.S. 

Target payments 

for screening 
 

Cervical 

Mammography 
HbA1c 

No data 

reported for 

non-significant 

outcomes. 

N/A 

  Roski et al., 2003 RCT U.S. Bonus payment   
Smoking 

cessation 
Control unspecified. N/A 

Giuffrida et al. 1999 
Cochrane 

Review 
Kouides et al., 1998 RCT U.S. 

Target payment 

for immunisation 

Adult 

Immunisation 
  

Concealment 

allocation/loss to 

follow-up not 

reported. 

Generalisability 

limited. 

Unit of analysis error. 

Positive effects. 

Not statistically 

significant. 

Inconclusive. 

 

Methodological 

quality 

insufficient. 

 

Low powered 

studies included 

in review. 

 
AMSTAR Score 8/11  Ritchie et al., 1992 ITS Scotland 

Target payments 

for immunisation 

Childhood 

Immunisation 
  

Limited 

generalisability. 

Insufficient number 

of data points. 

Positive effects. 

Gosden et al. 2001 Review Kouides et al., 1998 RCT U.S. 
Target payment 

for immunisation 

Adult 

Immunisation 
  

Concealment 

allocation unclear. 

Unit of analysis error. 

Generalisability 

limited. 

Positive effects. 

Not statistically 

significant. 

Inconclusive. 

AMSTAR Score 7/11  Ritchie et al., 1992 ITS Scotland 
Target payments 

for immunisation 

Childhood 

Immunisation 
  

Generalisability 

limited 
Positive effects. 

Houle et al. 2012 Review 
Alshamsan et al., 

2012 
ITS  U.K. 

P4P 105F

92 bonus for 

QOF106F

93 
  

HbA1c  

Cholesterol-LDL 

Blood pressure 

Baseline 

characteristics 

unknown. 

Complete outcome 

reporting unknown. 

Positive effects 

and negative 

effects 

Inconclusive. 

                                                      
92 P4P Pay for performance 
93 QOF Quality Outcomes Framework indicators 
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AMSTAR Score 7/11  
Beaulieu & 

Horrigan 2005 
CBA  U.S. 

Target payments 

for diabetes 
  HbA1c 

Baseline 

characteristics 

unknown. 

Positive effects. 

  
Campbell et al., 

2009 
ITS U.K. 

P4P-Diabetes, 

CHD107F

94, Asthma 
  

HbA1c 

Cholesterol-LDL 

Blood pressure 

Retinal exam 

Asthma care 

Antihypertension 

Medications 

Baseline 

characteristics 

unknown. 

Follow-up unknown. 

Reliability of 

outcome reporting 

unknown. 

Positive effects. 

  Fagan et al., 2010 CBA U.S. 
P4P for diabetes 

targets 
  

HbA1c 

Cholesterol-LDL 

Retinal exam 

Nephropathy 

Follow-up unknown. 

Complete outcome 

reporting unknown. 

Protection against 

contamination 

unknown. 

Positive effects 

and no effects. 

  
Fairbrother et al., 

2001 
RCT U.S. 

Target payments 

for immunisation 

Childhood 

Immunisation 
   Positive effects. 

  
Gavagan et al., 

2010 
CAS U.S. 

Annual Target 

Bonus Payments 

Childhood 

Immunisation 

Cervical 

Mammography 
 

Baseline 

characteristics 

unknown. 

Follow-up unknown. 

 

No effects. 

  Grady et al., 1997 RCT U.S. 
Token bonus & 

chart stickers 
 Mammography  

Allocation 

concealment 

unknown. 

No effects. 

  Kouides et al., 1998 RCT U.S. 
Target payment 

for immunisation 

Adult 

Immunisation 
   Positive effects. 

  
Rosenthal et al., 

2005  
CBA U.S. 

Target payments 

for screening 
 

Cervical 

Mammography 
HbA1c 

Baseline 

characteristics 

unknown. 

Outcome blinding 

unknown. 

Positive effects 

and no effects. 

  
Serumaga et al., 

2011 
ITS U.K. 

P4P bonus for 

QOF 
  

Blood pressure 

BP Medications 

Baseline 

characteristics 

unknown. 

Follow-up unknown. 

Complete outcome 

reporting unknown. 

Protection against 

contamination 

unknown. 

No effects. 

                                                      
94 CHD-Chronic Heart Disease 
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Twardella & 

Brenner 2007 

Clustered 

RCT 
US 

Target payment, 

training & 

education 

  
Smoking 

cessation 

Follow-up unknown. 

Complete outcome 

reporting unknown. 

No effects. 

  Vamos et al., 2011 ITS U.K. 
P4P bonus for 

QOF  
  

HbA1c  

BP Monitoring 

Total cholesterol 

Baseline 

characteristics 

unknown. 

Positive effects. 

  Young et al., 2007 ITS US 
P4P Patients with 

diabetes 
  

HbA1c  

Retinal screening 

Nephropathy 

Cholesterol-LDL 

Reliability of 

outcome reporting 

unknown. 

Positive effects 

and no effect. 

Petersen et al. 2006 Review 
Beaulieu & 

Horrigan 2005 
CBA  U.S. 

Target payments 

for diabetes 
  HbA1c 

Methodological 

strength score 1108F

95 

Partial and 

positive effects. 

Inconclusive. 

 

Incentive design 

considerations– 

unintended 

effects of 

incentives;  

the magnitude, 

frequency and 

duration of 

financial 

incentive 

AMSTAR Score 7/11  
Fairbrother et al., 

1999 
RCT U.S. 

Target payments 

for immunisation 

Childhood 

Immunisation 
  

Methodological 

strength score 3. 

Unintended effects. 

Partial effects 

(improved 

documentation). 

  
Fairbrother et al., 

2001 
RCT U.S. 

Target payments 

for immunisation 

Childhood 

Immunisation 
  

Methodological 

strength score 3. 

Unintended effects. 

Positive effects 

(improved 

documentation). 

  Grady et al., 1997 RCT U.S. 
Token bonus & 

chart stickers 
 Mammography  

Methodological 

strength score 2. 
No effect. 

  Hillman et al., 1998 RCT U.S. 

Target payment 

for cancer 

screening 

 

Cervical 

Colorectal 

Mammography 

 
Methodological 

strength score 3. 
No effect. 

  
Hillman & Ripley 

1999 
RCT U.S. 

Target payment 

for immunisation 

Childhood 

Immunisation 
  

Methodological 

strength score 3. 
No effect. 

  Kouides et al., 1998 RCT U.S. 
Target payment 

for immunisation 

Adult 

Immunisation 
  

Methodological 

strength score 3. 
Positive effects. 

  
Rosenthal et al., 

2005  
CBA U.S. 

Target payments 

for screening 
 

Cervical 

Mammography 
HbA1c 

Methodological 

strength score 2. 

Partial positive 

effects. 

                                                      
95 Graded on a scale of 1 (poor) to 4 (excellent)–Downs and Black Checklist (Downs & Black, 1998). 
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  Roski et al., 2003 RCT U.S. Bonus payment   
Smoking 

cessation 

Methodological 

strength score 2. 

Partial positive 

effects. 

Scott et al. 2011 
Cochrane 

Review 
An et al., 2008 

Clustered 

RCT 
U.S. Bonus payment   

Smoking 

cessation 

Selection bias109F

96.  

Blinding bias110F

97. 

Other bias111F

98 

Positive effects. 

Inconclusive. 

 

Methodological 

quality variable. 

Significant 

heterogeneity. 

AMSTAR Score 

10/11 
 Gosden et al., 2003 CBA U.K. 

Change from 

Capitation to 

Salary 

Childhood 

Immunisation 
Cervical  

Selection bias.  

Blinding bias. 

Positive effects. 

Not statistically 

significant. 

  Mullen et al., 2009 
CBA/ 

ITS 
U.S. 

Target 

bonus/tournament 

payments 

Childhood 

Immunisation 

Cervical 

Chlamydia 

Mammography 

 

HbA1c 

Asthma 

management 

Selection bias. 

Geographical factors 

not controlled for. 

Positive effects. 

  
Rosenthal et al., 

2005  
CBA U.S. 

Target payments 

for screening 
 

Cervical 

Mammography 
HbA1c 

Selection bias. 

Geographical factors 

not controlled for. 

Positive effects. 

  Roski et al., 2003 RCT U.S. Bonus payment   
Smoking 

cessation 

Selection bias.  

Blinding bias. 

Contamination. 

Positive effects. 

  Young et al., 2007 ITS US 
P4P Patients with 

diabetes 
  

HbA1c  

Retinal screening 

Nephropathy 

Cholesterol-LDL 

Selection bias.  

Blinding bias. 
Positive effects. 

RCT Randomised Controlled Trials CAS Controlled After Studies (Retrospective Studies) 

Clustered 

RCT 
Clustered Randomised Trials ITS Interrupted Time Series Studies 

CBA Controlled Before and After Studies CBA/ITS Controlled Interrupted Time Series 

                                                      
96 Selection bias–insufficient/no information on methods relating to random sequence generation and allocation concealment. 
97 Blinding bias–performance bias and detection bias relating to insufficient blinding to intervention assignment. 
98 Other bias–as reported by authors. 
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 Effect of Incentives on Prevention 

Cancer Screening 

Four of the reviews reported on studies which examined the effect of financial incentives on cancer screening (Flodgren et al., 2011; Houle et al., 2012; Petersen et al., 2006; 

Scott et al., 2011). Of these studies two found financial incentive payments to PCPs produced small but significant increases in screening for cervical cancer 
32F

99. This association 

however, was not found in all studies tabled in the reviews. The Gavagan et al. (2010) study showed no change in rates of cervical screening following the introduction of 

incentives, they reported this lack of effect even persisted after incentive payments to GPs were doubled in size. The Gosden et al. (2003) study, also showed no association 

between changes to payment structures and rates of cervical screening. 

HbA1c Testing and Diabetes Control 

The same four reviews included studies examining the effect of financial incentives on HbA1c testing and HbA1c control. Three ITS undertaken by Alshamsan et al. (2012), 

Campbell et al. (2009) and Vamos et al. (2011) evaluated the impact of pay-for performance on HbA1c as part of the U.K. Quality Outcomes Framework. The effect size, 

magnitude and significance varied across the three studies. Five U.S. studies undertaken by Beaulieu & Horrigan (2005), Fagan et al. (2010), Mullen et al. (2009), Rosenthal et 

al. (2005) and Young et al. (2007), examined the impact of P4P incentive schemes delivered by several managed care organisations on HbA1c. All five studies showed no 

significant increase in observed HbA1c testing and control after the introduction of financial incentives and bonus payments to primary care physicians (Beaulieu & Horrigan, 

2005; Fagan et al., 2010; Mullen et al., 2009; Rosenthal et al., 2005; Young et al., 2007).  

The Vamos et al. (2011) study which was reported in the Houle et al. (2012) review, detected a significant decrease in HbA1c control after the introduction of P4P in the U.K. 

These results conflicted with the Campbell et al. (2009) study also undertaken in the U.K., that indicated HbA1c control improved across a similar pre-and-post P4P period. The 

Vamos et al. (2011) study which included 422 general practices providing care for 154 945 patients with diabetes between 1997 and 2005 had more power than the Campbell et 

al. (2009) study which included 42 general practices that provided care for 2352 patients with diabetes from 1998 to 2007. 

                                                      
99 The Mullen et al., 2009 CBA/ITS and the Rosenthal et al., 2005 CBA studies found financial incentive payments to PCPs produced small but significant increases in screening for cervical cancer 
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Houle et al. (2012) and Scott et al. (2011), included primary studies which examined the effect of financial incentives on quality indicators for patients with diabetes, CHD and 

asthma in their reviews. Five ITS studies (Alshamsan et al., 2012; Campbell et al., 2009; Serumaga et al., 2011; Vamos et al., 2011; Young et al., 2007) and one CBA study 

(Fagan et al., 2010) examined the impact of P4P on a range of clinical indicators such as: total cholesterol and low-density lipid (LDL) testing and control; screening for retinopathy 

and nephropathy; BP testing and management; the prescription of antihypertensive medications; and asthma management. Houle et al. (2012) reported on the Campbell et al. 

(2009) and Vamos et al. (2011) studies and found there were statistically significant improvements in composite quality scores for patients with diabetes and asthma and 

statistically significant improvements in blood pressure control and total cholesterol targets in individuals with diabetes respectively (after adjusting for baseline trends) after the 

introduction of P4P. Three P4P studies reported by Houle et al. (2012), Alshamsan et al. (2012), Fagan et al., (2010) and Serumaga et al., (2011) did not detect any differences in 

care and clinical guideline adherance between the intervention (post P4P) and the control (pre P4P) groups. The Young et al. (2007) study which was included in the Houle et al. 

(2012) and Scott et al. (2011) reviews provided statically significant evidence on one out of four P4P indicators. It showed adherence to clinical guidelines relating to annual eye 

examination for patients with diabetes, increased by seven percentage points in the year after implementation of a U.S. pay-for-performance program. (Young et al., 2007). 

Smoking Cessation Programs 

The primary studies which investigated how financial incentives influence a physician’s propensity to deliver advice to their patients on smoking cessation, refer patients to 

smoking cessation help lines and support patients to adhere to evidence-based smoking cessation guidelines found the pay-for-performance program significantly increased 

referrals to tobacco quitline services. However, Emmert et al. (2012) noted only one process was measured in the An et al. (2008) evaluation. Scott et al. (2011) also referred to 

the single process measure in the An et al. (2008) study and argued that although the An et al. (2008) trial had the the largest effect size, the study had a number of limitations 

and sources of bias, including selection and blinding biases. Flodgren et al. (2011), Petersen et al. (2006) and Scott et al. (2011) reported on the Roski et al. (2003) study which 

showed a statistically significant intervention effect on one of the eight smoking cessation processes measured. Scott et al. (2011) argued the bonus payment effect may not be 

statistically significant due to a unit of analysis error. The other outcomes in the Roski et al. (2003) were also higher in the intervention groups, however they were not statistically 

significant. The Twardella & Brenner (2007) clustered randomised trial which was reported in the Houle et al. (2012) review, found a statistically significant effect in smoking 

abstinence following the delivery of financial incentives to primary care physicians. It was reported this effect followed a mixed intervention which included training and free 

prescriptions. Therefore it is difficult to determine how much the the financial incentive contributed to the outcome. 
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 Rapid Review Protocol on Financial Incentives 

The review questions were broken down using the search algorithm PICOS to help guide the 

development of search terms (Figure K.1.). 

Table K.1  PICOS Search Algorithm Rapid Review 

Population(s)/Patient(s) 

 

General Practitioners (GPs), Primary Care Physicians (PCPs),  

Medical Care Providers, Family Physicians 

Intervention(s)/Treatment(s) 
Financial incentives, Incentives, Performance Targets 

Pay-for-Performance (P4P) payments, Bonus payments 

Comparator(s) Alternate payments–Fee for Service (F4F), Salary, Capitation 

Outcome(s) 

Change in quality indicators–outcome and process  

Change in physician behaviour relating to prevention 

Change in physician behaviour relating to immunisation 

Change in health service utilisation 

Study Design(s) 

Randomised Controlled Trials (RCTs) 

Controlled Clinical Trials (CCTs) 

Controlled Before and After Studies (CBAs) 

Interrupted Time Series Studies (ITS) 

Controlled after (retrospective) studies (CAS)  

Adapted from (Liberati et al., 2009) The PRISMA Statement for Reporting Systematic Reviews and Meta-Analyses of Studies That 
Evaluate Health Care Interventions: Explanation and Elaboration. doi:10.7326/0003-4819-151-4-200908180-00136 

Inclusion criteria 

The rapid review included evidence from randomised controlled trials (RCTs); controlled clinical trials 

(CCTs); controlled before and after studies (CBAs); interrupted time series (ITS) and controlled after 

(retrospective) studies (CAS) were included in the thesis if they had a focus on the provision of financial 

incentives to PCPs for predetermined performance targets in the primary care setting. Studies were 

included: (i) if the evidence relating to the effectiveness of performance incentive schemes was from 

high-income countries; (ii) if the data were reported in numerical form; (iii) if the outcomes measured 

included activities associated with primary and secondary preventive care. 
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Exclusion criteria 

Descriptive and qualitative studies were excluded from the analysis. Articles which included other 

aspects of care in the title, such as payments for team work, integrated care and inequalities, as well as 

payments to patients were excluded from rapid review. Studies were not included if the research focused 

only on a certain practice type (i.e. small practices) and if outcomes measured focused exclusively on 

activities associated with tertiary prevention. Articles that included the word review in the title were 

also not included. 

Type of participant 

General practitioners, PCPs and medical care providers who were involved in providing direct patient 

care in the primary care setting are the population of interest. 

Type of intervention 

Included in the rapid review were studies that evaluated the effectiveness of financial incentive 

schemes: 

• Reward payments for evidence of attainment of predetermined performance targets. 

Performance targets are measurements of evidence of activity or enhanced quality that may be 

absolute (at a milestone or at a level) or relative (reflecting improvement on a baseline) 

• Mixed payments that included reward payments for evidence of attainment of predetermined 

performance targets plus any other payment structure such as payment for a service or episode 

of care (fee for service); a payment for providing care for a specific patient or population 

(capitation) and payments for working a specific time. 

 

The main outcomes of interest in the rapid review are: 

• Measure of change in physician clinical behaviour or changes in activity specifically relating 

to primary prevention, secondary prevention and immunisation services in the primary care 

setting. 

• Measures of change in health service utilisation such as evidence of an increase in immunisation 

coverage rates in the primary care setting. 

• Measures of change in quality indicators relating to primary prevention in primary care 

 

The most recent electronic search of databases was undertaken on 01 November 2018. Primary research 

published in English was included in the desktop search. Google Scholar via the internet was also 

searched for relevant published articles which were not retrieved from electronic databases. Free text 

terms were used for Google scholar (©2018 Google LLC) search. 
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Databases 

Electronic database selection was guided by recommendations from the Cochrane Effective Practice 

and Organisation of Care Group (EPOC) (Higgins & Green, 2008) 

Two electronic data bases were used in the PICOS search: 

• Medline, Web of Knowledge (1 January 2010 to 01 November 2018) 

• EMBASE, Ovid (1 January 2010 to 01 November 2018)  

Search Terms 

The search terms were the same as the terms in the systematic review of reviews, however the term 

review was not included. The search included the following MeSH topic terms with BOOLEAN 

operators AND as well as OR and included: Financial incentive$ OR Target payment$ OR Pay for 

performance AND Physician$ OR Primary care OR Health care AND Quality OR Prevent$ OR 

Immuni$. Free Text terms included financial, for, health, care, incentive, pay, payment, performance, 

P4P, physician, immunisation, prevention, immunisation, primary, quality, target, remove, removal, 

withdraw. The search strategy was translated across each database using the appropriate controlled 

vocabulary for the specific database. Full details of the search strategy can be found in Appendix L. 

Data extraction 

All article titles identified by the database search were screened for relevance. Article titles that did not 

meet the inclusion criteria were excluded. Primary studies were excluded from the review if the paper 

did not report on incentives to primary care providers in the primary care setting; if the paper was not 

an empirical study; if the paper was an editorial, a commentary or a review. Titles assessed as potentially 

relevant were downloaded onto the reference management database EndNote 112F

100. Duplicate articles of 

the same study and identical articles that had been re-retrieved across the two databases were removed.  

Search Results 

Of the 42 titles identified in the searches, one duplicate article was removed, and 38 titles were excluded 

based on the above exclusion criteria. An additional four articles were sourced using Google Scholar 

(©2018 Google LLC) and searching with free text terms that included terms such as financial 

incentives, primary care, remove and withdraw. Find details of search in PRISMA flow chart in Figure 

K.2. A full text copy of all eight included articles was accessed and the primary research was reviewed 

for relevance. Four studies were excluded with reasons. Details of included and excluded studies are 

found in Table K.1 below. The rapid review provided five more primary papers to add to the evidence 

base relating to the provision of financial incentives to primary care providers. Table K.2. provides 

                                                      
100 EndNote is a reference management software application http://unimelb.libguides.com/endnote/about 

http://unimelb.libguides.com/endnote/about
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summary details of the additional primary studies which were captured in the rapid review. A narrative 

description of three ITS studies undertaken in the U.K. by Kontopantelis et al. (2013), Kontopantelis et 

al. (2014) and Minchin et al. 2018a, one ITS study undertaken in the U.S. by Lester et al. (2010) and a 

U.S. clustered RCT undertaken by Petersen et al. (2013) can be found in the main section of the thesis 

in Chapter 3.5.2 under the heading Outcomes Summary Rapid Review. The evidence obtained from 

these additional studies was synthesised into the discussion section of Chapter 3. 
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Figure K.2.  PRISMA Flow Chart of Rapid Review Methods 
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Table K.1  Primary Studies Captured by Rapid Review 
 

Design Included/ 

Excluded 
Author/s 

Count

ry 
Incentive 

Outcomes 

Measured 
Exclusion Reasons 

RCT Excluded Asch et al. (2015) U.S. 

Target/bonus payments 

to physicians and target 

payments to patients 

LDL¥-Cholesterol level 
Incentive payments were also 

provided to patients. 

Cohort 

Study 
Included Benzer et a. (2015) U.S. 

P4P in U.S. Veterans 

Health Administration 

(VA) Medical Centres 

Cardiology involvement Diagnostic Catheterisation, Troponin results within 60 minutes 

of test order for patients with acute coronary syndrome 

Presence of enzyme inhibitor (ACE-I) or angiotensin receptor blocker (ARB) for 

patients with heart failure (prior to admission) 

Documentation of instruction for weight monitoring (prior to admission) 

Timely administration of antibiotic and pneumococcal immunisation for patients with 

pneumonia (prior to admission) 

Note: Only Diagnostic Catheterisation  and Time Antibiotic administration had a true 

baseline. 

Payments were awarded to acute 

tertiary centres based on indicators 

collected from hospital inpatients. 

CAS Excluded Gavagan et al. (2010) U.S. 
Annual target bonus 

payments 

Cervical Screening  

Mammography 

Already included as a primary paper 

in the systematic review of reviews. 

ITS  Included 
Kontopantelis et al. 

(2013) 
U.K. P4P bonus for QOF  

Influenza Immunisation 

HbA1c; €  

Cholesterol-LDL, retinal, neuropathy, Smoking status screening,  

Blood pressure monitoring 

Not Applicable–Study Included 

ITS Included 
Kontopantelis et al. 

(2014) 
U.K. P4P bonus for QOF 

Influenza Immunisation 

Lithium level monitoring 

Blood pressure monitoring 

Cholesterol-LDL, HbA1c  

Not Applicable–Study Included 

ITS Included Lester et al. (2010) U.S. 
P4P in U.S. managed 

care organisation 

HbA1c, Retinal screening 

BP monitoring, cervical cancer screening 
Not Applicable–Study Included 

ITS Included Minchin et al. 2018a U.K. 

P4P bonus for QOF 

Incentives Removed 

Smoking status screening documented in all adults 

Diabetes retinopathy screening documented 

Glycated haemoglobin testing for people with serious mental illness¥ 

BMI for people with serious mental illness 

Thyroid function test in patients with hypothyroidism 

Cholesterol screening/management in patients with stroke/TIA£/CHD# 

Patients with epilepsy documented as being seizure-free 

Lifestyle advice documented in patients with hypertension 

Preconception advice documented in patients with epilepsy 

Advice about using long-acting, reversible contraceptives documented 

Not Applicable–Study Included 

P4P bonus for QOF 

Incentives Maintained 

Blood pressure documented in patients with serious mental illness§ 

Alcohol consumption documented in patients with serious mental illness§ 

Cholesterol controlled in patients with diabetes 

Blood pressure controlled in patients with CHD# 

Blood pressure controlled in patients with stroke or TIA£ 

Smoking-cessation advice documented in smokers with chronic conditions 

Clustered 

RCT 
Included Petersen et al. (2013) U.S. 

Education Target bonus 

payments. Audit/ 

feedback 

Blood pressure monitoring Not Applicable–Study Included 

Commentary Excluded 
Salisbury-Afshar 

(2012) 
U.K. 

Capitation–

fundholding 
N/A Not an empirical study. 

§ Serious mental illness was defined as schizophrenia, bipolar affective disorder, or another psychotic disorder. 

# CHD denotes coronary heart disease; £ TIA denotes transient ischemic attack; €=HbA1c Glycated haemoglobin test 
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Table K.2.  Primary Study Intervention Effects in Rapid Review 

Authors Design Country Incentive Immunisation 

Screening 

for cancer 

& STDs 

Secondary Prevention  Other 
Risk/Presence of 

Bias 

Effect of 

Incentive on 

Outcome 

Inference 

Kontopantelis et al. 

(2013) 
ITS U.K. 

Introduction of P4P 

bonus payments for 

all QOF indicators 

for diabetes care 

Influenza 

Immunisation 
 

HbA1c  

Cholesterol-LDL, 

Retinal screening 

Neuropathy tests 

Blood pressure 

monitoring 

Smoking status 

screening 

p-values, CIs not 

reported  

Contamination 

Unintended effects 

No control 

Baseline imbalance 

The reporting of 

HbA1c  

Cholesterol-LDL, 

Retinal screening 

Neuropathy tests, 

BP monitoring 

increased in the first 

year following the 

delivery of 

incentives. 

 

Financial 

incentives are 

associated with 

improvements in 

the recorded quality 

of diabetes care in the 

first year of incentive 

delivery. 

Kontopantelis et al. 

(2014) 
ITS U.K. 

Withdrawal of P4P 

bonus for six QOF 

indicators 

Influenza 

Immunisation 
 

HbA1c 

Cholesterol-LDL  

BP Monitoring 

Lithium level 

monitoring 

p-values, CIs not 

reported  

Contamination 

Unintended effects 

Selection bias 

No control 

Random effects 

error 

Mean level of 

performance stable 

after removal of 

indicators for 

HbA1c, LDL, BP 

and Lithium 

monitoring. 

Decrease in 

immunisation 

achievement 0.8% 

to 1.8% from 2004-

2012. 

 

Levels of primary and 

secondary preventive 

care are maintained 

after performance 

indicators are 

removed. 

Lester et al. (2010) ITS U.S. 

Removal of bonus 

payments for 

performance in 

three clinical 

quality indicators 

in U.S. managed 

care organisation 

 Cervical 

HbA1c 

Retinal screening 

BP Monitoring 

 

p-values, CIs not 

reported 

Unintended effects 

Contamination 

Incentive size and 

frequency of 

payment not 

reported. 

Limited 

generalisability 

Five years after 

incentives for 

retinopathy 

screening were 

removed screening 

decreased from 

88.1% to 80.5%. 

Two years after 

incentives for 

cervical cancer 

screening were 

removed screening 

decreased from 

78.0% to 74.3%. 

Levels of primary and 

secondary preventive 

care decrease after 

performance 

indicators are 

removed. 
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Minchin et al. (2018a) ITS U.K. 

Withdrawal of P4P 

bonus for 12 QOF 

indicators 

  
Cholesterol in patients 

with CHD 

Smoking status 

screening  

HbA1c & retinal 

screening (people 

with serious mental 

illness)¥ 

Thyroid function tests 

(patients with 

hypothyroidism) 

Documentation of 

seizure free status 

and/or preconception 

advice (patients with 

epilepsy) 

Lifestyle advice 

(patients with 

hypertension) 

Documentation of 

advice about using 

long acting reversable 

contraceptives 

The time series 

had only three to 

four time points 

pre and post 

removal of 

incentive. 

Residual 

confounding not 

excluded. 

Potential 

contamination -

Difficult to 

disentangle changes 

in clinical activity 

with changes in 

documentation. 

There was a 

significant drop in 

outcome indicators 

prior to removal of 

incentives. 

Documentation of 

lifestyle counselling 

for patients 

with hypertension 

decreased by 62.3%  
(95% CI, −65.6; −59.0)  
Recording of 

cholesterol in 

patients with 

coronary heart 

disease decreased 

by 10.7%  
(95% CI, −13.6; −7.8)  
Thyroid function 

test for patients with 

hypothyroidism 

decreased by 12.1% 
(95% CI, −13.6; −10.6)  
Minimal change in 

performance on the 

6 quality measures 

where incentives 

were maintained. 

Removal of financial 

incentives was 

associated with an 

immediate decline in 

performance 

on quality measures 

involving medical 

record documentation 

of cholesterol and 

thyroid function 

testing. 

Petersen et al. (2013) 
Clustered 

RCT 
U.S. 

The delivery of 

physician and 

practice level 

incentives 

(education, bonus 

payment, audit and 

feedback) for the 

management of 

hypertension  

  
BP monitoring and 

control  
 

Unit of analysis error. 

Potential for COI–

Investigators were 

employees of the 

participating 

organisations. 

The Directors of the 

participating regions 

contributed $250,000 

for the incentives. 

 

Difference in BP 

management 

between physician 

financial incentive 

group and control 

was 8.36% (p-

value=0.005) Mean 

gains in BP control 

in the physician 

incentive group 

dropped by 9.34% 
(SD, -14.86, 3.82) 

after 12-month 

washout period. 

Financial incentives 

to individual 

physicians resulted in 

greater BP 

monitoring and 

control. 

 

 

 

n
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 Search Strategy-Rapid Review on Financial Incentives 

MeSH terms 

Financial incentive$ OR Target payment$ OR Pay for performance (Title) 

Physician$ OR Primary Care OR Health care (Title) 

Quality OR Prevent$ OR Immuni$ (Title)  

Free text search terms 

Financial, for, health, care, incentive, pay, payment, performance, P4P, physician, prevention, 

immunisation, primary, quality, target, remove, removal, withdraw 

 

MEDLINE 01/11/2018 

Financial incentive$ OR Target payment$ OR Pay for performance (Title) 

Physician$ OR Primary Care OR Health care (Title) 

Quality OR Prevent$ OR Immuni$ (Title)  

English (Language) 

Timespan 

Publication Year 2010-2018 

 

\EMBASE 01/11/2018 

Advanced Search 

Financial incentive$ OR Target payment$ OR Pay for performance–Title 

AND 

Physician$ OR Primary Care OR Health care –Title 

AND 

Quality OR Prevention$ OR Immuni$-Title 

Limit  

Publication Year 2010-2018  

English (Language
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 Significant Developments in Vaccination Practice in Australia 

Year Communicable Disease Vaccination Intervention 

1892 Diphtheria Diphtheria Diphtheria antitoxin first used 

1920 Diphtheria Diphtheria Diphtheria antitoxins manufactured by CSL 

1920 Tetanus Tetanus Tetanus antitoxins manufactured by CSL 

1920 Pertussis Pertussis Whole cell Pertussis vaccines manufactured by CSL 

1921-1929 Diphtheria Diphtheria Limited introduction of diphtheria antitoxin-case contacts vaccinated 

1932 Diphtheria Diphtheria School based diphtheria vaccination programs commence 

1939 Tetanus Tetanus Tetanus toxoid vaccine introduced-Armed Forces 

1940 Diphtheria   Diphtheria   Diphtheria vaccination programs introduced in infant welfare centres 

1942 Pertussis Pw Whole cell pertussis vaccine programs commence-Most states/territories  

1953 Diphtheria, Tetanus and Pertussis DTPw 
Diphtheria-Tetanus-whole-cell Pertussis multivalent vaccine introduced for 

infants/adolescents 

1956 Polio Polio (Salk) Inactivated polio vaccine introduced 

1966 Polio Polio (Sabin) Monovalent attenuated poliovirus vaccine introduced 

1968 Measles Measles Monovalent live attenuated measles vaccine introduced 

1969 Rubella Rubella Monovalent rubella introduced 

1982 Mumps Mumps Monovalent mumps vaccine introduced 

1986 Pneumococcal 23vcPPV, 17vPPV Multivalent pneumococcal vaccine introduced for at risk individuals 

1986-1987 Hepatitis B HepB Hepatitis B vaccination recommended for at risk adults/infants/babies 

1989 Measles, Mumps and Rubella MMR Multivalent measles, mumps and rubella vaccine introduced 

1989 Q Fever NQFMP Q fever vaccine introduced for at risk individuals working with animals 

1991 Meningococcal  MenA, C, Y, W-135 Multivalent meningococcal vaccine introduced for at risk individuals 

1993 Haemophilus Influenza Type B Hib Hib vaccine introduced for infants 

1994 Hepatitis A HepA Hepatitis A vaccine introduced for use in adults in at risk individuals 

1996 Diphtheria, Tetanus and Pertussis DTPa Diphtheria-Tetanus-acellular Pertussis vaccine introduced for infants/adolescents 
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1996 Hepatitis B HepB Hepatitis B vaccination introduced for infants and adolescents 

1999 
Haemophilus Influenza Type B, 

Hepatitis B 
Hib-hepB Haemophilus influenza and hepatitis B multivalent vaccine introduced for infants 

2000 Hepatitis A HepA Hepatitis A vaccine introduced for adults and children greater than 12 months 

2001 Rotavirus Rotavirus Monovalent rotavirus introduced for infants 

2001 
Diphtheria, Tetanus, Pertussis, 

Hepatitis B, Polio 
DTPa-hepB-IPV 

Diphtheria-Tetanus-acellular Pertussis-Hepatitis B-polio-influenza vaccine introduced for 

infants under 18 months 

2001 

Diphtheria, Tetanus, Pertussis, 

Hepatitis B, Polio, Haemophilus 

influenzae (type B) 

DTPa-hepB-IPV-Hib 
Diphtheria-Tetanus-acellular Pertussis-Hepatitis B-Polio vaccine and Influenza vaccination 

introduced for infants under 18 months 

2002 
Diphtheria, Tetanus, Pertussis, 

Polio 
DTPa-IPV Diphtheria-Tetanus-acellular Pertussis-Polio vaccine introduced for infants under 6 years 

2002 

Diphtheria, Tetanus, Pertussis 

(acellular), Polio, Haemophilus 

influenzae (type B) 

DTPa-IPV-Hib 
Diphtheria-Tetanus-acellular Pertussis-Polio-Influenza vaccine introduced for infants under 

24 months 

2003 Meningococcal C MenC Monovalent meningococcal C introduced for infants over 12 months 

2006 Rotavirus Rotavirus Monovalent rotavirus introduced for infants 

2006-2007 Human papillomavirus 4vHPv, 2vHPV Human papillomavirus–4 valent HPV and 2 valent HPV introduced for females over 9 years 

2008 Hepatitis B HepB Monovalent Hepatitis B introduced 

2009 Meningitis Type C Men C Monovalent meningitis vaccines introduced 

2009 Varicella VZV Monovalent varicella vaccine introduced 

2009-2011 Pneumococcal 23vPPV, 7vPCV Multivalent pneumococcal vaccine introduced for infants over 12 months 

2011-2013 Human papillomavirus 4vHPV  Human papillomavirus–Multivalent HPV introduced for males between 12 and 13  

2010-2013 

Diphtheria, Tetanus, Pertussis, 

Hepatitis B, Haemophilus 

influenzae (type B), Meningococcal 

serogroup C 

DTPa-hepB-Hib-

MenC 

Diphtheria-Tetanus-acellular Pertussis-Hepatitis B-Influenza-Meningococcal vaccine 

introduced for infants under 24 months 

2013 Human papillomavirus 4vHPV  Human papillomavirus–4 valent HPV no longer recommended for females aged 19-26 years 

2017 Human papillomavirus 9vHPV  Human papillomavirus–9 valent HPV recommended for females and males aged 9 -14 years 

(NCIRS, 2017a) 
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 Interventions that Determine Immunisation Uptake 

Literature Review 

Purpose 

This literature review was undertaken to capture evidence on the determinants of vaccination uptake 

using the following review questions: 

• What are the determinants of immunisation uptake within the routine delivery of universally 

recommended vaccinations? 

• What is the effectiveness of interventions used to increase immunisation? 

The literature review is presented as a narrative summary of the most relevant literature and will not be 

guided by an explicit systematic review protocol. 

Search Strategy 

A literature search was undertaken using the Medline, Web of Knowledge Database and Google Scholar 

(©2017 Google LLC). The search period was from 1990 to August 2017 and included primary papers 

and systematic reviews that were published in English. MeSH topic terms were used with the 

BOOLEAN operators AND, as well as OR and included: Immuni$ OR Vacci$ AND Uptake$ OR 

Intervention$ OR reviews. 

Type of Participant 

The population of interest in this literature review is all people eligible for vaccination services living 

in a high-income economy, general practitioners, PCPs, family physicians, medical care providers, 

immunisation providers, nurses, vaccinees. 

Type of intervention 

The interventions of interest are one or multiple evidenced based interventions, that have been delivered 

across a variety of contexts, for the improvement of immunisation uptake within the routine delivery of 

universally recommended vaccinations.  

Main outcomes 

The main outcomes of interest are measures of effectiveness relating to single or multiple interventions 

to improve immunisation coverage. Measures include attendances for immunisation services in health 



   

357 

 

care systems; the reporting of the delivery of vaccinations and changes in incidences of vaccine 

preventable diseases.  

Data summary 

The literature review provides information on the factors that determine immunisation uptake in high 

income countries and is presented in narrative form. The review outcomes will also be used to facilitate 

the development of a theoretical framework which will depict the complex relationship between 

population, environmental and health system determinants that impact on the effectiveness of targeted 

interventions to increase immunisation uptake. The framework, which will pertain to immunisation in 

the Australian context, is guided by the Community Preventive Services model (also known as The 

Community Guide) that was originally developed by Community Preventive Services Task Force in the 

US (CDC, 2018). The Community Guide conceptual model has been incorporated into many reviews 

and over time has provided a useful approach for researchers investigating the interventions that 

increase vaccination uptake (Briss, Rodewald, et al., 2000; Briss, Zaza, et al., 2000; Dubé, Gagnon, & 

MacDonald, 2015; Ndiaye et al., 2005; Shefer A. et al., 1999a). The model classifies single and 

multicomponent interventions into clusters within three conceptual categories to provide a systematic 

examination of all interventions associated with immunisation uptake. 

The conceptual categories are as follows:  

1. Increasing community demand for vaccination 

2. Enhancing access to vaccination services 

3. Provider or system-based intentions  

The interventions within the categories are influenced by certain attendant factors such as: (i) the nature 

of the activities involved (single or multi component); (ii) the way in which activities are delivered; (iii) 

the type of people targeted (general population, children, professional groups); and (iv) the setting in 

which the intervention was applied (health care setting such as general practice, or a hospital or a non-

healthcare setting such as in a local government facility or pharmacy) (Briss, Zaza, et al., 2000) 

Increasing Community Demand for Vaccinations 

Interventions that increase community demand for vaccinations have a focus on increasing community 

health literacy regarding the benefits of immunisation. The types of interventions also deliver financial 

incentives and prompts to parents to facilitate immunisation uptake. 
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Reminder and Recall Systems for Immunisation 

Background 

As the paediatric immunisation schedule becomes increasing complex, interventions to remind a parent 

that their child’s vaccination is due (reminders) or late (recall) is a strategy that is becoming embedded 

in the primary care setting. Reminders and recall notices to parents can vary in content and mode of 

delivery (telephone, letter, postcard, text messages, or email). Notices can also be personalised and can 

include educational messages about the importance of vaccination.  

Reminders and recall for immunisation was recommended by the US Task Force on Preventive Services 

in 1999 (Jacobson Vann & Szilagyi, 2005) and recommended in the 1st Edition Royal Australian 

College of General Practice in the Putting Prevention into Practice Guidelines in 1998 (RACGP, 1998). 

Around this time, an estimated 31 percent of practices in Australia had a computer on site (AC Nielsen, 

1998). For practices that did have a computer, the reminder and recall entry systems were 

underdeveloped and as a result, reminder and recall systems were managed either as a paper based 

manual entry or via the newly established unwieldy computerised system (Frank, Litt, & Beilby, 2004). 

Notwithstanding the ad hoc systems development, the use of recalls and reminders did increase and in 

2000, 54 percent of a representative sample of 1,030 Australian GPs reported using reminder and recall 

systems for immunisation and screening (Western M. C., Dwan, Western J. S., Makkai, & Del Mar, 

2003).  

These systems continued to be actively promoted in the 2nd Edition RACGP Prevention Guidelines 

(RACGP 2004). By 2003, the computer-based systems and software in Australian general practices 

were much more developed and the use of computerised recall and reminder systems were linked to 

general practice accreditation requirements and to Practice Incentive Payments (Henderson, Miller, 

Britt, & Yan, 2010). This facilitated a more systematic approach to the management of reminder and 

recalls. From 2005 onwards, there was a rapid uptake of computerised practice systems. By the end of 

2005, survey data collected by McInnes, Saltman, & Kidd (2006) reflected an almost universal clinical 

computerisation. Of the 1186 GPs surveyed, 90 percent used a clinical software package in their practice 

and of these GPs surveyed, 78 percent ran patient recall and reminder systems (McInnes et al., 2006).  

Effectiveness of Recalls and Reminders for Immunisation  

Patient reminder and recall systems, in primary care settings are likely to be effective at improving the 

proportion of the target population who receive immunisations in developed countries. Evidence from 

published systematic reviews indicated the positive effects of single component recalls and reminders 

ranged between 1 to 34 percentage points (Briss, Rodewald, et al., 2000; CDC, 2014d; Harvey, 

Reissland, & Mason, 2015; Jacobson Vann et al., 2005; Jacobson Vann & Szilagyi, 2005; Luman & 

Chu, 2009; Szilagyi et al., 2000; Zhao, et al., 2016). Recalls and reminders that were implemented as a 
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single component were found to be less effective than when implemented as a multicomponent 

intervention (Briss, Rodewald, et al., 2000; CDC, 2014d; Harvey et al., 2015; Jacobson Vann et al., 

2005; Jacobson Vann et al., 2010; Jarrett et al., 2015; Szilagyi et al., 2000; Ward et al., 2012; Williams 

et al., 2011).  

Multicomponent interventions included the use of recalls and reminders with expanded access, provider 

reminders, clinic-based education, provider education and a reduction of out-of-pocket costs (Briss, 

Rodewald, et al., 2000). Briss, Rodewald, et al. (2000) found studies which evaluated patient reminder 

and recall only interventions documented a median percentage point change of 8% (range, 27%–31%) 

and studies that evaluated patient reminder/recall as part of a multicomponent intervention documented 

a median percentage point change of 16% (range, 28%–47%). The evidence for recall and reminder 

effectiveness was found to be stronger in upper to middle-income countries (Crocker-Buque, et al., 

2017; Jarrett et al., 2015).  

Jacobson Vann et al. (2018) updated the previously published Cochrane review, which evaluated the 

effectiveness of patient reminder and recall interventions to improve the receipt of immunisations. The 

review was originally published in 2000, updated in 2005 and again in 2010. Primary research published 

up to January 2017 was included in the updated review. Jacobson Vann et al. (2018) found minimal 

change in outcomes from the past reviews and reported reminders are an effective intervention for 

improvements in childhood immunisation coverage (RR 1.22, 95% CI 1.15 to 1.29; risk difference of 

8%;). There results were based on high certainty using evidence from 23 studies which included 31,099 

participants (Jacobson Vann et al., 2018). 

Barriers to the implementation of recall and reminder systems by providers were hypothesised to be 

associated with factors such as lack of training and knowledge, workflow issues, poor infrastructure 

and administrative burden (Briss, Rodewald, et al., 2000; Pereira et al., 2012). Research around barriers 

was limited, as was research on the effectiveness of new technologies for recalls, such as text messages 

and smartphone ‘apps’ (Briss, Rodewald, et al., 2000; Crocker-Buque et al., 2017; Pereira et al., 2012; 

Ward et al., 2012). The two published reviews that have reported on evidence relating to new 

technologies have shown mixed results. The systematic review undertaken by Odone et al. (2015) found 

evidence of effectiveness for reminder interventions using SMS test messages, mobile phone ‘apps’ and 

social media. This outcome was cited in a more recent systematic review which was published by 

Crocker-Buque et al., in 2017. The Crocker-Buque et al. (2017). review also examined the impact of 

computer-based behavioural change interventions to reduce vaccine uptake inequities and found no 

evidence of association between these computer-based interventions and improvements in vaccination 

uptake. An RCT study undertaken by Frank et al. (2004) on over 10,000 patients from a large outer 

urban general practice investigated the impact of recall and reminders on immunisation coverage in the 

Australian context. The investigation showed automated opportunistic reminders significantly 

improved the provision of tetanus and pneumococcal immunisations (Frank et al., 2004). The study also 
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showed no significant difference between the intervention and control for the measles, mumps and 

rubella (MMR) vaccine in this study, however this may have been due to parental concerns at the time 

about the association of the MMR vaccine with autism (Glatman-Freedman & Nichols, 2012). 

Immunisation Incentives and Childcare Rebates 

Background 

Immunisation incentives involve the provision of financial payments, rebates and other rewards to 

motivate a parent to vaccinate their child. Immunisation incentives also include financial payment 

penalties. As described in Chapter 4, the incentives delivered to parents of children in Australia were 

delivered as part of a multicomponent national immunisation strategy. The incentives included 

childcare rebates, lump sum payments and taxation rebates. Some of the payments were delivered 

universally as they were exempted from means testing. Many of the payments were means tested. All 

payments required evidence that a child is fully immunised. They were first introduced in 1997 and 

have been frequently modified over this period.  

Effectiveness of Immunisation Incentives and Childcare Rebates 

The international evidence on the impact of immunisation incentives to parents is not strong and has 

been described in some reviews as either insufficient or inconclusive (Briss, Rodewald, et al., 2000; 

Wigham et al., 2014). An Australian review by Ward et al. (2012) however, which investigated 

strategies to improve vaccination uptake in the Australian context, concluded there is good evidence for 

the effectiveness of parental incentives to motivate a parent to vaccinate their child. This conclusion 

was based on research undertaken by Bond et al. (2002) and Lawrence, MacIntyre, et al. (2004), which 

found immunisation status was significantly associated with parent awareness of the provision of 

immunisation incentives. However, Ward et al. (2012) also reported the provision of incentives to 

parents in these studies was part of a suite of multicomponent interventions and associations of 

effectiveness could be due to other interventions delivered across the same period. Potential barriers to 

the use of financial incentives to parents include ethical concerns regarding the potential coercive nature 

of these incentives (Briss, Rodewald, et al., 2000).  

Clinic Based Parent Education When Used Alone 

Background 

Health care providers are cited by parents, including parents of unvaccinated children, as the main 

source of information about vaccination (Salmon et al 2005). Parent based education intervention in the 

general practice setting include the use of brochures, DVDs, posters, vaccine immunisation statements 

and face-to-face sessions to inform and motivate parents to vaccinate their children as recommended in 
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the National Immunisation Schedule. Approaches are usually delivered in in advance or alongside the 

parent provider consultation. 

Effectiveness of Clinic Based Parent Education When Used Alone 

There is a small amount of insufficient evidence identified in reviews undertaken in this area. From 

evidence available to date, it is not possible to determine the effectiveness of patient and parent-based 

education intervention in the general practice setting when implemented alone (Trivedi, 2014). 

However, there is evidence that education intervention in the general practice setting combined with 

one or more community-based interventions or health care system-based interventions (such as parent’s 

reminders and recalls and provider reminders and feedback) will improve paediatric immunisation 

coverage in developed countries (Jarrett et al., 2015; Williams et al., 2011). 

Community Wide Education  

Background 

Community wide parent-based education is disseminated with the goal of informing, encouraging and 

motivating parents to seek recommended vaccinations for their children. The education generally 

focuses on vaccination risks and benefits. It also has a focus when and where vaccinations can be 

obtained. Approaches may include the use of person-to-person interactions, community mobilisation 

and mass and small media strategies. 

Effectiveness of Community Wide Education  

There is insufficient evidence to determine effectiveness of community-wide education related to 

increasing paediatric vaccination rates or reducing rates of vaccine prevented diseases when 

implemented alone (Briss, Rodewald, et al., 2000; Jarrett et al., 2015; Ward et al., 2012). Most of the 

international literature reflects inconsistent results and measurement limitations and many of the studies 

include education as part of a multi-component intervention. This limits the detection of the 

effectiveness of this strategy on its own (Briss, Rodewald, et al., 2000; Jarrett et al., 2015; Ward et al., 

2012). Evidence was positive in the Ward et al. (2012) review for the use of mass media campaigns to 

increase community demand for nationally recommended and/or funded vaccines in certain target 

groups.  Barriers to the effectiveness of community wide education could include factors relating to the 

length of intervention time, as a critical period is required to enable observation of the translation of 

knowledge for behaviour change (Briss, Rodewald, et al., 2000). 
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Vaccination Requirements for Childcare and School Entry 

Background 

Childcare, school and college immunisation requirements are laws or policies requiring vaccinations or 

other documentation of immunity as a condition of attendance. Enactment and enforcement of state 

immunisation requirements for childcare and school attendance vary greatly across international 

contexts. School entry requirements in Australia were introduced in 1997 as part of the National 

Immunisation Strategy and were mandated across Australian States and Territories in a progressive 

manner as requirements became legislated. School immunisation requirements ensure immunisation 

schedule completion by the time of school entry; however, these requirements do not necessarily 

influence the timeliness of vaccination prior to school entry (Omer et al., 2009).  

Prior to 2013, Public Health Act in Australian States and Territories required that childcare facilities 

request that parents provide an Australian Childhood Immunisation Register (ACIR) Immunisation 

History Statement at enrolment, however there was no barrier to enrolment if this information was not 

provided. Following the introduction of an amendment to the Public Health Act in July 2013, childcare 

facilities were not permitted to enrol a child unless evidence in the form of an ACIR Immunisation 

History Statement was supplied by the parent. The ACIR History Statement provides documentary 

evidence of a child immunisation status for scheduled vaccinations with respect to their age. 

Alternatively, documentary evidence such as Medicare forms can be provided to demonstrate a child is 

on a recognised catch-up schedule or has a medical contraindication to vaccination. 

Effectiveness of Vaccination Requirements for Childcare and School Entry 

There is international evidence that linking immunisation to school or childcare entry is effective (CDC, 

2018), although no identified studies have formally evaluated this in the Australian context (Ward et 

al., 2012). Potential barriers to implementation of vaccination requirements for childcare, school and 

college attendance include administrative burden and difficulties in passing legislation (Briss, 

Rodewald, et al., 2000). 

Parent and Patient Held Immunisation Records 

Background 

Parent held immunisation records provides a parent documentation of their child’s vaccination history 

and their child’s vaccination status. They increase a parent’s awareness of the vaccinations required for 

their child and vaccination due dates for their child. These records can be used to assess a person’s 

vaccination status in medical and nonmedical settings and provides the opportunity to facilitate parent 

education, coordination of care and public health monitoring/reporting. 
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The handheld record provides for parents: 

• a source of information on the importance of immunisation 

• a source of information on vaccination status 

• a source of information on vaccinations yet to be received 

• a source of information on other child survival interventions 

• a tool to encourage caregiver participation in health care of child (WHO, 2015b). 

The parent handheld record provides for health workers: 

• a tool to improve the detection of at-risk children 

• a tool to improve continuity of care over time 

• a tool to improve coordination of care across health workers 

• a tool to promote other child survival interventions 

• a tool to prevent unnecessary revaccination of children already vaccinated (WHO, 2015b). 

The parent handheld record provides public health surveillance opportunities through the provision of: 

• a tool to support immunisation system performance assessments through coverage surveys 

• a tool to facilitate triangulation of data with registries 

• a tool to improve health worker accountability to the community 

• a tool to assess population immunity through household surveys (WHO, 2015b). 

Effectiveness of Parent Held Immunisation Records 

There is insufficient evidence to determine effectiveness of hand held and parent held paper-based 

immunisation records on increasing vaccination rates (Briss, Rodewald, et al., 2000; CDC, 2014d; Dubé 

et al., 2015; Williams et al., 2011). Most of the studies had limitations in study design, for example 

many studies included the holding of an immunisation record as just one activity in a multicomponent 

intervention (Briss, Rodewald, et al., 2000; CDC, 2014d). There was also significant variation in the 

interventions evaluated and several of the reported results were neither substantial nor statistically 

different from zero (Briss, Rodewald, et al., 2000; CDC, 2014d). One study did not demonstrate a 

significant difference between usual care and a home-based record booklet (Williams et al., 2011). A 

potential barrier to the use of patient and parent held medical records includes difficulties in accessing 

record, declining parent interest in record, limited retention of paper record and time burden placed on 

health providers (Briss, Rodewald, et al., 2000; CDC, 2014d). More recently the WHO and the 
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Australian Government have supported the introduction of the use of hand held electronic records to 

manage immunisation (ADHA, 2018; WHO, 2015b). However, the effectiveness of this technology for 

the reduction in vaccine hesitancy and improvements immunisation coverage has not be extensively 

investigated. 

Monetary Sanction Policies 

Background 

Monitory sanction policies are government requirements that link continuing family assistance to the 

maintenance of a child or a person’s up to date vaccination status. Legislative action establishes sanction 

policies, which range from penalties such as a reduction in the amount of family assistance accessed, to 

a total loss of benefits. The potential harms of sanction policies include the loss of financial support for 

families in need of assistance and a reduction in applications for assistance (CDC, 2015a). 

In Australia, in response to target vaccine refusal, the ‘No Jab, No Pay’ legislation was introduced on 1 

January 2016. As previously described, the ‘No Jab, No Pay’ legislation removed an exemption which 

allowed parents whose children were not fully vaccinated to remain eligible for family assistance 

payments, if they were certified as a conscientious objector by an immunisation provider. The impact 

of this legislation on national immunisation coverage has not yet been evaluated. 

Effectiveness of Monetary Sanction Policies 

There is limited evidence that monetary sanctions for incomplete immunisation are effective in the 

context of families receiving government financial support (CDC, 2015a). Two RCTS undertaken in 

the US were identified for inclusion in the CDC (2015a) systematic review on monetary sanctions and 

vaccination. One trial which investigated 2,500 families over a three year period, found significant 

improvement (absolute difference 11.8 percentage points) in the vaccination rate for children in the 

monetary sanction group (Lau & Barton, 2000). The other trial found minimal difference between rates 

of up-to-date immunisation among the baseline, monetary sanction and control groups for 2,246 US 

families (Minkovitz et al., 1999). The CDC (2015a) review did not include a randomised before and 

after trial undertaken on 2,500 US families receiving welfare benefits, which showed a significant 

increase in childhood immunisation rates in the intervention (monetary sanction) arm (Kerpelman, 

Connell, & Gunn, 2000). In this case, families in the intervention group were informed that their access 

to low-income payments would be sanctioned if they failed to provide proof of up-to-date immunisation 

status (Kerpelman et al., 2000). The authors reported monetary sanctions were applied only 11 times 

during the 3-year study period (Kerpelman et al., 2000). 
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Community–Based Interventions Implemented in Combination 

Background 

Community-based interventions implemented in combination incorporating the use of two or more 

coordinated interventions to increase rates of vaccination. Strategies incorporate networking between 

government organisations, local government and vaccination providers to implement one or more 

interventions to increase community demand, enhance access to community services and promote 

vaccination services through the delivery interventions at health system and providers level.  

Effectiveness of Community–Based Interventions Implemented in Combination 

The evidence on the effectiveness of community-based interventions incorporating the use of two or 

more coordinated interventions to increase rates of vaccination was evaluated and found to provide 

strong evidence for improvements in vaccination rates (CDC, 2014a). Of the 18 studies reviewed by 

the Community Preventive Task Force, all showed a median increase in vaccination rates of 14 

percentage point (interquartile interval (IQI): 7 to 24 percentage points) (CDC, 2014a). Patient reminder 

and recall systems were included in most combination studies (15 study arms) (CDC, 2014a). Most 

studies examined in the Community Guide 2014 review were evaluated in either urban or suburban 

setting (CDC, 2014a). None of the studies examined effectiveness in rural setting. Interventions targeted 

populations with low vaccinations rates. Evidence demonstrated effectiveness of intervention in low 

SES groups (CDC, 2014a).   

Enhancing Access to Services  

Reduction of Out-of-Pocket Costs 

Background  

A reduction in family out-of-pocket costs for vaccinations or expenses associated with administration 

of vaccination can be implemented by the delivery of recommended vaccines cost free and by the 

reduction of co-payments for vaccinations at the point of service. All vaccinations on the Australian 

National Immunisation Program (NIP) are provided to parents cost free. All vaccines administered in 

maternal and child health centres and at local council is administered cost free. In Australia, general 

practice co-payments (payments above the recommended bulk billing FFS) for the administration of a 

vaccination is payable on the delivery of the vaccination service at the discretion of the general practice. 

Effectiveness of a reduction out-of-pocket costs 

The evidence on the effectiveness of a reduction in out-of- pocket costs for immunisation was shown 

to provide strong evidence for improvements in vaccination rates (Briss, Rodewald, et al., 2000; CDC, 
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2014b; Shefer A. M. et al., 1999b). This body of evidence comes from studies undertaken on children 

and adults, in urban and rural settings in populations with variable socioeconomic status, in a variety of 

setting, including the primary care setting. Ward et al. (2012) argues in the review of research 

undertaken in Australia, the reduction of out of pocket expenses has greater relative effectiveness in 

those experiencing financial deprivation. Potential barriers to implementation of reducing out-of-pocket 

costs include fragmentation of payment mechanisms (Briss, Rodewald, et al., 2000). 

Expanding Access in Health Care Settings 

Background 

Expanding access increases the availability of vaccines in medical or public health clinical settings in 

which vaccinations are offered. Strategies to increase peoples access to vaccinations includes the 

delivery of interventions that: (1) reduce the distance travelled to locations that offer vaccines; (2) 

increase or alter the times when vaccination services are provided (such as afterhours immunisation 

sessions ; (3) deliver vaccinations in clinical settings in which they were previously not provided and 

;(4) reduce administrative barriers to obtaining vaccination services within clinics (immunisation clinic 

sessions, out of hours sessions). It has been identified that the inconvenience of obtaining vaccinations 

is a major barrier toward improving vaccination rates in children (Briss, Rodewald, et al., 2000). This 

factor might be particularly important for disadvantaged, low-income families, many of whom have 

large families and little financial support for childcare or transportation. 

Effectiveness of Expanding Access in Health Care Settings 

In 2002, the Community Preventive Task Force found insufficient evidence to determine the 

effectiveness of expanded access in healthcare settings when the intervention was implemented alone 

(CDC, 2002). Briss, Rodewald, et al. (2000) reported much of the primary evidence relating to the 

Effectiveness of expanded access on immunisation had limitations in study design and produced results 

that were statistically insignificant. There was strong scientific evidence to support the effectiveness of 

expanded access in healthcare when the intervention was used in combination with others (Briss, 

Rodewald, et al., 2000). Briss, Rodewald, et al. (2000) found studies with multicomponent and single 

component intervention arms, that did not include expanding access in the intervention had an overall 

median percentage point change in immunisation of 10% (range, -8% to 35%). The authors found effect 

estimates of immunisation coverage increased to an overall percentage point of 13% (range, -8% to 

35%) when expanding access was included in to the multicomponent intervention (Briss, Rodewald, et 

al., 2000).  
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Home Visits to Increase Vaccination Rates 

Background 

Home visits to promote vaccinations involve providing face-to-face services to people in their homes, 

which can include education and assessment of need. They deliver an opportunity to increase 

vaccination rates through the provision of vaccinations in the home and through the promotion of 

immunisation with the referral of people to accessible vaccination services. Home visits refer to visits 

conducted by primary care physicians, nurses and other providers such as pharmacist, however they can 

be highly resource-intensive relative to other available options for improving vaccination coverage 

(Briss, Rodewald, et al., 2000) 

Effectiveness of Home Visits to Increase Vaccination Rates 

There is strong evidence supporting the effectiveness of home visits as single and multicomponent 

interventions for improvements in vaccination rates (Briss, Rodewald, et al., 2000; CDC, 2010; Shefer 

A. M. et al., 1999b). Home visits for routine childhood immunisation were particularly effective in 

Aboriginal and Torres Strait Islander communities (Ward et al., 2012). The Community Preventive 

Task Force reviewed evidence from 19 studies of home visits across international contexts, of these, 17 

studies used a common measure of change. The overall effect was a median absolute change of 10 

percentage points, with an IQI of 3 to 17 percentage points (CDC, 2010). Effectiveness studies included 

in the (CDC, 2010) review were conducted in urban (12 studies) settings, rural settings (7 studies) and 

in settings with lower SES populations (CDC, 2010). Many studies were directed at effects of home 

visits on paediatric immunisation (14 studies) (CDC, 2010). 

Immunisation Catch up Programs 

Background 

The most important requirement for assessment of vaccination status is to have written documentation 

of vaccination. If a person does not have a documented receipt of vaccines received within the NIP 

schedule appropriate for their age, a catch-up schedule needs to be developed and implemented. The 

objective of ‘the catch up’ vaccination is to complete a course of vaccination to provide optimal 

protection as quickly as possible. For people who have been vaccinated overseas, the World Health 

Organization lists immunisation schedules provided by other countries. These lists can be used to 

augment the information a person has regarding the vaccinations they may have had whilst residing 

overseas (ATAGI, 2017). 
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Effectiveness of Immunisation Catch up Programs 

There is limited evidence to determine the effectiveness of catch-up-vaccination programs to increase 

vaccination rates, as there is not sufficient published research available in the area. In the published 

review undertaken by Ward et al. (2012), catch-up plans for those overdue for vaccination in the 

Australian context were found to be particularly effective, often reducing the percentage of those 

overdue by more than 50%. 

Provider or System Based-Interventions 

Immunisation Information Systems 

Background 

Immunisation information systems (IIS) are confidential, population based, computerised databases that 

record all vaccination administered by a provider, to people residing within a given geospatial area. At 

the point of care, an IIS can provide a consolidated immunisation history to ensure immunisation 

providers deliver appropriate, opportunistic vaccination services to children and adults in their care. At 

the population level, an IIS provides aggregated vaccination data for use in surveillance of 

immunisation coverage and review of program operations. 

Effectiveness Immunisation Information Systems 

The evidence on the effectiveness of immunisation information systems was relatively strong. This 

conclusion was based on findings a systematic review undertaken by Groom et al. (2015) that showed 

following the introduction of IIS, vaccination rates increased, and the incidence of vaccine-preventable 

disease decreased.  

All studies included in review indicated IIS:  

• created effective interventions such as patient reminder and recall systems, provider assessment 

and feedback and provider reminders; 

• determined a person’s vaccination status for decisions made by clinicians, health departments 

and schools; 

• guided public health responses to outbreaks of vaccine-preventable disease; 

• informed assessments of vaccination coverage, missed vaccination opportunities, invalid dose 

administration and disparities in vaccination coverage and 

• facilitated vaccine management and accountability (Groom et al., 2015). 
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The Groom et al. (2015) review considered 240 studies and assigned them to nine categories for 

evidence assessment:  

(i) overall evidence on IIS effectiveness in increasing vaccination rates 

(ii) IIS-supported interventions to increase vaccination rates 

(iii) IIS use in vaccination-related decisions by clinicians, schools and health care systems 

(iv) IIS use in public health response  

(v) IIS use to support vaccine management 

(vi) IIS to assess vaccine safety and effectiveness 

(vii) IIS as a tool for in public health decision support 

(viii) IIS integrated with other child health information systems  

(ix) IIS as contributing to change in documentation (Groom et al., 2015). 

In the large body of evidence that Groom et al. (2015) considered IIS appeared to be effective in the: 

(1) development and maintenance of a person’s reminder and recall, provider assessment and feedback 

and provider reminders (47 studies); (2) determination of a person’s vaccination status for decisions 

made by clinicians, health care systems and schools (14 studies); (3) evaluation of public health 

responses to outbreaks of vaccine preventable disease (18 studies); (4) evaluation of vaccination 

coverage, missed vaccination opportunities, invalid dose administration, disparities in vaccination rates 

(110 studies); (5) assessment vaccine safety and effectiveness (17 studies); and (6) facilitation of 

vaccine management and accountability (14 studies). 

There were several important limitations in the evidence. Most of the included studies reporting 

vaccination rates relied on the IIS for measurements of change during periods in which IIS participation 

and reporting were also increasing (Groom et al., 2015). In general, studies provided little information 

to distinguish between actual improvements in vaccination rates or coverage and improvements in 

participation and reporting and the body of evidence lacked information regarding the daily use and 

utility of IIS to vaccination providers, especially in clinical settings. (Groom et al., 2015). 

Provider Assessment and Feedback 

Background 

Provider assessment and feedback involves retrospectively evaluating the performance of providers in 

delivering one or more vaccinations to a patient population and giving this information as feedback to 

the providers. Assessment and feedback can also involve other activities such as incentives or 

benchmarking. Provider assessment and feedback can result in improvements in vaccination coverage 
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either by changing provider knowledge, attitudes and behaviour, or by stimulating the use of additional 

changes in the vaccination delivery system, such as the use of reminders or standing orders (Briss, 

Rodewald, et al., 2000; CDC, 2015b).  

Effectiveness of Provider Assessment and Feedback 

The evidence, which was gathered from studies across many contexts, showed strong evidence of 

effectiveness when provider assessment and feedback was delivered alone and when used in 

combination with other interventions. (Bordley et al., 2000; Briss, Rodewald, et al., 2000; CDC, 2015b; 

Shefer A. M. et al., 1999b). The Ward et al. (2012) review, which investigated interventions to improve 

vaccination uptake in the Australian context., found there was insufficient evidence on provider 

assessment and feedback and improvements vaccination coverage to draw any strong conclusions 

regarding effectiveness. The finding of strong evidence across international contexts was based on 

evidence from two systematic reviews; one completed in 2008 which included 19 studies and had a 

search period from 1997 to 2007 and a more recent review which included only one study and had a 

search period between 2007 and 2012 (CDC, 2015b). The CDC (2015b) review found the overall 

vaccination rates increased by a median of 9 percentage points. The CDC (2015b) review also found a 

median absolute increase in immunisation coverage of 11 percentage points (IQI: 7 to 12 percentage 

points) when assessment and feedback for providers was implemented alone (CDC, 2015b). When 

additional intervention components to the assessment and feedback for providers were implemented, 

there was a median absolute increase in immunisation coverage of 6 percentage points (IQI: 3 to 18) 

was observed CDC (2015b).  

Ward et al. (2012) included two studies from the Australian setting, which provided evidence on the 

topic. One included study was an audit of 800 electronic medical records of Defence Force personal 

and the other was an uncontrolled post cohort study undertaken across 36 residential aged care facilities 

(Ward et al., 2012). Although both publications reported an increase in coverage after feedback, Ward 

et al. (2012) argued it was not possible to make conclusions as the design and execution of the studies 

did not have enough rigor to determine significance of effectiveness. 

Provider Education when Used Alone 

Background 

Provider education when used alone aims to increase a provider’s knowledge or change attitudes about 

vaccinations. Information is delivered using sources such as written materials, DVDs, lectures, 

continuing medical education programs, computer-assisted instruction and distance-based training. 

Provider education assumes that provider knowledge regarding vaccination will affect behaviour in a 

positive manner. The delivery of provider education has the potential to stimulate providers to deliver 

additional vaccinations, change provider-patient interactions to increase a person’s acceptance of 
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vaccinations, or to motivate providers to implement other interventions that may facilitate immunisation 

uptake such as reminder and recall systems or standing orders. 

Effectiveness of Provider Education when Used Alone 

The Community Preventive Services Task Force undertook two reviews on the effectiveness of the use 

of provider education when used alone that had a search period from 1980-2009 and 2009-2012 (CDC, 

2015c). The CDC (2015c) found insufficient evidence to determine the effectiveness of provider 

education interventions when implemented alone in improving vaccination rates or reducing vaccine-

preventable illness. The evidence was considered insufficient because the six identified studies 

observed changes in vaccination rates that were both small in magnitude and inconsistent (CDC, 2015c). 

The result of the CDC (2015c) review is consistent with the Briss, Rodewald, et al. (2000) review, 

which also found insufficient evidence to assess the effectiveness of provider education-only 

interventions in improving vaccination coverage.  

Provider Reminders 

Background 

Provider reminder interventions inform those who administer vaccinations that an individual is due for 

specific vaccinations. Reminders are delivered using a variation of strategies, including notes prepared 

in advance and posted in a patient’s medical record, alerts and flags in electronic medical records, letters 

to providers with information on unimmunised or at-risk patients, or lists of children due for 

immunisation sent to providers in the mail. 

Effectiveness of Provider Reminders 

The Community Preventive Services Task Force undertook two reviews on the effectiveness of the use 

of provider reminders, when used alone or when combined with additional interventions, to increase 

vaccination rates among people of all ages from different populations or settings. The first review 

included 23 studies and had search period from 1997 to 2007. The results from this review were 

combined with more recent evidence that had a search period from 2007 to 2012 and provided an 

additional 5 studies. 

The findings from the combined reviews provided strong evidence that provider reminder increase 

vaccination rates across all a wide range of settings and population groups. Twenty-two studies 

provided an overall median increase in immunisation coverage of 10 percentage points (IQI: 6 to 25). 

The review showed a median increase in vaccination rates of 12 percentage points (IQI: 6 to 25) when 

studies examined provider reminders alone. When studies examined the impact of provider reminders 

with additional interventions a median increase of 9 percentage points (IQI: 5 to 25 percentage points) 
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was observed (CDC, 2015d). Ward et al. (2012) in the review investigating immunisation uptake in 

Australia, also found studies that provided high level evidence which supported the use of provider 

reminders to increase immunisation coverage.  

Standing Orders  

Background 

Standing orders authorise nurses, pharmacists and other healthcare personnel where allowed by state 

law, to assess a person's immunisation status and administer vaccinations according to a protocol 

approved by an institution, physician, or other authorized practitioner. The protocol enables assessment 

and vaccination without the need for examination or direct order from the attending provider at the time 

of the interaction. 

Effectiveness of Standing Orders 

A review undertaken by CDC (2015e), which included 29 eligible studies on the effectiveness of 

standing orders, when used alone or in combination with additional interventions, had a search period 

between 1997-2009. Results from a further CDC (2015e) review that had a search period 2009-February 

2012 provided evidence from an additional 6 studies and was combined with the first review to 

determine the effectiveness of standing orders to increase vaccination rates.  

The review found overall vaccination rates increased by a median of 24 percentage points (CDC, 

2015e). The review also found vaccination rates increased by a median of 16 percentage points when 

standing orders used alone increased and when standing orders where used in combination with 

additional interventions vaccination rates increased by a median of 27 percentage points (CDC, 2015e). 

Four studies specifically examined the impact of standing orders on vaccination rates among children 

and found standing orders for children increased vaccination rates by a median of 28 percentage points 

(CDC, 2015e). Potential barriers to implementing standing orders could include difficulties encouraging 

effective inter-professional communication and shared responsibilities and the burden of standing 

orders on providers and systems (Briss, Rodewald, et al., 2000). 

Health Care System Based Interventions Implemented in Combination 

Background 

Health care system-based interventions implemented in combination involve the use of two or more 

coordinated interventions to increase vaccination rates in children and adults. Interventions are 

implemented primarily in health care settings; additional activities can be delivered within the 

community. Specific interventions may include individual reminder and recall systems; clinic-based 
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parent education; expanded access in health care settings; provider assessment and feedback; provider 

reminders; and standing orders. The selection and implementation of coordinated interventions may 

result from an overall quality improvement effort in a health care setting. 

Effectiveness of Health Care System Based Interventions Implemented in Combination 

The evidence of effectiveness for health care system-based interventions, which are implemented in 

combination for improvements in vaccination rates, is strong (Briss, Rodewald, et al., 2000; CDC, 

2014d). In a review undertaken by The Community Task Force in 2014, recommendations for 

improvements in vaccination rates include a combination of following health care system-based 

interventions.  

At least one intervention to increase patient demand for vaccinations: 

• Patient reminder and recall systems 

• Clinic-based patient education 

• Manual outreach and tracking 

 

Plus, one or more interventions that address either, or both, of the following strategies: 

• Interventions to enhance access to vaccinations 

• Expanded access in health care settings 

• Reduced patient out-of-pocket costs 

• Home visits 

 

Interventions directed at vaccination providers or systems: 

• Provider reminders 

• Standing orders 

• Provider assessment and feedback 

For the CDC (2014d) review, 58 of the 64 included primary studies provided a common measure of 

change in vaccination rates and showed a median increase of 9 percentage points (IQI: 4 to 21). In 

general, changes in vaccination rates were greater when interventions were implemented in settings 

with low baseline rates (CDC, 2014d). Overall, included studies provided evidence of effectiveness for 

intervention combinations implemented in a range of clinical settings and communities, although 

evidence from rural settings was limited (CDC, 2014d). Studies also demonstrated effectiveness across 

a range of patient populations and vaccinations, including young children (childhood series, influenza) 

and older adults (influenza, pneumococcal and tetanus vaccines) (CDC, 2014d). Two of the included 

studies evaluated interventions targeted at increasing vaccination rates among adolescents. Finally, the 

included studies demonstrated increases in vaccination rates for populations of low socioeconomic 

status and across a range of racial and ethnic groups (CDC, 2014d). Most of the included evidence 
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evaluated patient populations with low to moderate baseline vaccination rates and findings are most 

applicable to these situations (CDC, 2014d). 
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  Immunisation Coverage Policy Mapping Methodology  

Measurements 1993–2005  

Vaccination Coverage Reports–1993 to 2005 

The Communicable Disease Intelligence produced four biennial reports which reported on vaccine 

preventable diseases and vaccine coverage in Australia, from the years 1993 to 2005 (Brotherton et al., 

2004; Brotherton et al., 2007; McIntyre et al., 2000; McIntyre et al., 2002). Vaccination coverage was 

presented in the reports as either two trendlines which represented the proportion of Australian children 

immunised at Milestone 1 and Milestone 2 (McIntyre et al., 2000), or three trendlines which represented 

the proportion of Australian children immunised at each of the three milestone points in the national 

immunisation schedule (Brotherton et al., 2004; Brotherton et al., 2007; McIntyre et al., 2002). Unlike 

the reports published more recently, these earlier CDI publications did not report on immunisation 

coverage in numerical form, instead they conveyed vaccination coverage figuratively as a line or a bar 

graph, with the x axis labelled ‘Coverage assessment date for each cohort’ and the y axis labelled 

‘Coverage %’.  

Methods for Trendline 1995-2005 

It was recognised the ACIR underestimated immunisation coverage in the years following the 

establishment of the ACIR in 1993. This resulted in the under-reporting of immunisation coverage up 

from this point in time until 1996 (Hull et al., 2002; Hull & McIntyre, 2000). Extraction of coverage 

data from the reports included coverage data from 31 March 1997 to 31 December 2015. 

As the proportion of children vaccinated in Australia was generally not reported on numerically in the 

first four coverage reports (Brotherton et al., 2004; Brotherton et al., 2007; McIntyre et al., 2000; 

McIntyre et al., 2002), quarterly immunisation coverage rates for each cohort was ascertained visually 

for the majority of quarters between 1997 to 2005. Percentage points for the time series trendlines 

estimated using a ruler and a pencil to measure individual points on the horizontal axis of the graphs. 

Measurements were taken either from the point of intersection between the time and coverage points 

on the line graph or from the maximum height of the bar on the bar graph. This was done for each of 

the milestones where data was available.  

The CDI publication that examined immunisation coverage from 1993 to 2000 reported on measurements 

for the MMR vaccine only (McIntyre et al., 2000). All other publications which reported on immunisation 

coverage at Milestone 2 used the administration of multiple vaccines on the NIP schedule to establish 
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immunisation coverage. Consequently, the coverage estimates for Milestone 2 in the coverage report for 

1993 to 2000 was not included in the Milestone 2 trendline.  

A small number of coverage figures were also reported numerically. These numerical figures were used to 

check against the estimations made from the bar and line graphs. It was found these numerical figures 

correlated with estimations made using visual estimation methods. These methods are rudimentary, however 

for the purposes of mapping this publicly available ACIR data, extrapolation of the data points estimates 

enabled the mapping of a trendline of national paediatric immunisation coverage over an eighteen-year period. 

Find below an illustration of how values for the trendline were estimated using the bar and line graphs 

which represented immunisation coverage from 1993 to 2005 that were published in the CDI reports 113F

101 

(Brotherton et al., 2004; Brotherton et al., 2007; McIntyre et al., 2000; McIntyre et al., 2002). 

Measurements 2006 -2016 

Background 

From 2006 onwards, the National Centre for Immunisation Research & Surveillance (NCIRS) used the 

ACIR immunisation data, to produce annual immunisation coverage reports that provided highly specific 

and detailed summaries of national vaccination coverage at each milestone age.  

Vaccination Coverage Reports 

This coverage data was presented in numerical and graphical form (NCIRS, 2017c). These annual reports 

were published on both the NCIRs website and in the Communicable Diseases Intelligence journal (Hull, 

Deeks, Menzies et al., 2009; Hull et al., 2010; Hull et al., 2011; Hull, Dey, Menzies, et al., 2013; Hull, 

Dey, Menzies, Brotherton, et al., 2013; Hull et al., 2014; Hull et al., 2017; Hull et al., 2018). More 

information was provided in Quarterly Reports, which were published alongside the annual reports in the 

Communicable Diseases Intelligence journal every quarter (Hull et al., 2015). The quarterly data showed 

the percentage of children (across each 3-month birth cohort) who were assessed at each quarter as being 

fully immunised at 12 months, 24 months and 60 months (72 months). In these reports, as in the annual 

reports, fully immunised referred to the administration of most of vaccines on the NIP schedule. 

Information provided in the annual and quarterly reports was used in the development of the trendline 

from 2006 onwards. 

 

 

                                                      
101 Figure K-1 and Figure K-2 were developed using the values estimated from the CDI reports using methods as described above. 
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Figure O-1..Illustration of Methods for Capturing Vaccination Coverage Estimates-Bar Graphs 

 

Figure O-2  Illustration of Methods for Capturing Vaccination Coverage Estimates-Line Graphs 
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Methods for Trendline 2006-2016 

The reports published on the NCIRs website and in the Communicable Diseases Intelligence journal 

provided quarterly immunisation coverage estimates in numerical form. This provided an opportunity 

to graph a trendline which represented percentage values of the proportion of Australian children who 

were recorded as fully immunised for each quarter from 2006 to 2016. 

Data Extraction 

The immunisation coverage estimates, for all childhood milestones assessed, across 76 consecutive 

quarters from 31 March 1997 to 31 December 2016 were entered into Microsoft Excel 2010 (Office 

2010; Microsoft Corporation, Redmond, WA, U.S.) as percentage values. The data was transformed 

into line graphs and the plot was appended with the policy levers which were directly associated with 

immunisation coverage.  
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 ACIR Data Access Timelines 

Communication was established with the ACIR on 26 March 2013 (Box O-1). The ACIR contact 

informed me that the immunisation coverage data which was not publicly available, was accessible only 

after approval from the Department of Human Services (DHS) and the Department of Health and 

Ageing (DoHA). Following this first point of contact with the ACIR, I was emailed a DHS Data Request 

Clarification Form.  

The approval process was initiated as soon as I emailed the completed Data Request Clarification Form 

to DHS. Prior to submission of the Data Request Clarification Form, I had a teleconference with both 

the Senior Policy Officer of ACIR at DHS and a member of the DHS Information Delivery Team. The 

purpose of the meeting was to clarify the request document and facilitate consistent terminology 

between ACIR data sets.  

I then emailed the completed data request form (Appendix Q) and a data specification sheet (Appendix 

R) to the DHS Immunisation Section for review. I included in the data request document a request for 

notification of outcome by 1 July 2013. I also provided time frames for extraction of data. In May 2013 

the DHS forwarded on the documents to the DoHA for further consideration. 

Box P-1 Establishment of Communication with the ACIR 

 

 

 

 

On 5 August 2013, I received a telephone call from the Assistant Director of Public Policy at the DoHA 

and was informed the data request would be reviewed by Request Review Committee which was also 

located at the DoHA. Following this review, the data request was then directed to Assistant Secretary, 

Immunisation Branch also at DoHA for further consideration.  

Subsequently, the request then went from the Immunisation Branch at the DoHA to an External Request 

Evaluation Committee (EREC) within the DHS for final approval. The EREC is a Department of Human 

Services committee outside the Immunisation Section which met fortnightly to determine the release of 

data sets. The committee had a focus of the provision of data privacy (Figure O-1). Both DoHA and DHS 

Communication with the Australian Childhood Immunisation Register (ACIR) was initiated after navigation across 

a number Australian Government internet sites. The search commenced at the Australian Government, Department 

of Human Services (DHS) Contacts page. From there I navigated to the Medicare Australia Contacts for Health 

Professionals page. A link on this page led me to an ACIR free call telephone number. At this point I requested 

access to a branch or section within the department that was responsible for the management of ACIR data requests. 

I was provided an ACIR email address which led me to the Senior Policy Officer from the Australian Childhood 

Immunisation Branch at the Department of Human Services, Canberra, Australia.  
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expected an approval outcome from EREC would be received by 1 October 2013. Approval was not 

received by this date.  

On 29 October 2013, I drafted a formal letter requesting the associated departments expedite data 

approval. This letter was undersigned by my PhD supervisors and posted to the Assistant Secretary of 

the Immunisation Branch at the Office of Health Protection, DoHA.  

On the 21 November 2013 a letter was received from the DoHA Assistant Secretary of the Immunisation 

Branch. It provided indicative timelines for ACIR data approval and access. The timelines proposed by 

the DoHA Assistant Secretary indicated access to data would be between three to 10 weeks. I continued 

to maintain email and phone contact with the DHS policy officers at the ACIR. The first batch of ACIR 

data was received by May 2015 and a second batch was received in July 2016.  

Figure P-1  Data request–Communication pathways 
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 ACIR Data Clarification Request 

IRT Number: (Department of Human Services Use Only): 

 Contact Details: 

Title (Mrs/Miss/Mr/Dr. etc.) Ms 

First Name Christine 

Surname Hallinan 

Occupation PHD Candidate 

Institution/Company Name                 The General Practice and Primary Health Care 

Academic Centre at The University of Melbourne 

Type of Institution                         University 

Address      200 Berkeley Street Carlton 

State       Victoria 

Postcode 3053 

Telephone 0438811595; (03) 83447276 

Fax (03)93476136 

E-mail                                         hallinan@unimelb.edu.au 

Information Requirements: 

The Department of Human Services (DHS) is committed to improving Australia's health through the provision of 

information to health consumers.  Please supply answers to the following questions in order to progress your request: 

1. How will the information you are requesting contribute to improving Australia's health?  

I will be undertaking a naturalistic study to examine the impact of removal of the General Practice Immunisation 

Incentive (GPII) outcomes payments on immunisation coverage across geographical areas (postcodes) in Australia. 

I will also explore the socio-demographic and general practice factors within postcode areas that are associated with 

immunisation coverage. This naturalistic study will provide an evaluation of the impact of the removal of financial 

incentives on immunisation coverage rates across Australia from time periods spanning across: (i) the inception of 

routine immunisation reporting by ACIR reporting in 30 June 1999 through to (ii) 31 March 2015, 22 months after 

removal of the GPII outcomes payment. 

This study will improve population health in Australia by enabling a better understanding of the types of general 

practices that are most sensitive to financial incentive triggers. The knowledge gained will provide evidence for 

policy makers relating to the impact of financial incentives on preventive health care in Australia.  
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2. Please provide details of how you believe the data you are requesting will assist your project? 

This research aims to:  

(i) Examine the impact of the removal of incentives on immunisation coverage across postcode areas through the 

use of interrupted time series analysis; 

(ii) Explore the relationship between immunisation coverage and socio-demographic and general practice factors 

across same postcode areas; 

(iii) Develop a predictive logistic model based on time series data before removal of GPII outcomes payment to 

determine change in immunisation coverage after removal of the GPII outcomes payment. 

Quarterly birth cohorts 

To undertake this time series analysis I require data on immunisation coverage at postcode level for all children 

registered with Medicare since the inception of routine postcode level immunisation reporting by ACIR (30 June 

1999). I require data across four birth cohorts for each rolling calendar year commencing 30 June 1999 through 

to 31 March 2015 (See Table 1). 

Table 1. Cohort inclusion period within a given year 

Birth Cohort Time periods (quarters) across a calendar year 

Cohort 1 Born between January 1 and March 31 

Cohort 2 Born between April 1 to June 30 

Cohort 3 Born between July 1 to September 30  

Cohort 4 Born between October 1 to December 31  

 

Immunisation schedule milestones  

Immunisation coverage of children (less than 7 years) who are eligible for vaccines under the National 

Immunisation Program will be assessed across three immunisation schedule milestones (See Table 2) 

Table 2–Immunisation schedule milestones 

Age Milestone Immunisation coverage assessment age 

First Milestone  

(for vaccines due at 6months) 

1 year–12 to 15* months 

Second Milestone 

(for vaccines due at 12months)  

2 years–24 to 27* months 

Third Milestone   

(for vaccines due at 4-5 years) 

6 years–72 to 75*months (before 31 March 2008) 

5 years– 60 to 63* months (after 31 March 2008) 
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Assessment of immunisation coverage will include immunisations given on or before a child’s first, second or 

fifth birthday (sixth birthday –if assessed before 31 March 2008).  

*A minimum lag period of three months after the birthday milestone will be allowed to accommodate for late 

notification of immunisations to ACIR register.  

Time series data points:  

The immunisation coverage data for the interrupted time series study will be collected at the national level across 

64 data points from 30 June 1999 to 31 March 2015. The first 56 data points will be plotted from the inception of 

the reporting of ACIR coverage data collected at postcode level (30 June 1999) through to the last quarterly report 

prior the removal of the GPII outcomes payment (31 March 2013). There will be 8 time series data points after 

removal of GPII outcomes payment, from 30 June 2013 to 31 March 2015 (See Figure 1). 

As the ‘first birth cohort’ ages over time, coverage data for the second and third immunisation milestones will 

progressively appear along the data points in the time series. The ‘first birth cohort’ comprises children who were 

born in the first quarter of 1996 (between 1 January 1996 and 31 March 1996). At the first milestone assessment 

date of 31 March 1997, the age range of the cohort will be between 12 months and 15 months. Data relating to 

the second milestone report will ‘come in’ on 31 March 1998. This time series will only map data commencing 

30 June 1999, as routine postcode level immunisation coverage data reported by ACIR was not available prior to 

this date. The third scheduled milestone report for the ‘first birth cohort’ assessed at six years of age will ‘come 

in’ on 31 March 2002 (See on Excel spread sheet attached) 

Note: In March 2008 the time-frame for assessment of third milestone coverage changed from, immunisation 

coverage assessed at 6 years, to immunisation coverage assessed at 5 years. 

Units of analysis: Post codes will be units of analysis for calculation of immunisation coverage. Postal Areas 

(POAs), the ABS approximation of Australia Post postcodes, will be units of analysis for explanatory variables.  

Independent variable: The independent variable is the General Practice Immunisation Incentive (GPII) outcomes 

payment which was removed on 1 May 2013. 

Explanatory variables: Key explanatory variables will be general practice and geographic variables hypothesised 

to be associated with immunisation uptake.  

Explanatory variables that incorporate information relating to specific ACIR indicators will be variables relating 

to the proportion of general practitioners who have administered vaccines across milestone cohorts at the postcode 

level. The Immunising provider element will be used to determine the number of immunisations given by general 

practitioners against the number of immunisations provided by other vaccine providers. 

Explanatory variables at postcode level outside of those relating to specific ACIR indicators include variables 

gathered from: ABS census data; ABS-SEIFA indices; ARIA remoteness classifications; local government 
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services-(infant welfare, immunisation services); local health services-(general practices, community health 

centres, aboriginal health centres, hospitals); child care services and primary schooling attendance (both require 

evidence of complete immunisation for enrolment-this varies across jurisdictions).  

Outcome variable: The outcome variable will be quarterly ACIR immunisation coverage rates at postcode level. 

The proportion of children designated as ‘fully immunised’ will be calculated using the number of children who 

are assessed as fully immunised at age milestone (i.e. the number of Medicare-registered children completely 

immunised at a particular milestone age) as the numerator and the number of children assessed for coverage in 

age milestone (i.e. the total number of Medicare registered children at a particular milestone age) as the 

denominator. 

3. From which program(s) do you require data?  

I require postcode level data relating to the Immunising provider element. Specifically, I require data on the: 

(i) number of children who are assessed as fully immunised at age milestone 

(ii) number of children vaccinated by a general practitioner as assessed by coverage at age milestone 

(iii) number of children vaccinated by a local government provider as assessed by coverage at age milestone 

(iv) number of children vaccinated by an alternate provider (including providers from community health 

centres, indigenous health services, hospitals and nurse practitioners) as assessed by coverage at age 

milestone 

(v) number of children assessed for coverage in age milestone 

 

4. What date period/s is required?  (Data extraction period is limited to 4 years and 6 months). 

Data extraction will be required in two batches across the time period from 30 June 1999 to 31 March 2015. 

• Batch 1–from 30 June 1999 to 31 March 2013 

• Batch 2–regular quarterly reports from 30 June 2013 to 31 March 2015 

 

5. Extraction date: Please allow 10 weeks (minimum)  

I have received a University of Melbourne Australian Post-graduate Award (APA) to undertake this research. My 

PhD Confirmation milestone is due by 1 August 2013. I require feedback relating to the feasibility of this request 

before 1 July 2013.  

Batch 1–Requested extraction date 1 September 2013 otherwise as soon as possible. 

Batch 2–Extraction of regular quarterly reports from 30 June 2013 to 31 March 2015. 
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6. Do you require regular reports? At what summary level do you require this data:  National / State / 

Local Government Area (LGA) / Statistical Local Area (SLA) / Statistical Sub Division (SSD) / or Division 

of General Practice (DGP).  

Yes Batch 2 in the form of regular quarterly reports from 30 June 2013 to 31 March 2015 at postcode level. 

 

7. Is the data extraction to be based on the location (State/LGA etc…) of the patient or provider?  

Data extraction is to be based on the location of the patient (postcode level) 

 

8. Will this information be published / presented?  

This information will be presented in my Doctoral Thesis and presented as published papers in peer reviewed 

journals. 

 

9. Are you requesting this information on behalf of someone else?  

No. I (Christine Hallinan) will be undertaking the research. 

 

10. How should your report look?    

Have you thought about how you would like your report presented?  To ensure that we have interpreted your data 

specifications correctly, including format and presentation and to avoid delays please provide us with a sample of 

what your requirements are. For assistance please refer to the attached document.  

Please see on data specifications excel spread sheet attached (Data specifications-ACIR CH-Final). 

 

  

Thank you for providing the above information. We will endeavour to finalise your request as soon as possible. 

If your request is approved a cost recovery charge may apply. We will provide you with a written cost estimation 

for your consideration, along with any data limitation information that you need to be aware of. The cost 

estimation must be accepted in writing prior to commencement of data extraction. You will be issued with an 

invoice after receipt of the report. 

To assist people access DHS information at no cost we have developed a statistics page on our web site. This 

might provide you with enough information to meet your requirements. To access our statistics page go to 

http://www.medicareaustralia.gov.au/providers/health_statistics/statistical_reporting.htm.  If you experience any 

difficulties accessing the site you can call our Internet help desk for assistance on 1300 650 039* (local call cost 

within Australia). 
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 ACIR Data Specifications 

Data specifications (at postcode level)–number of children assessed as fully immunised, number of children vaccination by general practice providers, number of children vaccinated by local 

government providers, number of children vaccinated by 'other' providers, number of children assessed for immunisation coverage. 

 

Postcodenumber2894 
Age 

Milestones 

Immunisation 

coverage 

assessment age 
30-Jun-99 30-Sep-99 

Postcode (PC) 

First Milestone  
(for vaccines due 

at 6 months) 

1 year 
(12–15 months) 

Number of 

children who are 
assessed as fully 

immunised at 

1yr milestone 

Number of 

children 

vaccinated by 

a general 
practitioner as 

assessed by 

coverage at 

1yr milestone 

Number of 

children 

vaccinated by 

a local 
government 

provider as 

assessed by 

coverage at 1yr 

milestone 

Number of 

children 

vaccinated by 

an alternate* 
provider as 

assessed by 

coverage at 1yr 

milestone 

Number of 

children 
assessed for 

coverage in 1yr 

milestone 

Number of 

children who 

are assessed as 
fully 

immunised at 

1yr milestone 

Number of 

children 

vaccinated by a 

general 
practitioner as 

assessed by 

coverage at 1yr 

milestone 

Number of 

children 

vaccinated by a 

local 
government 

provider as 

assessed by 

coverage at 1yr 

milestone 

Number of 

children 

vaccinated by 

an alternate* 
provider as 

assessed by 

coverage at 1yr 

milestone 

Number of 

children 
assessed for 

coverage in 1yr 

milestone 

Second 

Milestone  

(for vaccines due 
at 12 months) 

2 years 

(24–27 months) 

Number of 

children who are 

assessed as fully 
immunised at 

2yr milestone 

Number of 

children 

vaccinated by 

a general 

practitioner as 
assessed by 

coverage at 

2yr milestone 

Number of 

children 

vaccinated by 

a local 

government 
provider as 

assessed by 

coverage at 2yr 

milestone 

Number of 

children 

vaccinated by 

an alternate* 

provider as 
assessed by 

coverage at 2yr 

milestone 

Number of 

children 

assessed for 
coverage in 2yr 

milestone 

Number of 

children who 

are assessed as 

fully 
immunised at 

2yr milestone 

Number of 

children 

vaccinated by a 

general 

practitioner as 
assessed by 

coverage at 2yr 

milestone 

Number of 

children 

vaccinated by a 

local 

government 
provider as 

assessed by 

coverage at 2yr 

milestone 

Number of 

children 

vaccinated by 

an alternate* 

provider as 
assessed by 

coverage at 2yr 

milestone 

Number of 

children 

assessed for 
coverage in 2yr 

milestone 

Third Milestone  

(for vaccines due 

at 4 years) 

5 years 

(60–63 months) 

First birth 

cohort** less 

than 5 years of 

age 

First birth 

cohort** less 

than 5 years 

of age 

First birth 

cohort** less 

than 5 years of 

age 

First birth 

cohort** less 

than 5 years of 

age 

First birth 

cohort** less 

than 5 years of 

age 

First birth 

cohort** less 

than 5 years of 

age 

First birth 

cohort** less 

than 5 years of 

age 

First birth 

cohort** less 

than 5 years of 

age 

First birth 

cohort** less 

than 5 years of 

age 

First birth 

cohort** less 

than 5 years of 

age 

6 years 

(72–75 months) 

First birth 

cohort** less 

than 6 years of 

age 

First birth 

cohort** less 

than 6 years 

of age 

First birth 

cohort** less 

than 6 years of 

age 

First birth 

cohort** less 

than 6 years of 

age 

First birth 

cohort** less 

than 6 years of 

age 

First birth 

cohort** less 

than 6 years of 

age 

First birth 

cohort** less 

than 6 years of 

age 

First birth 

cohort** less 

than 6 years of 

age 

First birth 

cohort** less 

than 6 years of 

age 

First birth 

cohort** less 

than 6 years of 

age 

PC #1 

(See note below) 

First Milestone  

(for vaccines due 

at 6 months)  

1 year 

(12–15 months) 
191 153 33 5 215 191 153 33 5 215 

Second 

Milestone 

(for vaccines due 

at 12 months) 

2 years 

(24–27 months) 
171 145 21 5 217 171 145 21 5 216 

Third Milestone  

(for vaccines due 

at 4 years) 

5 years 
(60–63 months) 

# # # # # # # # # # 

6 years 

(72–75 months) 
** ** ** ** ** ** ** ** ** **  
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PC #2 

(See note below) 

First Milestone  

(for vaccines due 

at 6 months) 

1 year 

(12–15 months) 
196 158 38 10 220 196 158 38 10 220 

Second 

Milestone  

(for vaccines due 

at 12 months) 

2 years 

(24–27 months) 
139 104 25 10 215 139 104 25 10 215 

Third Milestone  

(for vaccines due 

at 4 years) 

5 years 

(60–63 months) 
# # # # # # # # # # 

6 years 

(72–75 months) 
** ** ** ** ** ** ** ** ** ** 

PC #(n+1) 

First Milestone  

(for vaccines due 
at 6 months) 

1 years 
(12–15 months) 

161 123 9 0 181 161 123 9 0 181 

Second 

Milestone  

(for vaccines due 

at 12 months) 

2 years 

(24–27 months) 
171 145 21 5 217 171 145 21 5 216 

Third Milestone  

(for vaccines due 

at 4 years) 

5 years 

(60–63 months) 
# # # # # # # # # # 

6 years 
(72–75 months) 

** ** ** ** ** ** ** ** ** ** 

PC #2894 

First Milestone  

(for vaccines due 

at 6 months) 

1 year 

(12–15 months) 
191 153 33 5 215 191 153 33 5 215 

Second 

Milestone  

(for vaccines due 

at 12 months) 

2 years 

(24–27 months) 
171 145 21 5 217 171 145 21 5 216 

Third Milestone  

(for vaccines due 

at 4 years) 

5 years 
(60–63 months) 

# # # # # # # # # # 

6 years 

(72–75 months) 
** ** ** ** ** ** ** ** ** ** 

*Alternate providers include providers from community health centres, indigenous health services, hospitals and nurse practitioners. 

* First birth cohort born in the first quarter of 1996 (between 1 January 1996 and 31 March 1996)- Coverage data for cohort for the Third Milestone 'comes in' March 2002 

# 5yr milestone coverage algorithm not yet established 

## 6yr milestone coverage algorithm redundant 

Note: Using dummy variables with following population estimates. Number of children in Australia approximately 1,864,199 (ABS-1996).   

Average number of children per postcode = 644. Approximately 215 children/postcode/milestone/quarter 

IMPORTANT DATES March 1997–1st scheduled milestone report for  'First birth cohort'; March 1998- 2nd scheduled milestone report for ‘First birth cohort'; March 2002- 3rd scheduled milestone report (assessed at 6yrs) for 'First birth cohort'; March 2008 

-3rd milestone coverage assessment timeframe changed from coverage assessed at 6 years to coverage assessed at 5 years.
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 Trendlines for Milestones 1, 2 & 3  
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 Milestone 2 and Milestone 3 

Milestone 2 

As evident in the Milestone 2 trendline found in Appendix S, coverage estimates also increased steadily 

from just over 80.5 percent for the quarter ending on the 31 March 2000 to over 90 percent by end of 

September 2003, for all vaccines due by two years of age at Milestone 2. There was a noticeable increase 

in immunisation coverage in the two quarters prior to the September 2003 peak, which was largely due 

to a change to coverage calculation algorithm relating to the removal of the fourth dose of DTPa (due 

at 18 months) from the schedule. This change converted the immunisation status of a child who was 

reported as having ‘incomplete immunisation’ to a ‘fully immunised’ status, as the fourth dose of DTPa 

was no longer required. Coverage rates for most of the series up until December 2013 were stable and 

fluctuated between 91 and 92 percent. Like in Milestone 1, there were no evident effects of 

immunisation by practice nurse on coverage trendline following the introduction of the nurse incentive 

on 1 November 2005. Likewise, there was no evidence of effect of the removal of funding for 

immunisation by practice nurse on the trendline after removal of the incentive on 1 January 2012. As 

was for Milestone 1, there was minimal change in the trendline following the removal of the GPII-SIP 

on 01 October 2008. 

There was a small disruption to the stability of the trendline in September 2009, where a dip was evident. 

This was due to the standardisation of the coverage calculation algorithm for receipt of Haemophilus 

influenzae type b and hepatitis B vaccines from a change in classification of fully covered on receipt of 

a 2nd or 3rd dose, to a fully covered status on receipt of the 3rd dose only. This change reflected a more 

accurate measure of coverage for the two vaccines and consequently produced a drop in the trendline.  

The coverage trendline level for Milestone 2, exceeded that of Milestone 1 from September 2003 up to 

June 2014. This trend was interrupted by was a substantial and steep decline in the period immediately 

following the June 2014 quarter. This coincided with the introduction an additional dose of the measles–

mumps–rubella (MMR) vaccine on 1 July 2014. The addition of the second MMR vaccine into the 

schedule resulted in a marked drop in MMR vaccination coverage estimates of around 6 percentage 

points. This drop would have been embedded in the decline evident in the September 2014 quarter of 

the trendline. 

Also included in the July algorithm changes, was an amendment to the coverage calculation for the 

classification of fully covered on receipt of scheduled vaccines. These classification changes were 

included in the immunisation coverage requirement for the 30 December 2013 coverage calculation. 
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From the evidence provide by the trendline, these classification changes did not appear to have an 

impact on immunisation coverage.  

Like in Milestone 1, the immunisation trendline for Milestone 2 increased following the public 

announcement of the ‘No Jab No Pay’ policy. However, the post ‘No Jab No Pay’ levels peaked well 

below preceding levels, as the impact of the additional vaccine requirements for a fully immunised 

classification which was introduced in July 2014 persisted throughout the coverage trendline.  

Milestone 3 

As shown in Milestone 3 trendline found in Appendix S, coverage estimates for vaccines due for four 

to five years were not reported by the ACIR until 31 March 2002. The immunisation coverage trendline 

slowly increased from just under 81percent in March 2002 to close to 84percent in March 2006. There 

was a noticeable increase in the trendline in the quarter from June to September 2006. This corresponded 

with the removal of the oral polio vaccine from the schedule and the introduction of the combination 

Polio/Diphtheria/Tetanus/Pertussis vaccine on 1 November 2005. GP remuneration for immunisation 

by a practice nurse was also introduced at the same time. The was no evidence of change in the trendline 

following the removal of the GPII-SIP on 01 October 2008. 

In January 2009, changes were made to the overdue rules so that children were classified as overdue 

for pre-school boosters at 49 months instead of the previous 60 months of age. This change also applied 

to immunisation requirements for access to parental incentive payments. There was a steep increase in 

the immunisation coverage trendline following this overdue rule change, with immunisation coverage 

surging from around 78.5 percent at beginning of January to over 88.5 percent in March 2010.  

The trendline continued to increase from this time onward until the end of 2011, where it fluctuated 

around a coverage level of 91.5 percent between 2012 to 2014. Policy changes such as the removal 

remuneration for practice nurse immunisation services and the removal of the parental immunisation 

allowance did not impact on the trendline across this period.  

As for Milestone 1 and Milestone 2, the immunisation trendline for Milestone 3 also increased following 

the public announcement of the ‘No Jab No Pay’ policy. The slope of the trendline corresponding to 

this increase was similar for all milestone trendlines. As in the other milestones, the increase in coverage 

peaked about two quarters after the ‘No Jab No Pay’ policy announcement and by the time the policy 

was implemented four quarters after the announcement the immunisation coverage line was trending 

downwards.
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 Number of Children in Postcodes for Milestone 1 

Table U.1  Number of Children Fully Immunised under 12 Months of Age in a Postcode 
 

 

Number of 

Children 

Fully 

Immunised 

in a Postcode Freq.

Number of 

Children 

Fully 

Immunised

Number of 

Children 

Fully 

Immunised 

in a Postcode Freq.

Number of 

Children 

Fully 

Immunised

Number of 

Children 

Fully 

Immunised 

in a Postcode Freq.

Number of 

Children 

Fully 

Immunised

Suppressed 67381 67381 116 131 15196 263 5 1315

1 944 944 117 128 14976 264 6 1584

2 625 1250 118 128 15104 265 3 795

3 493 1479 119 116 13804 266 7 1862

3 1 3 120 112 13440 267 8 2136

4 1 4 121 131 15851 268 10 2680

4 1 4 122 114 13908 269 9 2421

4 346 1384 123 108 13284 270 7 1890

5 1 5 124 110 13640 271 3 813

5 284 1420 125 100 12500 272 2 544

5 1 5 126 111 13986 274 6 1644

6 2 12 127 86 10922 275 4 1100

6 3 18 128 88 11264 276 4 1104

6 265 1590 129 89 11481 277 5 1385

6 1 6 130 82 10660 278 2 556

6 7 42 131 83 10873 279 7 1953

7 11 77 132 76 10032 280 1 280

7 366 2562 133 70 9310 281 3 843

7 1 7 134 102 13668 282 4 1128

7 37 259 135 73 9855 283 2 566

7 9 63 136 71 9656 284 5 1420

8 1 8 137 68 9316 285 2 570

8 4 32 138 69 9522 286 6 1716

8 3 24 139 75 10425 287 4 1148

8 683 5464 140 82 11480 288 2 576

8 9 72 141 81 11421 289 2 578

8 127 1016 142 82 11644 290 4 1160

8 46 368 143 65 9295 291 3 873

8 1 8 144 59 8496 292 3 876

8 1 8 145 61 8845 293 3 879

9 1 9 146 73 10658 294 5 1470

9 50 450 147 65 9555 295 1 295

9 1332 11988 148 62 9176 296 4 1184

9 337 3033 149 51 7599 297 2 594

9 3 27 150 63 9450 298 4 1192

9 21 189 151 56 8456 299 2 598

Small Cells 73399 101211 152 53 8056 300 2 600

153 43 6579 301 3 903

10 8 80 154 53 8162 302 7 2114

10 2679 26790 155 43 6665 303 3 909

10 12 120 156 42 6552 304 1 304

10 1 10 157 47 7379 305 3 915

11 2532 27852 158 45 7110 306 4 1224

12 2287 27444 159 38 6042 307 2 614

13 2179 28327 160 43 6880 308 1 308

14 2003 28042 161 39 6279 309 2 618

15 1966 29490 162 48 7776 310 3 930

16 1832 29312 163 37 6031 311 1 311

17 1752 29784 164 39 6396 312 1 312

18 1697 30546 165 42 6930 313 2 626

19 1631 30989 166 36 5976 314 3 942

20 1565 31300 167 32 5344 316 2 632

21 1500 31500 168 41 6888 317 5 1585

22 1425 31350 169 41 6929 320 2 640

23 1436 33028 170 23 3910 321 2 642

24 1400 33600 171 32 5472 322 3 966

25 1419 35475 172 33 5676 323 6 1938

26 1285 33410 173 27 4671 324 3 972

Numerator-Milestone 1 Numerator-Milestone 1 Numerator-Milestone 1
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Table U.1  Number of Children Fully Immunised under 12 Months of Age in a Postcode (cont.)  

27 1371 37017 174 31 5394 325 3 975

28 1281 35868 175 37 6475 327 2 654

29 1242 36018 176 29 5104 328 4 1312

30 1174 35220 177 32 5664 329 1 329

31 1196 37076 178 37 6586 331 5 1655

32 1163 37216 179 41 7339 333 2 666

33 1115 36795 180 22 3960 334 1 334

34 1036 35224 181 24 4344 335 1 335

35 1060 37100 182 24 4368 336 1 336

36 1003 36108 183 20 3660 337 1 337

37 954 35298 184 27 4968 338 1 338

38 1002 38076 185 24 4440 339 3 1017

39 980 38220 186 31 5766 340 2 680

40 934 37360 187 20 3740 341 2 682

41 901 36941 188 22 4136 342 1 342

42 859 36078 189 22 4158 343 1 343

43 839 36077 190 22 4180 344 1 344

44 792 34848 191 15 2865 345 2 690

45 807 36315 192 17 3264 346 1 346

46 711 32706 193 20 3860 348 2 696

47 728 34216 194 21 4074 349 2 698

48 744 35712 195 17 3315 350 1 350

49 665 32585 196 20 3920 351 1 351

50 679 33950 197 16 3152 352 3 1056

51 609 31059 198 16 3168 353 2 706

52 640 33280 199 26 5174 354 3 1062

53 599 31747 200 12 2400 355 3 1065

54 544 29376 201 15 3015 356 3 1068

55 615 33825 202 13 2626 357 1 357

56 560 31360 203 18 3654 358 2 716

57 525 29925 204 13 2652 359 1 359

58 555 32190 205 13 2665 360 1 360

59 485 28615 206 16 3296 361 2 722

60 485 29100 207 12 2484 362 1 362

61 503 30683 208 13 2704 364 1 364

62 500 31000 209 9 1881 365 1 365

63 477 30051 210 23 4830 366 2 732

64 445 28480 211 19 4009 367 2 734

65 453 29445 212 8 1696 368 1 368

66 462 30492 213 15 3195 369 3 1107

67 412 27604 214 15 3210 370 1 370

68 420 28560 215 14 3010 371 3 1113

69 391 26979 216 12 2592 372 1 372

70 381 26670 217 10 2170 373 2 746

71 366 25986 218 5 1090 374 1 374

72 360 25920 219 10 2190 375 2 750

73 356 25988 220 18 3960 376 1 376

74 351 25974 221 11 2431 377 1 377

75 349 26175 222 8 1776 378 2 756

76 310 23560 223 12 2676 379 1 379

77 323 24871 224 9 2016 380 2 760

78 321 25038 225 9 2025 381 3 1143

79 279 22041 226 10 2260 383 1 383

80 281 22480 227 8 1816 385 4 1540

81 292 23652 228 9 2052 386 1 386

82 300 24600 229 12 2748 387 3 1161

83 274 22742 230 16 3680 389 2 778

84 268 22512 231 8 1848 391 2 782

85 243 20655 232 11 2552 392 1 392

86 243 20898 233 12 2796 394 1 394
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Table U.1  Number of Children Fully Immunised under 12 Months of Age in a Postcode (cont.) 

 

Table U.2  Number of Children under 12 Months of Age in a Postcode 

87 269 23403 234 5 1170 397 1 397

88 244 21472 235 8 1880 398 1 398

89 231 20559 236 9 2124 400 2 800

90 223 20070 237 8 1896 402 1 402

91 239 21749 238 7 1666 404 1 404

92 240 22080 239 6 1434 406 1 406

93 259 24087 240 9 2160 408 1 408

94 213 20022 241 9 2169 410 2 820

95 201 19095 242 9 2178 413 2 826

96 216 20736 243 7 1701 415 1 415

97 216 20952 244 10 2440 417 1 417

98 175 17150 245 7 1715 426 1 426

99 203 20097 246 4 984 428 1 428

100 179 17900 247 6 1482 429 2 858

101 164 16564 248 11 2728 431 1 431

102 193 19686 249 13 3237 434 1 434

103 171 17613 250 8 2000 437 1 437

104 163 16952 251 5 1255 439 1 439

105 164 17220 252 7 1764 440 1 440

106 183 19398 253 6 1518 442 1 442

107 149 15943 254 6 1524 446 1 446

108 165 17820 255 11 2805 448 1 448

109 154 16786 256 8 2048 463 1 463

110 178 19580 257 8 2056 465 1 465

111 157 17427 258 6 1548 471 1 471

112 166 18592 259 6 1554 487 1 487

113 139 15707 260 5 1300 Large Cells 79951 3835881

114 138 15732 261 5 1305 Total 153350 3937092

115 122 14030 262 8 2096

Prop Small/Lg 47.86% 2.64%

Denominator-Milestone 1 Denominator-Milestone 1

Number of 

Children  in a 

Postcode Freq.

Number of 

Children 

Denominator

Number of 

Children  in 

a Postcode Freq.

Number of 

Children 

Denominator

Number of 

Children  in a 

Postcode Freq.

Number of 

Children 

Denominator

Suppressed 67,341 67,341 150 69 10350 314 5 1570

1 848 848 151 84 12684 315 3 945

2 624 1,248 152 62 9424 316 3 948

3 62 186 153 83 12699 317 1 317

3 408 1,224 154 56 8624 318 2 636

3 10 30 155 61 9455 319 2 638

4 353 1,412 156 72 11232 320 5 1600

5 250 1,250 157 61 9577 321 2 642

6 14 84 158 50 7900 322 4 1288

6 173 1,038 159 54 8586 324 3 972

6 41 246 160 55 8800 325 3 975

7 20 140 161 69 11109 326 1 326

7 122 854 162 54 8748 327 2 654

7 52 364 163 35 5705 328 4 1312

8 157 1,256 164 63 10332 329 5 1645

9 3 27 165 57 9405 330 1 330

9 5 45 166 53 8798 331 2 662

9 18 162 167 55 9185 332 5 1660

9 36 324 168 53 8904 333 2 666

9 94 846 169 51 8619 334 1 334

9 1 9 170 49 8330 336 2 672

Small Cells 70,632 78,934 171 42 7182 337 2 674

172 46 7912 338 1 338

10 2,756 27,560 173 37 6401 339 3 1017

11 2,397 26,367 174 42 7308 340 3 1020

12 2,339 28,068 175 29 5075 341 1 341

13 2,093 27,209 176 45 7920 342 2 684

14 1,942 27,188 177 32 5664 343 6 2058

15 1,980 29,700 178 36 6408 345 1 345

16 1,732 27,712 179 37 6623 346 3 1038

Denominator-Milestone 1
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Table U.2  Number of Children under 12 Months of Age in a Postcode (cont.) 

 

17 1,710 29,070 180 37 6660 347 2 694

18 1,699 30,582 181 41 7421 348 1 348

19 1,560 29,640 182 27 4914 349 2 698

20 1,550 31,000 183 48 8784 351 1 351

21 1,445 30,345 184 24 4416 352 2 704

22 1,417 31,174 185 23 4255 353 4 1412

23 1,427 32,821 186 27 5022 354 3 1062

24 1,345 32,280 187 35 6545 355 2 710

25 1,362 34,050 188 38 7144 356 3 1068

26 1,286 33,436 189 24 4536 358 2 716

27 1,251 33,777 190 28 5320 359 2 718

28 1,245 34,860 191 25 4775 360 4 1440

29 1,210 35,090 192 33 6336 361 3 1083

30 1,200 36,000 193 26 5018 363 2 726

31 1,182 36,642 194 25 4850 364 1 364

32 1,156 36,992 195 24 4680 366 5 1830

33 1,132 37,356 196 23 4508 367 4 1468

34 1,108 37,672 197 28 5516 373 1 373

35 1,036 36,260 198 29 5742 374 3 1122

36 1,018 36,648 199 17 3383 375 1 375

37 970 35,890 200 19 3800 376 2 752

38 1,007 38,266 201 26 5226 378 3 1134

39 936 36,504 202 15 3030 379 2 758

40 937 37,480 203 30 6090 380 3 1140

41 911 37,351 204 21 4284 381 4 1524

42 872 36,624 205 21 4305 383 1 383

43 897 38,571 206 15 3090 385 1 385

44 858 37,752 207 20 4140 386 1 386

45 821 36,945 208 18 3744 387 1 387

46 784 36,064 209 12 2508 388 1 388

47 814 38,258 210 23 4830 389 4 1556

48 785 37,680 211 19 4009 390 4 1560

49 741 36,309 212 15 3180 391 1 391

50 655 32,750 213 16 3408 392 3 1176

51 677 34,527 214 15 3210 393 3 1179

52 645 33,540 215 17 3655 394 1 394

53 635 33,655 216 19 4104 396 1 396

54 651 35,154 217 14 3038 397 1 397

55 610 33,550 218 14 3052 398 1 398

56 581 32,536 219 10 2190 399 2 798

57 564 32,148 220 17 3740 400 2 800

58 584 33,872 221 16 3536 401 2 802

59 547 32,273 222 15 3330 403 2 806

60 547 32,820 223 16 3568 404 1 404

61 509 31,049 224 16 3584 405 1 405

62 465 28,830 225 12 2700 406 2 812

63 458 28,854 226 19 4294 407 2 814

64 476 30,464 227 13 2951 409 1 409

65 449 29,185 228 12 2736 410 1 410

66 480 31,680 229 13 2977 413 1 413

67 416 27,872 230 7 1610 414 2 828

68 460 31,280 231 8 1848 415 1 415

69 451 31,119 232 8 1856 416 2 832

70 403 28,210 233 12 2796 417 1 417

71 409 29,039 234 10 2340 418 1 418

72 414 29,808 235 14 3290 419 1 419

73 399 29,127 236 12 2832 420 1 420

74 365 27,010 237 13 3081 423 2 846

75 367 27,525 238 8 1904 425 2 850

76 376 28,576 239 10 2390 426 3 1278

77 356 27,412 240 12 2880 427 2 854

78 326 25,428 241 6 1446 428 1 428

79 355 28,045 242 12 2904 431 1 431

80 307 24,560 243 14 3402 432 2 864

81 292 23,652 244 10 2440 433 2 866

82 277 22,714 245 7 1715 434 2 868

83 337 27,971 246 9 2214 439 1 439

84 298 25,032 247 10 2470 442 1 442

85 295 25,075 248 9 2232 443 1 443

86 278 23,908 249 7 1743 445 1 445

87 276 24,012 250 6 1500 447 3 1341

88 271 23,848 251 8 2008 448 2 896
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Table U-2 Number of Children under 12 Months of Age in a Postcode (cont) 

 

 

 

89 238 21,182 252 6 1512 450 1 450

90 260 23,400 253 12 3036 457 1 457

91 245 22,295 254 5 1270 458 1 458

92 260 23,920 255 9 2295 459 1 459

93 239 22,227 256 4 1024 460 1 460

94 242 22,748 257 7 1799 464 1 464

95 219 20,805 258 8 2064 465 1 465

96 208 19,968 259 7 1813 469 1 469

97 244 23,668 260 2 520 472 2 944

98 208 20,384 261 7 1827 477 1 477

99 229 22,671 262 10 2620 478 1 478

100 218 21,800 263 10 2630 482 1 482

101 214 21,614 264 6 1584 483 1 483

102 196 19,992 265 10 2650 484 1 484

103 196 20,188 266 5 1330 489 1 489

104 177 18,408 267 6 1602 496 1 496

105 197 20,685 268 5 1340 497 1 497

106 193 20,458 269 8 2152 510 1 510

107 175 18,725 270 9 2430 521 1 521

108 157 16,956 271 6 1626 524 1 524

109 185 20,165 272 6 1632 Large Cells 82718 4228959

110 177 19,470 273 6 1638 Total 153350 4307893

111 162 17,982 274 7 1918

112 148 16,576 275 3 825 Small Cell% 46.06% 1.83%

113 138 15,594 276 5 1380

114 174 19,836 277 11 3047

115 145 16,675 278 7 1946

116 146 16,936 279 3 837

117 146 17,082 280 6 1680

118 134 15,812 281 6 1686

119 158 18,802 282 6 1692

120 147 17,640 283 9 2547

121 144 17,424 284 8 2272

122 126 15,372 285 8 2280

123 140 17,220 286 2 572

124 119 14,756 287 5 1435

125 125 15,625 288 3 864

126 120 15,120 289 7 2023

127 129 16,383 290 5 1450

128 102 13,056 291 8 2328

129 105 13,545 292 6 1752

130 116 15,080 293 3 879

131 108 14,148 294 5 1470

132 118 15,576 295 6 1770

133 102 13,566 296 3 888

134 83 11,122 297 6 1782

135 105 14,175 298 2 596

136 86 11,696 299 7 2093

137 85 11,645 300 4 1200

138 96 13,248 301 3 903

139 101 14,039 302 7 2114

140 86 12,040 303 7 2121

141 79 11,139 304 9 2736

142 71 10,082 305 5 1525

143 81 11,583 306 5 1530

144 83 11,952 307 5 1535

145 83 12,035 308 4 1232

146 55 8,030 309 3 927

147 73 10,731 310 2 620

148 82 12,136 311 2 622

149 71 10,579 313 7 2191
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Table U.3  Number of Postcodes Reporting Percent of Children Immunised per Quarter 

Quarter 

Number of Postcodes Reporting Percent of Children Immunised per Quarter 
Total Number of 

Postcodes 

Milestone 1 (12<15Months) Milestone 2 (24<27 Months) 
Milestone 3  

(72<75 Months) 
Milestone 3 

 (60<63 Months) 
 

1 2,341 2,359 0 0 4,700 

2 2,374 2,370 0 0 4,744 

3 2,378 2,363 0 0 4,741 

4 2,338 2,377 0 0 4,715 

5 2,371 2,366 0 0 4,737 

6 2,355 2,379 0 0 4,734 

7 2,364 2,388 0 0 4,752 

8 2,336 2,353 0 0 4,689 

9 2,381 2,374 2,405 0 7,160 

10 2,340 2,388 2,424 0 7,152 

11 2,361 2,373 2,414 0 7,148 

12 2,347 2,348 2,395 0 7,090 

13 2,381 2,394 2,402 0 7,177 

14 2,375 2,355 2,396 0 7,126 

15 2,369 2,376 2,392 0 7,137 

16 2,357 2,369 2,399 0 7,125 

17 2,348 2,395 2,402 0 7,145 

18 2,389 2,399 2,419 0 7,207 

19 2,379 2,403 2,427 0 7,209 

20 2,378 2,392 2,432 0 7,202 

21 2,395 2,381 2,427 0 7,203 

22 2,358 2,389 2,425 0 7,172 

23 2,405 2,413 2,435 0 7,253 

24 2,358 2,385 2,397 0 7,140 

25 2,383 2,396 2,436 0 7,215 

26 2,407 2,375 2,425 0 7,207 

27 2,400 2,418 2,438 0 7,256 

28 2,389 2,385 2,412 0 7,186 

29 2,408 2,384 2,429 0 7,221 

30 2,400 2,424 2,406 0 7,230 

31 2,407 2,408 2,428 0 7,243 

32 2,414 2,402 0 2,416 7,232 

33 2,444 2,451 0 2,419 7,314 

34 2,428 2,422 0 2,411 7,261 

35 2,445 2,431 0 2,457 7,333 

36 2,419 2,432 0 2,428 7,279 

37 2,440 2,452 0 2,448 7,340 

38 2,413 2,437 0 2,429 7,279 

39 2,419 2,450 0 2,419 7,288 

40 2,408 2,427 0 2,434 7,269 

41 2,392 2,437 0 2,440 7,269 

42 2,417 2,430 0 2,428 7,275 

43 2,432 2,429 0 2,446 7,307 

44 2,402 2,442 0 2,432 7,276 

45 2,417 2,414 0 2,481 7,312 

46 2,426 2,437 0 2,445 7,308 

47 2,411 2,444 0 2,469 7,324 

48 2,436 2,420 0 2,454 7,310 

49 2,399 2,437 0 2,475 7,311 

50 2,429 2,442 0 2,451 7,322 

51 2,428 2,440 0 2,479 7,347 

52 2,404 2,437 0 2,441 7,282 

53 2,430 2,409 0 2,468 7,307 

54 2,412 2,444 0 2,466 7,322 

55 2,420 2,444 0 2,456 7,320 

56 2,408 2,403 0 2,443 7,254 

57 2,417 2,437 0 2,439 7,293 

58 2,431 2,408 0 2,473 7,312 

59 2,422 2,423 0 2,479 7,324 

60 2,416 2,410 0 2,456 7,282 

61 2,396 2,373 0 2,437 7,206 

62 2,363 2,394 0 2,421 7,178 

64 2,413 2,418  0 2,447 7,278 

Total 153,350 153,977 55,565 80,723 443,615 
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 Stata 15 ® Coding for Piecewise Regression Original Series 

cd "C:\Users\hallinan\OneDrive–The University of Melbourne\Documents\ACIR_First" 

log using "ACIR_APPEND_#05_Segmented Regression_M1_Raw_Q1-64", replace 

 

use "PercentperQuarterM1.dta", clear 

 

**Technique 1–RESCALE CENTRED AT THE BEGINNING AND END OF EACH SEGMENT 

 

Rescale–QUARTER CENTERED AT 36 = Quarter 1 

**Intercept at beginning of segment 1–intercept at end quarter 1 

**Quarter 1–1st segment 

regress avgmeanpcentM1  quarter_ if quarter_ <36 

 

**Rescale–QUARTER CENTERED AT 36 = Quarter 35 

**First beta coefficient in the model -Trend  

**At and before quarter 36 = Quarter 35 

generate quarter_36 = quarter_–36 

regress avgmeanpcentM1 quarter_36 if quarter_ <36 

 

**Rescale–QUARTER CENTERED AT 36 = Quarter 36 

**Second beta coefficient in the model -Trend  

**At and after quarter 36 (up to quarter 55) = Quarter 36 

regress avgmeanpcentM1  quarter_36 if (quarter_ >=36 &  quarter_<55) 

 

**Rescale–QUARTER CENTERED AT 55 = Quarter 54 

**At and before quarter 55 = Quarter 54 

generate quarter_55 = quarter_–55 

regress avgmeanpcentM1  quarter_55 if (quarter_ >=36 & quarter_<55) 

 

**Rescale–QUARTER CENTERED AT 55 = Quarter 55 

**At and after quarter 55 = Quarter 55 

regress avgmeanpcentM1 quarter_55 if (quarter_ >=55 & quarter_<=64) 

  

**Rescale–QUARTER CENTERED AT 64 = Quarter 64 

**Intercept at the end of segment 3–intercept at quarter 64 = Quarter 64 

generate quarter_64 = quarter_–64 

regress avgmeanpcentM1 quarter_64 if (quarter_ >=55 & quarter_ <=64 
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**/----------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------/** 

**Technique 2–RESCALE CENTRED AT ZERO 

**Combined model, coding for separate slope and intercept. 

**GPII1 is time CENTERED around quarter 36, from quarter 1 to quarter 36 and is converted to zero at quarter 36, when the SIP is removed (representing the effect of time with SIP and OBP 

on immunisation coverage) 

**GPII2 is time CENTERED around quarter 36, from quarter 36 to quarter 55 and is converted to zero before quarter 36, prior to SIP removal (representing the effect of time with no SIP in 

place on immunisation coverage) 

**int1 is 1 before quarter 36 (representing the intercept for before removal of the SIP) 

**int2 is 1 after quarter 36 before quarter 55 (representing the intercept after removal of the SIP before removal of the OBP) 

 

generate gpii1 = (quarter_–36) 

replace gpii1 = 0 if quarter_ >=36 

generate gpii2 = (quarter_–36) in 1/54 

replace gpii2 = 0 if quarter_ <36  

generate int1 = 1 

replace int1 = 0 if quarter_ >=36 

generate int2 = 1 in 1/54 

replace int2 = 0 if quarter_ <36  

tablist quarter_ int1 int2 gpii1 gpii2, sort(v)  

regress avgmeanpcentM1 int1 int2 gpii1 gpii2 , hascons 

 

predict yhat1 

tablist quarter_ yhat1, sort(v) 

**Change in intercept 

lincom (int2–int1) 

**Change in trend (slope) 

lincom (gpii2–gpii1) 

 

**Rescale–QUARTER CENTERED AT 55–Beginning of segment 3 

**Combined model, coding for separate slope and intercept. Need data that incorporate all quarter in segment 2 and segment 3 

**GPII3 is time from quarter 36 to quarter 54 representing the effect of time with no SIP in place on immunisation coverage 

**GPII4 is time from quarter 55 to quarter 64 representing the effect of time with no SIP or PIP in place on immunisation coverage 

**int3 is 1 before quarter 55 (representing the intercept for before removal of the SIP) 

**int4 is 1 after quarter 55 (representing the intercept for after removal of the SIP and OBP) 

 

generate gpii3 = (quarter_–55) in 36/64 

replace gpii3 = 0 if quarter_ >=55  

generate gpii4 = (quarter_–55) in 36/64 

replace gpii4 = 0 if quarter_ <55 in 36/64 

generate int3 = 1  
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replace int3 = 0 if quarter_ >=55  

generate int4 = 1  

replace int4 = 0 if quarter_ <55  

regress avgmeanpcentM1 int3 int4 gpii3 gpii4 , hascons 

 

predict yhat2 

tablist quarter_ yhat1 yhat2, sort(v) 

 

**Change in intercept Q55 

lincom (int4–int3) 

 

**Change in trend (slope) _Q55 

lincom (gpii4–gpii3) 

 

use "PcentperQuartM1.dta", clear 

 

generate gpii1 = (quarter_–36) 

replace gpii1 = 0 if quarter_ >=36 

generate gpii2 = (quarter_–36) in 1/54 

replace gpii2 = 0 if quarter_ <36  

 

generate int1 = 1 

replace int1 = 0 if quarter_ >=36 

generate int2 = 1 in 1/54 

replace int2 = 0 if quarter_ <36 

 

generate gpii3 = (quarter_–55) in 36/64 

replace gpii3 = 0 if quarter_ >=55  

generate gpii4 = (quarter_–55) in 36/64 

replace gpii4 = 0 if quarter_ <55 in 36/64 

 

generate int3 = 1  

replace int3 = 0 if quarter_ >=55  

generate int4 = 1  

replace int4 = 0 if quarter_ <55  
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**/----------------------------------------------------------------------------------------------------------------------------- -----------------------------------------------------------------------------/****Technique 3–

**Technique 3  MKSPLINE 

 

**Using mkspline to get separate slope coding–XGPII 

**We then run the regression below. Note that the effect for xage1 is the slope before quarter 36,  

**and xgpii2 is the slope after quarter 36. The term int2 corresponds to the jump in the regression lines at quarter 36.  

**The value for _cons is the predicted amount of immunisation coverage at quarter 0 

** xgpii1 = xgpii1 variable is a variable representing the time CENTERED around quarter 36 but converted to 0 on and after quarter 36 (representing the effect of time before quarter_36)–Q1-

Q36 

** xgpii2 = xgpii2 variable is a variable representing the time CENTERED around quarter 36 but converted to 0 before quarter 36 (representing the effect of time on and after quarter_36)–

Q36-Q54 

 

drop if quarter_ >54 

 

tablist quarter_ int1 int2 gpii1 gpii2 

 

mkspline xgpii1 36 xgpii2 = quarter_  

 

tablist quarter_ int1 int2 gpii1 gpii2 xgpii1 xgpii2, sort(v) 

 

regress avgmeanpcentM1 xgpii1 xgpii2 int2  

**We then run the regression below. Note that the effect for xgpii3 is the slope before quarter 55,  

**and xgpii4 is the slope after quarter54. The term int4 corresponds to the jump in the regression lines at quarter 55.  

**The value for _cons is the predicted amount of immunisation coverage for quarter 54. 

 

use "PcentperQuartM1.dta", clear 

 

generate gpii1 = (quarter_–36) 

replace gpii1 = 0 if quarter_ >=36 

generate gpii2 = (quarter_–36) in 1/54 

replace gpii2 = 0 if quarter_ <36  

 

generate int1 = 1 

replace int1 = 0 if quarter_ >=36 

generate int2 = 1 in 1/54 

replace int2 = 0 if quarter_ <36 

 

generate gpii3 = (quarter_–55) in 36/64 

replace gpii3 = 0 if quarter_ >=55  

generate gpii4 = (quarter_–55) in 36/64 

replace gpii4 = 0 if quarter_ <55 in 36/64generate int3 = 1  
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replace int3 = 0 if quarter_ >=55  

generate int4 = 1  

replace int4 = 0 if quarter_ <55  

keep if quarter_ >=36 

mkspline xgpii3 55 xgpii4 = quarter_  

gen xgpii33 = xgpii3–36 

drop xgpii3 

rename xgpii33 xgpii3 

tablist quarter_ gpii3 int3 gpii4 int4 xgpii3 xgpii4, sort(v) 

 

regress avgmeanpcentM1 xgpii3 xgpii4 int4  

 

** Using mkspline to get coding to compare slopes 

***mkspline  

** Using mkspline to repeat the commands using the marginal option–ygpii 

**We then run the regression below. Note that the effect for xage1 is the slope before quarter 37,  

**and ygpii2 is the slope after quarter 36. The term int2 corresponds to the jump in the regression lines at quarter 37.  

**The value for _cons is the predicted amount of immunisation coverage at quarter 0 

** ygpii1 = ygpii1 variable is a variable representing the time CENTERED around quarter 37 but converted to 0 on and after quarter 37 (representing the effect of time before quarter_37)–Q1-

Q36 

** ygpii2 = ygpii2 variable is a variable representing the time CENTERED around quarter 37 but converted to 0 before quarter 37 (representing the effect of time on and after quarter_37)–

Q37-Q54 

 

use "PcentperQuartM1.dta", clear 

generate gpii1 = (quarter_–36) 

replace gpii1 = 0 if quarter_ >=36 

generate gpii2 = (quarter_–36) in 1/54 

replace gpii2 = 0 if quarter_ <36  

 

generate int1 = 1 

replace int1 = 0 if quarter_ >=36 

generate int2 = 1 in 1/54 

replace int2 = 0 if quarter_ <36 

drop if quarter_ >=55 

tablist quarter_ gpii1 int1 gpii2 int2 

mkspline ygpii1 36 ygpii2 = quarter_, marginal 

tablist quarter_ gpii1 int1 gpii2 int2 ygpii1 ygpii2, sort(v) 

regress avgmeanpcentM1 ygpii1 ygpii2 int2  

**Coefficients are the same except for ygpii2. Here the coefficient is now the change in slope from after quarter 37 to before 37.  

**This code tests for differnces in the slopes.  

**We then run the regression below. Note that the effect for ygpii3 is the change in slope before quarter 55 c.f. with after quarter 55,  
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**and ygpii4 is the slope after quarter 54. The term int4 corresponds to the jump in the regression lines at quarter 55.  

**The value for _cons is the predicted amount of immunisation coverage for quarter 54. 

 

 

 

use "PcentperQuartM1.dta", clear 

 

gen quarter_36 = quarter_–36 

generate gpii1 = (quarter_–36) 

replace gpii1 = 0 if quarter_ >=36 

generate gpii2 = (quarter_–36) in 1/54 

replace gpii2 = 0 if quarter_ <36  

 

generate int1 = 1 

replace int1 = 0 if quarter_ >=36 

generate int2 = 1 in 1/54 

replace int2 = 0 if quarter_ <36 

 

generate gpii3 = (quarter_–55) in 36/64 

replace gpii3 = 0 if quarter_ >=55  

generate gpii4 = (quarter_–55) in 36/64 

replace gpii4 = 0 if quarter_ <55 in 36/64  

 

generate int3 = 1  

replace int3 = 0 if quarter_ >=55  

generate int4 = 1  

replace int4 = 0 if quarter_ <55 

keep if quarter_ >=36 

tablist quarter_ quarter_36 gpii3 int3 gpii4 int4 

mkspline ygpii3 55 ygpii4 = quarter_, marginal 

 

gen ygpii33 = ygpii3- 36 

drop ygpii3 

rename ygpii33 ygpii3 

tablist quarter_ quarter_36 gpii3 int3 gpii4 int4 ygpii3 ygpii4, sort(v)  

regress avgmeanpcentM1 ygpii3 ygpii4 int4  

 

log close
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 Stata 15 ® Coding Calculation of Psi Weights Original Series 

** PSI WEIGHTS FOR–arima(1,0,0) arima(1,0,1) arima(0,0,2) arima(0,0,1) arima(1,1,3) arima(0,1,3)   

**------------------------------------------------------------------------------  

**Calculate Psi weights to examine which specifications imply roughly the same view of the stochastic process which is embedded in immunisation coverage over the 64 quarters. 

**The models may exhibit parameter redundancy if the point estimates of candidate models embody divergent views of the underlying linear stochastic process. 

**The Box-Jenkins principal of parsimony corrects for parameter redundancy. 

**Use the ARIMA general forecasting equation to determine Psi Ŷ_t = B+ ϕ_1*Y_(t-1) +....+ ϕ_1 *Y_(t-p)– [e_t + θ_1*e_(t-1) -...- θ_q*e_(t-q)] 

**------------------------------------------------------------------------------ 

**Psi weights: ARIMA Model(1,0,0) 

**Point estimates: Ŷ_t = B + ϕ_1*Y_(t-1) 

 

quietly arima avgmeanpcentM1, arima(1,0,0)  

gen psi100_1 = _b[ARMA:L.ar]   

gen psi100_2 = _b[ARMA:L.ar]* psi100_1 

gen psi100_3 = _b[ARMA:L.ar]* psi100_2 

gen psi100_4 = _b[ARMA:L.ar]* psi100_3 

gen psi100_5 = _b[ARMA:L.ar]* psi100_4 

 

display psi100_1   

display psi100_2 

display psi100_3 

display psi100_4 

display psi100_5 

 

replace  psi100_1 = 0 if quarter_ >1 

replace  psi100_2 = 0 if quarter_ <2  

replace  psi100_2 = 0 if  quarter_>2     

replace  psi100_3 = 0 if quarter_ <3  

replace  psi100_3 = 0 if  quarter_>3 

replace  psi100_4 = 0 if quarter_ <4  

replace  psi100_4 = 0 if  quarter_>4 

replace  psi100_5 = 0 if quarter_ <5 

replace  psi100_5 = 0 if  quarter_>5 

 

gen psi100= psi100_1 + psi100_2 + psi100_3 + psi100_4 + psi100_5 

drop psi100_1 psi100_2 psi100_3 psi100_4 psi100_5 

 

**------------------------------------------------------------------------------  

**Psi weights: ARIMA Model(1,0,1) 

**Point estimates: Ŷ_t = B + ϕ_1*Y_(t-1)-[et + θ_1*e_(t-1)] 

quietly arima avgmeanpcentM1, arima(1,0,1) 
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gen psi101_1 = _b[ARMA:L.ar] + _b[ARMA:L.ma]  

gen psi101_2 = _b[ARMA:L.ar]*psi101_1 

gen psi101_3 = _b[ARMA:L.ar]*psi101_2  

gen psi101_4 = _b[ARMA:L.ar]*psi101_3 

gen psi101_5 = _b[ARMA:L.ar]*psi101_4 

 

display psi101_1   

display psi101_2 

display psi101_3 

display psi101_4 

display psi101_5 

 

replace  psi101_1 = 0 if quarter_ >1 

replace  psi101_2 = 0 if quarter_ <2  

replace  psi101_2 = 0 if  quarter_>2     

replace  psi101_3 = 0 if quarter_ <3  

replace  psi101_3 = 0 if  quarter_>3 

replace  psi101_4 = 0 if quarter_ <4  

replace  psi101_4 = 0 if  quarter_>4 

replace  psi101_5 = 0 if quarter_ <5  

replace  psi101_5 = 0 if  quarter_>5 

 

gen psi101= psi101_1 + psi101_2 + psi101_3 + psi101_4 + psi101_5 

drop psi101_1 psi101_2 psi101_3 psi101_4 psi101_5 

 

**------------------------------------------------------------------------------  

**Psi weights: ARIMA Model(0,0,2) 

**Point estimates: Ŷ_t = B + e_t + θ_1*e_(t-1) + θ_2* e_(t-2) 

 

quietly arima avgmeanpcentM1, arima(0,0,2)  

gen psi002_1 = _b[ARMA:L.ma]   

gen psi002_2 = _b[ARMA:L2.ma] 

gen psi002_3 = 0 

gen psi002_4 =  0 

gen psi002_5 =  0 

 

display psi002_1   

display psi002_2 

display psi002_3 

display psi002_4 

display psi002_5 

 



   

407 

 

replace  psi002_1 = 0 if quarter_ >1 

replace  psi002_2 = 0 if quarter_ <2  

replace  psi002_2 = 0 if  quarter_>2     

replace  psi002_3 = 0 if quarter_ <3  

replace  psi002_3 = 0 if  quarter_>3 

replace  psi002_4 = 0 if quarter_ <4  

replace  psi002_4 = 0 if  quarter_>4 

replace  psi002_5 = 0 if quarter_ <5  

replace  psi002_5 = 0 if  quarter_>5 

 

gen psi002= psi002_1 + psi002_2 + psi002_3 + psi002_4 + psi002_5 

drop psi002_1 psi002_2 psi002_3 psi002_4 psi002_5  

 

**------------------------------------------------------------------------------  

**Psi weights: ARIMA Model(0,1,1) 

**Point estimates: Ŷ_t = B + Y_(t-1) -[et + θ_1*e_(t-1)+ ] + e_t 

 

quietly arima avgmeanpcentM1, arima(0,1,1)  

gen psi011_1 = _b[ARMA:L.ma]   

gen psi011_2 =  0 

gen psi011_3 = 0 

gen psi011_4 =  0 

gen psi011_5 =  0 

 

display psi011_1   

display psi011_2 

display psi011_3 

display psi011_4 

display psi011_5 

 

replace  psi011_1 = 0 if quarter_ >1 

replace  psi011_2 = 0 if quarter_ <2  

replace  psi011_2 = 0 if  quarter_>2     

replace  psi011_3 = 0 if quarter_ <3  

replace  psi011_3 = 0 if  quarter_>3 

replace  psi011_4 = 0 if quarter_ <4  

replace  psi011_4 = 0 if  quarter_>4 

replace  psi011_5 = 0 if quarter_ <5  

replace  psi011_5 = 0 if  quarter_>5 

 

gen psi011= psi011_1 + psi011_2 + psi011_3 + psi011_4 + psi011_5 

drop psi011_1 psi011_2 psi011_3 psi011_4 psi011_5 
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**------------------------------------------------------------------------------  

 

**Psi weights: ARIMA Model(0,1,3) 

**Point estimates: Ŷ_t = B + Y_(t-1) -[et + θ_1*e_(t-1)+ θ_2* e_(t-2) +  θ_3* e_(t-3)] 

 

quietly arima avgmeanpcentM1, arima(0,1,3)  

 

gen psi013_1 = _b[ARMA:L.ma]   

gen psi013_2 = _b[ARMA:L2.ma] 

gen psi013_3 = _b[ARMA:L3.ma]  

gen psi013_4 =  0 

gen psi013_5 =  0 

 

display psi013_1   

display psi013_2 

display psi013_3 

display psi013_4 

display psi013_5 

 

replace  psi013_1 = 0 if quarter_ >1 

replace  psi013_2 = 0 if quarter_ <2  

replace  psi013_2 = 0 if  quarter_>2     

replace  psi013_3 = 0 if quarter_ <3  

replace  psi013_3 = 0 if  quarter_>3 

replace  psi013_4 = 0 if quarter_ <4  

replace  psi013_4 = 0 if  quarter_>4 

replace  psi013_5 = 0 if quarter_ <5  

replace  psi013_5 = 0 if  quarter_>5 

 

gen psi013= psi013_1 + psi013_2 + psi013_3 + psi013_4 + psi013_5 

drop psi013_1 psi013_2 psi013_3 psi013_4 psi013_5 

 

**------------------------------------------------------------------------------ 

**Psi weights: ARIMA Model(1,1,3) 

**Point estimates: Ŷ_t = B + ϕ_1*Y_(t-1) + Y_(t-1) -[et + θ_1*e_(t-1)+ θ_2* e_(t-2) +  θ_3* e_(t-3)] 

 

**Note STATA ® adds the MA terms to AR, by convention the MA terms are subtracted. Not in the case of STATA ®. 

 

quietly arima avgmeanpcentM1, arima(1,1,3) 

 

gen psi113_1 = _b[ARMA:L.ar] + _b[ARMA:L.ma]  

gen psi113_2 = _b[ARMA:L.ar]*psi113_1 + _b[ARMA:L2.ma] 

gen psi113_3 = _b[ARMA:L.ar]*psi113_2 + _b[ARMA:L3.ma]  
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gen psi113_4 = _b[ARMA:L.ar]*psi113_3 

gen psi113_5 = _b[ARMA:L.ar]*psi113_4 

 

display psi113_1   

display psi113_2 

display psi113_3 

display psi113_4 

display psi113_5 

 

replace  psi113_1 = 0 if quarter_ >1 

replace  psi113_2 = 0 if quarter_ <2  

replace  psi113_2 = 0 if  quarter_>2     

replace  psi113_3 = 0 if quarter_ <3  

replace  psi113_3 = 0 if  quarter_>3 

replace  psi113_4 = 0 if quarter_ <4  

replace  psi113_4 = 0 if  quarter_>4 

replace  psi113_5 = 0 if quarter_ <5  

replace  psi113_5 = 0 if  quarter_>5 

gen psi113= psi113_1 + psi113_2 + psi113_3 + psi113_4 + psi113_5 

drop psi113_1 psi113_2 psi113_3 psi113_4 psi113_5 

 

list psi100 psi101 psi002 psi011 psi013 psi113 in 1/5 

 

**The point estimates are consistent with the ARIMA regression models above. 

 

log close 
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 ARIMA Diagnostic Check-Overfitting Original Series 

Table X.1..Overfitting of the ARIMA(1,0,1)-ARIMA(2,0,1) and ARIMA(1,0,2) 
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Overfitting of the ARIMA(1,0,1)-ARIMA(2,0,1) and ARIMA(1,0,2) (Cont.) 
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Table X.2  Overfitting of the ARIMA(1,0,1)-ARIMA(2,0,1) and ARIMA(1,0,2) 
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Overfitting of the ARIMA(1,0,1)-ARIMA(2,0,1) and ARIMA(1,0,2) (Cont.) 
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 ARIMA Model Development ‘Cut Down’ series  

An ARIMA model will be developed for the first 60 quarters of the series using the Box-Jenkins 

approach to model an ARIMA (p, d, q) process. This model will be used to forecast four quarters 

ahead from quarters 61 to 64. 

The three steps of the Box-Jenkins methodology are: 

(i)Model identification 

(ii)Model estimation 

(iii)Model diagnostic check 

Model Identification 

The Original Series–Quarters 1-60 

The sample acfs which show an exponential and sinusoidal form, die out slowly after one high positive 

autocorrelation in lag 1 (Figure Y.1). The pacfs of the original series that also contains one positive 

autocorrelation in lag 1, has a process which fails to die out. The acfs and pacfs are not typical of either 

a pure AR or MA process, however the series could be described as having AR signature, as the acf 

process has a sinusoidal form which decays gradually, the pacf cuts off sharply and both acfs and pacfs 

have positive spikes at lag 1. The positive spikes at higher order lags in the pacf indicate the presence 

of an autocorrelated process in the series. 

Figure Y.1 ACFs and PACFs of the Original series Quarters 1-60 

  

 

The Residual Series 

The sample pacfs of the residual series die out slowly after one high positive autocorrelation in lag 1 

(Figure Y.2). The acf process after lag 1, has an exponential and sinusoidal form. The positive spikes 

at the first lag at each acf and pacf indicate the presence of residual correlation. The positive spikes at 

higher order lags in the pacf indicates there is an autocorrelated process in the residuals  
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Figure Y.2 ACFs and PACFs of the Residual Series 

  

 

The sample acfs of the series transformed with a first difference tail off slowly (Figure Y.3). There were 

no lags which exceeded the confidence interval bounds in the acf, hence no evidence of significant 

autocorrelation in the series after differencing. The sample pacfs of the first differenced series failed to 

die out and the partial autocorrelation at the first lag was negative. The pacfs contained more lags with 

negative than positive spikes, which indicates negative correlation after the trend was removed. The 

negative autocorrelation at lag 1 for the acf and pacf plots indicates either the series may be over 

differenced. 

Figure Y.3..ACFs and PACFs of the First Differenced Series 

  

Candidate Model Selection 

As the rules associated with the above correlogram plots indicate the series has either a MA or an AR 

process which may have required first order differencing, several ARMA models were developed. 

Candidate models were selected using Akaike Information Criterion (AIC) and Bayesian Information 

Criterion (BIC), where models with the lowest AIC and BIC for each of the non-differenced and 

differenced data sets will be selected (Table Y.1).  
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A priori decision was made to select three models from the undifferenced series and three models from 

the differenced series that have the lowest combined mean AIC and BIC scores when determining which 

candidate models were selected for further testing for goodness of fit. In Table Y.1 below, the shaded 

rows indicate the series which were modelled after applying a first differencing procedure (i.e. removing 

the trend). The models with the ticks in the Candidate Model Selection column, are the models which 

are selected for further testing based on the results of the AIC and BIC approximations. 

Table Y.1  Candidate Model Selection -Quarters 1-60 

Model ARIMA(p,d,q)11 4F

102 

 

Order of 

Differencing 
AIC BIC (AIC+BIC)/2 

Candidate 

Model 

Selection 

Percent Immunised Q1-60, ARIMA(1,0,0) Nil 126.3362 132.6192 129.4777 ✓ 

Percent Immunised Q1-60, ARIMA(0,0,1) Nil 128.7837 135.0668 131.9253 ✓ 

Percent Immunised Q1-60, ARIMA(0,0,2) Nil 126.8908 135.2682  131.0795 ✓ 

Percent Immunised Q1-60, ARIMA(0,1,3) First 128.3516 138.7393 133.5455 ✓ 

Percent Immunised Q1-60, ARIMA(0,1,1) First 131.6321 137.8647 134.7484 ✓ 

Percent Immunised Q1-60, ARIMA(2,1,0) First 134.3217 142.6318 138.4768  

Percent Immunised Q1-60, ARIMA(2,1,1) First 127.7666 136.0768 131.9217 ✓ 

Model Estimation 

Point Estimates for Candidate Models 

These point estimate equations found below are the based on the ARIMA models which were chosen 

for further testing based on the results of the AIC and BIC approximations.  

Psi weights 

ARIMA Model (1,0,0)–psi100 

Point estimate equation: Ŷ𝑡 = 𝛽 +  εt −  𝜙1Yt−1 
 

ARIMA Model (0,0,1)–psi001 

Point estimate equation: Ŷt = 𝛽 + εt −  𝜃1et−1 

ARIMA Model (0,0,2)–psi002 

Point estimate equation: Ŷt = 𝛽 + εt −  𝜃1et−1 −  𝜃2et−2 

ARIMA Model (0,1,1)–psi011 

Point estimate equation: Ŷt = 𝛽 + 𝑌t−1+ 𝜙1Yt−p− 𝜃1et−1 + εt  

 

ARIMA Model (0,1,3)–psi013 

Point estimate equation: Ŷt = 𝛽+Yt−1+ ϕ1Yt−p− θ1et−1 − 𝜃2et−2 − 𝜃3et−3 + εt  

 
ARIMA Model (2,1,1)–psi211 

Point estimate equation: Ŷt = 𝛽 +  𝜙1Yt−1 +  𝜙2Yt−2 + Yt−1+ 𝜙1Yt−p− 𝜃1et−1  + εt  

                                                      
102 The ARIMA model is classified as an ‘ARIMA(p,d,q)’ model, where:  

• p is the number of autoregressive terms,  

• d is the number of nonseasonal differences needed for stationarity and  

• q is the number of lagged forecast errors in the prediction equation (see in Chapter 7.6.1). 
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Table Y.2 Candidate Model Psi Estimates 

Lags ARIMA Candidate Models 

 ARIMA(1,0,0) 

Psi100 

ARIMA(0,0,1) 

Psi101 

ARIMA(0,0,2) 

Psi002 

ARIMA(0,1,1) 

Psi011 

ARIMA(0,1,3) 

Psi013 

ARIMA(2,1,1) 

Psi211 

1 0.4725 0.3527 0.4967 -0.4001 -0.5146 -0.9835 

2 0.2233 0.0000 0.3123 0.0000 -0.1767 -0.0162 

3 0.1055 0.0000 0.0000 0.0000 -0.3087 -0.0003 

4 0.0498 0.0000 0.0000 0.0000 0.0000 0.0000 

5 0.0236 0.0000 0.0000 0.0000 0.0000 0.0000 

 

Box Y.1  Candidate Model Psi Estimates 

 

 

. 

 

 

 

 

 

 

 

All but two of the candidate models in Table Y.2 above, embody divergent views of the underlying 

stochastic process in the immunisation coverage series. The MA model Psi002 has similar point 

estimates to the ARIMA(1,0,0) model-Psi100 at lag_1 and lags_2, however the Psi002 model does not 

completely capture all the data. The ARmodel-Psi100 and the ARMA model-Ps200 are the models 

which appear to most closely fit the same stochastic process in the immunisation coverage series. These 

two models are tested further for goodness of fit. The AR model-Psi100 is also be depicted as an 

ARIMA(1,0,0) or an AR(1) model and the ARMA model-Psi(0,0,2) is also depicted as an 

ARIMA(0,0,2) or a MA(2) model. These models will be depicted using the ARIMA(1,0,0) and 

ARIMA(0,0,2) configuration. 

The Psi estimates for the ARIMA(1,0,0) indicate that 47.25% of the ‘shock’ from the effects of the stochastic 

process persists into the succeeding lag of immunisation coverage. This is followed by 22.33% of the ‘shock’ 

persisting into the second lag and then 10.55% into third lag. The fourth and fifth lags contain 4.98% and 

2.36% of the original process respectively.  

The Psi estimates for the ARIMA(0,0,1) model indicates that 35.27% of the stochastic process persists into 

the succeeding lag of immunisation coverage. In this model the ‘shock’ does not persist in beyond the second 

lag.  

The Psi estimates for the ARIMA(0,0,2) model indicates that 49.67% of the stochastic process persists into 

the succeeding lag of immunisation coverage, followed by 31.23% of the original process into the second 

lag. In this model the ‘shock’ does not persist in successive lags.  

The Psi estimates for the ARIMA(0,1,1) model indicates that 40.01 % of a negative stochastic process 

persists into the second lag. In this model the ‘shock’ does not persist in beyond the second lag.  

The Psi estimates for the ARIMA(0,1,3) model indicates that 51.46% of a negative stochastic process 

persists into the second lag and then 17.67% of the original 'shock' continues into the succeeding lag. The 

effects of the process continues, with a ‘shock’ of 30.87% continuing into third lag. In this model the ‘shock’ 

does not persist in beyond the third lag.  

The Psi estimates for the ARIMA(2,1,1) model indicates that 98.35% of a negative stochastic process 

persists into the second lag and then 1.62% of the 'shock' continues into the succeeding lag. The effects of 

the process continues, with the shock of 0.03% continuing into third lag. In this model the ‘shock’ does not 

persist in successive lags. 
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Model Diagnostic check 

Overfitting 

The Box Jenkins approach emphasises choosing the most parsimonious specification (i.e., the model 

with the fewest parameters) (Box and Jenkins, 1970). Hence there may be a tendency to fit models that 

are too simple to account for the dynamics of the time series under consideration. One way to guard 

against this tendency is to ‘overfit the data’ by adding parameters to the model. If the ARIMA model 

fits the data well, then adding another parameter should not produce estimates which are overly different 

to the estimates produced by the model before overfitting (Box and Jenkins, 1970). To perform this 

diagnostic check on the ARIMA(1,0,0) and the ARIMA(0,0,2) models of choice, each model is fitted 

with an extra autoregressive (AR) and then an extra moving average (MA) term.  

The additional parameters that were added to the ARIMA(1,0,0) model transforms it into an 

ARIMA(2,0,0) and an ARIMA (1,0,1) model. Note: the transformation of the ARIMA(1,0,0) to the 

ARIMA (1,0,1) model produces the same model that was selected on the Psi estimate criteria in the 

prior section, Point Estimates for Candidate Models. The results from the ARIMA(1,0,0) overfitting 

procedure show that the additional AR and MA parameters had very small coefficients and did not 

significantly change the coefficient in the AR parameter of the original ARIMA(1,0,0) model. The 

results for this test can be found in Appendix V, ARIMA Diagnostic Check-Overfitting Results Q1-60. 

This indicates the ARIMA(1,0,0) model is stable and provides further confirmation that the 

ARIMA(1,0,0) model fits the data quite well. Additional parameters were then added to the 

ARIMA(0,0,2) model to transform it into an ARIMA(1,0,2) and an ARIMA (0,0,3) model. The results 

from this ARIMA(0,0,2) overfitting procedure show that the additional AR and MA parameters had 

relatively small coefficients. The results for this test can also be found in Appendix V.2. This indicates 

that both the ARIMA(1,0,0) model and the ARIMA(0,0,2) model fit the data well. With this in mind, 

the residuals for the two models will be tested in the next section. 

Residual tests on the ARIMA(1,0,0) and ARIMA(0,0,2) models 

As described in Chapter 6-4, another measure of a well specified ARIMA model is evidence that the 

residuals of each model are random white noise and contain minimal correlated data. The Bartlett’s 

statistic and the Portmanteau Q statistic are the statistical tests which are used to determine if the 

residuals of the ARIMA(1,0,0) and ARIMA(0,0,2) models contain random white noise and data which 

is not correlated. 

The Bartlett’s statistic for the ARIMA(1,0,0) model has a chi2 value of 0.5185 (p=0.9508), therefore 

the null hypothesis that the residual components of the ARIMA(1,0,0) series are random is not rejected. 

This indicates there is a 95.08 percent chance the residuals are white noise. The Q statistic for the 

Portmanteau test is 21.6068 (p=0.7992), therefore the null hypothesis that the residual components of 
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the ARIMA(1,0,0) series are not autocorrelated is not rejected. This indicates there is a 79.92 percent 

chance that the residuals are uncorrelated (Table V.3).  

The Bartlett’s statistic for the alternate ARIMA(0,0,2)model has a chi2 value of 0.5185 (p=0.9508), like 

the other model above, thus the hypothesis that the residual components of the ARIMA(0,0,2)series are 

random is not rejected. This result indicates there is a 95.08 percent chance the residuals 

ARIMA(0,0,2)series are white noise. The Q statistic for the Portmanteau test is 19.0999 (p=0.7462), 

thus the hypothesis that the residual components of the ARIMA(0,0,2)series are not autocorrelated was 

also not rejected. This indicates there is a 74.62 percent chance that the residuals are uncorrelated (Table 

V.3).  

These results indicate both of the models ARIMA(1,0,0) and ARIMA(0,0,2) which have been selected 

to model the data are well specified. From this point on in model development, the fit of each model 

will be tested using forecast evaluation procedure. Here, the forecast errors found in each model will be 

compared to determine which model most closely forecasts the original data (i.e., which forecast has 

the least error). 

Table V.3  Test of Residuals Across Candidate Models 

ARIMA MODEL 
Cumulative Periodogram  

White-Noise Test 

Portmanteau Test for Residual 

White-Noise 

Immunisation Coverage Q 1-60 Bartlett’s Statistic Prob > chi2(df) 
Portmanteau Q 

Statistic 
Prob > chi2(28) 

ARIMA(1,0,0) 0.5185 0.9508 21.6068 0.7992 

ARIMA(0,0,2) 0.4839 0.9733 19.0999 0.7462 

 H0: Residuals = White Noise H0: No Autocorrelation 

Model Diagnostic check 

Overfitting 

The ARIMA(0,0,2) model was fitted with an extra MA term. The additional parameter in the ARIMA 

(0,0,3) has a very small coefficient, hence the more parsimonious specifications are adequate. The Stata 

15® coding for the ARIMA diagnostic check using overfitting for Quarters 1-60 is found in section Y.2 

of Appendix Y below. 

Model Development, Comparison and Forecast Evaluation 

Predicated Models 

As described in the methods, the predication and ex-ante forecasting of data is achieved with the 

application to the estimation procedure of a one-step ahead, or a multi-step ahead (dynamic) algorithm. 

Generally, the characteristics of the data determine whether an ex-ante or dynamic forecasting algorithm 

is used to predict estimates. As the dynamic (dy) forecast estimation procedure is most robust in lower 
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order autoregressive models, it will be the algorithm of choice for the predication and ex-ante 

forecasting for the ARIMA(1,0,0) [arima100dy], ARIMA(0,0,1) [arima001dy] and ARIMA(0,0,2) 

[arima002dy] models.  

Forecast Evaluation 

Comparisons of forecasts estimated from arima100dy and arima002dy models is a way to determine 

which model had greater predictive validity. This was ascertained by the comparison of results from in-

sample versus out-sample checking procedures, as described under Forecast Evaluation in the Methods 

section of the thesis.  

In the examination of differences between in-sample versus out-sample means, forecasts predicated 

using the arima001dy model had the least amount of difference between the in-sample and out-sample 

means, compared to the original data, arima100dy and arima002dy models.  

The in-sample and out-sample means that were calculated using values from the arima100dy model, 

had mean values closest to the mean values of the original data. The differences in mean values between 

the arima100dy and arima002dy models was very small (<0.05 percent). There was minimal difference 

between the in-sample and out-sample dispersion (residual SD) of the arima100dy and arima002dy 

models(Table V.4). The in-sample and out-sample dispersion (residual SD) of the arima100dy was 

closest to that of the series. Overall, these results indicate the predicative ability between the models is 

very close. Further testing using the Diebold-Mariano test is undertaken to provide more evidence on 

the forecast accuracy of the models. 

Table Y.4 In-Sample versus Out-Sample Forecast Comparisons 

ARIMA Model Forecast 

Selection Q1-60 
   

Period-Means 
Immunisation 

Coverage 
Mean arima100dy Mean arima002dy 

In sample (historical) 90.4124 90.4545 90.4649 

Out sample (validation) 91.0482 90.6007 90.5956 

Total 90.7005 90.5208 90.5241 

Out-In Difference 0.6358 0.1462 0.1307 

Original In-Out vs Model 

In-Out* 
 0.4896 0.5051 

Period -Standard 

Deviations 
SD Residuals average 

SD Residuals 

arima100dy 

SD Residuals 

arima002dy 

In sample 0.7281 0.731 0.7307 

Out sample 0.6092 0.6058 0.6366 

Total 0.6807 0.6801 0.6912 

*A comparison of 'Out Sample' and 'In sample' mean differences between original and modelled series 
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Appendix V.1  Stata 15 ® Coding Calculation of Psi Weights Q1-60 
** PSI WEIGHTS FOR–arima(1,0,0) arima(0,0,1) arima(0,0,2) arima(0,1,1) arima(1,1,3) arima(2,1,1)   

**------------------------------------------------------------------------------  

**Calculate Psi weights to examine which specifications imply roughly the same view of the stochastic process 

which is embedded in immunisation coverage over the 64 quarters. 

**The models may exhibit parameter redundancy if the point estimates of candidate models embody divergent 

views of the underlying linear stochastic process. 

**The Box-Jenkins principal of parsimony corrects for parameter redundancy. 

**Use the ARIMA general forecasting equation to determine Psi Ŷ_t = B+ ϕ_1*Y_(t-1) +....+ ϕ_1 *Y_(t-p)– 

[e_t + θ_1*e_(t-1) -...- θ_q*e_(t-q)] 

**------------------------------------------------------------------------------ 

**Psi weights: ARIMA Model(1,0,0) 

**Point estimates: Ŷ_t = B + ϕ_1*Y_(t-1) 

 

quietly arima avgmeanpcentM1, arima(1,0,0)  

gen psi100_1 = _b[ARMA:L.ar]   

gen psi100_2 = _b[ARMA:L.ar]* psi100_1 

gen psi100_3 = _b[ARMA:L.ar]* psi100_2 

gen psi100_4 = _b[ARMA:L.ar]* psi100_3 

gen psi100_5 = _b[ARMA:L.ar]* psi100_4 

 

display psi100_1   

display psi100_2 

display psi100_3 

display psi100_4 

display psi100_5 

 

replace  psi100_1 = 0 if quarter_ >1 

replace  psi100_2 = 0 if quarter_ <2  

replace  psi100_2 = 0 if  quarter_>2     

replace  psi100_3 = 0 if quarter_ <3  

replace  psi100_3 = 0 if  quarter_>3 

replace  psi100_4 = 0 if quarter_ <4  

replace  psi100_4 = 0 if  quarter_>4 

replace  psi100_5 = 0 if quarter_ <5 

replace  psi100_5 = 0 if  quarter_>5 

 

gen psi100= psi100_1 + psi100_2 + psi100_3 + psi100_4 + psi100_5 

drop psi100_1 psi100_2 psi100_3 psi100_4 psi100_5 

 

**-----------------------------------------------------------------------------  

 

**Psi weights: ARIMA Model(0,0,1) 

**Point estimates: Ŷ_t = B + e_t + θ_1*e_(t-1)  

 

arima avgmeanpcentM1, arima(0,0,1) nolog 

gen psi001_1 = _b[ARMA:L.ma]   

gen psi001_2 = 0 

gen psi001_3 = 0 

gen psi001_4 = 0 

gen psi001_5 = 0 

 

display psi001_1   

display psi001_2 

display psi001_3 

display psi001_4 

display psi001_5 

 

replace  psi001_1 = 0 if quarter_ >1 

replace  psi001_2 = 0 if quarter_ <2  
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replace  psi001_2 = 0 if  quarter_>2     

replace  psi001_3 = 0 if quarter_ <3  

replace  psi001_3 = 0 if  quarter_>3 

replace  psi001_4 = 0 if quarter_ <4  

replace  psi001_4 = 0 if  quarter_>4 

replace  psi001_5 = 0 if quarter_ <5  

replace  psi001_5 = 0 if  quarter_>5 

 

gen psi001= psi001_1 + psi001_2 + psi001_3 + psi001_4 + psi001_5 

drop psi001_1 psi001_2 psi001_3 psi001_4 psi001_5 

 

**-----------------------------------------------------------------------------  

 

**Psi weights: ARIMA Model(0,0,2) 

**Point estimates: Ŷ_t = B + e_t + θ_1*e_(t-1) + θ_2* e_(t-2) 

 

arima avgmeanpcentM1, arima(0,0,2) nolog 

gen psi002_1 = _b[ARMA:L.ma]   

gen psi002_2 = _b[ARMA:L2.ma] 

gen psi002_3 = 0 

gen psi002_4 =  0 

gen psi002_5 =  0 

 

display psi002_1   

display psi002_2 

display psi002_3 

display psi002_4 

display psi002_5 

 

replace  psi002_1 = 0 if quarter_ >1 

replace  psi002_2 = 0 if quarter_ <2  

replace  psi002_2 = 0 if  quarter_>2     

replace  psi002_3 = 0 if quarter_ <3  

replace  psi002_3 = 0 if  quarter_>3 

replace  psi002_4 = 0 if quarter_ <4  

replace  psi002_4 = 0 if  quarter_>4 

replace  psi002_5 = 0 if quarter_ <5  

replace  psi002_5 = 0 if  quarter_>5 

 

gen psi002= psi002_1 + psi002_2 + psi002_3 + psi002_4 + psi002_5 

drop psi002_1 psi002_2 psi002_3 psi002_4 psi002_5  

 

**------------------------------------------------------------------------------  

**Psi weights: ARIMA Model(0,1,1) 

**Point estimates: Ŷ_t = B + Y_(t-1) -[et + θ_1*e_(t-1))] 

**Note STATA adda the MA terms to AR, by convention the MA terms are subtracted. Not in the case of 

STATA. 

 

 

quietly arima avgmeanpcentM1, arima(0,1,1) nolog 

 

gen psi011_1 = _b[ARMA:L.ma]   

gen psi011_2 =  0 

gen psi011_3 =  0 

gen psi011_4 =  0 

gen psi011_5 =  0 

 

display psi011_1   

display psi011_2 

display psi011_3 

display psi011_4 

display psi011_5 
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replace  psi011_1 = 0 if quarter_ >1 

replace  psi011_2 = 0 if quarter_ <2  

replace  psi011_2 = 0 if  quarter_>2     

replace  psi011_3 = 0 if quarter_ <3  

replace  psi011_3 = 0 if  quarter_>3 

replace  psi011_4 = 0 if quarter_ <4  

replace  psi011_4 = 0 if  quarter_>4 

replace  psi011_5 = 0 if quarter_ <5  

replace  psi011_5 = 0 if  quarter_>5 

 

 

gen psi011= psi011_1 + psi011_2 + psi011_3 + psi011_4 + psi011_5 

drop psi011_1 psi011_2 psi011_3 psi011_4 psi011_5 

 

**------------------------------------------------------------------------------  

 

**Psi weights: ARIMA Model(0,1,3) 

**Point estimates: Ŷ_t = B + Y_(t-1) -[et + θ_1*e_(t-1)+ θ_2* e_(t-2) +  θ_3* e_(t-3)] 

**Note STATA adda the MA terms to AR, by convention the MA terms are subtracted. Not in the case of 

STATA. 

 

 

quietly arima avgmeanpcentM1, arima(0,1,3) nolog 

 

gen psi013_1 = _b[ARMA:L.ma]   

gen psi013_2 = _b[ARMA:L2.ma] 

gen psi013_3 = _b[ARMA:L3.ma]  

gen psi013_4 =  0 

gen psi013_5 =  0 

 

display psi013_1   

display psi013_2 

display psi013_3 

display psi013_4 

display psi013_5 

 

replace  psi013_1 = 0 if quarter_ >1 

replace  psi013_2 = 0 if quarter_ <2  

replace  psi013_2 = 0 if  quarter_>2     

replace  psi013_3 = 0 if quarter_ <3  

replace  psi013_3 = 0 if  quarter_>3 

replace  psi013_4 = 0 if quarter_ <4  

replace  psi013_4 = 0 if  quarter_>4 

replace  psi013_5 = 0 if quarter_ <5  

replace  psi013_5 = 0 if  quarter_>5 

 

gen psi013= psi013_1 + psi013_2 + psi013_3 + psi013_4 + psi013_5 

drop psi013_1 psi013_2 psi013_3 psi013_4 psi013_5 

 

**------------------------------------------------------------------------------  

**Psi weights: ARIMA Model(2,1,1) 

**Point estimates:  

**〖Point estimate equation: Ŷ〗_t=〖〖B+ ϕ〗_1 Y_(t-1)+〖 ϕ〗_2 Y_(t-2)+Y〗_(t-1) 〖+ ϕ〗_1 Y_(t-p) 

〖- θ〗_1 e_(t-1)   + ε^(t ) 

 

**Note STATA ® adds the MA terms to AR, by convention the MA terms are subtracted. Not in the case of 

STATA ®. 

 

quietly arima avgmeanpcentM1, arima(2,1,1) 

 

gen psi211_1 = _b[ARMA:L2.ar] + _b[ARMA:L.ma]  

gen psi211_2 = _b[ARMA:L2.ar]*psi211_1 
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gen psi211_3 = _b[ARMA:L2.ar]*psi211_2 

gen psi211_4 = _b[ARMA:L2.ar]*psi211_3 

gen psi211_5 = _b[ARMA:L2.ar]*psi211_4 

 

display psi211_1   

display psi211_2 

display psi211_3 

display psi211_4 

display psi211_5 

 

replace  psi211_1 = 0 if quarter_ >1 

replace  psi211_2 = 0 if quarter_ <2  

replace  psi211_2 = 0 if  quarter_>2     

replace  psi211_3 = 0 if quarter_ <3  

replace  psi211_3 = 0 if  quarter_>3 

replace  psi211_4 = 0 if quarter_ <4  

replace  psi211_4 = 0 if  quarter_>4 

replace  psi211_5 = 0 if quarter_ <5  

replace  psi211_5 = 0 if  quarter_>5 

gen psi211= psi211_1 + psi211_2 + psi211_3 + psi211_4 + psi211_5 

drop psi211_1 psi211_2 psi211_3 psi211_4 psi211_5 

 

 

list psi100 psi001 psi002 psi011 psi013 psi211 in 1/5 

 

 

**The point estimates are consistent with the ARIMA regression models above. 
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Appendix V.2  ARIMA Diagnostic Check-Overfitting Results Q1-60 

Overfitting of the ARIMA(1,0,1)-ARIMA(2,0,1) and ARIMA(1,0,2)  
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Overfitting of the ARIMA(1,0,1)-ARIMA(2,0,1) and ARIMA(1,0,2) (Cont.) 
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Overfitting of the ARIMA(0,0,2)-ARIMA(1,0,2) and ARIMA(0,0,3) 
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Overfitting of the ARIMA(0,0,2)-ARIMA(1,0,2) and ARIMA(0,0,3) (Cont.) 
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 Histograms of Postcode Size Milestone 1 
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 Parameter Estimates for National Data Sets 

Table AA.1  Series 1 

Original Series Quarters 1–64 Coefficient 
Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 89.950 0.232 388.43 0.000 89.4846 - 90.4149 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.026 0.011 2.29 0.026 0.0032 - 0.0482 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54) -0.047 0.376 -0.13 0.900 -0.8019 - 0.7073 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54) -0.015 0.030 -0.49 0.627 -0.0755 - 0.0459 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) -1.889 0.487 -3.88 0.001 -2.8921 - -0.8871 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.464 0.076 6.12 0.000 0.3076 - 0.6195 

𝜷𝟔 Level before SIP removal (Q=35) 90.875 0.232 392.42 0.000 90.4099 - 91.3402 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
90.828 0.284 320.27 0.000 90.2437 - 91.4119 

𝜷𝟖 Slope before OBP removal (Q36-Q54) 0.011 0.028 0.39 0.699 -0.0455 - 0.0673 

𝜷𝟗 Level before OBP removal (Q=54) 91.035 0.243 374.71 0.0000 90.5346 - 91.5353 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
89.145 0.378 236.01 0.000 88.3675 - 89.9234 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) 0.474 0.071 6.71 0.000 0.3287 - 0.6202 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 93.416 0.480 194.57 0.000 92.3084 - 94.5227 

Table AA.2  Series 2 

Modelled Series ARIMA100dy Quarters 1–64 Coefficient 
Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 90.229 0.155 583.70 0.000 89.9186 - 90.5396 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.015 0.007 1.96 0.056 -0.0004 - 0.0297 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54) -0.009 0.251 -0.03 0.972 -0.5125 - 0.4950 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54) -0.004 0.020 -0.19 0.848 -0.0444 - 0.0367 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) -1.287 0.349 -3.69 0.001 -2.0070 - -0.5680 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.276 0.054 5.08 0.000 0.1640 - 0.3878 

𝜷𝟔 Level before SIP removal (Q=35) 90.757 0.169 537.40 0.000 90.4138 - 91.1010 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
90.749 0.197 459.55 0.000 90.3294 - 91.1679 

𝜷𝟖 Slope before OBP removal (Q36-Q54) 0.011 0.015 0.73 0.476 -0.0205 - 0.0420 

𝜷𝟗 Level before OBP removal (Q=54) 90.954 0.220 412.86 0.000 90.4999 - 91.4073 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
89.666 0.271 330.71 0.000 89.1077 - 90.2245 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) 0.287 0.051 5.65 0.000 0.1821 - 0.3913 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 92.247 0.371 248.35 0.000 91.3900 - 93.1031 

H0: No difference in immunisation coverage after removal of incentive 

Coefficients insignificant at the 0.05 probability level 
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Table AA.3  Series 3 

Forecasted Series  

Original 1-60 ARIMA100dy Quarters 60-64 
Coefficient 

Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 89.950 0.232 388.43 0.000 89.4846 - 90.4149 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.026 0.011 2.29 0.026 0.0032 - 0.0482 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54) -0.047 0.376 -0.13 0.900 -0.8019 - 0.7073 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54) -0.015 0.030 -0.49 0.627 -0.0755 - 0.0459 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) -1.257 0.385 -3.26 0.0030 -2.0501 - -0.4632 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.082 0.060 1.37 0.1840 -0.0415 - 0.2053 

𝜷𝟔 Level before SIP removal (Q 35) 90.875 0.232 392.42 0.0000 90.4099 - 91.3402 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
90.828 0.224 404.59 0.0000 90.3654 - 91.2901 

𝜷𝟖 Slope before OBP removal (Q36-Q54) 0.011 0.021 0.51 0.6130 -0.0330 - 0.0548 

𝜷𝟗 Level before OBP removal (Q=54) 91.035 0.243 374.71 0.0000 90.5346 - 91.5353 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
89.778 0.253 354.76 0.0000 89.1947 - 90.3618 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) 0.093 0.047 1.96 0.0860 -0.0165 - 0.2021 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 90.613 0.253 358.06 0.0000 90.0298 - 91.1969 

 

Table AA.4  Series 4 

Weighted Series Quarters 1–64 Coefficient 
Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 89.224 0.346 257.73 0.000 88.5196 - 89.9283 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.035 0.016 2.13 0.038 0.0020 - 0.0674 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54) 1.385 0.696 1.99 0.052 -0.0117 - 2.7825 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54) -0.104 0.056 -1.86 0.068 -0.2168 - 0.0081 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) -0.951 1.200 -0.79 0.435 -3.4224 - 1.5201 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.549 0.187 2.94 0.007 0.1646 - 0.9333 

𝜷𝟔 Level before SIP removal (Q 35) 90.471 0.336 269.06 0.000 89.7953 - 91.146 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
91.885 0.507 181.31 0.000 90.8416 - 92.9291 

𝜷𝟖 Slope before OBP removal (Q36-Q54) -0.070 0.052 -1.34 0.187 -0.1740 - 0.0348 

𝜷𝟗 Level before OBP removal (Q=54) 90.535 0.757 119.65 0.000 88.9768 - 92.0936 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
89.584 0.903 99.22 0.000 87.5019 - 91.6662 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) 0.479 0.169 2.83 0.022 0.0893 - 0.8694 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 93.898 0.903 103.99 0.000 91.816 - 95.9803 

H0: No difference in immunisation coverage after removal of incentive 

Coefficients insignificant at the 0.05 probability level 
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Table AA.5  Series 5 

Weighted Series Outlier Removed Quarters 1–64 Coefficient 
Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 89.224 0.337 264.53 0.000 88.5465 - 89.9283 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.035 0.016 2.13 0.038 0.002 - 0.0675 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54) 1.421 0.547 2.60 0.012 0.3224 - 2.7825 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54) -0.068 0.044 -1.55 0.127 -0.1568 - 0.0082 

𝜷𝟒´Change in level (intercept) level after OBP removal (Q55-60) -1.672 0.875 -1.91 0.068 -3.4749 - 1.5202 

𝜷𝟓´ Change in slope (trend) after OBP removal (Q55-60) 0.513 0.136 3.77 0.001 0.2325 - 0.9334 

𝜷𝟔 Level before SIP removal (Q=35) 90.473 0.337 268.23 0.000 89.7953 - 91.1461 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
91.894 0.408 225.29 0.000 91.0336 - 92.9292 

𝜷𝟖 Slope before OBP removal (Q36-Q54) -0.034 0.039 -0.87 0.398 -0.1153 - 0.0348 

𝜷𝟗 Level before OBP removal (Q=54) 91.256 0.441 206.73 0.000 90.3247 - 92.0936 

𝜷𝟏𝟎´ Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
89.584 0.679 131.86 0.000 88.1849 - 91.6663 

𝜷𝟏𝟏´ Slope after OBP removal (Q 55-60) 0.479 0.127 3.77 0.001 0.2173 - 0.8694 

𝜷𝟏𝟔 Level at Q=60 Intercept at the end of Segment 3 93.898 0.903 103.99 0.000 91.816 - 95.9803 

Table AA.6  Series 6 

Original Series Quarters 1 - 60 (‘Cut Down’ Series) Coefficient 
Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 89.950 0.232 388.43 0.000 89.4846 - 90.4149 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.026 0.011 2.29 0.026 0.0032 - 0.0482 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54) -0.047 0.376 -0.13 0.900 -0.8019 - 0.7073 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54) -0.015 0.030 -0.49 0.627 -0.0755 - 0.0459 

𝜷𝟒´Change in level (intercept) level after OBP removal (Q55-60) -1.629 0.451 -3.61 0.002 -2.5672 - -0.6912 

𝜷𝟓´ Change in slope (trend) after OBP removal (Q55-60) 0.268 0.126 2.13 0.046 0.0059 - 0.5309 

𝜷𝟔 Level before SIP removal (Q=35) 90.875 0.232 392.42 0.000 90.4099 - 91.3402 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
90.828 0.284 320.27 0.000 90.2437 - 91.4119 

𝜷𝟖 Slope before OBP removal (Q36-Q54) 0.011 0.028 0.39 0.699 -0.0455 - 0.0673 

𝜷𝟗 Level before OBP removal (Q=54) 91.035 0.243 374.71 0.0000 90.5346 - 91.5353 

𝜷𝟏𝟎´ Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
89.406 0.376 237.48 0.000 88.6229 - 90.1887 

𝜷𝟏𝟏´ Slope after OBP removal (Q 55-60) 0.279 0.071 2.250 0.360 0.0207 - 0.5379 

𝜷𝟏𝟔 Level at Q=60 Intercept at the end of Segment 3 90.802 0.302 300.91 0.000 89.9645 - 91.6401 

H0: No difference in immunisation coverage after removal of incentive 

Coefficients insignificant at the 0.05 probability level 
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 Number of Children Immunised 

 

Table BB.1  Number of Children Immunised Milestone 1 -Quarters 1-60 

 

 

Table BB.2  Number of Children Immunised Milestone 1 -Quarters 1–64 

 

 

Quarters 1-60 Number of Children Immunised

Segment  Data-All Segments Data Segment 1 Data Segment 2 Data Segment 3 Data Segment=123 Data Segment 12 Data Segment 23

Quarters Q 1-60 Fully Q 1-35 Q 36-54 Q 55-60 All Data Q 1-54 Q 36-60

Number of Children Fully 

Immunised in a POA 0-465 0-394 0-440 0-465 1-440 0-465

Freq. 143,751 83,303 45,934 14,514 143,751 129,237 60,448

Number of Children Fully 

Immunised per Segment 3,659,832 1,998,825 1,250,908 410,099 3,659,832 3,249,733 1,661,007

Quarters 1-64

Segment  Data-All Segments Data Segment 1 Data Segment 2 Data Segment 3 Data Segment=123 Data Segment 12 Data Segment 23

Denominator 

Numpost

Quarters Q 1-64 Q 1-35 Q 36-54 Q 55-64 All Data Q 1-54 Q 36-64 Q 1-64

Number of Children Fully 

Immunised in a POA 0-487 0-394 0-440 0-487 0-440 0-487 0-524

Freq. 153,350 83,303 45,934 24,113 153,350 129,237 70,047 153,350

Number of Children Fully 

Immunised 3,937,092 1,998,825 1,250,908 687,359 3,937,092 3,249,733 1,938,267 4,240,552

Number of children immunised
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 Stata 15 ® Coding SEIFA & ACIR MERGE 

**SECTION 1 SEIFA IMPORT 

************************************************************************************************************************************************************************** 

**MODIFY SEIFA Data for MERGE with ACIR data 

************************************************************************************************************************************************************************** 

**Import and TRANSFORMATION OF SEIFA06 DATA–TO GET READY FOR MERG WITH ACIR DATA. 

**Generate Milestone 1 agegroup variable because will compare SEIFA data with ACIR data for Milestone 1 

**Convert postcode string variable to numerical variable NOTE: need to make number real gen(postcode_n=real(postcode) 

**Generate a state variable 

**Generate a quarterly variable that includes replication of SEIFA data (across all quarter between SIFA census dates)so we can add plot SEIFA curve on ACIR milestone graphs 

**Need to average out all the data in the quarterly variables that are across the SEIFA census collection dates 

**Have one quarterly variable for each postcode 

**Note each  SEIFA score would be the same across all the quarters  prescribed above hence the SEIFA score across time would be a straight line across that time period 
 

******************************* 

**PART 1A– SEIFA 2006 

******************************* 
 

cd "C:\Users\hallinan\OneDrive–The University of Melbourne\Documents\ACIR_First" 

log using "ACIR_APPEND_#1_Import_SEIFA06_M1#Thesis", replace  

import excel "AUS_poa_s06.xls", sheet("Table 1") cellrange(A6:J2484) firstrow case(lower)clear 

generate quarter_07=07 

label variable quarter_07 "Quarter in append file" 

generate SEIFA_year=2006 

label variable SEIFA_year "SEIFA-Census data" 

rename a postcode 

generate postcode_n=real(postcode) 

drop postcode 

rename postcode_n postcode 

recast int postcode 

format %10.0g postcode 

label variable postcode "Postcode" 

format %4.2f advdis_score 

label variable advdis_score "IRSAD score" 

format %9.0g advdis_decile  

label variable advdis_decile "IRSAD decile" 

format %4.2f dis_score 

label variable dis_score "IRSD score" 

format %9.0g dis_decile  

label variable dis_decile "IRSD decile" 

rename ie_score ier_score 

format %4.2f ier_score 

label variable ier_score "IER score" 

format %9.0g ier_decile  

label variable ier_decile "IER decile" 
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format %4.2f ieo_score 

label variable ieo_score "IEO score" 

format %9.0g ieo_decile  

label variable ieo_decile "IEO decile" 

rename j population 

label variable population "Population" 

generate agegroup=1 

label define agegroupvalue 1 "12-<15 Months" 

label values agegroup agegroupvalue 

label variable agegroup "Agegroup" 

clonevar state=postcode 

summarize state 

egen statecat=cut(state), at(0, 250, 900, 2595, 2619, 2899, 2918, 3000, 4000, 5000, 6000, 7000, 8000, 9000, 10000)icodes 

table statecat, contents(min state max state) 

drop state 

recode statecat (0 3 5=1 ACT) (1=2 NT) (2 4 6=3  NSW)  (7 12 =4 VIC)(8 13=5 QLD) (9=6 SA) (10=7 WA) (11=8 TAS), gen (state) 

drop statecat 

label variable state "State" 

compress 

save "SEIFA06_M1.dta", replace 

foreach X in 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26{ 

import excel "AUS_poa_s06.xls", sheet("Table 1") cellrange(A6:J2484) firstrow case(lower)clear 

generate quarter_`X'=`X' 

label variable quarter_`X' "Quarter in append file" 

generate SEIFA_year=2006 

label variable SEIFA_year "SEIFA-Census data" 

rename a postcode 

generate postcode_n=real(postcode) 

drop postcode 

rename postcode_n postcode 

recast int postcode 

format %10.0g postcode 

label variable postcode "Postcode" 

format %4.2f advdis_score 

label variable advdis_score "IRSAD score" 

format %9.0g advdis_decile  

label variable advdis_decile "IRSAD decile" 

format %4.2f dis_score 

label variable dis_score "IRSD score" 

format %9.0g dis_decile  

label variable dis_decile "IRSD decile" 

rename ie_score ier_score 

format %4.2f ier_score 

label variable ier_score "IER score" 

format %9.0g ier_decile  

label variable ier_decile "IER decile" 
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format %4.2f ieo_score 

label variable ieo_score "IEO score" 

format %9.0g ieo_decile  

label variable ieo_decile "IEO decile" 

rename j population 

label variable population "Population" 

generate agegroup=1 

label define agegroupvalue 1 "12-<15 Months" 

label values agegroup agegroupvalue 

label variable agegroup "Agegroup" 

clonevar state=postcode 

summarize state 

egen statecat=cut(state), at(0, 250, 900, 2595, 2619, 2899, 2918, 3000, 4000, 5000, 6000, 7000, 8000, 9000, 10000)icodes 

table statecat, contents(min state max state) 

drop state 

recode statecat (0 3 5=1 ACT) (1=2 NT) (2 4 6=3  NSW)  (7 12 =4 VIC)(8 13=5 QLD) (9=6 SA) (10=7 WA) (11=8 TAS), gen (state) 

drop statecat 

label variable state "State" 

append using "SEIFA06_M1.dta", force 

compress 

save "SEIFA06_M1.dta", replace 

} 

local avgquarters" quarter_07 quarter_08 quarter_09 quarter_10 quarter_11 quarter_12 quarter_13 quarter_14 quarter_15 quarter_16 quarter_17 quarter_18 quarter_19 quarter_20 quarter_21 quarter_22 quarter_23 

quarter_24 quarter_25 quarter_26" 

egen quarter_=rmean(`avgquarters') 

drop quarter_07 quarter_08 quarter_09 quarter_10 quarter_11 quarter_12 quarter_13 quarter_14 quarter_15 quarter_16 quarter_17 quarter_18 quarter_19 quarter_20 quarter_21 quarter_22 quarter_23 quarter_24 

quarter_25 quarter_26 

sort quarter_ 

label variable quarter_ "Quarter in append file" 

codebook state 

sort postcode 

order postcode quarter_ advdis_score advdis_decile dis_score dis_decile ier_score ier_decile ieo_score ieo_decile  population state agegroup 

compress 

codebook agegroup 

tab quarter_ 

describe 

save "SEIFA06_M1.dta", replace 

log close using "ACIR_APPEND_#3_Merge_SEIFA06_Dis_M1#Thesis", replace  
 

******************************* 
**PART 1B– SEIFA 2011 

******************************* 
 

log using "ACIR_APPEND_#2_Import_SEIFA11_M1#Thesis", replace 

import excel "AUS_poa_s11.xls", sheet("Table 1") cellrange(A6:J2484) firstrow case(lower)clear 

describe 

generate quarter_27=27 

label variable quarter_27 "Quarter in append file" 
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generate SEIFA_year=2011 

recast byte SEIFA_year 

label variable SEIFA_year "SEIFA-Census data" 

rename a postcode 

label variable postcode "Postcode" 

format %10.0g postcode 

rename score advdis_score 

generate advdis_score_n = real(advdis_score) 

drop advdis_score 

rename advdis_score_n advdis_score 

label variable advdis_score "IRSAD_score" 

format %4.2f advdis_score 

recast double advdis_score 

order advdis_score, after(decile) 

rename decile advdis_decile 

generate advdis_decile_n = real(advdis_decile) 

drop advdis_decile 

rename advdis_decile_n advdis_decile 

label variable advdis_decile "IRSAD_decile" 

recast byte advdis_decile 

order advdis_decile, after(advdis_score) 

rename d dis_score 

generate dis_score_n = real(dis_score) 

drop dis_score 

rename dis_score_n dis_score 

label variable dis_score "IRSD_score" 

format %4.2f dis_score  

recast double dis_score 

order dis_score, after(advdis_decile) 

rename e dis_decile 

generate dis_decile_n = real(dis_decile) 

drop dis_decile 

rename dis_decile_n dis_decile 

label variable dis_decile "IRSD_decile" 

recast byte dis_decile 

order dis_decile, after(dis_score) 

rename f  ier_score 

generate ier_score_n = real(ier_score) 

drop ier_score 

rename ier_score_n ier_score 

label variable ier_score "IER_score" 

format %4.2f ier_score  

recast double ier_score 

order ier_score, after(dis_decile) 

rename g ier_decile 

generate ier_decile_n = real(ier_decile) 
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drop ier_decile 

rename ier_decile_n ier_decile 

label variable ier_decile "IER_decile" 

recast byte ier_decile 

order ier_decile, after(ier_score) 

rename h ieo_score 

label variable ieo_score "IEO_score" 

format %4.2f ieo_score   

order ieo_score, after(ier_decile) 

rename i ieo_decile 

label variable ieo_decile "IEO_decile" 

format %9.0g ieo_decile 

order ieo_decile, after(ieo_score) 

rename j population 

label variable population "Population" 

generate agegroup=1 

label define agegroupvalue 1 "12-<15 Months" 

label values agegroup agegroupvalue 

label variable agegroup "Agegroup" 

clonevar state=postcode 

summarize state 

egen statecat=cut(state), at(0, 250, 900, 2595, 2619, 2899, 2918, 3000, 4000, 5000, 6000, 7000, 8000, 9000, 10000)icodes 

table statecat, contents(min state max state) 

drop state 

recode statecat (0 3 5=1 ACT) (1=2 NT) (2 4 6=3  NSW)  (7 12 =4 VIC)(8 13=5 QLD) (9=6 SA) (10=7 WA) (11=8 TAS), gen (state) 

drop statecat 

label variable state "State" 

compress 

save "SEIFA11_M1.dta", replace 

quietly foreach X in 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 { 

import excel "AUS_poa_s11.xls", sheet("Table 1") cellrange(A6:J2484) firstrow case(lower)clear 

generate quarter_`X'=`X' 

label variable quarter_`X' "Quarter in append file" 

generate SEIFA_year=2011 

recast byte SEIFA_year 

label variable SEIFA_year "SEIFA-Census data" 

rename a postcode 

label variable postcode "Postcode" 

format %10.0g postcode 

rename score advdis_score 

generate advdis_score_n = real(advdis_score) 

drop advdis_score 

rename advdis_score_n advdis_score 

label variable advdis_score "IRSAD_score" 

format %4.2f advdis_score 

recast double advdis_score 
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order advdis_score, after(decile) 

rename decile advdis_decile 

generate advdis_decile_n = real(advdis_decile) 

drop advdis_decile 

rename advdis_decile_n advdis_decile 

label variable advdis_decile "IRSAD_decile" 

recast byte advdis_decile 

order advdis_decile, after(advdis_score) 

rename d dis_score 

generate dis_score_n = real(dis_score) 

drop dis_score 

rename dis_score_n dis_score 

label variable dis_score "IRSD_score" 

format %4.2f dis_score  

recast double dis_score 

order dis_score, after(advdis_decile) 

rename e dis_decile 

generate dis_decile_n = real(dis_decile) 

drop dis_decile 

rename dis_decile_n dis_decile 

label variable dis_decile "IRSD_decile" 

recast byte dis_decile 

order dis_decile, after(dis_score) 

rename f ier_score 

generate ier_score_n = real(ier_score) 

drop ier_score 

rename ier_score_n ier_score 

label variable ier_score "IER_score" 

format %4.2f ier_score  

recast double ier_score 

order ier_score, after(dis_decile) 

rename g ier_decile 

generate ier_decile_n = real(ier_decile) 

drop ier_decile 

rename ier_decile_n ier_decile 

label variable ier_decile "IER_decile" 

recast byte ier_decile 

order ier_decile, after(ier_score) 

rename h ieo_score 

label variable ieo_score "IEO_score" 

format %4.2f ieo_score   

order ieo_score, after(ier_decile) 

rename i ieo_decile 

label variable ieo_decile "IEO_decile" 

format %9.0g ieo_decile 

order ieo_decile, after(ieo_score) 
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rename j population 

label variable population "Population" 

generate agegroup=1 

label define agegroupvalue 1 "12-<15 Months" 

label values agegroup agegroupvalue 

label variable agegroup "Agegroup" 

clonevar state=postcode 

summarize state 

egen statecat=cut(state), at(0, 250, 900, 2595, 2619, 2899, 2918, 3000, 4000, 5000, 6000, 7000, 8000, 9000, 10000)icodes 

table statecat, contents(min state max state) 

drop state 

recode statecat (0 3 5=1 ACT) (1=2 NT) (2 4 6=3  NSW)  (7 12 =4 VIC)(8 13=5 QLD) (9=6 SA) (10=7 WA) (11=8 TAS), gen (state) 

drop statecat 

label variable state "State" 

append using "SEIFA11_M1.dta", force 

compress 

save "SEIFA11_M1.dta", replace 

} 

local avgquarters" quarter_27 quarter_28 quarter_29 quarter_30 quarter_31 quarter_32 quarter_33 quarter_34 quarter_35 quarter_36 quarter_37 quarter_38 quarter_39 quarter_40 quarter_41 quarter_42 quarter_43 
quarter_44 quarter_45 quarter_46" 

egen quarter_=rmean(`avgquarters') 

drop quarter_27 quarter_28 quarter_29 quarter_30 quarter_31 quarter_32 quarter_33 quarter_34 quarter_35 quarter_36 quarter_37 quarter_38 quarter_39 quarter_40 quarter_41 quarter_42 quarter_43 quarter_44 
quarter_45 quarter_46 

sort quarter_ 

label variable quarter_ "Quarter in append file" 

tab quarter_ 

codebook state 

sort postcode 

order postcode quarter_ advdis_score advdis_decile dis_score dis_decile ier_score ier_decile ieo_score ieo_decile  population state agegroup 

compress 

codebook agegroup 

describe 

tab quarter_ 

save "SEIFA11_M1.dta", replace 

log close 
 

**SECTION 2–SEIFA MERGE WITH ACIR 

************************************************************************************************************************************************************************** 

**MERGE SEIFA IRSD 2006 DATA with ACIR DATA (ALL VARIABLES) 

************************************************************************************************************************************************************************** 
 

******************************* 

**PART 2A– SEIFA 2000 to 2006–ACIR 2000 to 2006 

******************************* 
 

**ACROSS Milestone1–Milestone1  Use quarter 26. The 2006 census data was collected 8 August 2006- this approximates the 26th Quarter. 

keep if quarter_ >6 

keep if quarter_ <27 



 

441 

 

sort postcode 

order postcode quarter_ state agegroup numpost fully pcentfully  

save "Milestone1_Append_06.dta", replace 

**Summary stats for pcentfully for checking purposes after merge. 

**Summary stats across all deciles across the 2006 time period 

**Summary stats for pcentfully 

summ pcentfully 

**This is the same as the pcentfully across all deciles after the merge with the SEIFA data 

**PART 14.2 

**ALL DECILES-FULL MERGE DATA SET 

**Merge SEIFA06_M1 (ALL VARIABLES)with Milestone1_Append_06(this dataset) 

use  "SEIFA06_M1.dta" , clear 

merge m:m quarter_ postcode state agegroup using "Milestone1_Append_06.dta" 

save "MergeSEIFA06_Dis_M1.dta", replace 

summ pcentfully 

**The percentfully is the same as the percentfully in the original ACER data set therefore no pcentfull data has been lost in merge. 

use "MergeSEIFA06_Dis_M1.dta", clear 

sort dis_decile 

sort postcode  

compress 

tab quarter_ agegroup  

describe 

save "SEIFA06_Dis_M1.dta", replace 

**Merge test-cross check with ACIR excel file post merge 

use "SEIFA06_Dis_M1.dta", clear 

keep if quarter_==15 

keep if postcode==822 

list state agegroup numpost fully pcentfully 

**Merge-correct/incorrect? 

**NT 822 12-<15 Months 114 103 90.35 

**Correct 

use "SEIFA06_Dis_M1.dta", clear 

**Merge test-cross check with ACIR excel file post merge 

keep if quarter_==15 

keep if postcode==4455 

list state agegroup numpost fully pcentfull 

**Merge-correct/incorrect? 

**QLD 4455 12-<15 Months 36 35 97.22 

**Correct 

use "SEIFA06_Dis_M1.dta", clear 

save "SEIFA06_Dis_M1.dta", replace 

log close 

  
  
******************************* 

**PART 2B– SEIFA 2006 to 2011–ACIR 2006 to 2011 
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******************************* 
 

cd "C:\Users\hallinan\OneDrive–The University of Melbourne\Documents\ACIR_First" 

log using "ACIR_APPEND_#4_Merge_SEIFA11_Dis_M1#Thesis", replace 

**ACROSS Milestone1–Milestone1  . The 2011 census data was collected 9 August 2011- this approximates the 46th Quarter. 

keep if quarter_ >26 

keep if quarter_ <47 

sort postcode 

order postcode quarter_ state agegroup numpost fully pcentfully  

save "Milestone1_Append_11.dta", replace 

**Summary stats for pcentfully for checking purposes after merge. 

**Summary stats across all deciles across the 2011 time period 

**Summary stats for pcentfully 

summ pcentfully 

**This is the same as the pcentfully across all deciles after the merge with the SEIFA data 

**PART 86.2 

**ALL DECILES-FULL MERGE DATA SET  

**Merge SEIFA11_Dis_M1 (ALL VARIABLES)with Milestone1_Append_11(this dataset) 

use  "SEIFA11_M1.dta" , clear 

merge m:m quarter_ postcode state agegroup using "Milestone1_Append_11.dta" 

save "MergeSEIFA11_Dis_M1.dta", replace 

summ pcentfully 

tab _merge 

**The percentfully is the same as the percentfully in the original ACER data set therefore no pcentfull data has been lost in merge. 

use "MergeSEIFA11_Dis_M1.dta", clear 

sort dis_decile 

sort postcode  

compress 

tab quarter_ agegroup 

describe 

save "SEIFA11_Dis_M1.dta", replace 

**Merge test-cross check with ACIR excel file post merge 

use "MergeSEIFA11_Dis_M1.dta", clear 

keep if quarter_==35 

keep if postcode==6022 

list state agegroup numpost fully pcentfully 

**Merge-correct/incorrect? 

**WA 6022 12-<15 Months 19 17 89.47 

**Correct 

use "SEIFA11_Dis_M1.dta", clear 

save "SEIFA11_Dis_M1.dta", replace 

log close 
 

**SECTION 3-EXPANDED SEIFA_IRSAD Data (ALL VARIABLES)   

******************************************************************************************************************************************************************* 

**PREPARE for MERGE of  EXPANDED SEIFA_IRSAD Data (ALL VARIABLES)  

******************************************************************************************************************************************************************* 
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*******************************  

SEIFA Expanded 2000 to 2006–ACIR January 2000 to 2006 

******************************* 

**ACROSS Milestone1–Milestone1 The 2006-2011 census data was collected on 8 August 2006-9 August 2011 AND EXPANDED TO INCLUDE ALL ACIR QUARTERS 

use "Milestone1_Append.dta", clear 

summ pcentfully 

summ pcentfullyu 

tab quarter state 

tab quarter agegroup 

save "Milestone1_Append06_11.dta", replace 

**Summary stats for pcentfully for checking purposes after merge. 

**Summary stats across all deciles across the 2006-2011 time period 

**Summary stats for pcentfully 

summ pcentfully 

**This is the same as the pcentfully across all deciles after the merge with the SEIFA data 

**PART 110.2 

**ALL DECILES-FULL MERGE DATA SET 

**Merge EXPANDED SEIFA06_11Dis_M1 (ALL VARIABLES)with Milestone1_Append06_11(this dataset)  

use "AppendExpandQuart_SEIFA06_11M1.dta", clear 

merge m:m quarter_ postcode state agegroup using "Milestone1_Append06_11.dta" 

save "MergeExpandSEIFA06_11_Dis_M1", replace 

summ pcentfully 

sort dis_decile 

sort postcode  

compress 

describe 

tab quarter_ dis_decile 

tab quarter_ agegroup 

tab _merge 

save "ExpandSEIFA06_11_Dis_M1.dta", replace 

use "ExpandSEIFA06_11_Dis_M1.dta", clear 

**Merge test-cross check with ACIR excel file post merge 

keep if quarter_==04 

keep if postcode==2145 

list state agegroup numpost fully pcentfully 

**Merge-correct/incorrect? 

**NSW 2145 1 197 176 89.34 

**Correct 

use "ExpandSEIFA06_11_Dis_M1.dta", clear 

**Merge test-cross check with ACIR excel file post merge 

keep if quarter_==37 

keep if postcode==3175 

list state agegroup numpost fully pcentfully 

**Merge-correct/incorrect? 

**VIC 3175 12-<15 Months 184 171 92.93 

**Correct 



 

444 

 

use "ExpandSEIFA06_11_Dis_M1.dta", clear 

summ pcentfully 

tab quarter_ agegroup 

codebook _merge 

drop if _merge==1 

tab quarter_ agegroup 

summ pcentfully 

save "ExpandSEIFA06_11_Dis_M1.dta", replace 

log close 
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 IRSD Scedasticity Tests 

IRSD–Quintile 1  

Table DD.1  Testing for Autocorrelation Quintile 1 

Breusch-Godfrey LM test for higher order autocorrelation  

*B-G LM test does not require that all the regressors be strictly exogenous 

lags(p) chi2 df Prob>chi2 

4 6.780 4 0.1480 

H0: No serial correlation 

To reject the null hypothesis the p-value needs to be smaller than p=0.05 

Table DD.2  Testing for a Unit Root Quintile 1 

Augmented Dickey-Fuller test for unit root 

lags(p) Z(t) 5% Critical value p-value 

3 -2.640 -3.490 0.2617 

H0=Variable contains a unit root  

To reject the null hypothesis the p-value needs to be smaller than p=0.05 

IRSD–Quintile 2  

Table DD.3  Testing for Autocorrelation Quintile 2 

Breusch-Godfrey LM test for higher order autocorrelation  

*B-G LM test does not require that all the regressors be strictly exogenous 

lags(p) chi2 df Prob>chi2 

4 9.617 4 0.0474 

H0: No serial correlation 

To reject the null hypothesis the p-value needs to be smaller than p=0.05 

Table DD.4  Testing for a Unit Root Quintile 2 

Augmented Dickey-Fuller test for unit root 

lags(p) Z(t) 5% Critical value p-value 

3 -3.542 -3.490 0.0351 

H0=Variable contains a unit root  

To reject the null hypothesis the p-value needs to be smaller than p=0.05 

IRSD–Quintile 3 

Table DD.5  Testing for Autocorrelation Quintile 3 

Breusch-Godfrey LM test for higher order autocorrelation  

*B-G LM test does not require that all the regressors be strictly exogenous 

lags(p) chi2 df Prob>chi2 

4 2.692 4 0.6106 

H0: No serial correlation 

To reject the null hypothesis the p-value needs to be smaller than p=0.05 
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IRSD–Quintile 3 

Table DD.6  Testing for a Unit Root Quintile 3 

Augmented Dickey-Fuller test for unit root 

lags(p) Z(t) 5% Critical value p-value 

3 -3.519 -3.490 0.0374 

H0=Variable contains a unit root  

To reject the null hypothesis the p-value needs to be smaller than p=0.05 

IRSD–Quintile 4 

Table DD.7  Testing for Autocorrelation Quintile 4 

Breusch-Godfrey LM test for higher order autocorrelation  

*B-G LM test does not require that all the regressors be strictly exogenous 

lags(p) chi2 df Prob>chi2 

4 13.548 4 0.0089 

H0: No serial correlation 

To reject the null hypothesis the p-value needs to be smaller than p=0.05 

Table DD.8  Testing for a Unit Root Quintile 4 

Augmented Dickey-Fuller test for unit root 

lags(p) Z(t) 5% Critical value p-value 

3 -2.845 -3.490 0.1809 

H0=Variable contains a unit root  

To reject the null hypothesis the p-value needs to be smaller than p=0.05 

IRSD–Quintile 5 

Table DD.9  Testing for Autocorrelation Quintile 5 

Breusch-Godfrey LM test for higher order autocorrelation  

*B-G LM test does not require that all the regressors be strictly exogenous 

lags(p) chi2 df Prob>chi2 

4 12.761 4 0.0125 

H0: No serial correlation 

To reject the null hypothesis the p-value needs to be smaller than p=0.05 

Table DD.10  Testing for a Unit Root Quintile 5 

Augmented Dickey-Fuller test for unit root 

lags(p) Z(t) 5% Critical value p-value 

3 -3.719 -3.490 0.0211 

H0=Variable contains a unit root  

To reject the null hypothesis the p-value needs to be smaller than p=0.05 
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 Parameter Estimates for SEIFA Data Sets 

Table EE.1  Quintile 1 Data Set 1 
 

DATA SET 1–INDEX OF RELATIVE SOCIO-ECONOMIC DISADVANTAGE -QUINTILE 1 

IRSD Quintile 1–Original Series Quarters 1–64  Coefficient 
Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 89.640 0.365 245.69 0.000 88.9072 - 90.3729 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.001 0.018 0.07 0.945 -0.0343 - 0.0367 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54) 0.173 0.592 0.29 0.771 -1.0155 - 1.3622 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54) 0.010 0.048 
0.20 

0.841 -0.0861 - 0.1053 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) -2.161 0.656 -3.29 0.003 -3.5112 - -0.8099 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.529 0.102 5.19 0.000 0.3194 - 0.7396 

𝜷𝟔 Level before SIP removal (Q=35) 89.684 0.365 245.81 0.000 88.9512 - 90.4168 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
89.857 0.339 264.87 0.000 89.1416 - 90.5731 

𝜷𝟖 Slope before OBP removal (Q36-Q54) 0.011 0.032 0.34 0.740 -0.0571 - 0.0788 

𝜷𝟗 Level before OBP removal (Q=54) 90.064 0.414 245.31 0.000 89.2118 - 90.9152 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
87.903 0.509 172.71 0.000 86.8548 - 88.9512 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) 0.540 0.095 5.67 0.000 0.2756 - 0.8051 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 92.766 0.613 151.35 0.000 91.3526 - 94.1794 

Table EE.2  Quintile 1 Data Set 2 

DATA SET 2–INDEX OF RELATIVE SOCIO-ECONOMIC DISADVANTAGE -QUINTILE 1 

IRSD Quintile 1–Modelled Series arima100dy Quarters 1–64 Coefficient 
Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 89.762 0.133 674.15 0.000 89.4942 - 90.0291 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.002 0.006 0.31 0.755 -0.0109 - 0.0150 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54) -0.034 0.216 -0.16 0.874 -0.4682 - 0.3995 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54) 0.003 0.017 0.19 0.850 -0.0316 - 0.0382 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) -0.507 0.292 -1.73 0.085 -1.1082 - 0.0951 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.121 0.045 2.67 0.013 0.0277 - 0.2149 

𝜷𝟔 Level before SIP removal (Q=35) 89.834 0.133 674.70 0.000 89.5670 - 90.1019 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
89.800 0.127 704.81 0.000 89.5313 - 90.0689 

𝜷𝟖 Slope before OBP removal (Q36-Q54) 0.005 0.012 0.44 0.665 -0.0202 - 0.0308 

𝜷𝟗 Level before OBP removal (Q=54) 89.901 0.138 652.00 0.000 89.6105 - 90.1923 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
89.395 0.227 394.29 0.000 88.9280 - 89.8619 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) 0.127 0.042 2.98 0.006 0.0392 - 0.2141 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 90.535 0.315 287.10 0.000 89.8077 - 91.2620 

H0: No difference in immunisation coverage after removal of incentive 

Coefficients insignificant at the 0.05 probability leve
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Table EE.3  Quintile 1 Data Set 3 

DATA SET 3 OF RELATIVE SOCIO-ECONOMIC DISADVANTAGE -QUINTILE 1 

IRSD Quintile 1 - Weighted Series Quarters 1–64  Coefficient 
Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 87.248 0.924 94.44 0.000 85.3928 - 89.1039 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.095 0.045 2.13 0.038 0.0053 - 0.1851 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54) 2.358 1.499 1.57 0.122 -0.6521 - 5.3686 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54) -0.238 0.121 -1.97 0.054 -0.4799 - 0.0046 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) -0.463 1.763 -0.26 0.795 -4.0947 - 3.168 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.300 0.274 1.09 0.285 -0.2649 - 0.8647 

𝜷𝟔 Level before SIP removal (Q=35) 90.675 0.924 98.15 0.000 88.8199 - 92.531 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
93.034 1.027 90.55 0.000 90.9177 - 95.1498 

𝜷𝟖 Slope before OBP removal (Q36-Q54) -0.142 0.098 -1.46 0.157 -0.3433 - 0.0584 

𝜷𝟗 Level before OBP removal (Q=54) 90.327 1.112 81.24 0.000 88.037 - 92.6169 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
89.864 1.072 83.81 0.000 87.391 - 92.3362 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) 0.157 0.201 0.78 0.456 -0.3057 - 0.6206 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 91.281 1.072 85.13 0.000 88.808 - 93.7532 

Table EE.4  Quintile 1 Data Set 4 

DATA SET 4–INDEX OF RELATIVE SOCIO-ECONOMIC DISADVANTAGE -QUINTILE 1 

IRSD Quintile 1 - Weighted Series Quarters 1–64  

(Outlier Removed) 
Coefficient 

Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 87.248 0.853 102.30 0.000 85.5354 - 88.9613 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.095 0.041 2.30 0.025 0.0122 - 0.1782 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54) 2.405 1.384 1.74 0.088 -0.3744 - 5.1836 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54) -0.191 0.111 -1.72 0.092 -0.415 - 0.0323 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) -1.390 1.377 -1.01 0.323 -4.226 - 1.4465 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.254 0.214 1.18 0.248 -0.1876 - 0.6947 

𝜷𝟔 Level before SIP removal (Q=35) 90.675 0.853 106.32 0.000 88.9625 - 92.3885 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
93.080 0.801 116.17 0.000 91.3896 - 94.7705 

𝜷𝟖 Slope before OBP removal (Q36-Q54) -0.096 0.076 -1.26 0.223 -0.2566 - 0.0643 

𝜷𝟗 Level before OBP removal (Q=54) 91.253 0.867 105.24 0.000 89.4239 - 93.0827 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
89.864 1.069 84.08 0.000 87.6624 - 92.0648 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) 0.157 0.200 0.79 0.439 -0.2549 - 0.5698 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 91.281 1.072 85.13 0.000 88.808 - 93.7532 

H0: No difference in immunisation coverage after removal of incentive 

Coefficients insignificant at the 0.05 probability level
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Table EE.5  Quintile 2 Data Set 5 

DATA SET 5–INDEX OF RELATIVE SOCIO-ECONOMIC DISADVANTAGE -QUINTILE 2 

IRSD Quintile 2–Original Series Quarters 1–64 Coefficient 
Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 90.615 0.350 259.11 0.000 89.9126 - 91.3175 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.029 0.017 1.73 0.090 -0.0047 - 0.0633 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54) -0.063 0.567 -0.11 0.912 -1.2029 - 1.0762 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54) -0.053 0.046 -1.16 0.251 -0.1447 - 0.0387 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) -2.003 0.636 -3.15 0.004 -3.3131 - -0.6933 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.487 0.099 4.92 0.000 0.2829 - 0.6904 

𝜷𝟔 Level before SIP removal (Q=35) 91.670 0.350 262.12 0.000 90.9677 - 92.3726 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
91.607 0.350 261.55 0.000 90.8679 - 92.3458 

𝜷𝟖 Slope before OBP removal (Q36-Q54) -0.024 0.033 -0.71 0.485 -0.0938 - 0.0464 

𝜷𝟗 Level before OBP removal (Q=54) 91.156 0.379 240.50 0.000 90.3566 - 91.9560 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
89.153 0.494 180.62 0.000 88.1365 - 90.1697 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) 0.463 0.092 5.01 0.000 0.2725 - 0.6533 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 93.319 0.547 170.67 0.000 92.0583 - 94.5801 

Table EE.6  Quintile 2 Data Set 6 

DATA SET 6–INDEX OF RELATIVE SOCIO-ECONOMIC DISADVANTAGE -QUINTILE 2 

IRSD Quintile 2–Modelled Series arima100dy Quarters 1–64 Coefficient 
Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 90.972 0.157 581.08 0.000 90.6575 - 91.2864 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.010 0.008 1.37 0.176 -0.0048 - 0.0256 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54) 0.100 0.254 0.40 0.694 -0.4097 - 0.6105 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54) -0.025 0.020 -1.25 0.219 -0.0665 - 0.0156 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) -0.770 0.317 -2.43 0.023 -1.4223 - -0.1176 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.184 0.049 3.74 0.001 0.0827 - 0.2856 

𝜷𝟔 Level before SIP removal (Q=35) 91.347 0.157 583.48 0.000 91.0324 - 91.6613 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
91.447 0.185 574.88 0.000 91.0671 - 91.8274 

𝜷𝟖 Slope before OBP removal (Q36-Q54) -0.015 0.015 -1.00 0.333 -0.0469 - 0.0168 

𝜷𝟗 Level before OBP removal (Q=54) 91.161 0.172 529.55 0.000 90.7980 - 91.5244 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
90.391 0.246 367.68 0.000 89.8849 - 90.8976 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) 0.169 0.046 3.67 0.001 0.0742 - 0.2639 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 91.913 0.306 300.61 0.000 91.2080 - 92.6181 

H0: No difference in immunisation coverage after removal of incentive 

Coefficients insignificant at the 0.05 probability level
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Table EE.7  Quintile 2 Data Set 7 

DATA SET 7–INDEX OF RELATIVE SOCIO-ECONOMIC DISADVANTAGE -QUINTILE 2 

IRSD Quintile 2 - Weighted Series Quarters 1–64 Coefficient 
Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 88.845 0.767 115.80 0.000 87.2841 - 90.4059 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.064 0.037 1.72 0.094 -0.0116 - 0.1396 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54) 2.033 1.441 1.41 0.164 -0.8606 - 4.9271 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54) -0.181 0.116 -1.56 0.124 -0.4143 - 0.0515 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) 0.448 2.218 0.20 0.841 -4.1203 - 5.0169 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.169 0.345 0.49 0.628 -0.5412 - 0.880 

𝜷𝟔 Level before SIP removal (Q=35) 91.149 0.767 118.81 0.000 89.5885 - 92.7103 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
93.183 1.293 72.09 0.000 90.5205 - 95.8448 

𝜷𝟖 Slope before OBP removal (Q36-Q54) -0.117 0.108 -1.09 0.281 -0.3337 - 0.0989 

𝜷𝟗 Level before OBP removal (Q=54) 90.952 1.399 65.02 0.000 88.0706 - 93.8326 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
91.400 1.422 64.29 0.000 88.1217 - 94.6782 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) 0.052 0.266 0.20 0.850 -0.5621 - 0.6661 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 91.868 1.422 64.62 0.000 88.5898 - 95.1462 

Table EE.8  Quintile 2 Data Set 8 

DATA SET 8–INDEX OF RELATIVE SOCIO-ECONOMIC DISADVANTAGE -QUINTILE 2 

IRSD Quintile 2 - Weighted Series Quarters 1–64 

(Outlier Removed) 
Coefficient 

Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 88.845 0.767 115.800 0.000 87.2841 - 90.4059 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.064 0.037 1.720 0.094 -0.0116 - 0.1396 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54) 2.087 1.309 1.590 0.117 -0.5428 - 4.7159 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54) -0.128 0.105 -1.220 0.230 -0.3398 - 0.0835 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) -0.618 1.897 -0.330 0.747 -4.5241 - 3.2891 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.116 0.295 0.390 0.697 -0.4915 - 0.7238 

𝜷𝟔 Level before SIP removal (Q=35) 91.149 0.767 118.810 0.000 89.5885 - 92.7103 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
93.236 1.105 84.350 0.000 90.9595 - 95.5124 

𝜷𝟖 Slope before OBP removal (Q36-Q54) -0.064 0.098 -0.660 0.515 -0.2606 - 0.1324 

𝜷𝟗 Level before OBP removal (Q=54) 92.017 1.196 76.930 0.000 89.5539 - 94.481 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
91.400 1.422 64.290 0.000 88.1217 - 94.6782 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) 0.052 0.266 0.200 0.850 -0.5621 - 0.6661 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 91.868 1.422 64.620 0.000 88.5898 - 95.1462 

H0: No difference in immunisation coverage after removal of incentive 

Coefficients insignificant at the 0.05 probability level
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Table EE.9  Quintile 3 Data Set 9 

DATA SET 9–INDEX OF RELATIVE SOCIO-ECONOMIC DISADVANTAGE -QUINTILE 3 

IRSD Quintile 3 - Original series Quarters 1–64  Coefficient 
Standard 

Error 

t- 

statistic 
p-value Confidence Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 90.734 0.302 300.48 0.000 90.1196 - 91.3483 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.021 0.015 1.40 0.170 -0.0092 - 0.0503 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54) 0.369 0.515 0.72 0.477 -0.6660 - 1.4041 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54) -0.047 0.041 -1.14 0.261 -0.1304 - 0.0362 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) -1.636 0.782 -2.09 0.047 -3.2454 - -0.0256 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.415 0.122 3.41 0.002 0.1648 - 0.6656 

𝜷𝟔 Level before SIP removal (Q=35) 91.473 0.302 302.93 0.000 90.8584 - 92.0871 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
91.842 0.406 226.33 0.000 91.0269 - 92.6569 

𝜷𝟖 Slope before OBP removal (Q36-Q54) -0.027 0.039 -0.69 0.493 -0.1040 - 0.0508 

𝜷𝟗 Level before OBP removal (Q=54) 91.337 0.478 190.91 0.000 90.3272 - 92.3459 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
89.701 0.607 147.86 0.000 88.4516 - 90.9505 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) 0.389 0.114 3.42 0.002 0.1546 - 0.6226 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 93.198 0.643 144.95 0.000 91.7158 - 94.6812 

Table EE.10  Quintile 3 Data Set 10 

DATA SET 10–INDEX OF RELATIVE SOCIO-ECONOMIC DISADVANTAGE -QUINTILE 3 

IRSD Quintile 3 - Weighted Series Quarters 1–64 Coefficient 
Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 90.438 0.647 139.88 0.000 89.1391 - 91.7363 

𝜷𝟏  Slope before SIP removal (Q1-Q35) -0.020 0.031 -0.63 0.531 -0.0827 - 0.0431 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54) 2.939 1.049 2.80 0.007 0.8325 - 5.046 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54) -0.083 0.084 -0.98 0.330 -0.2526 - 0.0865 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) -0.726 1.376 -0.53 0.602 -3.5592 - 2.1076 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.715 0.214 3.34 0.003 0.2746 - 1.156 

𝜷𝟔 Level before SIP removal (Q=35) 89.726 0.647 138.78 0.000 88.4275 - 91.0247 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
92.665 0.802 115.59 0.000 91.0142 - 94.3163 

𝜷𝟖 Slope before OBP removal (Q36-Q54) -0.103 0.076 -1.35 0.189 -0.2595 - 0.0539 

𝜷𝟗 Level before OBP removal (Q=54) 90.712 0.868 104.56 0.000 88.9251 - 92.4986 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
89.986 1.010 89.12 0.000 87.6577 - 92.3144 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) 0.612 0.189 3.24 0.012 0.1763 - 1.0486 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 95.498 1.010 94.58 0.000 93.1699 - 97.8266 

H0: No difference in immunisation coverage after removal of incentive 

Coefficients insignificant at the 0.05 probability level
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Table EE.11  Quintile 4 Data Set 11 

DATA SET 11–INDEX OF RELATIVE SOCIO-ECONOMIC DISADVANTAGE -QUINTILE 4 

IRSD Quintile 4 - Original series Quarters 1–64  Coefficient 
Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 90.843 0.265 342.38 0.000 90.3036 - 91.3832 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.018 0.012 1.47 0.147 -0.0066 - 0.0427 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54) 0.027 0.411 0.06 0.949 -0.7980 - 0.8513 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54) -0.014 0.033 -0.44 0.665 -0.0808 - 0.0520 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) -1.885 0.639 -2.95 0.007 -3.2015 - -0.5693 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.465 0.099 4.68 0.000 0.2601 - 0.6696 

𝜷𝟔 Level before SIP removal (Q=35) 91.493 0.253 361.54 0.000 90.9850 - 92.0016 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
91.520 0.290 315.07 0.000 90.9071 - 92.1328 

𝜷𝟖 Slope before OBP removal (Q36-Q54) 0.004 0.028 0.13 0.896 -0.0545 - 0.0618 

𝜷𝟗 Level before OBP removal (Q=54) 91.590 0.314 291.35 0.000 90.9264 - 92.2529 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
89.704 0.496 180.87 0.000 88.6828 - 90.7257 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) 0.469 0.093 5.04 0.000 0.2772 - 0.6598 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 93.921 0.671 139.91 0.000 92.3729 - 95.4688 

Table EE.12  Quintile 4 Data Set 12 

DATA SET 12–INDEX OF RELATIVE SOCIO-ECONOMIC DISADVANTAGE -QUINTILE 4 

IRSD Quintile 4–Modelled Series arima100dy Quarters 1–64 Coefficient 
Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 91.136 0.120 761.47 0.000 90.8959 - 91.3767 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.007 0.006 1.25 0.216 -0.0044 - 0.0189 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54) 0.001 0.194 0.01 0.994 -0.3885 - 0.3915 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54) 0.001 0.016 0.05 0.958 -0.0306 - 0.0322 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) -1.055 0.303 -3.49 0.002 -1.6790 - -0.4318 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.210 0.047 4.47 0.000 0.1135 - 0.3075 

𝜷𝟔 Level before SIP removal (Q=35) 91.398 0.120 763.66 0.000 91.1574 - 91.6382 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
91.399 0.131 695.37 0.000 91.1219 - 91.6766 

𝜷𝟖 Slope before OBP removal (Q36-Q54) 0.008 0.012 0.65 0.525 -0.0182 - 0.0344 

𝜷𝟗 Level before OBP removal (Q=54) 91.553 0.142 643.63 0.000 91.2531 - 91.8533 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
90.498 0.235 385.12 0.000 90.0138 - 90.9817 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) 0.219 0.044 4.97 0.000 0.1279 - 0.3093 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 92.465 0.328 282.10 0.000 91.7092 - 93.2209 

H0: No difference in immunisation coverage after removal of incentive 

Coefficients insignificant at the 0.05 probability level
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Table EE.13  Quintile 4 Data Set 13 

DATA SET 13–INDEX OF RELATIVE SOCIO-ECONOMIC DISADVANTAGE -QUINTILE 4 

IRSD Quintile 4 - Weighted Series Quarters 1–64  Coefficient 
Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 89.827 0.642 139.82 0.000 88.5198 - 91.134 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.043 0.031 1.38 0.177 -0.0204 - 0.1062 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54) 0.286 1.050 0.27 0.786 -1.8223 - 2.3948 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54) 0.024 0.084 0.28 0.782 -0.1462 - 0.1932 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) -1.494 1.638 -0.91 0.370 -4.8674 - 1.8796 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.477 0.255 1.87 0.073 -0.0476 - 1.0018 

𝜷𝟔 Level before SIP removal (Q=35) 91.371 0.642 142.22 0.000 90.0643 - 92.6785 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
91.658 0.827 110.88 0.000 89.9973 - 93.3179 

𝜷𝟖 Slope before OBP removal (Q36-Q54) 0.066 0.078 0.85 0.401 -0.0912 - 0.224 

𝜷𝟗 Level before OBP removal (Q=54) 92.920 0.907 102.46 0.000 91.0066 - 94.8332 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
91.426 1.271 71.92 0.000 88.8078 - 94.0441 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) 0.544 0.238 2.28 0.031 0.0531 - 1.0340 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 96.318 1.550 62.13 0.000 92.743 - 99.8925 

Table EE.14  Quintile 4 Data Set 14 

DATA SET 14–INDEX OF RELATIVE SOCIO-ECONOMIC DISADVANTAGE -QUINTILE 4 

IRSD Quintile 4 - Weighted Series Quarters 1–64 

(Outlier Removed) 
Coefficient 

Standar

d Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 89.827 0.597 150.560 0.000 88.6285 - 91.0253 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.043 0.029 1.480 0.144 -0.0152 - 0.101 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54) 0.319 0.968 0.330 0.743 -1.6247 - 2.2636 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54) 0.057 0.078 0.730 0.470 -0.0997 - 0.2132 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) -2.158 1.442 -1.500 0.147 -5.1284 - 0.812 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.444 0.224 1.980 0.059 -0.0181 - 0.9059 

𝜷𝟔 Level before SIP removal (Q=35) 91.371 0.597 153.150 0.000 90.173 - 92.5698 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
91.691 0.633 144.790 0.000 90.3547 - 93.027 

𝜷𝟖 Slope before OBP removal (Q36-Q54) 0.100 0.060 1.660 0.116 -0.0272 - 0.2265 

𝜷𝟗 Level before OBP removal (Q=54) 93.584 0.685 136.550 0.000 92.1382 - 95.0301 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
91.426 1.119 81.680 0.000 89.1208 - 93.7312 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) 0.544 0.210 2.590 0.016 0.1117 - 0.9753 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 96.318 1.550 62.130 0.000 92.743 - 99.8925 

H0: No difference in immunisation coverage after removal of incentive 

Coefficients insignificant at the 0.05 probability level
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Table EE.15  Quintile 5 Data Set 15 

DATA SET 15–INDEX OF RELATIVE SOCIO-ECONOMIC DISADVANTAGE -QUINTILE 5 

IRSD Quintile 5 - Original series Quarters 1–64  Coefficient 
Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 89.909 0.233 386.56 0.000 89.4416 - 90.3760 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.025 0.011 2.22 0.031 0.0023 - 0.0476 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54) 0.321 0.377 0.85 0.399 -0.4369 - 1.0789 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54) -0.020 0.030 -0.66 0.510 -0.0811 - 0.0409 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) -1.819 0.451 -4.04 0.000 -2.7470 - -0.8908 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.424 0.070 6.04 0.000 0.2792 - 0.5679 

𝜷𝟔 Level before SIP removal (Q=35) 90.808 0.233 390.42 0.000 90.3403 - 91.2747 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
91.129 0.234 389.41 0.000 90.6348 - 91.6223 

𝜷𝟖 Slope before OBP removal (Q36-Q54) 0.005 0.022 0.22 0.831 -0.0420 - 0.0517 

𝜷𝟗 Level before OBP removal (Q=54) 91.220 0.253 360.19 0.000 90.6858 - 91.7545 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
89.401 0.350 255.62 0.000 88.6809 - 90.1216 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) 0.428 0.066 6.54 0.000 0.2934 - 0.5633 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 93.256 0.419 222.41 0.000 92.2894 - 94.2232 

Table EE.16  Quintile 5 Data Set 16 

DATA SET 16–INDEX OF RELATIVE SOCIO-ECONOMIC DISADVANTAGE -QUINTILE 5 

IRSD Quintile 5 - Modelled Series arima100dy Quarters 1–64 Coefficient 
Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 90.315 0.135 668.44 0.000 90.0433 - 90.5860 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.011 0.007 1.59 0.121 -0.0032 - 0.0261 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54) 0.209 0.219 0.95 0.345 -0.2312 - 0.6493 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54) -0.005 0.018 -0.28 0.778 -0.0404 - 0.0304 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) -1.040 0.287 -3.63 0.001 -1.6308 - -0.4494 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.213 0.045 4.77 0.000 0.1211 - 0.3049 

𝜷𝟔 Level before SIP removal (Q=35) 90.726 0.135 671.48 0.000 90.4548 - 90.9975 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
90.935 0.134 680.99 0.000 90.6534 - 91.2169 

𝜷𝟖 Slope before OBP removal (Q36-Q54) 0.006 0.013 0.51 0.619 -0.0203 - 0.0332 

𝜷𝟗 Level before OBP removal (Q=54) 91.057 0.145 630.10 0.000 90.7523 - 91.3621 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
90.017 0.223 404.39 0.000 89.5586 - 90.4755 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) 0.219 0.042 5.26 0.000 0.1335 - 0.3053 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 91.992 0.296 310.76 0.000 91.3093 - 92.6745 

H0: No difference in immunisation coverage after removal of incentive 

Coefficients insignificant at the 0.05 probability level
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Table EE.17  Quintile 5 Data Set 17 

DATA SET 17–INDEX OF RELATIVE SOCIO-ECONOMIC DISADVANTAGE -QUINTILE 5 

IRSD Quintile 5–Weighted Series Quarters 1–64 Coefficient 
Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 86.587 0.421 205.810 0.000 85.7312 - 87.443 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.180 0.020 8.810 0.000 0.1381 - 0.2211 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54) -0.713 0.806 -0.880 0.381 -2.3319 - 0.9061 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54) -0.165 0.065 -2.550 0.014 -0.2958 - -0.0352 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) -1.829 1.273 -1.440 0.163 -4.4507 - 0.793 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.630 0.198 3.180 0.004 0.2217 - 1.0373 

𝜷𝟔 Level before SIP removal (Q=35) 93.053 0.421 221.180 0.000 92.1973 - 93.9092 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
92.340 0.635 145.490 0.000 91.0655 - 93.6152 

𝜷𝟖 Slope before OBP removal (Q36-Q54) 0.014 0.060 0.230 0.816 -0.1069 - 0.1351 

𝜷𝟗 Level before OBP removal (Q=54) 92.609 0.803 115.360 0.000 90.9552 - 94.2619 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
90.780 0.835 108.670 0.000 88.8533 - 92.7059 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) 0.644 0.156 4.110 0.003 0.2828 - 1.0045 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 96.572 0.835 115.610 0.000 94.6461 - 98.4987 

Table EE.18  Quintile 5 Data Set 18 

DATA SET 18–INDEX OF RELATIVE SOCIO-ECONOMIC DISADVANTAGE -QUINTILE 5 

IRSD Quintile 5–Weighted Series Quarters 1–64 

(Outlier Removed) 
Coefficient 

Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 86.587 0.421 205.810 0.000 85.7312 - 87.443 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.180 0.020 8.800 0.000 0.1386 - 0.2206 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54) -0.677 0.686 -0.990 0.328 -2.0547 - 0.6999 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54) -0.130 0.055 -2.360 0.022 -0.2409 - -0.0192 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) -2.539 0.982 -2.580 0.016 -4.5621 - -0.5154 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.594 0.153 3.890 0.001 0.2793 - 0.9088 

𝜷𝟔 Level before SIP removal (Q=35) 93.053 0.421 221.180 0.000 92.1973 - 93.9092 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
92.376 0.540 171.080 0.000 91.2913 - 93.4604 

𝜷𝟖 Slope before OBP removal (Q36-Q54) 0.050 0.051 0.970 0.338 -0.0533 - 0.1525 

𝜷𝟗 Level before OBP removal (Q=54) 93.318 0.590 158.270 0.000 92.0744 - 94.5624 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
90.780 0.762 119.060 0.000 89.2093 - 92.35 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) 0.644 0.143 4.510 0.000 0.3495 - 0.9378 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 96.572 0.835 115.610 0.000 94.6461 - 98.4987 

H0: No difference in immunisation coverage after removal of incentive 

Coefficients insignificant at the 0.05 probability level 
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 ASAG–RA Homoscedasticity Tests 

ASAG–RA1 Major Cities 

Table FF.1  Testing for Autocorrelation Remoteness Area 1 

Breusch-Godfrey LM test for higher order autocorrelation  

*B-G LM test does not require that all the regressors be strictly exogenous 

lags(p) chi2 df Prob>chi2 

4 15.349 4 0.0031 

H0: No serial correlation 

To reject the null hypothesis the p-value needs to be smaller than p=0.05 

Table FF.2   Testing for a Unit Root Remoteness Area 1 

Augmented Dickey-Fuller test for unit root 

lags(p) Z(t) 5% Critical value p-value 

3 -2.678 -3.490 0.2451 

H0=Variable contains a unit root  

To reject the null hypothesis the p-value needs to be smaller than p=0.05 

 

ASAG–RA2 Inner Regional  

Table FF.3  Testing for Autocorrelation Remoteness Area 2 

Breusch-Godfrey LM test for higher order autocorrelation  

*B-G LM test does not require that all the regressors be strictly exogenous 

lags(p) chi2 df Prob>chi2 

4 10.278 4 0.0360 

H0: No serial correlation 

To reject the null hypothesis the p-value needs to be smaller than p=0.05 

Table FF.4   Testing for a Unit Root Remoteness Area 1 

Augmented Dickey-Fuller test for unit root 

lags(p) Z(t) 5% Critical value p-value 

3 -3.283 -3.490 0.0691 

H0=Variable contains a unit root  

To reject the null hypothesis the p-value needs to be smaller than p=0.05 
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ASAG–RA 3-5 Outer Regional, Remote and Very Remote  

Table FF.5  Testing for Autocorrelation Remoteness Area 3-5 

Breusch-Godfrey LM test for higher order autocorrelation  

*B-G LM test does not require that all the regressors be strictly exogenous 

lags(p) chi2 df Prob>chi2 

4 12.352 4 0.0149 

H0: No serial correlation 

To reject the null hypothesis the p-value needs to be smaller than p=0.05 

Table FF.6  Testing for a Unit Root Remoteness Area 3-5 

Augmented Dickey-Fuller test for unit root 

lags(p) Z(t) 5% Critical value p-value 

3 -3.497 -3.490 0.0397 

H0=Variable contains a unit root  

To reject the null hypothesis the p-value needs to be smaller than p=0.05 
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 –Parameter Estimates for Remoteness Area Data Sets 

Table GG.1  Remoteness Area 1 Data Set 1 

DATA SET 1–REMOTENESS AREA 1 MAJOR CITIES OF AUSTRALIA 

ASGS RA1 Original series Quarters 1–64 Coefficient 
Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 89.968 0.209 429.640 0.000 89.5471–90.3883 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.019 0.010 1.840 0.072 -0.0017–0.0391 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54) 0.427 0.340 1.260 0.214 -0.2552–1.1095 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54) -0.045 0.027 -1.650 0.104 -0.1002–0.0097 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) -1.414 0.391 -3.620 0.001 -2.2183–-0.6089 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.461 0.061 7.580 0.000 0.3354–0.5857 

𝜷𝟔 Level before SIP removal (Q=35) 90.640 0.209 432.850 0.000 90.2195–91.0607 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
91.067 0.214 425.400 0.000 90.6156–91.5189 

𝜷𝟖 Slope before OBP removal (Q36-Q54)* -0.027 0.022 -1.230 0.230 -0.0711–0.0179 

𝜷𝟗 Level before OBP removal (Q=54) 90.563 0.246 367.560 0.000 90.0551–91.0700 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
89.149 0.339 263.350 0.000 88.3683–89.9296 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) 0.434 0.057 7.640 0.000 0.3170–0.5510 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 93.055 0.339 274.890 0.000 92.2741–93.8354 

Table GG.2 Remoteness Area 1 Data Set 2 

DATA SET 2–REMOTENESS AREA 1 MAJOR CITIES OF AUSTRALIA  

ASGS RA1 Modelled Series arima100dy Quarters 1–64 Coefficient 
Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 90.203 0.140 644.28 0.000 89.9222 - 90.4847 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.010 0.007 1.52 0.136 -0.0033 - 0.0239 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54)* 0.273 0.227 1.20 0.235 -0.1833 - 0.7292 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54)* -0.021 0.018 -1.16 0.253 -0.0579 - 0.0156 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) -1.004 0.290 -3.46 0.002 -1.6013 - -0.4069 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.266 0.045 5.90 0.000 0.1732 - 0.3590 

𝜷𝟔 Level before SIP removal (Q=35) 90.574 0.140 646.92 0.000 90.2924 - 90.8548 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
90.847 0.169 537.66 0.000 90.4986 - 91.1945 

𝜷𝟖 Slope before OBP removal (Q36-Q54)* -0.011 0.014 -0.80 0.433 -0.0395 - 0.0177 

𝜷𝟗 Level before OBP removal (Q=54) 90.640 0.155 586.41 0.000 90.3137 - 90.9659 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
89.636 0.225 398.30 0.000 89.1722 - 90.0992 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) 0.255 0.042 6.05 0.000 0.1684 - 0.3420 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 93.055 0.339 274.89 0.000 92.2741 - 93.8354 

H0: No difference in immunisation coverage after removal of incentive 

Coefficients insignificant at the 0.05 probability level
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Table GG.3  Remoteness Area 1 Data Set 3 

DATA SET 3–REMOTENESS AREA 1 MAJOR CITIES OF AUSTRALIA 

ASGS RA1 Weighted Series Quarters 1–64 Coefficient 
Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 88.193 0.293 301.29 0.000 87.5971 - 88.7881 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.096 0.014 6.79 0.000 0.0674 - 0.1251 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54)* 0.733 0.495 1.48 0.145 -0.2613 - 1.7278 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54)* -0.155 0.040 -3.88 0.000 -0.2347 - -0.0746 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) -0.866 0.693 -1.25 0.223 -2.2932 - 0.5622 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.555 0.108 5.15 0.000 0.3328 - 0.7769 

𝜷𝟔 Level before SIP removal (Q=35) 91.657 0.293 313.13 0.000 91.0619 - 92.2529 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
92.391 0.390 236.96 0.000 91.6075 - 93.1738 

𝜷𝟖 Slope before OBP removal (Q36-Q54)* -0.058 0.037 -1.58 0.121 -0.1327 - 0.016 

𝜷𝟗 Level before OBP removal (Q=54) 91.282 0.437 208.81 0.000 90.3815 - 92.1821 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
90.416 0.492 183.72 0.000 89.2814 - 91.5511 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) 0.496 0.092 5.39 0.001 0.2839 - 0.7091 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 94.884 0.492 192.80 0.000 93.7496 - 96.0194 

Table GG.4  Remoteness Area 1 Data Set 4 

DATA SET 4–REMOTENESS AREA 1 MAJOR CITIES OF AUSTRALIA 

ASGS RA1 Weighted Series Quarters 1–64 

(Outlier Removed) 
Coefficient 

Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 88.193 0.270 326.05 0.000 87.6493 - 88.7359 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.096 0.013 7.34 0.000 0.0699 - 0.1226 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54)* 0.750 0.439 1.71 0.094 -0.1314 - 1.6314 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54)* -0.138 0.035 -3.90 0.000 -0.2088 - -0.067 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) -1.200 0.537 -2.23 0.035 -2.3056 - -0.0936 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.538 0.084 6.44 0.000 0.3661 - 0.7102 

𝜷𝟔 Level before SIP removal (Q=35) 91.657 0.270 338.86 0.000 91.1141 - 92.2007 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
92.407 0.282 327.23 0.000 91.8116 - 93.0032 

𝜷𝟖 Slope before OBP removal (Q36-Q54)* -0.042 0.027 -1.55 0.139 -0.0982 - 0.0149 

𝜷𝟗 Level before OBP removal (Q=54) 91.616 0.306 299.79 0.000 90.971 - 92.2606 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
90.416 0.417 216.94 0.000 89.5579 - 91.2746 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) 0.496 0.078 6.36 0.000 0.3357 - 0.6573 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 94.884 0.492 192.80 0.000 93.7496 - 96.0194 

H0: No difference in immunisation coverage after removal of incentive 

Coefficients insignificant at the 0.05 probability level
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Table GG.5  Remoteness Area 2 Data Set 5 

DATA SET 5–REMOTENESS AREA 2 INNER REGIONAL AUSTRALIA 

ASGS RA2 Original series Quarters 1–64 Coefficient 
Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 90.202 0.259 347.930 0.000 89.6808 - 90.7223 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.027 0.013 2.150 0.036 0.0018 - 0.0522 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54)* -0.118 0.421 -0.280 0.781 -0.9626 - 0.7270 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54)* -0.019 0.034 -0.560 0.578 -0.0870 - 0.0490 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) -2.022 0.542 -3.730 0.001 -3.1385 - -0.9048 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.428 0.084 5.080 0.000 0.2546 - 0.6020 

𝜷𝟔 Level before SIP removal (Q=35) 91.174 0.259 351.680 0.000 90.6529 - 91.6944 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
91.056 0.316 288.170 0.000 90.4051 - 91.7066 

𝜷𝟖 Slope before OBP removal (Q36-Q54)* 0.008 0.030 0.270 0.791 -0.0537 - 0.0698 

𝜷𝟗 Level before OBP removal (Q=54) 91.208 0.342 266.730 0.000 90.5042 - 91.9128 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
89.187 0.404 220.670 0.000 88.2548 - 90.1188 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) 0.436 0.076 5.760 0.000 0.2617 - 0.6109 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 93.114 0.404 230.380 0.000 92.1815 - 94.0455 

Table GG.6  Remoteness Area 2 Data Set 6 

DATA SET 6–REMOTENESS AREA 2 INNER REGIONAL AUSTRALIA 

ASGS RA2 Modelled Series arima100dy Quarters 1–64 Coefficient 
Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 90.631 0.103 877.18 0.000 90.4231 - 90.8382 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.010 0.005 1.92 0.064 -0.0006 - 0.0202 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54)* -0.060 0.168 -0.36 0.724 -0.3963 - 0.2770 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54)* -0.003 0.013 -0.21 0.838 -0.0299 - 0.0243 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) -0.818 0.231 -3.54 0.002 -1.2935 - -0.3428 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.147 0.036 4.09 0.000 0.0727 - 0.2206 

𝜷𝟔 Level before SIP removal (Q=35) 90.984 0.103 880.60 0.000 90.7767 - 91.1918 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
90.925 0.126 721.68 0.000 90.6588 - 91.1904 

𝜷𝟖 Slope before OBP removal (Q36-Q54)* 0.007 0.012 0.59 0.563 -0.0182 - 0.0323 

𝜷𝟗 Level before OBP removal (Q=54) 91.059 0.136 667.84 0.000 90.7709 - 91.3463 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
90.240 0.179 503.75 0.000 89.8715 - 90.6094 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) 0.154 0.034 4.58 0.000 0.0846 - 0.2228 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 91.624 0.201 455.59 0.000 91.1602 - 92.0877 

H0: No difference in immunisation coverage after removal of incentive 

Coefficients insignificant at the 0.05 probability level
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Table GG.7  Remoteness Area 2 Data Set 7 

DATA SET 7–REMOTENESS AREA 2 INNER REGIONAL AUSTRALIA 

ASGS RA2 Weighted Series Quarters 1–64 Coefficient 
Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 87.732 0.943 93.04 0.000 85.813 - 89.65 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.141 0.046 3.10 0.004 0.0485 - 0.2344 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54)* -0.094 1.571 -0.06 0.953 -3.2502 - 3.0623 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54)* -0.222 0.126 -1.76 0.085 -0.4762 - 0.0318 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) -1.667 2.061 -0.81 0.426 -5.9116 - 2.5774 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.598 0.321 1.86 0.074 -0.0626 - 1.2578 

𝜷𝟔 Level before SIP removal (Q=35) 92.822 0.943 98.43 0.000 90.9036 - 94.7407 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
92.728 1.201 77.22 0.000 90.2549 - 95.2015 

𝜷𝟖 Slope before OBP removal (Q36-Q54)* -0.081 0.114 -0.71 0.485 -0.3155 - 0.154 

𝜷𝟗 Level before OBP removal (Q=54) 91.193 1.300 70.17 0.000 88.5167 - 93.8699 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
89.526 1.280 69.94 0.000 86.5745 - 92.4779 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) 0.517 0.240 2.16 0.063 -0.0361 - 1.0697 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 94.198 1.292 72.93 0.000 91.2194 - 97.1768 

Table GG.8  Remoteness Area 2 Data Set 8 

DATA SET 8–REMOTENESS AREA 2 INNER REGIONAL AUSTRLIA 

ASGS RA2 Weighted Series Quarters 1–64 

(Outlier Removed) 
Coefficient 

Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 87.732 0.881 99.55 0.000 85.9615 - 89.5016 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.141 0.043 3.31 0.002 0.0556 - 0.2272 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54)* -0.041 1.430 -0.03 0.977 -2.9125 - 2.8307 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54)* -0.169 0.115 -1.47 0.148 -0.4002 - 0.062 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) -2.729 1.641 -1.66 0.109 -6.1098 - 0.6511 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.544 0.255 2.13 0.043 0.0187 - 1.0703 

𝜷𝟔 Level before SIP removal (Q=35) 92.822 0.881 105.33 0.000 91.0521 - 94.5922 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
92.781 0.954 97.23 0.000 90.768 - 94.7946 

𝜷𝟖 Slope before OBP removal (Q36-Q54)* -0.028 0.091 -0.31 0.764 -0.2188 - 0.1634 

𝜷𝟗 Level before OBP removal (Q=54) 92.256 1.033 89.34 0.000 90.0768 - 94.4343 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
89.526 1.274 70.28 0.000 86.9026 - 92.1498 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) 0.517 0.240 2.16 0.063 -0.0361 - 1.0697 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 94.198 1.292 72.93 0.000 91.2194 - 97.1768 

H0: No difference in immunisation coverage after removal of incentive 

Coefficients insignificant at the 0.05 probability level
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Table GG.9  Remoteness Area 3–5 Data Set 9 
 

DATA SET 9–REMOTENESS AREA 3–5 OUTER REGIONAL, REMOTE AND VERY REMOTE AUSTRALIA 

ASGS RA3–5 Quarters 1–64  Coefficient 
Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 90.967 0.328 277.240 0.000 90.3077 - 91.6258 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.011 0.016 0.670 0.507 -0.0213 - 0.0426 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54)* 0.012 0.532 0.020 0.982 -1.0572 - 1.0811 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54)* -0.003 0.043 -0.080 0.938 -0.0894 - 0.0827 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) -2.285 0.780 -2.930 0.007 -3.8925 - -0.6782 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.518 0.121 4.270 0.000 0.2684 - 0.7683 

𝜷𝟔 Level before SIP removal (Q=35) 91.350 0.328 278.410 0.000 90.6905 - 92.0086 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
91.361 0.335 273.110 0.000 90.6557 - 92.0673 

𝜷𝟖 Slope before OBP removal (Q36-Q54)* 0.007 0.032 0.230 0.821 -0.0597 - 0.0743 

𝜷𝟗 Level before OBP removal (Q=54) 91.500 0.362 252.740 0.000 90.7359 - 92.2635 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
89.214 0.606 147.310 0.000 87.9671 - 90.4617 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) 0.526 0.113 4.630 0.000 0.2920 - 0.7593 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 93.945 0.851 110.380 0.000 91.9824 - 95.9077 

Table GG.10  Remoteness Area 3–5 Data Set 10 

DATA SET 10–REMOTENESS AREA 3–5 OUTER REGIONAL, REMOTE AND VERY REMOTE AUSTRALIA 

ASGS RA3–5 Modelled Series arima100dy Quarters 1–64 Coefficient 
Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 91.126 0.163 558.170 0.000 90.7977 - 91.4535 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.005 0.009 0.550 0.587 -0.0246 - 0.0459 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54)* 0.023 0.265 0.090 0.933 -0.5094 - 0.5545 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54)* -0.002 0.021 -0.100 0.922 -0.0449 - 0.0407 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) -1.042 0.412 -2.530 0.018 -1.8910 - -0.1927 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.235 0.064 3.670 0.001 0.1033 - 0.3674 

𝜷𝟔 Level before SIP removal (Q=35) 91.291 0.163 559.180 0.000 90.9626 - 91.6184 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
91.313 0.166 549.600 0.000 90.9625 - 91.6636 

𝜷𝟖 Slope before OBP removal (Q36-Q54)* 0.002 0.016 0.160 0.877 -0.0308 - 0.0357 

𝜷𝟗 Level before OBP removal (Q=54) 91.360 0.180 508.110 0.000 90.9807 - 91.7394 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
90.318 0.320 282.260 0.000 89.6592 - 90.9772 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) 0.238 0.060 3.970 0.001 0.1144 - 0.3613 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 92.459 0.465 198.990 0.000 91.3871 - 93.5301 

H0: No difference in immunisation coverage after removal of incentive 

Coefficients insignificant at the 0.05 probability level
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Table GG.11  Remoteness Area 3–5 Data Set 11 

DATA SET 11–REMOTENESS AREA 3–5 OUTER REGIONAL, REMOTE AND VERY REMOTE AUSTRALIA 

ASGS RA3–5 Weighted Series Quarters 1–64 Coefficient 
Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 90.137 1.111 81.14 0.000 87.8767 - 92.3969 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.004 0.054 0.08 0.934 -0.1050 - 0.1140 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54)* 4.696 1.933 2.43 0.019 0.8141 - 8.5785 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54)* -0.271 0.156 -1.74 0.088 -0.5831 - 0.0418 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) 1.408 2.759 0.51 0.614 -4.2739 - 7.0895 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.302 0.429 0.70 0.488 -0.5814 - 1.1861 

𝜷𝟔 Level before SIP removal (Q=35) 90.298 1.111 81.29 0.000 88.0378 - 92.5579 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
94.994 1.522 62.41 0.000 91.9372 - 98.0512 

𝜷𝟖 Slope before OBP removal (Q36-Q54)* -0.266 0.144 -1.84 0.071 -0.5563 - 0.0240 

𝜷𝟗 Level before OBP removal (Q=54) 89.937 1.740 51.70 0.000 86.3543 - 93.5202 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
91.345 1.838 49.69 0.000 87.1059 - 95.5842 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) 0.036 0.344 0.11 0.919 -0.7579 - 0.8302 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 91.670 1.838 49.87 0.000 87.4313 - 95.9097 

Table GG.12  Remoteness Area 3–5 Data Set 12 

DATA SET 12–REMOTENESS AREA 3–5 OUTER REGIONAL, REMOTE AND VERY REMOTE AUSTRALIA 

ASGS RA3–5 Weighted Series Quarters 1–64 

(Outlier Removed) 
Coefficient 

Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 90.137 1.057 85.31 0.000 88.0146 - 92.259 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.004 0.051 0.09 0.931 -0.0983 - 0.1073 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54)* 4.775 1.714 2.79 0.008 1.3316 - 8.2175 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54)* -0.192 0.138 -1.39 0.169 -0.4695 - 0.0847 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) -0.157 2.167 -0.07 0.943 -4.6205 - 4.3074 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.224 0.337 0.66 0.512 -0.4702 - 0.9184 

𝜷𝟔 Level before SIP removal (Q=35) 90.298 1.057 85.46 0.000 88.1756 - 92.4201 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
95.072 1.204 78.97 0.000 92.5325 - 97.6123 

𝜷𝟖 Slope before OBP removal (Q36-Q54)* -0.188 0.114 -1.64 0.118 -0.429 - 0.0531 

𝜷𝟗 Level before OBP removal (Q=54) 91.502 1.303 70.23 0.000 88.7528 - 94.2503 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
91.345 1.682 54.30 0.000 87.8805 - 94.8095 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) 0.036 0.315 0.11 0.910 -0.6136 - 0.6859 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 91.670 1.838 49.87 0.000 87.4313 - 95.9097 

H0: No difference in immunisation coverage after removal of incentive 

Coefficients insignificant at the 0.05 probability level
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 - Remoteness Area 3–5 Alternative Weighted Series RA 3–5 Data Combined 

Weighting 

Procedure 

RA 3–5 

Outer Regional to 

Very Remote 

Data Combined 

Postcode 

Cell Size 

Number of 

Children per 

Postcode 

Proportion of Small vs. Large 

Postcode Population 

Number of 

Postcodes 

Reporting 

Immunisation 

Proportion of 

Small vs. Large Postcodes 

Reporting on Immunisation 

Coverage 

Weighting Coefficients 

Small Cells 

Postcodes 

with <10 

children 

37,654 
37,654/ 

0.0847 34,187 
34,187 

0.7350 
0.0847 

0.1152 
444,500 46,512 0.7350 

Large Cells 

Postcodes 

with > 9 

children 

406,846 
406,846/ 

0.9153 12,325 
12325 

0.2650 
0.9153 

3.4540 
444,500 46,512 0.2650 

Total 
All 

Postcodes 
444,500 444,500 1 46,512  1.0000   

 

Paediatric Immunisation Coverage 
Correlation 

𝑯𝟎 ∶ 𝐧𝐨 𝐬𝐞𝐫𝐢𝐚𝐥 𝐜𝐨𝐫𝐫𝐞𝐥𝐚𝐭𝐢𝐨𝐧 

(5% significance) 

Unit Root 
𝑯𝟎 ∶ 𝐜𝐨𝐧𝐭𝐚𝐢𝐧𝐬 𝐚 𝐮𝐧𝐢𝐭 𝐫𝐨𝐨𝐭 

(5% significance) 

Removal of the SIP 
𝑯𝟎: β=0 

(5% significance) 

Removal of the OBP 
𝑯𝟎: β=0 

(5% significance) 

ASGS RA 3–5 

Outer Regional to  

Very Remote 

Combined 

Immunisation Coverage Quarters 

1–64 
Lag 4 Lag 3 

𝛽2 Level 

Change 
(Conf. Int.) 

p-value 

𝛽3 Slope Change 
(Conf. Int.) 

p-value 

𝛽4 Level Change 
(Conf. Int.) 

p-value 

𝛽5 Slope Change 
(Conf. Int.) 

p-value 

Remoteness Area 3–5 

Outer Regional to 

Very Remote 

Weighted Series 
Uncorrelated 

p=0.080 

Unit Root 

p= 0.471 

4.465 
(0.6209 - 8.3089) 

p=0.024 

-0.257 
(-0.5661 - 0.0527) 

p=0.102 

1.413 
(-4.131 - 6.9572) 

p=0.604 

0.250 
(-0.6127 - 1.112) 

p=0.556 

Remoteness Area 3–5 

Outer Regional to 

Very Remote 

Weighted Series with Outlier 

Removed 

Correlated 

p=0.006 

Unit Root 

p= 0.396 

4.541 
(1.0852 - 7.9973) 

p=0.011 

-0.180 
(-0.4585 - 0.0978) 

p=0.199 

-0.113 
(-4.5698 - 4.3438) 

p=0.959 

0.173 
(-0.5199 - 0.8665) 

p=0.611 
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 –Remoteness Area 3–5  Alternative Weighting Coefficients 

Table II.11  Remoteness Area 3–5 Data Set 11 (Alternative Weighted Series RA 3–5 Data Combined) 

DATA SET 11 –REMOTENESS AREA 3–5 OUTER REGIONAL, REMOTE AND VERY REMOTE AUSTRALIA 

ASGS RA3–5 Weighted Series Quarters 1–64 Coefficient 
Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 90.286 1.104 81.79 0.000 88.0405 - 92.5323 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.003 0.053 0.06 0.953 -0.1056 - 0.112 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54)* 4.465 1.914 2.33 0.024 0.6209 - 8.3089 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54)* -0.257 0.154 -1.67 0.102 -0.5661 - 0.0527 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) 1.413 2.692 0.52 0.604 -4.131 - 6.9572 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.250 0.419 0.60 0.556 -0.6127 - 1.112 

𝜷𝟔 Level before SIP removal (Q=35) 90.401 1.104 81.89 0.000 88.1553 - 92.6471 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
94.866 1.507 62.95 0.000 91.8392 - 97.8929 

𝜷𝟖 Slope before OBP removal (Q36-Q54)* -0.253 0.143 -1.77 0.082 -0.5408 - 0.0338 

𝜷𝟗 Level before OBP removal (Q=54) 90.050 1.698 53.05 0.000 86.5537 - 93.546 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
91.463 1.736 52.69 0.000 87.4602 - 95.4657 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) -0.004 0.325 -0.01 0.991 -0.7537 - 0.7459 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 91.428 1.736 52.67 0.000 87.4254 - 95.4309 

Table II.12  Remoteness Area 3–5 Data Set 12 (Alternative Weighted Series RA 3–5 Data Combined) 

DATA SET 12–REMOTENESS AREA 3–5 OUTER REGIONAL, REMOTE AND VERY REMOTE AUSTRALIA 

ASGS RA3–5 Weighted Series Quarters 1–64 

(Outlier Removed) 
Coefficient 

Standard 

Error 

t- 

statistic 
p-value 

Confidence 

Interval 

𝜷𝟎 Level at Q=0 Intercept at beginning of Segment 1 90.286 1.061 85.13 0.000 88.1561 - 92.4167 

𝜷𝟏  Slope before SIP removal (Q1-Q35) 0.003 0.051 0.06 0.951 -0.1 - 0.1064 

𝜷𝟐 Change in level (intercept) after SIP removal (Q36-54)* 4.541 1.721 2.64 0.011 1.0852 - 7.9973 

𝜷𝟑 Change in slope (trend) after SIP removal (Q36-54)* -0.180 0.138 -1.30 0.199 -0.4585 - 0.0978 

𝜷𝟒 Change in level (intercept) level after OBP removal (Q55-64) -0.113 2.164 -0.05 0.959 -4.5698 - 4.3438 

𝜷𝟓 Change in slope (trend) after OBP removal (Q55-64) 0.173 0.337 0.51 0.611 -0.5199 - 0.8665 

𝜷𝟔 Level before SIP removal (Q=35) 90.401 1.061 85.23 0.000 88.2709 - 92.5315 

𝜷𝟕 Level after SIP removal (Q=36) 

Intercept at beginning of Segment 2 
94.942 1.241 76.53 0.000 92.325 - 97.5597 

𝜷𝟖 Slope before OBP removal (Q36-Q54)* -0.177 0.120 -1.48 0.151 -0.4237 - 0.0693 

𝜷𝟗 Level before OBP removal (Q=54) 91.576 1.343 68.21 0.000 88.7435 - 94.4085 

𝜷𝟏𝟎 Level after OBP removal (Q=55) 

Intercept at beginning of Segment 3 
91.463 1.679 54.46 0.000 88.004 - 94.9219 

𝜷𝟏𝟏 Slope after OBP removal (Q 55-64) -0.004 0.315 -0.01 0.990 -0.6518 - 0.644 

𝜷𝟏𝟐 Level at Q=64 Intercept at the end of Segment 3 91.428 1.736 52.67 0.000 87.4254 - 95.4309 

H0: No difference in immunisation coverage after removal of incentive 

Coefficients insignificant at the 0.05 probability level
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