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Abstract

Retinal implants and other vision-restoration treatments are being developed for 

people with very low vision, and translational research is needed to show whether 

or not these interventions are effective. Clinical trials can investigate outcomes 

in controlled conditions, but functional vision research is needed to measure the 

changes in vision that matter to participants in their lived environments. This 

project considers functional vision in the context of orientation and mobility (O&M) 

assessment.

At the commencement of this study, there were no established methods of 

measuring very low vision that is useful for O&M. The aim of this doctoral project 

was to devise an instrument for use in vision-restoration research to measure 

functional vision for mobility, capturing meaningful changes resulting from a retinal 

implant.

Whereas vision for reading and other sedentary tasks can be measured in 

the clinic, functional vision for mobility is a complex, dynamic, social phenomenon, 

and social research methods are needed to deal with this complexity. In this study, 

initial consultation with functional vision experts helped to scope what is meant by 

effective mobility and to identify visual behaviours evident in people with very low 

vision who are often referred to as blind.

A substantial part of this doctoral study involved the design and 

implementation of a research protocol called LoVADA (Low Vision Assessment of 

Daily Activities). This protocol was trialled in a cross-sectional study with adults 

who had advanced retinitis pigmentosa (n=40), and then with three people who 

had a prototype retinal implant. None of the O&M tasks in the protocol succeeded 

in directly measuring functional vision for mobility. However, the LoVADA studies 

generated a rich, embedded mixed-methods data-set about the lived experience of 

people with very low vision. From this data-set, emergent theories about functional 

vision for mobility were developed. These theories interpret complex relationships 

between vision, O&M and personal mobility choices, providing a client-centred 
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framework for a novel instrument that measures functional vision for mobility. 

The VROOM instrument is a constructivist measure of Vision-Related 

Outcomes in Orientation and Mobility. It quantifies shared knowledge about 

functional vision, which is co-constructed during a typical O&M assessment session 

comprised of interview and observed travel. The VROOM instrument is portable 

and reduces qualitative data to a score out of 50 on the spot, through the use of 

behaviourally anchored rating scales. The client can confirm or contest findings, and 

contribute to interpretation. This constructivist measure gives more authentic data 

than an objective measure that can be misinterpreted by researchers, and more 

robust data than a subjective measure derived from unsubstantiated self-report. 

The VROOM instrument embraces any level of functional vision from bare light 

perception through to vision for driving, which means it has the potential for wide 

application beyond the context of vision-restoration research. It shows promise of 

being able to measure subtle variations in functional vision, even light perception, to 

compare different people, eye conditions, levels of spatial cognition, times, places, 

lighting conditions, and life circumstances, with and without a retinal implant.
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Preface

I joined Bionic Vision Australia (BVA) in June 2011 and attended monthly meetings 

of the clinical research team before my doctoral studies formally commenced in 

February 2012. During this time I also:

•	 demonstrated a mock O&M assessment for two other team members, 

assisted by another O&M colleague from Guide Dogs Victoria acting as client, 

to verbalise tacit O&M assessment heuristics in context

•	 investigated several possible route travel venues with two other team 

members, in proximity of the Australian College of Optometry and the Royal 

Victorian Eye and Ear Hospital, and discussed potential real-world O&M tasks 

suitable for assessing very low vision

•	 developed the O&M Environmental Complexity Scale (Deverell, 2011), 

which resulted from combined consideration of bionic vision, scooter travel 

with low vision, and a need for increased standardisation in reporting O&M 

assessments

•	 conducted functional vision and mobility assessments with potential 

recipients of the BVA prototype retinal implant (n=5) during home visits 

observed by other members of the BVA clinical team

•	 planned the effective mobility workshop for the International Mobility 

Conference in February 2012

•	 collaborated informally with colleagues at Guide Dogs Victoria about the tacit 

heuristics they employ when assessing functional vision

In the LoVADA studies, another BVA clinical team member wrote the initial 

protocol for Route Travel tasks and I modified the travel routes in collaboration with 

the clinical research team after we were asked to avoid using high-traffic areas in 

the hospital. The Gallery and Café tasks in the LoVADA protocol were my original 

work and I modified the TUG task (Podsiadlo & Richardson, 1991) for low vision, 

sourced and made resources for all O&M tasks in the protocol (funded by BVA) 

and set up the research spaces for each of these tasks in the three phases of the 
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LoVADA studies. Research sessions during the LoVADA studies were managed 

collaboratively by the functional vision research team. I instructed participants in 

each of the O&M tasks and was responsible for all O&M data generation except 

for tallying Route Travel behaviours. I shared responsibility for statistical analyses 

of LoVADA O&M data, but I was entirely responsible for qualitative O&M data 

management and analyses in the LoVADA studies. The grounded theories about 

functional vision for mobility, and the final VROOM instrument are my original work, 

but were influenced by frequent conversations with colleagues, clients, family and 

friends that helped me to articulate tacit insights about social behaviour, very low 

vision and mobility.

I authored an article on the Effective Mobility Framework and this was 

reviewed and amended by co-authors before submission (Deverell, Bentley, Ayton, 

Delany, & Keeffe, 2015; see Appendix 22). Other BVA clinical team members 

undertook the initial statistical analyses of measurement data from the LoVADA 

O&M tasks and authored an article that I revised using qualitative LoVADA data to 

weigh the relevance to participants of statistically significant findings. I also finalised 

the article supplement that gives details of the LoVADA O&M tasks (Finger, Ayton, 

Deverell, O’Hare, McSweeney, Luu, Guymer & Bentley, 2016; see Appendix 25). 

I reviewed and amended two articles written by other team members relating to 

LoVADA tasks investigating activities of daily living (Finger, McSweeney, Deverell, 

O’Hare, Bentley, Luu, Guymer & Ayton, 2014; see Appendix 23) and Rasch analysis 

of the Independent Mobility Questionnaire (Fenwick, O’Hare, Deverell, Ayton, Luu, 

McSweeney, Bentley, Guymer & Finger, 2016; see Appendix 24).

The Royal Victorian Eye and Ear Hospital and the Australian College of 

Optometry generously donated research space for the conduct of this project. 

This research was supported by the Australian Research Council (ARC) through 

its Special Research Initiative (SRI) in Bionic Vision Science and Technology 

grant to Bionic Vision Australia. I worked one day per week as O&M consultant 

to Bionic Vision Australia between August 2012 and December 2014 and 

received an Australian Postgraduate Award (APA) Scholarship from February 
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2012 to September 2015. The Centre for Eye Research Australia (CERA) receives 

Operational Infrastructure Support from the Victorian Government and is supported 

by the National Health and Medical Research Council Centre for Clinical Research 

Excellence Award 529923.

Although I have used APA style for referencing and much of the formatting 

of this thesis, I have chosen to make some changes to APA style including use of a 

sans serif font (Franklin Gothic) to increase visual accessibility (http://printdisability.

org/guidelines/) and coloured headers for tables to signpost their location in the 

text.
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Chapter 1 Introduction

Innovative medical research is a costly undertaking and research teams need to 

generate evidence that vision-restoration treatments such as stem cell therapy, 

gene therapy, pharmaceuticals and prosthetic vision (also known as a bionic eye) 

bring real benefit to the everyday lives of those who receive the intervention. 

This doctoral project has taken place in the context of prosthetic vision 

research in Melbourne, Australia. Between 2010 and 2014, Bionic Vision Australia 

(BVA) received AUD$50million from the Australian Government to develop a 

unique retinal implant to restore some vision to people who have very low vision or 

blindness. In 2012, the first-generation BVA retinal prosthesis, or bionic eye, was 

implanted in three adults who had light perception only. A prosthesis is an artificial 

body part, and medical bionics is the field of research and practice that involves 

replacing or enhancing body parts with electro-mechanical versions that serve a 

similar function.

The primary purpose of the BVA prototype research was to demonstrate 

that the novel design of the device was safe and effective – that the retinal implant 

could stimulate a visual response in a diseased eye. A secondary goal was to 

investigate and measure any functional benefits that might be gained from this 

device. Professionally, I approach functional performance from the perspective of 

orientation and mobility and in the BVA clinical research team, my particular focus 

was functional vision for mobility. Vision is not essential for mobility, but it can help.

The term orientation and mobility (O&M) refers to the daily action undertaken 

by people within and between their activities of daily living. Everyday activities 

give a context requiring orientation and a purpose for mobility. O&M might involve 

intentional route travel such as walking to the bus stop, but it also includes 

incidental movements such as side-stepping, shuffling or turning around while 

shopping or making a meal. Most clients who seek assistance with O&M do so 

because of vision-related problems. Whereas medical intervention might be able to 

restore some vision, the O&M specialist can equip the client to move around safely 
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and confidently with or without vision, facilitating skilled, informed mobility choices 

to improve the client’s quality of life. 

Many attempts have been made by the O&M profession and by the 

wider scientific community to measure O&M program outcomes and particularly 

functional vision for mobility, without much success. Only proxy measures are 

available – measures that seem related but don’t quite capture the complex, 

dynamic, integrated nature of this phenomenon. An O&M specialist typically uses 

qualitative assessment strategies in real-world settings, collaborating with the 

client to determine whether program goals have been met, but a lack of standard 

measures and reporting processes makes it difficult to compare outcomes from 

these assessments.

1.1 The Problem

Measurement of a person’s functional vision for mobility is complex for several 

reasons. First, functional vision is context-specific and changeable. Jack’s story in 

Table 1 shows how vision can present rather differently in the clinic compared to 

dynamic real-world conditions. 

Also, functional vision can fluctuate considerably in everyday settings. A 

person with low vision needs to work with whatever vision is available at the time, 

and this vision might or might not be useful to the task at hand.

During O&M, complex relationships exist between vision and lighting 

conditions, mobility skills, orientation skills, the physical travel environment, 

the social context and the client’s own subjectivities. Personal variables include 

individual interests, skills, health, energy, lifestyle priorities and sensory 

preferences. Exemplary professional practice in O&M involves tailoring functional 

assessment and services to suit the individual client (Orientation and Mobility 

Association of Australasia, 2013). Standardisation is not a feature of O&M 

intervention; neither has it been regarded as a particularly useful aspiration 

because each client’s circumstances and goals vary significantly. However infinite 

individual variations make functional performance an unwieldy phenomenon to 
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measure – valid, reliable measurement depends on the construct of interest being 

stable and universally relevant. 

Table 1
Very Low Vision Can Be Surprisingly Useful

The second problem with measuring functional performance relates to 

a paucity of language and understanding around very low vision. Most sighted 

people have closed their eyes at some point to find out what it is like to be blind. 
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It is common to try familiar tasks with eyes closed, find oneself incompetent and 

infer that blindness must be terribly disabling. The binary understanding of sight 

and sightlessness gained from this experience is reinforced in the limited language 

of clinical vision assessment and government policy. In Australia, a person can be 

diagnosed legally blind and become eligible for a disability support pension with 

visual acuity less than 6/60 or visual fields less than 10 degrees, or a combination 

of the two (Australian Institute of Health and Welfare, 2007). However, the legal 

blindness benchmark is different from the blindness of no light perception; 6/60 

acuity is usually sufficient to read large print, recognise people and move around 

safely, if slowly, with no mobility aid. The fluctuating world of very low vision – 

that is, vision less than legal blindness – is very different from an eyes-closed 

understanding of blindness, which is actually more like having light perception only.

When very low vision is repeatedly dismissed as blindness for want of more 

accurate language, its value in the performance of everyday functional tasks is 

not recognised. A limited common language for very low vision, combined with its 

contextual variability, creates a tension for people with very low vision around how 

to understand and describe their visual status, and account for their functional 

competence to other people within their everyday sphere. 

This poverty of language also creates a dilemma for researchers who are 

developing new vision-restoration treatments. Retinal implant technology is billed 

as “restoring sight to the blind”, but at present aims for only modest changes in 

the crude perception of form and contrast. Vision-restoration researchers need to 

develop an accurate depiction of what people can see. They need to understand 

how very low vision, with or without a retinal implant, is useful in real-world contexts, 

in order to refine the technology appropriately and design relevant research that can 

measure any functional vision gained. 

The third problem with measuring functional performance has to do with 

a clinical/functional divide. Eye care professionals and O&M specialists share a 

common interest in low vision and in measuring functional outcomes, but they 

have different understandings of what is meant by functional performance, what 
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are appropriate methods of investigation, and what constitutes robust evidence. 

Quantitative O&M studies have been undertaken using prescribed travel routes, 

often with travel speed and a contact tally as the main measures of performance. 

These proxy measures provide quantitative data that address the researchers’ 

clinical questions, but have not succeeded in capturing the functional benefits 

gained from O&M programs (Virgili & Rubin, 2010) or from vision-restoration 

treatments (Geruschat, Bittner, & Dagnelie, 2012) that clients have reported 

anecdotally. 

Laypeople have suggested, “If you want to know whether the bionic eye 

works for people, can’t you just ask them?” 

Functional vision assessment by an O&M specialist is undertaken 

in collaboration with the client, involving interview and observed functional 

performance in multiple settings. This process can generate a richly descriptive 

report incorporating the client’s perspective. However, the O&M profession has 

never resolved the problem of how to reduce and quantify qualitative data about 

functional performance so that the outcomes of functional vision assessments can 

be easily compared. 

Internationally, bionic eye researchers – engineers, medical practitioners, 

scientists, policy-makers, funding bodies and investors – have called for outcome 

measures. They need data about functional outcomes from a retinal implant that 

are valid, reliable, concise and comparable. 

1.2 Aim and Scope

The aim of this doctoral project is to devise an instrument for use in vision-

restoration research that can measure functional vision for mobility, reducing 

qualitative data to a single score, thereby capturing meaningful, comparable 

changes resulting from a retinal implant. 

Frytak (2000) suggested that good measurement of health outcomes 

depends on both conceptualisation and operationalisation. My priority in this 

project is conceptualisation – ensuring that the pertinent aspects of functional 
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vision for mobility are captured so that the new measure is valid, being founded 

on good theory derived from a client-centred understanding of the phenomenon. 

Devising a valid measurement instrument also involves operationalisation – trialling 

and evaluating possible approaches to measurement; identifying options that are 

feasible to implement; checking for a good spread of data, and any floor or ceiling 

effects; establishing reliability. Thus, two research questions frame this inquiry:

1. What constitutes functional vision for mobility?

2. How can functional vision for mobility be measured?

The logistics for this doctoral study have been largely determined by the 

broader BVA retinal implant project. The five-year funding framework imposed tight 

time schedules, the BVA prototype was implanted in just three people for a limited 

time only, and the device itself was operational only under direct supervision of 

the researchers, mainly in static indoor environments. Despite these limitations, 

the study has generated new theories about what constitutes functional vision for 

mobility, and a novel instrument to measure the functional outcomes of a retinal 

implant. This instrument has potential application in any context where functional 

vision is an important consideration. Its feasibility was tested as part of this study, 

but implementation, evaluation and development of the new instrument with a 

larger retinal implant cohort is beyond the scope of this thesis.

1.3 Navigating the Thesis

This thesis begins by exploring what is implied in the term functional vision for 

mobility, considering both clinical and functional (client-centred) perspectives. The 

components of the study generating new data included (1) initial consultations with 

functional vision experts, (2) investigating the lived experience of functional vision 

for mobility with people who had advanced retinitis pigmentosa (n=43) including 

three people who had BVA’s prototype retinal implant in the LoVADA studies, and 

then (3) the development of new theories about functional vision for mobility that 

culminated in the VROOM instrument that measures Vision-Related Outcomes in 

Orientation and Mobility.
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Chapter 1 has outlined the challenges inherent in attempting to measure 

vision for mobility – universal benefits of functional vision for mobility have not 

yet been identified; there is a limited language to describe very low vision; and 

clinicians and functional assessors who are investigating O&M approach research 

and evidence from very different perspectives.

Chapter 2 explores the research literature around functional vision for 

mobility. Salient differences between clinical and functional approaches to vision 

assessment and research are identified. O&M is deconstructed, and the role of 

tacit knowledge in O&M is considered. Methodological challenges that arise when 

attempting to bridge the clinical/functional divide are explored with particular 

consideration of philosophies of being and knowledge that underpin research 

design. Previous attempts to measure functional vision for mobility are examined 

with consideration of the role of standardisation in functional research. There is an 

outline of international developments in prosthetic vision technology, in which BVA’s 

prototype retinal implant is situated. More detailed research questions for this study 

are identified.

Chapter 3 maps the three stages of this doctoral research: (1) consultations 

with functional vision experts, (2) the LoVADA studies and (3) the development 

of grounded theories culminating in the VROOM instrument. The logistical 

parameters for the research, and my own role in the BVA project are clarified. 

Typical O&M assessment is interpreted through the lens of research methodology. 

This provides a rationale for the use of multiple methodologies, with Grounded 

Theory Methodology framing the inquiry, and then each of these methodologies 

is described. Consideration is given to ways of demonstrating in mixed methods 

research that evidence is robust. 

Chapter 4 accounts for the first stage of the project, describing both the 

methods and results of three consultations with functional vision professionals. 

A workshop with international O&M specialists investigated professional notions 

of effective mobility. Then a group of specialist vision teachers and a group of 

guide dog mobility instructors were asked how they recognise visual behaviours in 
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someone who is “blind”. This chapter also describes some informal investigations 

that influenced the design of new O&M tasks and measures in the LoVADA protocol. 

Chapter 5 outlines the LoVADA protocol that shaped the second stage of this 

inquiry, describing the three phases of implementation, the participants, and the 

O&M-related tasks in the protocol. Phase 1, the pilot phase (n=7) involved trialling, 

then eliminating or developing O&M tasks, and these pilot findings are incorporated 

into task descriptions in this chapter. O&M tasks were then administered slightly 

differently in Phases 2 and 3. The second phase was a cross-sectional cohort study 

with adults who had advanced retinitis pigmentosa (n=40; called the RP40 cohort) 

using a standardised protocol. The third phase was a seven month exploratory 

cohort study investigating the use of prosthetic vision in the LoVADA tasks (n=3; 

called the retinal implant cohort). In addition to the individual O&M tasks, the data 

streams and embedded methods of analysis for the LoVADA studies are described. 

Chapter 6 reports the findings from the O&M-related tasks in the second 

LoVADA phase where participants had natural low vision, and then the third LoVADA 

phase where participants compared their natural vision with prosthetic vision. 

Embedded analysis means that raw measurement data from LoVADA tasks were 

included in the qualitative data-set for analysis, and then the qualitative findings 

were used to screen statistically significant correlations for their relevance to 

participants. This chapter culminates in a summary of the functional benefits and 

limitations of the BVA prototype retinal implant.

Chapter 7 presents new theories built from the LoVADA data-set and the 

consultations with experts to address the research question about what constitutes 

functional vision for mobility. The second research question about how functional 

vision can be measured invites a critique of why the LoVADA tasks were unable to 

directly measure functional vision for mobility. Effective aspects of measurement 

in the LoVADA protocol are identified, along with successful elements of an existing 

functional vision measure – the CVI Range – which is designed specifically for use 

with children who have cortical vision impairment. From these collective findings, 

the new VROOM instrument was developed. The methods involved in developing 
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grounded theories, devising the VROOM instrument and then testing its feasibility 

are described.

Chapter 8 discusses the outcomes of this study, examining the significance 

of the VROOM instrument in relation to the three problems identified in Chapter 1 

that have made the measurement of functional vision particularly complex: the 

fluctuating nature of functional vision, the paucity of language for very low vision, 

and the clinical/functional divide. Limitations of this doctoral study are identified, 

and the thesis concludes by exploring the implications of the VROOM instrument for 

functional vision research and O&M professional practice.
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Chapter 2 Functional Vision for Mobility 

In the peer-reviewed literature, there are no measures of functional vision for 

mobility suited for use in vision-restoration research. There are unquantified 

assessment checklists that itemise some of the elements involved; some elements 

of this phenomenon can be measured, generating proxy data; aspects of functional 

vision for mobility are also represented in self-report and quality of life measures. 

However, many of these resources focus on higher levels of acuity for reading, 

recognising faces and colours; fewer resources are available to assess ultra-low 

vision (Geruschat et al., 2015). A paucity of good theory around very low vision in 

the empirical literature seems to have limited the success of research ventures in 

this domain. Then too, functional vision for mobility is imbued with tacit knowledge 

that makes it difficult to investigate. The aim of this chapter is to define functional 

vision for mobility and examine research that has endeavoured to measure this 

phenomenon. 

A functional paradigm provides the theoretical framework for this thesis. I will 

begin by distinguishing between clinical and functional vision assessment and then 

between functional vision for reading and functional vision for mobility. Gestalt O&M 

is defined as a functional phenomenon before being deconstructed to examine its 

constituent elements. Characteristics of a functional paradigm are identified that 

distinguish this approach to inquiry from clinical practice and research. Previous 

attempts to measure functional vision for mobility are critiqued for the contribution 

they make towards measuring the functional outcomes of retinal implant 

technology, and there is consideration of the role of standardisation in research 

design. I will provide an overview of international developments in prosthetic vision 

research, and the BVA prototype in particular, then clarify the detailed research 

questions that shape this doctoral inquiry. 

This chapter draws from numerous fields including O&M, vision research, 

driving literature, education, philosophy, psychology, social sciences, occupational 

therapy, social work, human geography, surveying and research methodology. 
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References have been sourced through keyword searches in SCOPUS, Web of 

Knowledge, Pubmed and Google Scholar, recommendations from colleagues, and 

snowballing. Sources include peer-reviewed empirical studies, theoretical papers 

and texts, review articles, professional texts, policy documents and websites. Some 

older sources are included because of their landmark contribution to the field. 

2.1 Functional Vision is Different from Clinical Vision

A clinical eye examination by an ophthalmologist, optometrist or orthoptist 

investigates a range of visual functions in standardised conditions, whereas 

functional vision is “the ability to use vision in planning and performing a task” 

(Lueck, 2004c, p. 486). However, functional vision is not limited to specific 

tasks – it refers to the dynamic and integrated ways that vision is employed in 

daily life (Colenbrander, 2005). An overview of clinical testing, particularly visual 

acuity, provides a background for our consideration of functional vision and its 

measurement.

2.1.1 Clinical vision assessment

Clinical vision is a collective term referring to measures of individual visual functions 

undertaken in controlled conditions in the optometric or ophthalmic eye clinic, 

using a battery of “gold standard” validated tests (Hart, Chakravarthy, Stevenson, & 

Jamison, 1999). A clinical examination investigates vision parts-to-whole, including 

visual acuity, visual fields, contrast sensitivity, light sensitivity, colour discrimination, 

oculomotor control and accommodation (Flom, 2004). A good clinician listens to the 

patient’s experience and combines this account with measurement data to make a 

diagnosis. However, the diagnosis and clinical vision measures are typically used to 

report the examination concisely, omitting the qualitative details. This examination 

is used to (1) monitor eye health, (2) achieve best-corrected vision with glasses or 

contact lenses to improve any refractive error, and (3) determine whether surgical or 

medical treatment is indicated to improve eye health or vision (Australian Institute 

of Health and Welfare, 2007). Standardised vision tests provide eligibility criteria for 
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health-related social policies such as driving (Austroads, 2003) and the disability 

support pension (Australian Government, 2015), as well as participation categories 

for competitive sports (United States Association of Blind Athletes, 2012). They also 

facilitate clinical comparisons before and after interventions, and between different 

people or eye conditions. 

Visual acuity is typically measured using a Snellen or LogMAR letter chart, 

and expressed as a fraction. Thus, 6/6 (in metres, or 20/20 in feet) is considered 

normal acuity, and 6/60 vision means that the person being tested can see at 

six metres what a person with normal vision can see at 60 metres. Until recently, 

there were no effective clinical measures of very low vision, which was described as 

count fingers, hand movements or light perception only (Holladay, 2004). However, 

the standardised Berkeley Rudimentary Vision Test is now used in many low vision 

clinics, and includes a Single Tumbling E Acuity test, a grating acuity test (6/1200 

to 6/4800), and basic vision tests – White Field Projection and Black White 

Discrimination (Bailey, Jackson, Minto, Greer, & Chu, 2012). Another common low 

vision acuity test is the Freiburg Acuity and Contrast Test (FrACT), a freely available 

computer program that includes grating acuity, optotype recognition and vernier 

acuity measures down to very low levels of vision (www.michaelback.de/fract/index.

html). 

A LogMAR (Log10 Minimum Angle of Resolution) scale enables all visual 

acuities to be compared on the one scale regardless of how their vision was 

measured (Table 2) and I will use LogMAR measures in Chapters 5 and 6 to refer to 

participants’ visual acuity in the LoVADA studies. 

Visual acuity measured in the clinic gives an indication of the size of static, 

high contrast targets that can be seen in stable lighting. The backlit Pelli-Robson 

Contrast Sensitivity chart is the gold standard measure of contrast sensitivity in 

static conditions (Pelli, Robson, & Wilkins, 1988) and tests such as the Ishihara 

Colour Vision test are used to screen for colour perception (Greer, 2004). 

Automated perimetry measurement is typically used to assess static visual fields, 

but when visual fields are patchy or irregular, manual Goldmann kinetic perimetry 
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enables the examiner to experiment with different target sizes and directions of 

movement to more precisely map the edges of scotomas (missing patches of vision) 

and islands of residual vision (Haegerstrom-Portnoy, 2004).

Table 2
Visual Acuity Measures and Categories

Note. LP = light perception; NLP = no light perception; BRVT = Berkeley Rudimentary 
Vision Test (Bailey et al., 2012); Blind Athletes = participation categories for United States 
Association of Blind Athletes (2012); shaded areas indicate the scope of acuity tests.

The standardised conditions of clinical vision measurement enable these 

measures to be compared, but Markowitz (2011) observed that functional vision 

rather than visual acuity is the yardstick by which patients assess the value of 

vision-related interventions. Thus it becomes important to understand functional 

vision from the perspective of those who live with low vision.

2.1.2 Tacit knowledge and the power of language

Low vision has been something of a no-man’s-land between full vision and 

blindness (Colenbrander, 1996). The term low vision was coined in the early 1950s 

by eye specialists, Fonda and Faye who considered it to be more accurate and 

psychologically appropriate than the prevailing partial sight or partial blindness 

– they recognised that people with low vision deal with visual challenges that are 

functionally different from full vision or blindness (Goodrich & Bailey, 2000). 
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The fluctuating nature of low vision means that people’s visual experience 

can vacillate between the visual and the non-visual worlds. Mettler (2008) noted 

the difficulty that fully sighted people have in understanding and interpreting 

the non-visual world. Language facilitates shared knowledge (Dillon, 1991) and 

accurate language for very low vision is needed as a foundation for its accurate 

measurement. Ideally, this language should come from lived experience because 

people with very low vision hold tacit knowledge about its complexity and its 

influence on their wellbeing, but tacit knowledge makes it difficult to account for 

very low vision through self-report alone – people can show more than they can tell 

(Polanyi, 1966/2009).

The notion of embodied cognition acknowledges that bodies can tell stories 

about a context; these stories will usually (but not always) match a spoken account; 

but sometimes bodies say what people cannot or will not verbalise (Krieger, 2005). 

Writing from the perspective of epidemiology, Krieger suggested that embodiment is 

best understood:

a. as a construct, process and reality, contingent on bodily existence; 

b. as a multilevel phenomenon, integrating soma, psyche and society, 
within historical and ecological context, and hence an antonym to 
disembodied genes, minds and behaviours; 

c. as a clue to life histories, hidden and revealed; and 

d. as a reminder of entangled consequences of diverse forms of social 
inequality. (p. 352)

Thus, functional vision for mobility is an integrated, multi-level phenomenon, 

contingent on bodily action, giving clues to life experiences that include social 

inequality.

Professionally, the limited binary language of sight and sightlessness 

continues to be a powerful norm (Bolt, 2006). Scott (1969) observed that the 

“definition of [legal] blindness is based upon a meaningless demarcation among 

those with severely impaired vision… insensitive to the important determinants of 

their functional vision” (p42). The World Health Organization (2015) has categories 
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in the ICD-10 (International Statistical Classification of Diseases and Related 

Health Problems) for interpreting visual acuity measures, however there are three 

categories called “blindness”, encompassing visual acuities less than 3/60 through 

to no light perception. This international interpretation of low vision as blindness 

suggests that vision for reading and near tasks is valued by eye care professionals, 

but functional vision for mobility is not, except in relation to driving. This paucity of 

language for low vision perpetuates confusion about very low vision and worse, it 

blinds people by definition. 

In 1969, Scott’s seminal work called The Making of Blind Men asserted that 

the disability of blindness has little to do with what people can or cannot see, but is 

socially ascribed even when people have useful low vision. He found that agencies 

and professionals who provide services for people with low vision or blindness play 

a significant role in this disabling process. 

Indeed, passage through the blindness system is determined in part by his 
[the client’s] willingness to adopt the experts’ view about self. Gradually, over 
time, the behaviour of blind men comes to correspond with the assumptions 
and beliefs that blindness workers hold about blindness. (Scott, 1969, p. 119)

This disabling process accords with more recent research indicating 

that people’s beliefs about their own abilities can have a greater influence in 

determining their success than their actual abilities (Dweck, Chiu, & Hong, 1995; 

Dweck & Molden, 2005). Words like blind and impaired have layers of implication; 

they need to be used judiciously because the language, expectations and beliefs of 

professionals have the power to compound a sense of disability in patients, clients 

or participants that their intervention is actually intended to alleviate (Scott, 1969).

Colenbrander (2010), recommended that eye specialists don’t use the word 

blind in relation to any functional vision. Statements like “this person has suffered 

severe vision loss”, or blindness is “one of the most devastating consequences of 

disease” (Palanker, n.d.) exacerbate tragedy rather than emphasising competence, 

and such phrases play on “stereotype threat” (Steele, 1997). Stereotype threat 

is a kind of tacit dread about community opinion, in this case the stigma of 
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incompetence related to low vision or blindness. Social attitudes can vacillate 

between blind beggar and blind genius depending on preconceived notions about a 

person’s likely competence with low vision or blindness, quite apart from the skills 

the person actually demonstrates (Koestler, 2004).

A US national O&M survey suggested that the relevance of clinical vision 

measures to functional O&M performance might be limited anyway (De l’Aune, 

Geruschat, & Smith, 1992). In Australia, the ICD-10 vision categories tend not to 

be used by the O&M profession when discussing vision in reports or conference 

presentations. Rather, amongst vision support services in Australia, the term low 

vision is used generally to encompass any kind of visual difficulty apart from total 

blindness, and is not necessarily delimited by clinical vision measures (Australian 

Institute of Health and Welfare, 2007). However, low vision is defined more 

specifically when government funding is involved. For example, children become 

eligible for low vision support in the Victorian education system with visual acuities 

less than 6/18 (Statewide Vision Resource Centre, 2012).

In this thesis I use very low vision in preference to legal blindness, because 

my interest is in what people can see rather than what they can’t see. The term 

ultra-low vision has recently been used in the prosthetic vision literature to describe 

“rudimentary vision” (Dagnelie et al., 2014) including “crude perceptions of larger, 

high contrast objects” (Nau, Pintar, Fisher, Jeong, & Jeong, 2014, p. 1), roughly 

equating to visual acuity less than 6/480 or 1.9 LogMAR (Geruschat et al., 2015). 

I reserve blindness to mean no light perception unless the term is 

otherwise qualified (e.g., night blindness). Medically, functional blindness has no 

discernible physical cause, and can be associated with mental health problems 

(functional blindness, 2012), but in the rehabilitation sector and in this thesis, the 

term functional blindness is used to refer to any situation when vision becomes 

unavailable, often temporarily. Poor lighting or fatigue can mean the person with low 

vision needs to switch to non-visual strategies (e.g., trailing or long cane skills) for a 

time to manage what are ordinarily visual tasks (Corn & Koenig, 1996a).
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2.1.3 Functional vision assessment

In 1964, Barraga published a landmark dissertation that established that children 

with low vision could benefit from visual efficiency training in the classroom. She 

developed a standardised Visual Discrimination Test – a paper-based task that 

evaluated different elements of visual interpretation, using the test before and after 

visual efficiency training to evaluate outcomes (Barraga, 1964). 

During low vision assessment, it is important to investigate vision from both 

clinical and functional perspectives, parts-to-whole and whole-to-parts to gain a 

full understanding of how low vision is useful in everyday contexts (Corn & Koenig, 

1996b). This also means considering the psychological and social implications of 

low vision, not just task-related visual issues (Sacks, 1996; Scott, 1969).

Functional vision assessment can begin in the clinic. Hyvarinen, a Finnish 

ophthalmologist, identified three functional questions to be addressed in her 

paediatric assessments: “(1) How much and what kind of vision is available? (2) 

How well can the infant use his or her vision? (3) How much visual information must 

be compensated for by information from other modalities?” (in Erin & Paul, 1996, 

p. 186). The functional vision assessor might use a combination of standardised 

tests and everyday materials in a variety of visual conditions, experimenting 

with elements such as font, contrast, colour, target size, distance, lighting and 

magnification to elicit different visual responses. This process helps to identify ideal 

visual conditions for the individual, as well as the conditions in which vision ceases 

to be useful, particularly in relation to lighting (Geruschat & Smith, 2010). 

When the client inhabits the functional borderland between visual and 

non-visual approaches to tasks, the role of the low vision clinic is fundamentally 

prescriptive, mainly addressing vision for reading (Lueck, 2004a; Vision Australia, 

2016). Recommendations can be made about low vision aids such as magnifiers, 

telescopes, reading stands and large-print resources, environmental modifications 

to improve lighting or maximise contrast, or specific strategies to optimise visual 

efficiency. At some point though, functional vision assessment needs to move out of 

the clinic to other environments.
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Low-vision assessment should take place both indoors and out. It should take 
place in as wide a range of illumination and contrast situations as can be 
arranged, and it should take into account other factors besides the client’s 
visual status which may well have an important bearing on how well or how 
badly he performs… psychological factors can play an enormous part in the 
performance of any client. (Dodds, 1988, p. 52)

Low vision researchers have tended to work in four domains: reading, 

gathering information, hand eye coordination and wayfinding. O&M actually 

encompasses all four domains, but they each hold a different weighting during 

dynamic travel than they do in a static clinical or classroom context.

2.1.3.1 Vision for reading, vision for mobility

The Activity Inventory is a self-report questionnaire that identifies 459 activities 

of daily living potentially affected by low vision or blindness (Massof et al., 2007). 

The relevance of these activities to individual respondents is determined as the 

interview proceeds, and the list of activities requiring a response is reduced 

accordingly. Rasch analysis of participant responses (n=1880) to the Activity 

Inventory indicated that visual ability is primarily composed of two functions: reading 

and mobility. Reading function is not limited to recognition of text and represents 

any task requiring the high visual resolution and sustained focus available from 

central vision. Conversely, mobility function employs peripheral vision to gain a 

global understanding of the travel landscape. ADLs can tend to emphasise one 

function more than another, but both are part of functional vision. Thus reading 

vision can become useful during mobility and awareness of the wider landscape can 

be useful while focusing at near.

This broad distinction between vision for reading and vision for mobility is 

important because these different functions require very different approaches to 

functional assessment and research design. Reading and detailed near visual tasks 

such as food preparation, craft or workshop activities, are usually undertaken in 

one place, so visual conditions in the assessment environment can be controlled, 

the activity defined and assessment resources at least partially standardised 
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without compromising the essential nature of the functional vision task. Functional 

vision for reading can range in complexity from recognising simple optotypes (e.g., 

letters or symbols) through to interpreting complex manuals or legal documents, 

or distinguishing between a zucchini and a banana when using vision to cook for a 

dinner party.

Whereas functional vision for reading can be investigated in static 

conditions, the assessment of functional vision for mobility is always dynamic; it 

involves moving through an environment where lighting might vary, unexpected 

challenges arise and the relative importance of variables shifts continually 

during the task. Vision becomes integrated with other senses, cognition and 

action in mobility, so there is no such thing as a “vision-only” O&M task. Limiting 

the investigation of mobility to standardised or bland environments makes it 

impossible to assess the timely way the traveller responds visually to unexpected 

circumstances.

2.1.3.2 Assessing functional vision for mobility

Functional vision assessment in O&M evaluates sensory integration in real-time, 

considering what role vision plays in the sensory mix; whether visual or non-visual 

strategies take priority to achieve particular tasks; whether the client switches 

between visual and non-visual strategies; and how effectively and fluently these 

transitions are achieved (Smith & Geruschat, 1996). There are numerous checklists 

available that support the comprehensive evaluation of functional vision for mobility 

(Bina, Naimy, Fazzi, & Crouse, 2010; Lueck, 2004b; Smith & Geruschat, 1996). 

Functional vision assessment often begins at home, and the O&M specialist 

follows the client’s lead about relevant tasks and venues that might showcase 

functional vision. When moving beyond home, a primary mobility aid can absolve 

any need for vision in O&M (Deverell, Taylor, & Prentice, 2009), but there are 

numerous visual skills an assessor might look for. Scanning skills maximise the 

client’s functional field while walking. Visual shorelining involves finding and 

following a continuous feature running parallel to the path of travel such as a fence 

or gutter. Tracking means locking on to a moving visual target such as a person, 
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then following either visually or in person at a socially appropriate distance; this 

is a particularly useful strategy in open spaces where there is an increased risk of 

veering (Wiener, Welsh, & Blasch, 2010a).

Vision for reading is part of vision for mobility. Text is commonplace in the 

community and helps to define an urban landscape (Wang & Belongie, 2010). 

“Text in the wild” (Li, Jia, Shen, & van den Hengel, 2014) includes shop signs, 

street signs, billboards, branding on clothes, car number plates and addresses 

on letterboxes. These details can help to reinforce a sense of orientation, provide 

direction, and landmark a route during travel. Locating and reading text of varying 

sizes, contrast and colour during travel can also give an indication of the client’s 

functional acuity and range of preview. Standardised text such as vehicle number 

plates can be used to investigate and compare the impact of different distances 

and lighting conditions. 

Text in the wild has a magnetic appeal, being rich with information and 

implication about the environment. An O&M specialist is interested in what text 

and details the client notices, how the client engages with these features, what 

inferences are made, and how this information translates into action. The client 

might notice text while moving but need to stop and take time to interpret the 

information, particularly with very low acuity, a narrow visual field, or a monocular 

telescope (Geruschat & Smith, 2010). 

Social context is important in functional vision assessment because social 

engagement can make travel meaningful and rewarding (American Foundation for 

the Blind, 2014). During travel, the client might recognise people by their facial 

features, unique gait and posture, or from their location behind a checkout counter. 

Then an underlying goal of any O&M assessment is to identify how the client can 

minimise visual fatigue and travel fatigue so that there is more energy to deal with 

other priorities in the day (Kapperman & Koenig, 1996).

During functional vision assessment, the O&M specialist and the client 

work together to build a shared understanding of the client’s visual skills and 

limitations, and to identify aspects of functional vision that might be developed or 
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managed better. When the client has any vision, even light perception only, then 

visual efficiency training is integrated into O&M programs (Orientation and Mobility 

Association of Australasia, 2013). 

2.2 Interpreting O&M Action

O&M is often defined according to its constituent parts: orientation means 

“monitoring one’s position in space… to facilitate purposeful movement” (La Grow & 

Weessies, 1994, p. 195), and mobility means getting from the “present location to 

a desired destination safely, efficiently and as independently as possible” (Wiener, 

Welsh, & Blasch, 2010b, p. 800). However, a narrow or fragmented understanding 

of O&M and resulting dependence on prescribed route travel as the task of choice 

in O&M outcome studies (Geruschat et al., 2012) has reduced the opportunities for 

useful low vision to be manifest and measured in research (Virgili & Rubin, 2010). 

2.2.1 Gestalt O&M

The earliest authors in the O&M profession proposed that orientation and 

mobility are “so closely related that in order to be an efficient traveler, one must 

be proficient in both areas” (E. Hill & Ponder, 1976, p. 1). Long (1990) described 

O&M as “an integrated set of behaviours occurring in complex and changeable 

travel environments” (p. 91). When mobility and orientation are united gestalt in 

purposeful travel, the whole becomes much greater or other than the sum of its 

parts (Polanyi, 1966/2009).

There are surprisingly few models in the O&M literature that represent the 

breadth of gestalt O&M in a concise way. This breadth is evident in the techniques, 

research reports, anecdotes and analysis contained in the two substantial volumes 

of the professional text Foundations of Orientation and Mobility (Wiener et al., 

2010a, 2010b). But more extensive, tacit O&M knowledge is ordinarily embodied 

by O&M specialists during the practical experiences they undertake in their 

professional training involving low vision simulation, blindfold work and long cane 

travel.
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While working in the O&M field, I developed the O&M Framework (Figure 1) 

and its accompanying checklist of potential O&M program content in an attempt 

to integrate children’s and adults’ O&M practice (Deverell et al., 2009). These 

two streams of professional practice have evolved separately in the USA, but in 

Australia, many O&M specialists work both with children and adults. 

Figure 1. O&M Framework

Figure 1. The O&M Framework (Deverell et al., 2009), showing breadth of potential O&M 
program content.
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The O&M Framework shows concepts and skills in ten fields of performance 

that are connected and cumulative across the lifespan, without being specific to 

age or particular O&M cohorts. Thus, foundational O&M concepts that are most 

often learned in early childhood, such as body concepts and laterality (Cratty & 

Sams, 1968), object concept and object permanence (Nielsen, 1992), spatial 

orientation (I. Stuart, 1995), and visual discrimination (Barraga, 1964) are linked 

with strategies that facilitate skilled, independent travel with low vision or blindness 

in adulthood. Understanding the sequence of conceptual and developmental 

milestones in children equips the O&M specialist to assess functional performance 

and sequence learning appropriately with clients of any age.

Discovery learning is indivisible from O&M action, being the internal 

and external manifestations of a client’s personal response to context and 

circumstances (Skellenger & Sapp, 2010). The O&M Framework can be used to 

design comprehensive research that investigates O&M outcomes, by endeavouring 

to measure some relevant elements from all fields. Alternatively the O&M 

Framework checklist indicates foundational constructs that might be measured 

parts-to-whole in relation to a particular field of functional O&M performance, such 

as spatial concepts or traffic interpretation. 

2.2.2 Defining mobility

By definition, all activities of daily living involve movement, and so the notion of 

mobility surpasses route travel, blurring the boundaries between activities and 

participation by connecting places, people, groups and tasks in a person’s life 

(Ergler, Kearns, & Witten, 2013). Mobility incorporates action, but also involves 

readiness and the capacity to move (Hill & Ponder, 1976) as well as living with the 

consequences of action. Mobility can be considered at three levels: motor function, 

travel skills and life-space.

2.2.2.1 Motor function

Assessment of motor function evaluates how a person’s body parts move in relation 

to each other regardless of place, representing a parts-to-whole approach to 
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assessment. Most, but not all O&M clients can walk, and O&M specialists analyse 

gait, posture, coordination and balance during functional assessment. When 

combined, these motor functions give character to a person’s travel style, and have 

implications for fluency and fatigue, mobility aid choices, and lifestyle decisions 

about whether to walk or ride. A narrower repertoire of postures and gait styles can 

be apparent in adults with low vision or blindness because much postural behaviour 

is learned visually, in imitation of what we see others do (Scott, 1969). Young people 

with low vision can be less fit, have less body flexibility and poorer balance then 

their sighted peers (Webster & Roe, 1998). 

 The International Classification of Functioning, Disability and Health (ICF) 

checklist identifies specific problems that can arise in relation to joint mobility, 

muscle power, muscle tone, involuntary movements, or risk of falls (World Health 

Organization, 2003), but these problems are usually referred by the O&M specialist 

to a doctor or relevant allied health professional whose recommendations are then 

factored into O&M program design (Rosen & Crawford, 2010). 

The Rehabilitation Measures Database (Rehabilitation Institute of Chicago, 

2010) lists around 300 separate tests used to investigate aspects of motor 

function, health and wellbeing, but only a few of these tests are pertinent to O&M 

performance. The six and twelve minute walk tests evaluate pace and stamina, 

measuring how far a person can walk unaided in the allocated time (Butland, 

Pang, Gross, Woodcock, & Geddes, 1982). The Timed Up and Go (TUG) test, where 

the patient stands, walks three metres, then returns to sit down again, assesses 

basic agility and falls risk (Podsiadlo & Richardson, 1991). In these tests, vision is 

assumed and mobility is decontextualised; the focus is on patients’ physical action 

more than on their visual relationship with the wider travel environment. 

Employing a similar parts-to-whole approach, some O&M studies have 

investigated vision-related elements of mobility such as time to collision (Jones, 

2006), direction of gaze during road crossings (Geruschat, Hassan, Turano, Quigley, 

& Congdon, 2006) and accuracy of road crossing decisions (Hassan & Snyder, 

2012). These studies contribute incrementally to our broader understanding of 

vision-related mobility choices. 



26

2.2.2.2 Travel skills

Very low vision or blindness limits access to information in the travel environment 

and this lack of information can be immobilising. In the 1940s the O&M profession 

was established to address this problem. Vision-impaired veterans, 57% of whom 

were blind (Greenwood, 1950), learned independent travel skills and long cane 

techniques to increase their range of preview and give warning of hazards ahead 

so that they could travel intentionally and confidently (Miyagawa, 1999). These 

blind mobility skills are usually taught in the context of route travel, beginning 

at a main reference point, following a selected path and arriving at a chosen 

destination (Deverell et al., 2009). Thus route travel is an obvious context where 

O&M training outcomes should be apparent and measures can include travel time, 

distance, frequency of travel and number of routes taken, distinguishing between 

independent and accompanied travel, familiar and novel travel, simple and complex 

environments and the like. 

In 1986, Clark-Carter, Heyes, & Howarth devised a measure of travel 

efficiency called percentage of preferred walking speed (PPWS) that enables each 

participant to act as their own control during mobility research, reducing the impact 

of personal variables such as height, weight and fitness when comparing different 

performances and participants. In their initial study (n=3), Clark-Carter et al used 

PPWS to compare mobility aids and travel speed on three routes of graduated 

complexity, demonstrating that guide dog travel involves less energy expenditure 

than long cane travel, and prudently, travellers slow their speed with increased 

environmental complexity. 

There is increasing interest in tracking personal mobility, supported by 

increasing availability of measurement devices. Pedometers have been available 

for some time, measuring step-count as an indicator of distance travelled (Albright 

& Jerome, 2011; Beets, Foley, Tindall, & Lieberman, 2007; Choi, Pak, & Choi, 

2007). More recently, personal activity monitors have incorporated GPS technology, 

increasing their reliability and versatility. Devices such as the Fitbit (www.fitbit.com/

au), the Apple watch (www.apple.com/au/watch), and mobile phone apps have 
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made it possible to track heart rate, activity type, speed, distance travelled, altitude 

indicating how much hill-work a route involves, and even incidental actions like 

standing up from a sitting position. 

Voice output is now standard in mainstream devices, making them more 

accessible to people with low vision or blindness. Multiple measures, synchronised 

applications and non-visual accessibility make these personal activity monitors 

an obvious way to gather data about functional mobility over a designated period 

of time, offering a more holistic approach to measuring travel than PPWS on a 

prescribed travel route.

2.2.2.3 Life-space

In the gerontology literature, life-space refers to the geographical space a person 

occupies in the world at a specified time – the extent to which current mobility 

extends from the familiar room to the front door, to the street, to the neighbourhood, 

into town, interstate or beyond (Baker, Bodner, & Allman, 2003). Changes in life-

space mobility with geriatric populations have been captured using a life-space 

questionnaire (Peel et al., 2005; Stalvey, Owsley, Sloane, & Ball, 1999). However the 

notion of life-space is not limited to elderly people. Everyday mobility usually involves 

round-trips returning to home base, such as people commuting regularly for work, 

but in the case of immigration, it can also mean one-way travel (Kellerman, 2006). 

Ergler et al. (2013) investigated seasonal influences on life-space and roaming in 

relation to children’s play, using data from personal activity monitors worn during 

defined seasonal periods. This research team found that roaming range was 

different between summer and winter, and importantly, independent exploration 

outdoors helped to increase children’s environmental literacy and combat 

unreasonable caution about safety. 

There are relationships between vision, roaming range and mental wellbeing. 

In low vision and blind populations, immobilising depression is more prevalent than 

in the fully sighted population (Horowitz, 2004). Unemployment (not by choice) is 

58% in low vision and blind populations, compared to 14% in the wider Australian 

population (Vision Australia, 2012). These experiences have implications for travel 
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patterns, life-space and lifestyle goals. According to the transport and driving 

literature, limited or lost mobility can reduce life-space and limit opportunities for 

participation in social activities, work, volunteering, shopping, healthcare visits and 

faith-based activities. The negative psychological consequences from these changes 

include cognitive decline from social isolation, loss of status and confidence, loss 

of self-worth and depression as well as declines in physical wellbeing (McCarthy, 

2009; Oxley & Charlton, 2009). Conversely, increasing or at least maintaining 

mobility can contribute to quality of life (La Grow, Alpass, Stephens, & Towers, 

2011). 

Metz (2000) considered mobility holistically, suggesting it is comprised of 

five elements, and all of these factors are considered during O&M assessment: 

1. Travel to achieve access to desired people and places. 

2. Psychological benefits of movement – of ‘getting out and about’. 

3. Exercise benefits. 

4. Involvement in the local community. 

5. Potential travel, or knowing that a trip could be made, even if not 
actually undertaken. (p. 150)

Any travel involves substantial background work such as choosing where, 

when and how to go, and being able to fund the process (Suen & Sen, 2004). O&M 

assessment considers the person’s insight and sense of agency around these 

decisions, and whether they are also influenced by family, friends, professionals, 

level of vision, pleasure or necessity (Deverell, Scott, Battista, & Hill, 2014). The 

traveller might use a range of options to access a wider life-space such as skating, 

running, skiing, cycling, driving, public transport and air travel, but travel also 

provides stimulating social opportunities and so there is a symbiosis between 

vision, travel decisions, social participation and quality of life (World Health 

Organization, 2001). 

Vision-restoration treatments such as a retinal implant seem more likely to 

impact travel choices, corresponding life-space and wellbeing than the specifics 
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of motor function or travel mechanics (e.g., gait style, speed) because vision is 

not needed to move, and yet vision can open up possibilities for travel. Multiple 

measures might capture changes in life-space mobility brought about by a vision-

restoration treatment, including employment rates, depression measures, roaming 

range, travel frequency, measures of personal mobility, and measures that 

juxtapose novelty and familiarity. 

2.2.3 Defining orientation

Whereas mobility tends to focus on physical action, orientation is a more 

psychological function combining context and certainty (Bozeman & McCulley, 

2010). Orientation means a person is located not just in space, but also in time and 

a particular culture in relation to selected reference points. This multi-dimensional 

positioning helps to shape the purpose, character and direction of mobility and 

facilitate confident travel. 

2.2.3.1 Cultural orientation

Culture is both ordinary and refined, embracing activities of daily living and unique 

artistic expressions (Williams, 1958/2011). People develop cultural capital 

through observation and participation, which is knowledge about how a particular 

culture works (Bourdieu, 1986/2011). This shared, cumulative learning is a 

non-financial resource that promotes social mobility and is evident in education, 

intellect, patterns of speech, dress and physical appearance. Culturally sensitive 

O&M practice considers ethnicity and support networks; attitudes to visual status, 

disability and risk; place of residence, occupation and socio-economic standing 

– these elements can profoundly impact a client’s mobility choices and wellbeing 

(Orientation and Mobility Association of Australasia, 2013). 

Low vision or blindness can obstruct access to cultural capital. Self-

monitoring (Leone, 2006) refers to the process of observing others’ social behaviour 

and regulating one’s own behaviour to fit in. An inability to see people’s faces and 

gestures limits a person’s capacity for self-monitoring (Tejeria, Harper, Artes, & 

Dickinson, 2002) and congenitally blind people can demonstrate a more limited 
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range of postures and more socially unorthodox behaviours than sighted people 

(Webster & Roe, 1998). A person with low vision often needs to examine social 

situations physically close-up to understand their intricacies and supplementary 

explanation can be required to demystify social processes so that the low vision 

traveller can choose whether to stand out during travel, or blend into the crowd 

(American Foundation for the Blind, 2014). 

O&M outcome studies to date have tended to examine independent mobility, 

but an emphasis on independence might actually exacerbate loneliness rather 

than add to quality of life (Evans, Werkhoven, & Fox, 1982; Webster & Roe, 1998). 

Functional vision research needs to investigate whether vision-restoration can make 

a difference to social self-monitoring and cultural orientation because of the deep 

influence these factors have on participation, belonging and wellbeing.

2.2.3.2 Temporal orientation

There are two ways of thinking about time, and both are relevant when evaluating 

functional vision for mobility. Chronos is quantified or metricated time involving 

calendars, clocks, stopwatches and frequency measures (White, 2011). The average 

time it takes to get from home to the railway station is a repeatable measure that 

becomes a benchmark for subsequent journeys. Similarly, the trip to the station 

becomes a repeatable event in the timetable of a working day. Conversely, kairos 

time is a more holistic notion that recognises that some events in life have greater 

significance than others. Kairos moments are pivotal times of revelation and 

learning, such as “the day I travelled to work independently for the first time”, 

or “the day I fell off the railway platform onto the tracks”. Kairos moments are 

unrepeatable reference points that instigate decision-making and new lifestyle 

directions. 

Whereas chronos is related to efficient travel, kairos is more related to 

fluency and interruption. Flow “is a subjective state that people report when they 

are completely involved in something to the point of forgetting time, fatigue and 

everything else but the activity itself” (Csikszentmihalyi, Abuhamdeh, & Nakamura, 

2007, p. 600). Flow facilitates the kind of learning and involvement that effects 
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transformation (Laevers, 2003), and graceful fluency is regarded as the epitome of 

competent O&M performance (Hill & Ponder, 1976). The insights and pleasure that 

result from complete orientation and involvement in a task are not measured by a 

stopwatch. 

2.2.3.3 Spatial orientation

Spatial orientation means knowing one’s direction, distance and position relative 

to fixed points or features in the physical environment, using sensory information 

to keep track of these spatial relationships as they change during movement. 

This process is known as triangulation and it involves integrating cognitive and 

perceptual learning about a context (Bozeman & McCulley, 2010). 

The notion of triangulation comes from the surveying industry, and it 

accurately measures and maps the distance, angles and spatial relationships 

between three geographical points. Geometry and trigonometry are then used 

to build accurate topographic maps from extensive triangulation networks 

(Intergovernmental Committee on Surveying and Mapping, 2014). 

Golledge (1999) suggested that a complex mental map can have the 

scalar accuracy of a topographic map, supporting accurate navigation and free-

roaming mobility. However, he also suggested that people memorise environmental 

information “in some type of psychological space whose metricity may be unknown” 

(p. 7). There are orientation systems such as compass points and street numbering 

systems that emphasise a quantified approach to spatial orientation (Deverell et 

al., 2009), but just because these systems exist doesn’t mean that every traveller 

can learn to use them. Bozeman and McCulley (2010) describe the cognitive cycle 

involved in developing spatial orientation, with perception of sensory information 

leading to analysis, selection of information, then hypothesis and execution, leading 

to further sensory perception. 

In developing spatial orientation for route travel, Golledge (1999) 

distinguishes between “learning a route” and “route-based learning” (p. 9). These 

notions have parallels with topological and topographic maps. A topological 

map, such as a stylised map of a train network, is like rote-learned route travel. 
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Relevant, proximal features, or landmarks, are correctly sequenced in roughly the 

right direction, without distal details that might be distracting from the purpose of 

the travel route (e.g., La Grow & Weessies, 1994). However, rote-learning a route 

doesn’t equip a person to depart from the tracks, so to speak, and move freely in 

the environment. A topographic map, such as a road map or bushwalking map, is 

spatially accurate; one route is overlaid with another, matching common features so 

that a multi-dimensional network is developed, and this process equates to a more 

sophisticated level of mental mapping. 

Visual-spatial tasks such as the Rey-Osterrieth Complex Figure (Shin, Park, 

Park, Seol, & Kwon, 2006) or the Wechsler Block Design Test (Wechsler, 2008) 

are frequently used in intelligence testing to assess visual-spatial orientation 

skills, but these tests are inaccessible for people with very low vision or blindness. 

Importantly, orientation skills are not dependent on vision (Long & Guidice, 2010). 

Some blind people with strong mental mapping skills can triangulate accurate 

orientation networks from auditory and tactile information, description and 

exploration (Brannock & Golding, 2000). Conversely, some fully sighted people 

seem not to notice spatial information and become easily disorientated. The O&M 

profession does not have an established method of testing and measuring non-

visual spatial cognition, and in lieu of accurate information about the client’s spatial 

skills, problems with spatial orientation are often inaccurately attributed to vision 

loss, both within the O&M profession and beyond.

Allen (1999) commented that it is relatively easy to differentiate spatial 

abilities such as visualisation, speeded rotation and spatial orientation, but it is 

rather more challenging to measure them empirically. O&M cohort studies have 

investigated key orientation concerns such as veering (Guth & LaDuke, 1995; 

Kallie, Schrater, & Legge, 2007; Scott et al., 2011b) and landmarking (Scott et al., 

2011a), but found there is no simple solution for problems that arise with these 

skills. Roentgen, Gelderblom, Soede, and de Witte (2009) conducted a systematic 

review of electronic mobility aids and found 146 systems that supported obstacle 

detection or navigation. However, these authors also found a mismatch between 
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the high level of user satisfaction with the aids reviewed and the measured 

outcomes, suggesting that more valid measures of functional orientation skills are 

needed.

Tactile maps are commonly used in O&M assessment and training, 

and can bypass some of the frustration of trying to communicate tacit spatial 

knowledge about orientation, providing that the assessor and client both have 

competent spatial skills. Tactile maps can be prepared ahead of time using 

collage or thermoform processes, or created in situ using slit tape or wiki sticks 

on paper, magnetic strips on a whiteboard, Lego blocks on a Lego mat, or the 

plastic film in a Sewell Drawing Kit (Deverell et al., 2009). Coactive gesture can 

be used spontaneously and a body map involves finger-drawing a travel route on 

the traveller’s back or palm to communicate directions or spatial relationships 

(Bozeman & McCulley, 2010). 

Stuart (1995), a Melbourne-based neuropsychologist, devised a two-

dimensional tactile mapping test and a three-dimensional construction test to 

assess the spatial learning abilities of congenitally blind children and found that 

accurate mental mapping skills can develop autonomously in blind children as 

young as five (Stuart, 1989). Assessing O&M clients in collaboration with O&M 

specialists over several decades, Stuart found that (1) poor performance on these 

two spatial learning tests paralleled poor dynamic orientation skills in O&M; (2) 

spatial dysfunction whether congenital or from acquired brain injury was not much 

improved through O&M training; and (3) clients with spatial dysfunction needed to 

use alternative strategies than mental mapping to guide their wayfinding (I. Stuart, 

personal communication and unpublished data, 5 November 2014).

Stuart’s two dimensional mapping task, which I have called the Stuart Tactile 

Maps test is not widely known, but it does provide O&M specialists and researchers 

with an easy, reliable, non-visual method of measuring spatial cognition, indicating 

how many repeated exposures it takes for the participant to learn new spatial 

patterns of increasing complexity (Stuart, 1995). This test will be described in 

Chapter 5.
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2.2.4 Challenges in measuring gestalt O&M

The different elements of mobility – motor function, travel skills and life-space – as 

well as cultural, temporal and spatial orientation come together as the complex 

phenomenon that is gestalt O&M. There are particular reasons why measuring 

functional outcomes in O&M is challenging.

1. Client-centred practice gained influence in human services during the 

latter part of the twentieth century (Rogers, 2004), and is a central tenet 

of O&M intervention. This means that O&M specialists can be actively and 

ethically resistant to standardisation in their practice, particularly in relation 

to program design. They can also be suspicious of guidelines for practice 

that are based on a line-of-best-fit, because standardised practice and 

expectations can impinge on the treasured individuality of clients and fail to 

address unique needs (Orientation and Mobility Association of Australasia, 

2013). 

2. Judging by the dearth of qualitative O&M studies in peer reviewed journals, 

O&M specialists don’t recognise their own potential as research agents, or 

understand the qualitative disciplines that would translate their work-related 

output into robust practice-based evidence about O&M and functional vision 

for mobility (Ryan & Nilsson, 2010). 

3. O&M specialists confidently present case studies at International Mobility 

Conferences (Deverell & Scott, 2014), but these reports are not necessarily 

available to those who did not attend the conference, and case studies 

rank lowest on both the quantitative (Merlin, Weston, & Tooher, 2009) and 

qualitative (Daly et al., 2007) hierarchies of evidence. People’s individual 

stories are no less true or valuable than statistically-powered findings, but 

they are difficult to condense succinctly and compare, which limits their 

generalisability.

4. A narrow and somewhat mechanical interpretation of O&M in the research 

literature has shown that O&M is not typically recognised as a complex 
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integrated phenomenon that requires social research methods and multiple 

data streams. By default, prescriptive, quantitative research designs tend 

to be employed that ignore salient variables and use proxy measures. The 

results are methodological incongruence, null findings and participant 

anecdotes that do not accord with measured performance (Virgili & Rubin, 

2010).

5. Any professional language is imbued with layers of implication about 

philosophies, theories, principles and practices that are particular to a 

profession, taught first through the formal processes of professional training, 

then reinforced through immersion in a particular professional context 

(Dillon, 1991). In a cross-disciplinary context such as vision-restoration/O&M 

research, contending rhetorics are inevitable and it is important to explore 

and clarify differences in understanding. Accord about purpose and a shared 

language are needed to support congruent research design.

6. The assessment of functional vision for mobility is the particular domain 

of O&M specialists and requires an ability to rapidly read and accurately 

interpret clients’ vision-related kinesics during travel. Kinesics include body 

movements, gestures, facial expressions and postures in action that convey 

much about the client’s feelings, environmental awareness, learning, and 

level of confidence or anxiety (Birdwhistell, 1952 in Padula, 2009). Kinesics 

are rarely singular in cause and effect. They can have complex multiple 

meanings, so simple or unilateral interpretations of functional performance 

should be avoided (Birdwhistell, 1970).

7. There are threshold concepts that serve as a portal to any new domain 

of knowledge. Threshold concepts tend to be counterintuitive, but once 

grasped they permanently transform one’s perception of the world, and it is 

impossible to go back (Meyer & Land, 2003). This means there are insiders 

and outsiders in relation to any professional domain (Bartunek & Louis, 

1996), including O&M. The interpretation of O&M kinesics requires insider 
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knowledge of the non-visual world, but the threshold concepts that provide 

entrée to the non-visual world are tacit and profoundly difficult to articulate; 

access to this world is primarily gained through extensive experience of 

visual occlusion during professional training, rather than through language 

(Mettler, 2008). Petrie, a low vision researcher who herself has low vision, 

recommends that any researcher investigating low vision undertake some 

O&M training to gain insider knowledge of the non-visual world, and a deeper 

appreciation of participants’ choices (H. Petrie, personal communication, 

Vision 2014 Conference, 2 April 2014). 

8. O&M specialists, like social workers, tend to work perpetually in novel 

contexts (that are usually familiar to clients) where their professional 

decision-making relies on tacit heuristics and rapid responsiveness, as 

much as standard operating procedures (Webb, 2001). Little research has 

been undertaken in O&M to investigate the heuristic processes used by 

O&M specialists to arrive at professional certainty during their functional 

assessment of clients. 

Rather than guessing at the meaning of behaviours in O&M research, 

Dodds and Davis (1989) emphasised the importance of corroborating observations 

with the participants themselves. This use of participant voice as the ultimate 

determinant of research relevance is a key difference between clinical and 

functional approaches to investigating O&M outcomes, but there are many other 

differences.

2.3 Theoretical Framework: A Functional Paradigm

Eye care professionals tend to refer to any kind of face-to-face engagement with 

patients as clinical work whether it occurs in the clinic or the community, to 

distinguish this work from laboratory-based tasks that don’t involve people. The 

notion of evidence-based practice is central to a clinical paradigm, emphasising 

“procurement and interpretation of clinical research in order to choose the most 
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efficacious diagnostic procedures and therapies” (Mozlin, 2000, p. 490). As a result, 

clinical approaches to professional practice and research are well documented in 

the literature. 

However, a functional vision assessor, who tends to work with clients in 

the community, distinguishes between clinical and functional approaches to 

professional practice and inquiry (Corn & Koenig, 1996b). This clinical/functional 

distinction is self-evident to those working in the functional domain, but a functional 

paradigm has not been clearly defined in the research literature or its implications 

for O&M research design considered. Nevertheless, the notion of a defined 

functional paradigm is central to this doctoral study. I use clinical to describe 

methods and measures used in prescriptive, researcher-led inquiries whereas I use 

functional to refer to more reflexive, participant-led inquiries.

2.3.1 Six characteristics of a functional paradigm

Early in my involvement with the BVA project, different understandings about what 

constitutes “functional performance” became apparent during team discussions 

around research purposes, methodologies, methods, the use of standardisation, 

and indicators of quality evidence. I found it surprisingly difficult to articulate what 

was distinctive about a functional paradigm of inquiry and why standardised O&M 

tasks seemed to me to miss the point of O&M outcomes research. Throughout 

the BVA project, I used the processes of Heuristic Inquiry (Hiles, 2008) described 

in Section 3.2.4, to identify tensions that arose around research design and 

language and then I examined these tensions systematically from both clinical 

and functional perspectives in a series of matrices. These analyses distilled six 

defining characteristics that distinguish a functional paradigm from, or within, 

clinical practice: embodiment, integration, authenticity, multiplicity, construction 

and community. The notion of a functional paradigm is not new, but this 

succinct account of a functional paradigm is an outcome of this doctoral project, 

included early in this report because it provides the theoretical framework for 

my investigation. Abundant references in the literature illustrate how these six 
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characteristics of a functional paradigm have long been fundamental to O&M 

practice: 

1. Embodiment. Functional assessment involves embodied action, not just 

self-reported action. A functional O&M assessment begins with interview, 

but necessitates getting up, moving around and investigating what the client 

can do with or without vision, at the same time identifying any practical 

limitations (Bina et al., 2010). This dynamic process gives more reliable 

information than self-report alone, because people know and can show more 

than they can tell (Polanyi, 1966/2009). During functional assessment, 

client and assessor explore and choose language to best describe the 

client’s functional vision.

2. Integration. Functional O&M assessment is holistic and the O&M specialist 

observes and considers the unique ways the client integrates many variables 

to plan and achieve a task (Bina et al., 2010), looking for fluency and a 

timely response to elements in the dynamic travel environment. The relative 

importance of relevant variables can change as conditions change during an 

O&M task. Therefore measures of individual variables such as visual acuity 

(Lepri, 2009) or speed (Geruschat et al., 2012) that assume constancy don’t 

adequately capture or predict dynamic, integrated, functional competence.

3. Authenticity. Functional O&M assessment seeks to identify what is really 

important to the client, because the client’s priorities determine how he or 

she is likely to act when not under professional scrutiny (Dodds, 1988). The 

client must live with the consequences of his or her mobility choices and 

textbook O&M skills or visual efficiency skills can be irrelevant if the client 

remains unconvinced of their value and has no intention or capacity to use 

them (Beggs, 1992). When the client’s authentic priorities are identified, 

then the most appropriate interventions can be selected to benefit the client, 

and the most salient evidence of functional outcomes can be obtained 

(Orientation and Mobility Association of Australasia, 2013). 
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4. Multiplicity. Different O&M contexts call for different responses, and so 

it is important to assess how a client acts in multiple environments of 

varying complexity (Deverell, 2011b; Dodds, 1988), undertaking a range of 

relevant tasks (Guest, 1980), and engaging with different people (American 

Foundation for the Blind, 2014). This multiplicity and comparison or 

triangulation helps to distinguish between typical patterns of response and 

unusual circumstances, preventing the assessor from making too much of 

any one incident when interpreting functional performance (Dodds, 1988). 

5. Constructivism. Any O&M experience represents a learning opportunity, 

that can help the traveller to build environmental literacy (Deverell et al., 

2014). Then during O&M assessment, other stakeholders including the O&M 

specialist, professionals, family and friends contribute to building shared 

knowledge about the client’s functional skills and limitations (Bina et al., 

2010). This co-constructed approach to knowledge is characteristic of social 

research and is antithetical to objectivity (Bryman, 2012). It is also different 

from self-report, which is the subjectivity of individual opinions reported 

separately (White, 2011). 

6. Community. The O&M client is always located in a particular social 

community where family, friends, colleagues or other professionals influence 

the client’s needs, goals and mobility choices (Bourdieu, 1986/2011; 

Deverell, 2011b). Functional O&M assessment considers how positive social 

connections can be strengthened in the client’s communities of practice 

(Wenger, 1998) to support the client’s mobility, enhance participation (World 

Health Organization, 2001) and quality of life (Welsh, 2010).

Three of these six characteristics of a functional paradigm – multiplicity, 

constructivism and community – are social in nature, emphasising that functional 

vision assessment undertaken in the context of O&M practice is a social 

undertaking.
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2.3.2 Functional vision research

If functional vision assessment is a social undertaking, it follows that functional 

vision research, which seeks to quantify the outcomes of functional vision 

assessment, should also investigate what matters to the individual participant 

and that social research methods are needed. In a functional paradigm, the 

notion of best practice is not based on a line-of-best-fit derived from large scale 

research results (Deverell, 2010). Rather, findings needs to be warranted on an 

individual basis to demonstrate their authenticity – that they represent what is really 

important to the participant (Orientation and Mobility Association of Australasia, 

2013). This means that, even though functional vision research seeks to produce 

comparable measurement data, the participant’s voice always needs to be included 

in the data-set (Dodds & Davis, 1989). Thus, functional research requires a mixed 

methods approach with a priority on qualitative methods of inquiry (Creswell & 

Plano Clark, 2011). 

In Table 3, I have deliberately polarised clinical and functional approaches 

to inquiry, drawing on my own professional experience in the functional domain 

combined with a range of other sources. 

The purpose of this table is not to delimit clinical inquiry – a clinician might 

regard elements on both sides of the table as falling within a clinician’s brief, and 

it is helpful that clinicians take responsibility for the whole process of translational 

research. However, Woolf (2008) observed that translational research should be 

regarded as a two-step process. Clinical trials can demonstrate the efficacy of an 

intervention, but clinical trials don’t necessarily show how a new intervention affects 

lifestyle choices. A second step is needed in translational research to investigate 

functional outcomes that matter to patients or clients in the real world.

O&M practice (client and professional) is firmly located in the functional 

domain, but since the 1980s, O&M outcomes research has been primarily 

conducted from a clinical paradigm using hybrid research methods (Section 2.4.1). 

The Cochrane Review of O&M training for adults with low vision demonstrated that 

when questions about functional performance become subsumed into a clinical 

research paradigm, the resulting methodological incongruence produces noisy, 
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unconvincing, or null findings about functional outcomes (Virgili & Rubin, 2010). My 

purpose in Table 3 is to identify research characteristics that align with a functional 

paradigm to minimise this incongruence in functional vision research. Appreciating 

fundamental differences between clinical and functional approaches means 

examining the theoretical underpinnings of these paradigms.

Table 3
Clinical and Functional Paradigms from an O&M Perspective

Note. Constructs are drawn from Liamputtong, 2010; Merlin et al., 2009; Miles & 
Huberman, 1994; Robson, 2011; and Rotter, 1966.
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2.3.3 Theories of being and knowledge

White (2011) observed that whereas methods are explicit in empirical research, 

theory is implicit. O&M research designs since the early 1980s have been 

characterised by two assumptions: (1) that it is possible to be objective about 

O&M performance, and (2) that clinical research methods using a parts-to-whole 

approach to investigation are sufficient to the purpose of measuring functional 

outcomes (Dodds, Carter, & Howarth, 1983; Virgili & Rubin, 2010). However, 

dissonance between an objective epistemology and the measurement of functional 

performance became evident early on. Dodds et al. (1983) acknowledged that “the 

development of objective measures of mobility performance is as tantalising as it is 

frustrating” (p. 438).

In the natural sciences, reality is considered an objective truth that can 

be accessed and known through careful observation and thinking. A positivist 

(objectivist) research paradigm assumes that measures have an agreed singular 

meaning (White, 2011) and statistical outcomes can tell an independent story. 

This objective approach to inquiry emerged from the 17th century work of 

Rene Descartes, whose extensive dissection of cadavers led to an understanding 

of the body as an intricate machine (Leder, 1992). Descartes’ meticulous parts-

to-whole approach to inquiry laid the foundation for modern scientific medicine, 

but the Cartesian corpse doesn’t move, has no opinion to express and can be 

objectified, reinforcing an impression that organs and body systems, and therefore 

people are likely to work in standardised, predictable ways. However, Leder warned 

that a mechanistic approach to the body without consideration of mind and context 

can lead medical research down reductionist paths, truncating and compromising 

our perception of lived experience, and interpreting human action in overly 

simplistic ways. Thus it becomes important to gain the patient’s perspective.

Subjectivity refers to the interpretations an individual person places on 

events or ideas (Liamputtong, 2010). “Subjective meanings used by people in 

social interaction are a starting-point for the objective analysis of society” (May, 

2011, p. 39). In a pragmatic research paradigm, subjective perspectives tend to be 
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juxtaposed with objective measures (Shannon-Baker, 2015). However, the separate 

measurement and subsequent statistical analyses of subjective and objective 

perspectives, post hoc, are different from measuring co-constructed knowledge 

in situ.

In social research, it is understood that any human behaviour can have 

multiple interpretations (Robson, 2011). In a constructivist (interpretivist) paradigm, 

objects and people are sources of information, but “reality” or “truth” is not self-

evident; it is socially constructed and interpreted through engagement one with 

another, and with the lived environment (Bryman, 2012). 

Constructivism is substantially influenced by Phenomenology, a philosophy 

developed in the twentieth century, which seeks to understand and describe the 

essence or nature of a phenomenon (Creswell, 2013). This philosophy recognises 

that every person is unique (Merleau-Ponty, 1945/2012) and the elements that 

constitute any one person’s life – their life-world – are not quite the same as any 

others’. Berndtsson (2009) observed that as well as being unique, the life-world 

is “social in its core substance. We live in the world together with others and our 

respective life-worlds continuously slip into each other” (p. 3). Therefore the social 

researcher cannot remain outside the research event as a disinterested observer 

but is always involved to some degree (Robson, 2011) and this is why O&M 

performance cannot be viewed objectively.

The subjective perspectives of both client and assessor contribute to 

constructivist knowledge. However, researcher-subjectivities can also bias research, 

flaw data quality and undermine the veracity of findings. In response to this 

potential blight, positivist researchers use large, statistically powered studies. The 

construct validity of subjective measures such as Likert scales can be established 

using Item Response Theory (e.g., Rasch Analysis), which weighs the relative 

importance of outliers or individual perspectives in a data-set (Imms & Greaves, 

2010). Validity will be discussed further in Section 3.3.1.2.

Conversely, individual people’s stories lie at the heart of social research 

and are always interpreted through the filter of the researcher’s own perspective 
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(Robson, 2011). Social researchers are encouraged to name and bracket their own 

subjectivities so that bias is minimised during interview or participant observation 

(Curtin & Fossey, 2007). Then during data analysis each researcher can reflexively 

examine his or her own influence on the research process, so that findings can be 

reported more transparently. 

2.4 Attempts to Measure Functional Vision for Mobility

Attempts to measure functional vision for mobility to date have included (1) hybrid 

O&M studies exploring the interface between vision and mobility in laboratory-based 

and real-world contexts; (2) attempts to create a functional vision score from clinical 

vision measures; (3) self-report questionnaires; and (4) behaviourally anchored 

rating scales. The role of standardisation when investigating functional vision for 

mobility requires particular consideration in relation to hybrid studies as it has 

implications for data quality.

2.4.1 Hybrid O&M studies

In attempts to quantify functional vision for mobility, clinical vision measures have 

been used in O&M research to benchmark vision, and then research designs have 

experimented with travel in laboratory-based or clinical venues and real-world 

settings, prescribed tasks with varying degrees of standardisation, and measuring 

specific visual behaviours during travel. The statistical relationships between 

measurement data are analysed and interpreted by researchers post hoc.

In 1982, Marron and Bailey conducted one of the earliest hybrid O&M 

studies. Their low vision participants (n=14) walked two prescribed travel 

routes, one indoors and one outside. A three-point system was used to measure 

contacts or moments of disorientation, scoring incidents according to how long 

it took participants to recover and resume travel (<5 seconds, 5-15 seconds, or 

>15 seconds needing assistance). This study found that, in addition to contrast 

sensitivity and visual fields, travel efficiency was affected by the age of onset of 

visual impairment, posture and balance, intelligence, body image, auditory-tactile 
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abilities, and personality. The authors concluded “the relation between visual skills 

and orientation-mobility performance in low vision patients is complex and elusive” 

(p. 425). This study showed that static clinical vision measures are inadequate to 

capture dynamic, functional vision for mobility. Recovery time from contacts gives 

proxy data about functional vision, but physical contacts and extended recovery 

time could also occur for reasons other than low vision. 

Dodds and Davis (1989) drew on Gibson’s theory about visual perception 

to identify four ways that vision is distinctly useful in mobility: edge detection using 

motion parallax; changing contrast and figure	ground	effects whereby objects 

become distinct from their background; and scanning to attend to visual targets in 

the periphery. They devised four computer-based visual tasks to train participants 

(n=60) in using these dynamic visual functions. Then, to evaluate the impact of this 

training, they measured participants’ travel on a 100 metre outdoor route where 

five grey cylinders were located in non-obvious places as targets for visual search. 

The data-set included video, participant’s reports and travel speed, as well as two 

additional dynamic visual functions that support mobility: object detection (a tally of 

the cylinders located), and range of preview (maximum distance at which a cylinder 

was seen). Dodds and Davis found that 

artificial tasks that are based on an analysis of the visual requirements 
of locomotion can be useful predictors of mobility performance provided 
that measures of mobility are sufficiently sensitive and comprehensive. A 
convergent methodology is essential if statements of any confidence are to be 
made, and studies that base their conclusions on only one measure must be 
treated with caution. (p. 444-5)

The convergent methodology referred to in this hybrid study might now be 

known as embedded mixed methods research (Creswell & Plano Clark, 2011). 

This embedded approach integrates performance measures with self-report about 

the same activity to generate very precise data that facilitate a more accurate 

interpretation of events than when only measurement data are generated, or when 

data are pieced together statistically, or from separate research events, or when 
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only self-report about functional vision is obtained.

Beggs (1991), a psychologist, used this embedded approach to investigate 

O&M performance from a different angle. He devised a questionnaire using Likert 

scales to evaluate the mobility-related feelings that participants (n=71) with low 

vision experienced while they were walking a 100 metre real-world route. Beggs’ 

study found there was remarkably little relationship between travel speed and 

clinical vision (acuity and fields), but travel-related distress – cognitive anxiety and 

lack of confidence – occurred when clients did not feel competent to tackle the 

mobility task. 

In a subsequent study, Beggs (1992) compared a group of ten elite and ten 

poor travellers who had sufficiently low vision to be long cane users. He interviewed 

participants and implemented a battery of psychology tests, and found again that 

differences in participants’ life-space and independent travel were related to their 

ability to manage anxiety, rather than their level of vision measured in the clinic, or 

their long cane competence. These studies showed that latent psychosocial factors 

such as anxiety and confidence need to be considered when researching functional 

vision for mobility. 

In another hybrid study, researchers took clinical vision tests including the 

Pelli-Robson Contrast Sensitivity chart, the Melbourne Edge Test and the Bailey-

Lovie LogMAR chart outdoors to test participants’ vision in real-world environments 

(Haymes, Guest, Heyes, & Johnston, 1996). The resulting data provided an 

interesting point of comparison with measures taken in the clinic, but these clinical 

tests are designed to assess vision for reading and similar tasks in a stable, 

controlled environment – they don’t capture the dynamic ways that functional vision 

fluctuates in response to changing lighting conditions during real-world travel. 

Black et al. (1997) created an indoor mobility course to investigate the 

impact of lighting changes on the mobility of people with retinitis pigmentosa, 

using PPWS and a contact tally as performance measures. These methods and 

measures seem to have become standard in O&M outcomes research (Geruschat 

et al., 2012; Leat & Lovie-Kitchin, 2006) even though their relevance requires some 
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substantial leaps in logic and has not been adequately theorised. Participants are 

asked not to contact the obstacles, so that any contacts can be counted as errors. 

Black asserted, “The ‘number of errors’ made along a mobility course is an indicator 

of travel ‘safety’, as the occurrence of errors, such as contacts with obstacles, is 

considered ‘unsafe’ mobility.” However there is no real risk. The obstacles are not 

hot or sharp or fast, so there is no adrenalin rush, and no desperate fight or flight 

response. In fact, there is no real incentive to avoid contacts apart from a personal 

preference for non-contact mobility or the Hawthorne Effect, which is a desire to 

please the researchers (Rosnow & Rosenthal, 1999). 

In O&M, bumping into an object along a pathway is passé for most. Walking 

onto the road in front of a car unknowingly might constitute unsafe mobility for 

some but not all clients, depending on travel speeds and how the driver and the 

client both respond when they realise. During O&M assessment, judgements about 

safety are relative, made on a contextual basis in response to the individual client’s 

insight and skills, not on the basis of standardised behaviours (Orientation and 

Mobility Association of Australasia, 2013). A contact tally seems not so much an 

indicator of safety, as travel fluency or fragmentation, or perhaps social compliance.

Frytak (2000) warned that when measuring health outcomes,

too often, scales take on an artificial reality after they have been in use for 
awhile, and people assume that they are applicable to any study population… 
A certain level of cautious scepticism about established measures is useful. 
Many established scales have been developed on the basis of expert opinion; 
it is possible that they are building on past misconceptions rather than 
measuring what was intended. (p 18)

Frytak emphasised that a functional outcome measure needs to be based on sound 

theory to ensure that it captures the pertinent aspects of the phenomenon under 

investigation. 

Black et al. (1997) asserted that the “scoring of mobility performance should 

provide an objective and quantitative assessment of a person’s independent 

travel” (p. 2). However, there is a difference between the philosophy of objectivity 



48

(Section 2.3.3), and the generation of valid, reliable, quantified data that make 

it possible to compare outcomes. The need for a uniform method of recording 

and reporting functional vision assessments has been flagged by Shaw, Russotti, 

Strauss-Schwartz, Vail, and Kahn (2009), but Robson (2011) contests the idea 

that objectivity is ever possible when assessing human performance. Any human 

behaviour is viewed and interpreted with observer bias, and this is why accounting 

for one’s own subjectivities is one of the necessary disciplines of a social researcher 

(Curtin & Fossey, 2007).

The Cochrane Review of O&M training for adults with low vision, undertaken 

by Virgili and Rubin (2010), found only two studies in the peer-reviewed literature 

that met the stringent Cochrane criteria for randomised controlled trials and these 

studies provided no convincing evidence that O&M training is any more beneficial 

to clients than physical exercise. The problem of methodological incongruence was 

evident in this report, but in summarising their review, Virgili and Rubin proposed 

that “the O&M community should develop standard, yet flexible methods to 

objectively test O&M performance that are valid and reliable” (p. 15). The authors 

polarise objectivity and subjectivity, making no acknowledgement of constructivism 

(Phillips, 2000) that more accurately describes the approach to knowledge 

employed in O&M assessment. Nevertheless, Virgili and Rubin’s expectation 

that the O&M community takes responsibility for the development of functional 

measures is quite reasonable. The O&M profession has not sufficiently theorised its 

assessment practices to support the development of robust research, so the need 

for social research methods to investigate functional vision has not hitherto been 

acknowledged.

Leat and Lovie-Kitchin (2006) reported their experience gained in designing 

an O&M course to evaluate travel skills. They gave a useful overview of necessary 

considerations in hybrid O&M research, but did not satisfactorily address issues of 

epistemology and methodological incongruence. Rather, these authors concurred 

with Virgili and Rubin (2010), that greater standardisation will render more robust 

findings about outcomes. Conversely, Dodds (1988) suggested that the low vision 



49

client group is so heterogeneous that outside the clinic, functional vision “defies 

quantification” (p. 51). 

With O&M specialists wary that standardisation might compromise client-

centred practice (Orientation and Mobility Association of Australasia, 2013) and 

clinical researchers recommending that increased standardisation would result in 

better outcome measures from O&M studies (Leat & Lovie-Kitchin, 2006; Virgili & 

Rubin, 2010) it becomes important to examine what is meant by standardisation, 

understand what it achieves, and explore feasible ways that standardisation might 

be implemented in functional vision research. 

2.4.2 Standardisation and authenticity

In a broader context, standardisation means having a “model or example,” or a 

“rule for the measure of quantity, weight, extent, value or quality” (standard, n.d.). 

In any research endeavour, standardisation might be applied to venues, tasks, 

instructions, measures, observation processes, data records, methods of analysis 

and reporting. However, Durward, Baer, & Rowe (1999) observed that “when 

considering standardization, there is a balance to be struck between preserving 

the essence of the task while limiting the confounding variables and facilitating 

analysis” (p. 223). Standardisation in research design might represent data strength 

and research quality, but when misdirected, it can also result in meaningless 

findings (Frytak, 2000).

2.4.2.1 Data reduction and measurement

Any research endeavour ultimately involves reducing data about the phenomenon 

under investigation (Richards, 2009). There are standard research methods to 

achieve this data reduction, including statistical analyses in quantitative research, 

and processes of coding and categorising text in qualitative research. A single 

numerical score might be regarded as the most reduced kind of data.

Qualitative research employs an open approach to inquiry that addresses 

questions of meaning, and so data reduction is deliberately delayed, allowing time 

for researchers to consider and understand the phenomenon (Richards, 2009). 
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This qualitative exploration of a phenomenon can provide a platform for the 

development or selection of relevant measures. Thus, focus groups or interviews 

often precede questionnaire design and, subsequently, surveys provide an efficient 

method of reducing qualitative data to numbers (DeVellis, 2003). 

In quantitative research, data are reduced early in the project as decisions 

are made about what to measure, how to measure, and more particularly what 

not to measure. However, this efficient research process is only viable when valid, 

reliable primary measures of the relevant phenomena are available, and this is not 

yet the case in vision-restoration research.

Figure 2 anticipates a potentially inverse relationship between exploratory 

and more standardised approaches to inquiry as the domain of functional vision 

research develops.

Figure 2. Anticipated Development of Functional Vision Research Over Time

Figure 2. A: Clinical O&M studies using measures of pre-selected variables, give only 
partial or proxy findings about functional vision for mobility; relevance is not established 
with participants; B: O&M assessment currently generates relevant qualitative data about 
functional vision for mobility, but limited comparable measures; C: Qualitative data are still 
needed to warrant findings, but collaboration and reflexivity are built into the measurement 
process.
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In a purely quantitative design (A), participant voice and reflexivity are 

omitted. With only proxy measures available to date, this narrow approach to 

research design has only captured a fraction of what might be known about 

functional vision for mobility, and has tended to lead to null findings (Geruschat et 

al., 2012; Virgili & Rubin, 2010).

Records of participant voice and reflexivity (B) help to capture unstructured 

data, explore and interpret behaviour in multiple ways (Dodds & Davis, 1989), 

name tacit heuristics, warrant the authenticity of findings, and account for the bias 

of researcher subjectivities. Qualitative research can be time-consuming, but it is 

usually data-lucrative. 

Over time, as robust qualitative inquiry into the lived experience of cohorts 

is used to inform the development of valid primary measures, functional vision 

research has the potential to become more efficient. Access to a range of functional 

outcome measures that can capture diverse aspects of participants’ lived 

experience should mean that less qualitative interpretation is needed to generate 

credible, comparable findings (C), whether the focus of inquiry is functional vision 

for reading, or for mobility.

2.4.2.2 Authenticity

Standardisation is integral to the notion of good measurement, but in functional 

research there is the risk that a highly prescriptive research design using 

standardised venues, tasks and instructions will compromise the authenticity of 

participants’ responses. As already mentioned, the Hawthorne Effect occurs when 

the participant feels obliged to act in a manner that pleases the researchers rather 

than in authentic ways, and this can undermine the validity of data in functional 

research (Rosnow & Rosenthal, 1999). Guest (1980) emphasised the importance 

of using real-world venues and tasks in O&M research that are relevant to the 

individual participant to facilitate authentic use of functional vision.

Authenticity paradox can undermine validity too. This occurs when an 

investigator is trying to capture and represent the real thing (in my study, functional 

vision for mobility) but efforts to do so require contrivances that impose a sense of 
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unreality on the situation, such that authenticity remains elusive, and something 

else is captured instead (Guthey & Jackson, 2005). Authenticity paradox seems 

particularly prevalent in hybrid O&M studies. An example is the standardised 

obstacle course devised by the BrainPort team for conducting clinical trials to 

investigate isolated elements of performance (e.g., range of preview) in prosthetic 

vision research (A. C. Nau, Pintar, Fisher, Jeong, & Jeong, 2014). BrainPort 

researchers collaborated with O&M specialists to identify the kinds of everyday 

obstacles that clients with very low vision typically encounter, so that the obstacle 

course design could more closely represent relevant client experiences. But the 

resulting static course, which takes substantial effort to create, includes only the 

tamest interpretation of obstacles that people with low vision encounter in everyday 

travel environments (Deverell, 2011b) that means its ability to render meaningful 

data about outcomes is extremely limited.

2.4.2.3 Environmental complexity

In view of the fact that O&M outcomes research is best undertaken in real-world 

settings, Blasch, La Grow, and Penrod (2008) identified the need for a scale that 

could be used to rate the travel challenges inherent in any O&M context. The O&M 

Environmental Complexity Scale was developed in response to this call (Deverell, 

2011b) and it embraces both laboratory-based and real-world environments 

(Figure 3). 

The O&M Environmental Complexity Scale enables the O&M researcher 

to rate any travel environment from one to six on the basis of universally-relevant 

challenges including physical complexity (surface textures, gradients and steps, 

spaces and obstructions, static and moving parts); the speeds encountered, which 

dictate the timeliness of response required to avoid negative consequences (static, 

pedestrian-paced or traffic-paced); as well as the layers of social challenge involved 

(basic social skills, crowd behaviour, traffic management systems and road code). 

The BrainPort obstacle course would only rate at Level 2 on this scale because it 

contains no unpredictable moving parts.



53

Figure 3. O&M Environmental Complexity Scale

Figure 3. The O&M Environmental Complexity Scale (Deverell, 2011b) – Interpreting the 
non-visual elements of the environment that can increase travel challenge.

The environmental challenges in the O&M Environmental Complexity 

Scale are generally cumulative, but each level of the scale also places unique 

demands on functional vision and mobility skills, so a comprehensive functional 

vision assessment will investigate all levels. This scale does not standardise the 

travel environment. Rather, it provides a standard means of interpreting any travel 

environment. However, a separate method of rating sensory complexity (as distinct 

from physical or social complexity) is still needed because even though lighting is 

irrelevant to a blind traveller, it is a central concern with low vision (De l’Aune et al., 

1992). This need is addressed in Section 7.1.1.1.

2.4.3 Functional vision scores

Reducing the complexity of functional vision for mobility to a single number has the 

appeal of simplicity and the promise of comparable outcomes, but it is difficult to do 

well. 
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Attempts have been made to aggregate a functional vision score from clinical 

vision data. Haymes et al. (1996) found that their aggregated RP concentric field 

rating accounted for 60% of the variation in mobility performance, using PPWS 

and a contact tally as performance measures. This outcome showed that it can be 

statistically lucrative to re-interpret clinical data such as visual fields, in new ways, 

but this measure still doesn’t account for the other 40% of variation in performance. 

Neither do the performance measures (PPWS and contact tally) used in the study 

adequately account for the diversity of mobility as explored in Section 2.2.2. 

Therefore the concentric field rating provides only proxy data about functional vision 

for mobility. 

An international group of low vision experts proposed a method of 

aggregating a functional vision score from visual acuity and visual fields 

(International Society for Low Vision Research and Rehabilitation, 1999). However, 

even the working group who proposed the score acknowledged it has serious 

limitations and shouldn’t be regarded as anything but an estimate of functional 

ability: it is overly-simplistic, lacks content validity because it doesn’t include 

measures of the many variables that impact functional vision; and lacks construct 

validity in that clinical vision measures, particularly acuity, are known to be poor 

predictors of functional performance (Lepri, 2009). 

A functional vision score needs to measure functional vision, which is a 

much more complex, integrated phenomenon than individual visual functions. 

2.4.4 Self-report

Self-report is an important element of functional vision assessment, because 

people with low vision are the experts on the lifestyle impact of their own low vision, 

whereas subtle outcomes from a vision-related intervention are not necessarily 

evident to health care providers (De l’Aune et al., 1992). Surprisingly little qualitative 

research has been undertaken to discover what is important to participants 

regarding their functional vision for mobility, and sighted people tend to make 

unsubstantiated assumptions about low vision travel when they haven’t gained any 

lived experience in this domain (Mettler, 2008). 
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De l’Aune et al. (1992) sought to address this problem with a US national 

survey investigating the perceptions of O&M specialists (n=78) each paired with a 

client who had low vision (n=78). The research team administered two interviews 

via telephone – a semi-structured interview schedule followed by a structured, 

forced choice interview schedule. They found a high correlation between the two 

interview formats, and between the mobility concerns raised by O&M clients and 

their O&M specialists. The low vision mobility problems reported by participants 

were primarily related to changes in lighting and changes in terrain underfoot, 

particularly drop-offs, as well as road crossing challenges. The correlations in 

formats and findings in this study indicated that qualitative inquiry undertaken by 

O&M insiders can provide reliable data about functional vision for mobility. 

Virgili and Rubin (2010) suggested that self-report instruments designed 

to capture subjective perceptions of health, might be useful in measuring O&M 

outcomes. These instruments are known collectively as patient-reported outcome 

measures (PROMs) and in relation to vision they include measures of functional 

status, quality of life, and disease-specific treatments (Vandenbroeck, De Geest, 

Zeyen, Stalmans, & Dobbels, 2011). As a research method, PROMs efficiently 

reduce and quantify self-report data, facilitating comparisons, and this efficiency is 

particularly helpful in large-scale studies (Vitale & Schein, 2003). The range of items 

in a PROM is usually refined, categorised and weighted using item response theory 

such as Rasch analysis (Imms & Greaves, 2010) and this process helps to evaluate 

the validity and relative importance of items included in the tool.

In the 1990s, the earliest vision-related PROMs targeted cataract patients 

for whom there was some likelihood that vision might be restored (Mangione et 

al., 1998; Mangione, Lee, Gutierrez, & et al., 2001; Sloane, Ball, Owsley, Bruni, 

& Roenker, 1992; Steinberg et al., 1994). Key visual concerns with cataracts are 

reading and driving. These functional skills are observable and universally valued, 

so they serve as tangible evidence of functional outcomes. However, the benefits of 

very low vision are less apparent to the observer.

More recently, Vandenbroeck et al. (2011) conducted a systematic review of 
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PROMs in glaucoma (n=27) where vision loss can progress irreversibly to blindness. 

This experience of low vision is closer to that of people with retinitis pigmentosa 

who are eligible for a retinal implant, than that of people with cataracts. There 

were nine PROMs in the review evaluating vision-related quality of life, but only 

three of these included mobility-specific items. The Impact of Vision Impairment 

questionnaire (Lamoureux, Pallant, Pesudovs, Hassell, & Keeffe, 2006) has 11 

mobility items, including questions regarding difficulty getting about outdoors, going 

up or down steps, reading a sign across the street, and using transport. The Low 

Vision Quality of Life questionnaire (Boer et al., 2006) has three mobility items, and 

the Nursing Home Vision Quality of Life Questionnaire (Dreer et al., 2007) has 13 

mobility items. However, these three instruments are not specific to very low vision, 

and so they seem unlikely to have the sensitivity needed to capture subtle changes 

in functional vision for mobility resulting from a retinal implant.

There were seven studies in the review focussing on functional status, 

emphasising perceived visual disability (Vandenbroeck et al., 2011), but only the 

Independent Mobility Questionnaire (IMQ; Turano, Geruschat, Stahl, & Massof, 

1999; Turano, Massof, & Quigley, 2002) directly addresses functional vision 

for mobility. In the IMQ, respondents use Likert scales to indicate the degree of 

difficulty they experience in each of 35 mobility situations, including items relating 

to moving around at home and work, avoiding bumping into objects at different 

heights, moving about in crowded situations, managing steps and curbs, adjusting 

to specific kinds of lighting changes, and walking in unfamiliar areas. 

The items in the IMQ were selected by an experienced O&M specialist based 

on 20 years’ experience with clients. The range of items seems fairly comprehensive 

but no focus groups were conducted and there was no way of confirming whether 

the content represents the breadth of vision-related mobility issues important to 

people with low vision. Likert scale ratings are weighted using Rasch analysis post 

hoc, but this approach to measuring performance means that measurement data 

remain the purview of researchers not participants. Then the instrument asks 

people to rate the difficulty they experience across a range of mobility situations, 
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to measure their perceived ability for independent travel. However, difficulty and 

ability can co-exist. People choose to do difficult things and amidst the difficulty they 

can develop a competence and flow that can be both intrinsically rewarding and 

surprisingly pleasurable (Csikszentmihalyi et al., 2007). 

Self-report measures can contribute valuable information towards our 

understanding of functional vision, but there are several reasons why PROMs are 

inadequate as a primary measure of functional vision for mobility. 

1. Vandenbroeck et al (2011) found that most of the 27 PROMs reviewed were 

inadequately theorised. These authors emphasised that PROMs should 

be founded on observations of the lived experience of people with low 

vision, rather than just self-report gained through interview or participant 

discussion in focus groups, or the expert opinion of vision professionals. 

O&M assessment is comprised of interview and observation of performance 

in various tasks and settings (Smith & Geruschat, 1996). Context-specific 

observation helps to articulate tacit knowledge about very low vision (Mettler, 

2008). Unsubstantiated self-report doesn’t always equate to embodied 

experience.

2. Real-world O&M contexts are characterised by haecceity, or “this-ness” 

(Robson, 2011), which means that this exact confluence of events is 

unique and will never be exactly repeated. There are many feasible ways of 

responding to unique or routine visual challenges and a person’s responses 

depend on the circumstances at the time. In a structured questionnaire, 

the PROM respondent must synthesise all of these real-world variations 

into a single response to each item. A response to one question might 

be influenced by recent events, motivation or apathy about the specific 

question, an ability or inability to remember salient incidents, or to 

synthesise disparate personal experiences. 

3. Items and response options in a PROM are predetermined and limited, which 

makes their results readily comparable. However, PROMS are not designed 
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to represent unique outcomes that are particularly important to an individual. 

Respondents don’t usually have the opportunity to place their own emphasis 

on the different elements in a PROM, even though Rasch analysis can be 

used to weigh and indicate priorities across a cohort (Vitale & Schein, 2003).

4. Many of the PROMs reviewed by Vandenbroeck et al. (2011) investigated 

vision-related difficulty rather than competence, implying that low vision is 

universally a problem. However, blindness can be understood as a different 

kind of wholeness, particularly when the person has lived with low vision or 

blindness for a long time (Berndtsson & Sunesson, 2009). According to this 

counter-cultural world-view, very low vision can be regarded as something 

that adds value or quality to blindness or non-visual skills (Kurston, 2007). 

In the context of retinal implant research, it makes more sense to norm-

reference gains in very low vision against blindness rather than against 

full vision, replacing a deficit approach with a developmental approach to 

functional vision. 

2.4.5 Behaviourally anchored rating scales

Likert scales tend to provide the measurement platform for PROMs, and are useful 

for capturing subjective data. Behaviourally anchored rating scales (BARS) are 

different from Likert scales in that at least some of the integers on each ordinal 

scale are described with specific, observable performance indicators. BARS 

can help to reduce ambiguity and increase the reliability of ordinal scales when 

measuring functional performance (Smith & Kendall, 1963). 

One use of BARS in O&M assessment is in goal attainment scaling, and this 

approach can measure the outcomes of individually tailored programs in the context 

of client-centred practice (Kiresuk & Sherman, 1968). Pre-intervention, the assessor 

and client identify goals that are relevant to the individual client, then choose a 

scale structure and describe specific performance indicators that will indicate 

the degree to which the client’s goals have been met. The client then self-rates 

performance using these scales, pre-post intervention. 
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Goal attainment scaling can produce authentic data and facilitate intra-

personal comparisons, but does not necessarily support inter-personal comparisons 

across a cohort. When several clients receive the same intervention, they can 

still have very different goals, choose different performance indicators, and even 

different scale parameters. Kiresuk and Sherman (1968) noted that there are 

myriad options for scale structures, such as three and five point scales, and uni-

directional (0, 1, 2, 3, 4) or bipolar (-2, -1, 0, 1, 2) scales. 

In goal attainment scaling, the mathematical aggregation of measures 

can be nonsensical even if the same scale structure is used. This is because 

the integers in an ordinal scale can vary significantly in size and weighting, and 

the relative significance of scales in a set can differ from one context to another 

(Stevens, 1946). Even if a matching set of scales is used, if the levels of scale are 

ill-defined or left too open to interpretation there can be drift in what each level 

signifies from one scale to the next; this drift compromises rating precision and 

makes an aggregated score fairly meaningless (DeVellis, 2003).

Another disadvantage of goal attainment scaling is that, although self-

determination is a central concern in O&M practice, customised ordinal scales are 

time-consuming to develop with each client, and more time spent on administration 

means less time learning functional O&M skills. For the assessor, goal attainment 

scaling can have a sense of reinventing the wheel as new combinations of familiar 

goals arise. However, this recurrence of familiar themes does imply that there might 

be universally relevant constructs in O&M, which could capture functional vision for 

mobility using BARS. 

There is only one instrument in the peer reviewed literature that measures 

functional vision for mobility – the CVI Range (Roman-Lantzy, 2007), and this 

instrument is founded on a matrix of BARS. The internal consistency, test-retest 

reliability and inter-rater reliability of the instrument have been established 

(Newcomb, 2010). However, this instrument is specific to children with cortical 

visual impairment (CVI), and it is unsuited to measuring the outcomes of a vision-

restoration treatment. 
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Nevertheless, the CVI Range manifests all six characteristics of a functional 

paradigm (Section 2.3.1) and it has elements that seem likely to succeed in 

measuring functional vision for mobility in other cohorts, such as retinal implant 

recipients. Ratings using the CVI Range are made on the basis of observed, 

embodied action, not just self-report about what the child can do; during 

assessment, children have multiple opportunities for free play and exploration to 

show how they prefer to integrate vision with other sensory information to support 

their deeper involvement in activities; and the assessment happens in a social 

context where collaboration with caregivers and the child enables knowledge about 

the child’s functional vision to be co-constructed. 

Consideration of the CVI Range led me first to try writing BARS that might 

be relevant in general functional vision assessment (Section 4.4.3 & Appendix 10). 

Later, I went to Pittsburgh to see the CVI Range being implemented so that I could 

gain a deeper appreciation of the measurement parameters of this functional vision 

assessment tool (Section 7.2.3).

Atkin and Conlon (1978) observed that the process of developing quality 

BARS is theoretically complex, depending on (1) scaling considerations, including 

the accurate identification of performance dimensions; (2) the relative frequency 

of critical incidents, that is, behaviours that signify success or failure in relation to 

each construct; (3) the model of the rater, including the tacit assessment heuristics 

and subjectivities the assessor brings to the task; (4) the relationships between 

task elements, performance dimensions and multiple raters – BARS need to 

have excellent face validity to be inter-rater reliable; and (5) general theory about 

performance evaluation that prioritises clear conceptualisation of the phenomena 

being measured, as well as measures that are reliable and stable over time, have 

valid content, and are free of rater bias. 

These principles for writing BARS emphasised the importance in this project 

of developing a strong theoretical foundation for measurement based on the lived 

experience of the people whose functional vision the instrument is ultimately 

intended to measure – people who are eligible for a retinal implant. 
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2.5 Prosthetic Vision

Artificial vision has come a long way since the 1750s when crude experiments in the 

electrical stimulation of vision in blind people began: 

The discharges to which some of the patients were subjected were 
frighteningly large… enough in some instances to produce unconsciousness… 
these early investigators describe blinding flashes of light, sheets of coloured 
flame, stationery and moving geometrical figures, and other similar effects. 
In part, these experiences may have been subjective or even imaginary. In 
part, they may well have been due to the extravagant currents used, which, 
fortunately, have not been employed in more recent and better controlled 
experiments. (Haskins, 1950, pp. 455-456) 

2.5.1 International developments

In the 250 years since these experiments, the options for artificially stimulating 

vision have become more diverse and more sophisticated. Internationally, there are 

now many research groups working to advance prosthetic vision with a variety of 

technologies (Figure 4). 

A retinal implant captures an image and directs electrical current to the 

eye, utilising the intact visual pathways between the eye and the occipital lobe to 

convey the image for interpretation in the brain. A cortical implant directs electrical 

stimulation straight to the occipital lobe, and is suited to a person with no eyes, no 

retinal function, or damaged anterior visual pathways. Sensory substitution is also 

being explored. For example, the BrainPort device bypasses the visual pathways 

and uses an electrotactile tongue display as the sensory interface between the 

vision processing unit and the body (Nau, Bach, & Fisher, 2013). Of these options, 

retinal implants have received the most attention, and there are now two regulatory 

approved, commercially available devices: the Argus II implant from the USA 

(Second Sight Medical Products, 2014), and the Alpha IMS device from Retina 

Implant AG, Germany (Stingl et al., 2013). 
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Figure 4. Currently Active International Vision Prosthesis Groups

Figure 4. Bionic Vision Australia is one of two research groups operating in Australia.

Retinal implants are suited to the disease profile of people with retinal 

degenerative diseases such as retinitis pigmentosa or age-related macular 

degeneration. Retinitis pigmentosa (RP) refers to a group of inherited eye conditions 

where progressive loss of photoreceptors is first associated with night blindness and 

glare sensitivity, then tunnel vision (or in the case of cone-rod dystrophies, reverse 

tunnel vision where central vision deteriorates and the periphery remains intact), 

and for some, progression to complete blindness (Rosenthal & Williams, 2000). 

People with age-related macular degeneration typically retain their peripheral vision, 

so that visual aids and strategies (e.g., magnifiers or eccentric viewing training) 

can be used to support some functional tasks. They tend to lose confidence with 

mobility (Hassell, Lamoureux, & Keeffe, 2006) but O&M intervention can teach 

visual efficiency and build confidence such that a primary mobility aid is often not 

needed. 
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A conservative approach to experimental research has meant that retinal 

implant studies began with people who had little or no vision to lose. Until recently, 

people with macular degeneration were excluded from these studies, however a 

clinical trial in patients with age-related macular degeneration began in the UK in 

2015 (www.secondsight.com/trial-in-blind-dry-amd-patients-for-the-first-time.html). 

To date, these macular degeneration recipients have had severe cases of atrophic 

disease, such that they have lost the majority of their peripheral vision. It remains 

to be seen whether retinal implants will be of use to people who have retained 

peripheral vision.

Although photoreceptors (rods and/or cones) deteriorate with RP and 

macular degeneration, other cells in the retina remain intact (Humayun et al., 1999) 

and can be artificially stimulated by a retinal implant (Zrenner, 2013). Implants are 

designed to be surgically located in one of four places: the epi-retina, sub-retina or 

suprachoroidal space, or within a pocket in the sclera (Figure 5).

Electrical stimulation of the retina causes flashes or spots of light called 

phosphenes. People with RP or age-related macular degeneration have had 

previous visual experience and have built up the necessary visual pathways in the 

brain to process this new vision, enabling them to remember, name, interpret, and 

act on what is seen (Latash, 1998). It is assumed that prosthetic vision would make 

no sense to a person who has never seen, because there is no neural infrastructure 

in the brain to process and interpret vision (Fine, 2007). 
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Figure 5. Surgical Locations for a Retinal Implant

Figure 5. The four possible surgical locations for a retinal implant. The BVA prototype 
implant is a suprachoroidal device. Image courtesy of Bionic Vision Australia.
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Figure 6 shows examples of simulated phosphene vision that give the 

impression of an orderly, intelligible visual presentation. The low resolution available 

from current devices can be difficult to interpret in a static image, whereas the 

motion parallax available in video simulation can help the viewer to interpret more 

information from moving phosphene vision.

Figure 6. What Will a Person with a Retinal Implant See?

Figure 6. Different resolutions of prosthetic vision. The BVA prototype retinal implant was 
nearest to the first image with 16 pixels. Image courtesy of Bionic Vision Australia.

2.5.1.1 Commercially available retinal implants

It is helpful to understand some of the differences as well as similarities between 

the most advanced retinal implants, the Argus II device and the Alpha IMS device, 

because of their implications for how vision stimulated by these devices becomes 

useful in mobility.

The Argus II retinal implant is a 60 electrode epiretinal device (see Figure 

5, location A), which means the retinal implant is tacked onto the retina inside 

the eye (Stronks & Dagnelie, 2014). A miniature camera mounted on glasses 
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captures the visual scene and feeds electrical current to the implant via a video 

processor, stimulating surviving neurons in the retina. Head scanning is needed 

to view the landscape when using an external camera, otherwise there is conflict 

between eye movements and the camera image received and processed by the 

brain. This conflict can create directional confusion, particularly when the traveller 

is integrating phosphene vision from the head-mounted camera with any residual 

natural vision from the eyes. The Argus II became commercially available in 2012 

(Ahuja et al., 2011; da Cruz et al., 2013; Humayun et al., 2012).

The Alpha-IMS device developed in Germany is a subretinal implant (Figure 

5, location B) with 1500 photodiodes and the location of this implant favours the 

stimulation of bipolar cells (Stronks & Dagnelie, 2014). The photodiodes sense light 

directly through the eye rather than the implant having an external camera and 

vision processing unit (Stingl et al., 2013). This means that normal eye movements 

can be used, and head-scanning is not necessary to view the landscape, but unlike 

electrodes in the Argus II device, stimulation to individual electrodes in the Alpha-

IMS implant can’t be adjusted individually. The Alpha-IMS received regulatory 

certification in 2013 (Retina Implant AG, 2013).

Comparison of these different retinal implants has indicated that their 

functional effectiveness isn’t necessarily determined by the number or density of 

stimuli (60 electrodes vs 1500 photodiodes), and seems to have as much to do 

with retinal health, cortical pathways and a recipient’s psychological readiness for 

new learning (Stronks & Dagnelie, 2014). 

2.5.1.2 The BVA prototype retinal implant – 24ChPP 

The BVA prototype retinal implant was different from both the Argus II and the 

Alpha-IMS. It had a novel intra-ocular array of electrodes and was implanted in 

a suprachoroidal location (Figure 5, location C). The main purpose of outcomes 

research was to demonstrate proof of concept that the array (Figure 7) could 

stimulate visual percepts in this novel, less-invasive surgical location. Functional 

vision research was a secondary concern in the BVA prototype clinical trial. 

In 2012, three people with light perception only had the prototype retinal 
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prosthesis implanted into their left eye (Ayton et al., 2014b). The selection of 

recipients for this prototype study is outlined in Section 5.1.1 and Appendix 3.  

A lead wire under the skin linked the retinal implant in the eye to a titanium 

connector behind the ear (Figure 7, D & E), known as a percutaneous (meaning, 

through the skin) plug, thus the device was named the 24 Channel Percutaneous 

Plug (24ChPP). 

Figure 7. The BVA Prototype Retinal Implant

Figure 7. The intraocular electrode array of the suprachoroidal device (A) and the entire 
device (B), showing the array connected to the percutaneous connector via a helical lead 
wire. The electrodes on the intraocular array (C) were numbered for analysis, with the black 
electrodes (21a to 21m) being ganged to provide an external ring for common ground and 
hexagonal stimulation parameter testing. Note electrodes 9, 17 and 19 were smaller (400 
µm vs. 600 µm). The percutaneous connector protruded through the skin behind the ear 
(D), allowing direct connection to the neurostimulator via a connecting lead (E). The scleral 
incision was made 9 mm to 10 mm posteriorly from the sclero-corneal limbus (F). (Ayton et 
al., 2014c; licence at http://creativecommons.org/licenses/by/2.0).
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The percutaneous plug design gave the researchers flexibility in the 

stimulation strategies they could use to activate prosthetic vision. After the initial 

“switch on” for each participant in mid to late 2012, extensive psychophysics 

investigations were conducted in a converted audiometry booth at the Bionics 

Institute in Melbourne. 

Individual electrodes and then pairs and groups of electrodes were 

stimulated directly from the computer wired into the plug, to establish the most 

effective stimulation parameters (Shivdasani et al., 2014). A finger tracker was 

part of the system, enabling participants to draw what they saw in the air and these 

images were captured electronically. Participants also described each phosphene 

they saw. The result of this systematic work was a unique phosphene map 

(Figure 8) for each participant that looked rather different from the orderly 

representation of phosphene vision in Figure 6.

Figure 8. Annette’s Phosphene Map

Figure 8. Predicted (left image) and perceived (right image) locations. Each phosphene has 
a unique shape (Image courtesy of Nick Sinclair, Bionic Vision Australia).
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When these initial investigations were completed, a head-mounted camera 

was connected to the unit. The camera image of the scene in the research booth 

was filtered through the vision processing unit so that participants could practice 

scanning and interpretation of two and three dimensional items from a seated 

position (Figure 9).

Figure 9. Laboratory-Based Testing of the BVA Prototype Implant

Figure 9. Annette coordinating direction of gaze with pointing in the research booth 
at the Bionics Institute, Melbourne. Image courtesy of Bionic Vision Australia.

The semi-portable system for the prototype retinal implant became available 

in November 2013, around 16 months after initial implantation; this unit enabled 

participants to unplug from the booth and begin using phosphene vision for ADLs 

and O&M. The semi-portable system enabled the head-mounted camera to be 

linked by wire to a computer vision processing unit that the participant carried in a 

backpack. This in turn was linked by wire to the percutaneous plug (Figure 10). 

The whole unit was controlled by the vision processing engineer using an iPad 

connected to the backpack computer via Wi-Fi. 
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Figure 10. Setting Up the Semi-Portable Device

Figure 10. Setting up the semi-portable device took considerable time at the start of each 
research session.

For the system to work, the engineer needed to remain within a 3 metre 

range of the participant when the device was switched on, and he was able to see 

different interpretations of the visual landscape on his screen. Figure 11 shows (1) 

the unprocessed camera image of the scene, (2) a black and white image of the 

field of view available to the participant, and (3) a schematic image showing which 

numbered phosphenes were being activated. This range of images gave researchers 

a virtual experience of the participants’ prosthetic low vision in real time that is not 

ordinarily possible in functional vision assessment. 

The engineer experimented with different vision processing algorithms 

throughout the functional vision research project to understand which computer 

settings were best suited to different lighting conditions, visual purposes and tasks.

The prototype implant was not designed to work at home; it needed the semi-

portable system, including the vision processing engineer, to create phosphene 

vision. This meant that during the whole time they had the implant, recipients had 

no opportunity to practise interpreting phosphene vision with the device switched 

on in their familiar environments. They attended research sessions at hospital and 

research institutes one day a week. 
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Figure 11. Monitoring Annette’s Phosphene Vision

Figure 11. The vision processing engineer could monitor what Annette was 
seeing with the 12-15° visual field provided by the retinal implant.

The flexibility offered by the 24ChPP prototype meant that proof of concept 

that the device and its surgical location were effective, could be established prior 

to the development of a fully integrated take-home device. However, there was 

a pervasive risk of skin infection around the plug and so the 24ChPP device was 
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intentionally implanted for a limited time only, a maximum of 24 months, and then 

surgically removed. With these limitations in mind, the prototype participants were 

recruited for their altruism and readiness to be active contributors in an exploratory 

medical and sensory adventure, with no promise of permanently restored vision.

2.5.2 Research investigating prosthetic vision outcomes

Chader, Weiland, and Humayun (2009) noted that in the early days of retinal 

implant development, only incremental changes from prosthetic vision are 

expected, and so sensitive tests are needed to measure outcomes. Research in this 

domain typically begins with clinical vision tests and psychophysics investigations, 

proceeding to standardised clinical trials that generate repeated measures, then the 

investigation of functional vision.

2.5.2.1 Psychophysics and clinical trials

A multi-centre clinical trial with the Argus II implant (n=30) began in 2007 and the 

research protocol included a range of clinical assessments, including both seated 

and travel tasks. Argus II participants undertook several computer-based tasks 

where they (1) located and touched a square on the touch screen, (2) located a 

line moving across the screen then indicated the direction of motion with a finger-

swipe across the touchscreen; and (3) verbally indicated the direction of vertical, 

horizontal or diagonal gratings (Humayun et al., 2012). A further maze-tracing task 

was undertaken using the touchscreen, which demonstrated that the Argus II could 

improve the visual guidance of fine hand movements that support accurate reach 

(Barry, Dagnelie, & Argus II Study Group, 2012).

Investigation of these visual functions was extended into clinical trials 

involving travel tasks in an indoor setting where visual landmarking and visual 

shorelining were evaluated. Participants were asked to (1) scan and find a 

simulated black door then walk to it and touch it, then (2) locate a 15cm wide 

line on the floor (straight or L shaped) and walk accurately along it (Humayun 

et al., 2009; Humayun et al., 2012). Each participant undertook repeated trials 

in each task (up to n=95) to generate sufficient findings for statistical analyses. 
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Next came a sock-sorting task indoors, and two outdoor tasks that involved first 

visually shorelining a path edge, staying within three feet of the shoreline; and then 

standing still to detect the direction of a person approaching from one side or the 

other. 

Alpha-IMS participants (n=9), also engaged in psychophysics tasks in an 

initial study measuring light perception, light localisation, motion detection, grating 

acuity and visual acuity measurement with Landolt C-rings (Stingl et al., 2013). A 

grating visual acuity of 20/546 (1.43 logMAR) was achieved with the Alpha-IMS 

device. Participants improved in their identification, localization and discrimination 

of objects in clinical trials over a nine-month period. Three people could read 

letters spontaneously and one person was able to read letters after training. Five 

participants reported that phosphene vision was useful in daily life, within a 15° 

visual field.

The team developing the sensory substitution BrainPort device in the USA 

(which converts visual images from a camera into tactile electrical stimulation on 

the tongue) trained their participants to use the device first with static tasks; then 

dynamic tasks included tossing bean-bags into a bucket, and then walking a path, 

estimating distances between self and large objects. They used computer-based 

psychophysics tests to measure the outcomes of this training (A. Nau et al., 2013) 

and then they collaborated with O&M specialists to develop the standardised 

obstacle course discussed in Section 2.4.2.2 to investigate obstacle avoidance 

(Nau et al., 2014). Similarly, Geruschat et al (2012) used prescribed route travel 

measuring speed and contact tallies to investigate whether prosthetic vision 

impacted O&M, but this group had null findings, and concluded that the benefit of 

prosthetic vision might be more apparent in orientation than mobility.

2.5.2.2 Functional outcomes: the FLORA instrument

In 2012, members of the BVA clinical team viewed video footage of a man using 

his Alpha-IMS in conjunction with his long cane to navigate an outdoor plaza (www.

youtube.com/watch?v=i-bSULcCtN8). Team members pondered, “How do we know 

if the man was walking parallel to the building line because of his phosphene 
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vision? He might have been using echolocation cues, or tactile information 

underfoot, or his long cane skills, or a kinaesthetic sense of straight line travel. 

How do we account for changes in his mobility instigated by phosphene vision 

when these sensory variables are so interconnected?” This video highlighted the 

challenges of measuring functional vision for mobility in real world contexts. 

In the USA, the Food and Drug Administration (FDA) requested that Second 

Sight demonstrate the lifestyle impact of the Argus II before approval was given for 

commercialisation of the device. The FLORA (Functional Low-vision Observer Rated 

Assessment) protocol was developed to satisfy this call (Geruschat et al., 2015). 

The FLORA instrument is comprised of three parts: an in-depth semi-

structured interview schedule, observer-rated tasks in the client’s home and 

neighbourhood, and a case-study narrative (Dorn et al., 2012; Geruschat et 

al., 2015). FLORA assessors, who are qualified O&M specialists or low vision 

rehabilitation specialists, customise this assessment instrument to suit each 

participant’s circumstances. Functional performance on relevant tasks is scored 

using a standardised check-box matrix that indicates whether each task is 

impossible, difficult, moderate or easy, with and without phosphene vision, and also 

whether the participant used vision only, some vision or no vision. 

After assessment, all FLORA data are analysed by a single independent O&M 

specialist who categorises the functional outcomes from the retinal implant as 

positive, mild positive, prior positive, neutral, negative or did not participate. Initial 

FLORA results indicated that 66% of recipients (n=30) experienced a positive effect 

from the Argus II (positive 30%, mild positive 23%, prior positive 13%), and 33% had 

no positive effect (neutral 20%, did not participate 13%). None of the participants’ 

experiences were summarised as a negative effect (Dorn et al., 2012). 

The FLORA instrument was used again to review functional outcomes at 

(mean) three years post implant (n=26). Statistical analysis of these follow-up 

FLORA ratings indicated that 69% of tasks were easier to achieve with the device 

switched on, and participants’ level of improvement ranged between 19-38% 

(Geruschat et al., 2016). The two tasks that were not enhanced by prosthetic vision 
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involved moving around at home where the layout was well known and mobility 

habitual. Qualitative data indicated that prosthetic vision was not necessarily 

useful for a whole task, but it could give additional information for part of a task 

where precision was particularly useful, such as crossing the road. The cognitive 

load involved in using phosphine vision could be considerable and the person had 

to trade-off travel efficiency without phosphenes against the benefit of addition 

information even though visual interpretation could slow travel (Geruschat & 

Dagnelie, 2016).

The fact that the FLORA instrument was approved by the FDA is encouraging. 

This suggests that at a policy level, data about functional vision for mobility or ADLs 

don’t always have to be quantified to be considered credible evidence of functional 

outcomes.

In its favour, the FLORA protocol targets the aspects of functional 

performance that phosphene vision seems most likely to affect and the itemised 

matrices make the assessment process transparent. Customisation of the 

instrument maximises authenticity of findings and the checkboxes condense 

and standardise some of the abundant description that might otherwise be 

generated from such a thorough assessment. The FLORA authors acknowledge that 

functional vision assessment cannot be undertaken objectively, and assessment 

decisions are based on demonstrated skills and collaboration, not just interview. 

This triangulation of multiple opinions and observations gives greater strength to 

evidence than any single voice or measure, whether client or professional (Yates, 

2003). 

These characteristics locate the FLORA firmly within the functional paradigm, 

however, the FLORA tool does not resolve the challenge of how to reduce qualitative 

data into a single comparable score via transparent steps. The FLORA checkboxes 

are not quantified, and the customised selection of relevant tasks means there 

are gaps in the data-set that would make the aggregation of FLORA measures 

problematic. The review of data after the FLORA assessment by an independent 

O&M specialist is a qualitative strategy, likely to help smooth out any inter-rater 
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irregularities between different O&M assessors. However, the criteria used by this 

one O&M specialist to summarise findings were not explicit in the initial research 

report and the final rating categories gave little information about what kind of 

benefit recipients gained from the retinal implant (Geruschat et al., 2015). A 

later report gave a richly descriptive account of the benefits of vision available 

from the Argus II device for the benefit of vision rehabilitation professionals who 

might have the opportunity to work with retinal implant recipients (Geruschat & 

Dagnelie, 2016). Thus, the FLORA instrument offers a comprehensive approach to 

the assessment of functional vision after a retinal implant, but its measurement 

properties need work.

2.6 Research Questions

The aim of this doctoral study is to devise an instrument that can measure 

functional vision for mobility in the context of vision-restoration research, capturing 

changes resulting from a retinal implant. 

This process involves answering two research questions, each with 

subsidiary questions:

1. What constitutes functional vision for mobility?

a. Why do people with very low vision look, what do they look for, what 

do they see, and how do they use this information to support O&M?

b. What makes the visual landscape complex for people with low 

vision?

c. What are the common and unique characteristics of prosthetic 

vision?

2. How can functional vision for mobility be measured?

a. What measures capture the integrated nature of functional vision for 

mobility?

b. What elements of research design can be standardised without 

compromising the essential nature of functional vision for mobility? 
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This project gives priority to conceptualising functional vision for mobility, 

then trialling and evaluating different approaches to its measurement, warranting 

findings from the lived experience of participants in the LoVADA studies. These 

findings inform the development of the VROOM instrument – a novel measure 

of functional vision for mobility. However the rigorous work of establishing the 

trustworthiness of the VROOM instrument and testing its validity with other vision-

related cohorts is beyond the scope of this thesis.

2.7 Summary

This chapter has established that clinical vision and functional vision for mobility are 

two different phenomena, and then functional vision for mobility is a more complex 

phenomenon than functional vision for reading. There are well established methods 

of assessing clinical vision, with gold standard measures for testing individual 

visual functions, and similar strategies can be used to investigate vision for reading. 

However, the use of clinical approaches to investigate the functional outcomes from 

a vision-related intervention can lead to methodological incongruence. Self-report is 

only one aspect of functional research and needs to be substantiated with observed 

performance in a range of tasks and venues.

The FLORA instrument (Geruschat et al., 2015) provides a comprehensive 

method of investigating the functional outcomes from a retinal implant, but its 

measurement properties are not robust. To date, there is only one measurement 

instrument that transparently reduces qualitative data about functional vision for 

mobility to a single score, however the CVI Range is specific to children with cortical 

visual impairment (Roman-Lantzy, 2007) and is unsuited for use in the context of 

retinal implant research. 

Functional vision for mobility is characterised by tacit knowledge and O&M 

specialists use tacit assessment heuristics, with the result that functional vision 

for mobility is poorly understood by O&M outsiders in the sighted population. This 

phenomenon needs to be conceptualised from the lived experience of people who 

have very low vision, to provide the most authentic foundation for the development 
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of valid, reliable, trustworthy measures of functional vision. 

The investigation of everyday functional outcomes requires social research 

methods shaped by a constructivist approach to knowledge. Objectivity is not 

feasible in this context because all human behaviour can be interpreted in multiple 

ways. Rather, data strength comes from collaboration, the triangulation of multiple 

voices, observations, tasks, venues and measures, warranting findings with 

individual participants, and the researchers’ reflexive account of influences on the 

research process.

The challenge of this doctoral study is to conceptualise functional vision for 

mobility from the lived experience of participants in the context of retinal implant 

research, experiment with different approaches to measurement, and devise a 

feasible instrument to measure functional vision for mobility that can show changes 

from a retinal implant that matter to its recipients. The operationalisation of this 

new measure is beyond the scope of this thesis.
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Chapter 3 Project Design, Methodologies and 
Measurement 

With the ultimate aim of developing an instrument to measure functional vision 

for mobility, the research map in Table 4 outlines the three stages and multiple 

activities involved in this doctoral project. Typical of qualitative inquiry, this project 

has moved spirally between new ideas and their trial and review, leading to further 

development of ideas. 

Table 4
Doctoral Research Map
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This chapter outlines the research context for my project, created by Bionic 

Vision Australia, and clarifies the aims of various stakeholders, the time frames the 

research team had to work within, and my own role within the project. A rationale 

is given for using multiple methodologies and methods, with Grounded Theory 

Methodology framing the design. An overview of data streams is provided, but the 

three stages of the project were distinctly different, so the specific methods used 

to generate, analyse and synthesise data in each phase are detailed in subsequent 

chapters.

3.1 Context: Bionic Vision Australia

The Bionic Vision Australia (BVA) Consortium included five research teams: the 

University of Melbourne, the Centre for Eye Research Australia (CERA) and the 

Bionics Institute in Melbourne; National Information Communications Technology 

Australia (NICTA) in Canberra; and the University of New South Wales in Sydney. 

The university-based teams in collaboration with the Bionics Institute 

were largely responsible for developing the prototype implant. The NICTA team 

developed the vision processing computer systems that transform a camera image 

into prosthetic vision. NICTA members collaborated with the Bionics Institute and 

CERA in psychophysics investigations. The BVA clinical research team was located 

at CERA and was responsible for selecting and working with the implant recipients 

during their involvement in the study. This clinical research team was comprised 

mostly of ophthalmologists, optometrists and orthoptists, with one O&M specialist 

(me) and one occupational therapist. 

3.1.1 BVA stakeholders and broader research questions 

The functional vision research reported in this doctoral study represented the end-

stage of a collaborative research process involving over 150 people, and it needed 

to address the questions of many BVA stakeholders, not just my own. In the first 

few years of the five year BVA project there were fortnightly video-conferences with 

the whole multi-disciplinary BVA team. There were also annual BVA retreats. These 
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meetings provided opportunities for many conversations about research interests 

across the project. Table 5 summarises my interpretation of the research questions 

of BVA stakeholders. Although these questions extend beyond the scope of this 

thesis, I include them to indicate the richness of data the functional vision research 

team sought to generate with the retinal implant participants on behalf of the BVA 

Consortium.

Table 5
Research Questions from BVA Stakeholders
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3.1.2 My involvement in the BVA project

The time-frames and elements of my involvement in the BVA project are 

summarised in Table 6.

Table 6
Elements of My Involvement in the BVA Project

Note. a O&M consultancy began in May 2011. PhD enrolment from February 2012, 
RP40 = Participants had very low vision from retinitis pigmentosa, but no implant; 
24ChPP = Retinal implant participants; b In 2011, I conducted home-based functional vision 
and O&M assessments with potential recipients of the implant as part of their selection 
process.

The boundaries between my broader role as O&M consultant to the BVA 

project, and my role as a doctoral candidate were not rigidly defined. Some of the 

investigations I initiated to scope this doctoral inquiry began in the year before my 
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PhD candidacy commenced, involving collaboration with O&M colleagues and other 

relevant contacts in my external workplace. There were fewer opportunities for 

informal collaboration with O&M colleagues after I commenced doctoral studies full-

time in February 2012. 

As a qualitative researcher it is necessary to table my own subjectivities. 

When I joined the BVA team as an O&M consultant in 2011, I was working as a 

senior O&M specialist at Guide Dogs Victoria with the challenge of measuring O&M 

outcomes in anticipation of the proposed National Disability Insurance Scheme 

(Australian Government, 2011). I was teaching trainee O&M specialists at La 

Trobe University, working with O&M colleagues to develop standards of practice 

for the professional body, and completing a Masters thesis – a qualitative study 

investigating O&M specialists’ experience in training people with low vision to use 

a motorised mobility scooter. These activities reinforced my awareness that O&M 

praxis is fundamentally client-centred, and that poorly-theorised standardisation 

can readily compromise the client’s goals and impinge on the client’s freedoms. 

At Guide Dogs Victoria, I had daily opportunity to collaborate with O&M 

colleagues in our shared office space and in meetings, and this proximity extended 

my thinking about functional O&M performance. When I left work to start doctoral 

studies, what I lost in professional immersion, I gained in community perspective 

as I commuted to CERA on the train. I was able to observe travellers, analyse their 

kinesics and sometimes discuss with them the exigencies of travel, all of which 

provided more language and insight to bring to the analysis of travel with very low 

vision. 

My ontology and epistemology are shaped by Christianity and 

phenomenology, both of which take an egalitarian view of human relationships. I 

am curious about what makes people socially comply or rebel, and what kindles 

their transformation to grow and connect more effectively with others. I have a 

bias towards social constructivist research, and as a teacher, I look for kairos 

moments in myself and others. Wary of standardisation, the BVA project provided 

me with an opportunity to identify whether there were O&M themes that had 
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universal relevance to a defined O&M cohort with advanced RP, which might be 

measured. If so, perhaps these themes were also relevant to other O&M cohorts? 

As a constructivist researcher, I held a minority position in the BVA clinical research 

team, attempting to measure functional performance while questioning whether 

objectivity in functional vision research is possible. 

3.1.3 Ethics and anonymity

The ethical considerations for the clinical and functional elements of the BVA project 

were complex due to the risks inherent in experimental surgery, the electrical 

stimulation of the retina and the trial of a prototype device. Accordingly, ethics 

applications in this doctoral project were managed by the BVA clinical team leader 

both before and after I joined the BVA team. Permission to proceed with functional 

vision research was given by the Human Research Ethics Committee at the Royal 

Victorian Eye and Ear Hospital through a number of ethics approvals – 09/921H, 

11/1032H and 13/1140H. The research was conducted in accordance with the 

tenets of the Declaration of Helsinki.

Participants in all phases of my study were provided with information 

about the project in an accessible format (verbal, written, electronic or audio) and 

gave written, informed consent for their data to be used (Appendices 1-4). This 

consent included permission to use video and audio recordings that identified 

participants, so assurance of confidentiality was not possible. The three retinal 

implant participants actively engaged with the media throughout their involvement 

in the project, and continue to be identifiable online, however all participants in this 

doctoral report are referred to either by pseudonym or, in some captions, by number 

(e.g., Participant 23; P23).

3.2 Methodologies

Early in this project, the BVA clinical research team had extensive discussions about 

the incongruence of trying to quantify functional performance that is integrated, 

complex, individually defined and contextually interpreted. Rather than risking a 
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null hypothesis from a narrow O&M research design, the team hoped that it might 

be possible to generate both clinical and functional data about prosthetic vision 

by creating a battery of new O&M and ADL tasks. This meant trialling multiple 

methodologies and data generation methods, some with clinical and some with 

functional emphases, then comparing the results to understand how best to 

proceed with functional vision research into the future. 

Honouring the philosophies and practices of O&M assessment, a 

constructivist research paradigm has shaped this doctoral study, employing 

a bricolage of methodologies and methods to generate and analyse data, 

conceptualise functional vision, and create new measures. Figure 12 shows the 

relationships between these methodologies, the whole being framed by Grounded 

Theory Methodology.

Figure 12. The Bricolage of Methodologies in This Doctoral Study

 

Figure 12. Grounded Theory Methodology framed the research project, which mixed 
qualitative and quantitative methodologies. The three participants with a retinal implant 
provided an axis for the inquiry.
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Mixed methods health research is a relatively recent phenomenon and has 

tended to be poorly reported, often lacking a justification for the mixed methods 

design, methodological exposition (particularly of the qualitative components), 

transparency in reporting methods and integration of qualitative and quantitative 

data and findings (O’Cathain, Murphy, & Nicholl, 2008). There can also be “virtually 

insurmountable epistemological problems because underlying assumptions of 

qualitative and quantitative studies are very different” (Ridenour & Newman, 2008, 

p. 27). This is why the philosophies that underpin these potentially conflicting 

research approaches need due consideration (Section 2.3.3).

3.2.1 O&M assessment as social research 

I examined the established professional practice of functional O&M assessment 

through the lens of formal research, to provide a basis for methodological 

congruence.

Typical O&M assessment doesn’t fit neatly with any one of the 27 qualitative 

methodologies identified by Tesch (1990 in Miles & Huberman, 1994). O&M 

assessment is eclectic, drawing on the participant observation of Ethnography, the 

thick description of Phenomenology, the kinesic interpretations of Hermeneutic 

Phenomenology, the consideration of multiple meanings inherent in Symbolic 

Interactionism, as well as Content and Discourse Analyses. Research findings are 

often presented at O&M conferences as Case Study (Deverell et al., 2014), which is 

not so much a defined research method as a commitment to preserving the singular 

character of the person or social phenomenon being studied (Punch, 2006 in White, 

2011) and can draw on both qualitative and quantitative methods of inquiry (Yin, 

2014).

The O&M specialist, like the ethnographer, takes a participant-observer 

role in natural settings, but whereas the ethnographer is willing to spend extended 

time observing a culture-sharing group to see what eventuates (Creswell, 2013), 

the O&M client might be the only person with low vision or blindness in his or her 

local community. In the interests of efficiency, the O&M specialist and client choose 

Case Study 
3 people implanted with the 24ChPP
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assessment tasks and settings that will distil the areas of primary concern. In O&M 

parlance, the assessor’s proximity to the client during assessment is described in 

terms of accompanied travel (conversational distance), semi-solo travel (shouting 

distance) or solo travel (mostly out of sight, with conversation only at the beginning 

and end of travel) (Deverell et al., 2009). These instructional positions align with 

different participant-observer roles in Anthropology and Ethnography (Robson, 

2011). Each observer position can render different kinds of data, but can also bias 

the participant’s performance in different ways.

Bryman (2012) recommends that an Ethnographer takes copious field notes, 

both while observing, and as soon as possible afterwards, also adding personal 

reflections to help form a reflexive account of fieldwork. Analytical thoughts serve 

as “a springboard for theoretical elaboration of the data” (p. 447). Many O&M 

specialists record an unstructured narrative account of interview and observed 

behaviour, writing the content later into the reporting genre preferred by the 

employer, whereas others use structured assessment forms or checklists while 

making data (Furlong, 2010) with the client. 

3.2.2 Grounded Theory Methodology

Grounded Theory Methodology is a qualitative research approach that does not 

begin with a rigorous review of the literature to develop hypotheses that can 

then be tested. Rather, it produces a relevant raw data-set and then seeks to 

generate substantive new theory or a new model directly from the data (Strauss 

& Corbin, 1998). Theory is different from description. Theory uses concepts that 

are interpretations of the data, and then relates these “by means of statements of 

relationship” (p. 29), whereas description categorises data with little interpretation. 

Grounded Theory Methodology is pertinent for this doctoral study. My 

aim was to create a feasible measure of functional vision for mobility for use 

in vision restoration research where none had existed; this meant interpreting 

vision and mobility in new ways because previous methods and measures had 

proven to be ineffectual in this context. This measure needs to be founded on the 

Mixed methods health research is a relatively recent phenomenon and has 

tended to be poorly reported, often lacking a justification for the mixed methods 

design, methodological exposition (particularly of the qualitative components), 

transparency in reporting methods and integration of qualitative and quantitative 

data and findings (O’Cathain, Murphy, & Nicholl, 2008). There can also be “virtually 

insurmountable epistemological problems because underlying assumptions of 

qualitative and quantitative studies are very different” (Ridenour & Newman, 2008, 

p. 27). This is why the philosophies that underpin these potentially conflicting 

research approaches need due consideration (Section 2.3.3).

3.2.1 O&M assessment as social research 

I examined the established professional practice of functional O&M assessment 

through the lens of formal research, to provide a basis for methodological 

congruence.

Typical O&M assessment doesn’t fit neatly with any one of the 27 qualitative 

methodologies identified by Tesch (1990 in Miles & Huberman, 1994). O&M 

assessment is eclectic, drawing on the participant observation of Ethnography, the 

thick description of Phenomenology, the kinesic interpretations of Hermeneutic 

Phenomenology, the consideration of multiple meanings inherent in Symbolic 

Interactionism, as well as Content and Discourse Analyses. Research findings are 

often presented at O&M conferences as Case Study (Deverell et al., 2014), which is 

not so much a defined research method as a commitment to preserving the singular 

character of the person or social phenomenon being studied (Punch, 2006 in White, 

2011) and can draw on both qualitative and quantitative methods of inquiry (Yin, 

2014).

The O&M specialist, like the ethnographer, takes a participant-observer 

role in natural settings, but whereas the ethnographer is willing to spend extended 

time observing a culture-sharing group to see what eventuates (Creswell, 2013), 

the O&M client might be the only person with low vision or blindness in his or her 

local community. In the interests of efficiency, the O&M specialist and client choose 

Case Study 
3 people implanted with the 24ChPP
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lived experience of people with very low vision, and congruent with the principles 

and practices of the O&M profession, neither of which have been sufficiently 

represented or theorised in the research literature to date.

3.2.2.1 Data streams 

The purpose of generating a rich mixed methods data-set in this study was to 

(1) ensure that my conceptualisation of functional vision was as comprehensive 

as possible, (2) test the feasibility of different approaches to measurement, and 

(3) provide the most robust foundation for an instrument designed to measure 

functional vision for mobility.

One of the challenges in reporting the development of Grounded Theory 

is how to account for tacit knowledge and intangible constructs. Integral 

Theory (Esbjorn-Hargens, 2010) provides a useful content-free matrix that 

facilitates consideration of any phenomenon from an internal (tacit) and external 

(documented) perspective as well as an individual and collective perspective. Table 

7 is an integral matrix of the data sources that contributed to this doctoral study. 

All data streams, including measures, were considered part of the Grounded Theory 

data-set and were subject to qualitative analysis. 

Although Integral Theory has been used to table these data sources, it 

doesn’t suggest how they relate or are analysed. Glaser, one of the originators of 

Grounded Theory Methodology, advocated a highly structured, empirical approach 

to analysing qualitative data, but Charmaz (2014) comments that rigid rules are not 

always necessary or productive.
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Table 7
Integral Matrix of Data Sources in this Doctoral Study



90

I used multiple tools and strategies to harness data and ideas, and then 

dealt with them systematically and comprehensively, including:

1. Excel spreadsheets to list raw data, ascribe codes, experiment with 

categories, then again, to sequence multidirectional thinking and clarify 

research processes

2. highlighters and hand-written annotations to code hard copy transcripts of 

interviews, and field notes from LoVADA trials

3. NVivo software as a LoVADA data library, using autocoding of documents to 

facilitate electronic access to details, and some manual coding to address 

specific questions

4. multiple conversations with colleagues, friends and supervisors, to help 

articulate language around tacit constructs and heuristic devices 

5. role play with colleagues and collaborative review of participant videos to 

give accurate language to participants’ kinesics

6. matrices, with different categories in each axis to facilitate systematic 

comparisons between identified constructs, endeavouring to fill each empty 

cell with relevant evidence of relationships between the constructs

7. FreeMind software to examine hierarchical relationships between constructs 

(http://download.cnet.com/FreeMind/3000-2051_4-10076598.html)

8. prolific writing.

3.2.2.2 Coding

Grounded Theory Methodology is characterised by a process of constant 

comparison (Glaser & Strauss, 1967). The researcher is the primary research tool 

and systematic processes of coding and categorising data are used (Charmaz, 

2014). Coding involves giving conceptual names to qualitative data that indicate 

why an item is important to the research question (Strauss & Corbin, 1998). The 

coding process involves reading, or in the case of video, viewing data multiple times, 
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becoming immersed in its content and the consideration of its multiple meanings 

and then asking questions of the data. This coding process breaks qualitative 

data into component parts which, once named conceptually, are re-grouped into 

categories, then built into local theories that in turn are used to construct more 

substantive theory about the phenomenon in question. The purpose of Grounded 

Theory Methodology is not to develop grand theories, but rather, functional theories 

that have useful application in specific contexts (Charmaz, 2014; Merriam, 2009). 

In Chapter 4, the data from consultation with experts was coded after data 

collection was completed, but in the LoVADA studies (Chapters Five and Six), the 

open coding process began while data were being generated with participants. 

The diversity of data streams in the LoVADA studies meant that comparisons 

could be made between words and number data; handwritten notes and audio 

transcripts; video and still photography; thick description, ordinal scaling and 

graphic mapping of participants’ actions; colour-change and monochrome 

maps; linear and multidirectional data representations; the opinions of different 

professionals, people with very low vision and educated lay people; and then 

reflexive self-talk and overt commentary during tasks, feedback offered immediately 

after tasks, and the contributions made some time later by participants and 

researchers with the benefit of hindsight.

The coding of these data took place while considering the influences on, and 

consequences of behaviours, comparing internal and external factors, performance 

across different tasks with and without vision, and then between participants. These 

analyses were a necessary part of writing clearly defined performance indicators 

for the novel performance scales tabled in section 5.3.2.3, which in turn generated 

further measurement data in the LoVADA studies, reported in Chapter 6.

3.2.2.3 Building theory

After open coding and categorising, Grounded Theory Methodology proposes several 

strategies to rebuild data into new theory. Axial coding involves consideration 

of conditions, context, action or strategies, and consequences in relation to the 

construct (Strauss & Corbin, 1998). These elements were considered in evaluating 
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the universality of theories grounded in the LoVADA data and the VROOM 

instrument reported in Chapter 7, and in exploring the notion of constructivist 

measurement in Chapter 8.

Selective coding is another Grounded Theory strategy for rebuilding data 

(Strauss & Corbin, 1998) that involves choosing a core category and systematically 

relating it to other categories. I found FreeMind software a useful tool for selective 

coding, because it targets attention within a complexity of variables – one construct 

is placed at the centre of the mind map and the software facilitates the radial 

development of “parent-child” relationships. This process forces decisions about the 

weight and relative importance of different constructs proximal to the core category. 

I examined the constructs relating to functional vision for mobility first with vision at 

the core, then with mobility at the core to understand how the relationships between 

constructs changed in functional performance (see Chapter 7, Figures 32 and 34).

Grounded Theory Methodology aims to reach a point where there are no new 

concepts or categories that can be extracted from the data, and no new ways of 

examining the situation or the participants to generate new data (Bryman, 2012,  

p. 568). However, functional vision is so dynamic, and has such infinite applications, 

that theoretical saturation might be impossible in this context. At this early stage in 

functional vision research, perhaps theoretical sufficiency is a more realistic goal.

While Grounded Theory Methodology seeks to be as transparent as possible 

about its processes, no two researchers are alike, and my analysis might differ from 

another researcher’s analysis of the same data. Accordingly, this doctoral study 

is not intended to represent the final word on the nature of functional vision and 

its measurement, but rather, contribute good theory and a feasible measure as a 

starting point for ongoing collaboration and the future development of functional 

measures for use in functional vision research.

3.2.3 Hermeneutic Phenomenology

Phenomenology was described in Section 2.3.3 as a philosophy, but it is also a 

research methodology. As such, it generates thick description of a phenomenon – 
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in this case, very low functional vision for mobility – which gives the reader insight 

into the experience (Patton, 2002). Puc (2012) explains that “the phenomenal body 

functions as a horizon of other objects and activities. The objective body, however, 

stays exactly in the centre of attention” (p. 149). Thus, when considering vision, 

the objective body has clinically measurable visual fields whereas the phenomenal 

body scans when walking down the footpath, sees a rose bush and flinches to avoid 

contact, remembering previous encounters with thorns. 

The thick description of Phenomenology only takes us part way towards 

measurement though. The experiences of multiple individuals with very low vision 

need to be analysed and interpreted to see whether there are common constructs, 

motivations, purposes or meanings. Hermeneutics is the discipline of interpretation. 

Hermeneutics began in the Middle Ages as the practice of interpreting 

biblical texts. The hermeneutic process recognises that the richest, most accurate 

meaning of a text is found within its own literary, cultural, and historical context; 

a text loses meaning when taken out of context. “The skill was typically deployed 

against texts rendered problematic by the ravages of time, by cultural differences, 

or by the accidents of history” (Howard, 1982, p. xiii). Heidegger proposed that 

understanding, interpretation, and application of a text occur in a hermeneutic 

circle so hermeneutic interpretation is intrinsically linked with praxis (Bernstein, 

1983). “The actual practice of hermeneutics becomes a part-whole-part movement, 

a constant back and forth or dialectical process” (Howard, 1982, p. 10) between 

the original context for which the text was written, and the current-day context of the 

interpreter. But what has this to do with functional vision for mobility? 

During functional O&M assessment, the client’s actions become body-

as-text and so the hermeneutic cycle applies when an observer is reading and 

interpreting the client’s kinesics. This notion of body-as-text embraces tacit 

embodied cognition discussed in Section 2.1.2. In O&M assessment, Hermeneutic 

Phenomenology means that instead of taking the client’s actions at face value and 

risking misinterpretation, the assessor needs to interpret the client’s behaviour in 

the context of the client’s own priorities, life-space, culture and events of the day. 
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Reflexive observation considers how the traveller’s action informs thinking and 

learning, and at the same time endeavours to understand the motivations, thoughts 

feelings and tacit knowledge that inform action. 

Merleau-Ponty (1945/2002) emphasises that meaning is changeable and 

has a metamorphosing power, so when interpreting behaviour there is no such thing 

as rigorously exclusive meaning as there is in physics; rather, human behaviour 

is “profoundly ambiguous” (Puc, 2012, pp. 152-153). This is why simplistic or 

generalised representations of O&M performance are likely to miss the essence 

of what is important to the individual. Thus, multiple performance measures, or 

measures that embrace integrated multiplicity, are needed in functional vision 

research, as well as inclusion of participant voice.

Van Manen (2006) emphasised the importance of writing when interpreting 

lived experience in Hermeneutic Phenomenology. Writing helps to measure our 

thoughtfulness, exercise our ability to see and unveil what is hidden. Therefore, the 

process of writing and rewriting helps to articulate tacit knowledge. I employed the 

methods of Hermeneutic Phenomenology in the LoVADA studies while observing 

and working with participants, writing field notes, discussing events with the 

research team, transcribing and analysing mixed methods data, reviewing video 

footage, and observing members of the public in the wider community to provide 

points of comparison. These methods of Hermeneutical Phenomenology that focus 

on the traveller’s actions, align with Heuristic Inquiry that can be used to examine 

the researcher’s subjectivities.

3.2.4 Heuristic Inquiry

Heuristics are informal decision-making processes that aid “learning, discovery, or 

problem-solving by experimental and especially trial-and-error methods” (heuristic, 

n.d.). They can be used for self-education and improvement of performance. 

Heuristic Inquiry is important to any researcher who must account for his or her 

subjectivities and tacit knowledge in the research process (Hiles 2008). “The 

heuristic process is a way of being informed, a way of knowing. Whatever presents 
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itself in the consciousness of the investigator as perception, sense, intuition, or 

knowledge represents an invitation for further elucidation” (Moustakas, 1990, 

introduction). 

Like Hermeneutic Phenomenology, Heuristic Inquiry is concerned with 

meanings rather than measurements. It was mooted as an independent research 

methodology in the 1960s (Moustakas, 1990) and has obvious parallels with 

the hermeneutic cycle, and with Autoethnography that focuses on analysing the 

cultural content of one’s own lived experience (Hiles, 2008). Broadly the process 

of Heuristic Inquiry involves three phases: “immersion (exploration of a question, 

problem or theme), acquisition (collection of data), and realization (synthesis)” 

(Douglass & Moustakas in Hiles 2008, p. 4).

There is some contention about whether these internal forms of inquiry 

constitute “proper research”. In the midst of this debate, my concern is that tacit 

heuristics can confound functional vision research: much of the client’s O&M 

knowledge is tacit, and the O&M specialist’s assessment processes are also tacit, 

making it doubly difficult to articulate evidence of outcomes. Then implicit theory 

about objectivity in clinical inquiry conflicts with functional approaches to building 

knowledge collaboratively and there is always the risk that the sighted observer 

can misinterpret participant behaviour because of skewed, tacit communal 

assumptions about very low vision (Mettler, 2008). In the face of these challenges, 

Heuristic Inquiry becomes necessary, rather than being an optional discipline within 

functional vision research. 

Polanyi (1966/2009) explained that tacit knowledge is comprised of 

two related parts, proximal and distal; we might come to know the proximal 

(e.g., functional vision) in attending to the distal (e.g., O&M action and the wider 

environment), but both are involved in building knowledge about functional vision 

for mobility and so become part of the hermeneutic cycle.

Heuristic research begins with a question that needs to be illuminated, such 

as, What decision-making processes do I use in assessing clients who are reading 

and responding to lived O&M environments? The research process involves the 
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incubation of knowledge about self and participants through a process of timeless 

immersion in each participant’s data, with illumination and explication leading 

to creative synthesis (Moustakos, 1990). It can’t be hurried, is not necessarily 

comfortable, and in mainstream O&M practice with heavy client loads there is not 

always time and a safe space for the depth of introspection involved.

It demands the total presence, honesty, maturity, and integrity of a researcher 
who not only strongly desires to know and understand but is willing to commit 
endless hours of sustained immersion and focused concentration on one 
central question, to risk the opening of wounds and passionate concerns, and 
to undergo the personal transformation that exists as a possibility in every 
heuristic journey. (Moustakos 1990, Introduction)

Fundamental to the process of Heuristic Inquiry is reflexivity. While reflexivity 

requires self-examination, May (2011) notes that introspective indulgence can also 

be disempowering. “What is required is an understanding of the context and nature 

of interactions observed, along with an understanding of the relationship between 

observation and interpretation” (p180). This accords with the Grounded Theory 

process of axial coding described in Section 3.2.2.3. 

In this study, my reflexive records of Heuristic Inquiry and the outputs of 

Hermeneutic Phenomenology become part of the data-set for Grounded Theory 

Methodology. They include emails, research journal, memos, notebooks, and jotted 

musings, added to community presentations, drafts of journal articles, thesis 

chapters, and performance indicators in ordinal measurement scales. Multiple 

drafts of these performance indicators captured my evolving understanding of 

salient vision-related behaviours in O&M. 

3.2.5 Case study

Case Study has been appropriated by many research disciplines and variously 

“interpreted as a method, technique, strategy, approach, design, methodology and 

heuristic” (May, 2011, p. 220). Stake (1995) proposed that a case is bounded – a 

specific, complex, functioning thing, rather than a process. However, in the context 
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of this doctoral study, the term Collective Case Study (Harling, 2002) might be used 

to describe both the process and the outcome of working with the three recipients 

of the BVA prototype implant. Harling suggests that “a case study is a holistic inquiry 

that investigates a contemporary phenomenon within its natural setting” (p. 2). In 

the BVA context the retinal implant device and the research settings were common 

to participants and became familiar over time, even though the research tasks and 

settings were somewhat contrived.

The unique and common experiences of prosthetic vision in the LoVADA 

tasks undertaken by the three retinal implant participants are reported in Section 

6.2.6. This collective case study provided a necessary counterpoint to my own 

simulated experiences of prosthetic vision described in Chapter 4. It was not 

intended to produce generalisable findings about prosthetic vision. Rather its 

purpose was to identify differences, similarities and connections between natural 

vision and prosthetic vision in relation to both orientation and mobility, and thereby 

contribute to new theories derived from the cohort with natural very low vision, as 

a foundation for outcome measurement in retinal implant research. This data-set 

detailing the experience of participants with prosthetic vision was also used to test 

the feasibility of the new VROOM instrument in Chapter 7. 

3.2.6 Measurement

Measurement is “the assignment of numerals to objects or events according to 

rules” (Stevens, 1946, p. 677). Measurement provides a yardstick to reduce data 

about a complex construct to a consistent form that can be more easily analysed; 

it enables fine differences in performance to be delineated; and it gives a basis for 

estimating the degree of relationship between concepts (Bryman, 2012). However 

the measurement of human performance, and particularly sensory performance, 

has long been problematic. Frytak (2000) observed that in health outcomes 

research, good theory is not much use if only proxy measures are taken, and reliable 

measures are not much use if they don’t capture relevant constructs.

Stevens (1946) described contention in the 1930s amongst a nineteen 
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member committee that was trying to develop a scale of perceived loudness in 

relation to human audition – a similar challenge to measuring the subjectivities of 

functional vision. He defined four types of measurement scale – nominal, interval, 

ordinal and ratio. Stevens suggested that there are more permissible statistics that 

can be used in relation to interval scales than ordinal scales because the integers 

are equally spaced and so their numerals can be added and manipulated in a 

meaningful way. 

Interval scales can give the appearance of objectivity or singular meaning, 

but in relation to human behaviour, interval measures can have multiple 

interpretations. For example, heart rate might speed up when running to the bus, 

catching sight of one’s beloved, receiving a fright, drinking too much alcohol or 

experiencing a heart attack. 

Conversely, ordinal scales are better able to capture the multiplicity and 

integrated complexity of subjective human performance (Bryman, 2012), but their 

irregular integers, and their many manifestations can make the addition of their 

number data mathematically nonsensical.

3.2.6.1 Ordinal scale development

In measuring functional performance, there is a tension between ordinal 

scales being the more adequate means of capturing lived complexity, and their 

aggregation being ill-advised. The explicit performance indicators in behaviourally 

anchored rating scales (BARS, discussed in Section 2.4.5) have the advantage of 

standardising and making transparent and repeatable the observation, weighting 

and rating process in assessing functional performance (Bernardin & Smith, 1981). 

BARS can therefore offer more precise, concrete data than Likert scales that are 

generically defined and more suited to investigating subjective attitudes or values 

(DeVellis, 2003).

In considering BARS, Latham, Fay, and Saari (1979) make a distinction 

between the Behaviour Expectation Scales described by Smith and Kendall 

(1963) that are based on critical incidents (i.e., kairos moments), and Behaviour 

Observation Scales that measure and sum the frequency of behaviours 
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incrementally. Hitherto, O&M research has emphasised frequency tallies that are 

more in line with the approach of Behavioural Observation Scales and an objectivist 

approach to research. As discussed in Chapter 2 though, kairos moments can be 

more indicative of learning and transformative change in real-world O&M than 

chronos measures such as time and frequency. Behavioural Evaluation Scales 

represent a more constructivist approach to inquiry:

With regard to each incident, the observer is requested to specify (a) the 
circumstances, background or context, (b) exactly what the person did that 
was effective or ineffective, and (c) how the incident was an example of 
effective or ineffective behavior. Effectiveness is defined as behavior which 
the observer wished he could see on the part of all job incumbents in similar 
situations. Ineffectiveness is defined as behavior which, if it occurs repeatedly, 
or even once under certain circumstances, would make the observer doubt 
the competence of that individual. (Latham et al., 1979, p. 300) 

The development of Behavioural Evaluation Scales invites the parts-whole-

parts approach of the hermeneutic cycle. Articulating desirable and doubtful 

behaviours when observing functional vision for mobility can help to identify 

universally relevant constructs to measure, each of which in turn requires the 

specific description of observable performance indicators that can be sequenced 

into a linear scale. DeVellis (2003) proposed that scale development involves an 

eight stage process: 

1. Determining what to measure. The scale should be based on good theory, 

with clarity about what to include and what to leave out, as well as clarity 

about the degree of specificity or generality required. 

2. Generating an item pool. Items need to reflect the scale’s purpose and be 

written in clear, concise language that suits respondents, inclusive of the full 

range of possible responses. 

3. Choosing the format for measurement. Decisions are needed about the 

number of response categories, the weighting of items and the types of 

response format. 
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4. Expert review. This process checks the relevance of items, the clarity of their 

wording, and identifies whether any essential elements have been omitted.

5. Including extra items for validation. Additional items can help to confirm 

construct validity, or test for alternative motivations that might influence 

participant responses.

6. Administering the items to a large sample. This process tests for patterns 

of covariation and determines whether the scale represents the target 

population, both qualitatively and quantitatively. 

7. Evaluating the items. The items or scoring might need to be adjusted on the 

basis of correlations, variance or mean values. 

8. Optimising the scale length. There is a trade-off between brevity and 

reliability in relation to the number of items included in an instrument.

Functional vision measurement needs to deal with continuous rather 

than dichotomous variables. Mutually exclusive categories in a rating scale help 

to reduce rater indecision and increase the reliability of data. However, learning 

and lived experience are cumulative, as are the levels on the O&M Environmental 

Complexity Scale (Section 2.4.2.3). There are scale variations that can deal with 

this, for example “a Guttman scale is a series of items tapping progressively higher 

levels of an attribute” (DeVellis, 2003, p. 72). Rater indecision might also indicate 

the need to separate out elements of the attribute into more levels of scale. 

Decisions about the distinctions between levels of scale need to be justified and 

tested to minimise overlap and redundancy.

3.2.6.2 Scale purpose in functional vision research

Frytak (2000) suggested that when designing a health-related study, researchers 

should consider whether selected measures need to be generic or disease specific, 

what scope of constructs they need to account for, and what level of precision is 

required. 

In measuring outcomes from prosthetic vision, a high level of precision is 
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desirable because only modest changes to very low vision are currently expected 

from a retinal implant device. Nevertheless, functional vision is useful in surprising 

ways, so to capture this diversity, functional measures need to account for the 

broadest possible range of constructs as well as common, detailed usefulness. 

Broadly, measures of functional vision are needed that can:

•	 Provide a common language and platform to compare different prosthetic 

devices and other vision-related interventions both internationally and locally 

•	 Have universal application beyond a single, standardised research task or 

venue, to the diverse environments and multiple activities encountered in 

everyday O&M

•	 Measure performance in real-time and in real-world contexts, capturing 

action as it happens

•	 Be implemented easily by an O&M specialist or other functional vision 

professional, complementing rather than circumventing established 

professional practices 

•	 Capture how participants integrate complex sensory and environmental 

information to support their own access and learning 

•	 Enable the significance of kairos moments or critical incidents to be 

acknowledged, as well as familiar patterns of repeated, practised behaviour

•	 Reduce qualitative observations into cleanly defined and exhaustive 

categories 

•	 Be sufficiently inclusive of individual client goals

•	 Show the full range of potential performance, and specify the progression of 

competence 

•	 Have the potential to represent new constructs relating to functional vision 

as they are identified though further qualitative inquiry

This breadth of purpose means that an instrument designed to measure 

functional vision for mobility in the context of retinal implant research seems likely 

to have application to many other research endeavours, particularly with other 

cohorts that have very low vision. Multiple measures are likely needed to examine 
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the complexity of functional performance from different perspectives and to 

establish convergent validity (Section 3.3.1.2). An instrument designed to measure 

functional vision for mobility might also serve as a template for the measurement of 

other aspects of functional performance. Over time and with sufficient data, it will 

become apparent which functional measures or constructs are most data-lucrative 

in relation to a particular intervention such as a retinal implant, and which are 

redundant. 

3.3 Mixed Methods 

Mixed methods research combines the strengths of qualitative and quantitative 

data to address the research questions. Creswell and Plano Clark (2011) identified 

six approaches to mixed methods research design, and Creswell, Klassen, 

Plano Clark, and Smith (2011) suggest there are three ways that qualitative and 

quantitative data can be brought together in analysis and reporting – by connecting, 

embedding or merging data.

Overall, this study is a multiphase design, combining sequential and 

concurrent strands of inquiry, all leading towards the same objective – a new 

measure of functional vision for mobility. 

In both exploratory and explanatory sequential designs, the data-set from the 

first phase of the study is analysed, then used to inform the data collection methods 

in the second phase of the study. This is known as connecting data, and this took 

place between the three phases of my study as consultation with experts informed 

development of new measures in the LoVADA design, and then the LoVADA findings 

informed the design of the VROOM instrument.

In an embedded design, an alternative data stream is added to the existing 

research design, and the qualitative and quantitative results are interpreted 

together to enrich understanding of that particular activity. This approach was used 

in every O&M task in the LoVADA battery to maximise the sensitivity of the data-set. 

In a convergent parallel design, qualitative and quantitative data are 

collected and analysed separately, then the results are interpreted together and 
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merged in the research report. Thus, statistical analyses and qualitative findings 

from the different phases of the LoVADA studies were brought together and 

reported in Chapter 6, and also compared with findings from the phone interviews 

conducted by the orthoptist.

The sixth design identified by Creswell & Plano Clark (2011) called a 

transformative design has a social justice agenda. A retinal implant is intended 

to be transformative at a personal level, but the primary purpose of this study 

is somewhat utilitarian, seeking to close the measurement gap in translational 

research. However, my hope in devising a universally applicable instrument to 

measure functional vision for mobility is that fewer people are blinded by definition, 

because the VROOM instrument provides a language to account for very low vision.

3.3.1 Congruence and quality 

The equator-network.org website provides a directory of guidelines for reporting 

different qualitative and quantitative research designs separately. However, robust 

mixed methods research design unites qualitative and quantitative data. The design 

needs to show congruence between the research questions and the ontologies, 

epistemologies, methodologies, data generation methods, analyses and reporting 

genres that shape the design (Creswell et al., 2011). The mixed methods research 

team needs to decide which quality criteria they allow to prevail. 

In the LoVADA studies, whenever tensions arose between objectivist and 

constructivist approaches, qualitative methods were allowed to take priority for 

several reasons. During weekly clinical vision assessments and psychophysics 

sessions, the BVA retinal implant participants were already generating 

measurement data about prosthetic vision outcomes, but participant voice or data 

about functional vision were not routinely recorded. With limited time to work with 

these participants, I considered that authentic qualitative data were ultimately 

more useful to this project than premature measurement data that were invalid or 

unconvincing because of lack of clarity about what to measure (Patsopoulos, 2011) 

or because of authenticity paradox (Guthey & Jackson, 2005).
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Although quantitative research designs have clearly defined rules for 

generating and managing data, Miles and Huberman (1994) observed that 

“the paradigms for conducting social research seem to be shifting beneath our 

feet.” Nevertheless, it is still necessary to be “accountable for the rationality and 

trustworthiness of our methods” (p 5). 

3.3.1.1 Trustworthiness

Curtin and Fossey (2007) identifed six indicators of trustworthy qualitative research: 

thick description, triangulation strategies, collaboration, member-checking, 

reflexivity and transferability. Thick description gives context clues that help to 

explain participants’ responses to a particular lived environment. Triangulation 

strategies involve comparing multiple venues, tasks, voices and data streams to 

identify patterns of response by recognising similarities and differences in various 

circumstances; these patterns can help to predict how the person might respond in 

unforeseen and unrepeatable circumstances. Collaboration between the researcher 

and the people being researched enables the co-construction of knowledge. This 

collaboration is related to member-checking which can happen during or after data 

collection. Member-checking involves returning to the people being researched to 

check that their input has been accurately recorded or interpreted; this process 

is part of warranting the authenticity of findings. Member-checking can result 

in further development of theory because of the richness gained from multiple 

perspectives on the one phenomenon.	Reflexivity means considering how the 

subjectivities of researchers and participants have influenced the research process 

and interpretation of findings. Transferability involves identifying similar situations 

where findings from the current study also apply. 

Tracy (2010) identified eight generic characteristics of robust qualitative 

research, listed in Table 8. These characteristics have influenced the Standards for 

Reporting Qualitative Research (O’Brien, Harris, Beckman, Reed, & Cook, 2014).

In robust quantitative research, the conceptual equivalents of Tracy’s 

qualitative criteria are validity and reliability.
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Table 8
Tracy’s (2010) Criteria for Excellent Qualitative Research

3.3.1.2 Validity

Three types of validity need to be considered in developing new approaches to 

functional vision research: content, construct and criterion validity. 

A research design with content validity includes the breadth of constructs 

that comprise the phenomenon under investigation (Bryman, 2012). Face validity 

is established informally by checking with relevant laypeople whether a selected 

measure or research design seems to address the construct, or more formally by 

asking a range of experts in the field using open-ended methods like focus groups 

or interviews. 
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Construct validity means that a research design or instrument measures 

what it purports to measure. The research design needs to be grounded in 

good theory, then selected measures need to address the identified theoretical 

constructs; lastly the relationship between the constructs and the observed 

behaviours that represent them needs to be tested (Streiner & Norman, 2003 in 

Imms & Greaves, 2010). 

Establishing criterion validity involves comparing data from the current 

research event with some kind of existing gold standard in the field (Imms & 

Greaves, 2010), and there are several ways of achieving this. Gold-standard 

measures of functional vision don’t exist, so concurrent validity, where the test 

of interest and a gold standard test are administered at the same time, can’t 

be established. Convergent validity means statistically comparing two different 

measures of the same construct to understand the validity and measurement 

properties of each, but if the measures disagree it might be necessary to compare 

three or more measures to demonstrate criterion validity (Bryman, 2012).

3.3.1.3 Reliability

A reliable research design or measurement instrument generates meaningful data 

about the phenomenon of interest each time it is used, has test-retest reliability, 

and both intra-rater and inter-rater reliability (Imms & Greaves, 2010). Standardised 

clinical test conditions make it easy to generate repeated measures to demonstrate 

the reliability of a measure of vision for reading, but in the unrepeatable 

social research conditions where vision for mobility is assessed, observers 

have different interpretative perspectives, and they time their interventions 

differently. Standardising the research venue and tasks to reduce complexity 

is counterproductive in functional O&M research because the traveller needs 

freedom to move and respond in authentic ways, particularly when unexpected or 

uncontrolled events happen (Robson, 2011). Intervening on the basis of fixed safety 

criteria in a protocol can circumvent opportunities to observe how a client responds 

to a near miss; evaluating this timely responsiveness is a critical part of O&M 

assessment.
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In constructivist research, when it is not possible to assert the strength 

of measurement data through the standardisation of tasks and venues, and the 

generation of repeated measures, the triangulation of multiple data streams 

– opinions, measures, venues or tasks – can serve a similar purpose. When 

assessing O&M performance, Tourky, Bartlett and Thompson (2003) emphasised 

the importance of observing students in situations with varied cognitive challenges:

in both calm and relaxed as well as in anxious and stressful settings, in 
problem solving situations and in situations in which the student is reliant 
upon their own resources to transfer information across from generalisations 
made from personal experience to the specifics of the now new and unfamiliar 
situation. (p. 139-140)

This multiplicity provides a broader range of opportunities to showcase 

functional vision and helps to show whether measurement data are representing 

common or uncommon findings. Using the same observer who is qualified in 

functional assessment strategies can help to minimise inter-rater variability. Tourky 

et al. (2003) also advocated using video of students’ O&M action to check the inter- 

and intra-rater reliability of assessors.

3.4 Summary

The BVA retinal implant project provided a specific context and parameters that 

were clearly defined, if somewhat limited, for the investigation of functional vision 

for mobility. This project is shaped by a social constructivist approach to inquiry 

that honours the egalitarian nature of relationships in O&M assessment and the 

fact that human behaviour can be interpreted in many ways. Grounded Theory 

Methodology provides an appropriate framework for this study because the aim of 

this qualitative methodology is to build substantive new theory or a new model that 

has application in a particular context. This research design also draws on principles 

and methods from Hermeneutic Phenomenology, Heuristic inquiry, and Case 

Study that emphasise different aspects of typical O&M assessment. Behaviourally 

anchored rating scales provide a method to measure functional performance in a 
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transparent way. 

An emphasis on conceptualisation, coupled with the challenge of 

measuring functional performance means that this research design is a complex, 

multiphase, mixed methods project, generating a rich data-set that provides myriad 

opportunities to triangulate information. 

The study now unfolds in three phases. Chapter 4 accounts for consultation 

with experts using qualitative methods. Chapters Five and Six account for the 

LoVADA studies. These studies used embedded mixed methods to conceptualise 

functional vision for mobility from the perspective and lived experience of people 

with advanced retinitis pigmentosa, at the same time experimenting with different 

approaches to the measurement of their functional performance. Chapter 7 

interprets the findings from consultations with experts and the LoVADA studies to 

build new theories that provide the foundation of the novel VROOM instrument. 

The three recipients of BVA’s prototype retinal implant serve as an anchor 

point for this study because of what they can teach us about the experience of 

prosthetic vision. The VROOM instrument becomes feasible if it can quantify the 

outcomes of their experience, and facilitate comparisons between natural vision 

and prosthetic vision.
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Chapter 4 Consultations with Experts; Experience 
with Simulated Prosthetic Vision

Three separate inquiries were conducted with functional vision professionals early 

in this doctoral project using Grounded Theory Methodology. The first study involved 

consultation with O&M specialists at an International Mobility Conference to gain 

their perspective on what constitutes effective mobility. A professional development 

workshop with vision specialist teachers provided an opportunity to ask about visual 

behaviours in children who were described as blind. Then a meeting with a group of 

guide dog (GD) mobility instructors gave kinesic details about how functional vision 

is manifest when a client with a GD is travelling in the community. 

These inquiries were followed by a series of informal investigations to pursue 

curiosities that arose as I was shifting my professional focus from natural low vision 

towards assessing and measuring prosthetic vision. The purpose of this chapter 

is to describe the methods of all these inquiries and summarise the findings that 

informed the development of new tasks and measures in the LoVADA protocol. 

4.1 Effective Mobility

The aim of the first study was to re-scope mobility and prompt fresh thinking about 

relevant performance-based tasks and new measures that might capture vision-

related gains in O&M performance. The results of this study were published in the 

International Journal of Orientation & Mobility (Deverell, Bentley, Ayton, Delany, & 

Keeffe, 2015) and the article is included in Appendix 22.

4.1.1 Study design

I conducted an exploratory workshop at the International Mobility Conference 

(IMC14) in New Zealand, February 2012, to investigate professional notions of 

mobility. Beforehand, I discussed relevant language with two optometrists from 

BVA’s clinical research team and chose the phrase “effective mobility” as the 

focus of investigation. Safety, efficiency and effectiveness are recurring themes 
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in O&M texts such as Foundations of O&M (Weiner, Welsch & Blasch, 2010), but 

effectiveness is perhaps a more value-laden and rich construct than safety or 

efficiency. In my own mind, functional action is purposeful and works, whereas 

effective action is not only purposeful, it works really well and constitutes success.

I piloted possible seed questions for the workshop discussion with a 

convenience sample of adult acquaintances face-to-face, via email and telephone. 

Once the seed question was established, a response sheet was designed for 

participants (Appendix 6).

Fifteen O&M specialists from Australia, New Zealand, USA, Canada and 

Austria elected to attend the workshop that was scheduled in the conference 

program, but there was no representation from developing countries. Participants 

were asked, “What do you think is involved in effective mobility?” They were 

encouraged to consider O&M clients they had worked with, as well as their own 

mobility experiences, both near home and when travelling abroad, and then 

independently write at least five ideas on the response sheet. 

Nominal group technique (Robson, 2011) was used to report these ideas 

to the group – each person offered one of their ideas in turn, continuing around 

the group three times until all ideas were exhausted. Participants generated 89 

responses to the seed question, which were entered into an Excel spreadsheet 

displayed on an overhead screen during the workshop. Attendees clarified and 

discussed responses as they were offered, but the group was not asked to reach 

any consensus about what constitutes effective mobility. 

4.1.2 Initial analysis and findings

After the workshop, I coded responses to the seed question. The initial coding was 

relatively quick because respondents had already distilled their ideas down to 

single concepts like “natural” or concise vignettes like “how you fit with environment 

around you, such as walking on the left hand side vs right hand side on escalators”. 

Nevertheless, several passes through the list of responses were necessary. In the 

first pass, I attempted to code items as either egocentric or allocentric according 
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to whether the effectiveness of mobility seemed to relate to the person’s body, 

cognition and personal skills such as “planning” (egocentric), or to broader social 

or environmental factors such as a “user-friendly built environment” (allocentric). 

However, many items incorporated both egocentric and allocentric elements. For 

example, one participant said effective mobility means having “autonomy. But 

no car means that freedom and options are more limited”. Another said effective 

mobility involves “social awareness of something being a hindrance for others” 

highlighting the importance of social self-monitoring that creates a connection 

between self and others. 

These combined egocentric/allocentric responses prompted several 

questions that I used to re-examine the data, and identify further relevant language 

and codes. I considered, “Is this item influenced more by internal or external 

factors? What is the relationship between physical, psychological and social 

elements in mobility? Where is the locus of power in relation to this item? How does 

this item fit with a Western emphasis on independence in relation to O&M? Who 

benefits from this aspect of mobility and how is the benefit manifest? What is the 

relationship between conscious intention, unconscious action, and effectiveness in 

relation to this item?” 

Multiple columns in the spreadsheet were used to approach coding from 

different perspectives, alongside the original items (Appendix 7 includes a sample 

of this process). The Excel facility of sorting columns A-Z meant the original items 

could be readily re-ordered according to the codes in a column so that their 

congruence could be considered and new categories sought for outlying or single-

construct items. Where there were only three or four items with the same code, 

a decision was made about whether this constituted a category in its own right, 

or whether these items might fit into an existing category. Eight draft categories 

resulted from this coding process: 

1. Utility – a sense of having goals or needs, and being able to meet them

2. Access – to the environment, to information, expertise, and essential 

equipment
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3. Choice – about resources, destinations, travel routes, environments, mobility 

aids, and level of in/dependence

4. Planning and decision-making skills

5. Spatial orientation – including awareness of sensory and landmark 

information that informs travel decisions

6. Social skills – the cultural capital to understand and use the social 

environment to connect effectively with others

7. Self-regulation – skills that impact confidence, attitude, motivation and 

resilience

8. Travel efficiency – using energy and resources to meet needs easily and 

comfortably

Although this draft “Effective Mobility Framework” did not yet include the 

contribution of people with low vision, it represented a much broader understanding 

of mobility than had previously been evident in O&M outcome studies and was 

sufficient to prompt fresh thinking about new tasks and measures for incorporation 

into the LoVADA battery. My attention turned to vision. Curiously, no one in the 

workshop had mentioned vision, which suggests that in the minds of O&M 

specialists, vision is not essential for effective mobility.

4.2 Recognising Visual Behaviours in Children

Despite my experience assessing the functional vision of individual O&M clients 

in specific contexts, I was unused to thinking broadly and conceptually about 

functional vision, identifying universal constructs that might be relevant to all clients 

in a particular group such as the retinal implant candidates. Accordingly, the aim of 

this second inquiry was to name some of the visual behaviours that signify ultra-low 

vision and find out whether or how they grouped together. 
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4.2.1 Study design

I was asked to speak about prosthetic vision at a professional development 

workshop for specialist vision teachers and teachers’ aides (n=28) at the Statewide 

Vision Resource Centre (SVRC) in Melbourne. This provided an opportunity 

to discuss visual behaviours with experienced assessors of functional vision. 

Participants were notified beforehand that they would have an opportunity to 

contribute their experience in recognising visual behaviours, and we had just half 

an hour for collaboration. The purpose of the workshop was explained, attendees 

consented to participate and were provided with a response sheet that asked, 

“What behaviours indicate that a person with very low vision can see something?” 

Participants were encouraged to consider children or adults they had 

worked with who were identified as blind, and independently write five responses. 

They found this writing process difficult – the response forms submitted at the 

end of the session included only 20 written phrases. Participants preferred to talk, 

so comments were invited and open discussion ensued. The group conversation 

explored a few vignettes in depth. Those who spoke, found it difficult to contain 

their verbal responses to brief phrases, needing to give contextual explanation of 

their ideas. Other group members then contributed their views on what might have 

influenced the functional vision responses described. 

This discussion was audio-recorded and later transcribed, producing a 

further 17 statements. After the session, response sheets were collected; both 

verbal and written responses were entered into an Excel spreadsheet, with the 

adjacent columns used for coding.

4.2.2 Meanings and findings

Two particular vignettes prompted interpretative conversation.

I had a young prep child who, they said, had no vision… a bit of light 
perception maybe. She’d go to the dress-up box, put on a hat, then go to the 
mirror – a big, long full-length classroom mirror. She’d move around… strike 
a pose. She would always just go and dress up, and I thought, “Hang on a 
minute… ”
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The group agreed that in order to act out modelling behaviour so accurately, 

the child must have been able to see sufficiently well in some settings to observe 

“catwalk” action with friends, family or professionals. Or perhaps she had seen 

fashion photographs, or spent significant time clothes shopping, trying on outfits 

in the dressing room? The group considered that seeking to use a mirror is a 

distinctively visual behaviour, quite apart from striking a pose when in front of the 

mirror.

Another vignette dealt with night vision and social dynamics:

I had a student with retinopathy of prematurity, perhaps light perception in 
one eye, saying, “I saw the moon last night,” never having said that before. 
And that’s hard to judge, because – was it seeing, or was it seeing in the 
sense that “I was out with my family last night and we saw it”?

This vignette initially raised questions about visual functions – the size 

and distance of the moon as a visual target, the distinct contrast of a full moon 

against the dark night sky, and the possibility of specular reflections off nearby 

objects. Then participants suggested the child might be seeing a little and learning 

by association, likening the moon experience to noticing a shaft of sunlight in the 

daytime. The group recognised the way that communal experience can help a 

person to interpret visual stimuli and appreciated that what seems at first to be a 

purely visual target can be experienced ways other than visually. In fact, engaging 

meaningfully with a visual culture could be regarded as visual behaviour, even with 

no light perception.

Analysis of the written and spoken workshop data identified six categories of 

visual behaviour:

1. Light response – such as turning towards a light or away from glare

2. Postural response – fixed or unusual head and body postures that maximise 

visual access when looking

3. Reach – initiating reach for objects after looking, or demonstrating accuracy 

with touch 
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4. Social skills – self-monitoring to align social behaviour with those around, or 

moving freely between social groups without needing mediation from another 

sighted person

5. Visual knowledge/curiosity – commenting on visual information or asking 

about visual cues

6. “Walking within an inch” – deflecting the path of travel to avoid obstacles at 

the last moment when wayfinding

These categories make a good start, but don’t constitute fully formed 

grounded theory for several reasons. Time for collaboration with participants 

was limited and there was no sense of data saturation. The contributions from 

these participants primarily described children’s behaviour and more extensive 

consideration of adult behaviours might render additional data. These categories 

did accord with my previous experience in assessing functional vision, but this might 

be the combined result of a small data-set and the influence of a single researcher 

undertaking coding.

4.3 Recognising Visual Behaviours in Guide Dog Mobility

Aware that many people in the pool of BVA research volunteers used a GD as their 

preferred mobility aid, I decided to investigate visual behaviours that are manifest in 

GD travel. I have had less experience working with this client group and needed to 

know what to look for when assessing participants’ kinesics in the LoVADA studies.

The aim of this study was to understand how a GD mobility instructor knows 

that a person has useful residual vision when observing a client and GD working 

together. 

4.3.1 Study design

I arranged a meeting with one GD mobility instructor to ask, “How is very low 

vision such as ‘hand movements’ evident in guide dog travel?” Other GD mobility 

instructors available at the time volunteered to join the conversation, consenting for 
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their ideas to be used. 

The GD mobility instructors (n=5) discussed, described, then demonstrated 

a range of specific visual responses that can affect and possibly compromise the 

work of the dog. While explaining, one instructor played the role of client, and the 

other the role of the dog while I took short video clips, asking questions and noting 

specific kinesics. Observations and notes from the session were transcribed into 

an Excel spreadsheet and then emailed back for member-checking to the instructor 

with whom I had made the initial appointment.

GD mobility instructors described eleven different behavioural responses that 

can arise when a GD client has useful low vision (Appendix 8). These behaviours 

primarily occur in three contexts: when walking along a path, when approaching an 

obstacle, and when approaching a curb or a step. 

4.3.2 Analysis and findings

Coded responses were grouped into three categories. Very low vision is evident 

during GD mobility in:

1. Unusual postures – the client uses distinctive head postures to maximise 

visual access, or adapts body posture to avoid contact with visible obstacles

2. Hesitation – the client pulls back on the dog’s harness, taking time for visual 

processing rather than trusting the dog’s lead

3. Client leading the dog – with visual confidence, the client might walk faster 

than the dog, causing the dog’s harness to slacken, or pre-empt turns by 

jerking or twisting the harness, or steer the dog along a visual shoreline 

rather than following the dog’s lead through open space

The first of these responses is seen in the client’s body, mostly head and 

shoulders, but the second and third responses relate to the whole GD team so 

the kinesic observer needs to attend concurrently to more elements (person, 

dog, harness and environmental cues) to interpret these visual behaviours. The 

GD mobility instructors emphasised that client responses could have multiple 
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meanings, reinforcing Birdwhistell’s (1970) assertion that observed behaviours 

rarely have singular interpretation. Thus, increased vision from a retinal implant 

could become evident in more assertive visual behaviour or more hesitant 

behaviour, depending on the client. 

4.3.3 Summarising visual behaviours

These two inquiries to identify visual behaviours seen in people who are often 

regarded as blind, resulted in a list of eight visual behaviours (Table 9). Some of 

these involve adopting particular postural responses to maximise visual access, but 

some are seen during travel as they impact fluency in O&M.

Table 9
Visual Behaviours Evident in People with Ultra-Low Vision

Visual Behaviours

1. Light response – turning towards a light, or away from glare

2. Postural response – fixed/unusual head and body postures to maximise visual 

access

3. Reach – for objects after looking; accurate touch 

4. Social skills – social self-monitoring to fit in; moving freely between people in a 

group

5. Visual knowledge/curiosity – commenting on or asking about visual information

6. Walking within an inch – avoiding collision at the last moment

7. Hesitation – because visual processing takes time and intense concentration

8. Primary aid becomes secondary – vision overrides the dog, long cane or guide

4.4 Informal Investigations

In 2011 and 2012 prior to and during LoVADA protocol development, I undertook a 

series of informal investigations, shown in Table 10. These investigations extended 



118

my own embodied learning, combining tacit knowledge with social observation 

and collaboration with BVA colleagues to generate more language around very low 

vision and prosthetic vision. This process was more emergent and reflexive than the 

previous three inquiries.

Table 10
Further Activities That Informed LoVADA Task Development

Note. a RVEEH = Royal Victorian Eye and Ear Hospital; ACO = Australian College of 
Optometry

Prior to formal commencement of this doctoral project, my exploration of 

different environments and objects with low vision simulators, and consideration of 

visual complexity versus non-visual complexity in O&M, informed the development 
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of the O&M Environmental Complexity Scale (Deverell, 2011b). However, as 

discussed in Section 2.4.2.3, that scale does not account for variable visual 

conditions. Consequently I used “natural” low vision simulators (Appendix 9) to 

explore differences between increments of very low vision in accessing the travel 

environment, then looked for opportunities to learn more about prosthetic vision.

4.4.1 Prosthetic vision simulation

In Australia we had no access to people who already had a retinal implant because 

this technology is so new. However, the NICTA team developed a prosthetic 

vision simulator unit that they used in randomised controlled trials to test vision-

processing computer algorithms. The “intensity setting” emphasised elements of 

the landscape that were light in colour (Lieby et al., 2012) as does natural vision, 

whereas the “depth setting” highlighted objects that were closer and therefore 

warranted more imminent attention during travel than objects further away (Barnes 

et al., 2012) as does a long cane. At NICTA headquarters in Canberra, sighted 

volunteers had worn the prosthetic vision simulator unit to walk through a modular 

lab-based maze and test the intensity and the depth settings in clinical trials 

(McCarthy, Walker, Lieby, Scott, & Barnes, 2015). 

My first experience of prosthetic vision was in Wollongong at an annual 

BVA retreat (Table 11). I used the prosthetic vision simulation equipment in 

conjunction with my long cane to navigate the morning tea crowd at the conference 

venue. Looking at static or even video representations of phosphene vision hadn’t 

prepared me for the demanding nature of dynamic phosphene vision. I realised 

that with natural vision, we unconsciously screen out a lot of information from the 

visual environment and attend only to salient features. Simulators represent a “best 

guess” at low vision that can’t equate to a low vision lifestyle, but they do foster 

professional insight (Zagar & Baggarly, 2010). 

While wearing the prosthetic vision simulators, it took me a long time to work 

out what I might be looking at with the phosphenes. The phosphenes themselves 

conveyed no meaning, but their relationship with each other in the context was 
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important, and I could only assume that in time, with practice, I would find the 

process of visual interpretation less consuming and more rewarding.

Table 11
Musings After My First Experience of Simulated Prosthetic Vision

In all, I had four opportunities to wear NICTA’s prosthetic vision simulator 

unit and to try both table-top and travel tasks. In Canberra, I used the prosthetic 

vision simulators to look at indoor structures, then streetscapes, building lines and 
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traffic patterns (Figure 13). The regular pattern of the phosphene array picked up 

continuous lines very effectively. I found that my colleagues were recognisable by 

comparing their sizes, contrasting clothing and gait patterns. Matching their visual 

details with their voices helped me to recognise them later when they weren’t 

talking, so active sensory integration was vital in learning to use the new vision. 

Figure 13. Trialling the Prosthetic Vision Simulator Unit in Canberra

Figure 13. The head-mounted camera was connected to the backpack/laptop computer 
processing unit, which in turn connected to the eye-level phosphene screen under the black 
shroud. Distracting visual information was reduced by the shroud.

 A NICTA engineer brought the prosthetic vision simulator unit to Melbourne 

in August, and September 2012. In the first of these sessions, I walked the travel 

routes around the RVEEH that the team was considering for inclusion in the LoVADA 

protocol to understand what participants might see. In the second session I used 

three different phosphene settings to explore everyday materials and gauge the 

range of preview facilitated by each setting, my reaction time, the importance of 

contrast, luminance, reflection and movement (Figure 14).

The 1000 phosphene setting in the simulator unit was easiest to use. 

I intercepted a ball rolling towards me, then successfully read unfamiliar large 

print and logos close up. With 98 phosphenes, vision for movement (e.g., a rolling 

ball) was more satisfying than vision for stills (e.g., doorframes). I could see the 
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direction people were walking and whether a large striped umbrella was being spun 

clockwise or anticlockwise, whereas I couldn’t see the umbrella at all when it was 

still. With just 20 phosphenes I had a sense of horizontal and vertical lines. I could 

notice someone walking past if I kept my gaze still, but if I moved my head, I lost 

precision; the phosphenes bubbled and my own movement was indistinguishable 

from the movement of other people or objects.

Figure 14. Exploring the Usefulness of Phosphene Vision

Figure 14. The engineer from NICTA (left) used these exploratory sessions to understand 
the usefulness of phosphene vision. He built this information into the vision processing 
algorithms for the prototype device. The functional vision research team learned what was 
visible with simulated prosthetic vision, such as a spinning umbrella (above). 

I was surprised how satisfied I felt when I recognised something with 

phosphene vision, especially when I wasn’t expecting it. When looking at logos and 

signage, I was reminded of the transforming, even exhilarating power of literacy 

(Freire, 1968/2012) – text is tremendously appealing even when difficult to read, 

because text should make sense and offers a portal to a realm of information that 

might be worthwhile. This is equivalent to Metz (2000) realising the importance of 

potential travel, even if a trip is not undertaken, and the experience emphasised the 

importance of vision for reading in the context of mobility. 
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While 1000 phosphenes was closest to my natural vision and easiest to 

use, I was aware that of the three resolutions I tried, BVA’s prototype implant would 

offer resolution nearer to the least clear setting – the 20 phosphene mode – and I 

needed to reign in my expectations of what the retinal implant recipients might see 

when I was designing visually accessible O&M tasks for possible inclusion in the 

LoVADA protocol.

4.4.2 Flinches and glances

While considering contacts as a measure, I watched sighted people moving around 

and saw a qualitative difference in their responses to contacts that I described as a 

flinch and a glance (Table 12).

Several colleagues then volunteered to travel blindfold around the office with 

a long cane so that I could observe their responses to sensory cues. A surprising 

sight or sound could prompt a flinch response and interrupt travel flow just as 

much as physically crashing, whereas a glancing contact, such as brushing against 

a doorframe often didn’t break flow but supported orientation, like walking into a 

room and glancing around to get one’s bearings. 

These considerations suggested that an undifferentiated contact tally is 

not a meaningful indicator of functional vision or travel competence because it 

can’t be interpreted unilaterally as positive or negative. Flinches and glances were 

incorporated into the ordinal performance scales used in the LoVADA studies 

(Section 5.3.2.3). 
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Table 12
Consideration of Contact with Obstacles

4.4.3 Development of performance scales

Having chosen to develop a suite of ordinal scales to rate participants’ functional 

performance, I opted for observer-rated BARS so that I could make rapid, 
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defined decisions during LoVADA tasks, and not have to resort to video to score 

performances, or discuss every rating for every trial with every participant because 

this would skew their natural performance.

Honouring the educational nature of O&M practice, it seemed important that 

the scales measure ability rather than disability, with a higher score representing 

greater competence (Frytak, 2000). Prosthetic vision might make functional 

performance worse or even infeasible and the scales needed to be able to reflect 

this, as well as accommodating better than average performance in case already 

competent people improved further with prosthetic vision (International Society for 

Low vision Research and Rehabilitation, 1999). 

Goal attainment scaling suggested self-rating using bipolar scales, with zero 

in the centre representing no change, and increased (+1, +2) or decreased (-1, -2) 

competence reflected at either end (Kiresuk & Sherman, 1968). However, I didn’t 

want to deal with the confusion of negative scores if aggregation seemed viable. 

Hyvarinen used a three point scale, coding a child’s observed functional 

vision performance as S = Performs like a sighted person; L= Performs like a low 

vision person; or B = Performs like a blind person (International Society for Low 

vision Research and Rehabilitation, 1999), but this scale was not sufficiently precise 

in relation to very low vision. The Independent Mobility Questionnaire used Likert 

scales (Turano et al., 1999), but this model has insufficient performance indicators 

to support reliable ratings without a degree of drift. The behavioural anchors in 

Roman-Lantzy’s (2007) CVI Range seemed more reliable so I experimented with 

writing BARS like hers (Appendix 10).

I chose constructs of interest for this writing exercise by considering how 

clinical visual functions were integrated into O&M action, then identified a range of 

specific behaviours that related to each construct. The least competent and most 

competent manifestations of the construct served to “bookend” each scale. Then 

the remaining behaviours were arranged in developmental order to the best of my 

knowledge, drawing on child development theory. This process involved weighing 

the relative significance of behaviours (e.g., in relation to technical complexity, 
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implications for safety, social acceptability, likely complications, promise of 

increased freedom) to facilitate their grouping and positioning along the scale. This 

experimental matrix was never actually implemented with clients, because I had 

no certainty that the constructs it measured represented what was important to 

participants. Nevertheless, it was a useful exercise in learning how to write BARS. 

One concern I had was the way that the significance of different performance 

indicators could drift in position from one scale to the next. The solution came from 

a scale proposed by Sauerburger and Bourquin (2010) to interpret competence 

in long cane skills: (1) beginning to learn, (2) concentration required, (3) correct 

movement maintained without concentration, and (4) reliable, automatic response 

to the cane. This scale says as much about the mental effort required while learning 

as it does about the learner’s observable long cane skills, demonstrating that 

physical and cognitive constructs can be combined effectively in the one measure. 

This long cane scale prompted the idea that a generic performance scale template 

might be used to (1) introduce flexible standardisation into scale design, (2) provide 

an anchor that prevents drift in notions of competence while behavioural anchors 

on new performance scales are being developed, weighed and sequenced, (3) 

make rating easier in real-time – the numbers and generic descriptors summarise 

the level of competence, even if the specific performance indicators for the 

construct are forgotten in the decision-making moment, and (4) make the potential 

aggregation of ratings more feasible. Table 13 shows the resulting generic template.

Table 13
Generic Template for O&M Performance Scales
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The notion of aggregating scale data still held appeal, but aggregating 

separate scales is a complex process that inevitably makes assumptions and 

assertions about the relative value of different constructs. These constructs can be 

weighted theoretically or empirically, but the latter requires statistical power (Frytak, 

2000) and I chose to find out first whether the generic template was feasible. The 

suite of performance scales developed from this generic template and used in the 

LoVADA studies is tabled in Section 5.3.2.3.

4.5 Summary

The three consultations with functional vision experts prompted me to consider 

mobility and visual behaviours in relation to their particular elements as well as 

holistically. Whereas O&M outcomes research has tended to focus on intentional 

travel along a prescribed route, the effective mobility inquiry drew attention to 

incidental mobility undertaken in the course of a day – times when mobility 

unconsciously facilitates other activities around the home, school or workplace, 

often with social purposes. The effective mobility inquiry also highlighted latent 

psychosocial constructs, such as perplexity or self-consciousness, and the 

importance of describing their impact on mobility, even if reliable functional 

measures that embrace these constructs in O&M performance are not yet available. 

The draft Effective Mobility Framework included utility, access, choices, spatial 

orientation, social skills, planning and decision-making, self-regulation and travel 

efficiency. It was notable that O&M specialists in this inquiry saw orientation as 

part of mobility, but no-one mentioned vision. In O&M, if vision is unavailable, there 

are other non-visual travel strategies that can be employed. This ability to shift 

emphasis between visual and non-visual strategies became central to successful 

functional vision measurement later in this study.

The combined findings from the groups of teachers and GD mobility 

instructors indicated eight ways that visual behaviours might be manifest with ultra-

low vision (Table 9). This information about visual behaviours derived from experts 

emphasised the impracticality of trying to measure “vision only” in O&M tasks. 
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An O&M assessor needs to watch for many factors concurrently because a visual 

response can be apparent in body postures, in the position of the dog’s harness, 

and in the location of the person in the environment, not just in eye or head 

movements. Functional research tasks are needed that allow the traveller freedom 

to reach, touch, pause, explore and discuss things seen, not just walk fluently. 

The BVA clinical research team resolved to generate data in the LoVADA 

studies using a combination of established and novel methods and measures, so 

that the results of these different approaches could be compared. My consultations 

with experts combined with my embodied experience with phosphene vision, 

insights about flinches and glances during travel, and the generic template for 

performance scales equipped me to move beyond the language and understandings 

of O&M represented in existing professional texts and peer-reviewed studies. I was 

able to think about more universally relevant characteristics of functional vision for 

mobility while developing new tasks and measures for the LoVADA protocol within 

the constraints of the BVA context.
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Chapter 5 LoVADA Design

The consultations with experts reported in Chapter 4 indicated that effective 

mobility was a diverse phenomenon, needing diverse methods to showcase the 

ways that functional vision can support effective mobility. The aim of Chapter 5 is 

to describe the development and implementation of the research protocol named 

LoVADA – the Low Vision Assessment of Daily Activities. The LoVADA studies 

provided an opportunity to adapt some existing tasks, devise and trial some novel 

O&M tasks and measures, experiment with standardisation, identify which methods 

were data-lucrative, and determine viable ways to measure functional vision for 

mobility. 

 This chapter will describe the BVA volunteer pool, explain how recruitment 

of participants was managed, outline roles within the functional vision research 

team, and describe the cohort for each of the three LoVADA phases. The O&M-

related tasks are described and then the strategies used for data management 

and analyses. The results from Phase 1, the pilot studies, are incorporated into the 

descriptions of task development in this chapter. 

5.1 Participants

5.1.1 The BVA volunteer pool and implant recipients

During 2010 and 2011, the BVA clinical research team recruited research 

volunteers with retinitis pigmentosa (RP), through radio advertising, vision support 

groups, vision service agencies, and word of mouth. Many of these volunteers 

(n=110) were interested in the bionic eye for its novelty value, and because they 

wanted to support the research process on behalf of the RP community. Only some 

were interested in having an implant themselves and “getting some vision back.”

These research volunteers underwent extensive clinical vision testing at 

CERA, and responded to a battery of psychosocial questionnaires administered 

by an orthoptist over the phone. Participants with a suitable clinical profile for 
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the retinal implant – over 18, good health, and no vision or light perception only 

– discussed the nature of the prototype retinal implant with senior clinicians and 

indicated whether they were interested in trialling the implant. BVA clinicians 

provided detailed information and conservatively-stated goals, emphasising that 

prosthetic vision was experimental, rudimentary and quite different from natural 

vision, with no guarantee of positive outcomes. 

In late 2011, I conducted home visits to assess the functional vision and 

mobility skills of five interested participants, and from this group the clinical 

research team selected three recipients for the prototype implant. The other two 

were excluded on the basis of having too much functional vision to risk experimental 

surgery. The candidates needed to be independently mobile and available for one 

research day per week during the scheduled 18 month implantation. BVA clinicians 

worked with these three candidates and staff at the Royal Victorian Eye and Ear 

Hospital (RVEEH) to manage the implant surgery and post-operative care as well as 

outcomes research. Participants’ ability to deal with media engagements and public 

notoriety was a consideration in their selection.

5.1.2 The functional vision research team

The functional vision research team was convened over time and included myself 

as O&M specialist, an occupational therapist, an orthoptist and a vision processing 

engineer from NICTA. This team reported back to the BVA clinical team on a monthly 

basis. Another clinical team member had already selected vision and psychometric 

tests, then drawing on the O&M outcomes literature, had begun scouting possible 

research venues and developing the Route Travel protocol. My brief was to develop 

novel O&M tasks and measures.

The occupational therapist was recruited to develop activities of daily 

living (ADL) tasks; he and I piloted our new tasks together in November-December 

2012 (LoVADA Phase 1). We met frequently throughout the project to revise the 

new ADL and O&M tasks, discuss the content and construct validity of measures, 

refine wording on performance scales and review video footage to check inter-rater 

reliability. 
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The orthoptist joined the team for the RP40 study (LoVADA Phase 2) in 

March-August 2013. She managed recruitment of participants, scheduled research 

sessions, measured participants’ clinical vision, administered questionnaires, 

helped to video the research sessions and tallied Route Travel behaviours. 

Lastly, a computer engineer from NICTA joined the team for the retinal 

implant study in December 2013-July 2014 (LoVADA Phase 3) to manage the semi-

portable system that enabled the retinal implant participants to walk around with 

their phosphenes switched on (Section 2.5.1.2). He selected vision-processing 

settings to suit each participant, as well as the visual conditions and the task 

challenge for each session, while also developing and testing new computer 

algorithms for prosthetic vision.

Functional vision research team members maintained defined roles, because 

developing new research tasks, measures and protocols required considerable 

attention to detail, specific language and tacit professional knowledge. After 

each research session, team members discussed events, identified performance 

highlights, reviewed the effectiveness of tasks and measures, devised alternative 

task designs, and brainstormed solutions to any problems. 

The prosthetic vision simulator unit was not available to test the new LoVADA 

tasks, so we needed to design tasks based on our prior experience of simulated 

phosphene vision, and then wait to refine the tasks with the real retinal implant 

recipients in Phase 3 when the semi-portable system was available. 

5.1.3 Phase 1: Pilot cohort 

The aim of LoVADA Phase 1 was to (1) pilot tasks, (2) identify those that seemed 

feasible and produced interesting data about vision for mobility (and ADLs), and (3) 

define a standardised protocol that could be implemented with a larger RP cohort in 

Phase 2. This process involved rapid review and adjustment of tasks and measures 

between each participant, with a priority on developing a feasible protocol rather 

than creating a statistical data-set.

The novel O&M and ADL tasks were piloted with a convenience sample 
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of adults (n=7) whose characteristics are summarised in Table 14. Two O&M 

colleagues were recruited from Vision Australia and Guide Dogs Victoria because 

they had blind-mobility skills to manage the O&M tasks independently, and 

could add their professional perspective on task design to the contributions of 

participants recruited from the BVA volunteer pool. 

Table 14
Participants’ Characteristics in the LoVADA Pilot Cohort

Note. CF = count fingers (simulators equivalent to 6/750 or LogMAR 2.1); HM = hand 
movements (simulators equivalent to 6/1200 or LoGMAR 2.3); LPO = light perception only 
(LogMAR 3.5).

Each pilot participant was available for a single four hour session most of 

which took place in a large carpeted hall at the Royal Victorian Eye and Ear Hospital 

(RVEEH). The three Route Travel tasks were undertaken in the same office corridors, 

and connecting tunnel between the RVEEH and another hospital for all three phases 

of the LoVADA studies.

The occupational therapist and I examined the face validity of our respective 

tasks, gauging whether they were interesting and relevant to participants, 

addressed the anticipated outcomes from a retinal implant, were able to show 

competent performance with very low vision, and included appropriate instructions. 

We reviewed the feasibility of tasks considering whether the design was practical, 

used available resources, could be set up efficiently, and could be repeated and still 
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generate meaningful data. We considered whether we were measuring all relevant 

constructs, and created new performance scales as needed, using a generic scale 

template. Pilot participants were active collaborators in task development and 

the clinical research team also assisted with the development of performance 

measures.

5.1.4 Phase 2: RP40 cohort 

The aim of LoVADA Phase 2 was to generate a standardised, embedded mixed 

methods data-set from which I could (1) conceptualise functional vision for 

mobility from participants’ lived experience, (2) investigate what makes the visual 

landscape complex with very low vision, (3) identify functional markers of visual 

deterioration with RP, and (4) evaluate the impact of standardisation on the quality 

of measurement data about functional vision for mobility. 

Participants (n=40) were recruited from the BVA volunteer pool by the 

orthoptist, who contacted likely candidates by phone, checked their visual and 

cognitive status, screened them for depression, and collected demographic 

details before booking them in for a single six hour research session (Table 15). 

Participants needed to be English-speaking, legally blind (visual acuity <6/60 

and/or visual fields <10°) and independently mobile with sufficient stamina to cope 

with a six hour research schedule including breaks.

The orthoptist tested each participant’s vision during their research session, 

focussing primarily on visual acuity and fields (Table 16). We aimed to represent 

the spectrum of very low vision between legal blindness and no light perception, 

so participants were recruited more selectively as the study progressed to fill gaps 

in this visual acuity spectrum. All participants had rod-cone dystrophy, with the 

majority having autosomal recessive retinitis pigmentosa (80%). The participant 

with the highest acuity (6/38; LogMAR 0.5) was legally blind on the basis of her field 

restriction and only one person with no light perception was included in the cohort. 

Participants’ characteristics are summarised in Table 17.
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Table 15
Participant Data Obtained via Telephone – RP40 Cohort

Table 16
Vision Testing – RP40 Cohort
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Table 17
Characteristics – RP40 Cohort

Note. LogMAR = logarithm of the minimum angle of resolution. n=40. (LogMAR 0.0 = 6/6 
Snellen; 1.0 = 6/60; 2.0 = 6/600; 3.0 = 6/6000; 4.0 = no light perception).

The LoVADA tasks were ultimately intended to measure change over time, 

pre-post retinal implant. However, the Phase 2 study with the RP40 cohort was 

cross-sectional and participants did not receive any intervention, so it was only 

possible to measure differences in performance. The protocol facilitated intra-

personal comparisons between travel with and without a preferred mobility aid, 

and with and without natural vision, as well as interpersonal comparisons when the 

cohort was divided in two on the basis of more or less visual acuity. 

The LoVADA protocol included three blocks of functional tasks – ADLs, Route 

Travel, and novel O&M tasks (Table 18). Discussion of the LoVADA ADL tasks and 

their findings is beyond the scope of this thesis. However, I contributed to an
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Table 18
Three Blocks of Tasks in the LoVADA Battery

Note. a Original Route Travel tasks proposed by another clinical team member, modified 
by me after piloting; O&M specialist responsible for giving Route Travel instructions, 
intervening if necessary, recording task times, field notes and performance scales; 
orthoptist responsible for IMQ, videoing and tallying behaviours from video.



137

article about the ADL tasks in the LoVADA protocol, published in Investigative 

Ophthalmology and Visual Science (Finger et al., 2014), and included as Appendix 23.

At each research session, these three blocks were randomised to spread the 

impact of fatigue across the data-set. We equipped a disused hospital ward as a 

research space for the six month duration of the RP40 study, and the Route Travel 

tasks took place in the same office corridors and tunnel as LoVADA Phase 1. Details 

of the O&M tasks and venues are described in Section 5.2.

In Phase 2, major changes to the protocol were made only after 

recommendations were reviewed and approved by the BVA clinical research team. 

Accordingly, the Independent Mobility Questionnaire was modified after the first few 

participants (Section 5.2.6.1), then the O&M performance scales were adjusted 

after Participant 16 and then Participant 27 (Section 5.3.2.3). Each of these 

changes required retro-scoring of all previous performances from field notes and 

video footage to ensure that the final data-set was comparable.

5.1.5 Phase 3: Retinal implant cohort

The aim of LoVADA Phase 3 was to implement the LoVADA tasks with a retinal 

implant cohort to (1) conceptualise prosthetic vision for mobility with particular 

attention to sensory integration during O&M, and (2) determine whether the 

O&M tasks and measures could capture meaningful differences in functional 

performance between when the retinal implant device was switched off and on. 

The three implant recipients had light perception only, used a GD as their 

preferred mobility aid and could also use a long cane, but their lifestyles varied 

(Table 19).

In late 2012, the retinal implant participants previewed the LoVADA 

tasks at the RVEEH using their natural vision. Then due to hospital renovations, 

the functional vision research space was relocated to the Australian College of 

Optometry (ACO) nearby where there were two rooms available for the novel ADL 

and O&M tasks, as well as access to upper corridors, a seminar room, the lift and 

the staff kitchen. Route Travel tasks were still undertaken in the tunnel and office 

corridors at the RVEEH.
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Table 19
Participants’ Characteristics in Phase 3

There was a seven month window for functional vision research. For medical 

reasons, Arthur had his device explanted at 18 months as planned, having only 11 

weeks to generate LoVADA data, but Annette and Wayne were able to extend their 

involvement for a further six months. 

When the semi-portable system was ready, each participant trialled each 

LoVADA task with phosphene vision, so that the tasks could be adjusted to 

suit prosthetic vision and the engineer could select the best vision processing 

parameters for each participant. Then formal trials were undertaken using a simple-

to-complex task sequence to build participants’ confidence using their phosphene 
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vision. ADL tasks were undertaken first because these did not require participants 

to look and walk at the same time. Then we alternated O&M tasks with repeat trials 

of ADL tasks. Device on and device off trials were randomised.

Changes to task design in Phase 3 were made within the functional 

vision research team on the basis of feasibility as we learned the parameters of 

phosphene vision. The abiding concern of the BVA clinical team leader was that 

the retinal implant participants gain maximum benefit from the visual experience, 

discover for themselves what they liked and didn’t like about phosphene vision, 

and be able to show the team what was possible with the prototype implant. Thus, 

measurement of performance was secondary to the generation of qualitative data 

about prosthetic vision for mobility in Phase 3.

The weekly functional vision research session with each participant lasted 

2-3 hours, which was usually long enough for just one of the LoVADA tasks (O&M or 

ADL). Setting up and calibrating the semi-portable device took at least half an hour 

at the beginning of each session; participants needed frequent breaks because the 

backpack housing the semi-portable unit was hot and cumbersome; and intense 

concentration was needed to interpret prosthetic vision. 

After formal LoVADA trials were completed, Annette and Wayne collaborated 

in the extension and redevelopment of some of the LoVADA tasks and measures, 

and undertook unstructured exploration indoors at the ACO. When ethics approval 

was granted (Appendix 5), we were able to explore outside in the vicinity of the 

RVEEH.

5.2 O&M Task Designs and Phase 1 Piloting

The LoVADA protocol included four kinds of performance-based O&M tasks. Each 

of these tasks involved looking and walking, but the Route Travel tasks focused 

on fluent mobility, the Gallery task called for detailed visual interpretation, the 

Café task primarily tested orientation skills, and the TUG-LV task united visual 

landmarking, mobility and reorientation in an adaptation of an established task. In 

addition to these tasks, the Stuart Tactile Maps test served as a clinical measure 
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of spatial cognition, and three different kinds of interview were conducted – 

structured, semi-structured and unstructured interviews.

The consultations with experts described in Chapter 4 provided ideas for 

new LoVADA tasks and measures described in this chapter. Consideration of utility 

in the Effective Mobility Framework (Section 4.1.2) led to inclusion of the Gallery 

and Café tasks that shift emphasis from efficient route travel. From the list of Visual 

Behaviours (Table 9) light response prompted use of a task light as a visual target in 

the TUG-LV task (Section 5.2.4), and inclusion of various light targets in addition to 

printed targets in the Gallery task (Section 5.2.2). The list of Visual Behaviours also 

informed my observations of participants’ kinesics in the LoVADA research sessions 

and prompted experimental extension of some of the LoVADA tasks with the retinal 

implant participants. For example, in the tunnel with obstacles (Section 5.2.1.2), we 

explored how visual curiosity, reach, hesitation and sensory preferences (primary 

aid becomes secondary) resulted in collision or walking within an inch of obstacles, 

and how these related behaviours might be expressed in terms of scale (Section 

5.3.2.3).

The aims, methods and task-specific measures are outlined here in relation 

to each task, and then the generic data sources and analyses are described.

5.2.1 Route Travel tasks

The aim of the Route Travel tasks was to generate baseline data comparing (1) 

mobility with and without a mobility aid, and (2) mobility with and without vision. We 

chose three indoor travel routes of increasing complexity within the RVEEH environs 

(Table 20).

5.2.1.1 Route 1: Tunnel

The underground tunnel had artificial lighting, strong visual shorelines and no 

obstacles. Each participant walked the unobstructed route twice with a sighted 

guide. The second of these trials was used as the measure of preferred walking 

speed in calculating PPWS for all performance-based O&M tasks. 

After sighted guide, pairs of trials were undertaken in randomised order: 
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natural vision with no aid, and natural vision with preferred mobility aid (where 

relevant). The second of each trial in the pair was used as the performance 

measure for comparisons, on the assumption that the first and second trials 

were the most likely to differ and trial times would plateau after the second trial 

(Clark-Carter, 1985 in Haymes et al., 1996). A single blindfold trial with no aid was 

explicitly optional, but most participants chose to try it.

5.2.1.2 Route 2: Tunnel with obstacles

The same venue was used for Route 2 as for Route 1, with its strong visual 

shorelines and lack of orientation challenge (no turns), but five obstacles were 

seeded along the tunnel (Figure 15) and this increased the need for vigilance and 

the potential for anxiety if travellers were concerned about collisions. The obstacles 

were randomised into a potential 21 positions (left, centre or right, in seven 

sequential zones) and rearranged after each pair of trials. The obstacles selected 

for Route 2, varied in height, shape, density, contrast and reflectiveness (details in 

Appendix 11).

Figure 15. Route 2 – Tunnel with Obstacles

Figure 15. Obstacles from left to right: artificial plant, large box, 
piece of paper, tall box, and folding chair.
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Table 20
Environmental Details for Three Route Travel Tasks



143

As with Route 1, after two sighted guide trials we compared travel with and 

without a mobility aid in randomised paired trials, and the second of each pair of 

trials was used as the performance measure for comparisons. No blindfold trials 

were undertaken in the contrived Route 2 task.

5.2.1.3 Task variations

In Phase 3, after the scheduled Route 2 trials were completed with phosphene 

vision, extension tasks were undertaken in the tunnel with obstacles. The purpose 

of these variations was to explore alternative ways that prosthetic vision for mobility 

might be scored. Participants could see black targets best, so the black target range 

was increased to include poles of three different diameters, a wheelie bin, crate, 

backpack and doormat (Appendix 11). Participants were familiarised with these 

targets before trials began so that they knew what to look for. Their dogs had each 

responded differently to obstacles in the earlier trials, so in these extension tasks, 

a long cane was used to eliminate the influence of the dogs’ behaviour on object 

detection. 

In the first task variation, participants were scored for pointing at, avoiding 

contact with, and naming obstacles as they walked through the tunnel, but during 

this task their need for sensory confirmation of phosphene vision became evident. 

Annette gave priority to visual information and was reluctant to touch, however 

touch was irresistible for Wayne – he repeatedly reached out to confirm what he had 

seen with his phosphenes. Arthur used echolocation (tongue-clicking) instinctively to 

locate targets and approach them accurately. 

Contact with these obstacles was not perilous, so in the next task variation, 

the participants were encouraged to use their senses in whatever way they chose, 

to locate, name and contact each target while travelling with their long cane through 

the tunnel. These trials were not timed; the purpose was to identify performance 

indicators for sensory integration and experiment with ordinal scales that might 

capture sensory preferences.
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5.2.1.4 Route 3: Office corridors

Route 3 was located in the office environment in which many of the clinical team 

members worked. It had a busier ambience but was less public than the tunnel, 

which was an impersonal thoroughfare. Some effort was made to standardise 

conditions in the office corridors (Figure 16). Office staff were notified when 

research trials were taking place; corridor lights were switched on; the same 

number of chairs were set in place along the wall; two doors were closed to 

minimise time-wasting disorientation; window shutters were opened near the turn-

point to give a natural light cue, and this area was also cleared of clutter.

Figure 16. Route 3 – Office Corridors

Figure 16. Clockwise from left: first section with waiting room chairs near starting point; 
second section with storage cabinets; third section with fire hydrant jutting out from the wall 
and natural light near the turn point.

The U-shaped route was explained to the participants and a map drawn on 

their palm twice before two sighted guide trials were undertaken to orientate them 

to the route. Then randomised paired trials compared travel with natural vision, with 

and without a preferred mobility aid. Most participants also took up the option of a 

single blindfold trial using their preferred mobility aid.
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5.2.2 Gallery task

The aim of the Gallery task was to (1) identify strategies that people with very 

low vision use to maximise their visual access to real-world targets, (2) measure 

functional vision for mobility, and (3) examine the impact of visual exploration on 

travel speed. 

The Gallery task was administered a little differently in each phase of the 

study (Table 21), but in each venue, the window blinds were closed and overhead 

fluorescent lighting switched on. Lux readings were taken from the centre of the 

room in five directions: with the dome of the lux meter facing each of the four walls 

and the ceiling. The room at the ACO had north-facing windows, which meant that 

even with the curtains closed it was brighter than the room at the RVEEH, used for 

the RP40 studies.

Table 21
Variations in the Gallery Task in the Three LoVADA Phases

Note. RVEEH = Royal Victorian Eye and Ear Hospital; VLV = very low vision.
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Participants were asked to begin in the corner and walk along three out of 

the four walls in the room, look for visual targets and report what they saw. These 

Gallery targets were hung between 1.2 and 1.8m from the floor, approximately one 

metre apart so that predictability might aid participants to locate them as it would 

at home. There was a clear path of travel around the perimeter of the room and the 

Gallery task was always undertaken in a clockwise direction so participants had to 

scan to their left side. Participants either free-walked the route unaided or used a 

long cane. They were discouraged from using a dog in harness because the dog’s 

pace could limit the amount of time the participants spent looking.

After piloting this task, the number of visual targets was reduced from 20 

to 15 to reduce task time in the protocol and visual fatigue. The discarded targets 

were either similar to others in the range (e.g., school crossing sign) or were too 

difficult to see with ultra-low vision, including a large photograph of a hairy spider 

with very fine legs, and a colourful, cluttered calendar photograph of puppies. The 

target range combined variations in light, colour, target size, line width, contrast and 

movement; targets varied in themes and potential familiarity. The details for each 

target and the rationale for their selection are included in Appendix 12. Five of the 

fifteen targets required electricity and some were heavy so power-point access, cord 

safety and hook load restricted their placement in each venue.

 During this task I walked close by, noted participants’ comments and scored 

their exploration of each target according to the rating scale in Table 22. Points for 

each target were aggregated at the end of the task to give a maximum Gallery target 

score of 45 points.
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Table 22
Target Scoring for the Gallery Task

5.2.3 Café task

The aims of the Café task were to (1) identify strategies that people with very low 

vision use to explore and mentally map an unfamiliar space, (2) measure dynamic 

orientation skills, and (3) examine the impact of orientation challenge on travel 

speed.

The Café task took place in the same room as the Gallery task (Figure 17), 

but the window blinds were left open so that natural light could provide a strong 

visual landmark that might be useful for orientation. The room had six chairs and 

six differently shaped tables – a circle, square, rectangle, triangle, hexagon and 

trapezium. The table bases remained in a templated position for the duration, but 

the table-tops and chairs were re-arranged between each trial according to six 

randomised floor plans. Details of the Café resources are in Appendix 13.
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Figure 17. Café and Gallery Venue for the RP40 Study

Figure 17. The Café and Gallery tasks took place in a disused hospital ward for the RP40 
study.

Participants were asked to begin at the door, explore the room independently 

however they chose including using touch, and then accurately map the placement 

of furniture in the room using a hand-held magnetic map. They were given the map 

correctly orientated to the room, with the mini-furniture magnets lined up along the 

top. Most participants chose to free-walk and only a couple carried a long cane, but 

accuracy in the task required hand exploration more than long cane exploration. 

While the participant was exploring, I sat at the side of the room and 

recorded his or her movement as one continuous line on the relevant floor plan for 

the trial. I changed colours periodically so that the traveller’s progress was evident 

from the colour sequence – a qualitative strategy derived from the visual-spatial 

Rey-Osterrieth Complex Figure Test (Shin et al., 2006). Some of the participants 

crossed their own path many times and colour change on the map made it easier to 

follow their direction of travel and interpret their performance after the event 

(Figure 18). In Phases 2 and 3, I usually noted participants’ comments made during 
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the task on their route map at the location where they were made, and numbered 

these comments, showing the sequence of their thinking in relation to their 

movement.

Figure 18. Café Route Map

Figure 18. Colour change was used to show the pilot 
participants’ orientation strategy. This participant placed her 
map on the square table and kept coming back to adjust the 
magnets on the map, according to what she found in the room. 
Map not to scale.

After each Café trial I sketched a copy of the participant’s magnetic map – 

their interpretation of the furniture layout – onto the data-form, and a photograph 

of the map was also taken. These graphic records were used afterwards to check 

the intra- and inter-rater reliability of map scores with a sample of ten maps. This 

process indicated that when scoring, the criteria needed to be rated in sequential 

order for the map score to be reliable; this meant that if a table was incorrectly 

placed then the person couldn’t score a point for the associated chair further down 
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the list (see Section 6.1.3.5, Figure 26). None of the floor plans had a chair at 

the circle table because the round edge made it too difficult to score the chair for 

accurate location and orientation, so another table always had two chairs.

The Café task was implemented a little differently in each LoVADA phase 

(Table 23). In Phase 1, some people were clueless about non-visual exploration 

strategies when wearing a blindfold, so in Phases 2 and 3, I gave general orientation 

to the room at the start by tapping each table to give its general location, and also 

suggested participants could either carry the magnetic map while they explored, or 

leave it on a table and keep coming back to record their findings.

Table 23
Variations in the Café Task in the Three LoVADA Phases
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During Phase 2, we found that the Café task was quite demoralising for 

people with limited spatial skills, yet one of the retinal implant participants had 

limited spatial skills so in Phase 3, I modified the task design. The magnetic map 

was discarded and in Phase 3 participants could score a maximum of 12 points 

for identifying the shape of each table and for locating each chair in the room. 

These participants were encouraged to do the task however they chose, but 

they mostly looked before touching, trying to work out what they could see with 

phosphenes before confirming with touch. Thus, in Phase 3 the Café task provided 

a standardised context for exploring with phosphene vision, but the emphasis was 

on qualitative data and sensory integration rather than on task scores or spatial 

cognition.

5.2.4 Timed Up and Go – Low Vision (TUG-LV)

The aims of the TUG-LV task were to (1) measure the impact of different levels of 

vision on travel efficiency in a short-trip O&M task, and (2) examine relationships 

between vision and mobility choices in the context of orientation challenge. 

The original TUG task (Podsiadlo & Richardson, 1991) involves standing up, 

walking 3 metres, then turning, returning to the chair and sitting down again. The 

task is timed and serves as a quick, effective test of functional agility. However it 

is not very difficult for an agile person to walk straight for 3 metres with no vision, 

so I modified the task to increase its orientation challenge and its visual cues, 

increasing both the need and the opportunity to use vision to support wayfinding 

and decision-making. The course was extended from 3 metres to 6 metres 

(12m return), and was located not parallel with the walls or overhead lighting, to 

discourage the use of echolocation and shorelining. The chair was black against a 

cream wall, and we placed an extra visual cue at each end of the course – either 

a task light or a black pole – that might be seen with very low vision, to cue the 

direction of travel. 

The TUG-LV task was administered a little differently with each cohort (Table 

24). In Phase 1, the hall where the TUG-LV course was located had a lot of spare 
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furniture and clutter around the periphery, and very limited clues for reorientation. 

We found that a guide dog removed the orientation challenge from the task and 

made participants’ vision redundant. Similarly, a long cane made it easy to sweep 

and find the light pole tactually if the participant was within a 1-2 metre range, 

reducing the need to look. In Phases 2 and 3, participants agreed to try the task 

without a long cane or dog because the distance was short and there were no steps 

or obstacles between the chair and the turn-point. However, one participant used a 

four wheel walker, and one used a support cane for balance.

Table 24
Variations in the TUG-LV Task in the Three LoVADA Phases
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In Phase 2, the TUG-LV course was located at an intersection of corridors 

with irregular wall contours including a kitchenette and large photocopier (Figure 

19). In Phase 3, the room at the ACO was only just large enough to accommodate 

the 6 metre route diagonally with a 1 metre gap behind the target at either end. In 

each of the TUG-LV venues, a straight-line travel zone one metre wide was marked 

discretely on the floor (chalk on carpet, permanent marker on vinyl) to indicate 

veering. Half-metre increments were marked along this zone to measure each 

participant’s range of preview from the end target.

Figure 19. The TUG-LV Course for the RP40 Trials

Figure 19. The course was deliberately skewed 
from parallel with walls or strong visual shorelines.

Range of preview was measured before commencing timed trials – sighted 

guide technique was used to walk each participant slowly from the chair towards the 

target light or pole at the turn-point; each participant indicated when they thought 

they could see the target, and again when they became certain. In the process, they 
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became familiar with the space and distance, including the feel of the target light 

or pole at the turn-point so they would know what to search for during timed trials. 

In Phase 1, we trialled a fluorescent and a halogen light as targets, and both could 

be seen at a greater distance with natural vision than the black poles. However, 

the glare from the fluorescent light caused temporary functional blindness, so the 

halogen task light was used at each end of the course in the RP40 trials. This light 

was not evident with prosthetic vision though, so in Phase 3, a wide black pole was 

used at each end of the course. Details for the TUG-LV resources are included in 

Appendix 14.

5.2.5 Stuart Tactile Maps test

The aims of using the Stuart Tactile Maps (STM) test (Stuart, 1995) were to (1) 

investigate whether the test results were associated with dynamic orientation 

performance in an adult cohort, and (2) explore strategies that people use to learn 

spatial information and build a functional mental map.

The handmade test loaned to the team by Dr Stuart, consists of three tactile 

maps constructed from wire bent into shape and glued onto Perspex sheets. The 

basic set of maps (Set A) comprises three levels of difficulty (see Appendix 15). 

Before this task, participants were asked about their previous experience 

with different kinds of maps (e.g., print, tactile, body map). Afterwards they were 

asked to describe any strategies they had used to help remember spatial details.

The participant was seated at a table and wore a blindfold for the duration 

of the task (Figure 20). After three guided exposures to Map A1, the participant 

attempted to draw the shape with pencil on paper. If able to draw the first map 

accurately, the next level of difficulty was attempted (Map A2, then Map A3). 

Accuracy referred to the correct direction and relationship of lines and angles; 

the size of the copy was unimportant. If unable to remember and draw a map 

accurately, participants received three more guided exposures before another 

drawing was attempted. The participant had a maximum of three sets of three 

guided exposures to each map and did not proceed to the next map if the third 
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drawing of the current map was inaccurate. The test was scored out of nine 

according to the number of trials needed to finish the test, with nine representing 

the best performance. The scoring matrix is included in the data form for the task in 

Appendix 16. 

Figure 20. The Stuart Tactile Maps Test

Figure 20. Hand-over-hand guided exposure to Map A1 in the Stuart Tactile Maps test.

5.2.6 Interviews

Three kinds of interview took place during the LoVADA studies. The Independent 

Mobility Questionnaire was a structured interview, with the same questions asked 

in the same order, and little prompting from the interviewer. A semi-structured 

interview schedule provided a framework for inquiry that enabled me to generate 

qualitative data with every participant about my particular topics of interest. 

Unstructured interviews involved open conversation with participants, with no 

defined schedule of questions.
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5.2.6.1 Independent Mobility Questionnaire

The aims of using the Independent Mobility Questionnaire (IMQ; Turano et al., 

1999) were (1) to implement an established, standardised measure of self-

reported difficulty with mobility, and (2) to compare self-reported difficulty in mobility 

situations with observed functional performance in the LoVADA tasks. 

The IMQ, which was discussed in Chapter 2, uses Likert scales to rate 

participant’s self-reported difficulty in 35 mobility situations. The orthoptist 

conducted the IMQ interviews face-to-face and recorded participants’ self-

ratings. My own interest in the IMQ was less in the measurement properties of 

the instrument, than in the descriptive data it proffered about very low vision. I 

observed the interview and noted any comments that were relevant to my own 

semi-structured interview schedule to avoid later repetition. 

Early in the implementation of the IMQ, the orthoptist found we needed to 

change the conditions of response. This test was originally validated with an RP 

cohort that had more vision than our RP40 cohort, and responses to questions were 

initially made in relation to unaided travel, even though most in the RP40 cohort 

used a mobility aid at least some of the time. As a result, the early data were more a 

record of the first few participants’ hypothetical surmise than an authentic account 

of their mobility experiences. After consultation with the BVA clinical research team, 

the IMQ instructions were changed so that participants could respond in relation to 

use of their preferred aid. The early participants were re-scored from their original 

comments the orthoptist had noted on their forms. This modification was necessary 

to generate meaningful data, but it compressed the item difficulty scale from over 

5 logits to just over 2 logits, losing much of the wide range for which the scale was 

initially designed. However, the IMQ remained an effective interview schedule, 

generating specific, relevant self-report about each person’s functional vision for 

mobility.

I contributed to an article presenting Rasch analysis of the IMQ findings from 

the RP40 cohort, published in Optometry and Vision Science (Fenwick et al., 2016; 

Appendix 24).
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5.2.6.2 Semi-structured mobility interview

The aims of my own semi-structured mobility interview schedule (Table 25) were to 

(1) conceptualise functional vision for mobility, and (2) evaluate the relevance of 

LoVADA O&M tasks and measures to participants’ lifestyles and mobility choices.

Table 25
Semi-Structured Mobility Interview Schedule – Phases 2 and 3



158

During LoVADA Phase 2 there was limited time in the single research session 

for another scheduled interview in addition to the IMQ. However, mobility vignettes 

and insights frequently arose during conversations around task performance. During 

the RP40 research sessions, I captured what data I could from the IMQ interview 

and was able to raise most of the issues in my semi-structured interview schedule 

informally through the day, either during research tasks or while moving between 

different research spaces. The interview data form (Appendix 16) provided a 

standardised documentary structure to record these vignettes and insights. I added 

to the form throughout the day, and checked it for completion in the afternoon so 

that any gaps in the interview schedule could be addressed before participants left.

5.2.6.3 Unstructured interviews with retinal implant participants

Outside the context of the scheduled LoVADA research sessions, I occasionally 

voice-recorded intentional, unstructured conversations with each of the three 

retinal implant participants to track their progress in the BVA research journey. The 

participants and I used these conversations to (1) scope ways in which prosthetic 

vision was different from natural vision, (2) understand the relationships between 

sensory preferences, mobility choices and spatial cognition, (3) review the relevance 

of research tasks, (4) brainstorm ideas for new research tasks, and (5) check the 

face validity of my new theories about functional vision for mobility. 

These conversations usually took place in a local park or café at lunchtime 

on days when participants attended psychophysics sessions at the Bionics 

Institute. The participants were aware that noted or transcribed data from these 

conversations contributed to the data-set for BVA research and they were keen 

contributors, sometimes requesting a conversation when they had insights to 

report and we hadn’t talked in this way for a while. Only the most salient recordings 

were transcribed and formally analysed, but these conversations influenced my 

interpretation of the qualitative data generated more formally during the LoVADA 

tasks, and contributed to my thinking about the measurement of functional vision.
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5.2.7 Exploratory travel

During Phase 3, after participating in each O&M task as planned, and collaborating 

with the functional vision research team to extend some of the standardised LoVADA 

tasks, Annette and Wayne also had three unstructured sessions to explore in their 

own way how prosthetic vision could be useful for mobility. 

The first exploratory session for each took place indoors at the ACO. Annette 

and Wayne used their dogs and focussed on wayfinding, identifying corners, 

shorelines, doorways or rooms; locating seating and searching for smaller items 

such as cups on a table or papers on a notice board. 

The second and third of these exploratory sessions took place along the 

footpaths outside the RVEEH in a busy urban environment where Annette and 

Wayne investigated environmental features (e.g., buildings, trees, signage, parked 

cars), moved around other pedestrians, and observed traffic. 

Each of these sessions began with discussion to identify some relevant 

objectives, after which they could spend as much time as they needed to satisfy 

their visual curiosity before moving on. There was plenty of discussion about what 

they could see with phosphene vision, the strategies that enabled them to see best, 

and consideration of other O&M contexts where the phosphene vision might also 

be useful. I used these sessions to trial an ambitious instrument I had drafted to 

measure functional vision (Appendix 20) identifying a wide range of visual targets 

but the instrument was too complex to be feasible given the limited time and 

roaming range we had available. 

5.3 Data Streams and Analyses

I devised a separate data form for each task in the LoVADA battery, and these forms 

were revised and updated between each pilot participant in Phase 1, three times 

in Phase 2 as major changes were approved, and again as tasks were modified for 

prosthetic vision in Phase 3. The forms included space to note participant voice, 

my observations and task analysis with every task; Lux readings; task time and 

distance; any task-specific measures; and the suite of novel performance scales. I 
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included sufficient abbreviated performance indicators for the scales on each form 

to reduce paper shuffling while scoring participants in real-time. A set of data forms 

from early in the RP40 study is included in Appendix 16.

5.3.1 Qualitative data 

Qualitative data streams generated in the LoVADA studies included field notes, 

maps, video, photographs, and occasional voice recordings, although there were 

some variations between tasks (Table 26).

Table 26
Qualitative Data Generated in the Three LoVADA Studies

Note. TUG-LV = Timed Up and Go-Low Vision; STM = Stuart Tactile Maps test;  
IMQ = Independent Mobility Questionnaire; 1 = Phase 1 pilot; 2 = Phase 2 RP40 study;  
3 = Phase 3 24ChPP study

5.3.1.1 Field notes

On the O&M data forms (Appendix 16), I maintained a distinction between 

participant voice, researchers’ observations of performance, and broader 

considerations about research design. 

The Participant Comments section included audible self-talk, the 

participants’ explanations of their actions during the task, their observations about 
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their own abilities and limitations during and immediately after each task, their self-

critique, and their questions. 

The Observations section included my descriptions and professional analysis 

of each participant’s kinesics, competence and limitations that were apparent 

during the task. I noted O&M techniques that resulted from previous O&M training; 

described what were established visual habits as well as strategies devised by 

participants on the spot; and behaviours that indicated whether the tasks were 

relevant to each participant such as pleasure, frustration, hesitation or ready 

compliance. Other team members’ observations about participants were also noted 

in this section, with the source identified. 

The Task Analysis section provided a space to note comments that were not 

specific to the participant’s capability, but had more to do with my evaluation of task 

design, adequacy of measures or development of theory. I also used this section to 

record my own subjectivities in the research process, note comparisons between 

participants, and flag questions or design issues relating to functional vision 

research that needed further consideration either by me or the research team.

There were several reasons why I chose to use handwritten field notes 

rather than relying on audio or video transcripts as my primary record of qualitative 

findings in the LoVADA studies. 

1. The range and volume of qualitative data from the LoVADA studies had the 

potential to be overwhelming. In the process of writing field notes, data were 

screened, weighed for their relative significance and reduced on the spot 

because it was impossible to write down everything that happened. I could 

check video records later if need be. 

2. O&M assessment began at first contact with the client, and during LoVADA 

sessions, I observed participants’ O&M action throughout the day, not just 

during designated research tasks. I needed a reliable, efficient method of 

capturing data in any serendipitous moment (e.g., comments made while 

travelling in the lift).
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3. Note-taking can capture multiple data-streams in the one medium, including 

quotations, descriptions, ideas and maps. These different data streams can 

be sorted out later during transcription.

Even with efficient note-taking, the strength of field notes depends on 

the writer’s clarity about what is significant in the moment. Two disadvantages 

of note-taking are that key data can be missed in real-time, and the writer’s bias 

influences the data-set from very early in the research process (Bryman, 2012). 

However, these limitations seemed preferable to becoming overwhelmed by audio 

recordings that I would not have time to transcribe and reduce. I recorded word-for-

word any particularly succinct, surprising, convincing or original comments made 

by participants, but otherwise noted words and phrases rather than full sentences, 

seeking to capture the conceptual and contextual accuracy of participants’ actions 

as much as their words. 

Post hoc, the transcription process refreshed my memory of events in 

surprising detail including participants’ location-specific responses I had noticed 

during sessions, but hadn’t time to write down. I was able to confirm particularly 

significant observations from video data.

5.3.1.2 Graphic data

When observing O&M action, hand-drawn maps can capture elements of real-time 

spatial performance, including travel trajectories, mental mapping, disorientation, 

and resulting problem-solving strategies more succinctly than description. In 

the Stuart Tactile Maps test, participants used a sketch map (not to scale) to 

communicate their spatial understandings, and I sometimes used a sketch map on 

data forms to record detours taken by participants during Route Travel tasks. 

The Café floor plans required some preparation (drawn to scale in a Word 

document from room and table measurements), but these scale maps supported 

the accurate measurement of travel distance for each participant, making it 

possible to calculate PPWS for each Café trial (see Appendix 18 for parallel study). 

The scale maps also provided a spatial template to note participants’ self-talk 
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where it occurred, and the sequential numbering of these comments connected 

each participant’s sequenced thinking, decisions and actions, requiring minimal 

description. Thus, the salient events of a task that took up to 20 minutes were 

condensed onto the one page, and there was rarely need to return to video footage 

to clarify performance details. This saved significant time when analysing Café data.

All dynamic O&M tasks were videoed in Phases 2 and 3 for each participant. 

I used these video records to: 

•	 review kinesics and examine the processes of sensory integration in detail

•	 consider the multiple meanings of behaviours, including motivations and 

social perceptions 

•	 describe behaviours accurately and sequence performance indicators

•	 review performance scores and scales for intra- and inter-rater reliability 

(with masked colleagues)

•	 compare participants

The challenge in Route Travel tasks, was to capture video footage that 

enabled the orthoptist to tally the participants’ behaviours without unduly 

distracting or obstructing their travel flow. We experimented with different camera 

positions and ranges in the first few sessions and then tried to keep these camera 

angles consistent in Phases 2 and 3 to generate a comparable data-set.

Occasional photographs were taken, primarily for use in BVA presentations, 

but snapshots were less eloquent about O&M than video because they 

decontextualised the moment from the flow of antecedents, action and 

consequences that are fundamental to O&M.

5.3.2 Quantitative data

Measurement data included task time, travel distance, PPWS and a suite of ordinal 

performance scales that were trialled in all O&M tasks, as well as behavioural 

tallies on the Route Travel tasks (managed by the orthoptist and not included in this 

report). The starting and finishing location was identified for timing each task. In 

the Café task, there was no designated finishing point and timing stopped when the 

participant declared the task completed. 
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5.3.2.1 Distance measures

In the original PPWS study undertaken by Clark-Carter, Heyes, and Howarth (1986), 

participants wore a measuring wheel to record their personal travel distance; this 

rolled along the ground behind them, attached to their body with a harness. In 

more recent O&M research though, PPWS has been calculated using the distance 

of the prescribed travel route measured with a trundle wheel prior to participants 

undertaking travel trials. This method can generate a consistent and comparable 

data-set, although any detours are represented as a slowed travel speed, whereas 

the traveller might actually have maintained a consistent speed but taken longer 

and covered more distance than anticipated while regaining orientation. 

This prescribed distance was used to calculate PPWS in the Route Travel 

tasks, the TUG-LV task and the Gallery task, but in the Café task there was no 

prescribed route – participants were free-roaming. We trialled a pedometer when 

piloting the Café task but found it inadequate in this context. An accurate step 

count depends on rhythmic gait to activate the vertical pendulum in the pedometer, 

whereas Café participants glided, shuffled, hovered and strode, frequently changing 

directions while exploring. One participant registered 27 steps on the pedometer, 

but a trundle-wheel re-enactment from a sketch map of her route (Figure 18) 

indicated she had actually travelled around 65 metres. I established in a parallel 

study that it was possible to measure a participant’s travel distance accurately 

enough from a scale map using a Scalex Planwheel (see Appendix 18), so this 

method of calculating individual travel distance was used in the Café task. 

5.3.2.2 PPWS

Calculating PPWS (Clark-Carter et al., 1986) meant first establishing each 

participant’s preferred walking speed (PWS) from time and distance measures using 

sighted guide in the tunnel. For example, Julia walked:

27 metres fixed distance ÷ 23 seconds trial time = 1.17 metres/second PWS

Her trial speed was calculated from trial time and distance measures for every trial 

condition, thus in the office route:
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54 metres fixed distance ÷ 119 seconds trial time = 0.45 metres/second 

trial speed

Lastly, her PPWS was calculated from trial speed and PWS:

0.45 m/s trial speed ÷ 1.17 m/s PWS x 100 = 38.46 PPWS

This hypothetical result suggests that Julia slowed to less than half her preferred 

walking speed on the office route.

5.3.2.3 Behavioural tallies and performance scales

The Route Travel protocol for LoVADA that was initially developed by another clinical 

team member included some behavioural tallies found in the O&M literature, 

including contacts and veers (Dodds et al., 1983) as well as scans, hesitations and 

interventions. I considered that these tallies rendered poor quality measurement 

data about functional vision for mobility, because each of the behaviours can 

have multiple interpretations. As discussed in Chapter 2 a contact tally gives no 

indication of whether or not the contact was intentional, whether contacts matter to 

the traveller, or how the contact affects subsequent travel. Veers can be prompted 

by distractions from sounds, changes in groundplane, or thoughts, as well as visual 

cues, and some blind people walk straight using kinaesthetic habits and sound 

cues (Guth & Laduke, 1994). Similarly, scans and hesitations can be prompted 

by sounds and thoughts as well as by vision. An intervention tally is as much an 

indicator of the observer’s timing of interventions as the traveller’s ability to manage 

risk.

Nevertheless, each of these behavioural tallies prompted the development 

of a separate performance scale. Performance indicators were first drafted drawing 

on the consultations with experts reported in Chapter 4 and my own professional 

experience. The range and content of these performance scales evolved through 

the piloting phase and the RP40 study. The participant behaviours manifest during 

LoVADA tasks were built into the scales as performance indicators. Table 27 shows 

the original suite of scales based on the behavioural tallies, and then their evolution 

into the final suite of six performance scales. For example, the Hesitations tally 

prompted development of the Tension Scale that evolved into the Posture Scale. 
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Table 27
Evolution of O&M Performance Scales

During Phase 1, I experimented with four and five point scale structures 

and found the generic template described in Section 4.4.3 adequate to account 

for the range of performances being demonstrated (i.e., 3 = elite performance, 

2 = competent performance, 1 = basic performance, and 0 = dysfunctional 

performance). 

Although they were initially intended to measure route travel, this suite of 

performance scales was also trialled in the other O&M tasks in the LoVADA battery 

to determine whether they might have wider application. During Phase 2, the 

relevance and wording of each scale was formally reviewed after working with 16 

participants then again after 27 participants. Some scales simply didn’t work in the 
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LoVADA context and were discarded (Visual Priority and Echolocation). Some didn’t 

work in relation to particular tasks; for example, none of the scales were relevant 

in the Gallery task because the scales focussed on functional mobility and sensory 

integration, whereas the Gallery task gave priority to vision without touch, and travel 

was accompanied.

The process of scale development involved many revisions to ensure that the 

name of a scale was aligned with the construct it was intended to measure, and the 

performance indicators for each level of the scale were clearly defined and mutually 

exclusive. While evaluating and revising scales in relation to route travel (including 

TUG-LV), I considered the following issues:

1. Is the scale easy to rate?

2. Can performance be rated in real time, or is review of video required?

3. Are all performance indicators clearly defined?

4. Are any “line-ball” judgements required?

5. What factors cause rater indecision?

6. Does the scale capture variations in performance with different trial 

conditions?

7. Are there floor or ceiling effects?

8. Does the scale make sense to others (inter-rater reliability)?

9. Might the scale also work outdoors, or on the participant’s familiar routes?

Then I considered how the scales performed in the Gallery and Café tasks where 

travel was incidental to visual interpretation and self-orientation:

1. Is the scale relevant to the task purpose? 

2. Do the performance indicators need to be customised for the task?

3. Are there other O&M contexts this scale could be used to measure?
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Then collectively,

1. Are there distinct relationships between any of the scales? 

2. Is there redundancy in the suite of scales?

3. Does the range of scales adequately summarise what was important about 

the participant’s performance on this task?

4. Are any behaviours apparent or important that are not captured in the 

current range of scales?

When the last scale was finalised after Participant 27 in the RP40 study, all 

prior performance ratings were revised from video and adjusted where necessary. 

Ratings from a sample (n=15) of the more complicated or unusual task responses 

were then checked independently for their intra- and inter-rater reliability with the 

assistance of my occupational therapy colleague and another non-O&M researcher, 

with resulting discussion to clarify performance indicators and finalise ratings. 

The final data-set from LoVADA Phase 2 included measurement data from six 

performance scales (Tables 28-33).

Table 28
Wayfinding	Scale
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Table 29
Touch Frequency Scale

 

Table 30
Touch Type Scale
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Table 31
Support Scale

 

Table 32
Posture Scale
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Table 33
Mobility Aid Scale

5.3.3 Data management

While piloting the LoVADA tasks in Phase 1, data were examined after every 

participant and immediate changes were made to task designs, measures and data 

forms in preparation for the next research session. Having served their purpose, 

hard-copies of these data forms were stored in a folder in their original format 

without transcription or statistical analyses.

In Phase 2, I used a detailed table to track the many elements of qualitative 

and quantitative data management and analysis (Appendix 17). Electronic 

transcripts, videos, photographs and audio files were stored in a separate electronic 

folder for each participant on the password protected university server. Hard-

copy data forms from Phases 2 and 3 were stored in two ring-binders and kept 

in a locked room. Measurement data were entered into one of two data-bases, 

described in Section 5.3.3.3 in preparation for statistical analyses. Embedded 
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mixed methods data were transcribed and transcripts uploaded to NVivo, which is 

software that supports qualitative data analyses.

5.3.3.1 NVivo software

During Phases 2 and 3, I transcribed my field notes into a single templated Word 

document for each participant as soon as possible after each session. I devised the 

template using a hierarchy of heading styles in Word to structure all the different 

O&M data streams from the LoVADA protocol, maintaining separation between 

tasks, between types of data within each task (e.g., participant voice, observer’s 

comments and task analysis) and between questions in the semi-structured 

interview. A single transcript for each participant was uploaded to NVivo software 

(version 9, QSR International, Melbourne, Australia).

The use of heading styles in the template enabled me to use the auto-code 

function in NVivo. This function does not do qualitative analysis but it does enable 

NVivo to become a data catalogue to facilitate easy electronic access to data. I 

could explore the whole data-set via specific search strategies such as task type, 

participant ID, an interview question, or a particular data stream within a task (e.g., 

participant voice). I used the keyword search function to collate all information 

on new codes being explored, or data relating to emergent theories. The keyword 

search also facilitated access to isolated fragments such as a partially remembered 

quotation. However, my use of manual coding in NVivo was targeted to specific 

questions in the semi-structured interview schedule because I wanted to analyse 

participant comments rather than my own commentary. I found that embedded 

mixed methods coding was best undertaken at the same time as I was transcribing 

my field notes.

5.3.3.2 Embedded mixed methods analyses

The purpose of generating an embedded, mixed methods data-set in the LoVADA 

tasks was to maximise data precision, and so separating data into qualitative and 

quantitative streams for initial analyses was counter-productive. The raw data 

forms maintained integrity between the different data streams for each task that 
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included self-talk, abbreviated comments and direct quotations, my description of 

kinesics, reflexive comments, questions, and different kinds of measurement data 

(e.g., time, distance, PPWS, Lux readings, task scores, performance scales). During 

my embedded analysis (Creswell et al., 2011) and when developing new theory, 

measurement data were treated as performance indicators, triangulated and 

interpreted qualitatively with other data sources from the same task. 

In qualitative research, interview transcripts often serve as the primary data 

record for systematic coding (Bryman, 2012), and the participant’s voice carries 

the narrative flow. In the LoVADA studies though, the narrative flow or sequence of 

events was inherent in the participants’ actions (body-as-text) more than in their 

spoken words, and was captured most fluently in the video recordings of each task. 

My data forms contained a pastiche of fragments – single words, brief phrases 

and sometimes full sentences as well as maps, sketches and measures. In some 

situations, the location of notes on the data forms was as important as the words 

themselves in accounting for participants’ embodied knowledge, such as the 

numbered placement of annotations on the Café scale maps. 

Data analysis began informally as the tasks were being undertaken. Then 

the systematic task of transcribing my fragmented field-notes after each session 

also served as the primary process for coding data. While typing each participant’s 

transcript, I worked through each task to:

•	 ensure that all data forms were complete

•	 prompt specific recollections of each event

•	 name observed and remembered kinesics, including actions, emotions and 

attitudes, returning to video footage to confirm recollections as needed

•	 compare all data streams within a task, identifying similarities and 

differences

•	 consider the role of vision in sensory integration, task access, learning, and 

achieving the task purpose 

•	 identify the participant’s priorities in relation to vision and mobility

•	 evaluate whether the task design and performance measures adequately 
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captured participants’ priorities

•	 identify specific comments, behaviours or vignettes that indicated task 

relevance

•	 compare different tasks for each participant to identify similarities and 

differences

The task analysis sections on the participants’ transcripts provided a space 

for me to locate new themes, codes, reflexive comments and ideas for categories 

while analysing their data. During transcription, it was relatively easy to trace the 

reasons for unusual performance measures back to their likely causes because 

the relevant data were all in one place. If I couldn’t find evidence for measurement 

anomalies in the Participant’s Comments or Observations from the task itself, then I 

looked at other sources including the Stuart Tactile Maps test and interview data for 

relationships of significance. 

The transcription process was slow because it involved constant comparison, 

searching for accurate language to describe integrated tacit knowledge, as well 

as reflexivity about the research process itself. Prompted by the data, I repeatedly 

paused transcription to write memos, develop matrices, mind maps and other 

graphics, return to previous participants’ transcripts for comparison, or seek out a 

conversation partner. CERA/BVA colleagues assisted in reviewing video evidence 

with me when I needed more language to describe and interpret participants’ 

behaviours. O&M colleagues and the retinal implant participants gave opinions 

about the face validity of my developing theories. 

Later, when statistical analyses (Section 5.3.3.3) prompted specific 

questions of the data, I returned to the hard-copy LoVADA transcripts to undertake 

manual coding using highlighters and handwritten notes to annotate the transcript, 

finding this process quicker and more versatile from a life-style perspective than 

coding data in NVivo, because I could do it while commuting. This secondary coding 

process also fostered deeper exploration of the data while testing and refining 

emerging theory. 

Embedded findings from Phase 3 were written up as a collective case study 
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report for the BVA clinical research team. In this report I tried three genres: (1) the 

thick description of Phenomenology (Appendix 21), (2) matrices summarising and 

comparing the three participants’ specific responses to individual tasks, and (3) 

a concise bullet list of common and unique benefits and limitations of the retinal 

implant. Each subsequent genre helped to reduce the data further, with the bullet-

point version being the most concise and accessible account of outcomes (Section 

6.2.6).

Analysing LoVADA data involved alternating between the search for a broad 

understanding of what constructs to measure in relation to functional vision for 

mobility, and a deep understanding of each construct, particularly how vision 

integrated with other variables into functional competence.

5.3.3.3 Quantitative analysis 

After the retro-scoring of performance scales was completed and checked for 

reliability (Section 5.3.2.3), measurement data from Phase 2 were entered into 

OpenClinica, which is a secure online database. From there, measurement data 

were exported to Excel and uploaded to SPSS software (Version 19.0, SPSS Science, 

Chicago, IL) for statistical analyses. Frequency tables were generated and I returned 

to hard copy data forms and video footage to check anomalies and account for any 

missing data.

Other members of the clinical research team took responsibility for the 

more complex statistical analyses of measurement data (Finger et al., 2016), 

including Rasch analysis of the IMQ results (Fenwick et al., 2016). I was particularly 

interested in whether the new performance scales and task-specific scores could 

proffer meaningful evidence of functional performance.

In the RP40 study (LoVADA Phase 2) small participant numbers, the non-

parametric nature of data, and the limited analyses permissible with ordinal 

measures, meant that analyses were limited to descriptive statistics, the 

identification of statistically significant correlations using chi squares, Spearman’s 

correlations, and Fisher’s Exact test, as well as visual comparison of graphed 

data. I worked with a CERA colleague to access SPSS, and the particular statistical 
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tests are reported in Chapter 6 with their results. I used the combined qualitative 

evidence from participants about the relevance of each task to assess the 

authenticity and functional relevance of statistically significant results and evaluate 

the contribution made by each type of measure towards meaningful evidence of 

functional outcomes. 

In Phase 3 with the retinal implant participants, experimentation with 

different vision processing algorithms during each session meant that the “device 

on” condition had many manifestations. There was insufficient standardisation in 

the data-set, with only three participants and multiple computer settings, to derive 

meaningful statistical correlations. I entered measurement data from Phase 3 into a 

password-protected Excel spreadsheet using a separate tab for each task and then 

examined these data manually to consider:

•	 whether the measures in each task captured any difference between device 

on and device off, regardless of the vision algorithm 

•	 floor and ceiling effects, and redundancies in task design

•	 different vision processing algorithms (e.g., scrambled settings, reversal of 

black and white, intensity versus depth algorithms) in relation to venue, task 

challenge, and participant subjectivities

•	 the degree to which measurement data reflected what the participants said 

was important to them when using phosphene vision in each task 

•	 how performance measures with and without phosphene vision compared 

with the results from the RP40 cohort with natural vision.

These analyses led back to evaluation of the LoVADA protocol and further theory 

development to address the research questions in this study, discussed in 

Chapter 7.

5.4 Summary

The LoVADA protocol was intended to investigate vision for mobility in adults with 

advanced RP, from both clinical and functional perspectives. This represented 

an opportunity to conceptualise functional vision for mobility while also trialling 
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different methods of measuring functional performance. 

The LoVADA O&M battery included two novel performance-based tasks 

(Gallery and Café) that investigated visual and spatial exploration, and two existing 

Route Travel tasks from the peer reviewed literature that were extended (Route 

Travel 1, 2 & 3) and modified (Timed Up and Go – Low Vision) to suit this cohort with 

very low vision, in addition to the little known Stuart Tactile Maps test that evaluates 

spatial cognition. Task-specific rating scales were devised to score performance 

in the Gallery and Café tasks, and then a separate suite of performance scales 

was devised for more general use in Route Travel tasks. All of these behaviourally 

anchored rating scales provided an alternative to measuring speed and tallying 

isolated behaviours during prescribed route travel.

The functional constraints of the 24ChPP retinal implant device meant that 

the LoVADA protocol was designed for implementation at and near the RVEEH, 

rather than at participants’ homes and familiar locations. This research context 

provided an opportunity to explore the impact of standardisation on research design 

in relation to venues, tasks, instructions and data management.

Rapid development of tasks and measures took place during piloting in 

LoVADA Phase 1 in collaboration with O&M specialists wearing low vision simulators 

and volunteers with RP. The development of performance scales continued to the 

end of LoVADA Phase 2 with the RP40 natural vision cohort. In LoVADA Phase 3, all 

O&M tasks were trialled and then modified again so that they might showcase the 

particular benefits of prosthetic vision with the three retinal implant participants. 

The resulting data-set from Phases 2 and 3, reported in Chapter 6, is illuminating 

about advanced RP as well as retinal implant outcomes, providing a foundation 

for new theories about functional vision for mobility and the VROOM instrument, 

reported in Chapter 7.
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Chapter 6 LoVADA Findings

The salient findings from piloting the LoVADA O&M tasks (Phase 1) were largely 

accounted for in Chapter 5 as the evolution of methods for each of these tasks was 

described. The aim of Chapter 6 is to present findings from LoVADA Phases 2 and 3. 

The Phase 2 study investigated the RP40 cohort with natural low vision 

(n=40). Embedded analyses of mixed data were undertaken, and so findings from 

each task include: a combination of statistical and qualitative data for the whole 

cohort; some comparisons between two groups, one with ultra-low vision and 

the other having more vision; examples of individual participant performances; 

an evaluation of task relevance; and discussion of findings. In gauging task 

relevance, I considered whether the task seemed enjoyable, comfortable, tedious or 

overwhelming to each participant, and whether they had drawn descriptive parallels, 

either spontaneously or by invitation, between the research task and their own 

activities of daily living. I contributed to an article that tables the LoVADA protocol 

used with the RP40 cohort and presents a selection of findings, accepted for 

publication in Optometry and Vision Science (Finger et al., 2016; Appendix 25). 

The Phase 3 study investigated prosthetic vision with the three retinal 

implant recipients (Sections 2.5.1.2 and 5.1.5). Again, these embedded findings are 

reported and discussed task by task, ending with a summary of the common and 

unique benefits of the BVA prototype retinal implant and its limitations in relation to 

functional vision.

6.1 Phase 2 Findings – The RP40 Cohort

All participants in the RP40 cohort were legally blind. Two participants had greater 

than 6/60 visual acuity and were legally blind because of visual field restrictions; 

one participant had no light perception. 

The cohort (n=40) was divided into two vision groups on the basis of their 

visual acuity, for comparative analyses (Figure 21). In the ultra-low vision group (2.3-

4.0 LogMAR; n=18), two thirds of people had no measurable visual field, one person 
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had 18% remaining field, and the rest had less than 2% remaining field. In the 

more vision group (n=22; 0.5-2.0 LogMAR) more than half of the participants had 

10-89% remaining field and the rest had <1-5% remaining field. The percentage of 

remaining visual field was calculated by the orthoptist and was either in one island, 

but not necessarily centred in the macular area, or was aggregated from multiple 

fragmented islands of vision using methods described by Ayton et al. (2014a).

Figure 21. RP40 Participants Divided into Two Vision Groups

Figure 21. Few in the ultra-low vision group had any measurable field.

6.1.1 Gallery results

A complete data-set was generated for the Gallery task (n=40). There was a strong 

correlation between the Gallery target score and binocular visual acuity measured in 

the clinic (Spearman’s; r=0.89, p<0.001). Figure 22 shows a good spread of scores, 
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with no floor or ceiling effects, which suggests that the range of 15 visual targets 

(described in Appendix 12) was appropriate to this RP cohort, and the scoring 

system was sufficiently nuanced to discriminate between the different levels of very 

low vision in the cohort.

Figure 22. Correlation Between Visual Acuity and Gallery Target Scores

Figure 22. There was a high correlation (r=0.89) between binocular visual acuity (LogMAR) 
and Target Score in the Gallery task for the RP40 cohort. Dean (blue) and Kylie (red) had 
similar acuity and no measureable visual fields but very different gallery scores.

6.1.1.1 Target range

The visual properties of the Gallery targets combined in different ways to affect 

each participant’s overall Gallery score. Table 35 indicates that relatively few targets 

were located that were not also described in some way. This raised the question of 

whether a three- rather than four-point target scale would be sufficient to measure 

differences in functional vision. The benefit of retaining 1=located is that it enabled 

the observer to score target-specific visual behaviours (e.g., glancing or pausing) 

that the participant was either unaware of, or couldn’t account for when asked.  
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Table 34
Gallery Target Results – RP40 Cohort

Note. Gallery targets (n=15) are ordered left to right according to frequency of being named 
accurately (bottom row). Targets marked in orange had a light source and/or movement 
(e.g., rotating or flashing function); remaining targets (logos, signs, map) were printed/static. 
Individual participants’ data (n=40) are ordered top to bottom according to their total target 
score (left column). Green shading shows the breakdown of each participants’  target score with 
1 = locating the target; 2 = describing elements of the target; and 3 = full identification of the 
target. Number of targets located by participants, and their binocular acuity (LogMAR) did not 
exactly parallel their target score (shown in two columns on right).
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Observing this unconscious visual response in people with ultra-low vision 

contributed to theories about visual certainty with very low vision (Section 7.1.3.2), 

and ambient vision (Section 7.1.3.3).

Responses to light targets (highlighted in orange in Table 34) differed 

according to levels of vision, and this is where the cohort split functionally into two. 

Those with ultra-low vision missed more targets than they located, and primarily 

saw light targets (fluorescent or LED) rather than print targets, with the two brightest 

– the fluorescent strip light and the light-box with a black shape – being the most 

noticed and described. 

However, some participants in the group with more vision had difficulty 

identifying light targets. The strip light was bypassed without note by six people 

(LogMAR range 1.0-2.0), five of whom were able to locate, if not identify all other 

targets in the Gallery. These six people might not have recognised the fluorescent 

tube as part of the target range because it was ordinary in the context – there were 

other high-mounted fluorescent bed-lights on the wall. Some people in this group 

with more vision could not name the more complex light targets (bike light, Holy 

Family icon, fairy lights, LED open sign) even though they could describe elements 

within them. For example, the red flashing bike light suggested ambulance or 

emergency services to Ayeesha, and she found the twinkling of the fairy lights 

pleasant, even fascinating, but she could not identify what they were or think of 

an everyday context where these lights might be seen (e.g., Christmas trees, shop 

windows, street landscaping in trees). Other participants with more vision saw a 

person, or an exhaust fan in the Holy Family icon (both feasible), but did not reach 

the religious implication in the visual detail.

6.1.1.2 Vision and efficiency

Most of the 15 targets enticed visual curiosity and interpretation, but glare from 

the brightest light targets made some participants flinch. Task times in the Gallery 

ranged between 1-19 minutes, and the time taken to interpret individual targets 

with different levels of vision varied enormously. Some people spent as much as 

five minutes examining one target whereas others looked at all fifteen targets in 
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a couple of minutes. There was a strong correlation between total task time and 

PPWS (r=-0.995; p<0.001) suggesting that PPWS gives no better data than task 

time in this kind of task where the emphasis is on visual accuracy rather than on 

travel efficiency. There was a weak relationship between PPWS and target score (r=-

0.236; p=0.143), so travel speed is not a good indicator of how much visual detail 

a person can identify with very low vision. In general, people with the highest and 

lowest levels of vision, as indicated by both target score and visual acuity, did the 

task fastest, whereas most of those with mid-range scores took longer, becoming 

absorbed by the challenge of visual interpretation. 

There were some dramatic contrasts in the cohort though. Dean and Kylie 

had similar visual acuity and no measureable visual fields, but very different Gallery 

scores and task times (Figure 23). 

Figure 23. Visual Acuity is Different from Functional Vision

Figure 23. Dean (blue) and Kylie (red) had similar visual acuity (left graph) but very 
different Gallery scores (right graph) and task times (both graphs) in their low vision 
trial.

Dean’s and Kylie’s individual circumstances suggest that living situation, 

motivation and practice are important in gaining functional benefit from low vision. 

Dean was a middle-aged, self-employed motor mechanic who chose not to use a 

long cane or a GD – these aids would make his visual status evident in the local 
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community and he was concerned that loss of business would result. Beyond home, 

he held hands with his wife as his sighted guide, and said he spent a lot of time 

observing and interpreting the visual landscape, acknowledging, “I try to blend into 

the background and be inconspicuous.” His visual effort was reflected both in his 

longer task time and in his higher Gallery score. Kylie, a teenager, had the same 

visual acuity as Dean, but functionally she saw much less. She had grown up in 

a household where vision was optional not essential – both parents had very low 

vision; Kylie and her mother both travelled with a GD beyond home. Kylie was aware 

that bright lighting could reduce her functional vision and she demonstrated this 

by repeating the Gallery task with the room lights turned off, locating several more 

targets in the dimmer lighting.

6.1.1.3 Discussion and task relevance

Given the diversity of participants like Dean and Kylie, it was interesting to find a 

high correlation between visual acuity measured in the clinic and functional acuity 

measured by the Gallery score. Previous studies have asserted that visual functions 

such as acuity do not necessarily predict functional vision (Colenbrander, 2005; 

Lepri, 2009; Marron & Bailey, 1982). In the clinic, reliable, repeatable assessment 

of visual acuity is achieved by standardising target size, line-width, contrast, figure-

ground complexity, viewing distance and lighting, and by eliminating colour and 

movement. In lived environments, visual variables come in infinitely different 

combinations. Any one of these visual elements might flag visual attention and 

seem worthy of closer scrutiny during travel. The use of dissimilar visual targets 

from natural settings in the Gallery task meant that most participants were able 

to identify some kind of familiar information. This diversity and familiarity seemed 

to increase interest in the task and motivate careful scrutiny. The use of real-world 

targets linked the Gallery task with mobility-related near visual tasks such as 

discriminating details in a shop window, reading signage, recognising landmarks, 

or selecting products in the supermarket. Fifteen targets did not seem to be an 

arduous number to investigate, and many participants expressed surprise and 
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pleasure at the specific visual elements they could see, seeming to enjoy the 

process of interpretation. 

The collective outcomes from the Gallery task suggest there is a specific 

range of functional vision during the process of visual deterioration from RP where 

backlighting or glare makes it more difficult to see visual information, even upon 

close inspection. Then even when internal detail is visible, it is difficult to interpret. 

This interpretation problem might be culturally influenced (e.g., a Muslim participant 

might not be familiar with a Holy Family icon) but these Gallery data also indicate 

that people with mid-range vision loss in this cohort with very low vision were no 

longer incidentally noticing detailed features in their visual landscape (e.g., rear 

lights on passing bikes, LED signs in shop windows). Participants indicated that 

such detailed objects could blend into visual clutter, cause visual discomfort and 

aversion, temporarily reduce acuity, move too quickly, be too far away to detect, 

be too difficult to capture in a reduced visual field while scanning or walking, or be 

most obvious at night when people with RP tend to censor their travel due to night 

blindness. 

Even though the Gallery task produced interesting measurement data that 

discriminated different levels of functional vision, all of the targets were examined 

at near, and the task decontextualised visual interpretation from purposeful travel. 

Participants were unable to use what they saw to benefit their mobility because 

wayfinding was not part of the task challenge in the Gallery. This meant that the 

task did not directly measure functional vision for mobility. 

However, the Gallery task did successfully measure functional vision for 

reading and near tasks, even discriminating subtle differences in light perception 

only. The use of potentially familiar but visually diverse targets from natural settings, 

some of which contained text, invited and sustained participants’ interest and 

showed that functional vision for reading is not limited to making meaning of text 

in the clinic or classroom. In the context of mobility, the difference between reading 

and gathering information is somewhat arbitrary.  A broader understanding of 

reading accords with the pedagogy of multi-literacies proffered by the New London 
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Group (1996) in response to increasing linguistic diversity and the explosion in 

multimodal communication technologies. This theory suggests that the notion of 

literacy includes at least five elements of design: linguistic, audio, spatial, gestural 

and visual. These elements make information accessible beyond printed texts, 

including website design, oral presentations, theatre, and the travel environment. 

Similarly, the process of reading the client’s body-as-text during O&M assessment, 

was discussed in Section 3.2.3 and accords particularly with the element of gestural 

design in the theory of multi-literacies. Ergler et al. (2013) explored children’s 

development of environmental literacy that includes all five elements of literacy 

design, including text in the wild. Thus functional vision for reading is integral to 

functional vision for mobility, but does not account for the whole phenomenon. 

Results from the RP40 study suggested that, as a measure of functional 

vision for reading, the Gallery task might provide meaningful evidence of outcomes 

from a retinal implant. The positive response of participants to the Gallery task 

suggested that it could also have a role in vision education and visual efficiency 

training, as well as providing a standardised method to measure functional vision 

outcomes. Functional vision for reading contributes to effective mobility, providing 

Access to information in the travel environment. However, the Gallery score is not 

a primary measure of functional vision for mobility, because the visual information 

obtained in this task is decontextualised from mobility decisions.

6.1.2 Stuart Tactile Maps test

All participants in the RP40 cohort completed the Stuart Tactile Maps test once, and 

there were two important findings from the measurement data (Figure 24).

First, 85% of people were able to learn and replicate the most difficult map 

(Map A3) within the permitted nine guided exposures, but 15% were not. Thus, 

capable mental mapping was the norm – these people could memorise eleven 

sequenced directions; they understood the spatial relationships in the configuration, 

and could recall the whole. The second interesting finding was that 73% of the total 

cohort could draw Map A3 accurately within only one or two attempts (after 3-6 
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guided exposures), suggesting that the majority of people found mental mapping 

fairly easy. A much smaller number (10%) were able to replicate Map A3 with 

three attempts (nine guided exposures). A further 10% of participants scored 6/9 

and might have been able to learn Map A3 with more practice (i.e., more guided 

exposures), but due to time constraints, we did not extend the task to find out. 

Figure 24. Stuart Tactile Map Scores – RP40 Cohort

Figure 24. The breakdown of the STM scores shows a strong ceiling effect.

Before administering the STM test, I enquired about each participant’s 

experience using different kinds of maps, but there seemed to be no equivalence 

between their previous experience with maps and their mental mapping skills. 

Those with limited mental mapping skills were unanimous in their dislike of maps 

and never used them, but some people who scored 9/9 on the STM task had never 

used travel maps either. The mapping self-report scale I had designed and included 

on the data form (Appendix 16) was inadequate to capture the complexities 

associated with spatial cognition, mapping skills and previous experience with 

maps, and the number data were too unreliable to warrant formal analysis. 

All LoVADA participants said they could navigate around their own home 

without needing assistance, indicating that practice eventually leads to familiarity 

and confidence, if not efficiency. Those with high STM scores seemed to take 
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their orientation skills for granted whereas participants with more limited spatial 

cognition (STM ≤6/9) indicated that orientation was something they had to work 

to manage: they said they censored their travel goals, kept to familiar places, and 

preferred to use guided travel (either human or dog) beyond home. Getting lost was 

a very real concern. 

Surprisingly, elite travellers also suggested that they preferred to travel to 

new places accompanied, and to use sighted guide if unlikely to return again soon. 

This contests a persistent notion in the field of O&M that if clients are equipped 

with skills for independent travel, then they should always use these skills. Capable 

mental mappers were mindful of the fatigue involved in independent travel and said 

they metered their energy according to the range of tasks they needed to achieve 

in the day. Several said they preferred to take a taxi rather than walking or catching 

public transport to their destination if they needed to conserve their energy to deal 

with circumstances upon arrival.

By dividing the RP40 cohort into two groups according to their spatial 

cognition, the STM test facilitated closer examination of the relationships between 

orientation, functional vision and mobility skills. This led to two important findings. 

First, people who have good mental mapping skills can access ambient vision, but 

people with limited mental mapping skills cannot. Ambient vision theory will be 

discussed in Section 7.1.3.3. Second, inquiry into the strategies that people with 

limited mental mapping use to navigate their environment identified nine wayfinding 

strategies that don’t depend on good spatial cognition, and there may well be more.  

6.1.2.1 Navigational alternatives to mental mapping

RP40 participants either demonstrated or described the following navigational 

alternatives to mental mapping.

1. Ricochet wayfinding: Walk in any direction until making contact with 

something recognisable. If proximity seems familiar, search nearby for the 

destination, or walk again in any direction until successful. This process is ad 

hoc and inefficient; effective in familiar places, but unsafe in traffic. 
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2. Beacon navigation: Identify a known landmark using vision or hearing, and 

walk straight there, maintaining visual or auditory contact throughout. Once 

there, identify another known landmark and repeat. This process depends 

on familiarity with the environment and having sufficient range of preview to 

identify known landmarks from a distance, then maintaining line of sight or 

hearing during travel to the beacon.

3. Shorelining: Use vision, hearing, hand trailing, or long cane techniques to 

maintain contact with shorelines along a route. This process feels more 

secure than free-walking through open space, but can be tiring because it 

can give too much sensory detail, and it can hold sensory attention at near 

so that the traveller misses the bigger picture.

4. Social navigation: Travel accompanied, especially to new places. If travelling 

solo, listen or watch for people, then approach. Ask for help, get directions, 

use sighted guide, or track another pedestrian at an appropriate distance. 

This strategy depends on having other people available in the travel 

environment to provide directional cues or assistance.

5. Landmark list: Name, sequence and memorise landmarks as a word-list. 

The list can be expanded into an audio map that also includes relevant 

descriptive detail and is pre-recorded before departure. This strategy 

requires knowledge of landmarks, planning ahead, word-skills, sequenced 

thinking and reliable memory or technology skills (e.g., mobile phone app for 

text-lists or voice-recording an audio map).

6. Kinaesthetic learning: Use muscle memory and fatigue relative to time, to 

gauge distance travelled. Attend to kinaesthetic landmarks such as changes 

in gradient or dips in the pavement proximal to the destination. This strategy 

requires body self-awareness.

7. Rote learning: Build up familiarity with a route by repetition and chaining. 

This process can result in efficient travel, but requires support to develop 

accurate route knowledge and circumvent ricochet-related confusion.
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8. Global positioning systems: Use GPS technology to access real-time 

information about current position and direction of travel (e.g., Trekker 

Breeze, mobile phone apps). This processes requires technology savvy, a 

working knowledge of basic spatial language (e.g., left, right, forward), and 

an ability to match GPS description with accessible sensory information in 

the travel environment.

9. Guide dog mobility: Use the dog for confidence to move independently (“find 

the way”) using destination cues (e.g., “find the counter, find the lift”) rather 

than giving specific spatial instructions along a route that require spatial 

awareness (e.g., “turn left”). This strategy requires a lifestyle commitment to 

GD mobility, and a dog with initiative.

There is some overlap between these strategies, and confident travellers 

in the RP 40 cohort often combined one or more of these skills with mental 

mapping to travel fluently. Those with limited mental mapping skills indicated that 

they selected combinations from this list according to their context. For example, 

Rebecca who lived alone found ricochet wayfinding effective at home where 

anything she contacted was familiar, but in an unfamiliar area ricochet wayfinding 

only led to further disorientation. Beyond home, she used her guide dog combined 

with various landmark lists, backed up with social navigation to travel effectively in 

her local community. 

6.1.2.2 Discussion and task relevance

Hitherto, there has been no standardised, non-visual method available for assessing 

spatial cognition in O&M studies. The Stuart Tactile Maps test was easy to 

administer, taking only 5-10 minutes; participants engaged willingly in the task, and 

welcomed the opportunity to sit down for a while amidst the other O&M tasks that 

all involved walking. The task served as a clinical measure of spatial cognition that 

made a pivotal contribution to interpretation of the LoVADA data-set and it prompted 

participants to reflect on the heuristics they used to make sense of the space 

around them during everyday travel. However, this test has not been in widespread 
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use, so it is unknown whether the results from the RP40 cohort are indicative of 

spatial cognition in other vision-related cohorts or in the fully sighted community. 

Further research is needed to determine the generalisability of these STM data.

STM scores using the rating system trialled in this study indicated that 

participants fell into two groups – competent and limited mental mappers. The 

cohort was too small to interpret the STM scores confidently in terms of the elite, 

competent, basic and dysfunctional categories of the generic performance scale. 

However, the ceiling effects evident in Figure 24 suggested that the scoring system 

for the STM test needs review – there might be nuanced differences between 

people scoring 7, 8 and 9/9 for Map 3 that have functional implications in real-

world O&M. Creating a fourth, more difficult map might discriminate between 

competent and elite mental mappers. Increasing the number of guided exposures 

permitted per map to 15, with five attempts to draw each map and a maximum 

score of 15 should help to discriminate more levels of spatial competence within 

this task and clarify the implications of STM scores for functional orientation in real-

world travel. 

Data using this revised STM scoring system would need to be compared 

with participants’ observed travel in very challenging orientation tasks as well as 

simpler tasks in real-world environments to understand more precisely how STM 

results should be interpreted. Although the Café task in the LoVADA protocol was 

spatially challenging it was also very contrived, and the Route Travel tasks that used 

real-world venues (Routes 1-3 and TUG-LV) were not very spatially challenging or 

environmentally complex. 

In the LoVADA context, the primary purpose of the STM test was to provide 

a clinical measure of spatial cognition that could be compared with observed 

performance on functional tasks and the STM test achieved this purpose, 

particularly in relation to the Café task, but refinement of the test seems likely to 

provide more nuanced information about relationships between spatial cognition 

and functional vision for mobility.
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6.1.3 Café results

All participants in the RP40 study completed the Café task with natural vision 

(n=40), and 80% repeated the task under blindfold. Half of those who declined 

the blindfold trial had excellent spatial skills (STM 8-9), but poor balance made 

them unsafe under blindfold (one used a support cane and one used a four-wheel 

walker), or they were simply ready to move on to another task (n=2). The other half 

who abstained had limited spatial skills (STM 0-6/9), already found the Café task 

overwhelmingly difficult with vision, and considered the prospect too daunting with 

no vision (n=4). 

6.1.3.1 Orientation skills don’t depend on vision

A significant correlation between the map scores from the low vision and blindfold 

Café trials (r=0.615; p<0.001), suggests that dynamic orientation skills are not 

dependent on vision. This finding was supported by another significant correlation 

between the low vision Café map scores and the blindfold Stuart Tactile Map scores 

(r=0.416; p=0.008). The 28% of participants who achieved a perfect map score in 

their blindfold trial also gained 8-9 on the STM test, suggesting that these people 

could readily use tactile and/or auditory information as a substitute for vision to 

make accurate inferences about the spatial layout of their environment. 

Fisher’s Exact test was used for these comparisons with STM data because 

a chi square is only suitable when all cells have >5 values, which was not the case 

with the STM results. 

6.1.3.2 A cusp in travel efficiency

Café map accuracy was not significantly associated with visual acuity (r=-0.160; 

p=0.324), Gallery score (r=0.266, p=0.097), visual field (p=0.141), task time 

(r=-0.331; p=0.037), distance travelled (r=0.001; p=0.997), or PPWS (r=0.32, 

p=0.044). However, there was a strong correlation between visual acuity and task 

time (r=0.651, p<0.001) as well as visual acuity and distance travelled (r=0.639, 
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p<0.001) indicating that vision supported more efficient exploration, regardless 

of how accurately participants interpreted the information they found. People with 

ultra-low vision had to work harder to access detailed information in the travel 

environment.

To investigate this outcome more closely, participants in the LV Café task 

were split in two vision groups according to the point of demarcation evident in 

the Gallery results, and their mean results compared. There was no substantial 

difference in spatial cognition between the two groups, but those with more vision 

(LogMAR 0.5-2.0, n=22) did the LV Café task in less than half the time and walked 

only a third of the distance compared to those with less vision (LogMAR 2.3-4.0, 

n=18). Those with more vision also showed ten percent greater map accuracy, but 

this seemed less related to innate spatial cognition (knowing where the magnets 

should go) than to the mechanics of placing the magnets accurately and having 

them stay put.

To investigate whether LogMAR 2.0-2.3 was critical, or a somewhat arbitrary 

point of demarcation in very low vision, the results of participants immediately 

either side of this range were compared. Amazingly, the small group with LogMAR 

2.3 (1/200; n=3) took two and a half times as long and walked two and a half 

times as far, to gain a less accurate outcome (20% difference) than the small 

group with LogMAR 2.0 (1/100; n=4). There happened to be a person with poor 

spatial cognition in the small group with less vision, which accounts for the larger 

difference in mean map accuracy.

The strong correlation between PPWS and acuity in the blindfold Café trial 

(r=0.47, p=0.007) accords with the well-documented, debilitating impact of night 

blindness in the RP population, but it is important to note that blindness impacted 

travel speed rather than spatial competence.
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6.1.3.3 Most people can map their environment fairly competently, and 
practice helps

In the combined vision and blindfold trials, 33% of participants gained a perfect 

map score and a further 50% of participants gained ≥66%. This apparent ceiling 

effect accords with the strong results from the STM test that indicated that 85% of 

participants in the RP40 cohort were capable mental mappers. 

There was also a practice benefit: 56% (n=18) of those who did a blindfold 

trial increased their task speed (average 2.6 PPWS), and nearly half of these 

participants (47%; n=15) either equalled their low vision map score (3%; n=4) or 

increased it (34%; n=11) by an average of 10% in the second trial, despite wearing a 

blindfold. Some, including Nathan also improved their task efficiency in the blindfold 

trial. Figure 25 shows the inefficient strategy used by Nathan (STM 9/9) to explore 

the Café in his first trial with light perception only where he gained a map score of 

74%. He moved more efficiently and gained a higher score (89%) in his blindfold 

trial, indicating his ability to learn from spatial experience.

Figure 25. Self-Orientation Strategies Can Improve with Practice

Figure 25. Nathan (LogMAR 3.8; STM 9/9) used an inefficient strategy in his first trial 
(Low Vision Trial; map score 74%), but moved more efficiently and gained a higher score 
(Blindfold Trial; 89%) in his second trial wearing a blindfold, indicating an ability to learn 
from spatial experience.
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6.1.3.4 Not everyone cares about details

The Café task also captured important data about how capable and ineffectual 

mental mappers learn orientation to new places, and the role that vision can play 

when a person is faced with spatial challenges in O&M.

It was unsurprising that several participants whose map accuracy scores 

were worse under blindfold also had lower STM scores. However, 31% (n=10) of 

this group whose map scores were lower under blindfold were competent mental 

mappers according to their STM results. They lost points on their magnetic map for 

a range of reasons including:

•	 Failing to orientate the map correctly to the room before placing magnets

•	 Accidentally knocking magnets askew on the map with elderly, fumbling 

fingers

•	 Basing decision-making and mapping on inaccurate spatial premises, with a 

lack of systematic strategies for checking performance

•	 Choosing efficiency over accuracy: “I’m missing one chair. Do I retrace my 

steps or stop?” (Richard) 

•	 Limited previous mapping experience

•	 Discomfort with visual occlusion

•	 Inefficient tactile searching skills, being more used to visual scanning

•	 Fatigue: “It’s exhausting. I was a bit inclined to have a headache” (Sally, 

blindfold trial)

Those who gained STM 7/9 (n=5) demonstrated in the Café that they 

understood the big picture – the general layout of furniture in the room, but when 

wearing a blindfold, they lacked attention to detail and so lost points for table 

orientation and subsequently, chair placement (blindfold map scores: 66-89%). 

Table 35 shows that Philip, Sveta and Sean who were skilled mental mappers 

according to the STM test, performed worse under blindfold, showing that level of 

potential skill doesn’t always translate into practice.
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Table 35
Good Mental Mapping Skills Don’t Guarantee Improvement – RP40 Participants

6.1.3.5 How is vision useful in orientation?

No one in the RP40 cohort had sufficient vision to complete the Café task from 

the doorway – all needed to move closer to the furniture to identify the shape, 

orientation or relative location of tables and chairs. After their LV trial, most 

participants had difficulty accounting for the specific ways their vision was useful 

in self-orientation, but they were more insightful after their blindfold trial. Trish 

(LogMAR 1.0) realised “I used my vision for the bigger picture.” In the first trial, 

she assumed she could do the task visually so did not touch the tables, but she 

incorrectly orientated the hexagon table and misplaced several chairs on her 

magnetic map (Figure 26). Coral (LogMAR 1.4) appreciated her vision for detail and 

hand-eye coordination: “I didn’t realise my vision had helped me so much on the 

[magnetic] board. [With the blindfold on] I had to use two hands to not knock chairs 

around like a bar-room brawl.”
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Figure 26. Big Picture Vision Can Miss Details

Figure 26. Trish (6/60 acuity, LogMAR 1.0) did her low vision trial quickly and confidentally, 
but imperfectly. She gained a map score of 83% in 81 seconds, travelling only 6.4 metres. 
After checking for intra-rater reliability, Trish lost a point each for her misaligned hexagon 
table and related chair.

Several participants acknowledged that efficient blind self-orientation 

requires more intentional planning than they had expected. The two participants 

with particularly poor mental mapping skills (STM 6/9) who attempted the blindfold 

trial had good residual vision (LogMAR 1.0 and 1.5) but were literally lost without it. 

They used ricochet wayfinding, but even when aware of missing furniture, they had 

no effective strategies to use, or to review their performance. Cheryl said:
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I felt very lost. I couldn’t see anything. I don’t normally get lost… It’s not so 
scary when you’ve got your vision. With my vision gone, my brain shuts down. 
The only way I could do it was feel the points on the tables. I thought I was 
going to fall over. I knew there was a chair missing but I couldn’t work out 
where it was.

In her blindfold trial, Cheryl physically located only four of the six tables 

and chairs in the room and could place none of the magnets in the relevant cells 

on the map, let alone orientate them accurately (map score 23%). Her reference 

to falling suggests that people with limited spatial cognition and very low vision 

might need to use substantial mental effort just to monitor their upright position in 

space when vision is not adequate to compare verticality with door frames, poles 

or walls. Balance is fundamental to safe mobility. Visual referencing against stable 

verticals and horizontals in the external environment (e.g., door jambs, table tops), 

and tactual referencing with the groundplane via proprioception, both provide the 

vestibular system with cues to adjust balance. If the experience of others with 

limited mental mapping skills is similarly destabilising to Cheryl’s experience, then 

the blindfold trial represents both a falls risk and a risk of getting lost, and so it is 

not surprising that several in this group found the blindfold Café trial too daunting to 

attempt.

6.1.3.6 Efficient exploration vs accurate orientation

The variation in orientation strategies manifest in the Café task was reflected in 

the range of task times (1-18 minutes) and distances (9-142 metres), to some 

degree in the Wayfinding Scale, but most clearly in participants’ route maps, which I 

annotated with their self-talk. 

The Café Wayfinding Scale (Table 36) discriminated between efficient and 

inefficient exploration, and dysfunctional performance (Figure 27), but did not 

capture the diversity of the less efficient self-orientation strategies represented 

in Figure 28, or discriminate the effectiveness of these strategies in helping 

the participant to understand the space. Thus, the Wayfinding Scale measured 

efficiency, but not the effectiveness of dynamic orientation strategies. 
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Table 36
Café	Wayfinding	Scale

The Wayfinding results accorded with the time and distance data, in that 

more vision supported an efficient orientation strategy; lower acuity meant that 

participants needed to touch the tables to ascertain their shapes and locate chairs. 

However, some inefficient explorers employed a deliberately lengthy strategy to 

ensure their search was comprehensive and hopefully accurate, while others just 

used ricochet wayfinding with no clear plan, resulting in map accuracy scores 

ranging from 40-100%.

6.1.3.7 Self-talk supports self-orientation

Whereas some people undertook the LoVADA Route Travel tasks silently, most 

participants used self-talk and commentary in the Café to navigate the task, to 

sequence their thinking, monitor and narrate their progress, or maintain their 

own motivation. Silence or self-talk was rated as 3 = No interaction. Comments or 

rhetorical questions directed to observers rated as 2 = Proximal support and some 

participants seemed to find this interaction particularly reassuring even with a 

non-committal response from researchers, such as “Mmmm” or “Uh-huh”. Any turn-

taking engagement, where participants sought specific information, was rated as 

1 = Question and Answer. These participants were immobilised when their mental 
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map did not align with their sensory discoveries, but they could work independently 

again once they gained the information they needed. The few with limited spatial 

cognition who were seriously disorientated in the Café (n=3), showed genuine 

perplexity in their facial expressions and gestures, and their comments made it 

quite clear they could not proceed. If they quit, or tried guided problem solving 

without success, then they rated 0 = Takeover. 

The proportion of people who needed question and answer support did not 

change much between the sighted and blindfold trials, which suggests that the 

need for this level of support is related more to difficulty with spatial cognition or 

personality factors than to vision loss.

Figure 27. Wayfinding and Support Scales in the Café – RP40 Cohort

Figure 27. The Wayfinding Scale measured efficiency but not effectiveness of dynamic 
orientation strategies. Few participants needed support.
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Figure 28. Inefficient Café Exploration Strategies

Figure 28. Participants in the RP40 cohort who gained 1/3 on the Wayfinding Scale, used 
diverse strategies to explore the Café.
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6.1.3.8 Discussion and task relevance

The Café task was challenging, but results confirmed that vision is not necessary for 

spatial orientation. Self-talk and higher visual acuity seemed to support confident, 

more efficient exploration, but did not necessarily lead to a better understanding of 

the space. The majority of participants could mentally map the Café environment 

fairly effectively, although not everyone cared about the details. There seemed to 

be no direct equivalence between the particular exploration strategies used by 

participants and their accurate understanding of the room layout. It was unclear 

whether cultural background or socio-economic status had any bearing on 

participants’ ability to engage with the task and use the magnetic map effectively. 

Without an audience of strangers, most participants explored the Café with 

a freedom that enabled them to understand the space well. Brian likened the task 

to exploring a new motel room when on holidays. The Café task investigated spatial 

skills to a degree of specificity that is not normally required in a real café, and 

thereby showcased the capabilities of skilled mental mappers. Many participants 

seemed to enjoy the spatial challenge. Joel enthused, “This would make a great 

party game.” However, opinions about the task were polarised. Those with limited 

spatial skills clearly felt overwhelmed and inadequate to the challenge. Susan 

repeated, “I’m lost… lost again – hopeless… I’m hopeless at directions at any time – 

I’ll still be here at midnight doing this… I think I’d rather die… I’m giving up.” 

Comparing Café data with STM data was encouraging. It seems that the 

quick non-visual STM test of spatial cognition might predict competence and 

confidence in dynamic orientation tasks, and thereby provide researchers with a 

clinical benchmark for comparison with performance in O&M tasks that have much 

greater orientation challenge than the limited LoVADA tasks. 

In the LV trials, rather than the steady decline in functional performance that 

was anticipated with decreasing visual acuity, there seemed to be an abrupt drop 

in travel efficiency in the cohort, apparent between LogMAR 2.0 and 2.3. This was 

a surprising finding, and invites consideration of several possibilities. (1) Perhaps 

the relationship between limited field and limited acuity becomes critical at this 
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point, such that neither systematic scanning nor closer inspection, or a combination 

of both strategies will continue to provide sufficiently reliable visual information to 

support confident travel. (2) Perhaps immediately below this cusp, non-visual travel 

strategies become necessary, but the traveler is not yet practised enough to travel 

efficiently without vision. (3) Perhaps at this cusp, people with spatial dysfunction 

can no longer use form vision to compensate for their lack of mental mapping, and 

the inefficiency of a few participants affected the mean results for the whole ultra-

low vision group. (4) Perhaps this is a point at which visual unreliability confronts 

a person’s sense of identity, forcing a mental shift from “person with low vision” 

to “blind person”, and exploring the implications of this shift distracts the traveller 

from moving efficiently. All of these options warrant further investigation.

A limitation of the task was that, even when magnets were placed accurately, 

people with ultra-low vision could knock them askew without noticing, yet the map 

was scored according to their final placement. This flaw in task design highlights 

that the ability to perform well with ultra-low vision can be seriously compromised 

by inadequate materials. Good design of alternative formats should maximise 

efficiency and effectiveness, and minimise frustration and fatigue, especially in 

tasks that ordinarily rely on hand-eye coordination to check performance. While 

this efficiency is important at home, it becomes even more so when linked with 

economic viability in the workplace, where the person with ultra-low vision is 

competing with fully-sighted people for jobs.

Unfortunately, the standardised Café design did not give participants with 

limited spatial cognition much scope to show how they would ordinarily work around 

their limited mental mapping skills to navigate in real-world contexts – this Café 

wasn’t a buzzing social environment with delectable smells. Thus, although this 

task provided useful data about dynamic orientation skills for comparison with the 

STM task, and served as a foundation for ambient vision theory that links spatial 

cognition with useful very low vision (Section 7.1.3.3) the Café task did not measure 

functional vision for mobility. 
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6.1.4 TUG-LV results

All participants in the RP40 cohort (n=40) undertook the TUG-LV trials using their 

natural vision, but four people abstained from blindfold trials due to poor balance 

(using a walker) and limited spatial skills (STM 0/9, 5/9 and 6/9). If participants 

became lost, then took a long time problem-solving and still did not complete the 

task (Wayfinding 0/3), their performance scales were retained but their trial times 

were excluded from the data-set; these few performances (n=4) skewed the average 

travel speeds across the cohort in each set of trials and the data-set was not big 

enough to absorb these outliers. This data exclusion affected one participant’s trial 

with the lights on, two trials with the lights off and four blindfold trials. The mean 

PPWS for each trial condition was calculated from the remaining PPWS data. 

Travel efficiency was the priority in this task, and there was a strong 

correlation (r=0.924) between travel speed in the low vision trials undertaken with 

target lights on and off (Table 37). This correlation initially suggested that modifying 

the original TUG task to include the target lights made no difference for people with 

very low vision but, as with the Café task, comparing the groups with ultra-low vision 

and more vision gave more detail about visual differences.

Table 38 shows that people with ultra-low vision walked 16% faster in the 

sighted trials than those with more vision, but having the lights turned on or off 

made only a 4% difference to their mean travel speed. These results suggest that 

travel speed with ultra-low vision is habitual and not much affected by fluctuating 

vision. However, this group slowed down substantially (34-38%) with no vision, 

walking 12% slower than the group with more vision, when blindfolded. Thus, 

even though ultra-low vision only gives access to limited visual fragments (patches 

of light and dark, occasional specular reflections, diffused colour, or perception 

of movement), when this vision is available it seems to support travel efficiency 

and these participants moved much more cautiously without it. These findings 

contributed to ambient vision theory (Section 7.1.3.3).
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Table 37
Correlations Between Vision, Speed, Task Times and STM Scores – RP40 Cohort

Note. Spearman’s correlation coefficients (2-tailed): ** significant at the 0.005 level;  
* significant at the 0.01 level. TUG-LV = Timed Up and Go – Low Vision; PPWS = Percentage 
of Preferred Walking Speed; VLV = Very Low Vision; B’fold = Blindfold.

Table 38
TUG-LV Results Showing PPWS for the Two Vision Groups – RP40 Cohort

Note. TUG-LV = Timed Up and Go – Low Vision.

Conversely, the group with more vision moved more cautiously with vision 

and showed a staged decrease in speed as the lighting diminished across the 

three trial conditions (target light on, target light off and blindfold). Nevertheless, 

there was only 10% difference between their speed of travel with lights on, and 
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with no vision. These results suggest that having more vision provides more visual 

distraction that takes time to process and reduces travel efficiency when vision 

is available. However, this extra visual access seemed to have a residual benefit 

when vision was temporarily unavailable – recent visual memory of objects and 

room layout seemed to equip these people with more vision to cope with temporary 

functional blindness, which is important considering the fluctuating nature of RP 

and its susceptibility to different lighting conditions.

The range of travel speeds was greatest in both vision groups when the 

target lights at each end of the course were turned off and only the overhead room 

lighting was available. This variation in speeds might have been due to differences 

in functional acuity, visual efficiency, curiosity, anxiety, confidence, mental mapping 

skills, glare sensitivity to overhead lights, or ability to access ambient vision. Table 

37 shows that there was no significant relationship between participants’ spatial 

cognition (STM score) and their travel speed in the sighted trials, but there was 

a mild correlation between STM scores and PPWS in the blindfold TUG-LV trials 

(r=0.434, p=0.10).

6.1.4.1 Performance scales

The Wayfinding Scale results (Figure 29) showed that although there was some 

veering from straight-line travel between the chair and target light in the TUG-LV 

task, very few people in the RP40 cohort needed to backtrack or became irrevocably 

lost, even in the blindfold trials. However, the Posture Scale captured anxiety under 

blindfold, when 67% of the RP40 cohort adopted defensive or socially invasive 

postures with their hands. These unorthodox postures included sleepwalking and 

zombie hands outstretched in front, sweeping and groping gestures in front, and 

“curb feeler” hands with arms outstretched to the sides, sometimes waving up and 

down like a bird flapping its wings. Despite these gestures, the Support Scale results 

showed that most participants could complete the TUG-LV task quite independently, 

needing less proximal support than in the Café. These ceiling effects suggest that 

the TUG-LV task was well within the skill-range of the RP40 participants. 
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Figure 29. Performance Scales in the TUG-LV Task – RP40 Cohort

Figure 29. Breakdown of results from the three novel performance scales used in the TUG-
LV task: Wayfinding, Support and Posture.

6.1.4.2 Range of preview

When the cohort was split into the two visual acuity groups (Figure 30), all in the 

group with more vision (LogMAR ≥2.0; n=22) could see the target light from the 

starting chair six metres away and few people appeared anxious when walking 

sighted, but under blindfold they abandoned self-monitoring and adopted the 

defensive and invasive hand postures just described. 

The group with ultra-low vision (LogMAR <2.0; n=18) included the two least 

capable mental mappers (STM 0/9 and 5/9), but also some of the best. When 

testing their range of preview before timed trials, more than half of this group (61%; 

n=11) could see the target light from two or more metres back which, considering 

acuity, should be sufficient range of preview to adjust speed and approach the light 

pole accurately. However during trials, 39% (n=7) of this ultra-low vision group could 

not locate the target light unless they were within half a metre, felt the heat from the 

globe, or walked into it. This was not surprising given that the majority in this group 

had no clinically measurable field. A greater proportion of the ultra-low vision group 
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held one hand out in front of their body well in advance of the target light, whether 

walking with low vision or blindfold, but these hand postures were poised and 

intentional, not agitated or ridiculous.

Figure 30. Posture Scale Results in the TUG-LV Task – RP40 Cohort

Figure 30. The impact of anxiety on posture and behaviour when undertaking the 
TUG-LV task was evident when comparing the two vision groups.

6.1.4.3 Discussion and task relevance

The most significant differences in performance measures (considering speed 

and performance scales) in the TUG-LV task were apparent between sighted and 

blindfold trials. Most participants were happy to undertake the blindfold trials, 

anticipating the experience would be similar to night-blindness, or the transient 

functional blindness they experienced in the daytime from sudden dips in lighting. 

Alison (Logmar 3.5) said, “The blindfold made no difference. Years ago it would 

have made me feel helpless. Closing my eyes – I’m comfortable with it now.” 

However, some of the participants with more vision found the blindfold experience 

rather confronting. It seems that visual occlusion is different from the ordinary 

fluctuations of low vision and night blindness associated with retinitis pigmentosa.

Participants were willing to undertake the TUG-LV task with no mobility 

aid because there were no steps involved. However, it was evident from repeated 
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flinching contacts with the target light and the range of self-protective behaviours 

used, that in an unfamiliar venue, these participants would prefer to use a mobility 

aid or other non-visual strategies (e.g., trailing) to support their fluent travel. Anxiety 

caused by vision loss was particularly evident in the group with more vision who 

used active, groping gestures and sometimes two hands ineffectively widespread 

to anticipate the slender light pole. Being able to see the target light when standing 

still at a distance of six metres did not mean it was easy to locate the light with a 

miniscule visual field while moving, and the group with more vision had less fluent 

non-visual coping strategies for dealing with functional blindness than those with 

ultra-low vision, even though they could draw on recent visual memory.

The relationship of the TUG-LV task to real-world situations was tenuous. I 

had anticipated the task might equate to jumping up from the couch at home to go 

and answer the phone or get a drink from the kitchen, but this task highlighted a 

difference between familiar and unfamiliar travel contexts. In an unfamiliar context 

like this, most participants indicated they would ordinarily use a mobility aid and 

expect to access social support if they became disorientated, or else choose to 

travel accompanied. This task placed a priority in efficiency in short-trip route travel 

and illustrated how anxiety could affect performance with very low vision, but these 

are only two of the elements that constitute effective mobility (Sections 4.1.2 and 

7.1.1.2). This task design lacked authenticity.

Mean PPWS and the Posture Scale from the TUG-LV task could discriminate 

between levels of very low vision in the cohort, however the ability of the TUG-LV 

task to give convincing evidence about subtle changes in one person’s functional 

vision seemed less certain. A greater level of individual precision is needed in 

a measure of functional vision for mobility to evaluate outcomes from a retinal 

implant. 

6.1.5 Route Travel tasks

All participants in the RP40 cohort completed sighted guide trials on each of the 

three travel routes in the LoVADA protocol. Thereafter, seven people did not use 
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a mobility aid, so only recorded data for no aid trials; Brian who used a walker for 

balance could not participate in no aid trials, and four people abstained from the 

blindfold trial with no aid on Route 1. 

The three Route Travel trials used speed (PPWS) as the primary measure 

of travel efficiency. Consistent with the original findings of (Clark-Carter et al., 

1986), travel speed slowed as route complexity increased (Table 39). At each 

level of increased difficulty, speed also slowed when vision was occluded or when 

participants travelled with no mobility aid. 

6.1.5.1 Performance scales

Measurement data from each of the six performance scales were split into the two 

vision groups and the comparative graphs were analysed qualitatively (Appendix 

19). Some subtle differences between the two vision groups were evident. 

Travel with ultra-low vision required constant vigilance to maintain orientation 

and anticipate events, with or without a mobility aid. This was apparent in increased 

head and body tension (Posture Scale). Use of any mobility aid made travel less 

jarring and more fluent for this group (Touch Type Scale) although long cane travel 

involved significantly more contacts than guided travel (Touch Frequency Scale). 

Many in this ultra-low vision group were happy to free-walk when they knew the 

way was clear, but many also chose to trail because they had a choice and said 

they found it easier (Wayfinding Scale). Trailing for convenience was a different 

motivation than needing to trail in order to feel safe. 

Quite a few in the group with more vision were disconcerted by blindfold 

travel, and this was apparent in their increased body tension and self-protective 

behaviours (Posture Scale). More in this group also used trailing for blindfold travel 

(Wayfinding Scale) because they felt unconfident free-walking, not just because it 

was easier. However, few participants in either vision group needed any intervention 

on these travel routes (Support Scale).

The Mobility Aid Scale showed an unexpected difference in precision of 

aid use in relation to spatial cognition. Participants with strong mental mapping 

skills were fairly relaxed about their mobility aid use, seeming to focus more on 



212

understanding the space around them and maintaining general orientation than 

on “correct” aid technique. In contrast, most of those with limited mental mapping 

skills seemed more mindful of their mobility aid, showing more care about the 

use of specific techniques to approach the travel environment in a structured, 

intentional way.

6.1.5.2 Discussion and task relevance

PPWS findings from Route Travel trials without an aid provided the most convincing 

data about the impact of differences in very low vision, but these data have 

limited validity as measures of functional performance. The retinal implant was 

not intended to replace a primary mobility aid and participants who used an aid 

indicated they would ordinarily use their aid on these routes. 

Patrick and Max said the tunnel was “a bit like Flinders Street Station”, 

and Tim said the office corridors were “like my workplace”. Participants seemed 

to feel comfortable in the venues, but this didn’t mean they were well orientated, 

particularly to the landmarks for turns on Route 3. By using a central location for the 

LoVADA studies, we learned about the cumulative processes used by participants 

to develop familiarity in new places, and how vision and mobility aids are involved 

in this learning. However, these Route Travel data couldn’t be said to represent 

participants’ use of functional vision in their own familiar environments. The use of 

PPWS to compare aid/no aid trials on prescribed travel routes seems more relevant 

to measuring the impact of mobility aid training than the outcomes of a retinal 

implant.

The LoVADA travel routes were simple compared to the real-world travel 

most participants were used to. Carrie, a middle-aged mum, had already travelled 

with her guide dog two hours by country train that morning to attend the research 

session; Patrick, a businessman, routinely caught public transport to attend work-

related meetings in different suburbs; and Joel had just returned from a study tour 

in Israel where he travelled extensively using his long cane. Brushing against a wall 

in the tunnel, or deviating half a metre from straight-line travel in the TUG-LV task 

were insignificant incidents compared to the more interesting challenge of getting to 
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town (or Israel) and back safely.

 Measurement of competence on the LoVADA travel routes was biased 

towards the rather limiting and outdated notion that effective O&M is non-social. 

Only a handful of participants indicated that they valued their independence 

above all else. Most said that much of their O&M beyond home involves social 

contact of some kind, either travelling with a companion, going to meet friends, 

or encountering people en route. For many, dignity in public, or ease of travel 

were greater priorities than independence, and the notion of independence was 

interpreted in a number of ways. For example, Jerry said he always used sighted 

guide beyond home, but he was in charge of navigating because his sighted wife 

was inclined to get lost. They preferred to travel together and so there was no 

impetus for Jerry to learn to use another mobility aid, but he clearly valued his sense 

of agency and the unique contribution he could make to shared travel. 

The suite of performance scales measured elements of mobility more than 

elements of functional vision but in combination with qualitative data, did suggest 

some subtle differences between levels of very low vision. 

In general, travel with ultra-low vision was more tiring because of the need 

for constant vigilance to maintain orientation. Free-walking or long cane use 

involved more contacts than GD travel; contacts tended to be more jarring because 

of reduced range of preview, although not necessarily unwelcome because they 

rendered useful environmental information. Many in this ultra-low vision group 

had well developed non-visual strategies and seemed less daunted by functional 

blindness than the group with more vision. They also seemed to make travel choices 

on the basis of their own convenience more than for safety or social concerns.

The Route Travel tasks in the LoVADA protocol were simplistic and somewhat 

contrived, bearing little resemblance to the complexities of participants’ real-world 

travel. PPWS only really showed what has already been established: that people 

slow down with increased environmental complexity and speed can be affected 

by changes in mobility aid use, neither of which seems likely to tell much about 

functional changes from prosthetic vision. The standardisation in the suite of 
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performance scales did facilitate systematic qualitative comparisons between the 

two vision groups, but these scales measured mobility more than vision. The Route 

Travel tasks did not generate convincing measures of functional vision for mobility. 

6.1.6 Comparing findings across tasks

PPWS was calculated for all LoVADA tasks not just the Route Travel trials, and this 

enabled consideration of the way that different task priorities affected travel speed 

(Tables 39 and 40).

6.1.6.1 Speed and task priorities

The fastest speeds were recorded in the Route Travel trials that gave priority to 

efficient travel. Then as the purpose of O&M shifted from efficient, predictable route 

travel to incorporate everyday functions like standing and sitting (TUG-LV), planning 

(Café), mental mapping (TUG-LV, Route 3 trials and Café), socialising (Route 3 and 

Gallery) and searching for specific visual details (Café and Gallery), PPWS slowed 

substantially (Table 39). Thus, increased task complexity and cognitive demand 

slowed travel speed, and the most visually demanding task, the Gallery, slowed 

travel the most. 

Splitting the cohort into the two vision groups and examining how visual 

acuity influenced speed on three of the tasks (Route 3, Café and Gallery) reinforced 

these findings (Table 39). On the office route where the task priority was efficient 

travel, participants in the group with more vision walked more quickly and showed 

a wider range of speeds, but the inverse occurred in the Café and Gallery tasks 

where those with ultra-low vision walked more quickly and recorded a wider range of 

speeds.

6.1.6.2 Correlations between Route Travel measures and other tasks

Table 40 examines correlations between PPWS on the Route Travel trials and 

performance measures in all of the LoVADA tasks. Missing data were evident (e.g., 

some participants didn’t use a mobility aid, or chose not to participate in a trial) and 

so the number of participants represented in these analyses ranged from 26-39, 

depending on the combination of trials. 
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Table 39
PPWS Results for All LoVADA-O&M Tasks – RP40 Cohort

Note. a VLV = very low vision; b more vision group had acuity LogMAR ≥2.0; c ultra-low vision 
group had acuity LogMAR <2.0. d The distance measure used to calculate PPWS in the Café 
and Gallery tasks was the actual distance travelled by participants; the distance measure in 
the TUG-LV and Route Travel tasks indicated the ideal path and didn’t account for detours. 
e The participant with no light perception was eliminated from this data-set because her 
travel speed was substantially faster that the next nearest speed and skewed findings about 
VLV.
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The under-powered nature of LoVADA Phase 2 means that absolute 

inferences cannot be drawn from these correlations; nevertheless, there were some 

patterns in the data.

1. Participants’ level of vision impacted their unaided travel speed, but not their 

aided travel speed. While this suggests that more convincing data about 

changes in vision can be gained from tasks undertaken with no aid, most 

participants indicated they would ordinarily use their preferred mobility aid 

Table 40
Correlations Between Route Travel PPWS and Other LoVADA Measures – RP40 Cohort

Note. * Spearman’s Correlation. Significant at the 0.05 level (2-tailed); ** With a Bonferroni 
correction. n=26-39, depending on correlation. TUG-LV = Timed Up and Go – Low Vision; 
PPWS = Percentage of Preferred Walking Speed; VLV = Very Low Vision.
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on these unfamiliar routes, particularly when contending with obstacles 

(Route 2), or locating turns and dealing with social encounters (Route 3).

2. Redundancy was evident in the LoVADA task battery. There were correlations 

between sighted Route Travel trials and sighted TUG-LV trials (target lights on, 

and off) with no aid, and further correlations between blindfold Route Travel 

trials and blindfold TUG-LV trials. These results suggest that the Route Travel 

tasks and the TUG-LV task are measuring the same kind of mobility where 

the primary goal is efficient travel, although performance differed according 

to level of vision and mobility aid use. 

3. Orientation challenge differed between tasks. The correlation between 

travel speeds on the blindfold office route and the blindfold TUG-LV task 

draws attention to the orientation challenge built into both of these tasks. 

Conversely, the simpler Routes 1 and 2 and the sighted TUG-LV trials held 

little orientation challenge. The tunnel had no turns, and in the TUG-LV 

task, access to the target light facilitated beacon navigation and rapid re-

orientation for many participants. The lack of significant correlations between 

the Stuart Tactile Maps test and speed on any of the Route Travel tasks or 

sighted TUG-LV trials suggests that when vision is available, it over-rides 

innate spatial cognition. Participants with limited spatial skills could still 

complete these tasks with low vision. But when vision was occluded, the 

relationship between STM scores and dynamic orientation skills was evident. 

The positive correlations in Table 40 between blindfold Café map accuracy 

and blindfold speed on Routes 1 and 3 suggest that the spatial competence 

manifest in the Café task also fosters travel confidence and efficiency in 

Route Travel tasks.

4.  Both visual and spatial interpretation take time. The relationships between 

Café times and distances, and speed on various Route Travel tasks 

alternated between negative and positive correlations depending on whether 

these tasks were undertaken with blindfold or with low vision.
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6.1.6.3 Discussion

The PPWS results across the LoVADA O&M tasks have several implications. 

First, these PPWS data disprove the idea that restoring a little vision to someone 

with light perception or hand movements vision is likely to simply speed up their 

mobility. Travel speed depended on the nature of the task challenge and most in 

the ultra-low vision group had difficulty accessing visual detail in a timely way while 

walking. Visual interpretation was clearly a time-consuming process that often 

required singular attention, as well as slowing down or stopping. 

Variations in PPWS may or may not have been due to vision. In a multi-

challenge O&M task (e.g., TUG-LV or Café), participants might choose to prioritise 

travel efficiency and walk faster; equally, seeking spatial accuracy or visual detail 

could cause them to walk slower. Any traveller needs to adjust pace to context, 

but a PPWS calculation doesn’t capture these mid-travel variations in speed, or 

the reasons why variations occur such as obstacles, social engagement, visual 

curiosity, increased task challenge (e.g., turns, locating visual details, poor lighting), 

or disorientation with a resulting need for problem-solving. Increased travel speed 

doesn’t have unilateral interpretation and could represent improved vision in one 

participant and reduced vision in another, depending on the degree to which each 

person values travel efficiency. However, comparing PPWS data across all tasks 

highlighted the importance of incorporating a variety of orientation challenges, as 

well as venues that are more and less familiar, and that include a range of social 

supports, when measuring functional vision for mobility.

PPWS is intended to control for individual differences like fitness and age, 

but it clearly didn’t adjust for all the variables affecting travel efficiency. There was 

a wide range of PPWS recorded in each of the trials, which suggests that any single 

participant would need to register a substantial change in PPWS for the difference 

to be attributable to a single cause such as the impact of a retinal implant. 
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6.2 Phase 3 Findings – The Retinal Implant Cohort

Annette, Wayne and Arthur each had light perception only and ordinarily travelled 

with a GD beyond home, but could also use a long cane (Section 5.1.5). Although 

each had experienced difficulty from glare in the past, this was no longer a problem 

for them. 

As with the RP40 study, embedded data from each task are reported, 

but with such a small cohort, the emphasis in the retinal implant study was 

on qualitative findings; descriptive statistics and raw measurement data were 

interpreted qualitatively.

6.2.1 Gallery

Retinal implant participants tried the Gallery task with their natural vision first at the 

RVEEH and again at the Australian College of Optometry four months later, and all 

gained a higher Gallery score at the ACO. There were several possible reasons for 

this increased score. It might have been due to a practice effect, but was more likely 

due to brighter lighting in the new room that enabled more effective use of their 

natural vision. The use of a different target order and placement in the ACO venue 

might also have changed the intensity of transitions between lit and printed targets. 

The Gallery was the first of the O&M tasks to be undertaken with prosthetic 

vision because this task focused on visual interpretation with no emphasis on speed 

or efficiency. 

In the first trials using phosphene vision, we found it was important to 

calibrate the device at the beginning of the research session to check that the 

participant was coordinating head turns, eye gaze and accurate pointing (Figure 

31). Accurate scoring during this task depended on accurate gesture to indicate the 

location of targets. Phosphene vision was offset from centre by several degrees, but 

once aware of this, participants could point with reasonable accuracy to the edge 

of the targets, and sometimes even trace the shape using their phosphene vision, 

even if they couldn’t describe any internal details or identify the target as a whole. 

During their first Gallery trials, all three participants improved their target score with 
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the retinal implant switched on compared to natural vision only, although they took 

two to four times longer to do the task with phosphene vision.

Figure 31. Calibrating Phosphene Vision

Figure 31. The vision processing engineer needed to calibrate Annette’s phosphene vision 
in line with her pointing before beginning the Gallery task.

However, Table 41 shows how performances diversified the next time they 

tried the task when they compared natural vision, phosphene vision (with reversed 

polarity where black targets = white phosphenes), and a scrambled phosphene 

setting. Annette could identify the difference between scrambled and accurate 

phosphenes and increased her target score from 33% with natural vision to 49% 

with phosphene vision. However the scrambled setting had a deleterious impact on 

Wayne’s motivation. In the randomised trial order he experienced the scrambled 

setting first, scoring 9%, but he became increasingly agitated: “It’s all just dark and 
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white – it doesn’t mean anything.” By the next trial with accurate phosphenes, he 

was too frustrated to spend much time looking, clearly couldn’t trust what he saw, 

and gained no score despite a target score of 18% with phosphene vision in his 

previous Gallery session. 

Table 41
Gallery Results in Phase 3 Trials – Retinal Implant Cohort

This outcome raised ethical concerns about the use of scrambled settings 

with real retinal implant recipients. In Canberra, fully sighted volunteers had 

engaged in simulated phosphene vision trials to test out different vision processing 

algorithms, knowing it would be a novel but transient visual experience (McCarthy 

et al., 2015). Such volunteers might expect, and even enjoy a degree of visual 

confusion, but can then walk away after the experience and resume using their 

natural vision. However, the person with a surgically implanted device must live with 

the ongoing consequences of visual manipulation and the learning effected by any 

experience with the device. Breeding mistrust in phosphene vision through the use 

of scrambled settings seemed counterproductive to the empowering purpose of the 

implant. 

The three retinal implant participants moved a little more quickly (mean 

5.8 PPWS) than those in the ultra-low vision subgroup of the RP40 cohort (mean 

4.6 PPWS) when undertaking the Gallery task with their natural vision, but this 

pace slowed significantly when they were interpreting phosphene vision (mean 2.7 

PPWS).
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The same range of targets was used in this task as for the RP40 cohort, 

but it would be worth collaborating with a group of people with prosthetic vision to 

scope a wider range of visual targets. There might be particular visual elements or 

real-world targets that are more accessible with phosphene vision and render them 

more identifiable. 

The retinal implant participants demonstrated the value of retaining 

1=located in the target scale when they used their phosphenes for certain edge 

detection. Even though they couldn’t necessarily 2=describe or 3=identify what 

they saw, they each reported that it was rewarding to visually locate an object with 

surety. It represented achievement in its own right, but the task would be even more 

rewarding if visual recognition of more features was possible, or occasionally a 

whole target, because participants don’t have the opportunity in this task to confirm 

their phosphene vision with touch.

6.2.2 Café

Unlike the Gallery task, participants were encouraged to explore the Café however 

they chose, using touch if they wanted to. Annette and Wayne mostly looked before 

touching, but Wayne found the Café task impossible with natural vision.  

This is so frustrating. You have nothing. If this is a proper restaurant, you’d 
have a waiter take you to the chair. People talking give you a clue… Am I going 
the right way or not?… I’m totally confused. I’m disorientated… I’ve stuffed up. 

Wayne (STM 6/9) was reluctant to try again with phosphene vision. As 

a result of his frustration, we abandoned the magnetic map and used the Café 

context as an opportunity for free visual exploration, with no emphasis on scoring. 

During this task, it became apparent that Wayne could not discriminate tactually 

or visually between the table shapes. This accorded with the experience of several 

people in the RP40 cohort who had similar difficulties with the STM task and Café 

interpretation, emphasising the connection between understanding basic shapes 

and a more global sense of orientation. 

The best outcome from this task was realising the motivating impact that 
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phosphene vision could have for someone with limited spatial cognition. Wayne 

was able to use phosphene vision for certain edge detection. This meant he could 

find a clear space to walk between the tables with minimal contact. He gained 

an encouraging sense of continuity that connected visual fragments, which had 

previously been a miasma of ill-defined dark and light, with his natural vision.

When I scanned with the electrodes, they kept going… I just can’t believe how 
helpful it is… Oh, it’s getting too easy!… That made 100% difference to my 
frustration. I could see what I might run into. See the gaps. Find the tables. 
Sometimes I’m on the edge and it tells me the chair’s there! 

In contrast, Annette had excellent mental mapping skills. She could 

maintain her orientation in the room using her two temporal islands of natural 

light perception to check overhead lighting, at the same time using her central 

phosphene vision to identify the shape of some of the tables by tracing their 

edges without touching. Her ability to use spatial cognition to piece together 

visual fragments contributed to ambient vision theory (Section 7.1.3.3). Her three 

windows on the scene before her enabled her to move with astonishing confidence 

around the room. However, she was so intent on this integrative process that she 

forgot to look for chairs, then ran out of energy to complete the standardised task 

and didn’t care. I abandoned any attempt to score this task, because meaningful 

scoring depended on participants’ compliance and the 12 point scale clearly didn’t 

capture what was important about their prosthetic vision in the Café space. Greater 

insight was gained from open conversation with each participant as they explored 

according to their own priorities.

Arthur was systematic and efficient in his exploration of the Café in each 

of his trials, but said “I ignored the flashes – did it by feel mostly”. He didn’t get 

enough meaningful data from his one phosphene to warrant the time it took to look, 

and found it much more efficient to use echolocation and touch in this task.

This Café space generated some interesting findings about the use of 

phosphene vision for exploration and self-orientation, but these discoveries did not 

actually require a standardised task or venue. The same purpose could have been 
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achieved in any room that had some large, high contrast furniture, a range of clearly 

defined shapes, and spaces for wayfinding.

6.2.3 TUG-LV with phosphene vision

The vision processing engineer reported that the target light against a pale wall in 

the TUG-LV task did not give sufficient contrast to activate the phosphenes, so the 

lights were replaced with a 150mm diameter black pole at each end of the course. 

Participants could not detect the black pole with their natural vision until they hit it, 

but the phosphenes increased their range of preview to 0-3 metres. 

Travel speed slowed significantly with phosphene vision compared to natural 

vision. Annette could detect and mentally override the scrambled phosphenes, 

relying on her natural vision to navigate so that her travel speed was faster with 

scrambled phosphenes than with standard phosphenes. This defeated the purpose 

of using a scrambled setting. With limited spatial cognition, Wayne was both 

slow and anxious without a mobility aid and he did not gain much benefit from 

phosphenes in this task. He was not given a scrambled setting due to his negative 

experience in the Gallery. Arthur was normally a brisk walker who habitually used 

echolocation to detect and avoid obstacles. He was asked to try the TUG-LV task 

without tongue clicking. As a result, his speed was slow with the device off, but 

slower still with the device on, indicating the level of effort required to get any visual 

information from his phosphene vision.

The TUG-LV task was too standardised and lacking in purpose to generate 

much meaningful data about the functional benefits of prosthetic vision.

6.2.4 Route Travel with phosphene vision

The PPWS data-set from all O&M tasks, including Route Travel 1, 2 and 3, was 

too small to reach any firm conclusions about relationships between speed and 

phosphene vision (Table 42). The mean differences between trials with device on 

and device off support findings from the RP40 cohort: that a modest increase in 

visual information tends to slow travel speed. However in most trials, the mean 
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difference between speed with device on and device off was considerably smaller 

than the range of travel speeds between the three participants. 

As with the RP40 cohort, PPWS was certainly affected by task purpose, 

with the retinal implant participants slowing as environments and tasks became 

more complex and visually demanding. However, the PPWS data-set in Table 42 

also represents the varying energy and enthusiasm of the participants on different 

research days. Judging by their comments during research sessions, their travel 

speed and motivation seemed to be influenced as much by recent holidays, hot 

weather, headaches, family events or football news as by differences in vision or aid 

use during trials. 

Table 42
PPWS Results Across All LoVADA O&M Tasks – Retinal Implant Cohort 

Note. a Prosthetic device settings were selected by the vision processing engineer and 
modified with each task according to lighting conditions and the need to test different vision 
processing algorithms; b P1 = Annette; c P2 = Wayne; d Arthur; e GD = guide dog (preferred 
aid); LC = long cane; NA = No aid; Scram = Scrambled phosphenes; f TUG-LV: used 150mm 
diameter black pole as visual target at each end; mean of 3 trials; g Café: PPWS calculated 
using real distance travelled, not prescribed distance; mean of 4 trials.
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6.2.5 Exploratory O&M tasks

After formal Route Travel trials were completed, there was time to collaborate 

with the retinal implant participants in the tunnel and explore different ways of 

measuring sensory integration. This involved experimenting with black obstacles 

and different ways of expressing sensory preferences in performance scales. I 

observed the nuanced ways that sensory priorities were evident in responding to 

environmental features and potential collisions. These preferences were not evident 

in participants’ mobility aid choices but rather in how they used their mobility aid in 

relation to their vision, hand gestures and echolocation. 

I incorporated some of these notions into a draft functional vision measure 

trialled with Annette and Wayne during their final outdoor exploratory sessions 

before their retinal device was explanted. This assessment schedule (Appendix 

20) was exhaustive and used Likert scales to rate the relative importance of vision 

in the sensory mix when dealing with myriad travel situations. The concentration 

it took to focus on and rate the minutiae in my assessment schedule meant my 

attention was divided between the clipboard and scene before us, and I nearly 

missed seeing really significant functional phosphene vision in action. Wayne heard 

a tram coming along the road 30-40 metres away. Realising what it was, he had 

time to scan and locate it with his phosphenes and then track it some 20-30 metres 

as it passed by. 

I saw a tram! I haven’t seen a tram for years! That made the whole bionic eye 
experience worthwhile!

A few minutes later, Wayne was still scanning the road and with no prompting 

said he could see three or four people crossing the road towards him; their sound 

was drowned out by traffic noise. He was once more exhilarated. This was the real 

thing, and it highlighted for me the importance of keeping the traveller, not the 

clipboard, at the centre of my focus during functional assessment. The process of 

measuring functional vision for mobility needs to complement, not override this 

timely participant-centred observation of significant and everyday events in lived 

environments.
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My thinking about how to rate vision as part of sensory integration during 

mobility was still developing long after LoVADA data collection was completed, but 

eventually resulted in a feasible Functional Vision Scale (Section 7.1.3.1). 

6.2.6 Benefits and limitations of the 24ChPP

Although the standardised nature of the LoVADA tasks and their somewhat 

Spartan venues limited exploration of the benefits of prosthetic vision in Phase 3, 

the exploratory tasks were data-lucrative. The combined findings from the retinal 

implant cohort identified common and unique benefits of the BVA 24ChPP prototype 

device, as well as some limitations. Common benefits included:

•	 extending range of preview beyond body-space, by several metres

•	 increasing certainty about whether or not an object was actually there, and 

where it was located, without always having to touch or ask

•	 supporting exploration and learning in any travel context by providing extra 

visual information for sensory integration

•	 providing information about edges that helped to identify the size, shape and 

purpose of objects, without always having to touch or ask

•	 enabling more confident navigation around obstacles during wayfinding, by 

locating and estimating the clear spaces between edges and objects

•	 providing visual awareness of landmarks and structural shorelines in the 

environment that could be used to guide wayfinding

•	 providing welcome experiences of surprising competence

•	 inspiring curiosity and motivating purposeful action

•	 prompting possibility thinking about how the device would impact their own, 

and others’ independent mobility at home and in the community, with and 

without mobility aids.

In addition to these common experiences, each participant found unique benefits in 

the device, including: 

•	 innate pleasure in seeing phosphenes, which in some way arrested or 

addressed a long experience of progressive vision loss (Annette)
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•	 a fuller combined visual field, with prosthetic vision and natural vision each 

serving different purposes but complementing each other (Annette)

•	 supporting self-orientation to a new venue (Wayne)

•	 visually recognising familiar features in the visual landscape, using context 

clues (Wayne)

•	 monitoring the movement of a conversation partner (Annette)

•	 shifting abruptly from a can’t-do, to a can-do mentality with visual tasks as 

soon as the device was switched on (Wayne)

•	 increased functional (natural) vision at home, even though the device was 

switched off (Arthur).

However, the 24CHPP device had its functional limitations in the context of 

the LoVADA tasks, and these limitations also became evident during the exploratory 

travel that was undertaken around the LoVADA venues with the device switched on.

•	 The device was unable to detect drop-offs such as down-stairs, so it couldn’t 

safely replace a long cane, GD or sighted guide as a primary mobility aid.

•	 The 24ChPP device didn’t provide timely visual information during travel 

for anything but occasional shorelining. The small number of functional 

phosphenes meant that participants mostly had to stop to scan, rather than 

scanning on the move. 

•	 Participants reported a sense of obligation to at least try to get useful 

visual information in each research session and each task, and this slowed 

their natural response times and skewed their typical sensory priorities 

and mobility choices. This made it difficult to capture authentic data about 

functional vision; instead measures represented clinical performance with 

an emphasis on visual priority rather than authentic, integrated functional 

competence that might be experienced and valued in everyday contexts.

•	 The combination of backpack, head-mounted camera, wiring and bevy 

of followers made it impossible to move discretely in public spaces, and 

inhibited any natural engagement between participants and passers-by. This 

made it difficult to evaluate phosphene vision for social purposes.

The vision processing engineers developing the device were aware of these 

limitations. The next iteration of the device is intended to be a fully implanted  
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take-home system and recipients will have independent control of vision processing 

options in any context, including the option to switch the device off if the phosphene 

vision is annoying or redundant in a particular setting. 

6.3 Summary

The LoVADA protocol provided a standardised platform for generating a comparable 

data-set about functional performance with very low vision from RP, and then for 

exploring the benefits of prosthetic vision. Each task and its associated measures 

in the protocol served a unique role in exploring and contributing to my own 

understanding of the relationships between orientation, mobility and very low 

vision. However, in considering task relevance it was evident in many instances 

that the standardisation of the LoVADA tasks compromised participants’ freedom 

to respond as they would in real-world contexts. The protocol also emphasised 

the measurement of orientation and mobility, making vicarious inferences about 

vision. Only the Gallery score directly measured functional vision, however this task 

decontextualised the use of vision from meaningful travel, so the Gallery score 

effectively measured functional vision for reading but not functional vision for 

mobility. 

Despite these disappointing outcomes regarding the measurement of 

functional vision for mobility, participants’ kinesics, as well as their frank comments 

made during tasks and feedback afterwards, were captured in video and field notes. 

The LoVADA studies generated a multidimensional data-set about participants’ lived 

experience providing a strong foundation for conceptualising functional vision for 

mobility. The process of constant comparison undertaken throughout the LoVADA 

studies informed the development of emergent theories about functional vision 

and its measurement that will be reported in Chapter 7, along with the VROOM 

instrument which resulted from these grounded theories.
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Chapter 7 Measuring Functional Vision for Mobility

The LoVADA studies generated a rich data-set about the lived experience of people 

with advanced RP but they didn’t produce a direct measure of functional vision 

for mobility. However these studies enabled me to explore relationships between 

orientation, mobility and very low vision in partnership with participants. I was 

able to draw on qualitative and quantitative data to build a multidimensional 

understanding of functional vision for mobility, generating new theories that have 

relevance beyond this defined RP cohort.

The aim of Chapter 7 is to present and discuss new theories derived from the 

LoVADA studies (Chapter 6) also drawing on the initial consultations with functional 

vision experts (Chapter 4). These emergent theories address the first research 

question in this study: What constitutes functional vision for mobility? including its 

subsidiary questions. 

The second research question: How can functional vision for mobility be 

measured? is more challenging to address. The tasks in the LoVADA protocol are 

critiqued, with particular attention to the ways that standardisation can confound 

or strengthen the investigation of functional vision for mobility. Evaluation of the 

LoVADA protocol indicated that, even though it did not produce a direct measure of 

functional vision for mobility, there were some measurement features in the LoVADA 

protocol that accorded with a constructivist approach to investigation.

Late in this project I undertook a three day visit to Pittsburgh to observe Dr 

Christine Roman-Lantzy administering the CVI Range in her Paediatric View clinic. 

Insights gained from this experience, together with my critique of the LoVADA design 

and emergent theories grounded in the LoVADA participants’ lived experience 

informed a solution to this functional vision measurement quandary: the notion of 

a constructivist measure. The VROOM instrument that measures “Vision-Related 

Outcomes in O&M” collaboratively is tabled, its development is described and its 

feasibility investigated in this chapter.
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7.1 What Constitutes Functional Vision for Mobility?

New theories about functional vision were developing throughout the LoVADA 

studies while I was observing and engaging with participants, reflecting on their 

performance, collaborating with colleagues and fellow travellers in my own 

context, and returning to participants for member-checking during and after 

Phase 3 of the LoVADA studies. These emerging theories were also reviewed and 

discussed informally with O&M colleagues and clients via phone and face to face 

as opportunities arose, and their input prompted deeper heuristic inquiry into my 

own assessment practices as well as a return to peer-reviewed studies and the 

methodology literature. 

The theory development relating to each of these questions happened 

concurrently, not sequentially, with each new theory influencing and helping to 

define the others. “Why do people with very low vision look?” is answered in 

theory about visual purposes. The questions, “What do they look for?” and “What 

do they see?” are answered in theory about travel targets. Functional markers of 

deteriorating vision identify phases of progressive vision loss and more particularly, 

“How do they feel about it?”. “How do they use this information to support O&M?” 

is answered in the Effective Mobility Framework, the functional vision scale and 

theories about visual certainty, ambient vision and mobility choices. The visual 

complexity scale is a response to: “What makes the visual landscape complex for 

people with low vision?”

I begin by reporting the theories that provide a context for investigating 

functional vision for mobility. Hermeneutic practice means that participants’ actions 

also need to be interpreted in the context of their own narrative, so functional 

markers of deteriorating vision come next, followed by general theories about 

sensory and cognitive integration with very low vision, as well as universally relevant 

travel-specific priorities.

7.1.1 Travel context

O&M assessment endeavours to use relevant travel environments and meaningful 
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travel tasks. A visual complexity scale was devised from the LoVADA data for use 

in conjunction with the O&M Environmental Complexity Scale (Deverell, 2011b). 

Then the draft Effective Mobility Framework from Chapter 4 was revised in light 

of participant data as a tool for selecting diverse and relevant O&M assessment 

challenges. 

7.1.1.1 Visual complexity scale

Most LoVADA participants were aware of the lighting conditions that enabled them 

to minimise fatigue and gain optimal use of their vision. During route travel, gradual 

variations in lighting while moving from one space to another caused fluctuations in 

functional vision for many that could be accommodated or managed by slowing or 

pausing. However the kind of abrupt change in lighting experienced in the Gallery 

task as participants moved from a printed target to a fluorescent light, could prompt 

a flinch response and temporary functional blindness. This caused momentary 

disengagement from the task and for some, difficulty identifying subsequent targets. 

It took some people up to 20 minutes to recover their normal level of functional 

vision. 

Real-world vignettes contributed more detail about key features in the visual 

landscape. During interview Alex recalled,

I noticed a difference on holiday this year. I couldn’t see as well at the beach – 
I wasn’t able to see where I was, people around me. [The year] before, I could 
go in the water – swim and surf. Now I was blind from glare. No reference 
points because of the glare. I didn’t get the same enjoyment as I used to. 
Not wishing to push the boundaries of what I could do came as a surprise… 
everything is more difficult. 

Timeliness was a key factor in visual complexity, determining whether or 

not vision was useful in mobility, and LoVADA participants differed in their range 

of preview. In the tunnel or the office corridors, those with timely functional vision 

could walk within an inch of an obstacle or edge, deflecting their path of travel to 

avoid collision, sometimes at the last moment and often unconsciously. Those 

whose vision wasn’t available in a timely way collided with either a glance or flinch 
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response. These observations accorded with visual behaviours identified by GD 

mobility instructors in Chapter 4.

Timeliness was related to locus of control. At home, participants said they 

usually had control over visual clutter and lighting conditions, and could set their 

own pace with a visual task, but less so when away from home. Timeliness was also 

related to task purpose. In the static Gallery task, most participants were willing 

to pause for as long as it took to explore and access visual details because visual 

interpretation was the task priority. However on Route 3, where travel efficiency was 

the priority, most people slowed to seek visual cues near corners so that their turns 

could be both fluent and accurate, but they picked up the pace on straight stretches 

where there were no obstructions to look out for.

Some visual landscapes are inherently more action-packed than others, 

uncompromising in their requirement for rapid visual interpretation and timely 

responses. Alex’s attempt to go body-surfing was stressful because the surf doesn’t 

wait for the time it takes to interpret low vision. Here, differences between a visually 

demanding landscape and a visually imperative context become apparent. 

A demanding landscape might be visually cluttered with multiple potential 

pathways; abrupt lighting changes might cause temporary functional blindness 

such as when walking from deep shadow into sunlight. However, this inconvenience 

can often be managed by stopping for a few moments or by switching to non-visual 

strategies until functional vision is recovered. However, in visually imperative 

situations such as body-surfing, driving or ball-sports the locus of control is largely 

external to the participant and fast or unpredictable action can prompt a fight or 

flight response. Several participants said they had experienced a near-miss while 

they were driving or crossing the road and this prompted them to quit driving, 

seek visual diagnosis or undertake mobility aid training. Activities in imperative 

conditions such as driving, skiing, cycling, and ball sports might be attempted 

and enjoyed with little or no vision by some adventurous, elite travellers like 

Daniel Kish who uses echolocation to ride his mountain bike with no vision (www.

worldaccessfortheblind.org/), or Mike May who took on Olympic skiing with light 
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perception only (Kurston, 2007). However, most LoVADA participants indicated they 

preferred to avoid visually imperative conditions, considering such activities more 

perilous than fun since their vision had deteriorated.

The Visual Complexity Scale in Table 43 identifies four kinds of visual 

landscape, taking into consideration (1) the pace of change in the context, (2) the 

quantity, visibility and relationships between visual targets, and (3) the kinds of 

response from the traveller with low vision that are feasible in the situation.

Table 43
O&M Visual Complexity Scale
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The Visual Complexity Scale can be used in conjunction with the O&M 

Environmental Complexity Scale (Figure 1) to sequence research tasks and 

comprehensive inquiry when assessing functional vision for mobility. Separate 

measures might need to be undertaken at each level of the Visual Complexity 

Scale to understand intra-personal variations or fluctuations in functional vision 

for mobility. Although Level 4: Imperative might not be relevant to the majority of 

people with very low vision, it is important to check this with individual participants 

before heading out to investigate functional performance, to avoid making limiting, 

discriminatory assumptions about the capability and interests of people with very 

low vision (Mettler, 2008; Scott, 1969).

7.1.1.2 Effective Mobility Framework

The draft Effective Mobility Framework (Deverell et al., 2015), reported in Chapter 4 

was reviewed in light of LoVADA data. 

Responses from the interview question (Table 25) “What do you think makes 

your mobility effective?” were coded in two ways: 62 statements were analysed in 

an Excel spreadsheet, and the same data were also coded in NVivo. While reviewing 

and finalising performance scale ratings from video for the RP40 study, I gleaned 

participant data about Elite and Competent levels of performance and described 

tacit expressions of effective mobility in their kinesics, to include in the effective 

mobility data-set. 

After the LoVADA studies were completed, I entered the constructs and 

vocabulary from the draft Effective Mobility Framework into FreeMind software, 

and then reworked the mind map each time I incorporated any new language or 

constructs gleaned from LoVADA participant data. I found this multidimensional 

configuration of data was a more useful way to explore complex notions of scale 

than lists or matrices. The software enabled words and concepts to be spatially 

grouped and regrouped according to their similarities and differences in meaning, 

while also exploring and weighing relationships between different constructs using 

the “parent-child function”. This regrouping process drew on what I knew about 

cumulative concept development in O&M from child development theory and from 
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my experience as a teacher, parent and O&M specialist. Thus, eight categories in 

the Framework were reduced to six (Figure 32).

Figure 32. Revised Effective Mobility Framework

Figure 32. Mind map of revised Effective Mobility Framework after considering LoVADA 
participants’ data.

Utility was rebranded as Purpose, which I considered a more friendly word 

that captures an element of intention or motivation, not just mechanical function. 
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This category includes the contexts for mobility that participants mentioned in their 

vignettes.

Social Skills became part of Interdependence, which is a broader construct. 

Doing mobility “as independently as possible” was a priority for John, and Chris 

said “freedom is the most important thing”, but otherwise independence was rarely 

mentioned by LoVADA participants. Conversely, there were some people who said 

they looked for help as often as they could get it, and many preferred to travel 

accompanied, despite having competent independent travel skills. Social skills 

were particularly important when navigating in unfamiliar public places; Kurt said, 

“I’m a confident person. Not scared to talk to people, ask for directions.” Social 

skills and independence seemed to be the warp and weft of each participant’s 

social fabric and resulting mobility choices, and was best expressed in the notion of 

Interdependence.

In relation to effective mobility, a quarter of RP40 participants talked 

about the importance of Orientation, with references to mental mapping and 

the strategies they use to confirm their location. Some found orientation easy, 

and others found it a challenge. Jerry said, “I learn orientation quickly. Once I’m 

exploring a new place, I like to bump into something. Straight away a picture comes 

into my head.”

A new category, Self-regulation encompassed Choices, and Planning 

and Decision-making, but it was apparent that effective action was not always 

contingent on planning, and self-regulation embraced other constructs. Attitude was 

critical, including acceptance of circumstances, persistence and a willingness to 

learn. Confidence that it will work this time because it has worked before prompted 

a “guess and go” or “just do it” attitude in several participants. Max acknowledged, 

“I don’t worry about detail – it costs more than it’s worth. It’s not worth the grief… 

You learn from everything, everything. You bang into something – was it a good 

bang or a bad bang?” 

The original constructs grouped as Access were divided between three 

elements in the revised framework because they had to do with logical, structured 
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environmental design (Orientation) and available resources, many of which were 

social (Interdependence), as well as an ability to integrate information or use 

available resources effectively during travel (Self-regulation).

Efficiency became Fluency because, as discussed in Chapter 2, efficiency 

suggests a degree of mechanical consistency, whereas fluency better embraces 

changing pace and aesthetic considerations that are as important as reducing 

fatigue in O&M. Eliot said, “Tripping and crashing is not effective.” Joel talked about 

his “cat-like reflexes” and Frank acknowledged the importance of safety and public 

opinion: “I need to take it incredibly slowly because of orientation and concerns 

about bumping into things. I don’t want to hit myself or look like a nob.”

Finally, a new category was formed: Pleasure. This was apparent in every 

participants’ kinesics, and was repeatedly captured on video. Some participants 

showed surprise, smugness, delight and even exhilaration when a task was 

successfully achieved. Pleasure generated energy to continue with the next 

challenge. Conversely, when a task seemed irrelevant, or just too hard, there was 

frustration and sometimes quitting in the absence of pleasure.

The revised Effective Mobility Framework can be used alongside the O&M 

Environmental Complexity Scale and the Visual Complexity Scale to select relevant 

tasks and venues that facilitate comprehensive assessment of functional vision 

for mobility. However, it needs to be noted that vision is not essential for effective 

mobility and so data about effective mobility don’t necessarily indicate visual 

outcomes. Functional vision for mobility is a specific phenomenon that needs 

to be understood in the context of a participant’s visual narrative to facilitate its 

measurement. 

7.1.2 Functional markers of deteriorating vision 

The LoVADA participants shared a common experience of progressive vision loss 

from RP and indicated that the grief and frustration of fluctuating and devolving 

vision could extend over many years. My intention in investigating functional 

markers of visual deterioration was to discover whether there was a linear scale 
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of integrated visual competence that might be reversed by prosthetic vision and 

thereby scaffold a measure of outcomes from a retinal implant. The notion of 

scaffolding is used in education to indicate a solid structure or framework on which 

learning is built. A valid, feasible instrument to measure functional vision for mobility 

needs relevant theory to serve as a scaffold.

During semi-structured interview, LoVADA participants were asked, “What is 

your vision useful for now?” as well as “What could you do when diagnosed that you 

can’t do now, and how did the changes in your vision become apparent in everyday 

tasks?” Interestingly, participants spoke as much about the emotional adjustments 

that were needed at each stage of visual deterioration as they did about particular 

activities. 

Most RP40 participants described problems with night blindness, often 

beginning in childhood, but then linking in with decisions around driving. Diagnosis 

of their condition was pivotal and could be depressing because of its implications. 

This was followed by a long period dealing with the frustration of fluctuating low 

vision, involving difficulty finding things, retrieving things, interpreting information 

and social situations, always subject to lighting conditions. For many, glare was 

the most compromising factor during this phase. Participants alternated between 

persisting with vision, and accruing non-visual strategies to manage functional 

blindness. As ultra-low vision devolved, there was less need to manage glare, 

and vision seemed to become more reliable but more limited and specific in its 

usefulness. Participants continued to seek and use visual information until well into 

the phase of light perception only. 

Participants’ comments illustrate these stages. In relation to night vision and 

driving, Chris explained:

I got my learner’s permit when I was 17. I went for my test at night and I didn’t 
do too well, so I booked the tests in the daytime. I was still driving at night, 
following the tail lights of the car in front of me. I drove till I was 27… I also 
qualified for my pilot’s licence because of my vision [good acuity] but I never 
went for it. I dropped things and couldn’t find them to pick them up. I wasn’t 
aware of my reduced field… actually, I tried to hide the problem, so I must 
have been aware of it.
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Similarly, John was still driving with 7° fields. “I sort of adjusted to it over the 

period, but I had the sense that I was missing some things. When I was diagnosed 

with RP, I stopped driving.” 

RP is inherited, so many participants had family members or knew others 

with low vision or blindness. Carlo said that “kids (nieces, nephews) who grow up 

living with vision impairment, they know when to move in – they have a sixth sense 

about when you need help.” 

Despite this long term awareness of low vision, the diagnostic conversation 

was pivotal for many because of its implications – diagnosis named the progressive 

and incurable nature of the vision condition, often focusing on legal blindness. 

Ayeesha said, “It took me 3-4 years to accept it. I was still driving but instantly blind! 

I was very depressed. In the end my children said: ‘You think you’re a victim. We’re 

the victim. You make us a victim.’” She sought various medical treatments, but said 

“a Vision Australia staff member came to my house with a CCTV – that was like 

magic!” and she equipped herself to return to work.

Loss of certainty about functional vision meant loss of easy access to 

print and difficulty with near tasks, as well as loss of confidence with mobility. 

Participants needed to adopt non-visual skills to support their mobility, or otherwise 

curtail their travel. Allen (LogMAR 2.0) said that “moving in social gatherings is very 

difficult. I don’t do it. My wife shows me.” Ayeesha learned to use a long cane, but 

after diagnosis, Isobel opted for GD mobility:

It was a dark time. All of a sudden I lost my independence – how will I get a 
job again? I’ve been riding motorbikes, driving cars, a forklift, trucks. I felt like 
that had been taken away from me. I had these two little babies – how will I 
provide for them? The dog helped me to come out of the cave… He lightened 
the whole household. The kids loved him. He was like an angel sent to the 
house to make everything happy again – he’s part of my new identity. 

This issue of redefining their identity was critical to most participants. Wayne 

who had light perception only referred to himself as “just a normal blind person” – a 

paradoxical notion to a fully sighted person who is used to considering 6/6 visual 

acuity as normal.



242

Choosing to use any mobility aid other than sighted guide meant “coming 

out” socially as vision impaired – an irrevocable declaration to the local community 

that had social and work-related consequences, and influenced mobility decisions. 

Several people in the RP40 group acknowledged being in denial. The need to cover 

up their low vision for as long as possible was evident in their refusal to use an aid 

and they were intent on making the most of their vision while it lasted. Conversely, 

those who had reached greater acceptance of their changed visual status also 

showed more open curiosity about what it would be like to be blind. 

Diagnosis and public disclosure were linked with a need to reorganise 

lifestyle priorities, including viable employment, leisure options and activities of daily 

living, each having implications for psychosocial wellbeing and mobility. John said, 

“with RP, you’re on a downward journey with your vision. I got superannuated out of 

work and started running.” He participated in several marathons before his vision 

deteriorated to the point of needing to slow to manage curbs and road crossings 

with his long cane. 

After diagnosis, Richard gave up teaching with its disheartening politics and 

then ran his own accounting business for 20 years.

Coral also worked as a tax accountant, but retired when her vision got worse: 

“Some of those accounts are very big – you don’t want to make mistakes.”

Chris worked in retail and said:

We’re building suppliers – I was still serving customers until eight years ago. 
We’d have the prices written on things in black texta so I could see them. I 
gradually lost text comfort – many days it was too hard to see. I set myself up 
financially – decided to do that early.

Dean’s role as breadwinner was important to him too: 

We’ve become more financially secure in the past 5 years. I’m a full time 
mechanic. When I did my apprenticeship my vision was a lot better… you can 
remember things. I’ve settled into a better rhythm now. We’ve got plenty of 
debt, responsibility and work.
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Sean was also a mechanic, then after retirement he and his wife became 

“grey nomads”, travelling Australia in their caravan: 

Five or six years ago, I could read the workshop manuals – I used a magnifier 
with a light. Now Joy reads me what I need. I know my tools by feel. If I 
ask a mate for a 7/16 spanner, and he hands me the wrong one, I know… 
Sometimes you see to put something down, but you can’t see to pick it 
up again. I still service the car, the caravan. I take a tray or an ice cream 
container and put everything in it, but I can put a wheel down and lose that… 
till I trip over it!

The fluctuating nature of low vision from RP meant that throughout the 

process of visual deterioration, the hope or expectation of seeing something useful 

was surprisingly persistent, combined with the frequent frustration of temporary 

functional blindness and the resulting need for reliable non-visual strategies. 

Cheryl who had 1.0 LogMAR acuity said, “I can’t find things when I drop them 

unless someone points out where they went.” Alison who only had light perception 

acknowledged, “I still look in the mirror, even though I don’t see anything. I try and 

see something… but no. I still do it! Isn’t that crazy?” Roger who also had bare 

light perception said, “When I swam 20 years ago, I could see the black line on the 

bottom of the pool when I turned my head to breathe. Now I touch the rope with my 

left hand as it enters the water, to stay on track.”

There seemed to be a cusp, recognised in hindsight and specific to particular 

situations, at which participants mentally switched over from (1) primarily relying on 

visual strategies to manage their mobility with back-up from non-visual strategies, 

to (2) primarily relying on non-visual strategies with backup from vision. For example 

Susan, a GD traveller, resisted the long cane but was resigned to using it at home 

after “lots of bumping and tripping over,” recounting how she fell in the pool three 

times fully clothed – “one grandchild rescued my watch and the other went for the 

camera!” This mental switch to relying primarily on non-visual strategies seemed to 

be influenced as much by psychosocial considerations as visual sufficiency. There 

was a nexus between necessity (e.g., living alone or with others); practicality (i.e., 
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getting the job done); sense of identity (e.g., what “blindness” or “low vision” signify 

about a person’s worth); attitudes to independence (cultural, family and personal); 

the consequences of public disclosure (e.g., employment, friendships, social safety); 

and degrees of dignity (expressed in social self-monitoring).

By the end of this usually long phase of fluctuating vision, goals were 

readjusted, non-visual strategies were adopted, and if vision was available at all, it 

was a bonus. 

The final stage involved never expecting to see, and therefore never really 

bothering to look.

Within the RP40 cohort, the timing between these functional markers (e.g., 

night blindness, ceasing driving, coming out with low vision, choosing a mobility aid, 

reviewing employment and leisure activities, preferencing non-visual strategies, then 

giving up looking) and psychological adjustments varied significantly. Many of the 

LoVADA participants were still mid-way through these stages, finding different ways 

to hold and express their grief about vision loss, while at the same time developing 

non-visual competence in an array of tasks. However, these functional markers 

didn’t follow the same order for each participant, so they didn’t provide a neat scale 

to measure functional vision for mobility. It would be worth investigating possible 

relationships between the cusp in emotional adjustment reported by participants, 

from being a visual traveller to being a non-visual traveller, and the dramatic drop in 

functional efficiency observed between LogMAR 2-2.3 in the LoVADA tasks.

7.1.3 Sensory and cognitive integration

Exploring markers of functional performance shifted my focus from readily observed 

actions to participants’ more nuanced priorities, purposes and preferences during 

travel.

Choosing to learn the long cane was a significant lifestyle decision, but 

even more telling about each participant’s level of functional vision was how he or 

she used a cane or GD in relation to vision, other sensory information and spatial 

cognition to read the travel environment and take action. 
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7.1.3.1 Functional vision scale

The task extension work undertaken with the retinal implant participants in the 

Tunnel and exploring outdoors investigated different ways that sensory priorities 

might be measured, none of which quite worked. However I continued to consider 

sensory priorities while analysing other LoVADA data. The resulting Functional Vision 

Scale (Table 44) crystallised long after the Phase 3 participants had their devices 

explanted. This scale is based on the generic performance scale template used in 

the LoVADA studies (3 = elite, 2 = competent, 1 = basic and 0 = dysfunctional), and 

it places a priority on vision in sensory integration. 

Unfortunately there was no opportunity to implement the scale with retinal 

implant participants in real time. However, this scale was incorporated into the 

design of the VROOM instrument (Section 7.3). An assessor using this scale needs 

to watch closely to see whether visual or non-visual strategies come first as the 

traveller deals with different environmental challenges. Non-visual strategies might 

include mobility aid use, tactile search strategies, listening skills and echolocation.

Table 44
Functional Vision Scale for Rating Observed Travel
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7.1.3.2 Visual certainty 

An important theme that arose in the Café task was the notion of tricking. LoVADA 

interviews, as well as Gallery and Café results indicated that deteriorating functional 

vision was already unreliable at LogMAR 1.0 and fluctuating, unclear, or fragmented 

vision undermined participants’ visual confidence over a long period of time. While 

participants routinely used touch and hearing to confirm their visual percepts, many 

also relied on asking questions and receiving verbal confirmation from observers to 

be certain about what they saw. 

When Jack was exploring the Café and couldn’t find all the furniture, he 

accused, “There isn’t a chair there – you’re tricking me.” Isabel said, “After a while 

I started to get disorientated. I had to find a familiar shape and get my bearings 

again. It did cross my mind, Are they doing this on purpose? Then, No – I’ll just keep 

going.” Trish made similar comments, then added: 

My eyesight, or lack of, makes me feel vulnerable… As it gets worse, the trust 
factor goes. My husband is straight as a pin, but I think he’s doing stuff behind 
my back. Whether it’s a psychological thing – it puts stress on the relationship.

Reliance on social confirmation made some participants feel vulnerable to 

deception, highlighting a chronic power imbalance between people with full vision 

and those with very low vision. Surprisingly, this imbalance was partially addressed 

by phosphene vision. Although the low density of electrodes in the 24ChPP 

device made it impossible to identify any single object from a static configuration 

of phosphenes, the three retinal implant participants used the phosphenes in 

combination with their own movement to gain certainty that something was there. 

All three could scan to locate a definite edge, then trace along it, often inferring 

from direction and context, or movement of the object, or an awareness of the 

possible options, what the object or shape might be. Using this strategy, Arthur was 

able to distinguish between a pole and a wheelie bin in the tunnel; Wayne moved 

confidently if not quickly between the Café tables without bumping and crashing; 

and Annette was delighted to realise spontaneously that the lunch tables in the ACO 
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staff kitchen were round not square. They evinced similar delight in visual certainty 

during ADL tasks (Figure 33). 

Specific, practical benefits of the retinal implant culminated in a sense 

of empowerment for participants – having more vision to work with, even very 

crude vision, was motivating. This meant that prosthetic vision did not neatly 

reverse a familiar process of vision loss. Visual certainty had been only a distant 

memory for people in the LoVADA studies with light perception only, yet when the 

phosphenes were switched on, it was one of first and most valued gains from the 

retinal implant. This certainty was somewhat unexpected given that the visual 

percepts from phosphenes are quite unlike natural vision. Visual certainty had a 

marvellous impact on participants’ posture and energy in the moment, prompting 

upright stature with heads thrown back, sudden smiles and exhilarated outbursts. 

Importantly, it also fostered confidence – a can do attitude towards visual effort with 

the phosphenes in subsequent tasks.

Figure 33. Pleasure with Visual Certainty

Figure 33. Wayne was delighted to find he could locate the curry powder with phosphene 
vision, then reach accurately to take it from the shelf in an ADL task. He showed similar 
jubilation in the Café task when he realised phosphene vision could help his wayfinding.
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In the Gallery task, many of the RP40 participants with mid-range vision 

took several minutes to reach visual certainty, talking through the process as it 

happened. For example, Max saw some information – “maybe an X” – and moved 

on. Then he stepped back to look again having realised the implication of what 

he’d seen – “a small sign… green?” – and deduced more after further close 

examination – “capital letters, beginning with E, ending in T… EXIT!” The Gallery 

targets tantalised and rewarded persistence for those who could see text – literacy 

has rules, structures and forms that support staged decoding and offer a graduated 

sense of achievement.

The rating scale for each Gallery target recognised three steps towards object 

recognition (locate, identify elements, name the whole), but collective analysis 

of participants’ behaviour, self-talk and explanations when interpreting targets 

in the Gallery and table shapes in the Café suggested that there were at least ten 

steps in reaching visual certainty. My examples of self-talk in Table 45 summarise 

participants’ comments and kinesics at each step.

These steps towards visual certainty indicate the internal cognitions that 

support the externally evident visual behaviours identified in Section 4.3.3 and 

provide researchers with more elements of functional vision that might be scored 

when rating visual performance parts-to-whole. Alternatively, these steps can be 

used to teach functional vision assessors what to look for when observing functional 

vision for mobility. 

7.1.3.3 Ambient vision

The Café task stimulated my curiosity about the way that people with ultra-low vision 

use visual fragments – these are isolated visual elements like tiny patches of colour, 

contrast, light intensity, movement or specular reflections which, on their own, are 

too small or generic to identify an object.

In the Café task, although few of the participants reported being aware of 

the uncurtained windows, those who had ultra-low vision but good spatial cognition 

(STM 8-9) could use specular reflections from various surfaces, as well as ill-defined 

patches of contrast to make accurate spatial inferences while exploring. I called
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Table 45
Ten Steps in Reaching Visual Certainty with Very Low Vision

this ambient vision. These participants did not need to touch every item of furniture 

to map it accurately. For example, Zhang Xu (LogMAR 2.3; STM 8/9), stood in the 

middle of the room facing the window, and while scanning he caught a glimpse of 

light reflected off the top edge of a chair two metres away. He could not recognise 

its form, but inferred from the position and the nature of the glint relative to the 
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window that the reflective object was a chair. Without needing to touch and confirm, 

he mapped the chair accurately on his magnetic map and moved on.

The idea of ambient vision is not new. Dodds and Davis (1989) observed that 

motion parallax created by the traveller’s own movement helps with edge detection 

during travel. However, we found in the Café task that ambient vision was only 

available to people with strong mental mapping skills. It seemed to work because 

the person could cumulatively remember and place isolated visual fragments in a 

fixed location while moving on and scanning to find more information, remembering 

and spatially relating the various fragments in their mental map much like putting 

together a jigsaw puzzle. Thus, when participants had good spatial cognition, they 

could combine scanning, tracking, motion parallax and an awareness of likely 

objects in the environment with spatial memory and mental mapping skills to make 

their ultra-low vision functionally useful. During preliminary trials in the Café task, 

Annette (STM 9/9) completed the magnetic map easily, using her ambient vision to 

remain orientated to the room as a whole, and touch to confirm fine details such as 

table shapes and chairs that were not clearly visible.

Conversely, LoVADA participants with limited spatial cognition and ultra-low 

vision seemed to have no access to ambient vision. Any visual fragments remained 

spatially unrelated, never becoming precisely positioned or connected into a mental 

map. This meant that unless visual fragments were individually recognisable they 

remained meaningless, and participants seemed to filter them out of their visual 

landscape as if they didn’t exist. 

Marjory had relatively good acuity (LogMAR 1.4). She began but chose 

not to complete the Café task, saying “I felt it was a waste of my time. My vision 

wasn’t enough to tell me where things were.” She could not recognise table shapes 

even when standing right beside them. With limited spatial cognition (STM 6/9), 

additional vision seemed unlikely to help her make the magnetic map – she could 

walk around safely with no aid, find the spaces between the tables and a place to 

sit as she would in a real café, but she was anxious throughout the day and the 

magnetic mapping element of the Café task was too spatially demanding for her. 
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Wayne (STM 6/9) who had light perception only, had no ambient vision and 

he was immobilised without a mobility aid in hand. In the Gallery, he said repeatedly 

“it’s just black and white – it doesn’t mean anything”, and in the tunnel, “I can’t use 

my dog or my cane – of course I’m b***y anxious!” He hated the magnetic map in 

the Café task, being unable to make any sense of its shapes or its relation to the 

room. He could not confidently name the shape of tables in the room, even with 

two-handed exploration – there was no object recognition because this task 

required him to connect lines and their length with corners and their angles. As 

discussed in Section 6.2.2, Wayne said that in a real café, he’d just ask the waiter to 

take him to a seat. Yet he could use his phosphenes to trace what he knew to be a 

table edge and maintain visual continuity as he walked. His visual percepts became 

connected and meaningful during action with the result that he felt liberated in his 

mobility.

Low STM scores, difficulty with basic shape recognition, bewilderment with 

the magnetic mapping task, and a sense of disempowerment in the Café seemed 

crucially related. Importantly, people with good spatial cognition could readily 

substitute vision with hearing and/or touch to populate their mental map with 

spatially relevant details when exploring the Café under blindfold, and thereby 

produce an accurate map of the room. People who had limited spatial cognition did 

not seem to understand what was involved in the Café task. Even with sufficient 

vision to see tables and chairs, Marjorie still could not recognise their shapes, let 

alone understand their relationship to each other. Seeing did not equate to spatial 

understanding.

This combination of factors raised the question about whether spatial 

dysfunction might substantially account for the differences between confident, elite 

travellers and anxious, unambitious travellers in Beggs’ (1992) study. The ability of 

the STM test to predict ambient vision, travel confidence and dynamic orientation 

skills certainly warrants further investigation because of its implications for viable 

O&M training strategies, as well as fostering realistic expectations about what 

prosthetic vision might offer its recipients.
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7.1.3.4 Spatial cognition and travel choices

There was no direct parallel between LoVADA participants’ level of vision and their 

choice of mobility aid. Paradoxically, the person in the RP40 cohort with highest 

visual acuity (0.5 LogMAR) was a guide dog traveller, yet one man with LogMAR 

2.0 vision used no mobility aid, and another with light perception (LogMAR 3.5) 

preferred to use only an ID cane that is lightweight and not intended for rhythmic 

ground contact. The numbers of participants using each kind of mobility aid were 

too small to undertake meaningful statistical analyses, but I examined the LoVADA 

data and results from the battery of psychosocial tests administered by phone – 

grouping participants in an Excel spreadsheet according to their usual mobility aid 

– and found no obvious patterns between mobility aid preferences and participants’ 

visual fields, binocular acuity, spatial cognition, depression, optimism, general self-

efficacy, gender or age.

During interview, participants identified multiple factors that influenced their 

travel choices including visual fatigue, independence and neediness, dignity, social 

status, employment, grief over vision loss, denial, concern about falls, access to 

support at home and in the community, public transport availability, health needs 

and physical limitations, personality factors, cultural norms, fear of getting lost, 

good mobility aid training, family dynamics, living conditions, financial stability, and 

the ease of travelling in familiar places. 

Having acknowledged the need for mobility aid training, many of the LoVADA 

participants learned to use multiple aids, selecting the most relevant combination 

for the task at hand, which meant the notion of “preferred aid” was contextually 

defined. 

I considered the nature of independence and the different ways that a need 

for support became manifest in O&M, then returned to the LoVADA findings with 

particular interest in participants who had limited spatial cognition or became lost 

to the point of needing rescue in any of the tasks.

Six people with good spatial cognition (long cane n=4; sighted guide n=1; 

GD n=1) became disorientated just once during their research session, and built 
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the learning they gained from this experience into competent performance on 

subsequent trials. Ayeesha, said wryly, “I realise I take my vision for granted. I need 

to concentrate more with the blindfold on.” 

Between the RP40 cohort and the retinal implant participants, there were 

seven people with particularly limited mental mapping skills. Gavin and Cheryl were 

long cane users with good residual vision (1.0 and 1.5 LogMAR) who didn’t get 

lost at any point during their research session. Both said they could learn their way 

to new places, given enough practice. They used their low vision effectively, their 

rote-learned independent travel was encouraged by family members, and they were 

confident to ask for help when they became disorientated. 

Marjory and Jean also had limited spatial cognition according to the Stuart 

Tactile Maps test, and both relied on accompanied travel beyond home. Marjory 

(LogMAR 1.4) could see well enough for safe wayfinding indoors, but she preferred 

sighted guide and her anxiety and sense of disorientation seemed pervasive. She 

confessed, “Every now and then at home I think, ‘Where am I?’ [even though] it’s 

quite straightforward!” 

Jean, who had no light perception, became lost in every LoVADA task. She 

seemed quite accustomed to this experience and it didn’t seem to cause her any 

distress. She relied on social navigation; the long cane extended her reach and gave 

her another point of contact with the floor. She could use the cane and her hearing 

for beacon navigation, but when she moved she usually seemed to lack a sense of 

purposeful direction. Jean travelled state-wide but said she never left her front door 

without a companion. Given her absolute disorientation beyond home this seemed a 

wise decision.

Susan and Wayne both had light perception only, and without mental 

mapping skills or ambient vision, they used many of the alternative navigation 

skills identified in Section 6.1.2.1, with a strong emphasis on ricochet wayfinding 

and social navigation. Both were GD travellers who could also use a long cane 

competently. Away from home though, Wayne was immobilised with anxiety when he 

had no aid and Susan said, “Without my aid, I feel like a drunk”. Susan and Wayne 
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used their dogs differently to people with strong spatial skills. Neither of them was 

sufficiently aware of their location to give accurate spatial directions to the dog. If 

they said “Left” or “Right” it was guesswork. Susan said:

If I’m lost I just tell him, “find the door,” “turn left”, “turn right,” “find the way 
out,” “find the counter.” I trust him, particularly if I get lost. By myself, I mostly 
travel in familiar areas. In the mall, if I turned a few times and lost my way, I 
ask him to find Target [store] or the lift and when he starts moving, I pick up 
cues for orientation again. I’m hopeless with directions, hopeless… If I didn’t 
have a guide dog, the stress of trying to work out where I am is enormous.

Yet Susan travelled extensively for her full-time job, immaculately presented, 

poised and dignified. Both Susan and Wayne had confident social skills, used taxis 

frequently and enjoyed going to new places. They sought support from the taxi driver 

to move from the curb-side into their destination where they picked up other social 

cues to direct their wayfinding. Their guide dogs had learned to do without specific 

spatial instructions; these dogs seemed to manage mental mapping fairly effectively 

on behalf of their handlers, despite a general expectation in the GD field that the 

client, not the dog, is responsible for orientation (Harrison, 2010). 

The other guide dog traveller with limited spatial cognition was Rebecca, 

who had significantly more vision (LogMAR 2.3) than Susan or Wayne. However, she 

found travel difficult and her top priority was “not getting lost.” The dog managed 

navigation in her country town and Rebecca preferred not to travel independently to 

unknown places. When lost in the Café using her vision but no dog, Rebecca asked, 

“Do I have to do this? I’m not sure. And my head’s had enough.” After withdrawing 

without completing the task, she reflected:

Not a good experience. I had no idea where I was after the second table. Not 
sure where the doorway was anymore. I can look around and find windows. I 
use windows consciously. But I like staged instructions. I had no plan. I just 
did it. I thought it would be hard, and it was. 

It seemed that participants with limited spatial skills could use a long cane 

independently if they could see and recognise whole objects or enough of a scene 
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to know the place and their own location within it. Route travel was rote-learned, 

however the risk of disorientation seemed pervasive, particularly in unknown 

territory. Guided travel, whether with a dog or human guide, enabled them to share 

or hand over responsibility for wayfinding. The guide’s initiative eased concern about 

getting lost, and made more adventurous independent travel become feasible. A GD 

provided proximal support during travel. The Café task showed that self-talk seems 

to help with orientation challenges (Section 6.1.3.7). Working with a GD made this 

self-talk in public appear less eccentric because it is quite natural to talk to your 

dog.

This examination of LoVADA participants’ travel choices suggested that, while 

there does not seem to be a direct relationship between level of vision and mobility 

choices, spatial cognition seems to affect the kind of support that might be needed 

by a person with very low vision, and influences the ways in which mobility aids 

can be used. Travel-related anxiety seemed more related to a fear of disorientation 

than concerns about safety or dignity, and this anxiety seemed to be substantially 

relieved by a mobility partnership, either with a dog or human guide, or by the 

knowledge that there would be other people in the travel environment who could 

help.

Assessment of a person’s functional vision for mobility therefore needs to 

consider spatial cognition in relation to vision and mobility choices. The LoVADA 

studies demonstrated that the Stuart Tactile Maps test can help to serve this 

purpose. 

7.1.4 Using vision for mobility

Since the markers of visual deterioration could not provide an adequate scaffold 

for an instrument to measure functional vision for mobility, I needed to find another 

approach. I sought to identify visual targets that were universally relevant and 

available in any travel environment, much like optotypes are a universally relevant 

foundation for assessing vision for reading. 

Early in this project, I was curious about why people with very low vision look 
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during travel and what they look at, particularly if the process of visual interpretation 

is tiring and the traveller already has non-visual travel skills. To that end, I observed 

travellers in the community. Then during the LoVADA studies I paid particular 

attention to the things that participants actively looked for in the environment, 

spontaneously noticed or wanted to know more about while moving around. This 

process generated lists of environmental features that I categorised first as spaces 

(to move through) and matter (that frames a space, and also serves a purpose, e.g., 

items, walls, fences, seats). Then matter was further divided into things we seek 

and things we avoid during travel, such as seeking a traffic light pole to press the 

button, or avoiding collision with the same pole when walking along the path. 

Analysis of the LoVADA interview data highlighted many more environmental 

features that mattered to participants while looking during real-world travel, which 

I added to the collection of visual targets. Heuristic Inquiry (described in Section 

3.2.4) through journaling and memo-writing helped to articulate what I watch for 

clients to notice when assessing their functional vision in lived environments, then I 

also referred back to the inquiries into visual behaviours described in Chapter 4. 

I drafted these visual targets into a series of functional vision assessment 

schedules, experimenting with Likert Scales and then behaviourally anchored 

rating scales to quantify functional vision. I trialled each new version as opportunity 

allowed, first with Annette and Wayne during free exploration with their phosphene 

vision (Section 5.2.7), and then with O&M colleagues during mock assessments. 

After each trial, I analysed why the assessment schedule didn’t work and developed 

the next version. Several problems were apparent. 

In my draft assessment instruments I was aiming for comprehensive 

coverage of the constructs relevant to functional vision for mobility, but each 

assessment schedule was too detailed, and too context-dependent, making it 

laborious to use. Likert Scales generated number data that were subject to drift 

and without weighting of items, aggregation of number data was not feasible. This 

process confirmed the benefit of using behaviourally anchored rating scales and, 

where possible, the use of a generic scale template to prevent drift when weighting 
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and wording the levels in a scale. However, developing BARS for so many visual 

challenges was not feasible. I needed to weigh the relative importance of these 

visual targets and then group them into categories that would be relevant in any 

travel environment.

I returned to the LoVADA interview data to see what participants said about 

what their vision was good for, and what they found frustrating about no longer 

being able to see. Through this extensive process, the differences between intention 

and action became apparent, leading to separate theories about Visual Purposes 

and Travel Targets.

7.1.4.1 Visual purposes

Visual purposes are the concerns that motivate people to look during travel. 

Constructs relating to visual purposes were coded from LoVADA transcripts and 

video data and gleaned from my own reflexive writings and conversations with 

colleagues and clients, and then collated into FreeMind software so that the 

relationships between them could be explored spatially. This process distilled six 

visual purposes, or reasons for looking during O&M: safety, information, orientation, 

fluency, belonging and pleasure. Figure 34 shows these core purposes, and their 

contributing categories, along with sample comments from LoVADA participants.

In the LoVADA data, several visual purposes were often connected in 

one vignette. For example, when discussing risk and her decision to take up GD 

mobility despite having relatively good visual acuity, Sally said that she needs to 

travel widely, but she feels vulnerable around “someone who isn’t in control of how 

they’re behaving – like a psychotic episode. I need to be seen to be going – being 

purposeful, appearing confident.” Even though she could read large print, Sally’s 

restricted visual fields compromised her ability to read social situations quickly 

(Information, Belonging), and this had implications for her sense of physical and 

emotional wellbeing during travel (Safety) as well as her concerns about public 

image (Belonging). She used her vision to get her bearings and make rapid 

decisions about direction of travel (Orientation), so that she and her dog could move 

quickly and confidently together (Fluency).
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Figure 34. Visual Purposes

Figure 34. Mind map exploring reasons to use functional vision for mobility.
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Any one of these six visual purposes could help a person to filter and 

prioritise visual details in a specific travel context, and these purposes could also 

shift in significance in response to the various elements of travel tasks. For example, 

safety motivated Annette to look at road crossings; orientation was a priority in a 

new venue where vision could help her to identify some useful landmarks; and her 

sense of belonging was strengthened when she could use phosphenes to recognise 

the movements of a conversation partner. 

The list of visual purposes can be used to ensure that during functional 

assessment, the selected range of O&M tasks are sufficiently meaningful to prompt 

participants to look, and research participants aren’t just looking because they’ve 

been asked to. This list of visual purposes prompted more holistic consideration 

about ways that functional vision might contribute to wellbeing and quality of life, 

and was used to scaffold Part B of the VROOM instrument (Section 7.3). 

7.1.4.2 Travel targets

Having clarified why people with low vision look during travel, my attention turned to 

what they look at. Environmental features were grouped into five targets or foci of 

visual attention during travel: groundplane, spaces, landmarks/shorelines, moving 

parts and destinations. I reviewed these groups with an O&M colleague, and then 

checked them against the O&M Environmental Complexity Scale (Deverell, 2011b) 

to evaluate their universality before they were used to scaffold Part A in the first 

draft of the VROOM instrument. However, informal piloting of the instrument with 

O&M colleagues and clients indicated a need to rework these categories. Spaces 

and landmarks/shorelines were part of the same construct – Wayfinding. Then in 

her LoVADA interview Sally was one of several participants who indicated, “Vision 

gives me the bigger picture” and I named this function Getting your bearings. 

Several LoVADA participants also mentioned their recurring frustration when trying 

to find dropped objects and locate items or information during activities of daily 

living, and so the Destination category was broadened to Finding things. 

Further discussion with clients and colleagues to test the face validity of 

these revised categories revealed that the categories are not actually limited to the 
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visual domain – they are generic targets that command attention during any travel, 

with or without vision. Nevertheless, vision can make it more efficient to locate and 

respond to these travel targets.

The five Travel Targets are: Getting your bearings, Checking groundplane, 

Wayfinding, Recognising moving parts, and Finding things. They are phrased as 

active functions indicating the purposeful and progressive nature of sensory 

interpretation during travel. To test their feasibility and universal availability, I 

checked them against the O&M Environmental Complexity Scale, and identified 

behaviours I might look for at each level of the scale during functional vision 

assessment (Table 46). These travel targets were then used to scaffold Part A of the 

revised VROOM instrument (Section 7.3).

Vision for getting your bearings is used to identify a location and confirm 

one’s own position in space before setting out, to update orientation during travel, 

and then recognise arrival at a familiar destination. The traveller might take in 

the scene at a glance, identify and triangulate salient visual landmarks, or piece 

together visual fragments to gain a sense the bigger picture. If LoVADA participants 

had good spatial cognition, then ambient vision supported their general orientation, 

often unconsciously, fostering their travel confidence. 

Vision for checking groundplane is fundamentally about safety when 

stepping out, and looks for a stable path as well as any hazardous features or 

surfaces that might cause slips, trips or falls. A person without an aid might look 

down, but when using a long cane or dog, vision might be used to scope the ground 

several metres ahead, preventing slouched posture.

Vision for wayfinding seeks out environmental structures, the spaces 

between them, and relevant visual shorelines to guide travel. Depth perception is 

useful for evaluating spaces. If a visual beacon or target is identified, then line-of 

sight navigation can also be used to move ahead confidently. 

Vision for moving parts involves noticing action, people, animals, traffic or 

potential missiles, interpreting their trajectory and distance, gauging time to contact, 

and either choosing to engage in an appropriate way or acting to avoid collision.
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Table 46
Travel Targets of Differing Complexity

Note. ECS = O&M Environmental Complexity Scale (Deverell, 2011b).
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Vision for finding	things employs effective search strategies and figure-

ground discrimination to spot dropped objects or locate particular items that are 

needed for activities of daily living, as well information or landmarks that might 

support travel such as the address at a destination. 

7.2 How Can Functional Vision for Mobility be Measured?

Having developed a range of theories that conceptualise functional vision 

for mobility, the second research question in this doctoral study was about 

operationalisation: How can functional vision for mobility be measured? Two 

subsidiary questions were identified in Chapter 2, the first being: What measures 

capture the integrated nature of functional vision for mobility? Unfortunately, the 

LoVADA protocol did not produce a primary measure of functional vision for mobility. 

Some insight into why the LoVADA protocol was ineffectual in measuring functional 

vision for mobility can be gained by addressing the second subsidiary question: 

What elements of research design can be standardised without compromising the 

essential nature of functional vision for mobility?

7.2.1 The impact of standardisation on measurement of functional vision for 

mobility

In Chapter 2, a tension was identified in functional vision research between 

standardisation and authenticity (Section 2.4.2). Standardisation in research 

is helpful because it facilitates the analysis and comparison of findings, but 

standardisation needs to be undertaken without compromising the essential nature 

of the phenomenon under investigation (Durward et al., 1999). However, most of 

the O&M tasks in the LoVADA protocol were somewhat simplistic and tainted by 

authenticity paradox. The impact of standardisation is evaluated here in relation 

to task designs, venues and instructions in the LoVADA protocol, then in relation to 

observations, data records and analyses.
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7.2.1.1 Tasks, venues and instructions

In the Gallery task, there was a tension between measuring vision for reading 

and vision for mobility. Clean measurement of vision for reading was facilitated 

by the static, standardised conditions and targets in the room, but this same 

standardisation meant there was not much scope for purposeful travel. Portable 

measures are needed to quantify functional vision for mobility. The new theory 

about travel targets (Section 7.1.4.2) suggests that there are five foci of visual 

attention that are relevant and available in any travel environment, and this 

means that visual interpretation skills can be assessed in transit anywhere. These 

universally available travel targets help to make functional vision research portable.

The Café task only offered participants one response option in the face of a 

complex orientation challenge: solo exploration to produce an accurate map. This 

task standardisation excluded some people from participating. Those with limited 

mental mapping skills were immobilised with no opportunity to demonstrate the 

visual strategies they do use to navigate a complex space. A measure is needed 

that can capture the relationship between functional vision for mobility and myriad 

navigational skills that are effective in dynamic, social environments.

The Route Travel tasks were safe, short and simplistic providing limited 

opportunities for participants to demonstrate how their vision is useful in the 

unexpected circumstances or risky situations that naturally occur during real-world 

travel. During the early piloting of tasks in LOVADA Phase 1, participants were 

instructed to travel through the centre of each travel route, avoiding contacts, but 

several people chose to trail the walls anyway, feeling safer or more confident when 

shorelining. Realising that participants were unlikely to respond in predictable ways, 

we softened task instructions, encouraged authentic responses and expanded the 

range of performance scales (Section 5.3.2.3) in an attempt to capture more varied 

responses to the standardised tasks. However, the venues were still bland and the 

routes lacked interest and purposeful challenge that limited their ability to produce 

meaningful data about the usefulness of vision.

When piloting the Route Travel tasks, we also found that the safety 
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considerations required by the RVEEH ethics committee were significantly more 

detailed and cautious than the safety concerns of people with very low vision. The 

standardised spiel that was intended to reassure participants actually flagged 

issues that some hadn’t considered, resulting in more anxious, self-conscious 

performance. Accordingly, during Phases 2 and 3 we tailored reassurances about 

safety to suit the level of anxiety demonstrated by individual participants. This 

approach meant there was very little discussion about safety at all, because most 

tasks were easy and low risk compared to everyday O&M in real-world contexts. If 

participants felt really unsafe, they chose not to participate in a trial, rather than 

participate and rely on observer rescue.

In the highly standardised TUG-LV task and some of the Route Travel trials 

(Routes 1-3), participants travelled without a mobility aid and undertook some trials 

wearing a blindfold. There was no coercion about this, and before undertaking these 

trials, most participants expressed curiosity about how they would go. However 

afterwards, the majority of participants who used a mobility aid indicated they 

would ordinarily use their aid to substitute or support their low vision in these sorts 

of unfamiliar settings. Many participants also found the experience of blindfold 

travel was different from the ordinary functional blindness and night blindness they 

experienced with RP. Although these travel tasks captured differences between 

levels of vision, and measured a difference in performance in various visual and 

travel conditions, the standardised conditions in the trials bore little resemblance 

to participants’ real-world circumstances and mobility choices so the resulting 

measurement data lacked authenticity and significance.

7.2.1.2 Observations, data records and analyses

While standardisation of venues, tasks and instructions compromised the 

authenticity of participants’ responses in all but the Gallery task and restricted the 

scope of inquiry, the standardisation of observations and data records facilitated 

the research process without impinging on participants’ freedom. While observing 

and working with participants during research sessions, standardisation included:

•	 maintaining consistency where possible in my own and other researchers’ 
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observational positions while observing live action and recording video 

footage

•	 discussing every task with every participant at every research session to gain 

their comprehensive perspective on events as they happened

•	 maintaining reflexivity through daily team review of the protocol, as well as 

my independent review of events between sessions

In relation to data records, standardisation involved:

•	 use of prepared interview schedules (IMQ and semi-structured questions)

•	 use of structured data forms for field notes, with every task including room to 

record participant voice, researcher observations and task analysis

•	 calculating PPWS for all tasks

•	 using a generic template for performance scales

•	 trialling performance scales on all tasks.

The strategies for standardising analyses were already described in Section 5.3.3.2.

The LoVADA studies demonstrated that when investigating functional vision 

for mobility, standardising tasks, venues and instructions is ill-advised because it 

can compromise participants’ authentic responses, undermine the validity of data 

and restrict the scope of functional inquiry. Conversely, the use of standardisation 

in observations, data records and analyses can be very productive facilitating the 

comparison of outcomes. 

We return to the question about how functional vision for mobility can be 

measured.

7.2.2 Constructivist measurement of functional vision for mobility

None of the measures in the LoVADA studies captured functional vision for mobility, 

but the Gallery score came closest, measuring functional vision for reading, so it is 

worth examining how this was achieved.

The Gallery task reduced the qualitative data from a constructivist 

assessment to a single comparable score during the assessment event via 

transparent, repeatable steps. Although the observer recorded scores, the 
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participant actively contributed to the rating process and had the opportunity 

to comment on, and help to interpret the final score within the context of the 

assessment. The task generated both quantitative and qualitative data about the 

same event that were specific to context, sensitive to subtle differences in very low 

vision, and stronger than self-report or observer-rated measures. This data strength 

came from collaboration, reflexivity, multiplicity, triangulation of observations 

and member checking, which are hallmarks of trustworthy qualitative inquiry 

(Curtin & Fossey, 2007). Collaboration circumvented potential misinterpretation 

of behaviour and measurement data that can readily arise from observer-surmise 

(Mettler, 2008). Collaboration also drew more information from the participant than 

was evident through self-report alone – the observer could discover whether the 

participant was aware of visual behaviours, and ask participants to clarify what had 

captured their visual interest without actually telling the participant what was there. 

The target range in the Gallery task was pre-selected and standardised, but it 

was nevertheless varied, potentially familiar and interesting to the cohort, rewarding 

participants’ effort in looking. Although viewing conditions were standardised, 

participants had freedom to explore, use their vision naturally and revisit targets if 

need be, without time limits.

This accords with the client-led flexibility of O&M assessment undertaken in 

real-world contexts.

The Gallery score was precise, breaking down visual interpretation into three 

steps. While these three steps did not account for all the increments towards visual 

certainty that were identified after the LoVADA studies (Section 7.1.3.2), they did 

reflect that visual interpretation with very low vision is more a cumulative process 

than an instantaneous knowing, and meaning develops with extended looking. 

Further, an object does not have to be recognisable extant to be visually useful. 

Ambient vision makes the most of visual fragments, combining them with non-visual 

information to interpret salient features in the travel environment.

The use of the same rating scale to score functional vision for each Gallery 

target meant that the aggregation of scores was feasible. This rating scale assumes 
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that locating an object, describing its elements and identifying the whole are 

equally valuable parts of visual interpretation. These assumptions are not true from 

a mathematical perspective. However, the measurement of functional vision for 

mobility became feasible by assuming equal weighting of these three steps, use of 

the same scale for all decisions, and aggregation of target scores into a total Gallery 

score.

The standardisation of tasks and venues in the LoVADA studies meant 

that these contexts were too limited to adequately showcase functional vision for 

mobility. However, O&M specialists already have a well-established, flexible, client-

centred process for assessing functional vision for mobility that generates authentic 

data – it is the recording, analysis, reduction and reporting of data that needs work 

(Shaw et al., 2009). This limitation is evident in the FLORA model where qualitative 

findings are rich, but unreduced transparently to a single score (Geruschat et al., 

2015).

The Gallery task suggested that a constructivist approach to measuring 

functional vision for mobility might work in dynamic real world settings. I returned to 

the CVI Range to understand what it might contribute to the notion of constructivist 

measurement of functional vision for mobility in a retinal implant context. In an 

endeavour to better understand how the CVI Range worked in practice, I observed 

Dr Roman-Lantzy working in her Paediatric View clinic in Pittsburgh for three days.

7.2.3 Learning from the CVI Range

The children who attended the clinic were non-verbal and had multiple disabilities 

including cortical visual impairment (CVI). They came with at least one parent, and 

some with a grandparent, teacher or aide. Each assessment session took 1½ to 2 

hours, and involved guided play, with indoor exploration through different rooms for 

children who were ambulant, although most were not. 

During each assessment, Dr Roman-Lantzy set aside paperwork and 

focussed her attention on the child, collaborating with the child and care-givers to 

interpret the child’s kinesic responses to the activities. At the end of the session, 



268

she took 5-10 minutes to score the child’s CVI Range then discussed observations 

with the caregivers. This led to recommendations for stimulating visual attention 

and visual efficiency that could be implemented at home and at school before 

the next follow-up 6-12 months later. Multiple aspects of the CVI Range seemed 

valuable in relation to my own measurement challenges.

1. The constructivist approach to assessment and rating accords with the 

approach to knowledge employed in typical O&M assessment.

2. The assessment process was client-centred using resources and activities 

that were relevant to the child’s current interests and paced to the child’s 

cues.

3. The CVI Range was a portable assessment. Measurement of functional 

vision didn’t depend on standardisation of tasks or venues, but on the 

observational skills of the assessor, ready access to a wide range of 

age-appropriate, stimulating visual resources, and the standardised 

instrument to record and quantify observations. 

4. The use of multiplicity and triangulation during the session enabled the 

assessor to identify patterns in the child’s visual behaviour as well as unique 

responses to visual stimuli, and weigh the relative significance these findings 

qualitatively before scoring. 

5. The assessment produced abundant qualitative data but the behaviourally 

anchored rating scales in the CVI Range reduced and quantified these data 

through transparent means to a single score on the spot. This made it easy 

to compare today’s score with the child’s previous assessments and with 

other children’s outcomes.

6. The child’s functional vision was scored in two ways – within each CVI 

characteristic, and then across the range. This dual scoring approach 

worked much like double entry book-keeping in that the ratings from 

both scoring methods should concur. If they don’t, then the points of 

anomaly can be identified, discussed, re-scored and justified to establish 

congruence between the two measurement approaches before the end of 
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the assessment session. This built-in check for intra-rater reliability seemed 

particularly valuable in an assessment process that depends on skilled 

interpretation of unorthodox behaviours in children who can’t usually speak 

for themselves, to create measurement data that could have significant 

funding implications.

7. Discussion with care-givers during and after scoring served as a check of 

inter-rater reliability, helping to reduce the inevitable bias of a single scorer 

and making the resulting data more robust. All stakeholders could contribute 

to the process of interpretation.

8. Resonance was evident between the people, the assessment process and 

the resulting functional vision score. Although the scoring process was 

initiated and ultimately documented by the professional, there was mutual 

respect and genuine collaboration between the assessor, the child and the 

caregivers. Adequate time was given to exploring alternative opinions and 

sharing observations, both during activities and in the summary discussion.

9. A simple score out of ten, accompanied by a guide that interprets the scores, 

made it easy for all stakeholders to remember the CVI range, interpret its 

results, and understand its implications for further action.

Comparing my evaluations of the LoVADA protocol with the FLORA 

assessment model and the CVI Range, I considered that a feasible instrument to 

measure functional vision for mobility needed to be portable and applicable in any 

travel context; value-adding to O&M specialists in their professional practice; able 

to reduce qualitative data to a comparable score within the assessment process; 

warranted by client opinions and interpretations; sufficiently precise to discriminate 

small changes in very low vision; and reliable for use in outcomes research, 

including pre-post retinal implant. 
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7.3 The VROOM Instrument

After observing the CVI Range in action, the process of devising a new measurement 

instrument still took several attempts. I trialled the first draft during a mock 

assessment session with an O&M colleague at dusk, beginning at his home 

and moving into his local neighbourhood. He wore low vision simulators (hand 

movements vision) and used a long cane. The first version of the assessment 

instrument didn’t work, once again being overambitious, unnecessarily detailed and 

impossible to complete within the hour-long assessment session. However, ensuing 

discussion with my colleague informed the design and measurement parameters 

of the new VROOM instrument. The version of the VROOM instrument in Table 47 

represents the ninth draft. 

My return to part time work at Guide Dogs Victoria as this instrument was 

being developed provided frequent informal opportunities to review the performance 

indicators with O&M colleagues and clients with low vision, test the face validity of 

ideas and garner their feedback, particularly in relation to the language used in the 

scales. This feedback prompted regular returns to the LoVADA data-set. Although 

there were advantages in creating an instrument that could measure functional 

vision with any O&M client, it was important that the instrument did not drift from its 

primary purpose of measuring functional outcomes from a retinal implant.

7.3.1 Structure and measurement decisions

The FLORA team of experts considered self-report, observed performance of 

functional tasks, and wellbeing to be essential considerations when investigating 

functional outcomes from a retinal implant (Geruschat et al., 2015). These 

elements are ordinarily part of O&M assessment and accord with Sacks (1996) 

recommendation about measuring functional vision both parts-to-whole and whole-

to-parts. 

The two-part structure of the VROOM instrument was established first, 

prompted by Roman-Lantzy’s dual scoring approach and awareness that 

two perspectives on the one phenomenon would give stronger data through 

triangulation. VROOM Part A assesses the specifics of observed route travel, while 
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Part B assesses the broader lifestyle implications of functional vision for mobility. 

VROOM Part A scores a maximum of 30 points and Part B scores a maximum of 20 

points, aggregating to a total VROOM score out of fifty (Table 47).

VROOM Part A uses a single behaviourally anchored rating scale – the 

functional vision scale (Section 7.1.3.1) – to assess the relative priority of vision and 

non-visual strategies in managing the five travel targets (Section 7.1.4.2). These 

travel targets structure and standardise the observation process, but represent 

a starting point for observation and assessment, rather than a detailed account 

of what is worth looking at during travel. Assessment can extend beyond these 

observations, with field notes, annotated maps, photographs or video used to 

record additional data as needed. For example, a person might score 3 for checking 

groundplane and the notes specify that he avoided a puddle, walked confidently 

over tree roots and stepped up curbs without needing to pause.

The five scales in VROOM Part B were derived from the new theory about 

visual purposes (Section 7.1.4.1). These scales support more holistic consideration 

of the ways that functional vision can affect participation and wellbeing. The 

Reading scale investigates vision for Information; the Visual Certainty scale 

incorporates vision for Orientation and Fluency; the Mobility Aid scale is concerned 

with Safety; the People scale explores a sense of Belonging; then there is a scale 

investigating visual Pleasure. Each of these behaviourally anchored rating scales 

is based on a generic five-point template (0-1-2-3-4), with 0 representing the least 

functional performance possible, 4 representing the most functional performance 

possible, and 2 representing a neutral, utilitarian, or somewhat ambivalent 

midpoint.

I justified the aggregation of scores in the VROOM instrument on the basis 

that (1) substantial weighing of data was undertaken while building the grounded 

theories so that the constructs within each theory were already reasonably balanced 

in significance, and their universality evaluated before being used in the VROOM 

instrument, (2) there is patterning in the rating scales: the same rating scale is 

used for all ten rating decisions in Part A, and the generic template for the five 

scales in Part B helps to minimise drift in the wording and weighting of performance 

indicators. 



272

Ta
bl

e 
50

VR
OO

M
 In

st
ru

m
en

t –
 V

is
io

n-
Re

la
te

d 
Ou

tc
om

es
 in

 O
&

M



273



274

Kiresuk and Sherman (1968) noted that if aggregating ordinal scales, then 

assumptions about the size and weighting of integers need to be declared. In the 

measurement parameters I have chosen for the VROOM instrument, I make the 

following assumptions about functional vision for mobility,

•	 The five travel targets (Part A) are of equal importance during route travel 

•	 Functional vision for mobility at home is of equal value to functional vision for 

mobility when away from home (Part A), and everyone travels in both kinds of 

venue in some way. 

•	 Targeted use of vision in the context of daily tasks is a little more important 

than the holistic benefits of functional vision for mobility (Part A is scored out 

of 30 whereas Part B is scored out of 20)

•	 The five constructs in Part B that investigate vision for mobility more 

holistically, are of equal importance.

These assumptions are an expression of standardisation in record keeping 

and data-analysis that help to facilitate comparisons between participants, even if 

they are not mathematically true. In time, implementation of the VROOM instrument 

will determine whether these weighting assumptions can produce sufficiently 

sensitive measurement data about functional vision for mobility to discriminate 

changes from a retinal implant.

Meanwhile, it is important to acknowledge that, whether the measurement 

parameters of a standardised instrument are founded on professional judgement, 

or statistical power and item response theory, they still only represent a line-of-best-

fit rather than the exact priorities of any one participant. In the LoVADA studies, 

participants’ visual priorities changed in response to each assessment context, 

and multiple times during a task. Thus, the VROOM instrument and resulting score 

should be regarded as a starting point for inquiry that can be extended qualitatively 

according the client’s cues.

7.3.2 Assessment context

The VROOM assessment session begins with interview, during which time venues 

and tasks that are relevant to the individual participant are identified. The interview 
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is followed by observed travel first in static, familiar settings then travel in dynamic 

community environments. The assessment concludes with conversation during 

which the observed performance is reviewed and the VROOM instrument is scored 

collaboratively. The client has opportunity within the session to review and interpret 

the final score.

During observed travel, the client is encouraged to demonstrate how he 

or she would function if the assessor was not there; this encourages authentic 

performance and enables natural engagement to occur between the client and 

other passers-by during travel. It doesn’t matter how the client travels. The client 

is encouraged to use whatever mobility or visual aids are customary both at 

home then when out. For example, a traveller with a guide dog is likely to move 

around without the dog at home, then walk to the shops with the dog in harness. 

If using a mobility aid changes the way that functional vision is deployed during 

travel, it is worth comparing two VROOM scores, one with, and one without the 

aid. When a sighted guide is used, the observer needs to note how this affects the 

client’s sensory preferencing. The VROOM instrument is designed to work for both 

accompanied and independent travel.

A VROOM score based on a daytime O&M assessment might be regarded as 

a baseline measure of functional vision for mobility. Performance can be rescored at 

any time or context where functional vision might differ from baseline, such as night 

travel or after a vision-related intervention, so that comparisons can be made. 

7.3.3 Establishing feasibility

To test the feasibility of the VROOM instrument, I began by retro-scoring the 

performance of my O&M colleague, Andrew, who had participated in the mock 

assessment session and contributed to its design. A day after his observed travel, 

this rating process only took ten minutes and when we next met, he was invited to 

review and critique his score, as well as the VROOM instrument itself. His comments 

about language were used to refine the wording of performance indicators in the 

scales.
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Next, I retro-scored a selection of participants from the LOVADA studies who 

represented the spread of acuities in the RP40 cohort (Table 48). This process 

involved reviewing their video data, performance scales and comments as well as 

my own observations from the LoVADA data-set. 

To ensure that the measurement range was inclusive of any level of 

functional vision, I rated Jean with no light perception, and also scored two 

acquaintances who were drivers, to represent the fully-sighted end of the functional 

vision range. Driving was one of the first functional losses experienced by the RP40 

cohort (Section 7.1.2) and so driving seemed an appropriate performance indicator 

to signify the top end of the VROOM range. The three retinal implant participants 

were scored with device on and with device off (Table 48) largely on the basis of 

their performance in the Café task on a designated day, and then during their 

outdoor exploration in the vicinity of the RVEEH some months later. 

This retro-scoring exercise seems unlikely to have the accuracy of real-

time scoring because the participants were not on hand for member-checking. 

Four participants in Table 48 were scored collaboratively and this conversation 

resulted in some scales being rated differently from the way I would have scored 

these people on my own. During these real-time assessments, participants were 

able to explain their use of functional vision in more detail and correct some of my 

interpretations of their behaviour, so I was more confident that the collaborative 

data were reliable than with the retro-scored participants. However, the purpose of 

retro-scoring in this exercise was not to generate a valid, reliable data-set. Rather, I 

sought to confirm that the structure of the VROOM instrument was feasible. 

My first concern was to see whether the VROOM instrument was easy to 

score without undue hesitation. Then I wanted to determine whether the instrument 

could produce a spread of scores and discriminate between levels of very low vision, 

without apparent floor or ceiling effects. The real-time rating process took about ten 

minutes per person, but retro-scoring took longer because I needed to check back 

through video records and documents.
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Table 48
Testing Feasibility of the VROOM Instrument

Note. RP = Retinitis Pigmentosa; LV sims = hand movements vision; STM scores:  
8-9 = good spatial skills; 7 = adequate spatial skills; 0-6 = limited spatial skills; GD = guide 
dog; LC = long cane; EL = echolocation; SG = sighted guide; C = scored collaboratively;  
R = retro-scored.a LoVADA participants; Green ring shows retinal implant participants;  
Red rings show difference from ambient vision.
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A problem arose with two of the original scales in Part B that were called 

Adventure and Social Fit. Jean scored 2/50 with no light perception, so I scored 

Felix, who was the most adventurous totally blind person I knew and he scored 

6/50. This idiosyncrasy arose because the performance indicators in the Adventure 

and Social Fit scales (not included in this report), did not sufficiently discriminate 

between visual and non-visual skills. These scales were substantially revised in 

collaboration with O&M clients and colleagues, and evolved into the Visual Certainty 

and People scales in Table 47. The two new scales give a cleaner indication of the 

ways that vision can be useful in stepping out boldly, and engaging meaningfully 

with other people. 

I continued to refine the language in the VROOM scales through discussion 

with O&M colleagues and clients, and modified the formatting through multiple 

versions of the VROOM instrument over a period of five months. I had initially used a 

mixture of first person statements and third person statements in the performance 

indicators, but a client advised that writing all performance indicators in Part B 

as first person statements would help to increase client engagement in the rating 

process, and this seemed a valuable adjustment. Several respondents said they 

could relate to three out of five levels on the visual certainty scale, so I needed 

to write and sequence these anchors more clearly. Confining these Part B rating 

decisions to what participants had experienced in the past month helped to make 

scoring cleaner. However, this process also showed that some of these performance 

indicators might be more cumulative than mutually exclusive and there may need 

to be guidelines around whether to score up or down in indecisive moments. Each 

time that substantial changes were made to the VROOM instrument, I rescored the 

feasibility cohort. The scores in Table 48 are based on the version of the VROOM 

instrument in Table 47. 

This exercise to demonstrate feasibility of the VROOM instrument produced 

several particularly encouraging outcomes.

1. Once the two dysfunctional scales were revised in Part B, the VROOM 

instrument was fairly easy to score. 
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2. The 50 point VROOM range was weighted towards very low vision and 

showed nuanced functional variations even within the range of light 

perception only (scoring 1-8+ out of 50).

3. The VROOM instrument seemed to capture the benefit (Annette) and lack 

(Wayne) of ambient vision for mobility (red circles). 

4. Even though the retinal implant recipients each had different baseline scores 

with natural vision, the VROOM instrument measured a clear 6-8 point 

difference between device off (natural vision) and device on (natural and 

prosthetic vision) in the context of the Café task. This outcome is particularly 

promising, given that the primary purpose of the VROOM instrument is to 

show changes in functional vision from a retinal implant. This outcome still 

leaves plenty of room for further improvements in functional vision on the 

VROOM scale as retinal implant technology improves.

5. The VROOM assessment accommodates diversity of clients’ circumstances, 

travel choices and lifestyle priorities, but then rapidly reduces this complexity 

to make outcomes comparable. For example, Trish and Isabel reached 

the same VROOM score suggesting that they achieved a similar level of 

functional benefit from their vision in relation to their mobility, despite their 

different social circumstances, priorities, and mobility choices. Trish was 

married with teenage children and had good support at home. She moved in 

circles where appearances were important and struggled with depression. 

She did not use a mobility aid, relying on her husband to guide her and to 

provide transport. Isabel had similar acuity and could read large print, but 

her constricted visual fields slowed her down. She was a single mum with a 

busy lifestyle, working as well as caring for two primary school children and 

an aging mother. She didn’t care if people knew she had low vision and she 

opted for guide dog mobility to maximise her travel efficiency and minimise 

her visual fatigue.
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6. The VROOM instrument is weighted towards very low vision. Only a small 

range at the top end of the VROOM scale is afforded to people with low 

vision whose mobility needs can often be dealt with in just one or two O&M 

sessions. This balance is a reversal of the weighting given to very low vision 

on a LogMAR acuity scale. It more justly reflects the degree of time and 

effort required for training in the use of non-visual travel strategies, and 

the lifestyle accommodations needed when undertaking O&M with very low 

vision in a predominantly sighted world. As described in Chapter 2, there are 

plenty of measures already available to assess the vision of people at the top 

end of the VROOM scale, whose reading might be significantly affected by 

low vision, but whose mobility is not much compromised.

7.4 Summary

Initial consultation with experts, and the mixed methods data-set from the LoVADA 

studies provided fertile ground for the development of new theories about functional 

vision for mobility. These theories were used to inform and scaffold the VROOM 

instrument, which is a constructivist measure of functional vision. 

The VROOM instrument represents a different approach to the measurement 

of functional outcomes than has been evident in the O&M literature to date. 

The VROOM instrument does not strive for objectivity, as if there were only one 

interpretation of human behaviour, examine the participant’s self-report in isolation, 

or depend on standardised tasks and measures. Rather, this constructivist 

approach to measurement generates strong data through collaboration during 

functional assessment, shared scoring of performance and interpretation of results.

Different perspectives on the usefulness of functional vision in different 

situations are investigated and compared during functional O&M assessment. 

Behaviourally anchored rating scales are used to reduce qualitative data to a single 

functional score during the assessment so that the client has the opportunity 

to confirm and interpret the score and the outcome of the assessment. This 

constructivist approach to measurement is founded on universally relevant 
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constructs that help to standardise observation practices and data records, 

facilitating comparisons between outcomes, but enabling the assessment itself to 

take place in infinitely varied contexts selected according to their relevance to the 

client.

 Feasibility testing of the VROOM instrument has suggested it could produce 

precise data about ultra-low functional vision and be sensitive to subtle functional 

differences that resulted from the BVA retinal implant, particularly in relation to the 

use of ambient vision.

Although there is yet substantial work needed to refine the VROOM 

instrument and establish its trustworthiness, validity and reliability in different 

professional and research contexts, the instrument shows promise as a research 

tool that fills the measurement gap in translational research between the highly 

standardised approach of clinical trials, and the flexibility of typical functional vision 

and O&M assessment. 

 The VROOM instrument also shows potential for much wider application 

than retinal implant research and these possibilities will be explored in Chapter 8.
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Chapter 8 Discussion

The aim of this doctoral project was to devise an instrument for use in vision-

restoration research that can measure functional vision for mobility, and thereby 

capture meaningful changes resulting from a retinal implant. This purpose has 

been realised in the VROOM instrument, which is a constructivist measure of 

Vision-Related Outcomes in Orientation and Mobility. 

A substantial part of this doctoral study involved the design of the LoVADA 

protocol and its implementation with adults who have advanced retinitis pigmentosa 

(n=43), including three people with a retinal implant. The LoVADA battery of novel 

ADL and O&M tasks provided an opportunity to experiment with various ways of 

operationalising functional vision research. Different methods, measures and 

degrees of standardisation were trialled while also generating abundant qualitative 

data about vision in action. The purpose of this multiplicity was twofold: to 

conceptualise functional vision for mobility and to identify optimal approaches to 

the measurement of functional outcomes in retinal implant research.

Unfortunately, none of the options trialled in the LoVADA protocol succeeded 

in directly measuring functional vision for mobility. The closest was the Gallery 

score, which measured functional vision for reading rather than mobility, because 

visual interpretation in this task was decontextualised from purposeful travel. 

The new VROOM instrument was developed from emergent theories 

about functional vision for mobility that were grounded in the lived experience of 

the LoVADA participants. These theories include characteristics of a functional 

paradigm; an effective mobility framework and a visual complexity scale to prompt 

breadth of inquiry; functional markers in the experience of visual deterioration with 

RP; a functional vision rating scale; defined steps towards visual certainty with low 

vision; ambient vision theory that links visual certainty and travel confidence with 

spatial cognition, and has implications for very low vision, prosthetic vision and 

travel choices; a list of visual purposes that motivate people to look during travel; and 

a list of universally available travel targets that attract visual attention during O&M. 
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These theories have created a multidimensional understanding of functional 

vision for mobility and have provided a framework of universally relevant constructs 

that scaffold the measurement of functional vision for mobility in the VROOM 

instrument. 

8.1 Significance of Outcomes

In Chapter 1, three issues were identified that have made the measurement 

of functional performance in O&M particularly challenging: functional vision is 

inherently changeable, making it a slippery construct to measure; there is a paucity 

of shared language for very low vision; and there is a clinical/functional divide, 

which means that functional vision research is approached from very different 

professional and philosophical perspectives. Each of these challenges had to be 

addressed in the process of creating the VROOM instrument. 

This study has helped to define functional vision for mobility as a distinct 

phenomenon within functional vision research, that calls for a particular approach 

to research design if its investigation is to generate meaningful findings that 

contribute to translational research. 

8.1.1 Functional vision research

Functional vision research is different to clinical vision research in that it seeks to 

account for the vision that matters to the participant in everyday contexts. However, 

there is a need to distinguish broadly between functional vision for reading or near 

tasks and functional vision for mobility because of the implications of this distinction 

when selecting an appropriate research design. Functional vision researchers who 

are primarily interested in vision for reading text (as well as gathering information 

and hand-eye coordination) can work effectively in standardised settings with stable 

lighting conditions, because the tasks of interest are largely sedentary. In contrast, 

O&M is not so much a task, as a means of connecting and facilitating activities of 

daily living. The investigation of functional vision for mobility is limited and even 

compromised by standardised research conditions. 
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8.1.2 Functional vision for mobility is a distinct phenomenon 

Hitherto, the measurement of functional vision for mobility has been confounded 

by lack of recognition that this is a distinct phenomenon, different to functional 

vision for reading and near tasks, requiring a defined approach to research. The 

phrase “functional vision for mobility” is loaded with implications and each word has 

particular meaning in the context of O&M.

First, in O&M, functional does not simply mean being active, or looking while 

walking. It refers to a constructivist approach to professional practice and inquiry, 

employing social research methods. Thus, O&M researchers need to step out of 

their own controllable context, and into the participants’ dynamic lifeworld where 

the client has locus of control. This shift in power means that evidence of robust 

research can’t depend on standardization of tasks and venues. 

Similarly, the post hoc analyses of separately measured variables can’t 

identify what changing influences were significant to the individual participant 

at different points during real-time travel. Changing visual priorities need to be 

captured as they occur during travel because these priorities shift quickly as the 

person makes timely responses to dynamic travel conditions. Visual responses 

during mobility are too complex to summarise adequately in interview or focus 

groups, and often need contextual explanation from the traveller. This means 

that investigation into functional vision for mobility depends on good rapport and 

effective, timely communication between the researcher and the traveler with 

low vision, as well as effective ways of measuring and recording co-constructed 

knowledge about the phenomenon as it happens in a range of real world 

environments.

Second, in O&M, vision doesn’t just mean an immediate ability to see 

something, or not, as with recognition of optotypes in the clinic, the ability to read 

headlines but not columns in a newspaper, or a tally of objects seen en route. 

Rather, vision facilitates communication and an unfolding engagement between the 

traveler and the community over time. It is integrated with other sensory information 

in dynamic ways as the traveler reads and responds to the travel environment 
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and to other people therein, building up physical and social connections, but also 

dealing with rebuff and barriers to access. These experiences have a cumulative 

effect on the traveler’s mobility-related lifestyle choices. Thus the measurement of 

vision in O&M needs to reflect the traveller’s sensory preferences and integrated, 

context-specific visual responses during travel as well as the degree to which the 

person’s available vision influences life-space, relationships and a resulting sense 

of wellbeing.

Third, in O&M, effective mobility doesn’t simply refer to the mechanics of 

travel, but is a holistic construct embracing the purpose of travel, considerations 

around interdependence, orientation, self-regulation, fluency and the pleasure 

gained from freedom of movement. While it is good that low vision researchers 

have recognised wayfinding as one of four domains of visual application (along 

with reading, information gathering and hand-eye coordination), and wayfinding 

is relatively easy to measure parts-to-whole, the mechanics of wayfinding don’t 

adequately account for the gestalt nature of O&M or these other dynamic ways 

that vision is useful during travel. Visual purposes in O&M include checking safety, 

looking for information, maintaining orientation and fluency, and facilitating social 

belonging and pleasure. 

The LoVADA studies demonstrated that the use of standardised tasks and 

venues for O&M research can create authenticity paradox and fail to capture the 

essential phenomenon. Shifting between different places with varying degrees 

of complexity is integral to O&M. Functional vision research in the O&M domain 

needs to use a constructivist approach to investigate these broader visual purposes 

identified by people with low vision, for findings to be considered really meaningful.

Functional vision for mobility is not specific to low vision. The phenomenon 

is experienced by anyone who can see and move, including at one end of the 

spectrum fully sighted people who might drive, and at the other end, people with 

bare light perception. In deciding the scoring range of the VROOM instrument it 

seemed practical to include this full spectrum of functional vision to make the 

instrument as versatile and universally applicable as possible, providing that this 
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purpose could be achieved without compromising the precision required for retinal 

implant research. The VROOM scale deliberately fans out functional performance 

at the ultra-low vision end of the spectrum because this is where the benefits of 

functional vision are most poorly understood, and the benefits of prosthetic vision 

are most likely to be evident.

Functional vison for mobility involves movement, so its measures need to 

be portable. The use of Grounded Theory Methodology has enabled particular 

visual/travel challenges, such as those identified in the Independent Mobility 

Questionnaire (Turano et al., 1999), to be reinterpreted in universal terms that can 

cross parochial barriers. The use of universally relevant constructs is intended to 

make the VROOM instrument portable to any real-world O&M context.

A VROOM score should not be seen as comprehensive account of functional 

vision for mobility. Rather, it represents a standardised baseline for measuring 

and reporting functional vision assessments in O&M that enables outcomes to 

be compared. A VROOM assessment can still pursue any additional aspects of 

functional vision for mobility that are particularly important to the client. 

8.1.3 Functional vision for reading

As with mobility, the notion of reading has multiple interpretations. In the clinic, the 

simple recognition of optotypes is used as an effective measure of visual acuity. 

A functional vision assessor who is based in a low vision clinic or classroom is 

interested in what might help to make reading text more sustainable. Reading is 

also part of O&M, but during travel there is less emphasis on visual sustainability 

and more emphasis on contextual significance. 

In O&M, the distinctions between vision for reading and gathering 

information are fairly arbitrary, and hand-eye coordination is of lesser importance 

than when investigating ADLs. Vision provides a means of gathering information, 

including text, to support travel. 

In line with the pedagogy of multiliteracies (New London Group, 1986), 

the notion of reading in O&M also embraces the use of other formats than text, 
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including braille, audio, gesture, and spatial design. This means that the notion 

of reading is easily expanded to environmental interpretation. Text in the wild can 

provide landmark information to those who can see it; the movement of traffic or 

crowds can indicate intersections and exits; and strong light sources can provide a 

navigational beacon for someone with ambient vision. These are equally valid and 

effective ways of reading the travel environment with different levels of vision.

Clinical measures of visual functions can contribute proxy data about 

functional vision for reading or mobility but these measures don’t capture the 

integrated, meaning-making phenomenon of reading text or the travel environment. 

The Gallery score is an example of a functional vision measure because 

the real-world visual targets are complex with layers of meaning, and participants 

can go beyond optotype recognition and integrate whatever visual elements they 

can access to interpret these targets (Section 6.1.1.3). The Gallery task would be 

an even stronger measure of functional vision for reading if the ability to interpret 

the individual targets had cumulative implications and contributed to a greater 

narrative. Functional vision for reading enables this kind of accrued meaning in 

real-world situations, whether working with text or other near materials to achieve a 

valued or necessary task.

8.1.4 Finding language for tacit knowledge

This doctoral study has highlighted that a client’s O&M action, and an O&M 

specialist’s professional practice, are founded as much on tacit embodied 

knowledge as established and documented notions of best practice. Functional 

O&M competence doesn’t depend on linguistic strength, but this same tacit 

knowledge makes it difficult to communicate O&M to others. Similarly, it is difficult 

for O&M outsiders to understand how functional vision for mobility works. The 

VROOM instrument addresses this communication problem by sharing data about 

functional vision in three ways: contextual description, standardised and sequenced 

performance indicators, and numbers.

Number data is an efficient way to compare outcomes, and VROOM scores 
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have the potential to inform decision-making by funding bodies that are responsible 

for resource allocation and investment, as well as policy makers such as the Food 

and Drug Administration that gave regulatory approval for commercialisation of the 

Argus II retinal implant (Second Sight Medical Products, 2014). 

In the VROOM instrument, the behaviourally anchored rating scales don’t just 

facilitate measurement. They can also serve an educational purpose by providing a 

common functional language for very low vision. The constructs and performance 

indicators in the VROOM instrument clarify what aspects of low vision are universally 

important in the functional domain, what areas of everyday life can be impacted by 

very low vision, how people with low vision manage frequent visual fluctuations, and 

how deterioration or improvement of vision might influence travel and wellbeing over 

time. 

At the community level, medical and allied health professionals need 

accurate language and information that can guide their recommendations to 

patients or clients about vision-related interventions. Similarly, potential recipients 

need user-friendly information that can support their decisions about whether or 

not to take up a treatment option. Vision agencies could use VROOM scores and 

qualitative data to profile their client groups and to provide relevant information 

to community stakeholders. In Australia, reforms in disability funding now place 

the onus on service agencies to provide accurate information about the benefits 

that clients might gain, so that clients can make informed choices about vision-

related services, and an appropriate level of funding can be allocated (Australian 

Government, 2011).

At a personal level, many people refer to their low vision as blindness, 

learning this label from eye care professionals who interpret visual acuity according 

to WHO guidelines (World Health Organization, 2015). As a “blind” person, it 

becomes complicated trying to account to others how very low vision is useful in 

specific settings. In a VROOM assessment, clients are expected to take an active 

role in their own vision assessment and therefore have the opportunity to articulate 

their tacit visual experience, gain a measure of the benefit they have received from 
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their intervention, and share the common language and framework for interpreting 

low vision that the VROOM instrument provides. Rating the VROOM score 

collaboratively in situ means that the ratings can be discussed and interpreted by 

the client who has the last word on resonance between the VROOM score and their 

own experience. This process should help to increase clients’ ownership of their 

own visual competence, however limited, while also providing a common language 

to discuss functional vision with others. Thus, the VROOM instrument offers an 

enabling alternative to the inaccurate and disabling language of blindness that is 

often used in the context of low vision (Scott, 1969). 

8.1.5 Navigating the clinical/functional divide in research

Clinical trials can indicate whether or not an intervention has made a measurable 

difference, but the objective measures from clinical trials don’t indicate whether 

these differences in performance are significant to the participant. The VROOM 

instrument closes a measurement gap in translational vision research between 

standardised clinical trials and the non-standardised investigation of functional 

outcomes (Woolf, 2008).

The domain of functional research is still relatively new, and is under-

theorised in the peer-reviewed literature. As discussed in Chapter 2, there has 

been a pervasive assumption that objective O&M research is possible, and that 

combining clinical and functional elements in hybrid research is an effective way to 

investigate functional vision for mobility. However, an assumption of objectivity in 

relation to functional research perpetuates confusion. Objectivity is antithetical to 

the constructivist approach to knowledge which is integral to a functional paradigm 

(Bryman, 2012). Objectivity does not accurately name how an O&M specialist 

and client reach certainty together, or acknowledge the particular strengths of a 

constructivist approach to knowledge.

This problem of methodological incongruence is evident in the literature 

where (objective) Cochrane criteria were used to evaluate (constructivist) O&M 

training for adults with low vision, finding that studies were poorly designed 
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and generated unconvincing evidence (Virgili & Rubin, 2010). Similarly, our BVA 

LoVADA studies (Chapters Five and Six) endeavoured to measure functional vision 

in standardised conditions with the result that the authenticity of participant’s 

responses and their resulting measurement data were compromised. At the same 

time, the pursuit of authentic task responses in the LoVADA studies undermined the 

standardisation and repetition necessary to generate a statistically powered data-

set for clinical trials (Mozlin, 2000).

Thus, clinical trials and functional research need to be undertaken 

separately, with clarity about the philosophies, purposes and processes that are 

particular to each. Without this clarity, methodological incongruence undermines 

data quality and neither clinical nor functional research purposes are served.

The Singapore Statement calls for research integrity (Second World 

Conference on Research Integrity, 2010) and in order to circumvent this recurring 

problem of methodological incongruity, functional research needs to take a defined 

place on the methodological map. 

Explicit guidelines for functional research are needed that demystify the 

tacit processes of constructivist functional inquiry and show how to generate 

meaningful evidence about functional outcomes. The six characteristics of a 

functional paradigm identified in this doctoral study – embodiment, integration, 

authenticity, multiplicity, construction and community – help to define the emerging 

field of functional outcomes research (Section 2.3.1). The domain of mixed methods 

research seems to be developing steadily with good theory to support the new 

methods of data management that this complex approach to research requires 

(Creswell et al., 2011).

The CVI Range, the LoVADA Gallery task, and the VROOM Instrument 

have each shown that an embedded mixed methods (Creswell & Plano Clark, 

2011) approach to constructivist research design, with QUALITATIVE/quantitative 

emphasis, can generate precise, authentic measurement data about functional 

vision for mobility. A resulting functional vision score using this approach is context-

specific, confirmed and comparable by the end of the assessment event. 
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A constructivist score seems a much more valid and reliable kind of evidence 

than can be generated from objective measures analysed post hoc by researchers, 

where there is a significant risk of misinterpreting results (Mettler, 2008). A 

constructivist measure also seems to generate a more precise kind of evidence 

than self-report surveys (Section 2.4.4) where standardised research efficiency is 

gained at the cost of participant-specific detail (DeVellis, 2003) and so nuanced 

benefits of a retinal implant might be missed.

Criteria for robust qualitative inquiry can be used to evaluate the strength of 

functional research designs and constructivist measures (Tracy, 2010) until such 

time as clear criteria are established for evaluating the quality of functional vision/

outcomes research.

There are statistical methods for demonstrating the validity and reliability of 

measurement data. With a sufficiently large data-set, item response theory could 

be used to analyse the design of the VROOM instrument and review the weighting 

of the constructs therein (Imms & Greaves, 2010), but rich rigor, sincerity, credibility 

and resonance (Tracy, 2010) are just as important. Rasch analysis of a functional 

measure should not be seen as a substitute for a strong theoretical foundation 

derived from participants’ lived experience; neither should a line-of-best-fit derived 

from statistical evaluation of a new measurement instrument be regarded as more 

important than the considered feedback offered by professionals and participants 

who are using and evaluating the new functional measure in real-world contexts. 

This ongoing reflexivity in functional research is important. Once a measure has 

become established, Frytak (2000) encourages researchers to review its use 

periodically to confirm its ongoing reliability and ensure it hasn’t been deployed to a 

context where its relevance is tenuous.

8.2 Limitations of the Study

In reviewing this doctoral study, limitations were identified in relation to (1) the 

research context, (2) the mixed methods nature of the study and (3) the VROOM 

instrument. 
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8.2.1 BVA context

The most obvious context for an O&M specialist to investigate functional vision 

for mobility is in the lived environments of people who have low vision. The limited 

context of the BVA project meant that research conditions for this doctoral study 

were more contrived than real-world. However, the project presented an opportunity 

to focus my attention on a defined cohort, resulting in a measure of functional vision 

that has application in real world contexts, with the potential to embrace the client 

diversity in O&M that has defied quantification to date (Dodds, 1998).

In the BVA clinical research team there were differing opinions about the role 

of O&M in the research agenda (implementing prescribed protocols or developing 

new approaches?), how O&M research should be conducted (clinical trials or 

functional research?) and what should be the focus of attention (measuring O&M 

performance or functional vision?). The team had extensive experience conducting 

clinical trials, and so there were underlying assumptions that objectivity was 

possible in O&M research, that clinical trials measuring O&M performance would 

tell about functional vision, and that statistical correlations were more valuable data 

than qualitative findings. The peer-reviewed O&M literature offers little to contest 

these assumptions, also sing an empirical approach to O&M research design where 

theory is implicit and methods are explicit (White, 2011). In this context, I acted on 

my tacit professional knowledge about how to investigate functional performance, 

keeping participant voice as my pivotal data source in the project. However, I found 

that my own tacit knowledge was obstructive to collaboration. It took a long time 

for me to articulate how a functional paradigm is different from clinical inquiry, to 

reframe typical O&M assessment in the language of qualitative methodology, and to 

scope new ways to measure human performance outside the limiting parameters of 

clinical inquiry.

The LoVADA protocol generated much stronger, more comparable 

measurement data about natural vision from the RP40 cohort, than from the retinal 

implant cohort for which it was intended. Expecting to create reliable measurement 

data from prototype vision was an over-ambitious goal, given that the functional 
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vision research team and the recipients of the implant were only just learning about 

what could be done with phosphene vision. 

The functional vision research team learned a lot about prosthetic vision 

through experimentation and collaboration with participants, and qualitative 

analyses of data. However the clinical task designs in the LoVADA protocol were too 

confining to account for the functional complexities of phosphene vision in action, 

and so measurement data from these tasks were of limited value.

Of all the tasks trialled in the LoVADA O&M battery, only the Stuart Tactile 

Maps test and the Gallery task are suited for inclusion in a standardised retinal 

implant test battery. The STM test was pivotal in the LoVADA studies because 

it indicated whether the participant could access ambient vision to maintain 

orientation during travel with light perception only, and helped to explain significant 

differences in travel confidence with and without prosthetic vision that were 

observed during dynamic O&M. The Gallery task is worth including in a retinal 

implant research battery because it measures functional vision for reading. 

However, closer attention to the scoring matrix for the STM test, and to the selection 

of Gallery targets specifically for prosthetic vision, would strengthen these task 

designs.

8.2.2 Mixed methods challenges 

In addition to the logistical challenges of the BVA context, this doctoral project has 

been conceptually and methodologically challenging.

My benchmark for shaping effective inquiry in this project was not a 

particular research approach from the available methodological map (Miles 

& Huberman, 1994), but rather, the principles and practices of typical O&M 

assessment in the functional domain. I found that O&M assessment was not 

interpreted in the literature as a research discipline and did not align neatly with 

any one research methodology. Interpreting O&M assessment as research and 

finding language to account for tacit O&M assessment heuristics meant working 

across multiple qualitative methodologies. This breadth engendered a much clearer 
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understanding of relationships between O&M assessment and research practices, 

but breadth was gained at the expense of working very deeply within any one of the 

established research methodologies that contributed to the project.

When designing and evaluating multi-methodology research, Annells (2006) 

emphasised the importance of a good “fit” between the different methodologies and 

the research question, and then between the methodologies themselves. Alignment 

between the methodologies in this doctoral study as well as their relationship 

with O&M assessment was justified clearly in Chapter 3. However, Annells also 

suggested that the researcher should maintain the integrity of each approach and I 

have not achieved this. My study contains a pastiche of data streams and methods 

of analysis, with insufficient word-count in a thesis to accommodate detailed 

description of every step of the inquiry and the relationships between them. 

Charmaz (2014) distinguishes between constructivist grounded theory 

and objectivist grounded theory. My own work has accorded with the former 

approach, whereas a proponent of the latter approach is more careful to maintain 

a neutral role during analysis, and separation between various influences on theory 

development. My new theories grounded in participant data were soon influenced 

by theory developed from the available literature and my own professional 

heuristics. The writing recommended in Hermeneutical Phenomenology (van 

Manen, 2006) that helps to measure thoughtfulness and engender insight 

occurred in many forms throughout this study, but my discussions with supervisors, 

colleagues and clients stimulated just as much constructive insight about functional 

vision for mobility as the writing process. The co-creation of knowledge about 

functional vision for mobility in this study paralleled what takes place in O&M 

assessment. Immersion in a relevant context (i.e., the BVA project), the process of 

constant comparison, and the disciplined recording and analyses of observations, 

led to resonance and certainty about findings.

As already discussed, the clinical research team chose to investigate both 

clinical and functional approaches to research in the LoVADA studies and I managed 

this methodological incongruence by placing a priority on participant voice and 
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identifying their natural responses to tasks, whenever there was a tension between 

standardisation and authenticity. 

In accounting for a multidisciplinary research endeavour that crosses the 

clinical/functional divide it is difficult to please everyone. My primary concern has 

been to build a strong conceptual and theoretical foundation to justify a reasonably 

novel approach to measuring functional outcomes in the form of a constructivist 

measure. The theory development in this doctoral study represents a different 

priority than is typical of objectivist O&M research (White, 2011) and might seem 

excessive to a reader who is more used to implicit theory and explicit methods in a 

research report. However, the field of functional vision research has hitherto been 

held back by lack of clarity about the phenomenon of functional vision for mobility, 

and by methodological incongruence. Developing theory is a necessary part of 

advancing this research.

8.2.3 The VROOM instrument

One of the concerns a clinician might raise about a constructivist approach to 

measurement is the power differential between assessor and client when making 

shared assessment decisions. This collaborative relationship seems unlikely to be 

entirely free from the Hawthorne Effect, but a constructivist approach to inquiry 

involves development of good rapport, reflexivity and a commitment to declaring 

relevant subjectivities. The candour of this approach seems preferable to assumed 

objectivity and undeclared biases that skew the interpretation of data, with the 

participant having no right of reply. Safeguards that can help to manage this power 

differential include training assessors in the use of the VROOM instrument, the 

inclusion of additional stakeholders (family members, friends) in the assessment 

and scoring process to shift the balance of power and increase triangulation, 

documenting participant comments and contextual description not just scores 

during the VROOM assessment, and including reflexive writing in the research 

report.

The VROOM instrument has achieved the aim of this doctoral study, but 
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there was insufficient time at the close of this project to investigate other examples 

of constructivist measures. A cursory search in Google Scholar resulted in only 21 

hits with the earliest reference to a constructivist measure made by Berzonsky 

(1994), a psychologist who was investigating the construction of self-identity. 

Although the notion of a constructivist measure is uncommon in the peer-reviewed 

literature, it more accurately represents how professional certainty is built in 

O&M assessment than objective or subjective measures, and warrants further 

investigation and development in the field of functional outcomes research.

The VROOM measure is statistically audacious. I decided its measurement 

parameters and the relative worth of Parts A and B somewhat arbitrarily after 

appreciating the simplicity of the 10x10 matrix in the CVI Range (Roman-Lantzy, 

2007). The LoVADA data indicated that although people do care, they don’t care 

equally or consistently about the constructs included in the VROOM instrument. 

However, weighting decisions were necessary to standardise the measurement 

structure of the instrument and make it able to generate a complete data-

set leading to a single score. Without these audacious decisions, the VROOM 

assessment would be unable to resolve qualitative data into a single score, 

rendering it no more effective as a functional vision measure than the IMQ (Turano 

et al., 1999) or the FLORA (Geruschat et al., 2015). Flaws in the measurement 

properties of the VROOM instrument might become apparent during further 

implementation, at which point the instrument and its scale structures can be 

revised. However, the retro-scoring exercise reported in Chapter 7 suggested that 

at this early point, the balance of constructs seems to work to generate sensitive, 

comparable measurement data. 

The VROOM measure was founded on the lived experience of people with 

advanced RP, but the slow visual deterioration associated with RP differs from the 

visual experience of many other low vision cohorts. We did not reach data saturation 

in the RP40 study. The research team saw novel expressions of functional vision 

even in the last research session. This diversity means that I might have missed 

important constructs that are fundamental to functional vision for mobility. My 
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concern here is not that my emerging grounded theories are wrong, so much 

as limited by context. However, I am also mindful that my previous attempts to 

measure functional vision for mobility failed because the instruments I designed 

were too ambitious and detailed in their scope. This made it impossible to generate 

a complete data-set and so weighting and aggregation of ratings could not be 

attempted. Frytak (2000) acknowledges that “realistically, researchers often end 

up sacrificing richness of a construct for a quantifiable and generalizable measure” 

(p. 16). Further investigations in the field of functional vision might indicate ways in 

which the VROOM instrument could be enriched with scales that better represent 

the phenomenon, or alternatively, additional functional constructs might be 

quantified with separate constructivist measures. 

8.3 Future Directions

The feasibility of the VROOM instrument has been demonstrated in this study. 

Now considerable work is needed to operationalise the measure, investigate 

its trustworthiness and establish its validity and reliability in translational vision 

research and professional O&M practice. The VROOM instrument shows promise 

of serving two broad purposes. The first is to profile different vision-related cohorts 

to understand the functional impact of different eye conditions and vision-related 

issues. The second purpose is to measure functional changes that might occur over 

time, whether from natural changes in low vision, or resulting from particular vision-

related interventions. 

8.3.1 Translational research

Furthering the original purpose of this doctoral study, the VROOM instrument needs 

to be piloted with a retinal implant cohort to determine whether it is easy to rate and 

can produce meaningful data about functional vision for mobility. Floor effects in 

the VROOM scale are anticipated because only minor changes in ultra-low vision are 

expected from a retinal implant. The language in the performance scales may also 

need revision; my own language can be somewhat quirky, which might make the 
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VROOM scales unclear to other users in different sub-cultures.

Profiling a retinal implant cohort using the VROOM instrument is a necessary 

precursor to measuring outcomes and discovering what range of difference on 

the VROOM scale might reasonably be expected from a retinal implant. Multi-

centre collaboration will probably be needed to complete this work, because 

retinal implants are not yet common in any one place. Local O&M specialists can 

be equipped to use the VROOM instrument wherever participants are situated; 

widespread access to the internet means that VROOM training can be made 

available to O&M specialists online, resolving the problem of geographical isolation.

Multi-centre collaboration could help to ensure that the language in the 

VROOM instrument is universal in meaning; equally it might indicate the need to 

develop local versions of the VROOM instrument that honour the original meanings 

in the performance indicators using locally relevant language. In view of FLORA’s 

measurement limitations (Geruschat et al., 2015), the VROOM instrument could 

also be used in conjunction with a FLORA assessment to generate rich qualitative 

data and to measure any difference a retinal implant makes in the functional 

domain.

8.3.1.1 Single subject experimental designs

In due course, the VROOM instrument might be piloted with other novel vision-

restoration cohorts, such as people receiving stem cell therapy, gene therapy or 

pharmaceutical treatments. 

Rose (2010) observed that for a range of reasons, clinical trials in the form 

of randomised controlled trials or statistically powered cohort studies might not 

be feasible in innovative research: it can be difficult to recruit sufficient numbers; 

eligible participants might be geographically dispersed; phase one of a new 

treatment usually has few recipients; the circumstances or conditions under 

investigation might be rare; the research protocol might be onerous; and research 

funding or available time for the study might be limited. Added to these factors, 

functional vision for mobility is irreducibly complex and involves latent psychosocial 

elements that are integral to functional performance, but difficult to measure 
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separately. Then too, any O&M group has a high degree of variability (Dodds, 1988). 

Measures that are only taken pre-post intervention give a “simple 2-snapshot 

window” (Rose, 2010, p. 200) of the phenomenon of interest, but many more 

snapshots might be needed to capture the changing impact of the retinal implant 

over time, or its specific usefulness in different contexts. Rose suggests that a 

single-subject experimental design can be a more feasible option in the context 

of innovative translational research. Single-subject experimental design is more 

rigorous that case study, endeavouring to identify and maintain separation between 

variables so that the impact of the intervention can be measured. The VROOM 

instrument has in-built checks for validity and inter-rater reliability, which make it 

seem an ideal measure for single-subject experimental design, but it remains to 

be seen whether the constructivist model can withstand the controls of a more 

objective approach to inquiry without authenticity being compromised.

8.3.1.2 Using the VROOM instrument to investigate other vision-related 
interventions

The comprehensive visual range of the VROOM instrument means that it has the 

potential to produce meaningful data in many contexts other than vision-restoration 

research. Table 49 identifies some of these possibilities. 

Options begin with eye-related interventions and might include established 

procedures like cataract surgery or corneal transplants, then extend to visual aids 

and strategies. The LoVADA studies showed that visual benefit can be experienced 

in surprising ways. Thus other therapies, strategies and services are included in this 

table that are designed to support wellbeing in people with low vision. Given the 

bias in the VROOM scale towards ultra-low vision, the measure seems likely to show 

less dramatic differences in people whose vision problems affect their vision for 

reading more than vision for mobility. 

The reliability of scoring by assessors from different professional disciplines 

needs to be evaluated to determine whether a VROOM rating requires the skills of 

an O&M specialist or whether the instrument can also be rated by O&M outsiders 
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such as occupational therapists, teachers’ aides, or research assistants with equal 

reliability.

Table 49
Vision-Related Interventions That Might be Measured by the VROOM Instrument

8.3.1.3 Other useful measures for functional research

Several measures have been identified in this study that are worth considering 

in translational research. From the LoVADA protocol, the Gallery task measures 

functional vision for reading, and the Stuart Tactile Maps test measures spatial 

cognition. The target range in the Gallery task could be customised to suit the range 

of functional vision that a particular cohort is expected to experience. The Stuart 

Tactile Maps test is a robust task, but its measurement parameters need further 

consideration, and this will be discussed in Section 8.3.1.4. 

The life-space questionnaire (Baker et al., 2003) and personal activity 

monitors provide two ways to track changes in life-space, roaming and resulting 

wellbeing. A combination of accelerometer and GPS gives more accurate data 
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about travel distance than a spring-loaded pedometer, but there are black spots 

and satellite shadows (e.g., between tall buildings or due to cloud cover) that can 

affect the reliability of GPS, and this technology doesn’t always work inside a large 

building.

It can also be helpful to have a manual way to calculate free-roaming 

distances travelled in O&M. Following a participant with at trundle wheel in public 

is accurate, but socially indiscreet. The Planwheel used to measure incidental 

travel distances in the LoVADA Café task can also be used to accurately measure 

free-roaming travel distance from a street directory or a building floor plan after the 

travel event, providing the map scale is known and the traveller or assessor can 

recall accurate details about the route taken. 

8.3.1.4 Stuart Tactile Maps test 

The LoVADA studies showed that the Stuart Tactile Maps (Stuart, 1995) test is 

portable, quick to administer, appropriate for use with adults, and fills a substantial 

gap in the limited range of available O&M measures. The LoVADA studies indicated 

an association between spatial cognition, travel confidence and ambient vision 

that warrants further investigation. The STM test also needs to be implemented 

with different cohorts across the visual spectrum, including fully sighted groups, 

to understand the prevalence of spatial competence and spatial difficulties in the 

wider population so that the role of spatial cognition in relation to vision can be 

better understood. In this research it seems worth distinguishing between different 

employment cohorts because some jobs require better spatial skills than others 

(e.g., taxi drivers vs English teachers). 

Results from these studies could have implications for understanding travel 

confidence, mobility aid choices, travel goals, leisure interests and employment 

decisions across the functional vision spectrum. Qualitative data about spatial 

orientation generated at the same time as these STM investigations could be used 

to build theories about functional orientation with very low vision – this theory gap 

is evident in the O&M literature. From new theories, a constructivist measure of 

functional orientation could be developed.
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Strong ceiling effects were apparent in the STM data from the LoVADA 

studies, and so before more extensive use is made of this instrument, closer 

consideration needs to be given to the scoring matrix, and to the possible value 

of including more challenging maps that can discriminate differences in elite 

spatial cognition. These extension maps might exceed the level of spatial cognition 

ordinarily required for competent O&M performance, but might also indicate 

why some people with low vision or blindness make independent travel appear 

effortless.

It seems worth extending the maximum number of guided exposures for 

each map from nine repetitions to fifteen (five attempts to draw; total score /15) to 

discover how many repetitions are needed for limited mental mappers to learn the 

three maps in the STM test. These findings might have implications for O&M training 

programs, helping to identify when it is worth working on mental mapping skills with 

a client, and when it might be better to focus on alternative navigational strategies. 

These scoring recommendations are included in Appendix 15.

The STM test shows whether the client can access ambient vision, so has 

potential implications for the level of training and practice that might be required 

to make effective use of phosphene vision for orientation in both familiar and 

unfamiliar environments.

8.3.2 O&M professional practice

The VROOM instrument was designed to enhance, not compete with typical O&M 

assessment and its routine use should not add substantially to the workload of 

O&M specialists. In theory, the scale dimensions should embrace the client diversity 

encountered in O&M including children, people with multiple disabilities, wheelers 

and walkers. It remains to be seen whether this universality works in practice. 

8.3.2.1 Strengthening current practice

Bernardin and Smith (1981) commented that standardisation of the observation 

process is one of the strengths of using behaviourally anchored rating scales; it 

enhances the reliability of professional assessments and their future comparability. 
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Standard use of the VROOM instrument could do much to streamline diverse 

assessment practices within the O&M profession and teach trainee O&M 

professionals a basic model for conducting a functional vision assessment that 

can then be extended to follow the client’s cues. The VROOM instrument should 

also help O&M specialists to cross the clinical/functional divide. The rating scales 

help to demystify functional vision assessment and model for O&M outsiders the 

procedural steps in the co-construction of knowledge in the functional domain. 

Providing a shared language that values ultra-low vision seems particularly 

important for clients around the time of visual diagnosis, and when isolation and 

depression are evident (Horowitz, 2004). There are also under-researched and 

somewhat contentious areas of O&M services where practice-based evidence about 

functional vision would support innovative service delivery that can benefit clients. 

An example is in use of a motorised mobility scooter by people with low vision 

(Deverell, 2011a). Some agencies and individual O&M specialists are cautious 

about becoming involved in low vision scooter training. VROOM data for a cohort of 

capable low vision scooter users would enable practitioners to discern whether it 

might be reasonable to proceed with scooter training, and whether any problems 

that arise with their own clients might be due to low vision or cognitive issues.

The VROOM instrument has several advantages over tailored goal attainment 

scaling (Kiresuk & Sherman, 1968) in measuring O&M program outcomes. Without 

compromising authenticity by standardising venues and research tasks, the VROOM 

instrument does standardise the observation process as well as the documentation 

and reporting of findings. This selective standardisation makes the VROOM 

instrument quicker to implement than goal attainment scaling. Scoring decisions 

are also likely to be more reliable because they are reached collaboratively rather 

than being rated by one person. The VROOM instrument is founded on constructs 

that are universally relevant, albeit derived from a small cohort, so inter-personal 

comparisons can be made. The use of patterning in the VROOM scale template 

makes the aggregation of scores feasible, whereas lack of consistency can be a 

problem in goal attainment scaling. The resulting VROOM score makes it possible 
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to compare functional outcomes within and across different vision-related cohorts. 

Widespread use of the VROOM instrument might also foster a sense of belonging 

and participation where individual goal attainment scaling does not necessarily 

attempt to connect one person’s experience with another’s.

8.3.2.2 Research endeavours

The O&M profession does not seem to have realised the significant role it could play 

in vision research without needing to significantly alter current practice. VROOM 

data generated during routine O&M practice could be used to profile different 

groups of service users within an agency, evaluate program outcomes that involve 

visual efficiency training, and thereby support service development. VROOM data 

on file might also make a valuable contribution to multi-disciplinary research 

partnerships within the fields of medicine, allied health, education or employment.

The CVI Range and the VROOM instrument represent the beginning of a 

battery of constructivist measures for use in functional assessment. However, 

the VROOM instrument also has the potential to serve as a template for the 

development of other functional measures.

8.3.2.3 VROOM as a template 

Other domains of functional vision that might be investigated using the VROOM 

model include reading, domestic ADLs, community ADLs, social skills, work skills 

and study skills. The range of multimodal communication technologies now 

available means that people with low vision no longer have to choose between 

braille and text for literacy, but can access information on mainstream devices using 

multiple senses, according to their available vision. This diversity has implications 

for the ways that functional vision is employed at school, workplace, university 

and leisure. The VROOM template is designed to accommodate such diversity and 

reflect the participants’ priorities in different contexts. Developing an instrument to 

measure functional vision for reading and information access that can be used to 

understand the lifestyle impact of clinical vision for reading seems a worthwhile next 

step in functional vision research.
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An early priority in the field of O&M research is a measure of functional 

mobility, which has long been needed to evaluate the outcomes of O&M training 

programs. Relevant theory to support a functional mobility measure has already 

been developed and includes the Effective Mobility Framework from this doctoral 

study, the O&M Environmental Complexity Scale (Deverell, 2011b) and the 

O&M Framework (Deverell et al., 2009). This mobility measure might also show 

outcomes from echolocation training or sensory substitution devices such as the 

BrainPort described in Chapter 2, both of which are intended to support confident 

independent travel without providing visual stimuli.

A functional orientation measure is also needed to determine how spatial 

cognition, measured by the STM test, is manifest in real-world orientation 

challenges. Theory about functional orientation needs to be built from the lived 

experience of people getting lost, and then recovering their way, to identify the 

relevant constructs to measure. Ambient vision theory from this study (Section 

7.1.3.3) has a bearing on functional orientation. Researchers beyond the O&M 

field have already investigated some aspects of spatial cognition, including human 

wayfinding behaviour (Golledge, 1999), blindsight (Goodale & Milner, 2004), 

and brain plasticity in relation to vision restoration (Fine, 2007). A constructivist 

measure of functional orientation might be strengthened by closer collaboration 

with researchers in these domains, as well as by closer examination of work already 

undertaken within the O&M field to understand veering, referred to in Section 

2.2.3.3.  

This doctoral study has identified the need for further qualitative exploration 

of psychosocial constructs that are part of functional vision for mobility. These 

include visual-social skills, particularly in relation to spatial dysfunction; notions 

of safety and risk; independence, neediness and belonging; sense of identity in 

relation to diagnosis and social self-monitoring; anxiety and confidence; and visual 

pleasure. A deeper client-centred understanding of these constructs is needed 

to inform their functional measurement, and again, the VROOM instrument might 

provide an appropriate measurement template. 
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8.3.2.4 Alternative applications of the VROOM instrument

Face-to-face implementation of the VROOM instrument seems likely to generate the 

most precise measurement data about functional vision for mobility, but sometimes 

face-to-face assessment with remote clients is not feasible any time soon, and an 

O&M specialist needs to manage and prioritise heavy client loads from a distance. 

This is a particular issue in Australia, which has a relatively small population spread 

across a large continent and not enough O&M personnel to go around (Deverell & 

Scott, 2014). It is worth investigating the reliability of alternative methods of scoring 

the VROOM instrument. 

1. Retro-scoring participants from previous video and documentary data was 

a useful process when testing the feasibility of the VROOM instrument 

(Section7.3.2.3). Given that smart-phones have made it fairly easy to record 

video data about functional performance, professionals referring a client for 

O&M assessment might also consider forwarding video footage of the client’s 

functional mobility if a VROOM assessment retro-scored from pre-recorded 

data were to support access to appropriate services for the client.

2. O&M specialists have been experimenting with the use of an iPhone (used 

by the client), iPad (used by the O&M specialist) and FaceTime to observe 

a remote client’s travel context in real time. This has made it possible to 

undertake O&M training from a distance (Prentice & Holmes, 2015). It 

seems worth investigating whether a VROOM score might be rated either 

through a series of video “selfies” if the client is travelling solo, or by having a 

volunteer accompany the client to video the client’s O&M action and stream 

the video live to the O&M specialist who is observing and assessing VROOM 

in collaboration with the client.

3. The VROOM instrument might be rated via telephone, providing the assessor 

has sufficient expertise to rate the client’s route travel in part A of the 

VROOM instrument on the basis of precise questions and answers about 

the client’s travel experiences and environments. The structure of Part A 

supports and guides this specific questioning.
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Even if scoring precision is diminished with these remote applications of 

the VROOM instrument, any of them might work as a screening process to field 

appropriate referrals for rural and remote clients when face-to-face assessment is 

not possible anytime soon. 

8.4 Conclusion

The challenge of this doctoral project has been to devise a way to reduce qualitative 

data about functional vision for mobility to a single functional vision score so that 

the real-world outcomes from retinal implant technology can be measured. The 

VROOM instrument has achieved this purpose.

Importantly, this study has established that, even when the ultimate goal is 

to measure functional performance, the investigation of functional vision for mobility 

requires social research methods. In the complexity of lived environments human 

behaviour can be interpreted in many ways and so objectivity in the functional 

domain is not possible. Rather, knowledge about the participant’s competence is 

co-constructed. 

The investigation of outcomes from a vision-restoration treatment, 

particularly in the early period of developing technology, can involve small numbers 

of participants, often in geographical isolation from each other. This makes it 

difficult to run standardised clinical trials or rely on statistical power to demonstrate 

strength of early findings. The VROOM instrument is a constructivist measure that 

combines the strengths and precision of qualitative inquiry with robust, transparent 

measurement strategies to systematically reduce unwieldy data about everyday 

functional performance to a single comparable score. A VROOM assessment is 

undertaken in collaboration between assessor and client combining participant 

self-report with professional observation of functional performance, so that 

by the end of the assessment event, the final score is already triangulated, its 

individual relevance to the client is confirmed, and the client has contributed to the 

interpretation of results. 

The VROOM instrument that has been developed in this doctoral study, 
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and the measurement template it offers, represent a significant contribution to 

the investigation of functional outcomes from vision-restoration treatments such 

as a retinal implant. The instrument might be used equally effectively in single-

subject experimental designs or cohort studies. By evaluating the vision that 

matters to participants, this instrument shows promise of completing the process 

of translational research, linking clinical trials with everyday real-world outcomes. 

However, the comprehensive vision range of the VROOM instrument also provides 

the O&M profession with a means of standardising the observations and reporting 

of functional vision assessments without compromising the client-centred nature 

of inquiry. The VROOM instrument has the potential to strengthen professional 

O&M practice and might have application in any context where functional vision for 

orientation and mobility is a consideration.
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Appendix 4: PI&CF for LoVADA Phase 3 – Retinal Implant Cohort, 
Semi-Portable Device
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Appendix 5: Ethics Consent to Work Outdoors – Retinal Implant 
Participants
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Appendix 6: Effective Mobility Workshop – Response Form
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Appendix 7: Effective Mobility Data – Sample of Coding Using Excel

Elements of effective mobility were listed in Column A during the Effective Mobility 

Workshop and coded by me during several phases after the workshop (Figure 1). 

Later, items were also coded by a volunteer group of colleagues from Guide Dogs 

Victoria who were masked to my coding. This group included two O&M specialists 

and two GD mobility instructors. The aim of this triangulation was to explore 

the data from different perspectives to gain more language and ways to think 

categorically and conceptually about the data, not to check the inter-rater reliability 

of my codes. 

In this sample screenshot, data are sorted A-Z according to coding 

decisions in Column D. This shows that “attitude” was an outlying code, so the item 

“adaptability” was subsequently recoded as self-regulation.

Figure A1. Using Excel for Coding Data

Figure A1. Elements of effective mobility were coded through multiple stages. The columns 
in Excel could be sorted A-Z to cluster codes and check for outliers.
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Appendix 8: Visual Behaviours in Guide Dog Mobility

At an informal session (8 December 2011), GD mobility instructors were asked, 

“How is functional vision (e.g., hand movements) evident in GD travel?”

Functional vision is evident when walking along a footpath, and

1. the client directs the dog to hug the building line rather than stay in the 

centre of the path where there might be more street furniture to navigate. 

The dog might be distracted by smells along the building line.

2. the client walks more quickly than the dog, so there will be no tension on the 

harness – the dog is not guiding. It does what it likes en route, responding to 

smells and other distractions, and serves as an accessory rather than as a 

working guide dog.

3. an unseen change in surface can cause the client to flinch and jerk the 

harness to a stop as the client looks back to investigate, even though the dog 

is prepared to continue smoothly. 

4. the client adopts unusual head postures to watch for overhangs or other 

visual details, holding the head, neck, shoulder and arm in a fixed position 

which can skew the dog’s harness. 

Functional vision is evident when approaching an obstacle, and

5. the client hangs back, dragging on the harness or inching sideways. This can 
cause skewing of the harness or stepping on the dog’s feet, and prompt the 
dog to adopt a veering gait.

6. the dog breaks one way and the client breaks the other way to avoid the 
obstacle.

7. the client pulls his free right arm in against his body to avoid contact with the 
obstacle. Client might also step in behind the dog.

8. the client steers the harness with a turn of the wrist, rather than reading the 
lead of the dog through the harness.
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Functional vision is evident when approaching a curb or stairs, and

9. the client slows early and drags on the harness. This undermines the dog’s 
confidence and the dog begins to inch towards the curb/first step, rather 
than approaching it in a smooth action.

10. the client inches forward and back to locate the edge of the curb/first step, 
despite the fact that the dog has stopped at a safe distance.

11. the client uses his or her foot to search around for the edge of the step or 
over-cues the dog to detect the edge of the first step.
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Appendix 9: Exploring Visual Properties with DAAS Low Vision Simulators 

The DAAS low vision simulator kit was sourced from DAAS Consulting, Po Box 37071, 

#38 – 3200 Island Highway, Nanaimo, British Columbia V9T 6N4. 

Five different lenses (6/60, 6/120, CF, HM and LP) were used to investigate 

a range of items with different visual properties including:

•	 Rainbow golf umbrella

•	 Different sized balls

•	 Various fabrics

•	 Doormats

•	 Calendar

•	 Shiny gold gift bag

•	 Large, white, spherical Chinese paper light shade

•	 Shopping bags with a range of colours and logos

•	 Black and white candy striped pole

•	 Different kinds of lighting

•	 Black and white clock
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Appendix 10: Draft Rating Scales for Very Low Vision in O&M

Table A1
An Experiment in Writing Rating Scales

Draft Behavioural Anchors for Very Low Vision in O&M

Note. This experiment, inspired by Roman-Lantzy’s (2007) CVI Resolution chart, was started 
on 24 September 2011. It was never finalised or trialled because the constructs in each 
scale were not well-weighted.



385

Appendix 11: Route Travel Obstacles

Figure A2. Obstacles Used in Route 2 in the Tunnel

Figure A2. The same obstacles were used in all three phases of the LoVADA studies. 
Additional black obstacles were used for task extension with retinal implant participants: 
Fat black pole (150mm diameter PVC drain, 2m long); medium black pole (90mm diameter 
PVC drain, 2m long); thin black pole (50mm diameter PVC drain, 2m long) and pole stand; 
black plastic craft crate (27cmH x 33cmW x 36cmD); black 240L wheelie bin (105cmH x 
60cmW x 70cmD); charcoal doormat (79cm x 49cm); black backpack (50 litre).
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Appendix 12: Gallery Targets

Table A2
Fifteen Gallery Targets with One Extra for Target Familiarisation
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Appendix 13: Café Resources

Table A3
Specifications	for	Handmade	Table	Tops	and	Table	Magnets
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Appendix 14: TUG-LV Resources

Table A4
Specifications	for	TUG-LV	Resources
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Appendix 15: Stuart Tactile Maps Test

The Stuart Tactile Maps (STM) test is a non-visual, table-top test of mental mapping 

skills – a person’s ability to learn spatial information to become and stay orientated 

during mobility. The STM test shows how many times a person needs to practise a 

route to get it right in theory. The results of this test can be compared with dynamic 

orientation skills observed during functional orientation and mobility (O&M) 

assessment.

As well as measuring spatial cognition, the test prompts conversation and 

insight about strategies that individual people use in learning new routes, as well 

as alternative navigational strategies that can work when mental mapping is too 

difficult.

The STM test was developed by Dr Ian Stuart, a Melbourne-based 

neuropsychologist, as part of his doctoral study:

Stuart, I. (1995). Spatial orientation and congenital blindness: A 
neuropsychological approach. Journal of Visual Impairment & Blindness, 
89(2): 129-141.

Abstract: Tests of a neuropsychological model for spatial orientation in 
the absence of vision were developed and administered to 31 children 
who are congenitally blind. The results supported the model and 
indicated that some congenitally blind subjects had focal brain damage, 
sufficient to impair their capacity to be accurately oriented in physical 
space.

Where Do I Get the Test?
The STM test is not commercially available, but you can make it yourself. The 

mapping materials are less important than the lines being clearly distinguishable 

from the background when felt with one finger. The lines need to be continuous 

around corners, and the relationships between the lines and angles need to be 

accurate in the standardised task. There are three options for constructing the 

maps.
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Option 1

The original maps were hand-made from aluminium welding rods (1.6mm) bent 

into right angle shapes and glued to pieces of Perspex 3mm x 22cm x 30cm. These 

materials are robust for the purposes of formal research, but the wire/Perspex maps 

are tricky to make, to get the lines straight and the right angles of the wire accurate 

as the glue sets. 

If you want to try it, use the original measurements (Figure A3), and bend a 

separate piece of welding rod into the shape for each map. Glue each “route” onto 

a separate sheet of Perspex (A4 size). The final result needs to have accurate right 

angles and be free from distracting blobs of glue.

Option 2

The most readily available alternative to the original materials is a set of maps 

created from blackline masters that are copied onto swell paper and run through 

a thermoform machine. The use of blackline masters helps to standardise map 

production, but thermoform processes can vary in quality. It is important to check 

the maps for clean lines with eyes closed and a single finger, to ensure there are 

no additional bumps or textures to distract the participant from feeling the route on 

each map.

Option 3

If thermoform methods are unavailable, alternative tactile mapping materials can be 

used such as wiki sticks, slit tape, or a Sewell drawing kit, according to the original 

measurements (Figure A3). Each map needs to be firm and stable so that shifting or 

wrinkling materials don’t distract the participant’s attention during the standardised 

presentation of the task.

Three Sets of Maps
There are three sets of maps in the STM test and Set A is the primary set of maps, 

used in the LoVADA studies. Only the measurements for Set A have been included in 
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this Appendix. Measurements for Sets B and C, and blackline masters for all of the 

maps can be sourced at www.lildeverell.net/stm

Set B provides an alternative to set A to use if you are re-testing a client, but 

don’t want the client to build on what was learned during previous testing. (A person 

with good spatial cognition might remember these map configurations for months or 

even years.) The maps in Set B are equivalent in complexity to Set A – they have the 

same number of lines and angles at each level, but in different configurations. 

Set C is the simplest set of maps, focusing on whether the client can 

recognise basic directions. This set is only used if the client gains a score of 0 on 

Set A or Set B, suggesting a serious spatial deficit. 

Instructions for the Assessor

1. This is a non-visual task. The client wears a blindfold throughout the task, 

regardless of whether or not s/he has any vision. If a blindfold is not feasible, 

the client can keep eyes closed for the duration, or a screen can be held 

between the client’s eyes and the map.

2. Seat the client comfortably at a table. Ask which is the client’s preferred 

hand. Sit on whichever side of the client most easily facilitates coactive, hand 

over hand guided exposure to the maps.

3. Place the first map (A1) in a central position in front of the client with the 

start spot closest to the client’s belly. Don’t allow independent or two handed 

exploration of the maps. This is a standardised, one handed task. 

4. Explain that there is a series of maps and that you will guide the client’s 

finger over each map three times then ask him/her to draw the map.

5. Guide the client’s index finger (preferred hand) from the start spot on the 

map to the end of the route three times. While guiding, keep your own 

guiding hand stable on the client’s hand. A wriggling grip can distract from 
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what the client is feeling with the pad of his/her index finger. 

6. While guiding each exposure, keep quiet and allow the client to concentrate 

on the movement and directions of the route. Don’t use words like “left” and 

“right”, or count out the stages in the map, or give any clues about the route 

– you are testing to see how effectively the client works these things out for 

him/herself. 

7. Immediately after three guided exposures, remove the map and place a 

blank piece of paper centrally in front of the client and give the client a 

pencil, so that the client can draw what s/he remembers of the route. A4 

paper folded in half to A5 is good – this can fit 4 attempts on a sheet, and be 

unfolded to fit in a file. Remember to label each map with the client’s name, 

the date, which map was being drawn, and the number of each attempt.

8. There are three guided exposures to a map before each attempt to draw a 

map. If the drawing attempt is accurate, then proceed to the next map in 

the set. If the drawing attempt is not accurate, provide another three guided 

exposures and another attempt to draw.

9. The original task allowed for 3x3 sets of guided exposures for each map. 

However, the LoVADA studies indicated it could be worth extending the task 

to allow up to 5 x 3 guided exposures for each map, that is, five attempts to 

draw each map.

10. During the test, don’t comment on how well or poorly each map was drawn. 

Just move on the next set of guided exposures. After the test is completed, 

ask the client about what strategies he/she used to manage the task and 

discuss outcomes in a way that will benefit the client.
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Scoring 
The STM test can be scored out of 15, on the basis of up to 5 attempts to draw each 

map in Set A, using the scoring matrix shown in Table A5.

Table A5
Scoring Matrix for Stuart Tactile Maps Test

Note. This scoring matrix was revised following the LoVADA studies to allow for more guided 
exposures and drawing attempts per map, giving a total score out of 15.

Interpretation
The LoVADA studies indicated that people who can draw Map A2 but not Map A3 

tend to have limited mental mapping skills and a pervasive risk of becoming lost. 

With very low, or no vision they are likely to prefer guided travel beyond home (dog 

or human guide). People who can draw Map A3 within three attempts use their 

mental mapping skills to navigate the environment fairly confidently, undertake 

more independent travel beyond home, and have less concerns about getting lost. If 

they become disorientated they can usually work it out for themselves.
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Figure A3. Stuart Tactile Map Set A – Measurements 

Figure A3. Stuart Tactile Maps can be constructed from different materials using these 
measurements. 
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Appendix 16: LoVADA Data Forms – Sample Set 
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Mobility Interview Data ............................................................................................... 399

Stuart Tactile Maps Data ............................................................................................ 401
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Route Travel 2 Data – Tunnel with Obstacles ........................................................... 404

Route Travel 3 Data – Office Corridors ...................................................................... 406
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Café Data ......................................................................................................................410

Timed Up and Go – Low Vision ...................................................................................414
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Appendix 17: LoVADA Data Management Table

Revision of performance scales twice during the RP40 study meant that earlier 

participants had to be rescored from video. The data management table helped 

to track the fragmented process of transcription and rescoring during the data 

collection period, but its use was discontinued after transcriptions and measures 

were saved securely, because subsequent tasks could be completed without such 

fragmentation.

Table A6
Data Management Table – RP40 Cohort
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Appendix 18: Measuring Incidental Distance Travelled in O&M – 
Parallel Study

A parallel study was undertaken during the LoVADA trials to investigate whether a 

PlanWheel (http://www.geodetic.com.au/category607_1.htm) used by architects to 

take accurate measures from scale plans could produce an accurate measurement 

of incidental distance travelled while participants were exploring the Café.

Sighted colleagues (n=8) were asked to walk around the LoVADA Café, 

simulating the gait styles and paths of travel they had previously observed in 

participants with very low vision. The same furniture arrangement was used for 

each route and participants were not asked to wear simulators or to map the room. 

Most did the task twice, generating fifteen route maps. One researcher followed 

1-2 metres behind with a trundle wheel, and another researcher drew the route 

travelled on the scale map; researchers inter-changed between these roles.

Afterwards, each route was re-enacted by a researcher using a trundle wheel; 

the PlanWheel was also used to measure travel distance from each hand-drawn 

route map. Both measures were repeated by another researcher. We considered 

that the real-time trundle-wheel measure would be the most accurate distance 

against which the two other measures could be compared. 

The re-enacted trundle-wheel measure and the PlanWheel measure were 

both within 6-7% of the real-time trundle-wheel measure for each trial, giving us 

confidence in choosing the more convenient PlanWheel to measure distance for 

validation of our Café task with 40 participants who had low vision. 
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Appendix 19: LoVADA Performance Scale Results and Analysis – RP40 
Route Travel

Measurement data from each of the six performance scales in the RP40 Route 

Travel tasks were analysed qualitatively and then split into the two vision groups 

(±2.0 LogMAR) to determine whether each scale could discriminate differences 

in very low vision. Table A7 summarises the outcomes from these scales, and is 

followed by the comparative detail pertaining to each scale. 
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Table A7
Evaluation of LoVADA Performance Scales 
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Wayfinding Scale

The Wayfinding Scale measured travel efficiency or to some degree, fluency, but 

a comparison between the two vision groups did not indicate much relationship 

between Wayfinding and functional vision (Figure A4). 

Figure A4. Wayfinding Scale Results from Routes 1-3 for the Two Vision Subgroups – RP40 
Cohort
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There was more contact with the walls in the tunnel when the group with 

more vision was wearing a blindfold, and the Touch Frequency Scale indicated that 

a proportion of this contact was deliberate trailing rather than accidental contact. 

In contrast, the majority of participants with ultra-low vision were happy to free-walk 

down the centre of the tunnel. These outcomes seem unlikely to be reversed by a 

retinal implant. That is, a person who is already comfortable free-walking through 

open space with light perception seems unlikely to lose this freedom unless the new 

vision is seriously disconcerting.

The strong ceiling effects in the Wayfinding Scale reflect the simplicity of the 

Route Travel tasks, as well as the general travel competence of the cohort. This 

scale has merit in reducing descriptive data when disorientation occurs, even if 

disorientation doesn’t occur often, and might show a wider spread of data on the 

more complex routes of everyday travel, or in comparing familiar and unfamiliar 

travel. The Wayfinding Scale was easy to score and seems sufficiently developed for 

trial on Route Travel tasks in other contexts.

Touch Frequency Scale

The Touch Frequency Scale measured the amount of contact participants made with 

walls and objects. It captured a spread of data about participants’ travel choices, 

discriminating between free-walking, occasional touch and intentional decisions to 

shoreline the walls (Figure A5), but not much information about functional vision.

Touch Frequency was influenced by the width of the travel path (the tunnel 

was wider than the office corridors), sensory preferences and mobility aid use. 

Shorelining with the long cane increased contacts with noisy but reassuring tapping 

particularly on Route 3, whereas a guide dog prevented contacts. Participants with 

more vision showed greater reliance on shorelining when blindfolded than those 

with ultra-low vision. Participants with ultra-low vision saw little benefit in avoiding 

touch, and chose to trail, particularly when travelling with no aid on Routes 2 and 

3. These results suggest that people with more vision depend on their vision more 
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than their aid, whereas people with ultra-low vision depend on their aid as their 

primary sensor. 

Figure A5. Touch Frequency Scale Results from Routes 1-3 for the Two Vision Subgroups – 
RP40 Cohort
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In considering performance indicators on the Touch Frequency Scale, there 

seemed to be a difference between participants who made three or four isolated 

contacts to reference the walls and confirm their own position (Level 2/3), and 

those who needed to shoreline tactually for several metres to confirm straight 

line travel before free-walking again (Level 1/3). This differential seems worth 

investigating in the context of other travel routes to determine whether it relates 

to the person’s level of functional vision or to a preference for tactile information. 

The performance indicators for the Touch Frequency Scale would need further 

refinement and inter-rater review before being used in other contexts. 

Touch Type Scale

The Touch Type Scale captured a good spread of data for both vision subgroups 

(Figures A6). This scale showed how blithely participants responded to contacts, 

giving some indication of their functional range of preview, and might be better 

named the Touch Response Scale. Whereas the Touch Frequency Scale investigated 

intention to touch, and perhaps a need to compensate for very low vision in the 

expression of sensory preferences and tactile choices, the Touch Type Scale 

measured the impact of touch, particularly its implications for fluency and fatigue. 

Using a mobility aid helped to reduce flinches for people with ultra-low 

vision and using vision (rather than blindfold) helped to reduce flinches for people 

with more vision. There were no other obvious distinctions between the two vision 

subgroups, but it seems likely that this scale could be a useful indicator of changes 

pre-post intervention if a retinal implant can effectively increase range of preview 

and support depth perception. The Touch Type Scale seems sufficiently well-defined 

for trialling on Route Travel tasks beyond the LoVADA battery.
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Figure A6. Touch Type Scale Results from Routes 1-3 for the Two Vision Subgroups – RP40 
Cohort
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Support Scale

In the Route Travel tasks, the Support Scale showed strong ceiling effects, indicating 

that few people needed help (Figure A7). This was unsurprising given the simplicity 

of the LoVADA routes. On the rare occasions that participants became disorientated 

during a trial, their problem-solving processes and the outcomes were summarised 

concisely by the Support Scale in conjunction with the Wayfinding Scale.

Figure A7. Support Scale Results from Routes 1-3 for the Two Vision Subgroups – RP40 
Cohort
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By the end of Phase 2, the performance indicators in the Support Scale 

were sufficiently well defined to make this scale easy to score. The greater level of 

proximal support in Route 1 evident in the group with more vision might result from 

their having sufficient vison to see people and prompt social engagement. Then an 

awareness of the need for self-monitoring might have carried over to the blindfold 

trial. This relationship between self-monitoring and social engagement with very low 

vision warrants further investigation. 

The Support Scale seems ready for trialling on Route Travel tasks beyond the 

LoVADA battery. The limited spread of data in Figure A7 suggests that the Support 

Scale needs to be tested on more challenging routes and in social environments 

to determine whether it can account for interactions with passers-by, requests for 

assistance and interactions in more high-risk contexts. Use of the Support Scale to 

investigate dynamic spatial skills also seems worthwhile, evaluating the relationship 

between the STM test and the alternative approaches to wayfinding than mental 

mapping, identified in Section 6.1.2.1.

Posture Scale 

The Posture Scale measures the integrated impact of very low vision as it affects 

body tension and social behaviour, incorporating internal factors like anxiety about 

safety and the unknown, and external factors like social self-monitoring. This 

scale generated a spread of data in the Route Travel trials without showing floor 

or ceiling effects, and captured the stressful nature of Route Travel with very low 

vision (Figure A8). A greater proportion of people in the more vision group appeared 

relaxed, particularly in the unaided trials. The group with ultra-low vision clearly had 

to remain vigilant to pick up sensory cues, and could not always respond to these 

cues without flinching. 

The Posture Scale was problematic because there are many subtle ways 

that tension can become manifest during O&M. However the key seemed to be in 

realising the progression from cephalocaudal to proximodistal tension in the body, 

and then socially invasive expression of increased tension through gesture.
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Figure A8. Posture Scale Results from Routes 1-3 for the Two Vision Subgroups – RP40 
Cohort
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The Posture Scale was refined in the context of the TUG-LV task and by the 

time all performances in the Route Travel tasks were also revised using video, there 

were limited opportunities to determine whether the final Posture Scale was easy to 

rate while observing participants in real time where kinesic shifts can occur rapidly. 

In the TUG-LV task, reliable rating depended on whether self-protection 

techniques were used for much of the six metre course, or whether their use was 

restricted to within a metre of the target light. The O&M profession teaches formal 

self-protection techniques but suggests that these should be used proximal to the 

source of risk – continuous use along a route can be tiring and unbalancing, and it 

looks odd. Further consideration needs to be given to how these techniques should 

be represented on the Posture Scale. When used in a targeted way they maximise 

the person’s safety and can’t be regarded as dysfunctional; they help to prevent 

flinching collisions and appear competent and intentional, but they can still make 

very low vision or blindness socially evident. The Posture Scale is biased towards 

the accepted social behaviours of a sighted world which discriminates against 

multisensory exploration and the use of unorthodox body postures in public.

Developing performance indicators for the Posture Scale highlighted a 

proportional tension between quantity and quality when assessing an individual 

person’s performance: Does a single groping gesture on a longer route constitute 

defensive or socially inappropriate behaviour? A single such behaviour might be 

more significant for one traveller than another. And is the Posture Scale better 

suited to capture route-specific behaviours, or to serve as a measure of overall 

travel style across a range of different routes? The specificity needed for reliable 

scoring on a clinical task such as TUG-LV invites a level of attention to minutiae (e.g., 

distance from the light pole when participants adopted self-protection techniques) 

that seems somewhat inane or disproportionate when considering travel priorities in 

real-world settings. 

The Posture Scale seems sufficiently well-defined for trialling on Route Travel 

tasks beyond the LoVADA battery. However, the usefulness of the Posture Scale in 

generating evidence of subtle changes in functional vision seems unclear and might 
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depend on the importance that an individual traveller participant places on self-

monitoring and social compliance.

Mobility Aid Scale

The Mobility Aid Scale showed that in the RP40 cohort, those who used a mobility 

aid used it fairly competently (Figure A9). It was surprising to find that, with the 

exception of Jean who had no light perception (STM 0/9), all those with only basic 

mobility aid skills in either vision group were competent mental mappers (STM 

7-9/9). Conversely, those with poor mental mapping skills (STM 5-6/9) used their 

mobility aids very effectively, both in conjunction with their residual vision and under 

blindfold. 

A smaller proportion of those in the group with more vision showed elite 

mobility aid skills than in the group with ultra-low vision. This suggests that 

with more vision, attention was divided between visual information and tactile 

information available from the aid, whereas those with ultra-low vision were freer 

to attend to their mobility aid. Some participants chose to close their eyes some of 

the time when using their aid, even on Route 3, to eliminate visual distraction and 

maximise their travel efficiency.

The ceiling effects in the Mobility Aid Scale reflect that independent travel 

skills were one of the eligibility criteria for the LoVADA studies. This scale needs 

further testing with less competent cohorts to discover whether it can discriminate 

reliably between people performing at level 1 or 2, and level 2 or 3. This scale 

was rated by an O&M specialist, so it is unclear whether the levels are sufficiently 

well described for use by O&M outsiders, or whether reliable scoring requires the 

professional experience of an O&M specialist or GD mobility instructor.
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Figure A9. Mobility Aid Scale Results from Routes 1-3 for the Two Vision Subgroups – RP40 
Cohort

Most participants seemed to use their mobility aid fairly consistently across 

the different travel routes, so rather than rating individual trials, this scale seems 

better suited to summarising a participant’s mobility aid skills on a given day. It 

could also serve as a pre-post measure of change resulting from a general O&M 
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training program, particularly if teaching or improving mobility aid skills is one of the 

program goals. However, in the context of retinal implant research, the LoVADA data 

suggest that mobility aid skills seem likely to deteriorate rather than improve with 

the distraction of phosphene vision, at least in the short term. Given the challenge 

of integrating visual percepts with information from a mobility aid, 2=competent 

performance on the Mobility Aid Scale seems a reasonable goal with phosphene 

vision.
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Appendix 20: Exploratory Travel – Draft Functional Vision Assessment 
Instrument 

Trialled in outdoor exploration with retinal implant participants, May 2014. ECS = O&M 
environmental complexity scale level; N/A = not applicable; PV = prosthetic vision; 
NV = natural vision; Train = Would training help develop prosthetic vision for this purpose?
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Appendix 21: Retinal Implant Case Studies

Annette

Annette was a 54 year old woman with light perception only from retinitis 

pigmentosa. She had a doctorate in social work, lived independently, had a strong 

network of family and friends and used a guide dog as her preferred mobility aid. 

She was an active contributor to the research, analysing and interpreting her own 

performance for observers as it happened.

Mental mapping

Annette had an instinctive sense of direction, so during research sessions, she was 

able to unconsciously use ambient vision (an ability to locate and remember points 

of light and patches of contrast) and hearing in conjunction with mental mapping 

skills to support her dynamic orientation. She was able to give direction-specific 

instructions to her dog, and trusted her dog to keep her safe from ground hazards, 

but not necessarily overhangs. 

Natural vision

Annette had light perception. Functionally, she identified an upper temporal island 

of vision in each eye, and used eye movements, head scanning and upper body 

scanning to gain best use of this vision. “Here I can see a little bit of light on the left 

when I look straight. I’d have to really look to find it” (Tunnel).  

She described having constant swirls in her eyes, “an elliptical shape with 

horns. The swirls are always active, sometimes busy, sometimes calm” (Gallery 

preview). The swirls are more distracting at some times than others.

My eyes can vary from day to day. Last night at home, out of that [right] eye 
things seemed to be more filled in. The swirls in that eye have changed – the 
ones that go out. It’s like I’ve got little Vs, little pinches in there cut out, that 
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I can see through. Then tomorrow morning I get up and it’s crap. (Tunnel/
obsV2bland)

During O&M tasks, Annette’s natural vision directed her attention to light 

or strong contrast in her peripheral field. She could scan for direct or reflected 

light, then confirm what she saw with touch. Her natural vision also helped her to 

maintain orientation, checking overhead fluorescent lights to verify her position in 

the ACO room or her direction of travel in the tunnel.

Annette’s natural vision was not reliable. Some days she scored many false 

positives. “I’m scanning out of the top of both eyes… I’m seeing things that aren’t 

there” (Tunnel/obsv2black). Yet one day, she could see more bland obstacles using 

her natural vision than with standard phosphenes. When asked to explain, she said,

I was looking out of my right eye, the top, using contrast. And I also think your 
eyes, as you know, adjust to the light. I’ve been down here for a while now – a 
couple of hours. And I can see better in this light than out in the bright light. 
(Tunnel/obsv2bland, seeing cardboard boxes against a grey concrete floor)

Functional prosthetic vision

Annette’s phosphene map is roughly the shape of a capital D. Using her best 

settings, she can have up to 12 phosphenes activating at once, and each one is a 

unique shape. The implant gives her a 15⁰ field of view offset lower right in the 

overall scene captured by the camera. Annette gained more accurate use of her 

prosthetic vision in the O&M tasks if she “pulled in” her eye and didn’t let it wander 

to the side.

In the Gallery task, when using prosthetic vision, Annette saw more targets 

on the wall, with greater certainty that there was something there, than with device 

off. The engineer’s adjustment of computer settings and Annette’s resulting use 

of phosphenes improved across trials. The brightest fluorescent tube light was the 

one target she missed with her phosphenes in the first trial – the processed image 

didn’t distinguish the bright light from the pale wall behind it. Then the third time 

she did the task, three months later, 
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Oh, now we’ve got good phosphenes! Fluorescent light. It goes… [accurately 
gestured direction of the tube]. Dark afterwards. I like looking at that – that’s 
good. Like a Christmas tree going off. I can see the direction with my natural 
vision. The glow of light around the tube gives a snowstorm [with phosphenes. 
Closed eyes to scan just with prosthetic vision to see if she could tell the angle 
of the light]. (Standard, Gallery Split task)

Experimentation with computer settings continued throughout the seven 

months of O&M trials. Annette became more practised at interpreting the 

phosphenes in action, according to their intensity, greyscale and stability. In the 

booth, she’d had difficulty with phosphenes fading – if she looked too long at any 

one target her neurones would fatigue and the computer was set to refresh the 

image regularly. This was not an issue in O&M tasks where her movement, or the 

movement of what she was seeing, enabled the image to refresh naturally. 

Annette reported that objects have a different quality with the phosphenes, 

but she was still developing language to describe the difference.

There’s something there – it’s faint. Very, very faint (Standard, Tunnel/
obsv2bland) 
I’m working out what the shapes are… I could recognise the depth of them. 
(Standard, Café) 
The phosphenes are like a little fly that’s flicking around. (Standard, Café, 
looking at tables) 
There were different flashes – here and there… it’s very subtle. (Tunnel/
obsv1black) 
Sparkling electrodes (Gallery, flashing LED sign) 
Random is just flickering all the time. (Scrambled, TUG-LV tasklight)

Vision is Annette’s preferred sense, even though she has very little to work 

with. She pictures the keyboard when typing, and scans at intersections for traffic 

she can’t see, visualising what she can hear. She liked the certainty the phosphenes 

gave her. Prosthetic vision increased her range of preview when walking, and 

she found she could use her phosphenes and natural vision independently by 

concentrating on one and ignoring the other, or use both to complement each other. 

“Phosphenes give me a more central view of things. Eyes are peripheral. It’s more 
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natural to look out front” (Standard, Gallery).

In most O&M tasks Annette was encouraged to undertake the task in 

whatever way worked best for her. With no phosphenes and no mobility aid, she 

chose to trail the wall in the tunnel, because that’s what she’d do “out there” in the 

real-world. She usually began a new task focussing only on the phosphenes, then 

added in natural vision and her other senses. In the tunnel she checked direction of 

overhead lights using her natural vision, and at the same time used phosphenes to 

locate obstacles. 

Although touch isn’t Annette’s preferred sense, there were times when it 

was important to her to be able to use her hands or the long cane to confirm what 

she was seeing – prosthetic vision is very different to natural vision. “With the 

phosphenes, you get two lots of [visual] information at once and you can confirm 

with the cane. The more I use it, I’d get confident” (Tunnel/obsv3black).

She tried several versions of the obstacle course task in the tunnel. Some 

versions of the task allowed touch and some didn’t. When touch wasn’t allowed, she 

couldn’t confirm what she saw or build her skills in identifying objects or gauging 

depth and distance, whereas with touch, she undertook self-training and liked the 

certainty this gave her. “Even knowing there’s a mat there – it’s good information, 

because otherwise you don’t know. It felt better with it [phosphenes] on because 

it told me there’s something there. Otherwise I don’t know until I hit it” (Tunnel/

obsv1black).

We anticipated that distance would make little difference to whether or not 

Annette would be able to see objects with her phosphenes. In the tunnel, she lost 

activation when she was too close (<30cm) to the 15cm wide black pole using 

the standard settings. Then when using the depth setting, she lost sight of an 

approaching person at about 2m – any closer, the person took up her whole field 

of view and didn’t contrast with the ground-plane behind.  She could see a person 

approaching from in front at about 5m with the depth camera, and the 15cm 

diameter black pole from 3m away, with slow scanning.

Annette found it challenging to distinguish seeded obstacles in the tunnel 
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from the walls behind them. She developed a “banana scanning” technique, looking 

up to the side, then down across the ground and up to the other side to check 

for obstacles rhythmically. While this was not necessarily as reliable as long cane 

investigation for locating targets, it was more physically efficient and dignified, and 

indicated her developing ability to process phosphene vision on the move. She was 

confident she would improve at dynamic scanning with practice.

However, prosthetic vision wasn’t needed for everything Annette tried. In the 

TUG-LV task, she could walk straight to the target light and back without veering, 

using natural vision to maintain her orientation. And in the Café task she found it 

was quicker to feel where the tables were than to stand and scan. This authentic 

response was quite different to the sense of responsibility she expressed towards 

the phosphenes, giving them priority in the more prescribed tunnel tasks. 

Annette likes to “get going”, which is why she likes guide dog mobility. We 

wondered whether prosthetic vision might be redundant when she was walking her 

guide dog.

It’s not confusing interpreting the dog and vision. The phosphenes connect 
me more with my environment – gave me more control of her. Normally I have 
100% trust in her, but with vision I have more control over her. Sometimes it’s 
hard to detect when your dog’s veering. If I had to choose between trusting 
my vision and the dog, I’d go with her because this one’s reliable. But I would 
probably also want to investigate, especially if the phosphenes are strong. 
(Tunnel/obsv1black)

Annette expressed a strong preference for the depth setting which helps 

three-dimensional objects stand out from the ground plane, even if they are low 

contrast. At the ACO, the angle where the wall met the floor provided a prominent, 

reliable shoreline for her to follow; likewise, the horizontal handrails which 

surrounded the light-wells and stairwells that were a feature in the building, served 

as a shoreline. Other structural lines – pillars, corners, doorframes, and edges of 

furniture – helped to frame her whole context. Her regular checking of the overhead 

lights in the ACO room and the RVEEH tunnel had already indicated how important 
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it is to Annette to understand her location in relation to the whole area, not just 

to objects within the space. She could use the depth setting for general spatial 

referencing while searching for specific objects and suggested that with practice, 

the depth setting would make self-orientation to a new place much easier for her.

The social implications were promising too. After conversation at the ACO 

Annette said,

When you were talking before, you were moving and the phosphenes were 
flickering. If you stop talking I know you’re still there because of the flickering 
phosphenes. If you don’t move, the phosphenes fade. They disappear. I would 
know if you left the room. (ACO, FVAx)

Annette was referring to a common experience of social desertion – people 

leave the room without letting her know they’re going, and she finds herself 

addressing an empty space.

Annette expressed innate pleasure in having phosphene vision, “I like looking 

at ’em”, and after being away for a break, “There they are! My friends.” When asked 

whether this pleasure was just “in the moment”, or related to what the phosphenes 

represented, she considered it possibly has something to do with consolation for 

vision lost, “even though I’m quite happy as I am,” as well as prompting her to think 

about how she could use the phosphenes in a practical sense.

Ultra-low vision is typically unreliable, which can make a person doubt her 

own perceptions, as well as becoming suspicious of others. Without phosphenes 

Annette said, “It’s not that I don’t trust you, Lil, but I reckon you put something 

sneaky in there” (Tunnel/obsv3black).

This kind of suspicion, guesswork and interpretation all takes time 

and mental effort. It means that people with ultra-low vision need to place an 

extraordinary degree of trust in others to give them accurate information; the 

constant need for guesswork contributes to travel fatigue. The benefit of phosphene 

vision for Annette wasn’t necessarily evident in faster performances, but in the 

certainty it gave her. “It takes me longer, but I feel more confident with phosphenes 

on… I’m picking up stuff I wasn’t seeing before” (Tunnel/obsv3black).
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Annette’s visual preference meant she was very motivated to find out 

everything the phosphenes could do for her, in addition to having a sense of 

responsibility towards the BVA project. Despite playing host to the implant for 18 

months, her language still indicated a degree of separation. She consistently spoke 

of my eyes and the phosphenes, nevertheless, she was pleased with each new 

discovery she made about the usefulness of the device. Nearing the end of the 

project, she was looking forward to seeing how the phosphenes worked outdoors, 

and was poignant about the prospect of explantation. She said she had enjoyed 

the process of discovery, but seemed content about the finality of this phase of the 

research. “I wouldn’t want to take that thing [semi-portable backpack] home with 

me. It’s hot and heavy. It’s a pain!” (ACO).

Relevance to the real world

Annette could easily draw parallels between the LoVADA research tasks and the 

activities she undertakes in the real world. She described the tunnel as being like 

Flinders Street Station, and navigating around obstacles was like walking along a 

familiar path on bin day when the man driving the garbage truck has left the wheelie 

bins scattered across the footpath. 

Annette travels extensively and makes judicious decisions about whether to 

invest her energy in learning orientation to a new location or just use guided travel. 

Early in the research process, she requested orientation so that she could travel to 

and from research sessions independently – Parliament Station, busy intersections 

nearby, and the route between the ACO and the tram stop. But when in Canberra 

for research sessions, she didn’t bother asking for orientation to the hotel foyer 

because she didn’t need to travel through it independently. Nevertheless, she said 

her mental map of the foyer space developed incidentally every time she moved 

through it using sighted guide.



445

Summary

Annette’s innate competence with mental mapping and her ability to use her natural 

vision to check overhead lights meant that she wasn’t reliant on her prosthetic 

vision to maintain orientation. She was able to move around fairly confidently 

whether the device was switched on or off, with or without a mobility aid. However, 

she liked using prosthetic vision to find safe spaces to move through, and to obtain 

visual details about objects in her environment without having to touch. She could 

use her phosphenes to assess the wider environment, check her dog’s responses 

and confirm the information her other senses gave her – all things she could no 

longer do with her natural vision. She favoured the depth setting because it gave 

her very clear shorelines to follow which confirmed what her natural vision was 

indicating about direction. She liked the fact that she could look ahead with the 

device without having to use constant head turning to access the useful natural 

vision in her peripheral fields. She also saw potential social benefits of the device – 

maintaining contact with a conversation partner and finding a spare seat on public 

transport.

Wayne

Wayne was a 51 year old man with light perception only from retinitis pigmentosa. 

He had Lawrence-Moon Bardet-Beidl Syndrome and worked full-time in a workshop. 

He lived independently, moving comfortably around his home with no aid. He used 

a long cane in the workplace and his guide dog for community travel. He also had 

a support cane (“assistance stick”) which he used if his balance was less steady 

because of his low vision, and a Miniguide (hand-held sonar device) which he used 

infrequently for obstacle detection. 

Wayne had a methodical approach to his mobility. His competent long cane 

skills, appropriate and timely body protection techniques, and partnership with his 

guide dog served him well in familiar contexts. He tended to use sighted guide in 

any situations he hadn’t rote-learned with his dog.
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Mental mapping

Wayne’s very limited spatial cognition was confirmed by the Stuart Tactile Maps 

test. He found it difficult to interpret lines and angles, or discriminate between 

basic shapes (e.g., square and rectangle) by touch and he didn’t mentally map any 

of the venues used in research sessions. His access to the space around him was 

dependent on immediate sensory contact, such as touching an object, lining up to 

face a voice cue or locating a direct light source then turning and moving towards it, 

maintaining line of sight. Through repeated trials he became familiar with specific 

objects (e.g., wheelie bin) in each venue, but lost a sense of their location in relation 

to himself as soon as he turned away and lost visual contact, couldn’t hear them, or 

lost physical contact.

Natural vision

Wayne has light perception only. During research sessions, he described his natural 

vision as useless – whatever he sees “doesn’t mean anything”. This was the key to 

understanding Wayne’s visual performance. Because of his limited spatial cognition, 

he was unable to piece together a mental map from isolated visual percepts. In the 

Gallery task, he only saw, “a bit of whiteness… still dull but brighter than the rest of 

the pictures” (Gallery, fluorescent tube and light box). Otherwise, whether looking at 

targets or at the space between them, it was just “ black and white – light and dark 

– clumps of darkness… Looks like streaks or clumps running downwards… Dark and 

light don’t dance around – stays in one spot” (Gallery Preview).

Wayne showed few visual behaviours. He didn’t scan much, trusting his dog 

to look on his behalf. On only one occasion in the tunnel, Wayne walked towards a 

chair and within half a step of collision manoeuvred around it deftly without contact. 

He was not aware he had done this, and it was unclear whether he used vision, 

hearing or a combination of the two.

The combination of light perception only and limited spatial cognition means 

that Wayne has a pervasive sense of disorientation which is decidedly unpleasant 

and impacts all of his O&M action. It takes him a very long time to rote-learn a 
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new area – he had to undertake this process recently when his workplace moved 

premises. In any new area he is very reliant on his companions to lead the way. On 

research days, he preferred to use sighted guide rather than just follow along with 

his dog when moving with researchers between tasks and venues.

During Route Travel trials with no aid and only light perception, Wayne chose 

to trail the walls for direction rather than free-walk through open space. When asked 

if he could navigate around the obstacles without trailing, he froze. “This is stressful. 

I don’t know what’s in front of me. When you’ve got no warning, it’s very stressful… 

You won’t let me use my dog or my cane – of course I’m b****y anxious” (Tunnel/

obsv2black, device off, no aid).

In the Café, he was able to touch the tables, but they gave him little help with 

direction because he couldn’t easily interpret the lines and angles he was feeling. 

Thus the Café task was also frustrating and immobilising with light perception only.

Am I going the right way or not? Are you allowed to tell me that? I’m confused. 
You won’t let me use the cane or the dog. You won’t let me turn my electrodes 
on. How am I meant to find the passageway? I could be going in circles… I’m 
totally confused… I’m disorientated. (Café, device off)

These comments raised ethical concerns in relation to prescriptive research 

design. Wayne clearly felt a sense of obligation towards the BVA project to do what 

was suggested in any of the LoVADA routes in terms of travelling with no aid, but this 

warred with his innate sense of caution. Researchers’ requests were couched as 

queries or suggestions rather than directives; Wayne could decline, and he did, but 

even he seemed surprised at how immobilised he felt by these requests to walk with 

no aid. This highlighted the importance of a person with limited spatial cognition 

gaining familiarisation to an area through abundant practice. The LoVADA tasks 

were designed to take snapshots of competence rather than generate repeated 

measures, so Wayne travelled each LoVADA route no more than ten times and didn’t 

gain the practice necessary for competent independent travel. A little later in the 

project, Wayne participated in clinical O&M trials in Canberra involving 80+ trials 

of some tasks and said he found this repetition very helpful in learning to use his 
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phosphene vision. In Canberra, he gained confidence free-walking without an aid, 

both with and without phosphene vision, and was able to draw on this confidence 

when doing further tunnel/obstacle tasks to investigate sensory preferences with no 

aid upon his return to Victoria.

Functional prosthetic vision

Wayne had a maximum of nine functional phosphenes with the semi-portable 

device – the product of eighteen electrodes working in “ganged pairs”. 

Prosthetic vision made a significant difference to Wayne’s motivation to look. 

In the first attempt at the Café task with device on, he quickly became excited about 

what he could see and he didn’t need to contact the tables as much to gain useful 

information. His phosphenes helped him scan across from one table to the next, 

and to find the spaces to walk between them.

When I scanned with the electrodes, they kept going… I just can’t believe how 
helpful it is… it’s getting too easy!… I’m not worried about chairs. I want to find 
the tables… That made 100% difference to my frustration. I could see what I 
might run into. See the gaps. Find the tables… I’m more confident… More wins 
with the phosphenes makes you confident. (Café)

In the tunnel he had to work a little harder to locate obstacles because 

there was more space between them and they were scattered more irregularly than 

the tables in the Café. When moving, he developed an effective banana scanning 

technique – up the wall, down across the floor, and up the other wall. When standing 

still, he tended to scan across slowly, then scan back to confirm an object’s location 

and edges. “I couldn’t tell you what the obstacles are, but the electrodes helped you 

find things” (Tunnel/obsv2black). He could use this information for wayfinding: “OK 

– you’ve found the obstacles, but do you go left or right? Phosphenes are good to 

work out which way to go” (Tunnel/obsv2bland).

Initially, he found figure-ground discrimination difficult: “The problem with the 

tunnel is I get confused between the obstacles and the wall” (Café). It also took a 

while for him to sort out what to do in what order. When asked to identify obstacles 
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in the tunnel without contact, Wayne wanted to reach and use touch to confirm 

what his prosthetic vision told him. But in the office corridors, when encouraged to 

use any or all of his senses, he was initially flustered about what to do first – look or 

touch. He needed time to build confidence using his prosthetic vision, learning what 

it could do for him, before integrating this with his other senses.  He worked out,

You’re much more confident when you’re going towards the wall. You can 
see it coming at you. The electrodes make the wall a white square. Coming 
back, it made all the cupboards dull. Coming back I was trying to use my head 
[scanning] in step with the cane. Cane was telling me what’s at my feet and 
electrodes at head level. It’s less stressful than no aid. Electrodes are like 
having another cane. (Office corridors).

Wayne was interested to explore the relationship between prosthetic vision 

and mobility aids. He has reliable long cane skills for walking on level ground and 

didn’t have to concentrate on his cane much while thinking about his new vision. 

However, he expressed concern about whether the phosphenes would conflict with 

the dog’s guidance. After a few Route Travel trials, he found he continued to trust 

the dog’s lead and his prosthetic vision made little difference to his guide dog travel. 

He realised his new vision wasn’t intended to replace the guide dog or cane, but 

rather to add supplementary information. “This [phosphene vision] would be better 

for someone who uses a cane. The GD will take you there. This is like a Miniguide, 

but hands free. You’d still need a cane” (Café). He suggested, “I’d rather the 

electrodes than the Miniguide. I don’t have to hang onto them – they’re in my eye” 

(Office corridors).

In general, Wayne didn’t worry if he contacted obstacles – with limited 

spatial skills and little useful vision, physical contact helped him to engage with 

the environment; he relished the chance to kick a box and physically express his 

frustration at not being able to see it first.

The first time he knocked over a pole in the tunnel, Wayne froze and 

became anxious, but when researchers cheered at the resounding twang which 

echoed along the tunnel rather than focussing on the knock-down as error, he was 
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able to relax and continue with the task. This was one of many incidents which 

demonstrated the importance of social interpretation in relation to O&M actions and 

the use of functional vision. 

The reaction of onlookers had a profound impact on Wayne’s motivation and 

confidence. Wayne needed support not only to develop competence in using the 

device in unfamiliar settings, but also to build up his perception of his competence 

in using the device. He would be more easily able to test out the parameters of 

the device and evaluate his own competence with phosphene vision in familiar 

settings according to his own priorities, but in the LoVADA protocol, the unfamiliar 

location and randomised trial order kept the tasks novel and impeded his learning 

progression, sense of agency and competence. 

The importance of interpretation of actions became apparent again when 

considering risk in the Route Travel tasks. If Wayne’s guide dog caused him to brush 

against something along the edge of the path, he didn’t pause or correct the dog 

unless the contact hurt him. He didn’t regard contact with obstacles as risky, but 

said he didn’t like to fall and injure himself.

I bump into a desk or a table, it’s fine. More frustrating, and embarrassment 
in public, when it [a fall] happens. I want them to give me time to get up on 
my own. If I want assistance I’ll ask for it… I think it’s a pride thing. I fell at 
home in the lounge on the tiles. It not only makes you insecure, it takes your 
confidence away. (Office corridors)

Scrambled trials were not benign. Rather, they were destructive to Wayne’s 

learning. Every trial where he used the device unsuccessfully, or where his visual 

percepts did not accord with tactile and auditory information, had the effect of 

diminishing his confidence and deflating his motivation to look and interpret his new 

vision. This impact was particularly negative when scrambled settings came up first 

in the randomisation order for the day, and could set a deflating tone for the whole 

session.
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Relevance to the real world

Wayne complied with the O&M tasks for the sake of the research process, but 

his motivation was fragile. In familiar environments such as his home, Wayne has 

rote-learned the travel routes between rooms; familiarity with the objects in his 

home means he can gain context clues about where he is whenever he becomes 

disorientated. In novel places such as the research venues, he had no such 

routines and relied on guided travel to compensate for his limited spatial skills 

and vision. The tasks and prescriptive instructions for each trial in the LoVADA 

protocol examined his independent performance in isolation in novel environments, 

dislocated from the social community which he would ordinarily use to assist him. 

This approach had little relevance to the way Wayne undertakes O&M action in the 

real-world. 

This is so frustrating. You have nothing. It’s like taking me out in the 
paddock and saying ‘find the four fences’. It’s quiet here. If this was a proper 
restaurant, you’d have a waiter take you to the chair – people talking, giving 
you a clue. (Café, device off)

Thus, it was difficult to gain a realistic sense from the LoVADA tasks of the 

difference the device could make in Wayne’s familiar environments. Nevertheless, 

whenever Wayne had a positive experience with his phosphenes, his mind leapt 

to real-world applications. “You’ve got a cane, and the phosphenes are your other 

cane. If you saw a tree, you’d go [scanned steadily sideways] and then you’d go 

[scanned steadily up and down]” (TUG-LV).

He expressed his frustration at the lack of understanding sighted people 

have of the difficulties of travel with ultra-low vision – unpruned branches at 

head height and wheelie bins scattered across the footpath. He laughed at the 

researchers’ need to calibrate the device with his direction of pointing before 

sessions began, so that we could see more clearly what he was looking at. Ordinarily 

he is the one at a disadvantage, being expected to read the pointing and gestures of 

“helpful” people he can’t see, who are giving him directions. “This is revenge of the 
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blind man – you beauty!” (Tunnel/obsv2bland).

Summary

Wayne’s independent mobility was significantly curtailed by the combination of 

his limited spatial skills and light perception only. He moved independently only in 

rote-learned, familiar contexts and became very anxious if asked to perform in an 

area he couldn’t preview. Prosthetic vision extended his range of preview by several 

metres and in doing so, increased his confidence in moving without an aid, enabled 

him to locate objects with some certainty before contacting them. He could visually 

investigate objects after contacting them, and find a clear path of travel between 

obstacles.

Arthur

Arthur was a 64 year old man with light perception only from retinitis pigmentosa, 

and he also had epilepsy. He was retired, and held a leading role in a volunteer 

organisation which involved a significant amount of national travel. He lived with his 

wife and adult daughter.

Arthur walked with jaunty gait, using a guide dog as his preferred mobility 

aid. His natural vision was unreliable and incidental; his preferred sensory channel 

was hearing. He had excellent listening skills, using a combination of passive 

echolocation (sound from footfalls, voices, rustling clothing reflected off objects 

in the environment) and active echolocation (tongue-clicking to generate reflected 

sound), to help him to detect objects and avoid collisions.

Arthur was sociable and used a lot of quips and colloquial phrases in his 

language. He had a clipped communication style and at times found it difficult to 

express explicitly what he was seeing or experiencing; his body language and verbal 

expressions needed some clarification throughout the research process.
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Mental mapping

Arthur demonstrated competent mental mapping skills. He was able to maintain his 

sense of orientation during most tasks, primarily using echolocation in conjunction 

with his innate sense of direction. “Not using the window intentionally. Carrying 

mental map – door to left, straight ahead and around the block!” (Café, locating 

tables and identifying their shape).

Natural vision

With the device off, Arthur could see variations in “brightness and darkness”. He 

could locate a window in a room, point accurately to fluorescent lighting overhead, 

recognise strong contrast such as a dark A4 sized flag on a white wall, and see light 

reflected from shiny surfaces. “Bright reflection. Nothing that gives you any pattern” 

(Gallery, mirror). “It’s just bright, but what it is, I wouldn’t know” (Gallery, Red 

flashing bicycle light at arm’s length).

Arthur could trace a line of light and make a reasonable guess about what he 

was looking at, given the context. For example, he interpreted a vertical fluorescent 

tube light on the wall at head height as, “a window – natural light. A gap in the 

curtains” (Gallery). Arthur suggested the retinal implant had changed his natural 

vision too.

You get better vision at night since this thing has been connected in. The last 
3-4 months that’s been pretty consistent. The wall at home is two storeys 
high. There’s a lot of brightness coming off the wall at 9.30 at night. At first I 

thought it might be variation in the cloud. (Café)

Functional prosthetic vision

Arthur had more vision to work with in the booth but, using the semi-portable 

device, he saw no phosphene activity unless he was moving. He had one useful 

phosphene to work with at a time, with a two second delay between flashes. This 

meant waiting at least four seconds to confirm anything he saw. The engineer 

explained, “More electrodes are not as clear. If there are more electrodes going 
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off, Arthur gets continuous flashes but they’re all hitting the same neurone, so they 

knock each other out.” In the gallery task, the engineer inverted black and white 

to maximise phosphene vision. “Increasing natural light reduces saturation of the 

image. A white base with dark coloured objects washes out his vision” (Gallery 

preview).

Arthur was patient and systematic, singing and quipping for entertainment 

during tedious tasks. He learned to stop to scan, either horizontally or vertically. He 

could use his one phosphene to locate objects reliably, but not while moving. “The 

flashes are useful – they show up obstacles in most cases, but not the pace I walk 

at” (Tunnel/obsv1bland). He was able to trace the edges of some targets. “As you 

go up, it goes up too. As you go across… ” (Gallery, mirror, distinct head scanning). 

Then there was variety in the quality of flashes when looking with both his natural 

and prosthetic vision:

Prominent flashes off obstacles. (Tunnel/obsv1bland) 
Weirdo flashes – you’d think you’re looking at a pearl globe. You move and it 
goes with you – like a torch moving across [pointing as he moved]. Different to 
proper flashes. (Tunnel/obsv2black) 
Trashy looking colour with flashes. (Gallery, fairy lights arranged on a dark 
board) 
Bright, wishy-washy thing there. I had to go back for the flashes. (Gallery, Stop 
sign) 
Something bouncing – not a conventional flash. (Gallery, Arnott’s logo)

In the Gallery task, Arthur experienced an after-effect from phosphene 

vision, interpreting what he saw in the next device-off trial with his natural vision as 

“flashes”. He also reported what he called pulsing: “Funny blob. Pulse going up and 

down [right side]. Not sure if it’s my eye or a flash” (Gallery, Device off, A3 Police 

logo with chequer device).

At the beginning of research sessions, the engineer adjusted the settings 

and scene selection so Arthur could stand still and point reliably to a 10cm wide 

black square from a distance of 80cm. This calibration process helped observers 

to interpret Arthur’s accuracy of gaze from his pointing. The engineer was also 
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able to check Arthur’s direction of pointing against the laptop images to confirm 

for observers what Arthur was looking at. Dynamically, he was less accurate, often 

pointing near, but not quite at targets. 

Arthur could use his prosthetic vision as ambient vision to evaluate the space 

around him while moving. “In the passageway, you get flashes from the bright wall. 

Nothing when you turn into open space” (Office corridors). He touched the sides 

of the office corridor intentionally and more frequently when using his phosphene 

vision then when using his natural vision. His desire to confirm his flashes with 

touch was evident. However, he couldn’t get accurate information about objects 

while moving, finding it hard to coordinate “walk to flash to obstacle” (Tunnel/

obsv1bland).

It’s easier to stand and scan, than scan while walking – getting ‘sighted up’. [I 
used] mainly sound; use it for information – general sense of hearing. If a gate 
is recessed only 10cm, you can get a change in sound if you’re tuned in to 
what you’re looking for. You use echolocation more as vision has deteriorated 
– use your feet too. (TUG-LV, black pole)

When given the opportunity to do an orientation task in his own way, he 

found it easier and more efficient to go without vision. “I ignored the flashes – did it 

by feel mostly” (Café, locating tables and identifying their shape).

Relevance to the real world

Arthur walked quickly and his phosphenes did not give him useful information on 

the move. He needed to stop and scan very slowly to interpret information from 

his one available phosphene. This did not seem likely to bring significant benefit to 

everyday functional performance, although he appeared to enjoy the challenge of 

using this vision in the context of research sessions.

Summary

When standing still Arthur could scan systematically to locate large, high contrast 
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features in the environment and trace high contrast structural lines to establish 

their direction then make a reasonable guess at identification. While moving, he 

could use prosthetic vision to gain a gross impression of the space he was moving 

through, but his one phosphene was not timely for obstacle detection. He relied on 

echolocation and touch to support safe travel.
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Abstract

In orientation and mobility (O&M) outcomes research, the concept of mobility has 

become narrowed to what can be captured with existing measures and methods. 

However, travel speed and contact tallies have not provided convincing evidence 

of functional changes resulting from O&M programs or such vision restoration 

treatments as retinal prostheses. This study used grounded theory methodology 

to develop a new understanding of mobility from expert opinions, including O&M 

specialists (n=15) and adults (n=40) with advanced retinitis pigmentosa. The 

Effective Mobility Framework includes the elements of Utility, Access, Orientation, 
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Interdependence, Self-regulation, Efficiency, and Pleasure, representing a more 

comprehensive understanding of O&M outcomes than previously used. The 

Framework highlights the importance of mixed methods data collection and the 

need for new types of ordinal measure in researching functional outcomes.

Background

Orientation and mobility (O&M) can be understood from two perspectives. On 

one hand it refers to the professional action of O&M specialists on their clients’ 

behalf and most of these clients have low vision or blindness. According to a 

number of professional texts, O&M intervention gives priority to safety, efficiency, 

independence, and gracefulness in travelling to a desired destination (Hill & 

Ponder, 1976; Weiner, Welsh, & Blasch, 2010). From the clients’ perspective, O&M 

is holistic, encompassing such everyday actions as moving around the kitchen to 

make a meal, hanging out the washing, going to work, or shopping. Holistic O&M 

programs are targeted to the individual client’s needs and might involve practical 

training in visual efficiency, self-protection, road safety, mobility aid use, decision-

making skills, or social access, but in doing so can address any specific issues that 

might undermine the client’s travel confidence (Deverell, Taylor, & Prentice, 2009).

O&M outcome measures are needed to demonstrate the ways that O&M 

training impact the everyday lives of people who receive services. The other context 

that calls for evidence of O&M outcomes is the developing field of vision restoration 

treatments, for example, retinal prostheses (Schneck & Dagnelie, 2011). 

The assessment of functional vision and associated performance can be 

approached from two directions: parts-to-whole, and whole-to-parts (World Health 

Organization, 2001). Eye care professionals assess the structure and function of 

the eye, and this assessment contributes parts-to-whole towards an understanding 

of functional vision. To date, some O&M outcomes research has tended to use this 

parts-to-whole approach. Travel speed and contact tallies are used as performance 

indicators on travel routes that are prescribed by researchers, either in laboratory-

based or real world environments (Geruschat, Bittner, & Dagnelie, 2012). However, 
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these measures and methods have not yet produced convincing evidence of the 

functional value of vision restoration treatments or O&M training, even when 

participants have reported gaining benefit from the intervention they received (Virgili 

& Rubin, 2010). 

In contrast, an O&M specialist tends to work whole-to-parts, beginning 

assessment by considering the client’s range of activities and participation in the 

wider community before identifying the micro elements which impact performance. 

This assessment process generates abundant qualitative data about functional 

vision and O&M, but these data are difficult to reduce and compare between 

unique settings, or pre-post intervention. Some degree of standardisation and 

measurement is needed to facilitate comparison and analysis of data and the 

challenge is to introduce standardisation without compromising the essential nature 

of O&M outcomes (Durward, Baer, & Rowe, 1999).  

The disjunction between the research designs used to evaluate O&M 

outcomes to date, and clients’ real-world O&M experiences, suggests that 

researchers need to consider how O&M is defined and how best to capture each 

client’s unique experience of O&M, and then explore alternative ways of measuring 

O&M performance. 

O&M action is complex, and is manifested differently according to each 

person’s unique vision, abilities, circumstances, lifestyle priorities, and choices 

(Orientation and Mobility Association of Australasia, 2013). Geruschat et al 

(2012) proposed that benefits from a retinal prosthesis might be more evident 

in orientation than mobility, but the very first text documenting O&M techniques 

observed that when considering functional performance, mobility and orientation 

can be difficult to separate (Hill & Ponder, 1976). Physical locomotion from place 

to place helps to build an understanding of the temporal or spatial relationships 

between significant objects. In turn, an understanding and recognition of 

surroundings can foster more confident movement. Thus, O&M outcomes research 

might be approached from the perspective of either orientation or mobility, but 

needs to encompass both because of the reciprocity between the two. 
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Physical action is easier to observe than the cognitive processes involved in 

orientation, making mobility a more tangible construct to assess. The International 

Classification of Functioning, Disability and Health (ICF) considers mobility both 

at the micro level of body structure and function, including: joint mobility, muscle 

power and tone, and involuntary movements – as well as the macro level of 

activities: lifting and carrying objects, fine hand use, walking, moving around using 

equipment, using transportation, and driving (World Health Organization, 2003). 

However, Metz (2000) has identified elements of mobility that also incorporate 

psychosocial factors and participation: “(1) Travel to achieve access to desired 

people and places. (2) Psychological benefits of movement – of ‘getting out and 

about’. (3) Exercise benefits. (4) Involvement in the local community. (5) Potential 

travel, or knowing that a trip could be made, even if not actually undertaken” (p. 

150). Metz’s definition is important since it acknowledges that the traveller is 

always located in a specific social context, whether other people in the environment 

are nearby or far away (Robson, 2011). However, orientation is a notable omission 

from both the ICF and Metz definitions of mobility.

The O&M profession both in Australia and elsewhere does not seem to 

use any established measures of orientation skills. Instruments such as the Rey-

Osterrieth Complex Figure Test (Bennett-Levy, 1984) and the Wechseler Block 

Design subtest (Wechsler, 1976) were both established many years ago and 

continue to be used in neuropsychology assessments, but both instruments rely 

on vision to assess spatial perception. In O&M, when a person has poor spatial 

skills and tends to get lost easily, vision can be used to find landmarks or signs, to 

follow other pedestrians, or find by-standers to help. However, vision is not crucial 

for someone with strongly developed spatial skills to gain and maintain a sense 

of orientation during travel (Golledge, 1999). Other non-visual information about 

the environment can serve just as well to detail the traveller’s mental map. Such 

aspects of low vision or blind mobility as spatial cognition are not necessarily 

obvious to people who can see (Mettler, 2008) and this makes them more 

challenging to assess. Tests of spatial cognition and orientation skills which do 
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not require vision are needed to gain a fuller understanding of the relationships 

between orientation, vision and mobility in O&M performance.

Approaching O&M holistically means considering participation not just 

specific activities. Here the notion of “life-space” is pertinent; this notion was 

proposed in 1936 by Kurt Lewin, who was working in the field of gerontology. Life-

space refers to the geographical area a person occupies in the course of daily 

living and can serve as an indicator of activities and participation (Baker, Bodner, & 

Allman, 2003). An older person’s life-space might be limited to his aged care home 

and a weekly outing to the local shops, whereas a middle-aged person’s life-space 

might be much broader because of her career-related travel interstate or overseas. 

Loss of mobility reduces opportunity for participation in social activities and 

work, volunteering, shopping, healthcare visits and faith-based activities (McCarthy, 

2009). Contraction of a person’s physical and social life-space can lead to social 

isolation, loss of status and confidence, loss of self-worth, depression and declines 

in physical wellbeing (Baker et al., 2003; Horowitz, 2004; Oxley & Charlton, 2009; 

Oxley & Whelan, 2008). O&M intervention seeks to arrest this contraction of life-

space and, if possible, to expand a client’s viable travel options, while also teaching 

and testing the physical and cognitive skills which are needed to make this travel 

possible (Deverell, Scott, Battista, & Hill, 2014). Vision restoration treatments seek 

to serve a similar purpose in expanding life-space and, by association, quality of life.

When investigating whether or not new travel skills or life-space expansion 

have been achieved through O&M training or vision restoration treatments, a clear 

understanding of what is involved in O&M, to know what to measure is needed. 

The aim of this study is to re-scope “mobility” from the perspective of both O&M 

specialists and clients, in order to prompt fresh thinking about the design and 

selection of tasks and measures which might capture O&M outcomes.

Methods and Findings

At Bionic Vision Australia (BVA), the clinical research team had the challenge 

of designing O&M research that could demonstrate the functional impact of 
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BVA’s prototype retinal implant (Ayton et al., 2014). The team wanted to capture 

comprehensive data about O&M action, even if there were areas of performance 

that were not easy to measure. Prior to developing a research protocol, grounded 

theory methodology (Strauss & Corbin, 1998) was used to conceptualise effective 

mobility. Grounded theory is constructed from raw data through a process of 

constant comparison, thus methods and findings are combined in this report.

The term “effective” was carefully chosen through discussion between BVA 

team members. Possible seed questions for the study were then piloted with a 

convenience sample of colleagues and acquaintances (n=13). The research team 

considered that the term “functional” relates to what people can do, what works 

and what is useful, and this is preferable to the deficit thinking typically associated 

with “suffering vision loss”. However, functional performance might be achieved 

inefficiently or might be only partially effective. In relation to the bionic eye, the BVA 

research team wanted to consider and measure not just what people do, but what 

works really well and might constitute success.

First, the team undertook an enquiry with O&M specialists (n=15) to scope 

effective mobility, then used these ideas to shape a functional vison research 

protocol known as LoVADA – the Low Vision Assessment of Daily Activities. The 

LoVADA protocol was piloted with adults (n=40) who had advanced retinitis 

pigmentosa (<6/60 visual acuity or <10° visual fields). LoVADA will be described 

in detail elsewhere. In brief, the protocol includes three levels of route travel 

complexity, a visual integration task using guided travel, an orientation task 

involving free-roaming mobility, and a free-walking mobility task undertaken 

without a mobility aid which evaluates visual landmarking, straight line travel and 

reorientation. These tasks generated multiple qualitative, quantitative and graphic 

data streams, and included the semi-structured interview question: “What do you 

think makes your mobility effective?” 

The draft categories that were derived from initial consultation with O&M 

specialists were then revised using qualitative data from the pilot LoVADA study. Two 

streams of qualitative data represented the perspectives of the research team as 
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well as participants’ ideas about effective mobility.

This study was conducted with the approval of the Human Research 

Ethics Committee at the Royal Victorian Eye and Ear Hospital, Melbourne, and in 

accordance with the Declaration of Helsinki. Participants gave informed consent to 

their participation.

Consultation with O&M specialists

At the International Mobility Conference (IMC14) in New Zealand, February 2012, 

the O&M specialist and two optometrists from the BVA clinical research team 

presented an open forum to investigate notions of mobility. 

O&M specialists (n=15) from Australasia, UK, and Europe were asked, 

“What do you think is involved in effective mobility?” Participants were encouraged 

to consider O&M clients they had worked with, as well as their own mobility 

experiences, both near home and when travelling abroad, and then independently 

write at least five responses. 

Nominal group technique (Robson, 2011) was used to share these notions – 

each person offered one of their ideas in turn, continuing around the group until all 

ideas were exhausted. Participants generated 89 responses to the seed question 

which were entered into an Excel spreadsheet displayed on a screen during the 

workshop. The group clarified and discussed responses as they were offered, 

but participants were not asked to reach any consensus about what constitutes 

effective mobility. 

Initial analysis

After the workshop, the responses to the seed question were coded using an 

Excel spreadsheet. The initial coding was relatively quick because respondents 

had already distilled their ideas down to single words like “natural” or phrases like 

“how you fit with the environment around you (e.g., Left hand side vs right hand 

side on escalators)”. Nevertheless, several passes through the list of responses 
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were necessary. In the first pass, most items were coded as either egocentric or 

allocentric according to whether the effectiveness of mobility seemed to relate to 

the person’s body, cognition and such personal skills as “planning” (egocentric), or 

to such broader social or environmental factors as “user-friendly built environment” 

(allocentric). However, some items incorporated both egocentric and such 

allocentric elements, so effective mobility means “autonomy; but no car (being 

unable to drive) means that freedom and options are more limited” or it requires 

“social awareness – something being a hindrance for others”. This combination 

prompted other approaches to analysis.

Using the original Excel spreadsheet from the workshop, multiple columns 

were used to code each item from different perspectives. Consideration of 

participants’ responses stimulated several questions during coding that were used 

to re-examine the data. This process of constant comparison is characteristic of 

Grounded Theory methodology. The questions included: “Is this item impacted 

more by internal or external factors? What is the relationship between physical, 

psychological and social elements in mobility? Where is the locus of power 

in relation to this item? How does this item fit with a western emphasis on 

independence in relation to O&M? Who benefits from this aspect of mobility and 

how is the benefit manifest? What is the relationship between conscious intention, 

unconscious action, and effectiveness in relation to this item?” This process of 

constant comparison occurred during multiple passes through the data, and helped 

to identify further relevant language and codes.

The Excel facility of sorting columns A-Z meant the original items could 

be readily reordered according to the codes in a column, and their congruence 

considered. Categories were sought for out-lying or single-construct items. Where 

there were three or four items with the same code, a decision had to be made about 

whether or not this constituted a category in its own right, or whether these items 

might fit into another category. 
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Draft categories

Eight draft categories resulted from this initial coding process:  

1. Utility – a sense of having goals or needs, and being able to meet them

2. Access – to the environment, to information, expertise, and essential 

equipment

3. Choice – about resources, destinations, travel routes, environments, mobility 

aids, and level of in/dependence

4. Planning and decision-making skills

5. Spatial orientation – including awareness of sensory and landmark 

information which informs travel decisions

6. Social skills – the cultural capital to understand and use the social 

environment to connect effectively with others

7. Self-regulation – skills which impact on confidence, attitude, motivation, and 

resilience

8. Travel	efficiency – using energy and resources to meet needs easily and 

comfortably.

These eight draft categories revealed how much more there was to consider 

beyond travel efficiency when designing O&M outcomes research. Decision-making, 

sensory integration, and self-education were clearly part of the process of O&M 

action. These essential processes meant that opportunities to make authentic 

choices and responses needed to be incorporated into research tasks, and 

measures needed to capture the cognitive and social processes involved in effective 

travel, not just the mechanical actions of the body.

These draft categories drawn from the experience of O&M professionals were 

sufficient to inspire the design of new tasks and measures in the LoVADA protocol. 

However, the categories still needed to be revised and warranted by people who 

have daily, lived experience of low vision or blindness before they could be said to 

represent effective mobility from clients’ perspectives.
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Researchers’ Observations

After LoVADA data collection was completed, a concept map (FreeMind software, 

available at http://download.cnet.com/FreeMind) was developed with effective 

mobility at its centre, using the eight draft categories as the first ring of ideas to 

build upon. Graphic mapping is a useful strategy for collating ideas and exploring 

their associations (mind maps), relationships (concept maps), and inferential 

connections (argument maps) (Davies, 2011). Incorporated into this effective 

mobility map were participants’ travel skills observed by researchers in the LoVADA 

studies, as well as constructs relating to effective mobility which were gleaned 

during discussions between colleagues throughout the data collection process, 

noted in field notes and in meeting minutes.

After considering data from the research team, the Planning and Decision-

making category was absorbed into Choices which was in turn absorbed into Self-

regulation.

Several items relating to pleasure or satisfaction had been identified in 

the original data-set from the New Zealand forum including “desire, drive”, “joy,” 

and “fun” but these had been subsumed into Utility in the initial categories. 

However, utility can involve juggling the priorities of multiple stakeholders, whereas 

satisfaction is quite personal. The LoVADA participants’ pleasure in effective mobility 

was repeatedly captured in video footage. Their faces lit up with smiles whenever 

they completed challenging tasks successfully. Conversely, several participants 

described the immobilising depression they experienced when first diagnosed with 

retinitis pigmentosa, and the importance to their mental health of reclaiming their 

mobility. Thus, a distinct category, Pleasure, was created. 

The last change to the range of categories was made in relation to 

independence, which has historically been a priority of O&M intervention. 

Independence was flagged as important by a few O&M specialists, but the primacy 

of independence was also questioned: “Is independent travel the most effective?” 

There has been a shift in focus from independence to self-determination within the 

O&M profession in recent years which is associated with client-centred practice 
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(Deverell et al., 2014). This shift is not yet reflected in the O&M outcomes literature 

which still tends to hold independence as a central priority. When independence is 

interpreted as solo travel with no social contact, the independent person can simply 

be lonely. Even the LoVADA participants with sophisticated independent travel 

skills said they often preferred travelling with others, particularly to a new place. 

Thus, Social Skills and independence were incorporated into a new category called 

Interdependence. 

Interdependence can be understood as a scale between solo performance 

involving no social contact, and actions that depend on a companion for assistance. 

The name of this category reflects the fact that even the most capable travellers 

still function in a social world which involves the give and take of embodied cultural 

capital and social skills (Bourdieu, 2011). Daily decisions about travel are made on 

the basis of circumstance and necessity (living alone or with others), capability, and 

social preferences. The principles of person-centred practice suggest it is not for 

the O&M specialist, observer, or researcher to decide that the traveller should be 

travelling solo if independence is contrary to the traveller’s choices (Dodds, 1988). 

As a result it is just as important to investigate the outcomes of vision treatments 

or O&M training in social contexts and with accompanied travel, as it is with 

independent travel.  

Clients’ comments

LoVADA participants made 55 statements in response to the interview question 

about effective mobility and these were analysed on an Excel spreadsheet using 

the same coding process used for the O&M specialists’ comments. Twenty of these 

client statements related to Access (using mobility aids to move freely, and sensory 

strategies to gain information) and a further twenty statements were related to 

Self-regulation (e.g., freedom, planning, safety, fitness, and attitude). Surprisingly, 

these external/internal interests echoed the allocentric/egocentric codes first 

used to code the O&M specialists’ data-set, but again, there were constructs which 

bridged both. For example: “If I get lost, I go to a room where someone is talking”, 
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which fitted both the Orientation and Interdependence categories. Several client 

statements emphasised the importance of familiarity and routine in accomplishing 

effective mobility. The LoVADA tasks were undertaken in an institutional 

environment. Participants varied in the level of practice they needed to become 

familiar with these less familiar research spaces, and some never gained a strong 

sense of orientation to the spaces during the day-long research session. The clients’ 

responses which were coded as familiarity or routine were categorised under 

Orientation because orientation has to do with learning about and knowing specific 

locations.

Effective Mobility Framework

After the concept mapping review and analysis of client data, the Effective Mobility 

Framework was reduced to the following seven elements:

1. Utility – having meaningful goals or needs and being able to meet them 

using both intentional and exploratory strategies

2. Access – to the environment, with or without mobility aids; to information, 

expertise, and essential equipment; integrating sensory information in a 

timely way

3. Orientation – awareness of space, sensory, and landmark information; 

choosing, maintaining and recovering direction during travel; developing 

familiarity and routines

4. Interdependence – operating autonomously, connecting effectively with 

others and making informed choices about whether to travel in company or 

alone

5. Self-regulation – investigating resources and options; planning and making 

decisions; using self-talk effectively; learning from experience; building 

flexibility, confidence and resilience; maintaining safety, skills and fitness 

6. Efficiency – moving easily, naturally, safely and comfortably; minimising 
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fatigue 

7. Pleasure – experiencing desire, motivation, fun and joy in the context of 

exploration and travel.

Discussion

This study produced a new tool – the Effective Mobility Framework – through 

collaboration with O&M specialists at an international conference and people with 

very low vision resulting from advanced retinitis pigmentosa. The Effective Mobility 

Framework includes the elements of Utility, Access, Orientation, Interdependence, 

Self-regulation, Efficiency, and Pleasure. This is a conceptual tool rather than a 

measurement instrument, which expands the dimensions of functional performance 

that might be considered and measured in O&M outcomes research, beyond what 

was previously captured by measuring speed and contacts in Route Travel tasks. 

The Framework informed the design of a centre-based functional vision research 

protocol, and has potential application to research which is designed to evaluate 

vision restoration treatments or O&M programs, whether in a centre-based setting 

or in participants’ more familiar life-space.

The breadth of the Effective Mobility Framework increases the chance of 

capturing data about the benefit of selected interventions, particularly when using 

embedded mixed methods (Creswell & Plano Clark, 2011) for data collection. 

However, the Framework also presents O&M researchers with some significant 

measurement challenges. 

When investigating human performance, researchers’ observations 

of the participant and interpretation of participants’ comments are inevitably 

influenced by their own professional and cultural filters (Dillon, 1991). In qualitative 

research disciplines, researchers are encouraged to identify and bracket their 

own biases, then seek to be as transparent as possible about these influences 

when reporting findings (Curtin & Fossey, 2007). These interpretative processes 

mean that measurement of human performance can never be viewed as solely 
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objective (Robson, 2011) and the selection of performance measures needs to be 

warranted with individual participants’ comments about their own O&M priorities. 

Thus, credible O&M outcomes research needs to generate both qualitative and 

quanititative data, and analyse the two data streams together so that measurement 

data about a client’s O&M outcomes can be considered meaningful to clients. 

Measurement depends on there being stable, universally relevant constructs 

to measure. The paradox of this study is that in seeking to identify common 

elements of effective mobility, O&M specialists in the study emphasised the 

importance of respecting clients’ unique goals and priorities: “effective mobility 

is different at different life stages” and “different for every person”. For this 

reason, researchers investigating O&M outcomes would be misguided in seeking 

to develop a single “gold standard” research protocol. Functional performance in 

O&M essentially defies standardisation and the client needs to be responsive to the 

individual demands of his or her lived environment. 

Researchers investigating O&M outcomes are thus faced with the reality that 

cohorts with common visual status and common O&M characteristics are likely to 

be quite small. Rather than an expectation of developing gold standard methods, 

a multiplicity of methods and measures is needed that can equip researchers and 

clients to capture whatever changes in O&M outcomes are relevant to an individual 

client. In this light, the Effective Mobility Framework should be regarded as a tool 

to facilitate more comprehensive research design and data generation, rather than 

a rigid research curriculum where every element must be measured with every 

person. 

Researchers are encouraged to conduct a pilot enquiry with the target 

cohort to identify the elements of the Framework where benefits of the selected 

intervention seem most likely to be apparent before selecting or developing relevant 

measures. This approach is inverse to previous research that has built research 

tasks around the few existing measures. Interestingly, the only mention of speed in 

the study was from a client who identified the need to be adaptable to the context: 

“going slow and concentrating if less familiar; faster if I know the area or feel safe”.  
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The effective mobility concept map identified some constructs which are 

tangible and easy to measure. For example, it is obvious in the Utility category 

whether a person has arrived at the intended destination or achieved a chosen 

task. However, many tacit psychosocial elements, for example, resilience, pleasure, 

anxiety, or comfort call for further qualitative investigation before researchers can 

understand the best way to approach their measurement in the context of O&M 

action. Rather than leaving these difficult-to-measure elements out of the research 

design, the team recognised the value of capturing qualitative data about difficult 

constructs in the form of video, noted observations, a written record of clients’ self-

talk and contextual descriptions during O&M tasks, as well as more formal interview 

responses. These data enabled the team to further consider and develop measures 

which are meaningful to participants, not just to researchers. 

Ordinal scales with clearly defined increments were trialled in the LoVADA 

protocol and showed some promise as a viable approach to measuring functional 

performance. These scales enabled multiple behaviours of functional interest 

to be incorporated into a measure, so that the integrated nature of functional 

performance could be captured holistically. For example, attempting to isolate 

and measure body positions, facial expressions, confidence, tension, social 

self-monitoring, and socially invasive behaviours was a daunting task, yet these 

constructs combined neatly into a posture/kinesics scale which eliminated the 

need for extensive description. Several performance scales were developed 

in collaboration with clients during the LoVADA study and as such capture 

constructivist data rather than the singular subjective opinion of self-report 

generated with Likert Scales. The value of each level on an ordinal scale is not 

consistent and Stevens (1946) who wrote the seminal paper on measurement 

scales noted that this inconsistency limits the statistical analyses which can be 

employed with ordinal data. The performance scales developed in the context of the 

LoVADA protocol will be reported in detail elsewhere.

The LoVADA pilot demonstrated the usefulness of the Effective Mobility 

Framework in directing the generation of rich data about O&M performance using 
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standardised tasks in a centre-based context. However the research team learned 

that data about O&M performance is not necessarily the same as data about 

O&M outcomes. Many of the LoVADA participants commented that they performed 

less effectively in the unfamiliar LoVADA venues than they would function in their 

familiar life-space, so findings from clinical trials are not necessarily transferrable to 

functional contexts. It remains to be seen whether the Effective Mobility Framework 

can be used to shape O&M outcomes research in the client’s life-space which better 

represents the clients’ everyday O&M experiences.

The Effective Mobility Framework has been informed by multiple perspectives 

including collaboration with international O&M specialists, input from LoVADA 

participants, and from the multidisciplinary BVA team which included optometrists, 

ophthalmologists, occupational therapists, and orthoptists, in addition to an O&M 

specialist. The categories identified in the Framework are sufficiently broad to 

accommodate variations in O&M cohorts or research contexts. However, the expert 

groups consulted were relatively small and much of the grounded theory analysis 

was undertaken by one person. There may yet be constructs which have not been 

included, and the domains in the Framework are likely to vary in importance from 

one client to the next. The Framework might need further amendment as a result 

of feedback from people who are blind, who have a greater degree of useful vision 

than the LoVADA participants, or whose vision issues are congenital rather than 

adventitious in origin.

Understanding the relationship between mobility, orientation, and vision 

continues to be challenging for researchers. Orientation became a category on 

its own in the Effective Mobility Framework, but vision did not. Mettler (2008) 

suggested that people who are fully sighted can be inclined to attribute greater 

importance to vision in relation to O&M than is necessarily warranted. However, 

none of the O&M specialists in the effective mobility forum mentioned vision. O&M 

specialists are used to working with people who have no vision, so this group of 

professionals likely regarded vision as optional rather than essential to effective 

mobility. This view is emphasised by O&M phenomenology (Berndtsson, 2009) 
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and demonstrated in the practice of blind O&M specialists (Ferguson, 2007). 

Conversely, several clients in the LoVADA pilot emphasised the usefulness of their 

light perception only in effective mobility, suggesting that every little bit of vision 

is valuable. Considerably more research is needed to understand how best to 

measure the process of sensorimotor integration during O&M undertaken by people 

with very low vision.

The Effective Mobility Framework has already proven useful in supporting 

more comprehensive design of O&M outcomes research in the LoVADA protocol 

than has previously been reported, as well as prompting the development of new 

measures of functional performance. The Effective Mobility Framework also opens 

up new possibilities for structured research investigating activities and participation 

within participants’ more familiar life-space.
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Appendix 23: Developing an Instrumental Activities of Daily Living 
(IADL-VLV) Tool as Part of the Low Vision Assessment of Daily Activities 
Protocol
Finger, R. P., McSweeney, S. C., Deverell, L., O’Hare, F., Bentley, S. A., Luu, C. D.,… Ayton, L. N. (2014). 
Developing an instrumental activities of daily living tool as part of the low vision assessment of daily 
activities (LoVADA) protocol. Investigative Ophthalmology and Visual Science, 55(12), 8458-8466. 
doi:10.1167/iovs.14-14732 © ARVO.
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Appendix 24: Rasch Analysis of the Independent Mobility Questionnaire
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Appendix 25: Developing a Very Low Vision Orientation and Mobility 
Test Battery (O&M-VLV)
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