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Evaluating Uncertainties to Deliver Enhanced Service Performance in

PPP Schools: A Hierarchical Reliability Framework
Abstract
Purpose — This study aims to develop a hierarchical reliability framework for evaluating the
service delivery performance of PPP schools during the long-term operations in an effective
and efficient manner. The proposed framework is intended to be used by the government or
education evaluators to measure and predict service performance when enough historical data
is available.
Design/methodology/approach —The research design includes development and test phases.
In development phase, firstly, three layers, i.e., indicator, component, and system, in school
service delivery are identified; then component reliability is computed through Advanced
First Order Reliability Method (AFORM); Finally, the reliability of system is obtained by
consideration of component weightings. In test phase, a PPP school example in Australia was
set up, where the indicators were collected from contract documents and performance data
were simulated under three assumptive scenarios. The scenario analysis used here is to reflect
real-world situation that service performance could be affected by uncertainties and thus
present different situations.
Findings—the example in the test phase shows good feasibility of the developed framework
in evaluating uncertainties of service delivery performance for PPP schools. Also, it could
identify the potentially underperforming services from the component level to system level
at different timepoints, thus providing effective maintenance strategies.
Originality/value —The evaluation of education PPPs is challenging as it involves long-term
measurement of various service components. This becomes further complicated due to
multiple uncertainties. This study, thus, is valuable of the developed framework that could
be a tool to ensure that reliability is maintained throughout the service life of education PPPs
in the presence of uncertainty. This is the first attempt to quantitatively capture performance
uncertainty in PPP school which assists decision-makers in developing efficient preventative
maintenance strategies during long-term operations. Besides, dynamic weighting approach
is preferred in this evaluation when considering time impact on the importance of different

components.
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1. Introduction

Public-private-partnerships (PPPs) have been broadly considered as both an innovative and
effective way to achieve better value for money in infrastructure projects (Atmo et al. 2017;
Duffield et al. 2020). Particularly, it lays more emphasize on the education infrastructure and
services in Australia, with all focus on providing the framing structure through which to bring
the public and private sectors together to complement each other’s strengths in financing and
provision of education services (Hueskes et al. 2017). Examples of these include but not
limited to the New Schools PPP Project (2017), WA Schools PPP (2017), Partnerships
Victoria in Schools Project (2008), New Schools Project I and II (2003, 2007). It is
acknowledged as a preferred mechanism for school developments due to various benefits,
such as better risk allocation (Chen et al. 2017; Wang et al. 2019), operation innovations
(Carbonara and Pellegrino 2020; Lember et al. 2019; Saeed et al. 2018), value creation
(Aarseth et al. 2016; Villani et al. 2017), and the whole-of-life considerations (Mohd-Rahim
et al. 2018). The education PPPs involve lots of elementary and secondary school assets and
service delivery, such as teaching facility, classroom, playground, and cleaning (Atmo et al.
2017; Liu and Wilkinson 2014). It plays a siginificant role for governments to improve
society’s welfare and equity. Consequently, PPPs are expected to be popular education
service delivery vehicles in the foreseeable future. For instance, the database of infrastructure
projects shows that an amount of $141.5 billion has been invested in 120 PPP projects until

2019 in Australia, and the education sector involved 46 of them (iMC 2020).

To achieve better infrastructure and service outcomes, PPPs have been extended beyond the
construction into operation, otherwise known as “operator-led PPPs” (Karasavidis 2018).
Education PPPs involve different stakeholders with a range of roles at key decision-making
points throughout the long-operation project life. Figure 1 describes the service delivery
process of educational PPP’s and its relationship to this research, i.e., Research Focus. The
research analysis began when the PPP contract is awarded, and delivery commences. The

private sector partner begins to deliver on the contract. Implicit in this is their interpretation
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of the contract which will determine what and how the service will be delivered. The
government education department, upon awarding the contract will begin to gather key
performance indicators which are connected to the service delivery payments (Oyedele 2013;
Robinson and Scott 2009). This feeds into education departments evaluation of the service.
There can be a gap between service delivered and the required service. If the gap is significant,
the government is legal to defer or reduce service payments. The service evaluation process
undertaken by the education department is the focus of this research paper. Thereby, both the
government and the private sector expect all service can be well delivered (Fulbright 2021).
However, the service delivery performance is subject to a mixture of internal and the external
uncertainties (Wang et al. 2020; Zhang et al. 2019). The internal uncertainties include but not
limited to long-term relationship, multi-stakeholders’ participation, and external uncertainty
include unstable resource investment, effort (Zhang et al. 2020) and changing environment.
So, lots of research on PPPs focused on its performance measurement or evaluation. These
have been used to improve and evaluate sets of delivered services combined to PPP contracts.
For instance, Saeed et al. (2018) proposed an advanced framework by revising existing KPIs
model. The European PPP Expertise Centre examine bunches of ex-ante evaluation practices
in operations for PPP projects and how to better demonstrate service outcomes (EPEC 2020).
Nevertheless, most measurements are qualitatively rather than quantitatively applied in PPPs
or economic PPPs. Few studies capture the uncertainties in the service delivery process in

the specific education PPPs.
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Figure 1 Service Delivery Process in Social PPPs (Geng et al. 2020)
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To deal with this problem, a hierarchical evaluation framework combined with reliability
theory is proposed. Reliability plays an important role in ensuring the high quality of products,
especially in manufacturing industry (Mubarok et al. 2018). Reliability refers to probability
of failure of a set of processes or system in producing a desired level of product quality. It
helps to deal with uncertainty and make informed decisions (Ugurlu and Kumral 2020). In
Maloney (2002) view, public service in construction can typically be considered as a product.
The product being delivered to the education department is school buildings and there can
also be service components, such as maintenance, cleaning. Thus, service evaluation in
education PPPs can be focused on reducing the probability of failure in delivering quality
services by ensuring a high reliability of service delivery. Particularly, the act of reliability
evaluation for education PPPs service delivery can mitigate unforeseen events in uncertain

environment.

As above, most previous research relevant to service performance evaluation in PPPs were
qualitative or conceptual. There is a lack of studies using quantitative approaches on such a
topic, especially in education PPPs. Therefore, this study is to develop a hierarchical
reliability evaluation framework for service performance in education PPPs. And there are
two innovative contributions. First, an innovative evaluation framework is developed using
the current body of knowledge to evaluate service delivery performance reliability in
education PPPs. Under this methodology, the service delivered by the private sector during
the long-term operation in education PPPs could be quantitatively evaluated and predicted.
Second, the developed framework is demonstrated through a typical PPP school project in
Australia under different scenarios, which can be conveniently modelled. This can be used
by the government evaluators as an effective and efficient tool to ensure that reliability is
maintained throughout the service life of education PPPs in the presence of uncertainty. This
will help optimize preventative strategies and performance by the education department.

This paper is structured as follows. Section 2 presents an overview of education PPPs service
measurement research or practices, regarding reliability evaluation. Section 3 explains the
procedure of the service evaluation framework. Then a case example of a PPP school project
in Australia is analysed and discussed in Section 4 to demonstrate its practical use. Finally,

this paper closes with a summary and suggestions for future research in Section 5.
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2. Reliability and Performance Evaluation for Education PPPs: Literature review

In the context of evaluation, reliability is defined as the probability that a component or an
entire system will perform its function for a specified period, when operating in its design
environment (De Carlo 2013). Reliability has different meanings in different applications. It
can exist in a product or service by way of the likelihood of mission success, availability to
perform function, dependability, quality over time and the durability (Kececioglu 2002).
American Society for Quality (ASQ) is an international professional organization dedicated
to advancing research and training in field of service quality. It explains difference between
quality and reliability. Quality shows how well an object performs its proper function, while
reliability shows how well this object maintains its original level of quality over time through

various and uncertain conditions (ASQ 2021).

Performance evaluation is considered important to both the public and private sector to
implement successful PPPs (Liu et al. 2015), as it provides timely reports and feedback on
where something needs to be modified or improved (Liu et al. 2019). Strategic objectives
institute the baseline of performance evaluation, such as the achievement of best value,
efficiency, cost, quality, time (Solomon and Young 2007). For example, many performance
evaluations target the cost as the main indicator (Cappellaro and Ricci 2017; Liang and Wang
2019; Yuan et al. 2009; Zheng et al. 2018). However, as operator-led projects, the value of
service delivered in the education PPPs is far more than the above one-shot evaluations or
economic benefits but the long-term quality to provide social benefit, which would be

essentially influenced by the uncertainties (Government 2010).

Thus, ensuring the reliability over long-time operation could be considered as one of main
targets and distinct characteristic between the traditional construction projects and education

PPP projects.

Furthermore, the question of delivering quality service and how to evaluate its performance
has been at the heart of PPP projects in recent decades (Doloi 2012; Yuan et al. 2009). In
industry, periodic performance audits by a third party, such as National Audit Office (NAO)
in the UK, Auditor General in Australia, are always employed to measure if service is

delivered at the required level based on the guidelines and best practices in International
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Standards of Supreme Audit Institutions (ISSAI 2007). Key performance indicators (KPIs)
are playing an important and popular role in such audits or performance evaluation
(Haponava and Al-Jibouri 2012), which have been used as benchmarking tools for service
delivery evaluation (NAO 2003). To better address service outcomes is essentially the nature
of improving sets of comprehensive, efficient KPIs for evaluations. For example, within a
lifecycle perspective, Liu and his colleagues in Western Australia have made many efforts
on developing a process-based performance measurement framework, which identified
performance indicators in the phases of planning and design, procurement and partnership
(Liu et al. 2018, 2015, 2017; Love et al. 2017). For education PPPs, Saeced et al. (2018)
developed an enhanced operation performance measurement framework for PPP school
project by optimizing the performance indicators. Though there is an emphasis on KPIs, their
use has been criticised for providing no insight to improve performance (Bassioni et al. 2004;

Kagioglou et al. 2001).

Considering the special characteristics and changing environments, long-term operation of
education PPPs suffer from pervasive uncertainties over future performance (Zhang et al.
2020). Uncertainty is one of the inherent project characteristics (Cleden 2012; Padalkar and
Gopinath 2016; Perminova et al. 2008; Pich et al. 2002; Zarei et al. 2017), and being an
unavoidable issue. Cruz and Marques (2013) emphasized PPP arrangements are particularly
vulnerable to uncertainties due to complex and large-scale systems. For the education PPPs,
service in operation comprises educational programmes, community activities and facility
management, which embrace a range of individual service components, such as operational,
security, cleaning, safety, utility, maintenance and repair services (Grimsey and Lewis 2004).
In addition, school building developments involve diverse groups of stakeholders including
central procuring agencies, principals, teachers, parents, students and wider community. The
broad spread of stakeholders is likely to result in inconsistency towards provision of school
services, complicating the decision-making process at all stages (Liu and Wilkinson 2014).
It also aggravates the uncertainties in service delivery performance, when there is not a single
factor but a rather complex set of factors between the public and private sector to take an

effect.
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On the other hand, some considerations are given to the qualitative analysis on efficiency and
effectiveness of strategies to deal with uncertainties. House (2016) provides a dynamic vision
on rules, relationships and regulations that make PPPs adapt to possible external shocks.
Dewulf and Garvin (2019) conducted two investigations exploring the role of governance in
addressing uncertainty in PPPs. One of which identified contractual mechanisms for risk
sharing and the other proved the necessities of adjusting relational mechanisms to respond to
unforeseen events. Flexible contracts have also been suggested to be an efficient way to cope
with the uncertainty in PPPs (Cruz and Marques 2013; Zhang et al. 2020). However, few
have paid attention to the quantitative approaches to analyse such uncertainties for the service
performance over time, especially for education PPPs. Only a few studies have shed light on
this field, such as Yuan et al. (2019) who measured operation performance of PPP rental

housing by a comprehensive fuzzy-AHP evaluation.

It has become increasingly clear from the literature that, current performance evaluation
practices usually provide a static qualitative profile, thus unable to fully grasp uncertainties
or accurately predict trends. It has been observed that few studies track the dynamic service
performance over long operations, and researchers generally have not examined service
performance regarding uncertainties in education PPPs. Moreover, since the service delivery
in education PPPs can be influenced by evolving uncertainties, a time dimension must be
considered to understand the performance of the education public service. Thus, it is argued
that the first key issue of performance evaluation in education PPPs is considering and
quantifying the uncertainty and as well as improve the service delivery performance over
long-term operations. To do this, an effective evaluation method is imperatively needed to

better understand and measure the service performance of education PPPs.

Furthermore, reliability measurement has been an innovative way to evaluate performance
in the field of service-oriented architecture and relevant systems, with regard to complex and
dynamic uncertain environments. Singh et al. (2007) has studied reliability as the probability
of no failure in decision-making processes. Using reliability is beneficial in reflecting state
of knowledge for treatment of uncertainty in evaluations (Aven and Zio 2011), and

effectively providing a picture of complex system likely behaviour, which is affected by
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range of uncertainties (Johansson et al. 2013). In project management field, Wang et al. (2019)
developed the reliability methodology to analyse the appropriateness of contracts guarantee
or warranty provisions. Ghodoosi et al. (2021) estimated the probability of project failure by
using reliability to quantify the uncertainty of schedule and cost overruns. A detailed review
of reliability can be found in Chen et al. (2021); Cheng et al. (2018); Cheng et al. (2019);
Cheng et al. (2021); Cheng et al. (2021); Ditlevsen (1979); Geng et al. (2020); Ghodoosi et
al. (2021); Homaei and Najafzadeh (2020); Lai et al. (2013); Mahadevan and Haldar (2000);
Mubarok et al. (2018); Sun et al. (2021). It should be noted that reliability has been playing
an important role in assessing the performance uncertainty in fields such as manufacturing,
structural engineering, supply chain management, and computing. And it also gets popular
in project management, especially due to changing environment. Nevertheless, no substantial
research has been done to address specifically this aspect into service performance in social

PPPs.

Regarding the previously described background, the scope of this study is to address the
reliability of service delivery in the long-operation education PPPs to quantify performance
uncertainties, allowing for identifying potentially underperforming services and development
of effective preventative maintenance strategies. A methodological hierarchical reliability

evaluation framework is thus developed in next section.
3. Hierarchical Reliability Evaluation Framework

This study aims to evaluate the service delivery performance in terms of reliability over time
and identify the key challenges for the PPP delivery in building, management and operation
of'school sectors. The main methodology involves two qualitative and quantitative parts. The
qualitative part involves establishing a performance evaluation system via identifying
performance indicators according to the output specifications of school PPP projects. A
hierarchical structure is used here to comprehensively evaluate overall service performance
as ranges of individual service components are included in the school PPP projects. The
qualitative part involves the reliability analysis via the data collection of the above
performance indicators. It could reflect the state of knowledge for treatment of uncertainty

in evaluations (Aven and Zio 2011), and effectively provide a picture of complex system
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behaviour, which is affected by uncertainties (Johansson et al. 2013). Similarly in quality-of-
service requirements in manufacturing industry, reliability analysis could be employed here
to ensure the service delivery process will perform as expected despite uncertainties. Four
steps have been detailed illustrated as following for the service performance evaluation in

school PPPs:

Step 1: Establish hierarchical evaluation system. The purpose of this step is to identify the
service compositions in PPP school projects based on the output specifications. Three layers
are used here, i.e., indicator, component, and system (Figure 2). KPIs (K;;) derived from
PPP school output specifications act as the indicator layer that are used for monitoring the
service components(C;), which could be further grouped into the upper-layer service system
performance (P). Such a hierarchical system could better grasp overall service delivered in

the context of school PPP projects, and could be easily adapted to any alternative project

schemes (Wang et al. 2016).
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Figure 2 Hierarchical Structure of Service Evaluation System

Step 2: Calculate service components reliability. In the evaluation system, the performance
of service components will be presented as the terms of reliability that depends on the failure
limit state, where the delivered service does not reach performance standards. The higher the
reliability, the lower probability of failure. The target reliability index for service components
could be 4.0, which corresponds to the zero probability of failure. Two performance variables,
i.e., actual performance P{;, and performance standard P are selected as input variables
because of the service characteristic in PPP school projects. In contrast, for economic PPPs,

the focus is often on revenue (Cabero Colin et al. 2017; Pantelias and Zhang 2010) or cash
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flow (Lai et al. 2013) as key variables. The performance function of the failure limit state of

the service component (C;) can be described by the equation (1):

Cie=f(P) =P} — P, Vi=1.2,.m#()

it

Where i €[1,2,-;m], m represents the total number of service components in social PPPs

service delivery system; and t refers to the year when the service evaluation is conducted.

Advanced First Order Reliability Methods (AFORM) are applied to calculate the components’
reliability. The overall principle of AFORM is based on the theory that reliability can be
estimated by the approximation of a performance function following the conversion of the
random variables in terms of their moments (Ivanhoe et al. 2020). It is a semi-probabilistic
method devised to evaluate the reliability of a system and has been widely used in reliability
assessment because of computational efficiency and ease of implementation. The AFORM

process in this study is illustrated in Figure 3.

1.Define the failure limit state function C;; = f(P;)

|

2. Assume initial values of P; and obtain reduced variates P} = (P; — ,upi}/ op;

!

3.Evaluate (0f/0F/) and o, = (3/0p})/ [5i=(af /op!)’ at P]

}

4. Calculate reliability index f; ¢ at P{

I

5. Substitute the new P; in limit state function C;; = f(P;) = 0 and solve for 8,

I

6. Using the f;, in step 5, re-evaluate P} = —oyf3;

L »| Repeatutil Bi¢ converges j

Figure 3 AFORM Process for Service Component Reliability

Thus, the reliability of components can be calculated by equation (2):
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*

Uie — 1;

,Bit= —
: 2 2
Joi +of

Where pf,of; and p%,0/" are the mean and standard deviation of performance variables in

Vi=12,.m#(2)

equation (1); B; is reliability of i;,component at the timepoint t. The performance variables
are assumed to follow a normal distribution, i.e., P{;~N (,ufft,afft), and P/\~N (,LL{},U{}). In the
case where variables are not normally distributed, the reliability can be estimated by
replacing equivalent normal mean (u%)“and standard deviation (¢&,)° iteratively, until the

new variable becomes the normally distributed (Ghodoosi et al. 2021).

Step 3: Evaluate the reliability of overall service performance. The reliability of overall
service delivery depends on weighting the reliability of each service component. Weighting
(w;) of service components accounts for their contributions in overall performance reliability,

Thus, the overall reliability, i.e., 5, could be obtained by the equation (3).

b=y Wit Bi(3)

i=1

In this step, the dynamic weighting approach determined through entropy method is preferred

to indicate the time factor on the importance of different service components.

Step 4: Provide strategic suggestions for PPP school service improvements. The reliability
of overall service delivery at ¢ can be analysed and predicted using historical performance
data via repeating step 2 and step 3. If reliability S is over 4, the government could consider
future similar co-operative projects with this same service provider as satisfactory service
performance. Otherwise, potentially underperforming service component should be analysed,
thus providing the development of preventive maintenance strategies for improving overall

service delivery.

The developed framework is illustrated in Figure 4.
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Figure 4 Hierarchical Reliability Evaluation Framework
4. PPP School Case Example
4.1 Background Information

The Victorian government in Australia recognizes the importance of education as it is both
an essential criterion for social justice and economic growth. The high population growth
forecast calls for many new PPP school facilities that aim to provide community services,
primary, secondary, and special educations. As an example, the Victorian government firstly
entered a PPP arrangement in the school sector in 2008, named Partnerships Victoria in
Schools Project (PViS), with Project Co, i.e., the PPP partner, to design, build, operate, and
maintain 12 government schools for a 25-year period. The PPP schools were undertaken in
compliance with National PPP policies and supplementary Victorian PPP guidance (DEECD
2009), and focused on exemplary educational design, innovative community hubs, and the
support of inclusive education for all learners. The whole of life service delivery approach of

the PPPs will free up the time of principals and managers, enabling educators to focus on
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learners rather than maintenance and repair of their schools. The PViS is selected here as the
main basis for the theoretical case example in this study to demonstrate the feasibility and
effectiveness of the developed framework. PViS represents ecologically sustainable features

in core PPP school services in the community in key growth area of Melbourne.
4.2 Scenario Development

In this case example, the penalty points approach is applied to track the service performance.
That is, associated number of penalty points of KPIs for service quality failure accounting
for individual service components are identified and agreed upon during contract negotiation.
Then the accrued number of penalty points is compared with a contractually agreed baseline,
which is usually based on built-in tolerance. If the accrued points are greater than baseline
total, corresponding abatement percentages will be imposed on the ‘Project Co’. Thus, the
performance penalty points of KPIs accrued at the evaluation time t, and their performance
baseline act as the two main performance variables, i.e., P* and P *, for the service evaluation.
However, due to confidentiality reasons, the historical data for penalty points (P%) was not
available. To tackle this practical problem, scenario analysis is used to predict the possible

occurrences of the KPI penalty points and their consequences.

Because of various uncertainties influencing the service performance, i.e., whether the KPI
reaches the requirements or not, it is necessary to develop various scenarios to evaluate the
different situations. In this scenario development, four endogenous variables, i.e., a) resource
investment level; b) effort level (Zhang et al. 2020); c) the number of enrolment numbers;
and d) the length of operated year, are assumed to have obvious impacts on service delivery
system over time in PPP schools. In other words, the more resource investment level and the
more effort ‘Project Co’ put into this case; the better service performance will be delivered.
The more students are enrolled and the longer the operations, the worse service delivery
performance. Three scenarios derived from the assumptions based on endogenous variables
are therefore set to simulate the performance data and validate the feasibility of the proposed
framework. The main goal of the scenario analysis is to reflect the real-world situation that
service delivery performance will be affected by many uncertainties and thus can be present

different situations.
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Scenario I: the resource investment level and effort level that Project Co puts into this school
case are so high that the negative impact of increasing enrolment number and operated time

could be mitigated. The risk remains unchanged during 25-year operation.

Scenario 2: the resource investment level and effort level that Project Co puts into this school
case are not enough to mitigate negative impact of enrolment numbers and the operated time.
The risk is assumed to increase on a basis of the increasing enrolment numbers during 25-

year operation.

Scenario 3: the resource investment level and effort level that Project Co puts into this school
case are not enough to mitigate the negative impacts of enrolment numbers and operated
time. The risk is assumed to increase on a basis of the increasing enrolment numbers during

25-year operation, also weighting of service components evolves over time.
Table. 1 shows the assumptions in the three scenarios.

Table.1. Three Scenarios Assumptions

. Assumptions
Scenario P
No. . c oy .
Risk Weighting
Ignore the risk change due to the increase in enrolment numbers and time .
1 . . . . Fixed
operating in the high resource investment level and effort level, i.e., 7+ = 1¢
Consider the risk change due to the increase in enrolment numbers in the .
2 . ) n Fixed
low resource investment level and effort level, i.e., 7e =11 - k- ™/n,_4
3 Consider the risk change due to the increase in enrolment numbers in the Evolves
low resource investment level and effort level, i.e., 7e =11 - k- /g _ 4 over time

ro represents the initial service performance risk at t = 0, assumed 4% in this example; n
represents the enrolment numbers of PPP school. A P¢ dataset is then simulated via binomial
distribution in MATLAB based on the endogenous variables under the scenario assumptions.

Thus, the value of K7, is generated as 1 or 0 according to risk profiles in the three scenarios,

http://mc.manuscriptcentral.com/ecaam

Page 14 of 28



Page 15 of 28

oNOYTULT D WN =

Engineering, Construction and Architectural Management

where 1 refers to this KPI does not reach requirement in output specifications and thereby

corresponding penalty point will be assigned to this KPI, while 0 means no penalty points.
4.3 Data Acquisition

Qualitative data in this case example is obtained from PViS contract documents, which covers
output specifications and project agreements for 12 PPP schools (DEECD 2009). It supports
the establishment of a hierarchical service evaluation system in Step I, as KPIs and their
components are identified. Quantitative data used for service delivery performance reliability
evaluation comes from a binomial simulation of penalty points of KPIs under the different
scenario assumptions. The data of endogenous variable, like enrolment numbers, is predicted
through Autoregressive Integrated Moving Average (ARIMA) by capturing historical data
from official websites (e.g., https://www.myschool.edu.au/). The quantitative data supports
reliability analysis in step 2 and step 3. The data processing flow chart is illustrated in Figure

5.

Output
Specifications

Inputting Dataand Performance
f__m ,: Assumptions Baseline (P;")
o — i : Service System
Predictive Data: ' Reliability

2021-2035 P ! MATLAB _| Penalty Points

P . Simulation (PA)
ARIMA P Scenario 2 ; :

s S : i

Initial Data: i | | Scenario3 | |
20102020 J | eerm——

Figure 5 Data Processing Flow Chart
4.4 Results and Discussion
4.4.1 Step 1: Establish hierarchical evaluation system

The service delivered in PViS is composed of 15 service components, i.e., C1: Performance
monitoring and reporting; C,: Management; C3: Staff development; C4: Policy and Strategy;

Cs: Partnerships and resources; Cq: Failure event, end-user Satisfaction and material; C5:
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Table 2 Service Components and Indicators

System Components Indicator Descriptions
C1: Performance Monitoring and . . . Lo
. Including response to service failure, performance reports (4 indicators)
Reporting
Including reasonable systems, controls to safeguard property, clearly defined proposed changes
C,: Management uding Y . gu property Y prop £
(3 indicators)
C3: Staff and Development Including no staff shortage and continuous professional development (7 indicators)

C4: Policy and Strategy Including the Project Co complies with all health and safety requirements (19 indicators)

) Including Project Co provides incidental equipment and consumables for provision of services
Cs: Partnerships and Resources .. . .
and must liaise with all relevant stakeholders (7 indicators)
Ce: Failure Event, End-user Including avoiding more than 6 same service failure in any rolling 3 months, undertake user
Satisfaction and Material satisfaction survey and students cannot have access to the stored materials (3 indicators)
C7: Help Desk Service Including service facilitating the carrying out of school service on 24/7 (21 indicators)
Including the integrity and functionality of the building fabric, building services, utility services
) Cg: Building Management Service uane ) ; y. . Y g . . 8 . 'y .

Service systems security, public safety, equipment and plant which comprise the facility (32 indicators)

delivery e . Including the procurement, management and maintenance of electricity, communications

p Co: Utilities Management Service o
system (P) system, renewable energy sources, gas water (16 indicators)

C10: Waste Management Service

Including collection, management and disposal of the full range of waste that minimizes the

impact on the environment (5 indicators)

C11: Ground and Gardens
Maintenance Service

Including maintenance for roads, pathways, signage, lighting, carpark (17 indicators)

C12: Pet Control Service

Including emergency pest control advice, pest deterrents, capture, disposal, the use of pest
control chemicals (6 indicators)

C13: Cleaning Service

Including scheduled cleaning, Emergency cleaning and deep cleaning to maintain a clean,
healthy and safe environment for all users (11 indicators)

C14: Security Service

Including monitoring and alarms, secure perimeter to the site and facility and access to facilities
(20 indicators)

C1s: Churn Management Service

Including equipment management for specific requests, mail and portable appliance testing (7
indicators)
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Help desk service; Cg: Building management service; Cq: Utilities management service; C1q:
Waste management service; C11: Ground and gardens maintenance service; C15: Pest control
service; Cq3: Cleaning service; C14: Security service; C15: Churn management service. The

details of their 178 indicators could be found in DEECD (2009). The evaluation system is

shown in Table 2.

4.4.2 Step 2: Evaluating service components reliability

The penalty points of 15 service components could be calculated by the summation of their
KPIs penalty points depending on weather they reach performance standard or not. In this
example, the performance data, i.e., penalty points, is generated by binomial distribution via
MATLAB under three scenario assumptions: 1) the penalty points of KPIs are generated
under unchanging service risk, i.e., r: = ro = 4%; 2) the penalty points of KPIs are generated
under changing service risk due to the increase of enrolment numbers in schools, i.e., r, =
re_1-™/n,_1 (k= 1); 3) the penalty points of KPIs are generated under changing service
risk due to enrolment numbers increase, i.e, 1;=7;_1-"/n,_1(k=1) and dynamic
weightings is considered. Besides, the abatement cost will occur when the performance is
under the 85% satisfaction. Hence, it is assumed that P;; = 0.15 * total penalty points is
the baseline when comes to the service component reliability. For example, a total of 27
penalty points in C; means that when the penalty points are over 4, the abatement cost will
be accrued on this component. The reference values, such as ro = 4%, k = 1, and 85% are just
to reflect the prerequisites for the validation of the proposed framework, which could be
modified when put into the real case. Based on the equation (2), the component reliabilities

are illustrated in Figure 6.
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Figure 6 Effect of Enrolment Numbers on Long-term Performance of each Service
Component a) Ignore the increase of risk in high resource investment level and effort level; b)

Consider risk increase in low resource investment level and effort level
Figure.6 shows the reliability of 15 service components under the high and low resource

investment level and effort level scenarios. Since the target reliability index [y = 4, then

B i/Bo < 1 could be a criterion that means the i, service component has the probability to be
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abated. Some key information could be derived. Firstly, the reliability of service components
is generally higher than 1 in scenario of high resource and effort level, meaning the service
would be delivered well, if Project Co invests enough resources and effort. Otherwise, the
reliability will decrease due to the increasing enrolment numbers. In reliability theory, the
lower reliability, the higher probability of failure, which is also consistent with the increasing
risk scenario under the increasing enrolment numbers in scenario low effort and resources
level. While unlike this case, the service risk level is normally unknown in real cases, then a
reliability index can be derived from actual performance data. This provides an intuitive and
comprehensive indicator of service performance taking into consideration the uncertainties
coming from complex internal and external factors. Secondly, for this theoretical example
(Figure 6), the lowest reliability points to problems in components C,4, and Cg, which are
policy & strategy, and building management service. Similarly, Qin et al. (2021) has said that
policy uncertainty is the main cause of PPP failure, especially for the firm-level investment.
Political interference is also seen as one of the top-ranked risk factors in PPP infrastructure
projects (Ameyaw and Chan 2015). Building management service is highly related to end-
user’s satisfaction, and makes a contribution to the educational performance (Wijayasundara
et al. 2020). Thus, the result provides a reminder where the focus should be given in current
project and also for the future similar cases to keep a high reliable service delivery, when the

resources and effort is limited.
4.4.3 Step 3: Evaluate the reliability of overall service performance

The reliability of overall service performance can be calculated by aggregating component’s
reliability and their weightings through equation (3). In the scenario 1 and 2, the components
are assumed to be equally important, i.e., w; = 1/15; In scenario 3, the dynamic weighting
of components over time is considered, which is determined through the entropy method. In
this method, the greater difference in indicator values of samples, the smaller the information
entropy, and the greater weighting of the indicator. The entropy method is advantageous in
eliminating the influence of subjective factors on the weight of each influencing factor, which
makes the evaluation of the system fairer and objective (Ivanhoe et al. 2020). The overall

reliability is presented in Figure 7.
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Figure 7 Overall Service Reliability
Figure 7 shows the overall reliability in scenario 1, i.e., ignore the increase of risk due to
enrolment numbers in high resources investment level and effort level, is always over 1,
while the overall reliability is in a decreasing trend in scenario 2 and 3, when considering the
increase of risk due to enrolment numbers in low resources investment level and effort level.
It is noted that the reliability in the scenario 3 is lower than that in scenario 2, this is because
in this service delivery system, the more unstable penalty points the components have, the
more critical it should be, thus the weighting will be dynamic over time as the penalty points
change. In scenario 3, dynamic weighting is exactly considered by tracking the penalty points
of each component at each year. In this case, the critical service components are Cy: policy
and strategy, and Cg: building management service. They accrue the most unstable on-going
penalty points in 12 school samples. Therefore, their weightings should be correspondingly
increased, which leads to a lower reliability in overall service performance compared to the
fixed weighting. This provides us an objective dynamic evaluation rather than overestimated
result. In addition, to improve service delivery performance, some efficient measures, like
more inspections, stronger punishment, and professional support on the critical components,
should be taken into account to improve their reliability, thus improving overall service

delivery performance.
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Though the assumptions in scenarios are used for validating the proposed service reliability

framework only, the reference values, like k, r;, w; have an important relation to the

oNOYTULT D WN =

evaluation result. Therefore, a simple parametric study is conducted to explore the influence
10 of different parameter values on results. In Figure 8, When k = 2, the reliability has already
been below the target value (red line), which represents the high uncertainty in such a high-
13 risk assumption. Figure 9 shows service risk has a more obvious impact than the weighting

15 on the result, taking the weighting of Cg as an example.
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4.4 Discussion

Effective service performance evaluation has been the critical part for both the government
and private sector to successfully implement a PPP project. For education PPPs, the service
performance over a long period of 25 or 30 years has been particularly important to achieve
better value for money. However, complex, uncertain internal and external factors introduce
numerous negative impacts on service delivery, result in unqualified service, unpredictable
renegotiation costs or society complaints. Regarding the uncertainties in service delivery in
education PPPs, a hierarchical framework with reliability analysis is developed in this study.
In this evaluation, reliability of critical service components and overall service delivery can
all be considered. This developed framework provides an innovative quantitative perspective
for managing uncertainties based on prediction of historical KPIs data. The long timespan of
asset service operations is one of the most special features of education PPPs when compared
with traditional projects and thus deserves to be considered in detail. Thus, this framework
also enables tracking dynamic uncertainties in future time predictions through providing the
performance reliability index, when enough historical data can be provided. The theoretical
example set up in PViS background proved the feasibility of the developed framework in

assessing dynamic performance trend over the long operations period. In other words, when
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actual historical performance data becomes available, it will be able to provide more clues in
predicting service performance and developing preventative strategies. Also, as an evaluation
tool, the developed framework could help government in the evaluations concerning

decisions around future cooperation with the same service provider.
5. Conclusions

Most previous research relevant to service performance evaluation in PPPs have mainly been
qualitative or conceptual. The impact of uncertainties on the service delivery over the long
operations has largely been ignored. There is a lack of studies using quantitative approaches
on such a topic, especially in education PPPs. An accurate way of knowing such impacts on
the service delivery could provide decision-makers with hints on how to improve service
performance and determining the private sector’s ability in delivering such PPP services.

In this study, the research gap is filled by developing a hierarchical reliability evaluation
framework for service performance in education PPPs. The reliability index can be used to
measure if the delivered public-school services reach the performance standard are required.
To illustrate the developed framework, a theoretical example is used where the qualitative
data derives from PViS contract documents, while quantitative performance data is generated
in MATLAB by assuming different scenarios. It shows that the service components, policy
and strategy, building management service, have the lowest performance reliability of the 15
service components. In addition, the reliability of overall performance has a decreasing trend
when considering the increase of risk due to enrolment numbers. Furthermore, dynamic
weighting is preferred as providing a more objective evaluation result. The example shows
the proposed framework could be used by practitioners in industry as a decision tool to
identify, analyse and assess the reliability in social PPPs service delivery system over long
period operations. This will increase the likelihood of success in a complex environment.

For the contributions, in theory, a performance evaluation index, reliability, is constructed in
this study to process the dynamics of service delivery uncertainty over the PPP operations.
Project performance functions for service components and system are also formulated. These
enhance the integration of domain knowledge on performance evaluation and improvements.

The developed framework is tested with real-world data to simulate practical conditions. In
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addition, the proposed model can measure the impact of uncertainties on service performance
and predict in future similar projects. It also provides useful guidance for government to
understand the ability of the private sector in delivering PPP school service.

Admittedly, in demonstrating the proposed framework, the unavailability of actual KPIs data
remains a main limitation. Current KPI models should provide fundamental performance data
that could be efficiently used by government or education departments through the proposed
framework to further evaluate the impact of uncertainty in service delivery performance. Also,
this framework theoretically takes all relevant factors as an uncertainty system and only
considers the linear impacts of specific variables, like resource investment level and effort
level. Future studies could further explore quantitative consideration of these two variables
and incorporate them into the current framework to obtain an instructive relationship between
such uncertainty and performance reliability. Finally, the proposed framework examined PPP
school projects in an Australian context, but it could be applied generally to any social PPP
context by adjusting the indicators in the service delivery evaluation system.
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