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Abstract 
 

Background and aims: Autistic visual sensory experiences have not been explored in 
detail. Research has highlighted concerns about greater refractive errors and binocular 
vision anomalies in autistic people. These studies have studied children, a significant 
proportion of whom also had a learning disability. We can only assume the visual status 
of autistic adults. Existing research indicates autistic people face challenges when 
accessing healthcare. However, we do not know the eye examination accessibility 
requirements of autistic adults.  My project focused on autistic adults without learning 
disabilities, with three aims: (1) to characterise visual sensory experiences in depth, (2) 
to investigate optometric and orthoptic conditions, and (3) to develop resources for 
accessible eyecare services.  
 
Studies and methods: For aim (1), 18 autistic adults participated in focus groups, where 
they discussed visual experiences, associated impacts and coping strategies. For aim (2), 
24 autistic adults underwent an eye examination and were dispensed treatment for any 
optometric, orthoptic or visual stress anomalies. For aim (3), focus groups and interviews 
were conducted with a total of 42 autistic adults, asking them about their eye examination 
experiences and how they could be bettered.  
 
Key findings: Autistic adults experience a range of visual hypersensitivities which 
impact personal wellbeing, daily activities and social interactions. They attempt various 
coping strategies to address these challenges and fear a lack of understanding from non-
autistic people. Autistic adults can present with a variety of optometric and orthoptic 
conditions, more often than expected of a non-autistic population. Appropriate treatment 
can alleviate these and visual stress, reducing the need for tinted lenses. Eye examinations 
present difficulties for autistic people. These span from booking the appointment, to the 
eye tests and to the dispense of spectacles. Simple adjustments can be made to overcome 
these.  
 
Significance: We can understand the extent and multidimensional nature of autistic 
adults’ visual experiences. I have been able to advise optometrists on what they should 
pay attention to when seeing autistic adult patients. Finally, I have developed 
recommendations and resources for eyecare providers on how they can provide autism-
friendly services for autistic adults. My work has fulfilled some of the current autism 
research priorities. 
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Chapter 1 
 

Introduction 
 

1.1 An overview of what needs to be addressed 

Autism is a lifelong neurodevelopmental condition, affecting an individual’s social 

interaction, communication and behaviour. Approximately 1.1% of adults (Brugha et al., 

2012) and 1.57% of children (Taylor et al., 2013) are diagnosed as autistic in the UK, 

although these estimates are likely to be low due to under-diagnosis in adults (Kapp et 

al., 2013), females (Hull et al., 2020), and ethnic minority groups (Hussein et al., 2019). 

Additionally, about one-third of autistic people also have a learning disability (Lemmi et 

al., 2017). The UK autism diagnostic criteria are laid out in the International Statistical 

Classification of Diseases (ICD-11: World Health Organization, 2021b) and Diagnostic 

and Statistical Manual of Mental Disorders (DSM-5: American Psychiatric Association, 

2013). 

 

The majority of autistic people experience altered sensory reactivity (Green et al., 2016). 

They can be hyper- or hypo- sensitive to sensory stimuli. Hypersensitivity describes an 

excessive response, for example extremely sensitive to lights or sound. Hyposensitivity 

describes an obviously dampened response, for example apparent increased pain and 

temperature thresholds. In addition, autistic individuals can also display sensory seeking 

behaviours such as excessive touching of object edges or fascination with reflections 

(Simmons et al., 2009). Although quantitative and qualitative studies have attempted to 

explore general altered sensory reactivity in autism, very little research has acknowledged 

visual sensory experiences, particularly in autistic adults who do not have a learning 

disability. In general, this population is largely neglected in the research literature, with 

autistic children more represented. A few qualitative studies have superficially reported 

autistic sensory difficulties with bright environments, patterns, artificial lighting, 

unpredictable movements, visual distractions, fine detail and colours (Robertson, 2012; 

Robertson & Simmons, 2015; Robledo et al., 2012; Smith & Sharp, 2013). However, as 

these studies have not explored visual sensory issues in detail it is unlikely that the full 

extent of autistic visual sensory experiences have been revealed. Furthermore, should we 



 
 

17 

expect autistic adults to experience the same sensory difficulties as children? 

Environmental differences, adaptations adopted over time and physiological changes, for 

example, may cause these to differ. Therefore, a thorough characterisation of autistic 

adults’ visual sensory experiences is called for.  

 

It may be the case that autistic visual sensory experiences overlap with symptoms of some 

optometric and orthoptic conditions. To be able to investigate this, a comprehensive 

understanding of optometric and orthoptic issues in autistic people is firstly required. 

There is clear evidence for a higher prevalence of binocular vision problems (e.g., 

strabismus, amblyopia and convergence insufficiency) as well as a greater degree of 

refractive errors in autistic individuals (Gowen et al., 2017; Little, 2018). However, these 

studies were conducted in child populations. Furthermore, many of the participants in 

these studies also had a co-existing learning disability. Learning disabilities carry a 

significant risk of certain ophthalmic conditions such as high refractive errors and 

binocular vision anomalies (Das et al., 2010; Emmerson & Robertson, 2011) which would 

influence the findings of these studies. The same is not evident for co-occuring learning 

difficulties such as ADHD or dyspraxia which are common amongst autistic people 

(Gillberg & Billstedt, 2000). Therefore, there is a need to investigate the visual status of 

autistic adults without learning disabilities, which at present can only be speculated.  

 

Assuming autistic adults without learning disabilities are at a similar risk of developing 

optometric and orthoptic conditions as autistic children, they can be expected to visit an 

optometrist frequently. But, are eye examinations accessible for this population? In 

general, significant issues surround healthcare provision to autistic people (Dern & 

Sappok, 2016; Nicolaidis et al., 2016). A recent systematic review (Calleja et al., 2020) 

investigated healthcare barriers and enablers for autistic adults. Barriers to healthcare 

were found to be influenced by the types of health conditions autistic people had, the 

ability of autistic people to communicate their needs, and life changes such as 

transitioning from childhood to adulthood. On the part of healthcare services, barriers 

were created by service providers lacking knowledge about autism, factors associated 

with healthcare environments (e.g., provoked sensory issues, anxiety from having to wait 

and stress caused by uncertainty), poor coordination of care and a lack of support from 

service providers. Although these studies give a good understanding of the issues autistic 
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people encounter when attending a clinical appointment, none have focused on eye 

examinations. Eye examinations are likely to present unique barriers because of the retail 

environment housed in many practices and the multitude of tests involved in an eye 

examination, to name a few. Resources are available to improve eyecare accessibility for 

autistic children and autistic people with learning disabilities (National Autistic Society, 

2020a; SeeAbility, 2019). The College of Optometrists (2021a) have guidance for 

optometrists when seeing autistic patients, which are mostly based on literature 

concerning autistic children. Of course, autistic children or autistic people with learning 

disabilities would face different challenges and have different special requirements 

compared to autistic adults without learning disabilities. It is likely that a learning 

disability would take precedence over autism when thinking about reasonable 

adaptations. Eyecare providers generally have knowledge about adaptations for learning 

disability-friendly services and children’s eyecare, but not autism-friendly services. No 

resources are available which are designed for autistic adults who do not have learning 

disabilities.  

  

1.2 Thesis contributions 
This thesis is presented in journal format, which is approved by The University of 

Manchester. The studies, as part of this PhD, were written-up for submission to peer-

reviewed journals. The technical chapters in this thesis are compiled from two published, 

one “in press” and one paper in preparation. Author contributions are stated on the first 

page of each technical chapter, together with details of publication/ submission. It is 

important to highlight that all my studies were developed in collaboration with autistic 

people, via the Autism@Manchester network. The following paragraphs provide an 

overview of the chapters.  

 

Chapter 2 provides a theoretical background to the research areas tackled in this thesis. 

Detailed discussions of the following are presented: autistic visual sensory experiences, 

optometric and orthoptic features of vision, optometric and orthoptic conditions in autistic 

children, visual stress and the use of coloured filters in autism, and autism and healthcare 

accessibility. 
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Chapter 3 reports the outcomes of focus groups with autistic adults, to richly characterise 

the visual sensory experiences of this population. A total of 18 autistic adults without 

learning disabilities participated across four focus groups. These were conducted in-

person at The University of Manchester. The groups were asked four key questions: (Q1) 

does anybody feel they experience any visual problems or unusual visual symptoms?; 

(Q2) Do you feel you can do anything to improve these symptoms?; (Q3) How do your 

visual issues impact your daily routine?; and (Q4) What are your experiences of an eye 

examination? Q4 is not explored in this chapter but compiled with the results in Chapter 

6. Transcripts of these discussions were thematically analysed, and six key themes were 

allocated to the data. In summary, participants described a range of visual hypersensitivity 

issues, including to light, motion, patterns and particular colours. These caused distraction 

and contributed to wider multisensory experiences. Visual sensory experiences had 

significant impacts on participants’ wellbeing and day-to-day life. This included causing 

fatigue, stress, anxiety and creating limitations in daily tasks (e.g., travel and social 

activities). Participants described a variety of coping strategies to deal with negative 

impacts of visual sensory experiences, such as avoiding visual clutter or light alterations. 

The contents of this chapter have been published (Parmar et al., 2021). 

 

In chapter 3 it was suggested that there could be a link between autistic visual sensory 

experiences and optometric and orthoptic conditions. However, an investigation of 

optometric and orthoptic conditions in autistic adults is required for this. I developed a 

study for this and pre-registered a protocol. Chapter 4 is the pre-registered study protocol 

and chapter 5 presents the study findings. It must be noted, because of impacts of the 

COVID-19 pandemic, this study’s direction and analysis plan had to be reconsidered; this 

is described in chapter 5. The first aim of this study was to describe the range and type 

of optometric and orthoptic conditions in autistic adults. I conducted thorough eye 

examinations with 24 autistic adults at The University of Manchester. A considerable 

proportion of participants had a significant change in refractive correction and binocular 

vision anomalies. Prevalence values for these were notably greater than those of non-

autistic populations. I followed a pre-determined clinical protocol to classify anomalies 

and prescribe treatment (e.g., new spectacles, eye exercises or tinted lenses). All 

participants were prescribed treatment (mostly new spectacles and some requiring eye 

exercises) and regularly followed-up. Although a marked proportion of participants 
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exhibited significant visual stress at the initial eye examination, this was managed with 

new spectacles and/ or eye exercise for most with only one participant needing tinted 

lenses. Participants also completed three study questionnaires at the beginning and end 

of the study. This was because a second aim of this study was to understand the impact 

of suitable treatment on visual sensory experiences, visual function, and vision-related 

quality of life. Analyses on how questionnaire scores changed across the study were 

inconclusive due to the unforeseen small sample size. I make recommendations for a 

future, larger-scale study, and highlight the importance of optometrists performing 

thorough eye examinations with autistic patients. The contents of this chapter are being 

prepared for submission. 

 

As the findings of chapter 5 suggest autistic adults are more likely to develop a 

combination of optometric, orthoptic and visual stress issues, they can be expected to visit 

an optometrist frequently. Considering the healthcare accessibility issues that autistic 

adults face and lack of guidance for providing autism-friendly eyecare, in chapter 6 I 

conducted qualitative research to gain a detailed understanding of eye examination access 

barriers for autistic adults. Data from Q4 of the focus groups described in chapter 3 (what 

are your experiences of an eye examination?) were thematically analysed, allocating four 

themes. Additionally, I interviewed the eye examination participants in chapter 5 (this is 

included in the pre-registered protocol presented in chapter 4), asking: Are there any 

tests that you did not like? Why?; Was there anything you liked about the way in which 

these tests were carried out?; What could have been improved about the ways these tests 

were conducted? These data were content analysed with an output of nine inductive 

categories. Summarising the results of both approaches, eye examinations are not very 

accessible for autistic adults. All aspects of an eye examination - from booking the 

appointment, to encountering multiple practice staff and eye tests and finally the spectacle 

dispense – can cause anxiety for autistic adults. The examination and practice 

environment include sensory challenges, due to lights, sound or touch. Reasonable 

adaptations can be made to overcome these difficulties, related to the patient journey, 

improved communication and continuity. Based on these findings, I have created 

recommendations and resources which suggest how more autism-friendly eye 

examinations can be provided. The contents of this chapter have been published (Parmar 

et al., 2022a).  
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Qualitative work in chapter 6 provided rich information from a select and modest sample. 

I gained a deep understanding of the various issues that autistic adults face when attending 

for an eye examination. An overarching factor of all these issues was anxiety. To expand 

this work and capture a larger geographical representation, I invited UK autistic adults to 

complete an online survey, presented in chapter 7. The survey was about eye 

examination-related anxiety. A total of 322 complete responses were received and Rasch 

analysed, a branch of item response theory. Results firstly confirmed the validity of this 

survey for autistic adults. Next, and surprisingly, when the distribution of eye 

examination-related anxiety of our participants was compared against a non-autistic 

population, there was no significant difference. I expected autistic adults to exhibit a 

notably higher degree of anxiety. However, looking closer at the survey revealed that it 

only tested anxiety around situations which would occur in the testing room. It did not 

include key anxiety-provoking items which were highlighted in chapter 6, such as 

booking appointments over the phone, the retail environment in optometric practices, and 

having to meet multiple members of staff during the appointment. In essence, autistic 

adults’ difficulties are not confined to the testing room, and therefore this survey is likely 

to underestimate true eye examination-related anxiety of autistic people. The contents of 

this chapter are in press (Parmar et al., 2022b). 

 

To conclude, chapter 8 gives a lay summary of the work undertaken in this PhD project. 

Thereafter, the future steps for this research are discussed.  
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Chapter 2 
 

Theoretical background 
 

2.1 Introduction 
This literature review introduces subject matter related to the areas tackled in this thesis. 

As the thesis concerns autistic adults, I largely focus on research which has involved this 

population, although relevant research with autistic children is also included where adult 

research is limited. Appendix 1 presents a table detailing the literature search strategies 

which was supplemented by reference list searches.  

 

Section 2.2 provides a brief introduction to autism, covering its defining features, 

diagnosis, prevalence and autistic sensory issues. As the first aim of our research was to 

characterise autistic visual sensory experiences, current evidence on this is summarised. 

The second and third aims of this project were to explore optometric and orthoptic 

conditions and the impact of their treatment in autistic adults. Optometric conditions refer 

to anomalies of level of vision and refractive error. Orthoptic conditions are anomalies of 

binocular vision. It must be highlighted that there are links and overlap between 

optometric and orthoptic concepts. This is exemplified by the case of accommodation, 

where modification of an optometric factor can influence orthoptic factors, and vice versa. 

To provide context, section 2.5 presents a detailed description of optometric and orthoptic 

measures, conditions and treatments in general and clinical populations. This section also 

includes details about visual stress, a visual perceptual disorder, and the use of coloured 

filters. Thereafter, section 2.6 discusses literature which has investigated optometric and 

orthoptic conditions in autistic children. Section 2.7 is about the use of coloured filters in 

autism. This is an important area to explore because coloured filters are currently being 

promoted to manage autism, rather than visual perceptual disorders in autistic individuals, 

without a secure evidence base for these claims: “…specially tinted glasses can have a 

calming effect in some people with autism.…tinted lenses can help manage some of the 

symptoms associated with autism…” (see: https://www.read123.co.uk/en/the-use-of-

colour-therapy-and-coloured-lenses-in-autism/). A final aim of my work was to 
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investigate eye examination accessibility for autistic adults. Therefore, section 2.9 

explores healthcare accessibility for autistic people.   
 

2.2 A brief background to autism 
2.2.1 Features and diagnosis 

Although there has been an increase in autism research since the mid 1990s, the defining 

features of autism have generally remained constant since the early 1940s (Lord et al., 

2018). The UK autism diagnostic criteria are laid out in the International Classification 

of Diseases (ICD-11: World Health Organization, 2021b) and Diagnostic and Statistical 

Manual of Mental Disorders (DSM-5: American Psychiatric Association, 2013), both of 

which refer to the same impairments and key features. All criteria must be met for a 

confirmed autism diagnosis. In summary, the criteria are as follows: (A) impaired social 

communication and interaction; (B) restricted or repetitive patterns of behaviour; (C) 

symptoms must be present in the early developmental period but not necessarily fully 

manifest; (D) a clinically significant impairment of social ability, occupational capability 

or in another area of function; (E) these impairments cannot be better explained by 

intellectual disability or global developmental delay.  

 

The main challenges in autism are linked with sociability, communication and behaviour. 

Table 2.1 gives typical examples for each of these. It is important to acknowledge how 

stressful these challenges can be and the negative implications they may have on autistic 

individuals’ lives (Oakley et al., 2021; Pfeiffer et al., 2005; Uljarević et al., 2016). 

Research promoting the best life outcomes for, and reducing anxiety in autistic 

individuals is included in the top-10 priorities for research under the James Lind alliance 

(2021).  This initiative brings patients, carers and clinicians together to identify the most 

significant unanswered questions or lack of evidence about different health conditions.  

 

Approximately one-third of autistic people also have a learning disability (Lemmi et al., 

2017). As indicated by the England National Audit Office (2009), it is adults with 

increasingly severe learning disabilities who are more likely to be recipients of support; 

autistic adults without learning disabilities are regularly overlooked. Autism diagnostic 

centres have been introduced for adults in some NHS divisions in the UK, such as Bolton 

and Trafford, Leeds and Yorkshire, Norfolk and Suffolk, and Northumberland, Tyne and 
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Wear. These services are accessible to adults via self-referral or referral from a healthcare 

professional (e.g., a GP). The centres use various methods to assess the likelihood of the 

individual being autistic: questionnaires, interviews, and consultations by a 

multidisciplinary team. The National Autistic Society (2020b) highlights that if a 

diagnosis of autism is made by these centres then they do not always go on to offering 

future support or follow-ups.  

  

2.2.2 Prevalence and inequalities 

The global prevalence of autism has been estimated to be 0.6% (Elsabbagh et al., 2012). 

There is little regional variation in this (Baxter et al., 2015). In the UK, approximately 

1% of adults (Brugha et al., 2011) and 1.57% of children (Taylor et al., 2013) are 

diagnosed as autistic. Up to four times more males are diagnosed as autistic than females 

(Fombonne, 2009; Loomes et al., 2017). Females may be less likely to be autistic, or they 

could be underdiagnosed (Hull et al., 2020). A proposed explanation for the latter is that 

there are subtle differences in the way females express their autism compared to males, 

and this is not captured by current diagnostic tools (Hull et al., 2020).   

  
Table 2.1 Examples of social, communication and behavioural challenges that autistic 
people can experience (American Psychiatric Association, 2013). 
  

Social § Does not always respond to their name 
§ Inability to initiate conversations or continue them 
§ Unable to understand simple questions and instructions 
§ Poor expression of emotion and poor understanding of others’ 

emotions 
§ Poor judgement of a social environment and may approach it 

in the wrong manner 
Communication § Poor eye contact and a lack of facial expression 

§ Delivers speech in an unusual manner, either robotically or 
like a song 

§ Difficulty interpreting non-verbal signals 
§ Inability to understand the context of words with double 

meaning 
Behaviour § Repeats movements or activities which could cause self-harm 

§ Displays coordination issues with walking or hands 
§ Poor ability to imitate 
§ Unwillingness to break routines 
§ Hyper- or hypo- sensitivity to sensory inputs 
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Tromans et al (2021) reviewed autism identification across different ethnicities. They 

found that autism diagnosis is lower in ethnic minority groups. Furthermore, individuals 

from these groups appear to present with more severe levels of autism. Possible reasons 

for these differences could be related to healthcare, environmental, cultural and biological 

factors. In terms of healthcare, clinicians may be more likely to attribute social and 

communication difficulties to one’s ethnic background (e.g., differences in degree of eye 

contact) biasing referral to diagnostic services. Referring to environmental factors, socio-

economic status and area of residency affect access to diagnostic services; ethnic minority 

groups are more likely to suffer socio-economic deprivation. Culturally, language 

barriers, ethnic group ‘norms’, cultural beliefs and autism stigma amongst ethnic minority 

groups are likely to hinder autism diagnosis. Biologically, genes in certain ethnic groups, 

parental consanguinity and increased maternal age may increase the risk of developing 

autism. Troman et al’s (2021) review highlights the need to ensure ethnic minority groups 

have equal access to autism diagnostic and support services.  

  

2.3 Sensory experiences in autism 

Under criterion (B) of the DSM-5 (American Psychiatric Association, 2013), a new 

component of the definition about response to sensory stimuli was introduced. Autistic 

people can be hyper- or hypo- sensitive to sensory stimuli. Hypersensitivity describes an 

excessive response, for example extreme sensitivity to lights or sound. Hyposensitivity 

describes an obviously dampened response, for example apparent increased pain and 

temperature thresholds. In addition, individuals can also display sensory seeking 

behaviours such as excessive touching of object edges or fascination with reflections 

(Simmons et al., 2009). Assessment of altered sensory reactivity can be grouped into five 

key methods: questionnaires, psychophysical assessment, direct behavioural observation, 

interviewing techniques and neuroimaging (DuBois et al., 2017).  

 

Research has shown no trend between sensory sensitivity and age; sensitivity can increase 

(Liss et al., 2006) or decrease (Kern et al., 2006) with age. A meta-analysis of 55 

questionnaire studies (Ben-Sasson et al., 2019), involving 4606 autistic people in total, 

not only confirmed the atypical nature of autistic sensory reactivity but also that the most 

common sensory experience amongst autistic people is hypersensitivity. Of course, this 
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is a subjective experience and it is possible that autistic people who are hyposensitive to 

sensory stimuli simply do not acknowledge it. 

 

Only 7% of questionnaire studies in Ben-Sasson et al’s (2019) work involved autistic 

adults, highlighting the lack of attention towards this population. Acknowledging this, 

Tavassoli et al (2014a) set out to develop and validate a questionnaire (the Sensory 

Perception Quotient (SPQ)) to investigate sensory functions in autistic adults. A sample 

of 196 autistic and 163 non-autistic adults completed the SPQ, Sensory Over-

Responsivity Inventory (SensOR) and Autism-Spectrum Quotient (AQ) online. The 

validity of the SPQ was assessed with principal component analysis and item distribution 

analysis. It successfully differentiated between autistic and non-autistic people. Inter- and 

intra- group correlations showed a significant link between AQ and SPQ scores, and SPQ 

and SensOR scores. Overall, autistic people reported greater sensitivity to sensory 

stimuli. As autistic traits increased, sensory sensitivity did too. In this study, the mean 

age of autistic participants was 38.7±12.7 years, and non-autistic participants 36.8±12.3 

years. Tavassoli et al (2014b) confirmed that hypersensitivity to stimuli on the SPQ 

significantly positively correlated with autistic traits on the AQ, in a study conducted 

online. Participants were 221 autistic and 181 non-autistic adults, aged on average 

38.7±12.0 years and 37.1±12.9 years, respectively. As both of Tavassoli et al’s (2014a; 

2014b) studies were conducted online, they are likely to have captured a greater 

geographic sample. But, as this was not assessed by the research team it cannot be certain. 

Limitations of both studies, as acknowledged by the authors, were uneven gender ratios, 

with females more represented in some groups. 

 

Crane et al (2009) conducted an in-person self-administered questionnaire study, with a 

small sample of 18 autistic and 18 non-autistic adults. This study used the 

Adult/Adolescent Sensory Profile (Brown & Dunn, 2002). This questionnaire requires 

participants to indicate the frequency of different sensory experiences, and places them 

into one of four quadrants based on interactions between neurological thresholds and 

behavioural responses. Crane et al (2009) found 94.4% of the autistic participants 

suggested extreme levels of sensory processing. Results showed no significant correlation 

between age and sensory processing, or severity of autistic traits and sensory processing. 
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The small sample in this study reduces its generalisability, but the age range was 19-65 

years.  

 

A larger sample of 71 autistic adults (aged 18 years and over) was recruited by Elwin et 

al (2017) to self-complete the Sensory Reactivity in Autism Spectrum (SR-AS: Elwin et 

al., 2016) questionnaire. In addition, 164 participants from the general population, 

residing in the same counties as the autistic participants, completed the questionnaire for 

comparison. Statistical analysis involved cluster analysis to identify subgroups of autistic 

adults who had similar sensory features. For the autistic group, this revealed three 

subgroups with low, intermediate and high levels of altered sensory reactivity. The 

frequency of sensory experiences occurring was the differentiating factor between these 

subgroups. Binary regression concluded that the SR-AS score was independent of gender, 

age, and having co-existing ADHD or anxiety. The authors do not specify the age range 

of participants in this study which questions the degree of representation. Importantly, 

this study confirms that the severity of altered sensory reactivity can vary between autistic 

people. 

 

In a study conducted by Green et al (2016) atypical sensory responses were investigated 

and compared in autistic and non-autistic children, with special educational needs. An 

autism diagnostic interview and the Short Sensory Profile were employed, the latter of 

which was completed by the parents of the participants. It was concluded that 92% of the 

autistic children showed atypical responses to sensory stimuli. Sensory dysfunction 

increased with greater autism severity, contradicting Crane et al (2009). Kientz and Dunn 

(1997) conducted a study to investigate the ability of The Sensory Profile (Dunn, 1994) 

to differentiate autistic and non-autistic children. As with the study by Green et al (2016), 

parents had to complete the profile by scoring their autistic child on 99 items divided 

among the different sensory modalities and two behavioural categories. Overall, the 

researchers found that 84 (85%) of the items on the sensory profile could discriminate 

autistic children from non-autistic children, indicating an obviously altered sensory 

response across all the senses in autistic individuals. It must be noted that the participants 

in both studies (Green et al., 2016; Kientz & Dunn, 1997) were children and their 

demographics are not well described so the applicability to the general population is 

limited.  
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The results of the studies in this section so far have clearly confirmed altered sensory 

responses in autistic individuals. They have all used different questionnaires which each 

have their strengths and weaknesses, but may not be equally appropriate. The 

development of questionnaires must include piloting to be sure the wording is not open 

to misinterpretation. It is important that questionnaires are developed in a systematic 

process (Frary, 2003; Rattray & Jones, 2007) ensuring good reliability and validity. It 

must be confirmed that the items are unidimensional and response options are useful for 

the population in question (Frary, 2003; Granger, 2008; Rattray & Jones, 2007): that is, 

they are measuring one and the same underlying trait. Limitations of questionnaires 

include self-selection bias in opportunity samples. If it is to be completed electronically, 

the findings would not be representative of individuals who have poor IT skills or cannot 

access the internet. If questionnaires are lengthy, they can cause the respondent to become 

fatigued and unreliable. In addition, some questionnaires are designed to be completed 

by the autistic individual, and others by someone who is associated with the autistic 

individual, for example a parent or carer. It must be accepted that this proxy completion 

is only an indirect measure, which could be subject to several uncontrolled variables.  

 

Additionally, questionnaire methodology limits the extent to which individuals can 

express their thoughts and convey their opinions. In general, quantitative techniques 

assume a singular reality whose cause and effect can be determined experimentally 

(Creswell, 2003). On the other hand, qualitative techniques, such as focus groups and 

interviews, allow researchers to explore participant thoughts and opinions to greater 

depths and in different dimensions (Malterud, 2001). Unfortunately, few qualitative 

studies have directly investigated the sensory experiences of autistic people. 

 

Kirby et al (2015) conducted phenomenological semi-structured interviews with 12 

autistic children, aged 4-13 years, to understand their sensory experiences. Rather than 

following set criteria, the research team used clinical impressions and their interactions 

with the children to determine inclusion. Of course, this was subjective and questions 

consistency between members of the research team. Analysis considered the children’s 

body language too. This study firstly confirmed that it is possible to conduct interview 

studies with children and derive important information. The resultant themes highlighted 

autistic children categorise their sensory experiences into likes or dislikes but may not be 
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able to recognise the underlying cause for these. For many children, it was the reaction to 

the stimuli, rather than the stimuli itself, which was the problem. Reactions included fear, 

bodily responses such as crying, or a coping strategy such as drinking water. Next, the 

children expressed that their sensory experience changed over time. This was because 

they became used to the disliked experiences over time or with interventions. Of course, 

the results of this study are useful and add important understanding to the literature, but 

generalisation is limited by the age range. We can only assume that these sensory issues 

would be present in autistic adults.  

 

Smith and Sharp (2013) conducted semi-structured interviews with nine autistic adults to 

understand the impact of and coping strategies for sensory experiences. Participants had 

an age range of 25-49 years. This was an online study and therefore would have allowed 

greater access to the study. Participants were asked if they were under- or over- sensitive 

to certain sensory inputs, followed by how this affected them. Of course, if participants 

were accustomed to their sensory experiences, thinking they were ‘normal’, they may not 

have reported them. Modified grounded theory analysis found participant sensory 

experiences resulted from hypersensitivity, leading to either stress or fascination; two 

opposite responses. Moderating factors, such as the intensity of a stimulus, affected the 

impact of sensory experiences, for example how stressful it was. A coping strategy for 

stressful situations was to escape them, but this often resulted in social isolation for 

participants. Other strategies aimed to control sensory intensity and inputs, calm the 

individual or make environments more predictable.  

 

Robertson and Simmons (2015) conducted a focus group with only six autistic adults, 

aged 24-51 years, to gain an insight into their sensory experiences. Participants knew each 

other which may have improved interaction and flow during the session. On the other 

hand, this may have been a hindrance to participants openly sharing their experiences, 

due to embarrassment. Participants were asked four key questions during the focus group. 

The first question was: “do you feel more/less sensitive to your environment than other 

people seem to?” This would have encouraged participants to compare their experiences 

to others they know, which was likely to include non-autistic people. This would have 

highlighted to them some of their altered sensory experiences which otherwise may not 

be obvious. Data were analysed using a general inductive qualitative approach, with five 
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themes being allocated. Participants reported that sensory stimuli could contribute to both 

positive and negative experiences depending on the qualities of the stimuli, for example 

the temperature of a touch surface or intensity of a smell. Like the findings of Smith and 

Sharp (2013), having control over sensory stimuli made them more bearable. 

Additionally, as the autistic children had shared in Kirby et al’s (2015) study, sensory 

stimuli could cause physical responses such as pain. Mental state and emotions, and 

sensory stimuli could affect each other. Regarding Robertson and Simmon’s (2015) 

study, in addition to the very small sample, a drawback is that only one focus group was 

conducted. It is therefore unlikely that this study would have captured all relevant themes 

for this topic, i.e., it did not reach data saturation.  

 

A meta-synthesis by Sibeoni et al (2022) has brought together 32 qualitative studies 

which acknowledged (but not necessarily set out to investigate directly) the sensory 

experiences of autistic adults and children. This confirms the findings of the above studies 

and reveals sensory experiences to impact autistic people in four areas: physically, 

socially, emotionally, and relationally. It suggests autistic people can experience negative 

physical symptoms, such as pain from bright lights or sharp sounds which can impact 

day-to-day activities (e.g., eating or personal hygiene).  Sensory issues can hinder 

concentration, as well as facilitate negative (e.g., fear and anger) and positive (e.g., joy 

and peace) emotions.  The degree of control over a sensory environment influences the 

emotional response of autistic people; greater control or certainty can promote lower 

anxiety levels. Social settings are associated with sensory overload, and autistic people 

may isolate themselves from such places. Better understanding from non-autistic people, 

such as friends and family, can promote self-esteem and acceptance amongst autistic 

people. 

 

In summary, a range of research has attempted to investigate sensory processing in 

autistic individuals, mostly in children. The findings highlight that altered sensory 

reactivity is common amongst autistic people but varies from person to person. 

Additionally, altered sensory reactivity can vary across the different sensory modalities 

within an individual (Miller et al., 2017). This can have both positive and negative 

impacts, depending on the nature of the sensory experience. A recent review (Muskett et 

al., 2019) has found meaningful links between sensory sensitivities and fear and anxiety; 
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particularly, there is a potential bi-directional relationship between sensory sensitivity 

and anxiety. Autistic people employ coping strategies to counteract the negative aspects 

of sensory experiences. These studies have used a variety of methodology, the most 

common being questionnaire administration. Questionnaires have been useful for 

capturing simple information from a geographically diverse and large autistic sample 

overall. However, they limit the extent to which individuals can express themselves. 

Qualitative work allows a more in-depth exploration of participant thoughts and 

experiences which is demonstrated by Kirby et al (2015), Smith and Sharp (2013) and 

Robertson and Simmons (2015).  

  

2.4 Visual sensory experiences in autism 

Although quantitative and qualitative studies have explored general altered sensory 

reactivity in autism, very little research has acknowledged visual sensory experiences. 

Referring to the meta-analysis conducted by Ben-Sasson et al (2019), it is only Tavassoli 

et al (2014a; 2014b) who state the need to explore the individual sensory modalities so as 

not to obscure intra-modality differences. In the qualitative studies by Sharp and Smith 

(2013) and Robertson and Simmons (2015) participants superficially reported sensory 

difficulties with bright environments, patterns, artificial lighting, unpredictable 

movements, visual distractions, fine detail and colours. Bogdashina (2003) compiled a 

list of autistic visual sensory experiences, grouped as either hyper- or hypo- sensitivity 

responses in Table 2.2. This grouping is questionable, as Simmons et al (2009) classify 

many of these hyposensitivities as sensory seeking behaviours. A more obvious visual 

hyposensitivity could be increased visual light detection thresholds, for example. 

Literature has noted a positive correlation between factors which cause visual discomfort 

(e.g., flicker and patterns) and degree of cortical activation (Haigh et al., 2013; O’Hare, 

2016; Patterson Gentile & Aguirre, 2020). Studies have found autistic individuals to have 

elevated cortical excitability which could explain heightened sensory reactivity (Takarae 

& Sweeney, 2017). 

 
Leekam et al (2007) researched sensory abnormalities in autistic adults and children. 

They employed the Diagnostic Interview for Social and Communication Disorders 

(DISCO) which pays attention to the sensory responses to a wide range of stimuli. 

Although the DISCO is qualitative by nature, participant responses are rated as “severe”, 
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“major abnormality”, “minor abnormality” or “no problem”; each of these response 

options are given a score. In part two of Leekam et al’s (2007) study, 200 autistic 

participants, aged 32 months-38 years, were recruited. Of these, at least 90% had sensory 

abnormalities. In terms of vision, it was concluded that visual symptoms improve with 

increasing age and intelligence quotient (IQ) (also the case for auditory, smell and taste 

but not for touch), but also that it is the sensory experience which varied the most with 

age and IQ. This study studied a large sample and provides useful information about the 

visual sensory changes that can occur, but it was unstated as to how many participants 

were children and adults. Furthermore, some interviews were conducted with participant 

parents/ carers. Presumably, this would be the case for very young participants or those 

unable to communicate their responses. This is not clarified by the authors. Of course, the 

DISCO is subjective but trained researchers were employed to conduct this research 

which would have maintained a degree of inter-researcher consistency.  

 . 
Table 2.2 Examples of autistic visual sensory experiences, grouped as hyper- or hypo- 
sensitivity responses (Bogdashina, 2003). 
  
Hypersensitivity Hyposensitivity 
§ Focusing on fine details 
§ Dislike of extreme lighting conditions 
§ Dislike of flashing lights 
§ Maintaining an inferior direction of gaze 

most of the time 
§ An unusual excitement to spinning 

objects 
 

§ Intense focus on objects or people 
§ Moving fingers or objects in front 

of eyes 
§ Intrigued by reflections or 

colourful objects 
§ Constantly visually examining 

objects from different perspectives 

   
Robledo et al (2012) conducted in-depth interviews with five autistic adults, aged 19-57 

years, to explore their sensory and movement experiences. As part of these, participants 

described multiple altered visual sensory experiences, primarily negative. Some 

participants said they enjoyed bright lights and certain colours. Dull cloudy days could 

make them feel sad and depressed. Conversely, other participants said brightly lit 

environments caused them pain. Eye contact was difficult for the participants, but lack of 

this conveyed poor social messages. It could seem that the autistic participants were not 

paying attention to people who were talking to them. Although this study boasts analysis 



 
 

33 

of 40 hours of interview material, the fact that only five participants were involved 

questions how representative it is of the autistic population and suggests that it is unlikely 

that the full range of autistic visual sensory experiences were covered. 

 

Robertson (2012) conducted group interviews with autistic children, aged 9-14 years, to 

explore the sensory sensitivities in this population. A total of three groups, with five 

children in each, were interviewed, who were all from Glasgow. The participants 

described difficulties with all sensory modalities, but specific colours were the main 

problem for the visual domain. Participants did not like wearing particular clothes 

because of the colour, and some colours caused pain. A participant explained not liking 

certain foods because of the colour or shape. Finally, another participant found bright 

lights and television screens caused their eyes to hurt. Like Kirby et al (2015), this study 

confirms the feasibility of qualitative research with children. The researcher has 

attempted to gain as much information as possible from this young sample which is 

encouraging. Of course, there would have been limitations as to what type of questions 

could have been asked and expected to be understood by the participants. 

 

It is evident that few studies have acknowledged autistic visual sensory experiences. A 

concern about Leekam et al’s (2007) work is that although they employed the DISCO, 

which appears to be a qualitative method, the technique involved rating participant 

responses to understand the frequency of sensory abnormalities. This is like questionnaire 

methodology, defeating some of the key advantages of qualitative research which have 

been discussed earlier. Compared to Leekam et al (2007), Robertson (2012), Robledo et 

al (2012) and Smith and Sharp (2013) who employed interviews, Robertson and Simmons 

(2015) conducted a focus group. Relative to one-to-one interviews, interaction between 

participants in a focus group allows researchers to understand the range of opinions as 

well as degree of agreement (Barbour, 2008; Morgan & Kreuger, 1993). Robertson 

(2012) conducted group interviews with autistic children, which would naturally carry 

some focus group traits: there would have been interaction between the participants and 

each would have been influenced by what others said. A final drawback of these studies, 

apart from Leekam et al (2007), are the small sample sizes.  
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Nevertheless, when considered together these studies give an important overall 

impression of what challenges an autistic person could face because of their vision. Whilst 

questionnaire studies have highlighted the commonality of altered sensory reactivity 

amongst autistic people, qualitative studies have complemented these by showing the 

extent of the issue and providing some context to visual sensory symptoms. Questionnaire 

studies have raised questions about the degree of autistic sensory issues which qualitative 

studies have tried to address. However, as these studies have not explored visual sensory 

issues in detail (Leekam et al., 2007; Robertson, 2012; Robertson & Simmons, 2015; 

Robledo et al., 2012; Smith & Sharp, 2013) it is unlikely that the full extent of autistic 

visual sensory experiences have been revealed. If current qualitative studies are indicating 

significant concerns about autistic visual sensory experiences then there is greater priority 

to explore these in detail to reveal the full extent.  

 

2.5 An overview of optometric and orthoptic measures and conditions 

This section provides a detailed overview of optometric, orthoptic and visual stress 

concepts, providing context for sections 2.6 and 2.7. Clinical findings and anomalies are 

discussed in relation to general and clinical populations. 

 

2.5.1 Visual acuity 

Visual acuity (VA) is a measure of one’s ability to resolve high contrast detail and is 

central to judging visual abilities and the outcomes of an eye examination. It is also useful 

for practitioners to be able to monitor the course of ocular pathologies and make referral 

decisions. Driving safety, choice of career, and daily task performance are some of the 

factors which are influenced by VA.  

 

The normal range of VA was quoted as equal to or better than 0.1 logMAR (6/7.5 at 

distance) by the International Classification of Diseases 9th revision clinical modification 

(ICD-9-CM: U.S. Public Health Service, 1978). This was endorsed by the International 

Council of Ophthalmology (1978). However, the ICD-11 (World Health Organization, 

2021b) now quotes normal VA as equal to or better than 0.3 logMAR (6/12). The 

International Council of Ophthalmology (2002) has confirmed the Early Treatment 

Diabetic Retinopathy Study (ETDRS) chart (Figure 2.1) as the “gold standard” for 

assessing visual function. This is a type of logMAR chart which counteracts the many 
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disadvantages associated with Snellen charts (Ferris et al., 1982). Snellen charts (Figure 

2.2), developed by Herman Snellen in 1862, were introduced for screening purposes. The 

uneven number of letters per line and progression in acuity size introduces inaccuracies 

when assessing and monitoring poorer VAs. In contrast, logMAR charts have equal 

progression in letter size changes, proportionate line and letter spacing, five letters per 

line and each line has equal legibility. This allows for more accurate VA measurements, 

and letter-by-letter scoring which is more repeatable compared to line-by-line scoring 

(Bailey et al., 1991). The Bailey-Lovie chart was the first logMAR chart designed using 

these criteria (Bailey & Lovie, 1976). The Bailey-Lovie word reading chart (Figure 2.3) 

is used to measure near word vision at a working distance of 25cm.  

 

De Haan (1862) investigated the influence of age on presenting VA using a Snellen chart, 

in a population-based study. His sample consisted of participants aged up to 80 years. He 

found that the mean VA was exceptionally good (6/3.8, -0.20 logMAR) up to 50 years of 

age. Between the age of 55-60 years it reduced slightly to 6/5 (-0.10 logMAR) after which 

it continued to slowly decline to 6/7.5 (0.10 logMAR) at the age of 80 years. No 

information is available on the sample size or participant demographics, so it is difficult 

to judge the applicability of these findings to all populations. The acuity levels should be 

taken with caution, as the disadvantages of the Snellen chart may have resulted in 

inaccurate measures.  

 

More recently, Elliot et al (1995) presented data from three previous studies (Elliot & 

Whitaker, 1990; Elliot et al., 1993; Whitaker et al., 1992) for which the age range was 

18-80 years. VA was measured using logMAR charts (ETDRS, Bailey-Lovie and 

Waterloo). To ensure a fair representation across the full age range, the research team 

recruited additional participants in some age groups. Strict and consistent exclusion 

criteria were set for these studies, based on magnitude of refractive error, ocular muscle 

balance, and ocular and systemic disease. Although this would have yielded VA results 

unaffected by confounding factors, it questions how representative these are of a general 

population where there co-exists a variety of ophthalmic conditions. Data from a total of 

223 participants are represented in this paper, with mean VA -0.13 logMAR (~6/4.8) for 

those aged 18-24 years old, gradually reducing to -0.02 logMAR (6/6) for ≥75-year-olds. 
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Figure 2.1 An image of an ETDRS vision chart, to assess distance visual function. 

 

 

                                                      
Figure 2.2 An image of a Snellen vision chart, to assess distance visual function. 
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Figure 2.3 An image of a Bailey-Lovie word reading chart, to assess near visual 
function. 

  
A cross-sectional study by Haegerstrom-Portney et al (1999) evaluated a sample of 900 

individuals aged 58-102 years. A Bailey-Lovie chart was used, and results suggested that 

high contrast VA is well maintained with increasing age. The only exclusion criterion in 

this study was age. VA was found to be 0.00 logMAR (6/6) for participants between 58-

60 years of age; 0.10 logMAR (6/7.5) up to the age of 70 years; 0.18 logMAR (~6/9) up 

to the age of 85 years; 0.40 logMAR (6/15) up to the age of 90 years; and 0.48 logMAR 

(~6/19) over the age of 90 years. Although the research team recruited a large sample 

with each age range well represented, all were recruited from Marin County in California 

which means the results do not necessarily represent a general population. Sample 

ethnicity was also not specified. However, the results for age ranges overlapping with De 

Haan’s (1862) study do closely agree.  

 

The VA measured for participants in older age groups by Elliot et al (1995) is much better 

than De Haan (1862) and Haegerstrom-Portney et al (1999). One reason for this could be 

due to the exclusion of participants with limited VA and ocular pathologies impacting 

vision (e.g., cataracts) in Elliot et al’s (1995) study, which they acknowledge. Secondly, 

De Haan (1862) and Haegerstrom-Portney et al (1999) measured presenting VA. That is, 

participants wore their habitual refractive correction (if any) during the experiments. On 

the other hand, participants in Elliot et al (1995) underwent a refraction and wore the 
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optimum refractive correction during experiments. Realistically, VA is a measure of best 

corrected vision; presenting VA may not be the best achievable as the habitual refractive 

correction may be outdated, or individuals may have newly developed a need for 

spectacles. Therefore, De Haan’s (1862) and Haegerstrom-Portney et al’s (1999) findings 

may not be an accurate representation of what VA should be expected for different age 

groups. Their results should be used by clinicians with caution.   

 

The variability of VA measures has been investigated. With a sample of 19 normally-

sighted participants (i.e., VA equal or better than 6/7.5 and no history of eye conditions), 

Raasch et al (1998) investigated the repeatability of distance VA. The sample age range 

was 20-33 years. The research team produced nine vision charts. These used either 

Landolt rings, British Standard Letters or Sloan letters, and had three possible letter/ line 

spacings. The number of letters per row, the size progression of the lines and number of 

lines followed the design principles of a Bailey-Lovie and ETDRS chart. Participants VA 

was measured on each chart, in a random sequence. It is not stated whether monocular or 

binocular VA was measured, however, the criterion for VA endpoint is given: participants 

read letters on the chart beginning from the top and were asked to stop when they got 

three or more letters incorrect on a line. The VA was scored by letter. Overall, the test-

retest standard deviation of VA was 2-3 letters. Of course, this is representative of a 

narrow age range, and results are subject to bias as all the participants were students from 

the University of California’s Optometry school.   

 

Siderov and Tiu (1999) conducted a cross-sectional study with 50 adults, aged 18-75 

years. Their right-eye distance VA was measured by optometrists unaware of the study 

to ensure they followed their usual clinical protocol. The chart type used was either an 

electronic logMAR chart, illuminated logMAR chart or projected Snellen chart. VA was 

retested on 26 of these participants using an illuminated logMAR chart; it is not clear who 

conducted these, although it would not be unreasonable to assume it was members of the 

research team. Participants were asked to read the letter chart down to the smallest line 

on which they could read at least three letters correctly. All VAs were converted to 

logMAR notation and scored by letter. The 95% limits of agreement for test-retest 

repeatability of VA were found to be ±0.155 logMAR. The authors concluded that to be 

sure a ‘real’ change has occurred in a patient’s VA, there should be a difference of at least 
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eight letters on a logMAR chart. Of course, this could have been influenced by using 

different vision charts and differing practitioner techniques. Some VAs were measured 

on Snellen charts whereas others were measured on a logMAR chart. As discussed earlier, 

the charts are not directly comparable. This methodology therefore reduces the validity 

of the results. Although a wide age range was employed in the sample, all the participants 

were recruited from a single clinic.   

 

Hazel and Elliott (2002) investigated the repeatability of VA across different logMAR 

charts: Bailey-Lovie, ETDRS, Waterloo and Regan. Monocular distance VA was 

measured in 40 participants (mean age 28.4±11.9 years), who had normal healthy eyes 

(confirmed by clinical records and ophthalmoscopy). Participants read the lines of letters 

down the chart, until they incorrectly identified a whole line of letters. VA was scored by 

letter. Better VAs and repeatability of VA (±0.10 logMAR) were obtained with the Regan 

chart. This chart has eight letters per line, uses a non-standard font and constant spacing 

between each line. The repeatability of VA for the Bailey-Lovie, ETDRS and Waterloo 

charts was ±0.12 logMAR or ±0.14 logMAR (a maximum of seven letters). The interval 

between the initial measure and repeat measure was one to two weeks, and the order of 

charts was randomised, improving result validity. However, it is unclear where 

participants were recruited from, and where the research took place.   

 

Overall, it appears that VA has a test-retest repeatability of up to eight letters. All the 

studies scored VA by letter which is more accurate and advantageous when testing 

repeatability, compared to by-line scoring. However, a common reason for the above 

studies suffering limited generalisability is their small sample sizes. Siderov and Tiu’s 

(1999) study is particularly impacted by poor validity because they used a mixture of 

logMAR and Snellen charts to measure participant VA. Raasch et al (1998) found a much 

better VA test-retest repeatability compared to Siderov and Tiu (1999) and Hazel and 

Elliott (2002). A possible reason for this could be because their participants were 

optometry students who would have been very familiar with the use and principles of 

letter charts. Secondly, they may have measured binocular VA.  

 

A VA variability of up to eight letters is highly clinically significant, and many 

optometrists are likely to struggle applying this criterion to all patients for judging a 
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significant change in VA. To overcome this, Brown and Lovie-Kitchin (1993) 

recommended measuring a patient’s VA three to five times. This would allow the 

practitioner to gauge the test-retest variability of the patient and judge individual 

clinically significant changes in VA. This method would increase the sensitivity of VA 

measurements in clinical practice.   

 

2.5.2 Amblyopia  

Amblyopia is a reduction in form vision which remains when refractive error is corrected 

and there is no detectable pathology of the visual pathway (Rowe, 2012). Clinically, 

amblyopia is defined as a difference in VA of the two eyes of two lines or more on a letter 

chart and/ or the VA in the amblyopic eye being worse than 6/9 (Holmes & Clarke, 2006; 

McKee et al., 2003). Due to the differences between Snellen and logMAR charts, 

interchangeable use of these is likely to introduce confounding factors.   

 

Amblyopia results from a poor visual image during the developmental period of the visual 

system (Von Noorden & Crawford, 1979), which can be a consequence of strabismus 

(section 2.5.5), refractive error (section 2.5.3) (in particular anisometropia) or stimulus 

deprivation (Holmes & Clarke, 2006). In a systematic review and meta-analysis by 

Hashemi et al (2018), only 8.6% of studies investigated the prevalence of amblyopia in 

adults rather than children. This was found as 3.09%-3.32%.  

 

Attebo et al (1998) investigated the prevalence and causes of amblyopia in a large sample 

of 3654 participants, from Australia, over the age of 49 years. VA was measured on a 

logMAR chart and amblyopia confirmed in 3.2% of the sample. The amblyogenic factors 

in these participants were anisometropia (50%), strabismus (19%), strabismic-

anisometropia (27%) and stimulus deprivation (4%).   

 

A similar population-based study, again with an Australian adult population (Brown et 

al., 2000), defined amblyopia as a VA worse than 6/9, but at least one line difference in 

VA between the eyes on a logMAR chart. This was investigated in 3265 urban and 1456 

rural residents from the state of Victoria, with an age range of 40-92 years. The prevalence 

of unilateral amblyopia was found to be 3.06%. Exploring the causes of amblyopia found 

anisometropia ≥1.00 dioptre (D) (53.9%) and oblique astigmatism (18%) to be more 
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common amongst amblyopes. In non-amblyopes, the prevalence of anisometropia 

≥1.00D and oblique astigmatism was 9.6% and 5.3% respectively. This study was that it 

was the first to consider participant country-of-birth as a possible amblyopia risk. 

Encouragingly, the research team noted the ethnic background of participants, revealing 

a global representation (Italian, Eastern European, Greek and “other”), but did not 

correlate these to the results. They did, however, report no statistical difference in 

amblyopia prevalence across age groups, gender, socio-economic status or country of 

birth. The criteria for amblyopia in this study differ from the commonly accepted clinical 

definition and would be expected to inflate prevalence.  

 

The prevalence of amblyopia in an older Danish population, aged 60-80 years, was 

investigated by Vinding et al (1991). Of the randomly sampled 924 participants (stratified 

for age and gender), 27 were found to be amblyopic, giving a prevalence of 2.9%. Of 

these, 21 were strabismic and six had an unreported degree of anisometropia. The 

research team purposefully set out to represent a select age demographic who had never 

received vision screening or treatment. It is therefore interesting that the reported 

prevalence of amblyopia is similar to Attebo et al (1998) and Brown et al (2000), whose 

data represent age groups which would not have been similarly disadvantaged. A 

drawback of this study is that no information, other than age range, is given about the 

participants. 

 

A higher amblyopia prevalence of 5% was found in a German population (Elflein et al., 

2015). Elflein et al (2015) reported the results of the Gutenberg Health Study: a 

prospective, single centre, population-based cohort study. They only reported the 

prevalence of amblyopia in one sub-cohort (35–44-year-olds) which had a sample of 3227 

participants. Anisometropia ≥1.00D was the cause of amblyopia in almost half of the 

sample (48%), and strabismus in 41%. Of course, the small age range of this study is a 

key limitation to its generalisability across a wider demographic. The higher prevalence 

of amblyopia may reflect impact of environment, generation, genetics and vision services 

in the localities of the sample. Another limitation of this study is that VA was assessed 

with the Humphrey HARK 599 Autorefractometer Keratometer which measures single 

optotype acuity. This would overestimate VA, particularly in amblyopes, due to the 
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absence of crowding (Whitney & Levi, 2011). Therefore, it is more surprising that a 

higher amblyopia prevalence was found in this study.  

 

2.5.3 Refractive error 

A refractive correction (spectacle prescription) should be advised based on patient 

symptoms, optometric/ orthoptic anomalies and impact on quality of vision ( Elliott & 

Howell-Duffy, 2015; The College of Optometrists, 2021b). Uncorrected refractive errors 

are one of the leading causes of visual impairment and blindness (World Health 

Organization, 2021a). Additionally, they can cause blurry vision, diplopia and asthenopia 

(National Eye Institute, 2020). An updated optical correction restores vision to a good 

and comfortable level for most patients (Michaels, 1981). This shows the importance of 

ensuring an appropriate refractive correction for symptomatic patients before prescribing 

other therapies.  

 

Cumberland et al (2015) investigated the frequency and distribution of refractive errors 

in adults. The UK Biobank studied a sub-sample of 107,452 adults aged 40-69 years and 

the researchers performed autorefraction. Refractive errors were classified according to 

their mean spherical equivalent value. The frequency of myopia, defined as ≥-0.50 dioptre 

sphere (DS) was 33.5%, and hyperopia, defined as ≥+0.50DS was 39.7%. It is 

encouraging to see a very large sample size, improving generalisability, and that this data 

was collected from 22 study assessment centres across the UK and Wales ensuring a 

mixture of ethnicities and environmental factors are represented. 

 

During post-natal development, the eye closely matches its axial length and refractive 

power to focus the optical image onto the retina (Troilo & Wallman, 1991). As well as 

genetic influences and pre-natal factors, the visual experience after birth strongly impacts 

refractive development and leads most eyes to a negligible refractive error (Norton, 1999; 

Smith, 1998; Wildsoet, 1997). Emmetropisation is “the disappearance of neonatal 

refractive errors which are considered normal rather than an exception during early 

development” (Wildsoet, 1997). Animal models have been used to investigate 

emmetropisation. Induced refractive errors with lenses caused the axial length to change 

to match the refractive power in chicks, but removal of these caused the eyes to quickly 

adapt again to the “new” refractive state (Troilo & Wallman, 1991). Form deprivation 
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caused chicks’ eyes to become highly myopic due to axial growth (Wallman et al., 1978; 

Yinon et al., 1980), but removal of the causal factors during the developmental period 

showed recovery from myopia (Wallman & Adams, 1987). If myopia is corrected during 

emmetropisation the eye will remain myopic (Wildsoet & Schmid, 2000). In a study by 

Smith et al (2005) monkeys had diffusers placed over their eyes allowing 37 degrees of 

central vision only; they still developed axial refractive errors. In contrast to this, when 

the central 10 degrees of the retina was ablated emmetropia still resulted (Smith et al., 

2007). This indicates that the peripheral retina is of paramount importance for 

emmetropisation. However, Schippert and Schaeffel (2006) found that a limited field of 

view to central vision only still resulted in emmetropisation, in chicks. Charman and 

Radhakrishnan (2010) appreciate this difference could be down to differing mechanisms 

in different animals but concluded that peripheral retinal blur as a cause of refractive error 

is inadequately proven although there is substantial evidence to support it. Since, multiple 

myopia control studies have endeavoured to research this further, giving weight to the 

peripheral retinal blur theory. Minimising retinal peripheral hyperopic blur, or increasing 

retinal peripheral myopic blur, with progressive addition lenses, peripheral defocus 

ophthalmic lenses, specially designed contact lenses or orthokeratology has shown 

moderate slowing of myopia progression (Weiss & Park, 2019).  

 

Mutti et al (1996) found that if one parent is myopic then the child has a 20-25% chance 

of being myopic, but if both parents are myopic then this increases to 30-40%. A study 

of myopia in mono- and dizygotic twins (Lin & Chen, 1987) found a strong link between 

myopia and inheritance. Many environmental factors can impact refractive status too, 

such as school level, intelligence, near work and socioeconomic status (Angle & 

Wissmann, 1980; Hirsch, 1959; Saad & El-Bayoumy, 2007). 

 

2.5.4 Binocular vision 

Humans have two forward-facing eyes which capture images. In a process called 

binocular vision, these are fused in the brain to create a single binocular percept. Fusion 

is possible when the two images are of a similar size, focused and imaged on 

corresponding retinal points (points on the retina of each eye which share the same visual 

direction). The horopter (Figure 2.4) passes through these corresponding retinal points in 

visual space.  



 
 

44 

The success of binocular vision is a result of the coordination of the eyes within the orbits 

(motor fusion), ability of the brain to fuse the images (sensory fusion) and general 

development of the visual system and anatomical features. Abnormalities in any of these 

areas can lead to a binocular vision anomaly. This can cause eyestrain, diplopia (double 

vision), or suppression (Evans, 2021). 

  

                                     
Figure 2.4 A diagram showing the horopter in relation to the eyes (Riess, 2007). The 
black and green visual points projected onto the retinae exemplify objects lying on the 
horopter which have the same visual direction, or stimulate corresponding retinal points, 
in the two eyes. Objects which do not lie on the horopter do not stimulate corresponding 
retinal points in the two eyes, as shown by the blue visual point.  

 
2.5.5 Strabismus  

Strabismus is a deviation in the alignment of an eye, which can be constant or intermittent. 

Whilst one eye is aligned towards the object of interest, the other eye can be turned in 

(esotropia), out (exotropia), up (hypertropia) or down (hypotropia). Individuals with 

strabismus can either experience diplopia, suppression of the image from the deviated 

eye, or develop anomalous retinal correspondence depending on the circumstances (e.g., 

age of onset, size and consistency of the deviation) (Evans, 2007).  

 

Bailey et al (2014) conducted a retrospective study to find the prevalence of strabismus 

among children in New York to be 1.09%. The prevalence of strabismus amongst adults 

is estimated to be approximately 4% in the USA (Beauchamp et al, 2003) and 1.1% in 

Denmark (Hultman et al., 2019). Shapira et al (2018) researched the prevalence of 
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strabismus in Israeli young adults; 107,608 adults of average age 17.4 years were 

recruited from the general population and results revealed a 50% difference in prevalence 

across a generation. The prevalence of strabismus was 1.2% among those born between 

1971-1985 and was 0.6% for those born between 1986-1994. The difference is suggested 

to be due to improving paediatric diagnosis and treatment over time. This study recruited 

a large sample size which improves the generalisability of the results, but the findings are 

isolated to young Isreali adults between 16-19 years old, born during a specific period, 

which cannot be generalised globally. Overall, bringing together the results of 56 studies, 

representing 229,396 participants, a systematic review and meta-analysis by Hashemi et 

al (2019a) has confirmed a strabismus prevalence of 3.29% globally amongst adults aged 

20 years and over.    

 

To report the prevalent forms of childhood strabismus, Mohney (2007) conducted a 

retrospective, population-based cohort study. The medical records of all Olmsted County 

residents, aged under 19 years and diagnosed with a strabismus between 1985-1994, were 

reviewed. During this 10-year period, 627 new cases of childhood strabismus had been 

diagnosed. Of these, 60.1% were an esotropia, 32.7% were exotropia and 6.7% were 

hypertropia. The five most common types of strabismus were:  intermittent exotropia 

(16.9%), accommodative esotropia (10.2%), non-accommodative acquired esotropia 

(10.2%), esotropia in children with central nervous system abnormalities (7.0%) and 

convergence insufficiency (CI) (6.4%). A total of 4.8% of the sample were diagnosed 

with a congenital esotropia. The most common cause of hypertropia was a fourth nerve 

palsy (2.1%). In a retrospectively reviewed population-based cohort study, Martinez-

Thompson et al (2014) set out to investigate the incidence and causes of adult-onset 

strabismus in Olmsted County between 1985-2004. A total of 753 individuals, aged 19-

100 years, were identified with adult-onset strabismus. The incidence was calculated to 

be 54.1/100,000. The most common cause of strabismus (44.2% of cases) was 

pathological, for example a nerve palsy, myasthenia gravis or internuclear 

ophthalmoplegia. The next three most common types were a CI (15.7%), small angle 

hypertropia (13.3%), and divergence insufficiency (10.6%). The research team observed 

a significant increase in the cases of strabismus with increasing age too. Of course, the 

results of these studies are a reliable representation of the population of Olmsted County 

only but provide useful information on the possible types and causes of strabismus in 

different age groups. Both studies unusually classified CI as a type of strabismus without 
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explanation. It is likely they were referring to a near exotropia.    

 

2.5.6 Heterophoria  

A dissociated heterophoria, commonly referred to as just a heterophoria or phoria, is a 

deviation in the alignment of the eyes evident only when the eyes are dissociated (Evans, 

2007). That is, when one eye is covered, or the images seen by the two eyes are not 

fusible. In fact, the word “dissociated” is redundant, but for the remainder of this thesis 

the phrase “dissociated heterophoria” is used to easily differentiate this from “associated 

heterophoria” and “aligning prism”. Tests to measure the magnitude of a dissociated 

heterophoria include: alternating cover test, which involves each eye being covered in 

turn with an occluder (Figure 2.5), or Maddox Rod/ Wing (Figure 2.6 and 2.7), which 

involve each eye seeing a different image. The absence of a heterophoria is termed 

orthophoria (Evans, 2007).  

 

Distance horizontal dissociated heterophoria was evaluated in a cross-sectional study by 

Palomo Álvarez et al (2006). This was measured in 271 non-clinical subjects, aged 21-80 

years, using the Von Graefe technique (Daum, 1991; Grosvenor, 2002): whilst viewing a 

vertical column of letters, a 6 prism dioptre (Δ) base-up dissociating prism was placed in 

front of the participant’s right eye, causing vertical diplopia. Thereafter, any horizontal 

misalignment in the column of letters was neutralised with a prism placed over the left 

eye. Participants were put into groups according to age. The mean dissociated 

heterophoria was found to range from 0.2±1.6Δ base-out to 0.6±3.1Δ base-in; no groups 

had a mean of 0Δ. All age groups were found to have a mean exophoria, except the >70 

years group who had a mean esophoria. This study represents a large age range, with a 

good representation within each age bracket. As the aim of this study was not to identify 

prevalence, the proportion of participants presenting with a heterophoria is not given.  

 

Razavi et al (2010) investigated the prevalence of near dissociated heterophoria in an eye 

hospital. In this cross-sectional study, the dissociated heterophoria of 111 participants 

(aged 20-40 years) was measured using Maddox Wing. In total, 57.7% of the sample were 

found to have a dissociated heterophoria, the most common being an exophoria (51.4%). 

The mean magnitude of a horizontal dissociated heterophoria was 2.2±3.0Δ base-in. Of 
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course, these results are representative of a clinical population but support the fact that 

most people have a dissociated heterophoria at near (Evans, 2007).  

 

    

Figure 2.5 An image of a frosted occluder. This is placed in front of the eye, removing 
form vision. Only the “uncovered” eye can perceive detailed form vision.   

 

   

Figure 2.6 An image of a Maddox Rod lens. The patient is directed to look towards a 
small spotlight. The Maddox Rod lens is placed in front of one eye, resulting in a red line 
being seen too. The patient indicates the relative position of the red line and the spotlight. 
This can be used to measure distance and near dissociated heterophoria. Please note, 
alternatives to the traditional spotlight include a line target available on electronic testing 
charts. 
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Figure 2.7 An image of a Maddox Wing. The patient holds it by the handle, looks through 
the sight holes and reads the numbers in line with the arrows. This is used to measure 
near dissociated heterophoria. 

  
Recently, Hashemi et al (2020) conducted a cross-sectional study to explore the 

prevalence of dissociated heterophoria in a large sample of 726 Iranian university students 

(aged 18-25 years). This study provides detailed, useful and alternative information about 

different aspects of dissociated heterophorias: Distance and near horizontal dissociated 

heterophoria was determined by prism cover test. Overall, the prevalence of a dissociated 

heterophoria, at any distance, was 12.9%, with an exophoria approximately 10 times more 

common than an esophoria. The prevalence of a near dissociated heterophoria (8.5%) was 

greater than at distance (6.3%). Esophoria was significantly more common amongst 

females and exophoria amongst myopes. The prism cover test technique is well described 

by the authors; however, this is a subjective test and relies on examiner interpretation. 

Hashemi et al (2020) do not suggest any examiner training which could have mitigated 

this and maintained consistency. Furthermore, the sample age range is narrow and 

representative of a particular nationality, limiting generalisability.  

 

2.5.7 Fixation disparity 

A fixation disparity is a minute misalignment of the eyes which does not result in the 

breakdown of binocular single vision (Evans, 2007). This is because the human visual 

system has evolved to compensate for small disparities in ocular alignment. Panum’s 

Sight holes 
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Fusional Area is the retinal area surrounding corresponding retinal points, within which 

if retinal images fall binocular single vision will be maintained (Evans, 2007; Rowe, 

2012). The Mallett unit is popularly used in the UK to detect the presence of a fixation 

disparity and measure the degree of prism (or sphere) required to neutralise it (Evans, 

2007; Karania & Evans, 2006). This degree of prism is termed the “associated 

heterophoria”. However, the International Standards Organization (1995) has suggested 

“aligning prism” as a more appropriate title. I use “aligning prism” in this thesis. Figures 

2.8 and 2.9 present the distance and near Mallett units, respectively.  

 

 
Figure 2.8 An image of a distance Mallett unit. The patient wears polarised filters which 
ensure each eye only sees one red marker (Nonius marker). The “OXO” is seen 
binocularly. The patient is instructed to focus on the central “X”. While doing so, they 
are asked to judge the alignment of the Nonius markers relative to the “X”.  

 
Research has found that fixation disparity is a better indicator of the stability of a 

heterophoria and symptoms than dissociative methods (Jenkins et al., 1989; Yekta & 

Pickwell, 1986). Fixation disparity has been shown to be a useful tool in clinical practice 

to determine the likelihood of a heterophoria causing symptoms, and to ascertain the 

required prism or sphere for treatment. Yekta and Pickwell (1986) measured the near 

dissociated heterophoria and fixation disparity (in minutes of arc) in 85 participants, aged 

12-45 years. They found a poor link between the two (Figure 2.10). Symptomatic 

participants had a greater fixation disparity. There was no correlation between the 

magnitude of dissociated heterophoria and participant symptoms. 
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Figure 2.9 An image of a near Mallett unit. The patient wears polarised filters which 
ensure each eye only sees one green marker (Nonius marker). The “OXO” and 
surrounding text are seen binocularly. The patient is instructed to focus on the central 
“X”. While doing so, they are asked to judge the alignment of the Nonius markers relative 
to the “X”.  

 

 

Figure 2.10 A scatter diagram of dissociated heterophoria (prism dioptres (Δ)) against 
fixation disparity (F.D.) (minutes of arc) (Yekta & Pickwell, 1986). Numbers above data 
points indicate the number of participants who had that result if >1. 
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Jenkins et al (1989) defined an aligning prism more likely to cause symptoms if ≥1Δ in 

pre-presbyopes and ≥2Δ in presbyopes, horizontally. In their study, dissociated 

heterophoria and aligning prism of 178 asymptomatic and 88 symptomatic (mean age ~23 

years) were measured. Symptoms included headaches, diplopia, blurred vision, pain in 

the eyes or visual discomfort. Results highlighted the poor relationship between 

dissociated heterophoria and binocular vision symptoms. Although this study provides 

clinicians with useful prescribing guidelines, limited demographic information is given 

about the sample (e.g., exact age range). Participants were from Iran and Britain. The 

Iranian participants were recruited from one eye clinic. The recruitment strategy and 

location of the British sample is unstated. Later, Pickwell et al (1991) made complete 

optometric measurements at distance and near in 383 individuals aged 5-89 years. They 

confirmed that near aligning prism did correspond to symptoms, but distance aligning 

prism did not appear related to patient symptoms nor were helpful for patient 

management.  

 

In a double masked randomised placebo-controlled study, O'Leary and Evans (2006) 

investigated the effect of an aligning prism and control lens on the Wilkins Rate of 

Reading Test result. A total of 80 participants (pre-presbyopes and presbyopes) were 

included in this study, all of whom required at least 0.5Δ aligning prism on the Mallet 

unit. The authors concluded that if a suspicious heterophoria is found (e.g., a poor cover 

test recovery or significant aligning prism) regardless of symptoms, exophoric patients of 

any age requiring an aligning prism of ≥2Δ are likely to show improved rate of reading 

with treatment. The authors confirmed that if symptoms are present too, then clinicians 

should also consider Jenkins et al’s (1989) criteria, as stated above. To clarify, this study 

found a poor relationship between the number of patient symptoms and the degree of 

improvement in rate of reading. All participants were recruited from a single optometric 

practice. It appears that patients were invited to take part in the study on a first-come-

first-serve basis, as they presented for an eye examination. This may not have captured a 

fair representation of the general population, but the results are likely to illustrate a 

clinical population consulting community optometrists.  

 

A study by Otto et al (2008), casts doubt on the usefulness of prescribing prism based on 

aligning prism. This study involved a small sample of 20 participants, aged 20-71 years, 
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who self-measured aligning prism on a Mallett unit, and then the degree of prism which 

made viewing the “OXO” most relaxing (comfortable prism), both with Herschel’s 

counterrotating prisms. Participants were given instructions when assessing aligning 

prism as per Karania & Evans (2006), who showed that the type of instructions given to 

patients can influence the degree of aligning prism found, and that more specific 

questioning reveals an aligning prism which correlates better to patient symptoms. Otto 

et al (2008) found aligning prism measures were significantly different to the comfortable 

prism in most participants. Aligning prism was averagely more esophoric compared to 

the comfortable prism. Based on this, the authors concluded that the differences found 

were due to the unnatural conditions created when measuring aligning prism. These 

induce artefact, and instead patients should be allowed to measure their own comfortable 

prism to determine the best prism to prescribe. The authors’ conclusion is interesting, 

although their testing conditions were not optimal. The testing distance was 4 metres, 

which does not represent distance nor near. Also, rather than using polarised filters with 

the Mallett unit, liquid crystal shutter goggles were used. Recent research has confirmed 

that different aligning prism test types can produce clinically different results (Parmar et 

al., 2019). It can be argued that these alternative testing conditions do not represent a 

clinical setting and would have introduced artefact into the study results, impacting the 

validity of the findings.  

 

Although limited to students from an Iranian university, Yekta et al (2017) measured near 

aligning prism in 382 individuals aged 18-35 years. This study, which set out to establish 

binocular vision characteristics in a normal population, found the mean aligning prism to 

be 0.55±1.02Δ base-in. This supports Jenkins et al’s (1989) definition of an aligning 

prism which could cause symptoms in this age group.  

 

2.5.8 Fusional reserves 

Fusional reserves indicate the amount of vergence that can be induced before fusion is 

compromised, causing symptoms such as blurred vision or diplopia (Evans, 2007). 

Fusional reserves are commonly measured using prism bars (Figure 2.11) in practice, but 

other clinical procedures are available involving rotary prisms, vectograms and 

stereograms (Evans, 2007; Feldman et al., 1989). It is generally recommended that the 
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fusional reserve opposing the heterophoria is measured first (Dabasia, 2010; Rosenfield 

et al, 1995).  

 

Table 2.3 gives mean normative fusional reserve “break-point” values (Δ) by Morgan 

(1944), Wesson (1982), Antona et al (2008), Fray (2013) and Yekta et al (2017). 

Morgan’s (1944) values are widely accepted as fusional reserve norms, but we do not 

know the specific age range from which these data were obtained. “Pre-presbyopes” 

could include anybody up to the age of approximately 40 years. We do not know if these 

values represent both children and adults.  

 

The effect of age on distance fusional reserves was investigated with a rotary prism by 

Palomo Álvarez et al (2006) in 271 participants aged 21-80 years; each age group was 

well represented. The prism value at which fusion recovered became smaller with age; 

the mean base-out recovery reduced by 3.3Δ and base-in recovery reduced by 2.5Δ from 

the youngest to the oldest participant. The break points did not differ significantly. The 

results therefore show that with age there is an increasing struggle to re-fuse broken down 

binocular vision. This study recruited a large sample across a large age range. The sample 

was not recruited from any optometry or ophthalmic clinics, therefore avoiding a biased 

representation. It is also encouraging to see a detailed description of the methods, but 

prisms were changed at a quick rate of 2Δ/second in front of the eyes.  
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Table 2.3 Normative mean values for horizontal fusional reserve “break-points” in prism dioptres (Δ) (Antona et al., 2008; Fray, 2013; Morgan, 
1944; Wesson 1982; Yekta et al., 2017). Sample size (n) and age range are given for each source. Please note, the standard deviations for Fray’s 
(2013) data, and the “near” distance for Yekta et al’s (2017) study are unstated.  

 Morgan (1944) Wesson (1982) Antona et al (2008) Fray (2013) Yekta et al (2017) 
Distance Near 

(40cm) 
Distance Near 

(40cm) 
Distance Near 

(40cm) 
Distance Near 

(33cm) 
Distance “Near” 

Base-
out (∆) 

19.00±8.00 21.00±6.00 11.00±7.00 19.00±9.00 23.25±7.68 28.91±9.09 26.80 36.60 20.64±7.47 
 

18.65±4.97 

Base-in 
(∆) 

7.00±3.00 21.00±4.00 7.00±3.00 13.00±6.00 8.63±1.94 12.14±3.35 7.10 15.00 8.82±2.82 31.44±6.73 

n 800 116 61 50 382 
Age 
(years) 

“pre-presbyopes” 4-70 19-32 20-65 18-35 
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Figure 2.11 An image of prism bars. The upper bar is used to assess horizontal fusional 
reserves. The lower bar is used to assess vertical fusional reserves. The patient is 
instructed to focus on a line of letters. The prism bar is introduced over one eye and the 
prism power is gradually increased, at approximately one prism power-step every two 
seconds. The patient is instructed to report when they experience blurred vision and 
diplopia. When they experience diplopia, the prism power is gradually reduced until the 
diplopia is resolved.  
 

 

Antona et al (2008) investigated the repeatability of horizontal fusional reserve measures 

in 61 young adults, aged 19-32 years. Base-in fusional reserves were measured first and 

these showed better repeatability than base-out ranges. For a prism bar, the inter-session 

coefficient of repeatability (CoR) was: distance base-out ±13.93Δ, base-in ±4.00Δ; near 

base-out ±15.00Δ, base-in 8.05Δ. The reliability of binocular vision measurements was 

investigated by Rouse et al (2002) in 20 school children with a narrow age range 10-11 

years. Near horizontal fusional reserves were measured using rotary prisms. Based on 

their findings, the authors suggested that intra-examiner measures can vary up to 12Δ 

between visits. Therefore, to be able to confidently judge a “real” change in horizontal 

fusional reserves, clinicians would need to find a difference of at least 12Δ (intra-

examiner) or 10Δ (inter-examiner). Of course, these studies have limited generalisability 

because of their small sample sizes, specific age ranges and the fact they recruited from 

educational institutions only. Antona et al (2008) randomised the order of the tests to 

prevent participant learning effect or influence of fatigue. The same examiner conducted 

all the tests. To ensure consistency of inter-examiner technique, Rouse et al (2002) 

provided clinicians with a standard protocol. This would have prevented variations in 

results due to variation in technique. Overall, considering the outcomes of Rouse et al 

(2002) and Antona et al (2008), and the normative data in Table 2.3, fusional reserves 
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have large, clinically significant variability. This makes it very difficult for clinicians to 

confirm or monitor fusional ability of patients. It questions whether practitioners can and 

should solely rely on the outcomes of prism fusional reserves to make a clinical decision. 

Instead, intrasubject methods can be used to judge fusional reserves, which are discussed 

in section 2.5.9. 

 

Antona et al (2008) did not recommend the interchangeable use of prism bars and rotary 

prisms in practice due to their poor level of agreement. Feldman et al (1989) compared 

the fusional reserves measured by rotary prisms, vectograms and a computer orthopter. 

Goss and Becker (2011) compared fusional reserves measured by prism bars and rotary 

prisms. Both too concluded that, although each test provides different useful information 

for the practitioner, they should not be used interchangeably in practice. The normative 

values given in Table 2.3 are based on prism bar (Antona et al., 2008; Fray, 2013; Wesson, 

1982; Yekta et al., 2017) and rotary prism (Morgan, 1944) techniques. 

 

2.5.9 Decompensated heterophoria 

Several clinical tests can assess compensation of a heterophoria, including cover test, 

aligning prism and prism fusional reserves (Evans, 2008), after the refractive status has 

been confirmed. A heterophoria is decompensated if it is causing symptoms or if the 

binocular vision system is likely to deteriorate if it is not treated (Evans, 2007). Signs and 

symptoms usually become more apparent as the day progresses, when individuals are 

tired, and during concentrated visual tasks to name a few (Dabasia, 2010; Evans, 2007). 

Decompensation can be the result of an uncorrected significant refractive error, poor 

fusional reserves, unbalanced level of vision between the eyes, or a large heterophoria 

(Evans, 2007). Decompensated heterophorias are rare at distance (Evans, 2008). 

 

Using a battery of binocular vision tests, Yekta et al (2011) found the prevalence of a near 

decompensated heterophoria to be 9.1% amongst 406 university medical students in Iran. 

Earlier, a survey of approximately 60,000 eye examinations in the UK by Stidwill (1997), 

revealed 3075 patients to have a binocular vision anomaly. Of these, 8% had a 

decompensated heterophoria. Therefore, the author predicted the general population 

prevalence to be approximately 0.41%. Unfortunately, the age range in this study is 

unclear; the author states participants to be of “all ages”.  
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If fusional reserves are reduced in a particular direction, there is increased risk of 

decompensation of heterophorias in the opposite direction (Evans, 2007).  Intrasubject 

methods can be used to assess this. Percival (1928) suggested that for a heterophoria to 

remain compensated the larger horizontal fusional reserve must be no greater than double 

the magnitude of the smaller. However, Sheard’s criterion suggests that the fusional 

reserves in the opposite direction of the heterophoria need to be at least twice the 

magnitude of the heterophoria itself to avoid symptoms, such as asthenopia (Sheard, 

1930). It appears both criteria were suggested based on clinical opinion, not experimental 

evidence. Since, studies have investigated the effectiveness of these criteria. As part of a 

study to establish which optometric measures are useful to identify people with 

oculomotor-related symptoms, Sheedy and Saladin (1977) measured horizontal 

dissociated heterophoria and fusional reserves in a small sample of 28 asymptomatic 

optometry students and 32 symptomatic orthoptic patients. A range of variables, 

including Sheard’s and Percival’s criteria, were individually tested for their ability to 

discriminate symptomatic from asymptomatic participants. Of all the variables, Sheard’s 

criterion was the best discriminator. Percival’s criterion was ranked 10th out of the 11 

variables for discriminatory ability. The results of this study lack applicability to the 

general population because the participants represent a student and clinical population, 

and the age ranges are not stated. Sheard’s criterion again proved to be the best 

discriminatory variable between symptomatic and asymptomatic people in a later study 

by Sheedy and Saladin (1978), this time with a larger sample consisting of 103 optometry 

students. The optometry students in Sheedy and Saladin’s (1978; 1977) studies would not 

have been naive to the tests and their theory. Furthermore, examiner variability is likely 

to have been introduced in these studies as the optometry study participants conducted 

the tests on each other. More recently, Moon et al (2020) investigated the ability of 

screening tests to discriminate between CI, other binocular vision anomalies and normal 

binocular vision. The tests involved measuring dissociated heterophoria and prism 

fusional reserves. These were then evaluated using Sheard’s and Percival’s criteria. A 

total of 184 university students, aged 18-28 years, took part in this study. As with the 

studies by Sheedy and Saladin (1978; 1977), the results of this study also found Sheard’s 

criterion to have superior discriminatory ability to Percival’s criterion. Sheard’s criterion 

was able to detect all CIs. Although Moon et al (2020) had a large sample providing 

generalisable results, the outcomes can only be applied to the narrow age range 
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represented in this study. Both Sheedy and Saladin (1977) and Moon et al (2020) used 

rotary prisms to measure fusional reserves, but the method used by Sheedy and Saladin 

(1978) is unstated.  

 

Conway et al (2012) investigated whether fusional reserves, which are used by orthoptists 

to detect decompensated heterophoria, correlate to aligning prism. Both were measured 

at distance and near in a large cohort of 500 participants, representing a wide age range 

of 18-59 years. Results indicated a weak relationship at distance, but a significant 

relationship at near. Aligning prism at near was most strongly correlated to base-out 

fusional reserves break-point, and better correlated to Sheard’s criterion relative to 

Percival’s criterion. As the authors concluded, this shows that fusional reserves and 

aligning prism are useful tests to determine a decompensated heterophoria at near. 

 

2.5.10 Near point of convergence 

Near point of convergence (NPC) is the point where the visual axes intersect under 

maximal convergence of the eyes. Optometry textbooks have quoted a normal NPC as up 

to 8cm (Evans, 2007) or up to 10cm (Bishop, 2001; Van Noorden & Campos, 2002). 

However, a recent review (Gantz & Stiebel-Kalish, 2021), including children and adult 

studies, has highlighted normative NPC values as small as 3cm. The Convergence 

Insufficiency Treatment Trial Study Group’s protocol (2008) states 6cm as the cut-off for 

normal NPC. Gantaz and Stiebel-Kalish (2021) in summary recommended a normal NPC 

cut-off of 6cm for pre-presbyopes and 10cm for presbyopes. Practically speaking, an 

individual’s NPC should be adequate for their working distance. For example, if one’s 

closest working distance is 25cm, then an NPC of up to approximately 20cm could be 

acceptable for this person. The technique to measure NPC involves a target being brought 

towards the eyes, with both eyes fixing on it, until the patient experiences diplopia 

(subjective) or one of the eyes is observed to lose fixation (i.e., one eye suddenly turns 

out) (objective). McGinnis et al (2020) assessed the impact of target speed and 

instructions on the measured NPC in 20 young university students (averagely aged 

24.3±2.92 years). The target speeds were 1cm/s, 3cm/s, 5cm/s, and participant self-paced, 

and participants were instructed to report blur or diplopia of the target. As target speed 

increased, the NPC measured shortened. As mentioned by Burns et al (2020), reaction 

time influences such measures, and therefore it is not unusual that measured NPC was 
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shortest with the fastest target speed; participants may not have been able to react quick 

enough. Unsurprisingly, a shorter NPC was measured when the participant was instructed 

to monitor diplopia rather than blur.  

 

Different target types can be used. Firstly, accommodative targets are those which are 

small and detailed. They require patients to focus on them. Driving one’s accommodation 

subsequently encourages convergence, because of the links within the near triad. Of 

course, the advantages of accommodative targets would only be useful for pre-presbyopes 

who have active accommodation. Next, non-accommodative targets (e.g., a spotlight or 

a spot-and-line) rely solely on one’s convergence and fusional abilities. Therefore, the 

patient is instructed to maintain singularity of the target, not clarity. These appear more 

appropriate for presbyopes who would struggle to maintain clarity of an accommodative 

target. Thirdly, coloured filters (e.g., red/ green goggles) can be combined with a 

spotlight. This is a dissociative non-accommodative target. The use of the coloured filters 

creates unnatural viewing conditions and would encourage fusion to breakdown quicker.  

 

Studies have investigated the influence of different target types in healthy, symptom-free 

individuals, with mixed outcomes. Some studies have shown no influence of the target 

used (Pang et al., 2010; Siderov et al 2001). Others have suggested that accommodative 

targets should be used because they yield less remote NPC values (Scheiman et al., 2003). 

But Phillips and Tierney (2015) found that non-accommodative targets find better NPC 

values compared to accommodative ones. Both Scheiman et al (2003) (n=175) and 

Phillips and Tierney (2015) (n=36) recruited young, pre-presbyopes. The former’s 

conclusions are based on the furthest NPC measured: accommodative target=7cm 

(mean=2.49±1.74cm), penlight=10cm (mean=2.06±1.85cm), penlight with red/green 

goggles=11cm (mean=2.38±2.11cm). Phillips and Tierney’s (2015) outcomes are 

surprising, considering they also recruited pre-presbyopes. They measured NPC using 

three different accommodative target sizes (N8 mean=5.92±1.41cm, N11 

mean=6.04±1.63cm, N14 mean=6.00±1.66cm) and two non-accommodative targets (line 

mean=5.62±1.59cm, pen tip mean=5.69±1.54cm). The mean difference between the N11 

target and non-accommodative targets, and N14 target and line target was statistically 

significant. Scheiman et al (2003) used an N5-size target, whilst Phillip and Tierney 

(2015) used larger targets. Of course, the N8/N11/N14 targets would not require as much 
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accommodative drive to focus on, therefore convergence would not be encouraged as 

much as it would be with a smaller N5 target. This explanation does not shed light on the 

findings of Pang et al (2010) who recruited 18 pre-presbyopes and used a N5 

accommodative target. They found an insignificant difference of ~0.5cm in the mean 

NPC values obtained with an accommodative, non-accommodative and dissociative non-

accommodative target. The variability of the NPC measured with each target was similar 

(SD 1.48-1.60cm). In 51 pre-presbyopic participants, Adler et al (2007) also found the 

mean NPC recorded with non-accommodative targets (pencil tip=5.2±4.1cm, 

fingertip=5.2±4.3cm) and an accommodative target (N5 size, mean=5.8±5.1cm) to have 

little difference (0.6cm). However, a penlight comparatively yielded poorer results 

(mean=6.3±4.8cm). This could be because a penlight is more dissociative compared to 

the other non-accommodative targets. The only study amongst these to investigate 

presbyopic people is Siderov et al (2001), who recruited 28 participants aged 20-85 years. 

They measured NPC using three non-accommodative targets (vertical line, fingertip and 

pencil tip). To assess the impact of accommodative demand, NPC was again measured 

with the 14 pre-presbyopic participants viewing through either +2.00D or -2.00D lenses. 

The authors concluded that NPC measures did not differ, for presbyopic people, using 

different non-accommodative targets. For pre-presbyopic participants, accommodation 

had a small influence on measured NPC: without any lenses mean=5.3±1.9cm, with -

2.00D lenses mean=4.4±0.8cm, with +2.00D lenses mean=4.9±1.4cm.  

 

Overall, the above evidence does not highlight a particular target type as most appropriate 

to routinely measure NPC. This has been recently supported by a cross-sectional study 

by Baskaran et al (2021) who found significant variability in the NPC results obtained 

with different target types and between hyperopes and myopes. Whilst different targets 

may have produced statistically significant differences in results in some studies, it is 

questionable whether these were clinically significant. Optometry textbooks also suggest 

differing approaches. Accommodative targets have been recommended for use across all 

age groups (Evans, 2007), and these are to be used with a reading prescription where 

appropriate. Evans (2007) acknowledges that for older individuals the target will blur 

before it doubles. Nevertheless, they should be encouraged to concentrate on the 

singularity of the target, not clarity. On the other hand, Elliott (2014) recommends using 

a non-accommodative pencil tip for presbyopes.  
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The various targets can be mounted on a ruler or held in free space to assess NPC. Using 

a rule (e.g., the Royal Air Force (RAF) rule as seen in Figure 2.12) would require the 

apparatus to touch the patient’s face but result in being able to take accurate 

measurements. The patient would also experience physiological diplopia of the rule 

whilst focusing on the target, which could influence the result. Burns et al (2020) 

reviewed the sources of error which can be introduced when using an RAF rule. Examples 

include ambiguity about interpreting the NPC value from the rule which can be further 

impacted by the rule’s design (e.g., opaque materials rather than transparent); influence 

of the subject’s facial anatomical features; and the rule introducing unexpected proximal 

cues.   

 

Adler et al (2007) explored the influence of using an RAF rule on the measured NPC. A 

total of 51 participants, aged 6-30 years were recruited for this study. NPC was measured 

in six ways: a sharpened pencil tip (mean 5.2±4.1cm), fingertip (mean 5.2±4.3cm), 

penlight (mean 6.3±4.8cm), accommodative target (mean 5.8±5.1cm), accommodative 

target on the RAF rule (mean 9.0±7.3cm), and line-and-spot on the RAF rule (mean 

9.1±6.0cm). Surprisingly, NPC measurements using RAF rule-mounted targets were 

significantly worse. The greatest difference in NPC measures were observed between the 

line-and-spot on the RAF rule and a fingertip in free space. This study comprises a limited 

clinical population because all participants were recruited from a single optometric 

practice. The sample size was small of which 27% were adults, reducing applicability 

particularly for the adult data. The authors suggested that the greater variability in their 

NPC results, compared to other studies, may have been due to participants not 

understanding the aims of the tests. This does not seem plausible as the information, 

instructions and encouragement given to the participants, and experimental procedure 

should have been consistent. Furthermore, the researcher observed the objective 

breakpoint too; subjective and objective measurements were equivalent.  

 

The repeatability of NPC has been investigated. Rouse et al (2002) repeat-measured NPC 

in 20 children aged 10-11 years. The target used was accommodative. The inter-examiner 

within-session CoR was up to ~±4.50cm. The intra-examiner between-session CoR was 

~±5.00cm. More recently, Muñoz García (2017) repeat-measured NPC in a smaller 

sample of 10 participants, aged 18-30 years. The targets were non-accommodative (pen 
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tip) and dissociative non-accommodative (spotlight and red lens); the CoRs were 

±1.27cm and ±0.82cm, respectively. Of course, both of these studies have limited 

generalisability. Furthermore, these studies recruited different age groups so comparison 

is difficult. Rouse et al (2002) recruited their sample from schools. Muñoz García (2017) 

does not state where they recruited participants from.  
   

 

   
Figure 2.12 An RAF rule with the spot-and-line target. The rule is placed on the patient's 
cheeks. The patient fixates on the spot as it is brought closer to them. The point at which 
they just experience diplopia, i.e., they see two spots, is measured as the near point of 
convergence. 

  
2.5.11 Convergence insufficiency 

CI consists of an extended NPC, exophoria at near, reduced positive fusional convergence 

and defective negative relative accommodation (Duane, 1896). Symptoms of CI include 

asthenopia and diplopia associated with near vision (Maqsud, 2013). Various criteria are 

employed in clinical practice to diagnose CI (Lavrich et al., 2019). This is reflected in 

studies of CI too. Porcar and Martinez-Palomera (1997) investigated the prevalence of 

CI. Their criteria for CI were: a near exophoria >6Δ, accommodative 



 
 

63 

convergence:accommodation (AC/A) ratio <3:1, “reduced” NPC and positive fusional 

reserves at near (no specified values). These were met by 7.7% of the participants. Lara 

et al (2001) too examined the prevalence of CI with fundamental signs specified as a near 

exophoria >6Δ, positive fusional reserves at near ≤11/14/3Δ (blur/break/recovery) at 

least once out of three repeats, and an NPC >10cm with recovery at >17.5cm. A 

prevalence of 3.5% was revealed. In 1986, Pickwell et al investigated CI in a British rural 

sample of 643 participants. The criteria were an NPC >20cm, the eyes either failing to 

converge or make a versional movement during jump convergence, or the NPC being 

between 10-20cm with the jump convergence being slow or hesitant. The authors’ 

justification for these criteria was that previous work had indicated them to be appropriate 

for discriminating symptom-free patients from those with symptoms of suppression for 

near vision (Pickwell & Hampshire, 1981). A CI prevalence of 14% was found, which is 

surprising considering the looser criteria for a CI, and significantly greater than that 

reported by Porcar and Martinez-Palomera (1997) and Lara et al (2001). The 

Convergence Insufficiency Treatment Trial Study Group’s (2008) criteria for CI were: 

Exophoria at near at least 4Δ greater than at distance, NPC ≥6cm, insufficient positive 

fusional convergence, Convergence Insufficiency Symptoms Survey (CISS) score ≥16. 

This was a randomised, large scale, clinical trial to investigate treatment for symptomatic 

CI in children aged 9-17 years.  

 

In a retrospective study, Shippman et al (1983) compared the NPC of those with CI with 

a group of asymptomatic participants, using an accommodative target. Among the 46 

asymptomatic participants (aged 10-56 years), the NPC ranged from 1-15cm, averaging 

5cm. Among the 72 participants with CI (aged 7-68 years), the NPC ranged from 1-20cm, 

averaging 7.9cm; it is worth noting that this average value is within the normal ranges 

given by Evans (2007) and Bishop (2001). This potential for confusion has led Evans 

(2021) to suggest that CI could be more clearly identified as either ‘near point of 

convergence insufficiency’ or ‘convergence insufficiency exophoria syndrome’: the 

former refers to a stand-alone extended NPC (e.g., Pickwell et al., 1986), whereas the 

latter refers to a combination of symptoms and clinical signs which indicate abnormal 

convergence (as adopted by the Convergence Insufficiency Treatment Trial Study Group, 

2008; Lara et al., 2001; and Porcar & Martinez-Palomera, 1997). In Shippman et al (1983) 

all participants were recruited from the New York Eye and Ear Infirmary Orthoptic 
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Department, therefore the results are representative of a clinical population only. It is 

surprising that for those participants who were diagnosed with CI, although the average 

NPC was increased, as expected, the range of NPC values were very similar to those 

without CI. Therefore, it would have been useful for the authors to state the criteria for a 

CI diagnosis.  

 

Studies comparing the influence of target type on NPC have found that using a 

dissociative non-accommodative target is more effective at discriminating CI from 

normal convergence. Using an NPC cut-off of 6cm, Pang et al (2010) calculated and 

found using a transilluminator with a red lens yielded less false positives (10%) and false 

negatives (0%), and had greater sensitivity (100%) and specificity (88.9%) compared to 

an accommodative target (false positives=15%, false negatives=6.25%, 

sensitivity=94.4%, specificity=83.3%). Scheiman et al (2003) found the NPC results of a 

penlight with red/green goggles to have the strongest positive correlation to symptoms as 

observed on a survey. Both Pang et al (2010) and Scheiman et al (2003) concluded that a 

dissociative non-accommodative target should be used to assess NPC in individuals 

suspected of having CI.  

 

2.5.12 Treating symptomatic heterophorias and convergence insufficiency 

Symptomatic heterophorias have been suggested to be treated optically, with exercises, 

with prisms or surgically (Berard & Reydy, 1984; Evans, 2007; Evans, 2008). Firstly, the 

full refractive correction needs to be established as this could be an underlying factor 

(Evans, 2007). For example, a problematic exophoria may be the result of an under-

corrected myopic prescription; a problematic esophoria may be caused by an under-

corrected hyperopic prescription. If the problem persists with the refractive correction, 

then this can be modified to suit the heterophoria (Evans, 2007; Evans, 2008) via the 

AC/A ratio. For example, an exophoric patient may be given extra minus encouraging 

them to accommodate which will drive convergence.  

 

A conventional view is that the value of orthoptic exercises for heterophorias is 

“unquestionable” (Berard & Reydy, 1984). Examples include jump convergence, pen-to-

nose, dot card and Brock string (Muqsud, 2013). Stereograms and prism bars can be given 

to patients to improve fusional reserves (Muqsud, 2013). Cooper and Duckman (1978) 
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reviewed 17 large scale studies on the success rate of orthoptic exercises treating CI. 

Overall, 78% of the 2,149 participants were “cured”, 15% “improved” and 5% “failed”. 

The definition of these criteria is either unexplained or inaccessible, but it is assumed that 

“cured” suggests results falling outside the diagnostic criteria for CI and alleviation from 

symptoms, “improved” as still falling within the diagnostic criteria for CI but less 

pronounced and reduced symptoms, “fail” as no or insignificant change.  

 

In a randomised clinical trial, 47 children aged 9-18 years were assigned to 12 weeks of 

treatment: either an office-based vision therapy (e.g., letter chart accommodative facility, 

Brock string and vectograms), simple pencil push-ups or placebo office-based vision 

therapy (Scheiman et al., 2005a). The office-based vision therapy involved participants 

visiting a clinician for 60 minutes per week, in addition to completing the vision therapies 

at home. The pencil push-up group completed this exercise at home and did not regularly 

visit a clinician. The treatment effect was judged by changes in participant CISS scores, 

NPC and base-out prism fusional reserves at near. At baseline, there was no statistical or 

clinically significant difference between the different treatment groups. After treatment, 

there was a significant reduction in CISS scores for the office-based vision therapy group, 

and the mean score fell below that which is deemed symptomatic (16). The reduction in 

CISS scores for the placebo office-based vision therapy group was small and clinically 

insignificant. The change in CISS score for the pencil push-up group was insignificant. 

For both the placebo office-based vision therapy and pencil push-up groups, the mean 

post-treatment CISS score did not fall below 16. Overall, 80% of the office-based vision 

therapy group, 16.7% of the placebo office-based vision therapy group and 27.3% of the 

pencil push-ups group achieved an improved NPC within 6cm post treatment. In terms of 

prism fusional reserves, there was a “significant” improvement in the office-based vision 

therapy group, “mild” improvement in the placebo office-based vision therapy group and 

no improvement in the pencil push-up group. This study shows that pencil push-up 

exercises have poor outcomes compared to other orthoptic exercises for children.  

 

Scheiman et al (2005b) conducted the same randomised clinical trial with 46 young 

adults, aged 19-30 years. In contrast to the children study (Scheiman et al., 2005a), a post-

treatment significant reduction in CISS score was found in all the treatment groups, 

although the reduction was greatest in the office-based vision therapy group. Post 
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treatment, 42% of the office-based vision therapy group, 31% of the placebo office-based 

vision therapy group and 20% of the pencil push-ups group’s CISS score fell to below 

21, which was the criteria for asymptomatic in this study. Although there was statistically 

significant improvement in NPC across all groups, a clinically significant improvement 

(NPC≤6cm) was only found in the office-based vision therapy group: overall, 67% of the 

office-based vision therapy group, 23.1% of the placebo office-based vision therapy 

group and 46.7% of the pencil push-ups group achieved an improved NPC within 6cm 

post-treatment. Regarding prism fusional reserves, there was only a significant 

improvement found in the office-based vision therapy group. Taken as a whole, these 

findings are surprising and suggest a disparity in subjective symptoms of CI and objective 

clinical measures in adults. It also casts doubt on the subjective usefulness of orthoptic 

exercises in adults. Concerning Scheiman et al 2005a and 2005b, because of the design 

of the studies there was low risk of bias and of course placebo was controlled for. A 

limitation of both studies is that the treatments were not fully matched; the office-based 

therapy groups underwent 27 hours of interesting treatment, whilst the pencil push-ups 

groups had to do 15 hours of the same monotonous exercise. The studies recruited modest 

samples which may not be fully representative of the wider population, but nevertheless 

provide a useful insight into the possible strengths and weaknesses of orthoptic exercises.  

 

Aziz et al (2006) retrospectively investigated the effectiveness of exercises to treat fusion 

deficiencies in 50 (64.1%) participants who had a decompensating heterophoria. The 

exercises given were pen-to-nose convergence, dot card and jump convergence. Although 

only a small sample size, and without a no-treatment comparison, results found that 

exercises were successful at reducing symptoms in cases of decompensating exophoria: 

the impact on decompensating esophorias was unclear.   

 

Scheiman et al (2020) have very recently conducted a network meta-analysis on the 

interventions for CI, bringing together the results of 12 randomised controlled trials. It 

appears that there is greater clarity about the usefulness of CI interventions for children 

than adults. Office-based vision therapy with home reinforcement is more effective for 

children, compared to purely home-based interventions. For adults the direction of the 

evidence is less clear. A total of six randomised controlled trials with adults are reviewed. 

Treatment protocols and criteria varied between these. Based on the comparison of mean 
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differences, Scheiman et al (2020) revealed that, compared to placebo therapy, office-

based vision therapy was significantly more effective for improving fusional ability, but 

not for NPC or the CISS score. Contrasting the conventional view, this meta-analysis 

introduces doubts about the use of vision therapy for symptomatic heteroporias and CI in 

adults. There seems to be no robust evidence for their effectiveness. Of course, the 

effectiveness of the CISS in assessing CI-related symptoms in adults could be impaired.  

 

Prisms are prescribed to patients unable to do orthoptic exercises, and if exercises fail or 

are inappropriate (in the case of a vertical ocular muscle imbalance) (Berard & Reydy, 

1984; Evans, 2007). A small but randomised controlled trial by Payne et al (1974) 

demonstrated that prism prescribed based on results of the Mallett unit is effective in 

alleviating symptoms. Prescribing the required aligning prism to neutralise any fixation 

disparity will make a decompensated heterophoria compensated (Evans, 2008). O’Leary 

and Evans’ (2006) findings suggest that correcting an aligning prism of ≥2Δ in exophoric 

individuals who display signs of a problematic heterophoria can significantly improve 

reading ability, even in the absence of patient symptoms. A randomised controlled trial 

by Nabovati et al (2020) found that prescribing base-in prism spectacles for near tasks 

significantly improved symptoms, compared to a placebo group, at three months, 

although there was no improvement found in NPC or fusional ability. Finally, if these 

non-invasive techniques do not work, extraocular muscle surgery or botox injections to 

the muscles can be considered (Berard & Reydy, 1984). 

 

2.5.13 Accommodation 

Accommodation is the process in which the eye’s crystalline lens changes shape to 

maintain focus of images on the retina, in response to changes in object distance. 

Accommodative functions should be measured with the full distance refractive correction 

in place.   

 

The amplitude of accommodation (AoA) is a measure of the closest distance (near point) 

at which the eyes can focus a detailed target (Evans, 2007). Different techniques can be 

used to measure AoA. The accommodative stimulus can be created by change in stimulus 

position, involving push-up, or push-down targets (which have the disadvantage of 
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corresponding changes in image size), or minus lenses. The accommodative response can 

be determined subjectively (awareness of blur) or objectively (using an autorefractor).  

 

Anderson and Stuebing (2014) compared the results obtained from objective (minus 

lenses stimulated and proximal stimulated) and subjective (push-up) AoA measures. 

Participants were 236 staff, students and patients from an eye clinic, aged 3-64 years, 

with healthy eyes. The objective measures involved stimulating accommodation with 

minus lenses or a near target followed by autorefractor measurements. The subjective 

push-up involved participants viewing a near target, which was brought closer until they 

experienced blur. The maximum possible distance that the target could have been was 

57cm, requiring 1.75D of accommodation to achieve a clear image. The authors describe 

some older participants who could not see the push-up target clearly even at the maximum 

distance, therefore they recorded the subjective AoA as zero. This does not seem 

reasonable; in clinical practice, plus lenses would be used in conjunction with the push-

up technique to measure small AoAs. Nevertheless, the objective techniques measured a 

significantly smaller AoA than subjective push-up. At the age of 11-15 years the mean 

findings were: minus lenses stimulated=7.34±1.49D, proximal stimulated=7.97±1.63D, 

push-up=13.16±3.45D. At the age of 51-64 years the mean findings were: minus lenses 

stimulated=-0.13±0.31D, proximal stimulated=0.30±0.21D, push-up=0.43±1.33D. The 

objective measures, which had good agreement, also had greater reliability compared to 

the push-up technique. In this study, push-up measures were repeated three times, and the 

objective measures were repeated five times, to control for variability.  

 

León et al (2016) measured monocular AoA using an objective dynamic retinoscopy, and 

subjective push-down and minus lenses technique. A total of 1298 participants, aged 5-

60 years, who did not have any eye or vision conditions took part. Dynamic retinoscopy 

involved participants focusing on an accommodative target at their near point whilst the 

examiner conducted retinoscopy. The examiner adjusted the distance between the 

participant and retinoscope to achieve a neutral reflex. The push-down technique began 

with an accommodative target placed in front of participants, at a distance which was too 

close for them to focus (i.e., closer than the near point). Participants pushed the target 

away from them until they just achieved a clear image. The minus lenses technique 

involved participants viewing an accommodative target at 33cm whilst minus lenses, of 
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increasing power, were placed in front of their eyes. They reported when the target just 

became blurry. Compared to the subjective measures, dynamic retinoscopy findings were 

significantly lower: at the age of 10-14 years the mean findings were: push-

down=12.50±1.72D, minus lenses=10.77±1.89D, dynamic retinoscopy=8.46±0.90D. At 

the age of 50-54 years the mean findings were: push-down=1.93±0.99D, minus 

lenses=1.78±0.86D, dynamic retinoscopy=0.64±0.43D. The examiners added 

supplementary lenses to the participants’ distance refractive correction for these 

measurements. For dynamic retinoscopy and push-down, the supplementary lens moved 

the participants’ near point to a more intermediate distance, meaning AoA could be 

measured more easily and accurately. For participants over 40 years, a +3.00D 

supplementary lens was added during the minus lenses technique, to ensure they could 

see the accommodative target clearly from the outset. Therefore, in this study small AoAs 

would have been accounted for in the subjective techniques, in contrast to the methods of 

Anderson and Stuebing (2014). Each test was repeated twice which controlled for 

variability. The large sample size, and recruitment from a variety of places make these 

results generalisable.  

 

The order of testing was randomised in Anderson and Stuebing (2014) and León et al 

(2016). Anderson and Stuebing (2014) concluded that the subjective push-up technique 

markedly overestimates AoA compared to objective methods, especially in young 

children. León et al (2016) concluded that although dynamic retinoscopy is a quick and 

simple technique using equipment readily available in practice, the fact that objective 

methods seem to find lower values for AoA would mean that current guidance on 

expected AoA for age (see: Evans, 2007) would be incomparable. Charman (2008) 

suggested that pupil size can play a part in the difference between subjective and objective 

AoA. Pupil constriction creates a pinhole effect. This increases depth-of-focus and 

reduces near visual blur. Therefore, subjective AoA will tend to increase with pupil 

constriction, but objective AoA will not. Subjective AoA is a combination of AoA and 

depth-of-focus. 

 

AoA is commonly measured with an RAF rule and small text in practice (Figure 2.13), 

which uses the push-up or push-down technique. However, this typical method has many 

limitations (Burns et al., 2014; 2018; 2020), some of which have already been mentioned 
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in this section and section 2.5.10. In an investigation of the repeatability of this technique, 

Rosenfield and Cohen (1996) determined a difference of 1.50D as the minimum clinically 

significant change. This study only had 13 participants, of a limited age range of 23-29 

years. Their AoA was measured on five separate occasions. Very early on, Donders 

(1864) attempted to classify the normal values for AoA for various ages. Using the push-

up technique, AoA was measured in 130 participants, aged 10-80 years. Duane (1912) 

conducted the same investigation, but with a much larger sample. Participants were 4200 

persons aged 8-72 years. Based on these subjective datasets, Hofstetter (1950) suggested 

a formula to predict the minimum AoA as per age: AoA=15-0.25[age]. A table of 

expected AoA for different age groups, based on this formula, is commonly used for 

optometric clinical interpretation and management (Evans, 2007). As per this, AoA 

gradually reduces from approximately 12.50D at the age of 10 years to 2.50D at the age 

of 50. Abu et al (2018) investigated which method of measuring AoA best agreed with 

Hofstetter’s formula. The monocular AoA of the dominant eye of 192 Ghanaian young 

adults, aged 20-39 years, was measured using five techniques: push-up, pull-down, minus 

lenses, modified push-up and modified dynamic retinoscopy. Results found that the 

modified push-up technique produced AoA measures which best agreed with Hofstetter’s 

formula. This supports the formula being based on subjective AoA measures. The 

modified push-up technique involved measuring AoA using the push-up technique but 

with a -4.00D lens added over the distance refractive prescription. The order of testing in 

this study was randomised, and each technique was performed by one examiner who was 

masked from the results of the other techniques. The end point of each technique was also 

agreed in advance, maintaining consistency.  

 

Presbyopia is a physiological insufficiency of accommodation, expected with increasing 

age. It is due to the crystalline lens losing its ability to change shape. Arnison-Newgass 

and Rosen (2008) define the age of onset of presbyopia as approximately 40 years. 

Individuals usually notice needing to hold near objects further away for clear focus. 

Numerically, presbyopia has been described as a subjective AoA less than 3.00D (Duke-

Elder, 1949; Weale, 2000). In practice, presbyopes are given a “near addition”, extra 

positive refractive power at near which provides magnification for viewing objects up 

close. 
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Figure 2.13 An image of an RAF rule set up to measure amplitude of accommodation. 
The rule is rested on the patient's cheeks. They are directed to focus on small words as 
the print is brought closer or pulled away from them. The patient is asked to report when 
the words begin to blur or just become clear, respectively. This instrument has several 
limitations.  

   
2.5.14 Accommodative anomalies  

Accommodative insufficiency (AI) describes a lower-than-expected AoA for a patients’ 

age despite a full distance refractive correction (Evans, 2007). Convergence induces 

accommodation and so patients may complain of asthenopia, blurred vision and diplopia 

due to over convergence. In a review paper by Martínez et al (2009) the literature findings 

on AI prevalence are summarised. For studies which evaluated a general (Porcar & 

Martinez-Palomera, 1997) and clinical (Lara et al., 2001) adult population, the prevalence 

was 6.2% and 4.9% respectively. These studies have used a common criterion to define 

AI as well as Daum (1983a) and Dwyer and Wick (1995): an AoA which is 2.00D less 

than the Hofstetter’s minimum age expected formula.   

 

Accommodative infacility describes a slow accommodative response to changes in 

fixation distance. Patients complain of initial blurred vision which slowly comes into 

focus when they change fixation distance (Evans, 2007). In clinical practice, this can be 
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assessed by the practitioner swapping ±2.00D lenses in front of the patient’s eyes. During 

this, the patient is instructed to either indicate when their near vision clears, or read small 

print with each lens. See Figure 2.14. The speed at which the patient can clear their vision 

through the alternating lenses is a measure of accommodative facility.  

 

Zellers et al (1984) attempted to establish the normative values for accommodative 

facility for use as a guideline in optometric practice. From an unstated population, 100 

participants were screened to ensure there were no optometric or orthoptic anomalies. 

Their accommodative facility was measured, monocularly and binocularly, using ±2.00D 

lenses as described above. Results found the mean accommodative facilities to be 11.34 

cycles per minute (cpm) monocularly and 7.72cpm binocularly. They suggested their 

results to be used as a clinical guide. Siderov and Diguglielmo (1991) followed Zeller et 

al’s (1984) protocol for measuring accommodative facility in 45 adults, aged 30-42 years. 

However, their results suggested that Zeller et al’s (1984) normative data may not be 

applicable to adults over the age of 30 years. The diagnostic criteria for accommodative 

infacility in a study by Lara et al (2001) was (1) ≤6cpm monocularly and ≤3cpm 

binocularly when assessed using the ±2.00D lenses, and (2) positive relative 

accommodation ≤1.25D and negative relative accommodation ≤1.50D. Positive and 

negative relative accommodation are measures of the maximum ability to stimulate 

accommodation whilst maintaining clear and single vision. One subject of the total 265 

recruited in this study was found to have accommodative infacility, giving a prevalence 

of 0.4%. Porcar and Martinez-Palomera (1997) investigated binocular vision 

dysfunctions in university students, with a mean age of 22±3 years. The same diagnostic 

criteria for accommodative infacility were used as Lara et al (2001), and in a sample of 

65 participants a prevalence of 1.5% was found.  

 

Accommodative accuracy is a measure of the difference between the required degree of 

accommodation (accommodative stimulus) and accommodative response (Gambra et al., 

2009). A lower than required degree of accommodation is termed an accommodative lag 

(AL). A higher than required degree of accommodation is termed an accommodative lead. 

Monocular estimate method (MEM) retinoscopy is an objective and common method of 

measuring accommodative accuracy in clinical practice. In this test, patients are asked to 

focus on an accommodative target at approximately 40cm with their distance refractive 
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correction in place. The practitioner performs retinoscopy from the same distance as the 

accommodative target. See Figure 2.15.  

 

León et al (2017) researched accommodative accuracy in individuals aged 5-60 years. 

They found the AL to increase after 40 years of age as is expected due to presbyopia. 

Between 5-40 years of age the mean AL was+ 0.50D, with a normal range between zero 

and +1.00D. The American Optometric Association (Cooper et al., 2010) has quoted the 

normal range of AL to be +0.25D to +0.75D. An AL >+1.00D is usually found in 

individuals with AI or accommodative infacility. Accommodative leads can indicate 

accommodative spasm. In León et al (2017), data from 306 children, aged 8-12 years, 

suggested a prevalence of 2.6% for AL >+1.00D; data for other age groups is not 

provided. Of 202 typically developing children (aged 5-18 years), 4.9% were found to 

have an AL >+1.00D (Anketell et al., 2018). Neither of these studies (León et al., 2017; 

Anketell et al., 2018) give prevalence values for accommodative leads.  
     

 

   
Figure 2.14 An image of ±2.00 dioptre flippers and small print used to assess 
accommodative facility. The patient holds the small print at approximately 40cm. The 
practitioner places the flippers in front of the patient’s eyes, and alternates between the 
±2.00 dioptre lenses. The patient is instructed to either report when the small print clears 
or read the small print, per lens alternation. The number of lens alternations achieved 
during a minute are counted.  
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Figure 2.15 An example of the configuration of the accommodative target and 
retinoscope, as seen by the patient, during monocular estimate method retinoscopy. The 
distance between the patient and accommodative target/ retinoscope is approximately 
40cm. The patient is instructed to focus on the accommodative targets whilst the 
practitioner performs retinoscopy.  

  

2.5.15 Treating accommodative anomalies 

Any significant hyperopic refractive error should be prescribed to patients with 

accommodative anomalies in the first instance, prior to eye exercises (Evans, 2007). Jump 

accommodation or accommodative facility training, using ±2.00D flippers or the Hart 

Chart, and accommodative push-ups, similar to pen-to-nose but with an accommodative 

target, are recommended (Evans, 2007; Maqsud, 2013). Jump accommodation exercises 

basically involve stimulating and relaxing accommodation. Accommodative push-up 

exercises are carried out similar to the measure of push-up AoA.  

 

Daum (1983b) reviewed the records of 14 patients who were diagnosed with AL, but no 

criteria are specified. The exercises prescribed were either accommodative push-ups or 

jump accommodation with ±1.50D flippers. The patients completed three sessions of 

training per day, each for 5-10 minutes generally. A 90% success rate was found with 

exercises, which was judged as complete alleviation of, or partial relief from, symptoms 

as reported by the patients. The most common reported symptoms were blurred vision, 
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asthenopia, symptoms of accommodative infacility and headaches. However, AL was not 

measured after the exercise regime and so the clinical effect cannot be ascertained. 

 

The purpose of Cooper et al’s (1987) study was to determine whether jump 

accommodation exercises can improve accommodative dysfunction and reduce 

asthenopia. A total of five adults took part in this study, aged 25-30 years, who had 

symptoms of accommodative dysfunction (e.g., blurred vision, asthenopia and reduced 

near vision performance), AoA less than 5.00D, reduced accommodative facility 

(participant unable to clear a minus lens within five seconds), and positive relative 

accommodation <1.50D. All participants underwent a binocular vision assessment by a 

masked clinician, and completed an asthenopia questionnaire regularly throughout the 

study. Matched for severity of asthenopia and accommodative dysfunction, three 

participants were assigned to the experimental group, and two to the control group. Both 

groups underwent a jump accommodation exercise using modified Keystone 

telebinoculars. For the experimental group, this involved the use of plus and minus lenses, 

but for the control group plano lenses. After 6 weeks of these sessions, the groups 

swapped interventions and underwent further sessions; the control group used plus and 

minus lenses, and the experimental group used plano lenses. The examiner and participant 

were masked of who were controls, and what lenses were being used. Results indicated 

that jump accommodation training improves AoA and accommodative facility, and 

reduces related asthenopia. The design of this study ensured that the results were not 

influenced by placebo, subject or examiner bias. But, the very small sample size questions 

the generalisability of the outcomes. Furthermore, this study used apparatus which is not 

commonly used in clinical practice to exercise jump accommodation, and we cannot be 

sure if this influenced the results. Asthenopia was assessed using a questionnaire, which 

the authors do not confirm as being validated. 

 

More recently, Sterner et al (2001) investigated the effects of jump accommodation 

exercises on 13 children (aged 9-11 years) with signs and symptoms of accommodative 

anomaly. Signs included near work-related problems, and reduced negative and positive 

relative accommodation. Symptoms included headaches, blurred vision, asthenopia, loss 

of concentration during and avoidance of near work. After an initial eye examination and 

measuring baseline negative and positive relative accommodation, the participants were 
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split into two groups: six participants in the experimental group and seven participants in 

the control group. Both groups were initiated into home-based accommodative facility 

training using flippers and small printed text at 40cm, to be completed five times per day 

for three minutes each. They had to keep a record of the number of cpm they achieved. 

For the first two weeks, the experimental group used ±2.00D flippers whereas the control 

group used plano flippers. Thereafter, all participants continued with ±2.00D flippers, 

until all presenting symptoms were absent. During the study period, participants 

underwent regular eye examinations, and hyperopic participants were prescribed 

appropriate spectacles. For the control group, symptoms were unaffected, and negative 

and positive relative accommodation reduced with the plano flippers. However, it was 

seen that in both groups, when using ±2.00D flippers, symptoms vanished and negative 

and positive relative accommodation increased. The authors concluded that jump 

accommodation exercises are effective at relieving subjective symptoms and improving 

negative and positive relative accommodation, in children with impaired relative 

accommodation. It would have been useful for the authors to also report some indication 

of the change in cpm achieved by the participants over the course of the study. This study 

suffers from a small sample size and narrow age range. Also, although participants were 

prescribed appropriate spectacles, the authors reported that they did not wear them. This 

may have impacted the effectiveness of the exercises. However, it is encouraging that this 

study attempted to control for placebo effect, showing a real impact of jump 

accommodation exercises.  

 

Ma et al (2019) conducted a randomised controlled trial to compare the impact of office-

based vision therapy with home reinforcements, with office-based placebo therapy on 

poor accommodative accuracy in Chinese myopic children. A total of 33 children, aged 

8-12 years, underwent 12 weeks of treatment, involving a weekly one-hour session with 

a therapist combined with 75 minutes of exercises at home. As well as AL, 

accommodative facility and AoA were compared across the first and final visit. Results 

found that AL significantly reduced and AoA increased in both groups; there was no 

significant difference between the groups for these outcomes. Regarding accommodative 

facility, there was a significant improvement in the office-based vision therapy with home 

reinforcements group but not in the placebo group. It must be noted that AL was measured 

in two ways in this study: autorefraction and MEM. Although the AL results significantly 
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changed for the autorefraction method, the results did not change for the MEM method.  

As demonstrated by this study, the current literature does not give a clear understanding 

of the most appropriate treatment methods for AL. Ma et al’s (2019) study also questions 

which is the most appropriate method to assess AL. Following a conservative approach, 

it seems correct to firstly treat the underlying cause of the AL, for example AI, and then 

consider a near addition if required. 

 

The effectiveness of office-based vergence and accommodative therapy for improving 

AoA and accommodative facility in children with symptomatic CI and accommodative 

anomalies was explored by Chen et al (2020). The authors looked at the accommodative 

functions of participants in the Convergence Insufficiency Treatment Trial-Attention and 

Reading Trial (2019), who were 310 children aged 9-14 years. The accommodative 

functions measured were AoA and accommodative facility; a total of 215 participants had 

an accommodative anomaly, 190 had AI and 108 had accommodative infacility. In this 

placebo-controlled trial, after 16 weeks of treatment a significant improvement for both 

accommodative functions was evident in the office-based vergence and accommodative 

therapy group (mean AoA improvement from 7.60D to 16.20D, mean improvement in 

accommodative facility from 2.9 cpm to 16.4 cpm) compared to the placebo group (mean 

AoA improvement from 7.10D to 12.20D, mean improvement in accommodative facility 

from 2.7cpm to 10.3cpm). Although this confirms the benefit of exercises on 

accommodative functions, it must be pointed out that the improvements in the placebo 

group are clinically significant. The outcomes of this study support similar previous work 

by Scheiman et al (2011), who also conducted a randomised clinical trial to investigate 

the effectiveness of four possible types of vision therapy (one of which was a placebo) 

on AoA in 221 children (aged 9-17 years) with symptomatic CI and co-existing 

accommodative anomalies. Their treatment period was shorter at 12 weeks, and the 

results found a significant increase in AoA in all but the placebo group, and a significant 

improvement in accommodative facility in all groups. Only the accommodative facility 

improvement in the office-based vision therapy group with home reinforcements was 

significantly better than the placebo group. Additionally, Scheiman et al (2011) followed 

up on participants after one year, finding AoA to have decreased from the norm in only 

12.5%, and accommodative facility to have worsened relative to the norm in only 11% of 

participants.   
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Overall, reviews have concluded that accommodative exercises are successful in 

improving accommodative function and reducing symptoms (Hussaindeen & Murali, 

2020; Rouse, 1987), although the majority of studies have recruited children; we cannot 

be sure of the effectivity of accommodative exercises in adults. In particular, it appears 

jump accommodation, or accommodative facility exercises are of value in treating 

accommodative anomalies. However, the more robust studies (Chen et al., 2020; 

Scheiman et al., 2011) have shown considerable impacts of placebo, which cast doubt on 

the exclusive effectiveness of accommodative exercises. A pilot study by Ma et al (2019) 

with 14 Chinese children (aged 6-18 years) has suggested that office-based vergence and 

accommodation therapy may not improve AoA but rather improve the control and 

magnitude of unstable heterophorias. Horwood et al (2014) concluded that the quality of 

instructions, and effort of the clinician and patient have a major impact on the success of 

orthoptic exercises. Reviews have scrutinised the lack of controlled studies on the benefits 

of accommodative exercises (Hussaindeen & Murali, 2020; Martínez et al., 2009; 

Rawstron et al., 2005) which would provide stronger evidence for these interventions.  

 

Plus lenses have been suggested as an alternative treatment for accommodation problems, 

especially AI (Hussaindeen & Murali, 2020; Martínez et al., 2009). Of course, the general 

goal with these is to provide symptomatic relief as opposed to correcting the underlying 

problem. Therefore, comparison of treatment with orthoptic exercises versus plus lenses 

would need careful choice of outcome measures. However, some studies have 

investigated the impact of plus lenses on accommodative anomalies. Brautaset et al 

(2008) studied the comparative impact of a +1.00D reading addition versus a jump 

accommodation exercise on treating AI. One of the two treatments was randomised to 

each of 19 participants, averagely aged 10.3±2.5 years, for 8 weeks. Post treatment, AoA 

improved in both groups: averagely by 1.60D for the reading addition group and 3.60D 

for the exercise group. There was little improvement in the accommodative facility of 

each group: 1.25cpm in the reading addition group and 1.51cpm in the exercise group. 

Statistically, there was no significant difference in the levels of improvement between the 

two groups for either AoA or accommodative facility, although it could be argued that 

the AoA improvement in the exercise group is clinically significant. Wahlberg et al 

(2010) conducted a randomised study to examine whether +1.00D or +2.00D lenses were 

more effective at treating AI. A total of 20 children (averagely aged 11.8±3.54 years) 
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were equally randomised to wearing spectacles either with a +1.00D or +2.00D reading 

addition for 8 weeks. Post treatment the AoA significantly improved by an average of 

3.28D for the +1.00D reading addition group; the improvement was not significant for 

the +2.00D reading addition group (mean=1.36D). The accommodative facility did not 

change for either group. The authors concluded that a +1.00D reading addition better 

exercises the accommodative system compared to +2.00D, and therefore can improve 

AoA. Berntsen et al (2010) investigated the effect of a +2.00D bifocal near add on 

significant ALs in 83 myopic children (aged 6-11 years) who wore the correction as either 

a single vision lens or progressive addition lens. After six months of wear, the results 

between the lenses did not differ and it was found that this treatment had insignificant 

impact on the initial AL. Children were recruited in all of these studies (Brautaset et al., 

2008; Wahlberg et al., 2010; Berntsen et al., 2010) which limits their findings and it may 

be that plus lenses have differing impacts on accommodative anomalies in adults. in 

Brautaset et al (2008) and Wahlberg et al (2010), the authors lay out strict inclusion 

criteria, ensuring children with no other co-existing visual or binocular vision anomaly 

took part. They do not specific any spectacle wearing instructions. Visual analogue scales 

confirmed a reduction in asthenopic symptoms for both groups. Overall, the impact of 

plus lenses as a treatment for accommodative anomalies is also unclear.  

 

2.5.16 Visual stress 

Originally described by Olive Meares (1980) and Helen Irlen (1991), visual stress (VS) 

is a perceptual disorder (Evans & Stevenson, 2008). It is also known as scotopic 

sensitivity and Meares-Irlen syndrome. Symptoms include headaches, asthenopia, and 

visual perceptual distortions (Evans & Stevenson, 2008). Visual perceptual distortions 

can consist of blurring, doubling, movement of text on a page and appearance of random 

colours (Evans, 2005; 2001). These can hinder fluent reading (Evans, 2001). The 

mechanism and treatment of VS is controversial. Multiple studies and reviews have 

attempted to determine the strength of the evidence behind VS. Several theories have 

been proposed for VS, including cortical hyperexcitability (Wilkins et al., 2004) and 

pattern glare (Wilkins et al., 1984), but there is a lack of secure evidence to support any 

hypothesis. 
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Evans and Stevenson (2008) defined VS as resulting from stimuli with “spatial frequency 

of about 3 cycles per degree (cpd), even width and spacing (duty cycle 50%), high 

contrast and being viewed binocularly.”  A pattern glare test (Figure 2.16) can be used to 

detect VS. It has three plates which display high contrast striped patterns with 0.5 (pattern 

1), 3 (pattern 2) and 12 (pattern 3) cpd spatial frequency. According to the definition by 

Evans and Stevenson (2008), those prone to VS will experience greater distortions on the 

3cpd plate. The pattern glare test provides a numerical score, determined by the number 

of distortions experienced per pattern. As listed in the test instructions, possible 

distortions on the pattern glare test can be: appearance of colours in the patterns, bending 

of lines, blurring of lines, shimmering or flickering, fading and appearance of shadowy 

shapes (Figure 2.16).  

 

Evans and Stevenson (2008) investigated the normative values for the pattern glare test 

by calculating the 95th percentile of results from 1,100 UK participants. Based on their 

findings, they concluded individuals who experience more than three distortions on the 

3cpd plate or score two or more for the difference in number of distortions on the 3cpd 

and 12cpd plates, are likely to suffer VS and may benefit from treatment such as specially 

tinted lenses. To ensure a fair representation of the general population, the authors 

pseudo-randomly selected participants, stratified for age, to achieve a cross-section of the 

population.  

 
Coloured filters, for example overlays (Figure 2.17) or specially tinted lenses (Figure 

2.18), have long been used to manage VS. Wilkins et al (1994) conducted a double-

masked placebo-controlled trial to investigate the impact of coloured filters. Participants 

were 68 children, aged 9-15 years, who used a specifically chosen coloured overlay 

consistently for at least three weeks unprompted. The participants underwent a 

colorimetry assessment and were dispensed two pairs of tinted lenses: one experimental 

pair tinted with the optimal chromaticity which reduced visual perceptual disorders, and 

a second control pair which were tinted to a similar colour, but whose chromaticity was 

outside the range found to reduce perceptual disorders for the participant. These were 

dispensed in a random order and participants were instructed to wear the tinted lenses for 

one month. There was a period of at least two weeks between these interventions, during 

which participants did not wear any tinted lenses. Participants were asked to complete a 

symptom diary representing periods when they wore the tinted lenses. During the third 
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week of wear, participants underwent a Neale analysis of reading. Although this study 

was well designed, the number of complete datasets was small. A total of 15 participants 

did not complete the study, and a further 16 did not complete the symptom diary. The 

main finding in this study was that significantly fewer symptoms were associated with 

the experimental lenses than the control lenses, suggesting a greater clinical benefit of the 

experimental lenses for the group as a whole. Of course, the difference in the effect of the 

experimental lenses versus control lenses was greater for some participants than others. 

On an individual basis, there was a statistically significant reduction in symptoms when 

the experimental lenses were worn, compared to the control lenses, in only seven 

participants. This is interesting, considering all participants habitually used coloured 

overlays. Comparing the group and individual findings, the outcomes of this study appear 

inconclusive and cannot be confidently used to suggest coloured filters are beneficial, 

because visual perceptual disorders are subjective. There is no mention of measures to 

ensure consistency in the symptom diary between participants, for example providing a 

list of possible symptoms to “tick-off”. The objective measure in this study was the Neale 

analysis of reading which showed no significant difference between the experimental and 

control lenses. There was a possibility of selection bias in this study, as some schools 

chose children who were “failing” in reading. Positively, participants underwent an 

optometric assessment prior to commencing the study.   

 

The Wilkins Rate of Reading Test is one of the methods to try to objectively assess the 

effectivity of colour to treat VS. In this test, individuals are asked to read a block of 

unrelated four-letter words, and the number of words read per minute is determined, with 

and without a coloured filter. At least a 5% increase in reading rate is the most common 

criterion used in research and screening (Vilhena et al., 2018). A 15% improvement in 

reading rate has clinical significance, as it has been suggested as a diagnostic indicator 

for VS (Evans et al. 2017).   
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Figure 2.16 The three patterns presented in the pattern glare test. The patient is instructed 
to view each pattern at 45-50cm for five seconds. The practitioner asks the patient if they 
experience any perceptual distortions within the patterns (as listed above each pattern). 
Scores are allocated per pattern based on the number of distortions reported. 
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Figure 2.17 Examples of coloured overlays.  

 

 

  

Figure 2.18 An example of Precision Tinted Lenses (Cerium Vision Technologies, 
2022). 

 

A 2017 Delphi study (Evan et al., 2017) aimed to develop guidelines for VS diagnosis. 

The panel of experts comprised 26 eyecare practitioners (17 optometrists, five orthoptists 

and four opticians), who frequently prescribed tinted lenses in the UK. Practitioners 

completed a questionnaire to rank the importance they gave to different signs and 

symptoms in their diagnosis of VS. This was done in two rounds following the Delphi 

design. Amongst the practitioners, the strongest indicators of significant VS were patient 

symptoms of words moving on the page, voluntary use of coloured overlays, an increased 

reading rate of at least 15% on the Wilkins Rate of Reading Test with an overlay, and a 

significantly high pattern glare test score. The authors compiled a set of preliminary VS 
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diagnostic indicators, but underlined that experienced practitioners should use these 

flexibly: 

At least three of the following six typical symptoms: 

§ Words move 

§ Words merge 

§ Patterns or shadows in text (e.g., “rivers”) 

§ Text seems to stand out in three dimensional above the page 

§ Words or letters fade or darken 

§ Discomfort with certain artificial lights and flicker  

 

And at least two of the following three signs from investigations:  

 

§ Voluntary unprompted use of an overlay for three months or more 

§ Overlay improves performance at the Wilkins Rate of Reading Test by ≥15% 

§ Pattern glare test score >3 with 3cpd pattern 

The design of this study resulted in the identification of key signs and symptoms which 

experienced practitioners use in VS decision-making. This is valuable for other 

practitioners who may not feel as confident, although interested in the technique. 

However, the authors acknowledge that these diagnostic criteria are only a starting point, 

and further research is required for the development of a robust diagnosis tool.   

 

Evans et al (1994) studied the effect of pattern glare on a simulated reading task, with and 

without coloured overlays. From 151 optometry students who self-assessed pattern glare, 

five with the highest pattern glare score were chosen to be in the experimental group, and 

six with the lowest pattern glare score served as controls. The groups carried out a 

simulated reading visual search task, with and without coloured overlays, on two patterns. 

Pattern A was designed to induce pattern glare, whilst pattern B was designed not to. As 

expected, the time taken for the search tasks on pattern B did not significantly differ 

between the participant groups. However, the experimental group were significantly 

slower in the task with Pattern A without an overlay compared to the control group.  



 
 

85 

A similar study was conducted by Allen at al (2008) who investigated the impact of a 

coloured overlay on visual search tasks with varying likelihoods of eliciting visual stress. 

A total of 28 participants, aged 18-65 years, were firstly classified as susceptible to low 

or high pattern-related visual stress, based on their responses to visual symptoms 

questionnaire and pattern glare test. Thereafter, each participant underwent an intuitive 

coloured overlay assessment. Participants classified as being susceptible to high pattern-

related visual stress exhibited significantly better reading speed with a coloured overlay 

compared to those with low pattern-related visual stress. The visual search task involved 

participants finding numbers in a matrix, either on a plain or detailed background (with 

rows of random letters). Participants completed four blocks of 14 trials, in half of which 

they had their chosen coloured overlay over the task. The two groups could be 

discriminated based on the number of task errors, not task speed: the high pattern-related 

visual stress group made more task errors. Search performance of either group was not 

impacted by the type of background or the use of a coloured overlay.  

 

The findings of Allen et al (2008) contrast those of Evans et al (1994). The findings of 

Evans et al (1994) suggest the positive impact of coloured overlays on individuals who 

experience significant pattern glare, but as the sample size was very small the 

generalisability of these results is limited. Also, as acknowledged by the authors, the 

conditions under which the initial 151 students tested themselves would have differed, 

for example lighting levels or viewing distance. Comparatively, Allen et al (2008) 

concluded that colour should not be generalised as a solution to pattern sensitivity 

symptoms, but visual search measures may be useful in the assessment of visual stress.  

They had a significantly larger sample size, and the conditions under which the tests were 

conducted were well controlled and consistent for all participants. Furthermore, the order 

of the blocks and trials was randomised, reducing bias. Both Evans et al (1994) and Allen 

et al (2008) did not carry out a full optometric examination on the participants before the 

study procedures. The authors discuss and conclude an unlikely impact of this on their 

results. However, this could have only been ascertained if the experiment was carried out 

before and after optometric management.   

 

Recently, Suttle et al (2018) conducted a systematic review of reviews, to provide an 

overview of what is currently known about VS. The four reviews studied were: Albon et 

al (2008), Evans and Allen (2016), Galuschka et al (2014) and Griffiths et al (2016). 



 
 

86 

Across these, a total of 109 studies were reviewed. All but one of the review papers 

(Evans & Allen, 2016) concluded that there is weak evidence to confirm the beneficial 

effect of coloured overlays or lenses, and therefore they cannot be endorsed. Griffiths et 

al (2016) concluded that placebo, practice or observer effect are likely to be the cause of 

any improvements that coloured filters result in. In Evans and Allen’s (2016) systematic 

review, a total of 10 controlled trials were reviewed and the authors pointed out that many 

of the studies did not control for placebo effect or had recruited participants who had not 

had an eye examination. In conclusion, the review showed that coloured filters can 

improve symptoms and visual performance of those who suffer VS, but the authors noted 

the obvious limitations in the research quality, and that the standard of evidence available 

was lower than that required for medical interventions. They suggested that prior to 

prescribing coloured filters, a full eye examination needs to be carried out to exclude any 

other ophthalmic problems.  

 
Looking closer at Suttle et al’s (2018) review, the divergent findings of the different 

reviews within may be explained by their differing selection criteria. Although they all 

generally explored whether coloured filters improve reading or alleviate symptoms while 

reading, Albon et al (2008), Galuschka et al (2014) and Griffiths et al (2016) focused on 

reading disabilities/ difficulties, whereas Evans and Allen (2016) reviewed studies based 

on colour and visual stress. Therefore, it is not surprising that Evans and Allen’s (2014) 

conclusion differs from the other reviews. Based on this, it can be argued that Suttle et al 

(2018) should not have included Evans and Allen’s (2016) review in their systematic 

review. Suttle et al (2018) concluded there to be insufficient evidence to recommend 

coloured filters for reading difficulties or discomfort in general, but they make no 

reference to visual stress.  

 

Many VS symptoms overlap with those of optometric and binocular vision problems 

(Evans, 2005; Wilkins et al., 2016). Case reports (Evans, 2005) have shown this. These 

patients were referred to the author for suspect visual stress. The cause of their symptoms 

was posterior subcapsular cataract, high uncorrected astigmatism and decompensated 

convergence weakness exophoria, respectively. Case 1 presented with increasing 

symptoms of experiencing blur in bright environments and when reading, unresolved by 

an updated pair of spectacles. Case 2 described long standing symptoms of text blurring 
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and moving when tired, and tired and sore eyes because of reading and computer work. 

Case 3 reported small text blurring and moving. They would often rub their eyes, move 

their head when reading, jumble words up, miss words or lines of text and quickly lose 

interest in books.  

 

Going back to the review by Suttle et al (2018), the authors raise two concerns about 

coloured overlays and lenses associated with the patient having a strong expectation of 

these to improve their reading quality. Firstly, there is a high risk of placebo effect and 

the impact of the intervention being influenced by the patient’s expectation rather than 

any real effect on visual perception. Secondly, if practitioners suggest coloured filters to 

patients, then patients will develop high expectations. They will spend time and money 

on these costly interventions. If the coloured filters do not achieve the desired outcome it 

will result in patient disappointment.  

   

2.6 Optometric and orthoptic issues in autism  

As explored in section 2.4, visual sensory experiences are apparent in autistic individuals. 

It may be the case that these overlap with symptoms of optometric and orthoptic issues. 

To be able to investigate this, a thorough understanding of optometric and orthoptic issues 

in autistic people is required. This section reviews currently available literature in this 

area.   

 

In a study on Scottish census information, Rydzewska et al (2018) found 0.2% of the 

Scottish population aged over 25 years (6,649/3,746,584), reported themselves as autistic. 

Question 20 on the census form was: “Do you have any of the following conditions which 

have lasted, or are expected to last, at least 12 months? Tick all that apply”. Two of the 

10 response options were “blindness or partial sight loss” and “developmental disorder 

(e.g., autistic spectrum disorder or Asperger’s syndrome)”. Data analysis revealed autism 

had an odds ratio of 8.5 for predicting blindness/ partial sight. It is not clear if this 

represents only autistic people or autistic people with a co-existing learning disability too; 

learning disabilities carry increased risk of eye conditions (Das et al., 2010; Emmerson 

& Robertson 2011). The odds ratio of an intellectual disability predicting autism was 

extremely high (94.6). Of course, the census relies on the population reliably self-

reporting information. It is not uncommon for members of the general population to judge 
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themselves as “blind” because they have a high refractive error, even though their VA is 

within normal limits. Therefore, we do not know if this information is accurate and 

correct. These findings should be judged with caution.   

 

Presenting monocular distance VA in 113 autistic children (aged 6-17 years) was profiled 

and compared against 206 age-matched controls by Anketell et al (2015). The assessment 

used a crowded logMAR chart. Results found the median presenting VA to be -0.05 

logMAR and -0.075 logMAR for the autistic and control group, respectively. Statistical 

analysis confirmed this to be an insignificant difference. Therefore, the researchers 

concluded that it should not be assumed that autistic children will present with a lower-

than-expected VA. A large sample was studied which allows the results to be applied to 

the wider autistic child population. The use of age-matched controls improves validity. 

Anketell et al (2015) invited back 29 autistic participants who successfully completed the 

above study for further examination of best corrected VA. They had consented to being 

contacted for future studies. Participants had a cycloplegic refraction and VA was 

measured with the full refractive correction in place. The median refractive error was -

0.13D and the median best corrected VA had improved to -0.175 logMAR. This extra 

assessment shows that VA can be enhanced with an up-to-date refractive correction in 

autistic individuals. It reinforces that if a significantly reduced VA or refractive error is 

found then this should be treated using standard clinical protocol.   

 

Milne et al (2009) conducted a study to address the lack of objective research into possible 

visual deficits in autistic individuals. They recruited 95 participants: 51 autistic children 

(aged 8-18 years) and 44 typically developing controls (aged 8-17 years). It is important 

to point out that the participants did not undergo a refraction prior to obtaining the 

following measurements: (presenting) distance VA using a crowded logMAR chart; Kay 

Pictures or Ffooks symbols; stereo acuity using the Frisby test; objective near prism 

fusional reserves using a prism bar and images; objective NPC using a small image; 

ocular muscle balance using cover test; and ocular motility using a fixation torch. In the 

autistic group, significant abnormalities were found in near prism fusional reserves, NPC 

and ocular muscle balance. Base-out fusional reserves were significantly reduced in 

autistic children (~25Δ) relative to the typically developing controls (32Δ). No 

strabismus was found in the control group, but two autistic participants had an exotropia 
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and three had an esotropia. This study recruited a small sample of autistic children who 

were recruited from “specialist schools”. This is likely to have induced selection bias. 

The recruitment of controls does improve the validity of the results, but there is no 

mention of whether these were matched. NPC was classified as ‘reduced’ if it was 

between 10.5-12cm, and ‘abnormal’ if more than 12cm. Only low functioning autistic 

children (those with an IQ score lower than 70) were found to have a reduced or abnormal 

NPC, which suggests that IQ was linked to the binocular vision integrity of the autistic 

children. It is therefore important for research in this area to control for the potentially 

confounding variable of IQ.    

 

Scharre and Creedon (1992) conducted a prospective study to assess visual function in 

34 autistic children, aged 2-11 years. The authors stated that the developmental levels of 

these children ranged from “average intelligence” to “severely retarded”, but no further 

detail is given on the distribution of participants in this range. It does not appear that 

participant IQ levels impacted their ability to complete the tests. Assessments included 

distance presenting VA, refractive error, ocular alignment, ocular motility and stereopsis. 

VA, measured by the Teller acuity cards, ranged from 6/4.5 – 6/480, but the mean or 

median is not given. Significant refractive error was defined as myopia/ hyperopia/ 

astigmatism/ anisometropia ≥1.00D; 44% of children met this criterion. Refractive errors 

ranged from -4.25D to +3.25D (median=0.00D). This was assessed by near retinoscopy. 

Seven children at distance, and six children at near had an intermittent strabismus, 

determined by cover test. Although attempted with all, stereoacuity was only successfully 

assessed in 16 participants. The reasons for this are not given. Stereoacuity, measured 

using the Lang, was 550 seconds of arc for 13 participants. This early study suggests a 

notable prevalence of strabismus and significant refractive error in autistic children. For 

comparison, 1-26% of typically developing children aged six months to 15 years are 

hyperopic (Castagno et al. 2014; Giordano et al. 2009; O’Donoghue et al. 2010; Wen et 

al. 2013). However, the small sample size, narrow age range and poor detail on participant 

IQ limits how easily this study’s data can be applied to the autistic population. 

Furthermore, only two of the 34 participants were female. The Lang test, used in this 

study, is only able to measure stereoacuity up to 550 seconds of arc, whereas other tests 

such as the TNO stereotest can measure up to 15 seconds of arc. Also, the Teller acuity 

cards are only appropriate to assess VA in extremely young children (e.g., up to the age 
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of 18 months) or non-verbal children, as they do not require a verbal response.   

 

Refractive error and amblyopia risk factors were investigated by Wang et al (2018) in 

168 autistic children and 264 age-matched controls, aged 3-8 years from China. With the 

use of a Spot Photoscreener and other ophthalmic examinations, including pupil reflexes 

and eye movements, they found that refractive status in autistic children did not differ 

from that of controls, but cases of strabismus were much higher (16.1% in the autistic 

group and 1.5% in the control group). This was also concluded in an earlier study 

conducted by Kaplan et al (1999). Interestingly, 66.7% of ocular deviations in the autistic 

group were an esotropia, much greater than the 22% in the control group. Generally, the 

prevalence of exotropias has been found to be much higher than esotropias in Asian 

children, by six to nine times (Chen et al., 2016; Hashemi et al., 2017b). Wang et al (2018) 

concluded that strabismus in autistic children “should be considered more seriously as an 

amblyopia risk factor”. In this study, vision or VA for each subject was unstated. 

 
Anketell et al (2016) explored refractive errors of European autistic children. A total of 

128 autistic (mean age 10.9±3.3 years) and 206 typically developing (mean age 11.5±3.1 

years) children were recruited and their refractive error was assessed by auto-refraction 

following cycloplegia. Results found 26% of the autistic group had astigmatism >1.00D, 

whilst this was the case in only 8% of the control group. Spherical refractive errors were 

equivalent across the two groups. The authors concluded that autistic children showed a 

higher prevalence and magnitude of astigmatism regardless of the severity of autism. For 

this reason, all autistic children should have a thorough eye examination. Although a large 

sample was recruited in this study, there is no description of the demographics. It may be 

that all the children were sampled from one country or ethnic background and so the 

results cannot be generalised across Europe. A large age range of 6-16 years is 

represented in this study providing interesting information about the child autistic 

community. Unfortunately, there is no mention of “matched controls” which limits the 

validity because age influences refractive errors.  

 

Kabatas et al (2015) conducted a retrospective study into the ophthalmic abnormalities of 

324 Turkish autistic children by reviewing their records for distance VA, significant 

refractive errors after cycloplegia (using the AAPOS criteria, see: Donahue et al., 2012), 
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ocular alignment and ocular health examination. The records were obtained from an 

ophthalmology clinic of children who attended between 2011-2015, but no details are 

given regarding the reason for their visit. Ocular problems were found in 26.9% of 

participants which included nystagmus, cataract, ptosis and phthisis bulbi. In total, 8.6% 

of participants had a strabismus, approximately half of the prevalence found by Wang et 

al (2018). Significant refractive errors were found in 22% of participants. It was 

concluded therefore, that autistic children should have a thorough eye examination, 

especially due to the strong link between refractive error and amblyopia (Kabatas et al., 

2015). Apart from gender no other subject demographics have been described in this 

study. The authors mention that all participants were aged 18 months to 17 years at the 

time of autism diagnosis, but do not mention the age range of the participants at the time 

of the ophthalmic records. There is also no documentation of if the children had any 

comorbidities.  

 

To determine the incidence of ophthalmic conditions in autistic children, Ikeda et al 

(2013) conducted a retrospective chart review of 154 patient records, between 1998–

2006. These were from a paediatric centre which recommended routine vision testing for 

autistic children. However, as acknowledged by the authors, not all autistic children 

attended for these. Therefore, the results of this study may be biased by children who had 

manifest ophthalmic issues and presented for regular checks. An ophthalmic pathology 

was found in 40% of the participants, although no further detail is given about these. 29% 

had a significant refractive error, defined as: >3.00D of myopia/ hyperopia; >2.00D of 

astigmatism; or anisometropia of ≥1.00D in spherical equivalent or ≥1.50D difference in 

astigmatism in any meridian. 21% of participants had a strabismus, commonly 

accommodative esotropia, and 10% were amblyopic. Although these figures suggest 

significant levels of ophthalmic anomalies amongst autistic children, the authors did not 

state what tests were used for these assessments, nor the age of the participants. Therefore, 

the applicability of these results is questionable. Additionally, compared to Scharre and 

Creedon (1992), this study’s criteria for a significant refractive error were stricter, 

possibly resulting in a lower prevalence.  

 

Black et al (2013) also reviewed a total of 44 patient records, between 2007–2011, to 

highlight ocular manifestations in the autistic population. All participants, aged 2-20 
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years, had undergone a visual assessment by an orthoptist, student orthoptist and 

paediatric ophthalmologist. In this study, significant refractive error was defined as one 

necessitating spectacle dispensing by the ophthalmologist; of course, this is subjective. 

Some participants may have been deemed as requiring even a very small spectacle 

prescription, whereas the same would not be the case for others. A total of 27% of the 

participants were prescribed new spectacles, but this is not a reliable prevalence value for 

significant refractive error. Of the 30 participants who cooperated with the Titmus test, 

11 had a stereoacuity of 40 seconds of arc, 11 had a stereoacuity between 50-400 seconds 

of arc, and the remaining demonstrated stereoacuity up to or poorer than 3000 seconds of 

arc. Strabismus was found in 41% of participants, half of whom had an esotropia. 11% of 

participants were amblyopic. Of course, the results of this study, like Kabatas et al (2015) 

and Ikeda et al (2013), are only representative of a clinical population.  

 

The aim of Anketell et al (2018) was to investigate the accuracy of accommodation and 

near visual function in autistic individuals. Near presenting VA, accommodative accuracy 

using modified Nott dynamic retinoscopy, NPC (target type unstated), fusional reserves 

using a prism bar, and stereoacuity with the Frisby test were measured in 124 autistic 

children (aged 6-17 years) and 204 age-matched controls. This study found a clinically 

significant AL in 18.4% of the autistic group relative to 4.9% of the control group. Near 

VA was significantly reduced in autistic individuals with AL. Even when participants 

with uncorrected refractive errors were removed from analysis, there was still significant 

AL and poor near VA in 14.7% of autistic participants. NPC was significantly extended 

across the autistic group. A total of nine autistic individuals exhibited stereoacuity less 

than 85 seconds of arc, but there were no abnormalities found in fusional reserves. This 

study investigated visual functions which have not yet been mentioned in this literature 

review (near VA and AL). The study of age-matched controls increases the validity of 

the results, but as is the running theme in this literature review, the results are limited to 

children only.  

 

In many of these studies, there was a marked difference in the number of autistic versus 

control participants (Anketell et al., 2018; 2016; 2015; Wang et al., 2018) which can be 

expected to impact the accuracy of prevalence values. Furthermore, although unspecified 

by Anketell et al (2018; 2015), most studies had an uneven gender ratio, with males 
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represented more (Black et al., 2013; Ikeda et al., 2013; Kabatas et al., 2015; Milne et al., 

2009; Scharre & Creedon, 1992; Wang et al., 2018). This is acceptable in most of these 

studies, because four times more males are diagnosed as autistic than females in the 

general population (Fombonne, 2009; Loomes et al., 2017). However, Scharre and 

Creedon’s (1992) study had a gender ratio of approximately 16:1 (males:females). 

 

Next, it is only Milne et al (2009) and Anketell et al (2016) who acknowledge the impact 

learning disabilities could have on their results. Scharre and Creedon (1992) and Anketell 

et al (2015) recruited autistic individuals ensuring a variety in IQ level but none of these 

studies explore the impact of a co-existing learning disability on what they were 

measuring. Some studies (Black et al., 2013; Ikeda et al., 2013; Kabatas et al., 2015; 

Wang et al., 2018) did not specify the IQ level of their sample. Learning disabilities carry 

a significant risk of certain ophthalmic conditions (e.g., greater refractive errors) (Das et 

al., 2010; Emmerson & Robertson 2011). No evidence has been sought on the impact of 

a co-existing learning disability on the optometric and orthoptic issues encountered in 

autistic children. It is possible that the findings of these studies in fact represent the 

impacts of learning disabilities rather than autism. As mentioned earlier, to investigate 

the optometric and orthoptic correlates of autism, studies need to control for IQ.  

 

Nevertheless, the above studies are of great value because children’s vision is delicate 

especially during the ‘plastic period’ (usually up to ~7 years of age). Optometric and 

orthoptic conditions can impact education, for example if children are unable to see the 

board in school or are experiencing asthenopia when doing near work. Certain careers 

(e.g., aviation) have stringent vision criteria. Therefore, it is important to keep tabs on 

refractive error and binocular vision during childhood to avoid any long-term impacts on 

vision (e.g., amblyopia), education outcomes and career prospects. To summarise the 

literature on autistic children, although VA may be unaffected, there is clear evidence for 

binocular vision problems (e.g., strabismus, amblyopia, CI) and possibly a greater degree 

of refractive errors (Chang et al., 2019; Khanna et al 2020). This is helpful for eyecare 

providers as they can pay particular attention to certain visual functions when assessing 

autistic children. However, as concluded by Gowen et al (2017), optometric and orthoptic 

studies have not been conducted in autistic adults. The visual status of autistic adults can 

only be assumed; whilst some conditions are expected to persist in adulthood (e.g., 
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amblyopia) others may change or newly develop (e.g., accommodative lag). Regarding 

the latter, these can introduce new challenges (e.g., blurred vision or poor depth 

perception) which could be disorientating and stressful for autistic adults.  

   

2.7 Coloured filters and autism 
The genesis of this PhD project was sparked from autistic adults wanting to source tinted 

lenses locally (in Manchester), to manage their visual sensory experiences, based on such 

claims. Wilkins (2003; 1995) has drawn parallels between symptoms of visual stress and 

autistic visual sensory experiences. This section reviews studies concerning the use of 

coloured filters in autism. 

 

Ludlow and Wilkins (2009) produced a case report about a high functioning autistic child, 

aged 13 years, who took part in a research study and was subsequently prescribed tinted 

lenses. They not only found that the child’s rate of reading significantly improved but 

also that a lot of their symptoms reduced. The child reported being more able to control 

his behaviour, coordination and personal space. A count of episodes with and without 

these tinted lenses found that vomiting and disturbed sleeping patterns had been reduced 

to zero with the lenses, and he now participated in social activities. The child completed 

the Adolescent/ Adult Sensory Profile after 24 months of wearing the tinted lenses. He 

completed this twice: first considering how he deals with sensory situations without the 

lenses, and then with. This suggested his sensory sensitivities were not affected by the 

tinted lenses, but sensation seeking and avoiding behaviours were categorically reduced. 

The child’s mother completed the Sensory Profile (Dunn, 1999) for carers, once before 

he was prescribed tinted lenses, and twice after 24 months of him wearing tinted lenses. 

This showed the following behaviours to be significantly reduced with the tinted lenses: 

“Appears to not hear what you say, appears to ignore you”; “Holds hands over ears to 

protect from sound”; “Has difficulty putting puzzles together (compared to same age 

children)”; “Becomes anxious or distressed when feet leave ground”; “Becomes 

disorientated after bending over sink or table (falls or gets dizzy)”; “Rocks 

unconsciously” (while watching TV); “Avoids eye contact”; “Has difficulty tolerating 

changes in plans and expectations”; “Has difficulty tolerating changes in routines”. 

Although interesting, this report has limited reliability as it only concerns one subject and 

there is a high risk of placebo effect. The report suggests a behavioural effect of tinted 
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lenses, which has no scientific backing. To prove such an effect is genuinely evident in 

autistic children, a larger and scientifically sound study would need to be conducted. 

 

Autistic children and matched controls, aged 9-15 years, took part in three experiments 

which assessed the therapeutic benefits of coloured overlays (Ludlow et al., 2008). The 

first experiment found that reading speed improved by 5% for significantly more autistic 

children (74%) than controls (23%) with a precisely selected coloured overlay (i.e., based 

on which improved the clarity of text): this is consistent with the findings of Ludlow et 

al (2006) (autistic children=79%, matched controls=16%). In the second experiment it 

was confirmed that benefits of overlays were only evident when the colour of the overlay 

was precisely selected, not on personal preference. The final experiment required 

participants to complete a matching task (to find the picture which was identical to a 

target picture), with and without a precisely selected coloured overlay. The performance 

of the autistic and control participants was similar in terms of accuracy. With an overlay, 

autistic participants significantly became quicker at this task, but controls slowed down. 

A small sample of participants were studied for each experiment (18, 16 and 26 

respectively) which compromises the generalisability of these results. Positively, controls 

were matched for age, gender, and intellectual ability. The autistic individuals were 

recruited from schools for children with mild learning difficulties in experiments 1 and 

3; the place of recruitment is unspecified for experiment 2. Some of the control 

participants were also recruited from these schools. We cannot be sure whether the effects 

seen in this study are purely a result of autism or the co-existing learning difficulties too.  

 

Whitaker et al (2016) conducted research into the effect of coloured tints on the 

judgement of emotions. This study built on previous research (Ludlow et al., 2012) which 

has shown an improvement in the ability of autistic individuals to characterise facial 

expressions with the use of coloured overlays. Whitaker et al (2016) proposed that autistic 

individuals may atypically process facial expressions due to visual stress. They tested this 

theory by asking autistic children and matched controls to select from a pair of faces the 

one which displayed the most intense emotion. Both faces displayed the same emotion 

(e.g., happiness, fear or anger) but to different degrees. There were six pairs of faces 

presented in total, in a random order, and participants responded via a button box. The 

faces were presented on a screen which was tinted grey for one round, and a colour which 



 
 

96 

improved the clarity of text for the participant in a second round. There was a time interval 

of two hours between the two rounds, and the order of these was randomised too. The 

number of correct responses, as well as response time was calculated per participant. 

Results found that the use of a coloured tint improved autistic individuals’ ability to judge 

the intensity of facial expressions, but no improvement was found in controls. The 

proportion of autistic individuals who correctly judged emotional intensity statistically 

significantly rose from ~0.66 with a grey tint to ~0.725 with a coloured tint. Overall, there 

was no statistical difference between the ability of autistic and control participants to 

judge intensity of facial expressions, with grey or coloured tints. This research used an 

Intuitive Overlays task containing 16 instead of 10 colours which allowed a larger choice 

of chromaticities for the participants to select from, permitting greater accuracy. The 

coloured filters were created by the study group who ensured they had approximately 

equal saturation and even hue separation on the 1976 CIE chromaticity diagram. 

Unfortunately, Whitaker et al (2016) focused on a very select population by recruiting 16 

autistic participants from schools for children with learning difficulties (aged 7-15 years). 

It is not clear if these children were chosen because they had facial emotion recognition 

difficulties, or randomly sampled. There was only one female in the autistic group, 

compared to three in the control group. Furthermore, a notable drawback of this study is 

that Whitaker et al (2016) did not measure the facial emotion recognition abilities of the 

participants at baseline, i.e., with no tint at all. Therefore, we cannot relatively judge the 

difference that tints made for these participants. Knowing this extra information may have 

shown that judgement of facial emotion intensity significantly improves with both grey 

and coloured tints. Or conversely, both tints degrade facial emotion recognition, but 

coloured tints less so.   

 

Fong et al (2019) studied whether coloured overlays have an immediate effect on the 

reading ability of autistic children without learning disabilities (aged 4-6 years, n=20) and 

age-matched controls (n=20). Firstly, a coloured overlay assessment was carried out, 

following the protocol adopted by Ludlow et al (2006). Next, participants underwent a 

reading test, in which they had to read a random sequence of numbers from a computer 

screen at 50cm. They did the test four times, twice with and without their chosen coloured 

overlay; the order of these was random. During the test, participant eye fixations were 

analysed using an eye tracker. Furthermore, reading speed, time taken per digit, was 
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measured and errors considered. Although 22% of the autistic children and 28% of the 

controls read the digits >5% faster with a coloured overlay, overall, no significant 

difference was found between the reading speed or number of errors and the presence of 

a coloured overlay in either group. In conclusion, no immediate significant difference was 

caused by a coloured overlay on the reading ability or ocular performance of autistic 

children and controls. This recent study called for further evidence on the effects of 

coloured overlays on reading performance of autistic children. This work was the first to 

include eye tracking to investigate the impact of coloured overlays, and so was able to 

report outcomes on ocular performance. Although the impact of a coloured overlay was 

compared against baseline (as opposed to Whitaker et al., 2016), there was no attempt to 

control for placebo, and of course the participants would be aware of the presence of a 

coloured overlay. However, the lack of significant improvement with a coloured overlay 

suggests that placebo did not have such a great impact.   

 

In a masked randomised control study, Ludlow et al (2020) investigated if tinted lenses 

can improve recognition of emotion in autistic children. A total of 14 autistic children 

(aged 10-14 years) and controls matched on verbal and non-verbal IQ were recruited. All 

participants had a VA of 6/6. Participants underwent a colorimetry assessment with the 

Intuitive Colorimeter, following an established procedure (Wilkins, 1993). In essence, an 

experimental tint was determined which optimised visual comfort and clarity of text. The 

placebo tint had a slightly different chromaticity from the experimental tint, enough to 

eliminate any beneficial impact on reading. After a month, participants wore both sets of 

tinted lenses to complete two tasks which evaluated emotion recognition: Emotion 

Evaluation Test and Social Inference-Minimal Test. The examiner was unaware of which 

lenses were experimental and which were placebo. The order of the lenses and 

experimental tasks was random. Results found autistic participants to have poorer 

emotion recognition with the placebo lenses, relative to controls. However, the emotion 

recognition ability of the autistic participants matched the control group using the tinted 

lenses determined by the Intuitive Colorimeter. As with Whitaker et al (2016), Ludlow et 

al (2020) did not conduct their experimental tasks without tint, so it is difficult to judge 

the impact of tinted lenses relative to non-tinted conditions. Encouragingly, this study did 

control for placebo which makes the results more plausible, however, the sample size is 

small reducing generalisability.  
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Visual stress and coloured filters are controversial, lacking evidence for their theories. 

Suttle et al’s (2018) review concluded that there is insufficient evidence to recommend 

coloured filters for reading difficulties or discomfort in general. Tinted lenses are 

currently being promoted to manage autism (rather than simply autism-related visual 

perceptual issues) (https://www.read123.co.uk/en/the-use-of-colour-therapy-and-

coloured-lenses-in-autism/). There is very low-quality evidence for this, since it may be 

based on the extremely beneficial effects of coloured lenses reported in two personal 

stories from autistic individuals (White & White, 1987; Williams, 1999) in addition to a 

case report on one autistic child (Ludlow & Wilkins, 2009).   

 

With respect to the effect of coloured filters on the visual aspects of autism specifically, 

there are several studies on moderate sized groups (n=15-20) of autistic children (but 

none on adults), which limits generalisability. These report improved reading speed (at 

least 5% increase) in a respectable proportion of autistic children (often compared to a 

minority of control children) (Fung et al., 2019; Ludlow et al 2006; Ludlow et al, 2012), 

although this was not accompanied by a statistically significant reduction in visual stress. 

The study by Ludlow et al (2008) also reported no difference in the visual stress 

symptoms between the autistic and control children, and both showed an equivalent 

reduction in symptoms when using an overlay, which perhaps casts doubt on the 

specificity of the effect. They concluded that although the mechanism of the visual 

symptoms in autistic individuals is unclear the results of their study support the use of 

coloured overlays to improve task performance. Fong et al (2019) found no significant 

immediate effect of coloured overlays, in both autistic and control children, on reading 

performance. These studies did not report any attempt to control for examiner bias (i.e., 

the examiner being masked to whether the child was in the autistic or control group). 

Furthermore, most studies with autistic participants have not controlled for placebo, so 

we do not know if the reported effects are genuine or influenced by the experimental 

procedure. As highlighted by Evans (2005), Wilkins et al (2016) and Evans and Allen 

(2016), the symptoms of visual stress can overlap with optometric and binocular vision 

problems. This has not been confirmed in autistic individuals, and none of the above 

reviewed studies conducted an optometric examination on participants prior to 

commencing the study.  
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Whitaker et al (2016) and Ludlow et al (2020) attempted to prove the benefit of coloured 

filters for facial emotion recognition in autism. One of the theories of visual stress is 

linked to cortical hyperexcitability. Cortical excitability has been found to increase with 

more demanding tasks (Pearce & Kidgell, 2009). Indeed, reviews and meta-analyses have 

confirmed that facial emotion recognition is impaired in autistic individuals (Harms et 

al., 2010; Simmons et al., 2009; Uljarević & Hamilton, 2013). Therefore, a hypothesis is 

that facial emotion recognition in autistic individuals increases cortical hyperexcitability. 

Reducing this over-activation could stabilise visual signals, improving the quality of 

visual information and subsequently facial processing (Haigh, 2018). This is yet to be 

evidenced. As Ludlow et al (2020) point out, further work is needed to find out whether 

the effect of coloured filters would be "worthwhile and long-lasting" as a clinical 

intervention.   

   

2.8 Treatment of optometric and orthoptic conditions in autistic 

individuals 
Only one study has examined the impact of optometric and orthoptic treatment in autistic 

individuals. Altiaylik Ozer et al (2018) investigated the outcome of strabismus treatment 

(either optical or surgical) in children. The parents of 41 autistic children (aged 5-17 

years) completed a quality-of-life questionnaire which asked them to rate items on ocular 

alignment (‘please score your child’s deviation at distance/ near’), psychological (e.g., 

‘please score your child’s eye contact’) and functional (e.g., ‘please score your child’s 

hand-eye coordination’) aspects of their child’s everyday life. This was completed pre- 

and post-treatment. Significant improvements were found in quality-of-life scores post 

treatment. Parents reported the greatest improvements with social interaction, attention to 

play objects and television, self-confidence, verbal communication, eye contact, and hand 

eye coordination. These aspects are classically attributed to autism, so this study’s 

outcomes are useful in highlighting that vision issues can exacerbate these. Of course, 

many of these improvements would be expected in a non-autistic population too (McBain 

et al., 2014). As Altiaylik Ozer et al’s (2018) study was not placebo controlled the 

findings could be non-genuine. The authors acknowledged that a vision-related quality of 

life questionnaire did not exist for their target population, so formulated their own. 

However, they did not attempt to validate this so outcomes should be interpreted with 

caution; we do not know if the questionnaire is unidimentional and useful for the parents 
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of autistic children. The reason why the authors asked parents to complete the 

questionnaires was because most of the children also had a learning disability: “A very 

limited number of cases were high-functioning autism…” Although this is plausible the 

questionnaire responses would have been based on parents’ perceptions, and we cannot 

be certain that the outcomes actually reflect the child’s quality of life. Social stigma and 

cultural norms may have had an impact. Bias could have been reduced by experimenters 

conducting this study observationally. Nevertheless, Altiaylkk Ozer et al’s (2018) work 

prompts further research into the subjective impacts of optometric and orthoptic 

treatment, which is very important when it comes to prescribing and recommending 

management options.  
 

2.9 Autism and healthcare accessibility 
Autistic children and young adults are 11 times more likely (Rydzewska et al., 2019a), 

and autistic adults five times more likely (Rydzewska et al., 2019b) to develop poor health 

compared to the general population. However, significant issues surround healthcare 

provision to autistic people (Dern & Sappok, 2016; Nicolaidis et al., 2013). A survey 

conducted by the Westminster Commission on Autism (Christou, 2016) found that 74% 

of autistic, parent-advocate and professional respondents felt that the autistic population 

receives poorer healthcare than non-autistic people. This could be because some of the 

physical symptoms of health issues presented by autistic people are erroneously attributed 

to features of autism instead, as concluded in a review by Sala et al (2020). Systematic 

reviews have collated information on healthcare barriers and enablers for autistic people 

(Calleja et al., 2020; Malik-Soni et al., 2021). Calleja et al’s (2020) review was focused 

on autistic adults and includes a total of six qualitative and seven quantitative studies. 

Overall, barriers to healthcare are influenced by the types of health conditions autistic 

people have, the ability of autistic people to communicate their needs and life changes, 

for example transitioning from childhood to adulthood. For the autistic person, the cost 

of services, language barriers and stigma surrounding autism generate challenges. On the 

part of healthcare services, barriers are created by service providers lacking knowledge 

about autism, factors associated with healthcare environments, poor coordination of care, 

a lack of support from service providers and a shortage of services. The remainder of this 

section explores some of these studies in more detail. 
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Taking a community-based participatory approach, Raymaker et al (2017) surveyed 437 

adults using the Barriers to Healthcare Checklist-Long Form, to identify barriers to 

healthcare. Of the participants, 209 were autistic (mean age 37±13 years). Although a 

separate group of participants with disabilities were recruited, it is unclear whether people 

in the autistic group also had co-existing learning disabilities. Of the 66 potential barrier 

options presented on the survey, 56 were endorsed by 5% of the autistic group; 23 barriers 

were endorsed by more than 20% of the autistic group. In comparison to non-autistics 

with or without other disabilities, autistic individuals experience different but greater 

barriers to accessing healthcare. The top five barriers experienced by the autistic group 

were: fear and anxiety, slow information processing which means they cannot have a real-

time conversation with healthcare professionals, cost implications, sensory issues, and 

communication issues with service providers. The authors highlighted that autistic people 

are likely to experience unique healthcare barriers, compared to individuals with other 

types of disabilities, and these are less likely to be addressed in modern healthcare 

systems; the authors do not clarify what they mean by this. This survey was conducted 

online, and the research team recruited a convenience sample. Therefore, it cannot be said 

for certain whether the autistic people in this study represent the overall population, 

although a large sample was recruited. However, the results are useful to understand the 

range of healthcare barriers which autistic people can experience.  

 

Earlier, Nicolaidis et al (2015) also took a community-based participatory approach to 

gain an in-depth understanding of autistic adults’ healthcare experiences and ways to 

improve these. Semi-structured interviews were conducted with 39 autistic adults (aged 

19-64 years) and 16 people who supported autistic people in healthcare settings (aged 28-

74 years). The authors highlighted that the participants reported a wide range of 

satisfaction with healthcare services, but nevertheless significant barriers existed. 

Autism-related factors, such as verbal communication deficits and sensory sensitivities 

impacted service use on the part of the patient. Lack of autism knowledge, incorrect 

assumptions about abilities of patients and unwillingness to adapt created barriers from 

the part of service providers. Finally, the complexity of the healthcare system, physical 

features of healthcare settings and stigma about autism created system-level barriers. 

Recommendations to improve healthcare experiences included increasing service-

provider autism training and improving practitioner communication and adaptability. The 
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autistic participants asked for materials to help them navigate the healthcare system and 

prepare for their visit, as well as links to reliable sources of medical information. 

Compared to Raymaker et al (2017), this study took a qualitative approach which would 

have resulted in richer data, and likely captured more information about autistic 

healthcare barriers. The wide age range of the sample gives good representation of the 

autistic population. Considering the large number of adults who do not have a formal 

diagnosis of autism, this study recruited four self-diagnosed autistic adults who scored 

≥32 on the Autism Quotient. Unfortunately, although the authors describe the type of 

recommendations for more accessible healthcare, they do not provide details for each of 

these considering the rich data which they would have obtained.  

 

Dern and Sappok (2016) took a unique qualitative approach to understand healthcare 

barriers experienced by autistic people. Between 2006-2011, meetings took place 

involving self-advocate autistic adults who could verbally share their personal 

experiences, and autism professionals who spoke on behalf of autistic adults who could 

not verbally share their experiences. Participants who could not attend in person could 

contribute via an online discussion. The outcomes of these discussions were a compilation 

of healthcare barriers experienced by autistic adults and ways in which these could be 

overcome. Results highlighted that the sensory and communication issues surrounding 

autism need to be understood by service providers to make sure that their services are 

more autism-friendly. Arranging appointments by phone call is difficult for autistic 

people. Proximity to strangers, sensory issues and stress due to uncertainty create 

challenges in the waiting areas. Sudden touch during the examination causes discomfort. 

Communication during appointments is testing due to literal thinking, lack of time to 

think and respond to questions and general issues with communication. Autistic people 

are stressed by having to see multiple staff in hospitals and can avoid admission because 

of not wanting to break routines. To overcome these, the authors present a list of 

recommendations for professionals when managing autistic patients, as presented in 

Figure 2.19. It would not be unreasonable to assume that a lot of these recommendations 

would be useful for many non-autistic people too. The qualitative nature of this study 

meant that equal importance would have been given to all opinions and ideas.  A total of 

23 meetings took place. Like Nicolaidis et al (2015), involving both autistic people and 

professionals working with autism further enhanced the quality of this study. 
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Unfortunately, the number of people involved in this study or participant demographics 

are not described. 

 

To understand the experiences of autistic adults, without learning disabilities, in accessing 

and using healthcare services, Vogan et al (2017) conducted a longitudinal study. A total 

of 40 participants, aged 18-61 years, completed a survey, every two months, about their 

healthcare service use. Overall, participants completed the surveys for 12-18 months, 

either by phone or online. The outcomes showed that the most common health services 

used were family doctors, dentistry, counselling and psychiatry; this cannot be assumed 

of all autistic people as participants were recruited from Ontario. Service use could have 

been influenced by other factors, such as service availability or popularity in the area. 

About 75% of participants indicated a need for additional healthcare services. In terms of 

barriers, the four most reported were: not knowing where to find help, feeling 

overwhelmed with the steps to seek help, having difficulties describing problems and 

needs, and negative experiences with professional help. Furthermore, more than 75% of 

participants reported three or more barriers to accessing healthcare. Those with health 

problems generally experienced more barriers than those without. The authors reported 

that the number of healthcare barriers experienced was unrelated to age, gender, socio-

economic status or mental health. This study also suffers limitations due to the small 

sample size. As Vogan et al (2017) did not include a control group, it cannot be assumed 

that their autistic sample experienced relatively more difficulties with accessing 

healthcare compared to non-autistic people.   
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Figure 2.19 Recommendations for professionals working in healthcare on how to make 
medical services more autism-friendly, by Dern and Sappok (2016).
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Figure 2.20 Relative levels of stress during a clinical appointment, as presented by Saqr et al (2017).
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As part of their study, Saqr et al (2017) conducted a focus group to address the healthcare 

barriers faced by autistic people. A total of 10 autistic people aged 18-30 years, from Ohio 

took part. The authors did not disclose what approach was taken (e.g., semantic/ 

inductive/ realist), or from what point of view the facilitator was acting. Interestingly, the 

authors present their findings in the form of a line graph (Figure 2.20) with the x-axis 

giving the individual stages involved in a clinical visit, and y-axis indicating stress levels. 

The authors clarify that the “stress levels” are not linked to numbers but are a relative 

representation. This is of course based on their interpretation of the data. Although 

participants experienced stress associated with all stages of a clinical visit, this peaked 

when waiting, talking to the practitioner, undergoing the examination and talking about 

treatment. The key problems associated with these were sensory issues, anxiety and lack 

of mutual understanding, communication and trust; communication was poor on the part 

of the practitioner. Major limitations of this study are the small sample size, limited age 

range, and only one focus group was conducted. This results in limited generalisability, 

and it is unlikely that data saturation was reached.  

  

It is evident that autistic people face multiple and significant barriers when accessing 

healthcare services. Sensory issues, communication and anxiety are key facilitators of 

these. Reviews (Malik-Soni et al., 2021; Walsh et al., 2021) have suggested general 

interventions to improve healthcare accessibility for autistic people: 

1. Providing a pictural schedule of what to expect during healthcare appointments. 

2. Producing a care plan which includes details of: optimal environmental factors 

(e.g., time of day, avoiding having to see multiple members of staff); social, 

communication, pragmatic and safety concerns of the patient; and personalised 

accommodations. 

3. Improving understanding and awareness of service providers through regular 

training and putting into place policies for autism-friendly change.  

 

Although the above studies and reviews combined give a good understanding of the issues 

autistic people encounter when attending a clinical appointment, none have focused on 

eye examinations. Based on the currently available literature suggesting autistic 

individuals are more likely to develop optometric and orthoptic issues (section 2.6), this 
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population can be expected to visit an optometrist frequently. Eye examinations could 

present unique barriers, because: 

● many community optometric practices have a structured approach for their patient 

visits, involving patients being attended to by multiple staff members in different 

parts of the practice for different portions of the ‘patient journey’; 

● community optometric practices are usually housed within a retail environment; 

● the practice waiting area is usually combined with the dispensing area where there 

is a large display of spectacle frames; and 

● the eye examination involves a variety of tests which can require close proximity, 

subjective responses and uncomfortable stimuli.   

 

Of course, it is possible that some of these could in fact facilitate accessibility, for 

example the retail environment may interrupt the tense medical environment of an 

optometric practice. Resources are available to improve eyecare accessibility for autistic 

children and autistic people with learning disabilities (SeeAbility, 2019; National Autistic 

Society, 2020a). Furthermore, The College of Optometrists (2021a) have recently 

compiled guidelines for optometrists when seeing autistic patients, which are mostly 

based on literature concerning autistic children. Additionally, these largely focus on what 

takes place in the testing room. None of these resources are aimed towards autistic adults 

who do not have learning disabilities.  

   

2.10 Conclusions and project aims 
A review of the literature has revealed significant gaps in current research about autism 

and vision. Autistic people can experience visual sensory issues. However, current 

research has not explored this in detail. Therefore, we do not know the full extent of these, 

or the impact these can have on autistic people’s lives. Next, research on optometric and 

orthoptic conditions in autistic individuals suggests this population may be more prone 

to developing significant refractive errors and binocular vision anomalies (e.g., 

strabismus, amblyopia and CI), although current evidence is limited to autistic children. 

Furthermore, these studies have recruited participants with a variety of IQ levels, and the 

impact of a co-existing learning disability has not been accounted for. Therefore, we can 

only assume the visual status of autistic adults who do not have learning disabilities. It 

may be the case that there exists a link between autistic visual sensory experiences and 
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optometric and orthoptic conditions. Coloured filters are being marketed for autistic 

people to overcome visual sensory issues. Though studies have shown that these can help 

with reading, emotion recognition and discrimination, these studies suffer multiple 

limitations and do not provide strong evidence to ascertain the benefit. If autistic adults 

are more likely to develop optometric and orthoptic conditions, they can be expected to 

visit an optometrist frequently. But, is this population avoiding eye examinations due to 

poor accessibility or understanding? Currently, there are insufficient resources to provide 

autism-friendly eyecare service to autistic adults without learning disabilities. Overall, a 

thorough exploration of autistic adult’s visual sensory experiences, refractive and 

binocular vision status, and experience of eye care services needs to be conducted. 

Regarding eye care professionals, this research is not only important for optometrists, but 

also other eye care providers such as orthoptists and dispensing opticians. Across all these 

research topics, a consistent limitation has been geographical representation. Different 

geographical locations will have different environmental factors, socio-economic status, 

ethnicities, cultural expectations and infrastructure, to name a few.  

 

This research project is a descriptive, cohort, mixed-methods study with the aims as 

follows: 

1. To characterise the visual issues and symptoms experienced by autistic adults. 

2. To describe the range and type of optometric conditions in autistic adults and 

suggest possible links with visual symptoms. 

3. To investigate the impact of optometric/orthoptic treatment on vision, visual 

symptoms and quality of life. 

4. To develop recommendations and resources for eye care providers so they may 

provide more “autism-friendly” services.  
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3.1 Abstract 
Although previous research has investigated altered sensory reactivity in autistic 

individuals, there has been no specific focus on visual sensory experiences, particularly 

in adults. Using qualitative methods, this study aimed to characterise autistic visual 

sensory symptoms, contextualise their impact and document any associated coping 

strategies. A total of 18 autistic adults took part in four focus groups which involved 

questions around visual experiences, the impact of these on daily life, and strategies for 

their reduction. Transcripts of each session were thematically analysed allocating six key 

themes. Participants described a range of visual hypersensitivities, including to light, 

motion, patterns and particular colours, which contributed to distraction and were 

frequently part of a wider multisensory issue. Such experiences had significant negative 

impacts on personal wellbeing and daily life with participants describing fatigue, stress 

and hindrances on day-to-day activities (e.g., travel and social activities). However, the 

degree of understanding that participants had about their visual experiences influenced 

their emotional response, with greater understanding reducing concern. Participants 

employed a variety of coping strategies to overcome visual sensory experiences but with 

varied success. Discussions also highlighted that there may be a poor public understanding 

of sensory issues in autism affecting how well autistic individuals are able manage their 

sensory symptoms.  In summary, autistic adults expressed significant concern about their 

visual experiences and there is a need to improve understanding of visual experiences on 

a personal and public level as well as for developing potential support. 

 

Keywords: autism spectrum conditions, vision, visual sensory experiences, altered 

sensory reactivity, focus groups, qualitative methods, autistic adults, coping 

strategies 
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3.2 Introduction 
In addition to social interaction and communication difficulties, altered sensory 

reactivity, such as excessive (hyper-) or dampened (hypo-) sensitivity to stimuli, forms 

part of the autism diagnostic criteria (DSM-5: American Psychiatric Association, 2013; 

ICD-11: World Health Organization, 2021b). Hypersensitivity describes an increased 

response (e.g., extreme light or sound sensitivity) whereas hyposensitivity describes an 

obviously dampened response (e.g., apparent increased pain and temperature thresholds). 

In addition, individuals can also exhibit unusual interests in sensory aspects of the 

environment, such as excessive touching of object edges or fascination with reflections 

(DSM-5: American Psychiatric Association, 2013; Simmons et al., 2009).  

 

Altered sensory reactivity is experienced by the majority of autistic people (Green et al., 

2016; Kientz & Dunn, 1997). These experiences can be enjoyable or distressing 

(Robertson & Simmons, 2015; Smith & Sharp, 2013), and their magnitude has been found 

to be positively correlated with the number of autistic traits one may have (Robertson & 

Simmons, 2013). There is debate around whether altered sensory reactivity increases 

(Liss et al., 2006) or decreases (Kern et al., 2006) with age. Importantly, it remains 

throughout life (Crane et al., 2009) and affects each modality (Baum et al., 2015; Clery 

et al., 2013) as well as multisensory processing (Beker et al., 2018; Marco et al., 2011).  

 

The current study focused on visual sensory experiences of autistic adults. Informal 

discussions between autistic individuals and members of the research team, prior to this 

study, revealed the multidimensional difficulties that visual sensory experiences could 

cause for many autistic people, leading to them trying to manage these sensory issues 

themselves. This was exemplified by many autistic community members accessing 

unregulated ‘treatment’ options such as tinted lenses which are claimed to be suitable 

management options1 although there is no high-quality evidence base for this (Ludlow & 

Wilkins, 2009; Ludlow et al., 2006; 2008; 2009; 2012; 2020; Whitaker et al., 2016). 

Additionally, research has shown autistic individuals to present frequent ophthalmic 

conditions such as altered binocular vision, strabismus, refractive errors and 

compromised retinal structure (Little, 2018). It is possible that these conditions may be 

linked to autistic visual sensory experiences, but further research is needed. To be able to 

 
1 https://www.read123.co.uk/en/the-use-of-colour-therapy-and-coloured-lenses-in-autism/ 



 
 

113 

investigate this possible link, there is first a need to fully characterise visual sensory 

experiences together with their impacts on autistic people.  

 

Bogdashina (2003) provided a list of visual hypersensitivity issues, such as focusing on 

fine detail and a dislike for extreme or flashing lights, and hyposensitivity issues, such as 

fascination of reflections or colourful objects and intensely focusing on objects or people. 

However, few studies have provided further characterisation of visual sensory issues in 

autistic individuals, particularly in adults. Autistic visual hypersensitivities have been 

found to overlap with key characteristics of Meares-Irlen syndrome, also known as visual 

stress (Wilkins, 1995; 2003), defined as visual discomfort because of an increased 

sensitivity to repetitive patterns. 

 

Subjective altered sensory reactivity in autism has been mostly explored using 

questionnaires. Findings from a recent meta-analysis of 55 questionnaire studies across 

children and adult populations (Ben-Sasson et al., 2019) supported the atypical nature of 

sensory symptoms in autistic individuals and highlighted the most consistent sensory 

experience was hypersensitivity. Whilst confirming heightened sensitivity across all 

sensory modalities (Tavassoli et al., 2014a; 2014b), questionnaire studies have also made 

clear that the severity of sensory sensitivity varies between individuals (Ben-Sasson et 

al., 2008; Crane et al., 2009; Elwin et al., 2017). Of these studies, it is only Tavassoli et 

al (2014a; 2014b) who highlight the importance of investigating individual modalities so 

to not obscure intramodality differences. Specific to vision, they reported autistic adults 

to display heightened sensory sensitivity (Tavassoli et al., 2014a) and greater 

hypersensitivity (Tavassoli et al., 2014b) to visual stimuli relative to controls.  

 

Quantitative research can be complemented and expanded upon by qualitative research. 

Although questionnaire methodology has provided extensive data about altered sensory 

reactivity in autistic individuals, it restricts the extent to which participants can express 

themselves and limits understanding of how experiences for each sensory modality may 

differ. Comparatively, qualitative techniques (e.g., focus groups or interviews) allow 

researchers to explore new ideas to greater depth and in different dimensions, such as 

attitudes, social interaction, thoughts and meaning (Malterud, 2001).  
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Qualitative studies have provided detailed evidence for general altered sensory reactivity 

in autistic individuals, although none have focused on visual sensory issues. Kirby et al 

(2015) used semi-structured interviews to investigate sensory experiences in autistic 

children. Experiences were generally described as “likes or dislikes” with interviewers 

unable to determine sensory issues within individual modalities. They concluded this to 

indicate that autistic children view their experiences as multisensory. Altered sensory 

sensitivity amongst autistic adults has been documented using semi-structured interviews 

(Smith & Sharp, 2013), focus groups (Robertson & Simmons, 2015) and analysis of 

personal accounts (Jones et al., 2003), but this was not explored for individual modalities. 

However, some visual experiences were superficially reported including difficulties 

tolerating a range of stimuli such as bright environments, artificial lighting, patterns, 

unpredictable movements, visual distractions, fine detail, and particular colours (Jones et 

al., 2003; Robertson & Simmons, 2015; Smith & Sharp 2013). Child group interviews by 

Robertson (2012) revealed similar visual difficulties; some colours, bright lights and 

screens, and additionally certain shapes can cause painful sensations. 

 

The impact of general altered sensory reactivity on autistic individuals has previously 

been investigated revealing negative and pleasurable emotions, negative physical 

symptoms, effects on attention, and both positive and negative impacts on daily living 

(Jones et al., 2003; Robertson & Simmons, 2015; Smith & Sharp, 2013). Strategies to 

cope with these include purposeful exposure to positive stimuli or avoiding, 

accommodating, distracting away from, and seeking the positive aspects in negative 

stimuli (Jones et al., 2003; Robertson & Simmons, 2015; Smith & Sharp, 2013). In an 

interview study about autistic adults’ daily lives, Robledo et al (2012) found participants 

to mention that although visual stimuli could cause negative emotions and physiological 

responses, certain lighting or colour combinations could be enjoyable.  

 

While these qualitative studies have provided a superficial description of visual 

experiences, there are no studies that have specifically examined autistic visual sensory 

experiences in depth. General findings regarding impacts of sensory experiences on 

quality of life and coping strategies cannot be assumed to apply across every sense. 

Studies which have documented subjective visual experiences (Jones et al., 2003; 

Robertson, 2012; Robertson & Simmons, 2015; Robledo et al., 2012; Smith & Sharp, 
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2013) have not attempted to explore these further or characterise them in-depth but 

instead summarise them broadly alongside other modalities.  

 

On the other hand, a large body of work has examined vision using cognitive and 

psychophysical tasks in autistic people (Apicella et al., 2020; Federici et al., 2020; 

Schauder & Bennetto 2016; Simmons et al., 2009). Various studies have investigated 

performance of autistic and non-autistic individuals in tasks linked to early visual 

processing, such as visual acuity (Albrecht et al. 2014; Tavassoli et al. 2011; Tebartz van 

Elst et al. 2015) and contrast sensitivity (Koh et al. 2010).  Higher level visual processing 

has also been explored, for example, face recognition (Tang et al., 2015) and global (Van 

der Hallen et al., 2015) and biological motion perception (Todorova et al., 2019). While 

findings are mixed, these studies suggest fewer group differences for lower than higher 

level visual processing. Autistic people have also been found to exhibit perceptual 

differences, with a superiority or preference in processing local compared to global 

information (Happé & Frith, 2006; Kabatas et al., 2015; Mottron et al., 2006; Muth et al, 

2014; Plaisted et al., 1999; Rinehart et al., 2000; Simmons et al., 2009). 

 

It is evident that whilst qualitative studies have provided detailed evidence for general 

altered sensory sensitivity in autistic individuals, the visual sense has not been explored 

to the same extent with no previous studies focusing specifically on subjective visual 

sensory experiences. Moreover, these studies have been conducted mainly from a 

psychology or psychophysics point of view; how would a vision and ocular health expert 

interpret these findings? This is an important gap to fill as improved descriptions of visual 

sensory issues, as well as from a different professional perspective, can suggest directions 

for future quantitative studies. For example, if descriptions of autistic visual sensory 

issues overlap with characteristics of visual stress, binocular vision symptoms, poorly 

corrected refractive error or are more suggestive of cognitive mechanisms (Happé & 

Frith, 2006; Mottron et al., 2006; Van de Cruys et al., 2014), future work can be targeted 

to test these links. Additionally, it is clear from previous reviews (Ben-Sasson et al., 2019; 

Schaunder & Bennetto, 2016) that there has been a greater focus on investigating sensory 

difficulties in autistic children than adults. In Ben-Sasson et al’s (2019) meta-analysis, 

only 7% of questionnaire studies that examined sensory symptoms involved adults. 

Overall, a detailed characterisation of the multi-faceted visual sensory experiences in 
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autistic adults, the specific impacts of these on daily life and the strategies employed to 

cope with these does not exist. The aim of the current study was to gain a detailed insight 

into the everyday visual experiences of autistic adults along with their impact and coping 

strategies employed, from the point of view of an optometrist. 

 

A qualitative approach was taken to explore the full range of visual experiences that 

autistic people report and to what extent these impact their daily lives. Focus groups were 

employed as they allow opinions to be collated from a relatively larger sample, compared 

to one-to-one interviews, and have been successfully conducted with autistic adults in 

previous research (Gowen et al., 2019; John et al., 2017; Koffer Miller et al., 2017; 

Robertson & Simmons, 2015). Furthermore, interactions between members in a focus 

group allow researchers to understand the range of opinions as well as the level of 

agreement about topics (Barbour, 2008), particularly suitable for the current study’s aims.   

   

3.3 Methods and materials 
3.3.1 Recruitment and participants  

An advert (Appendix 2) was publicised by email and social media using the 

Autism@Manchester network, local autism groups and the university platforms. It was 

also displayed around the university campus and handed out at autism events. Inclusion 

criteria were (i) being formally diagnosed as autistic; (ii) absence of a learning disability; 

(iii) aged 18 years or above; (iv) being able to travel to the university: and (v) availability 

to attend one of the specified focus group sessions. Interested individuals were sent a 

participant information sheet containing full study details (Appendix 3).  

 

An opportunity sample was recruited for this study. Although 27 participants signed up 

to a focus group session, nine did not attend. A total of 18 autistic adults took part, aged 

25 to 67 years (mean age 47.1 years), of which six were female. All had a formal diagnosis 

of an autism spectrum condition (autism/ Asperger’s syndrome/ ASC) visually confirmed 

by a diagnosis letter, and were from northern England. Many participants had a co-

occurring condition: 

• Four participants reported dyspraxia; 

• Three participants reported generalised anxiety disorder; 

• Two participants reported dyslexia; 



 
 

117 

• Two participants reported ADHD; 

• One participant reported catatonia. 

 

 In terms of ocular history: 

• 17 participants presented with at least one ophthalmological condition; 

• 16 participants wore a refractive correction; 

• eight participants had an additional eye condition including amblyopia, visual 

stress, keratoconus, light sensitivity, Graves Ophthalmopathy and history of an 

eye trauma; 

• two participants had undergone eye surgery such as cataract extraction, removal 

of a corneal ulcer or laser vision correction; 

• four participants had received eye treatment such as use of eye drops or eye 

patching in childhood. 

 

This study received ethical approval from The University of Manchester’s Research 

Ethics Committee (2019-6025-9932) and participants provided informed consent. 

 

3.3.2 Study development and procedure 

The research team comprised KRP, a PhD student with training in qualitative methods 

and practicing optometrist by profession; EG, a researcher in the field of sensory 

perception and motor control in autism; CMD, a professor of clinical optometry with a 

specialist interest in helping those with uncorrectable visual impairment; and CSP, a 

senior lecturer in optometry as well as practicing optometrist with a specialist interest in 

binocular vision. Across the team existed a wealth of knowledge about the visual system, 

refraction and ocular health which allowed the research to take a unique approach, as 

opposed to previous research which has taken a more psychological stance.  

 

The design and procedure of this study were developed in collaboration with the 

Autism@Manchester Expert by Experience Advisory Group2. Thereafter, the research 

team worked closely with two adult autistic advisors (JP and PB) who ensured an 

appropriate protocol for the focus groups which would be autism-friendly.   

 
2 www.autism.manchester.ac.uk/connect/expert-by-experience  
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A total of four focus groups were held as this number can reveal up to 90% of all themes 

(Guest et al. 2017). Each contained four to six participants. Participants were randomly 

allocated to a focus group depending on their availability to attend. Prior to attendance, 

participants were sent a ‘what to expect when you attend’ document (Appendix 4) to 

prepare them for their visit. Upon arrival, they were taken to the focus group room and 

offered refreshments whilst written consent was taken. Thereafter, they completed a 

questionnaire which collected basic demographic and diagnosis information as reported 

above. The focus groups were facilitated by one member of the research team (KRP) who 

followed a predetermined schedule (Appendix 5). Participants were fully aware that they 

had access to a quiet room and were able to leave the discussion at any time without 

having to give a reason. They were also reassured that the data collected during the focus 

group would be pseudonymised. Another member of the research team (EG or CMD) 

was present to assist with running the sessions which ran for one to two hours, excluding 

a short break midway. 

 

In line with recommendations from Durand and Chantler (2014), four key questions were 

presented to the groups of which three are explored in this paper: 

Q1. Does anybody feel they experience any visual problems or unusual visual 

symptoms? 

Q2. Do you feel you can do anything to improve these symptoms? 

Q3. How do your visual issues impact your daily routine? 

 

The remaining question (Q4) “what are your experiences of an eye examination?” was 

unrelated to the topics explored in this paper and will be discussed in a future article 

(Chapter 6: Parmar et al., 2022a). Q1 allowed the researchers to explore the range and 

magnitude of autistic adults’ visual experiences. A key aim of this study was to 

characterise these experiences in detail by understanding what steps autistic adults take 

to tackle these (Q2) and what affect they have on an autistic adults’ life (Q3).   

 

3.3.3 Data analysis   

The focus groups were audio recorded and then transcribed, with participants 

pseudonymised, by an external university approved service for intelligent verbatim 

transcription. Transcripts were thematically analysed to allow the broad range of data to 
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be brought into meaningful themes. Compared to other qualitative analysis methods, 

thematic analysis allows data sets to be richly described as a whole and goes further than 

just summarising data (Braun & Clarke, 2006; Maguire & Delahunt, 2017). The analysis 

aimed to be exploratory and the research student (KRP) took an inductive, semantic and 

realist approach from the point of a non-autistic optometrist.  

 

The Braun and Clarke six-step technique (Braun & Clarke, 2006) was followed as this 

framework is flexible and can be easily applied to a variety of research questions. Firstly, 

the accuracy of each transcript was checked against the original recordings. The research 

student then familiarised himself with the data by re-reading through the transcripts whilst 

making any initial notes of key ideas. The second phase involved re-reading and line-by-

line coding of the transcripts to identify features (words, sentences or paragraphs) of the 

data related to the scope of the study. This was done by hand and codes were written on 

sticky notes.   

 

In the third phase, codes were grouped to form initial themes. For this, as per the 

recommendations of Braun and Clarke (2006), a physical thematic map was created by 

arranging the sticky notes according to similarity in content or ideas.  This allowed the 

research student to visualise the formation of higher-level themes. These three stages 

were followed for each transcript and moderate alterations were made to the thematic 

map as more transcripts were analysed.   

 

Data saturation was reached with no new themes developing from the fourth focus group. 

The fourth phase reviewed the allocated themes against the dataset. It was important that 

the themes captured all relevant aspects of the data. The themes and codes were discussed 

amongst the research team (KRP, CMD, CSP and EG) to improve the rigour of the 

analysis and ensure a valid interpretation of the data. The team agreed that the codes 

summarised the relevant aspects of the data well, however, some themes could be grouped 

together as they were (a) very small and (b) closely related. The thematic map was 

reorganised as per these modifications (see Table 3.1).   

 

Themes were appropriately named and given a short definition in the fifth phase. The 

research team had to ensure that a theme’s name gave an immediate reflection of what 
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was covered therein and highlighted its relevance to the scope of the study. Additionally, 

a detailed analysis of each theme, most either complex or large, lead to the allocation of 

multiple sub-themes. The final phase brought together the themes and supporting data in 

a report. For this, appropriate quotes were chosen from the dataset which justified the 

research findings (see section 3.4), and the overall outcomes needed to be discussed in 

the context of the study aims and existing literature (see section 3.5). 

 

3.4 Results  

A final six themes were allocated to the data and are listed in Table 3.1 under the question 

from which they arose. Themes, theme definitions and corresponding sub-themes are 

presented. 

c 

The remainder of this section describes these themes in further detail. The participants 

are referred to by a number (P1-18).  
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Table 3.1 The six allocated themes and their definitions as well as respective sub-themes, 
grouped according to the question from which they arose.  

Question 1: Does anybody feel they experience any visual problems or unusual 
visual symptoms? 
Themes Theme definition Sub-themes 
1. Altered visual 

experiences 
Visual symptoms or unusual 
occurrences experienced by 
participants 
 

Visual 
hypersensitivities 
Eye movements 
Visual experiences vary 
from person to person  

2. Autistic 
individuals’ 
vision-related 
knowledge 

The level of understanding 
participants had surrounding their 
vision and ocular health, and the 
impact of this. 

Degree of awareness 
Impact of awareness 

 
Question 2: Do you feel you can do anything to improve these symptoms? 

3. Coping strategies Methods adopted by participants to 
tackle their visual experiences 
 
 
 

Avoiding visual clutter 
Optical correction 
choices 
Coloured overlays/ 
lenses 
Lighting alterations 
Just cope with it 
A multisensory 
experience 

 
Question 3: How do your visual issues impact your daily routine? 
4. Impact on 

personal 
wellbeing 

The multi-dimensional impact of 
visual experiences on participant 
wellbeing 

Physical wellbeing 
Mental wellbeing 
Emotional wellbeing 

5. Impact on daily 
life 

The impact of visual experiences 
on participants’ daily lives 
 
 

Home life 
Work life 
Public places 
Travel 
Social life 

6. A poor public 
understanding of 
sensory issues in 
autism  

The perception of a poor awareness 
in the general population 
surrounding autism and the 
participants’ reaction to this 
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3.4.1 Theme 1: Altered visual experiences  

Visual hypersensitivities  

Participants described a variety of issues, relating to visual hypersensitivity, which refers 

to an increased sensory sensitivity rather than threshold detection sensitivity. 

Hypersensitivity to lighting had multiple aspects; bright, flickering, fluorescent, ‘strip’, 

and ‘spot’ lighting caused discomfort. Participants, with and without a diagnosis of visual 

stress, described difficulties reading and viewing certain patterns. P4, who suffered with 

visual stress, said, “…it's like, the letters… flicker around the edges sometimes ... As if 

the letters are bleaching into the grey bits …”  which describes typical visual stress 

characteristics. Our participants also portrayed visual stress to be caused by day-to-day 

striped visual images such as ‘grills on buildings’ or ‘radiators’. P9 explained an adverse 

response to patterns, again characteristic of visual stress, although they did not have a 

formal diagnosis:  

“…I definitely sometimes have what feels like a physiological response to the 

patterns…It's like you've been punched in the stomach. It's a real strong emotion 

that comes over you like when there's loud noise.”  
cc 

Hypersensitivity to particular colours could cause an adverse response, “…I get like a 

physical reaction to them as though they've hit you” (P9), and was suggested to largely 

influence our participants’ likes and dislikes, where they visited and what they selected. 

“I mean I really don't like the colour yellow. I mean the railing down there is toddler 

screaming levels of irritation. And I'm not fond of bright reds” (P8); “…all of my 

upholstery I've chosen, it's beige … But for me, I mean it's not that nice to look at … But 

if I had any bright colours then I would just avoid that room” (P11). Participants indicated 

that the impact of colour cannot be predicted because the contrast with the surroundings, 

the pattern formed with other colours and the combination of colours are all influential 

factors.   
c 

Hypersensitivity to visual motion occurred mostly in crowded, busy environments and 

was implied to be due to a combination of visual clutter and movement. P14 explained:  

“It's the movement of other people, because to me it's…if I'm in my living room, 

my children are running back and forth across, I find that very stressful. They 
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need to be on one side, not going across my field of view all the time. I get stressed 

and angry.” 

c 

The main impact of visual hypersensitivity was distraction. P1 said:  
    

“…the general theme of being distracted by visual things is an issue for me. 

Especially because I wear glasses and they always get dirt on; I notice the dirt a 

lot more than other people...”  

 

Participants suggested they were more aware of their full field of view and had difficulty 

paying attention to a particular part of it. A conscious effort has to be made to overcome 

distraction, “I'm not at the moment looking the other way, but if I was tired, I'd be much 

more distracted. So, it's almost like playing a filter to try and filter it all consciously” 

(P5). 

 

The inability to overcome distraction caused negative emotional responses such as anger 

and frustration, “…it drives me mad…” (P5). However, not all distractions had a negative 

impact. Some participants said they occasionally dedicated their attention to one visual 

stimulus which fully occupied their sensory system to prevent distraction from other 

stimuli, “…so I can ignore the sounds and the visual stimulus of people talking, I focus 

as firmly as I can on what I’m reading” (P8).  

 

Eye movements 

Four participants expressed difficulties with controlling eye movements. Others had been 

made aware of problems with eye tracking through research studies requiring eye 

calibration which suggests that these issues are not always apparent to autistic individuals. 

P1 reported, “My eye tracking is a bit weird. I think I don’t look at…the thing I’m 

intending to look at sometimes or following it correctly” and confirmed this to be the case 

“…all the time to some extent.” P13 stated:   
c 

“…I hadn't realised how much I'd struggled [with reading] for years, because it's 

sort of double, but it's very subtly double. And sometimes it just goes like that 

[hand gesture indicating diplopia].” 
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Visual experiences vary from person to person  

Participants’ visual experiences varied from person to person depending on the severity 

of their altered visual sensory sensitivity. For example, P7 said:  
    

“…I have more issues with sound. Not excessively, as sometimes you hear about, 

but certainly more so with sound than with vision. Which is why, like I say, I 

couldn't really relate to what was being discussed…” 

 

Many participants felt they had good vision and could “see clearly” (P14), however, 

some felt their eyesight was genuinely poor. P15 said, “…I never feel I can see well 

enough, ever.”  Participants were quick to suggest that they could differentiate perceptual 

symptoms from sight issues, “I don't think my eyes see differently from other people, I 

think I process it differently” (P1).  
   

3.4.2 Theme 2: Autistic individuals’ vision-related knowledge 

Degree of awareness 

The degree of awareness about vision and eye health varied across the participants. They 

expressed little flexibility with their definition of good vision, thinking 20/20 acuity and 

a low spectacle prescription defined this. The presence of non-pathological floaters, the 

time taken for light adaptation, and foveal bleaching because of viewing a bright object 

all seemed to be perceived as poor eye performance by participants although these are 

normal physiological phenomena, “So the floaters are the big thing … At work, the dark 

floaters at work, that's not good vision” (P6). 

 

Impact of awareness 

The degree of understanding that participants had about these aspects in turn impacted 

their emotional response to them. In cases where there seemed to be a lack of 

understanding, participants expressed negative emotions such as fear, anxiety and feeling 

abnormal, “I just feel like I'm made up of bad code” (P6). Well informed participants 

appeared to be less concerned about the same experiences.  
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3.4.3 Theme 3: Coping strategies 

Avoiding visual clutter 

Participants indicated that visually busy environments overwhelmed their sensory 

system, so tended to avoid them. P3 said, “…the city centre, being surrounded by 

buildings and people like it’s all too much visual information.” Where avoidance was not 

possible participants minimised the time they had to experience visual clutter, “I tend to 

use the same shops. So I know exactly where things were last time, barring the usual 

rearrangements. So I try and get it done quickly. So I can get out of there” (P8). 

 

Optical correction choices 

Interestingly, participants discussed their choice of spectacles. P1 said, “different glasses 

would help me, like if they were rimless or I wasn't distracted by a frame…” Although 

different participants interpreted the effect of the frame size in different ways, the general 

conclusion was to avoid seeing the rim, “you're physically aware of them, this is slightly 

annoying” (P7). Participants requested more reassurance when being dispensed new 

spectacles and identified the need for a relatively longer adaptation period to these. 

 

Although sunglasses and photochromic lenses are helpful as they reduce light levels, they 

were suggested to be only a partial solution. P8 stated, “…it's a little disconcerting having 

that artificial darkening when I'm used to things seeming bright”, which leads to the issue 

of feeling “detached” (P10). It appears that this population may struggle with optimal 

light levels without visual sensory issues being compromising. 

 

Coloured overlays/ lenses 

The use of coloured overlays and lenses was beneficial for some participants who 

experience visual stress symptoms. P13 stated, “…my reading speed doubled…I could 

actually see properly.” P2 said, “…I never saw the social world, I never saw people, 

never saw expression…” prior to using coloured lenses. However, they were not equally 

beneficial for all. P14 said her tinted lenses were “…not all that helpful with the visual 

stress. Just good with headlights and blueness.”  
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Lighting alterations 

Light alterations increased participants’ ability to cope in artificially lit environments. 

Reducing light levels can improve visual ability, “…I can see very well in low light” (P8).  

Whereas natural colour temperatures, such as ‘daylight’ ease visual symptoms and are 

“preferred” (P1), warmer colour temperatures are “very warm, very comforting” (P4). 

Some participants also suggested that blue blocking lenses “relax” (P10) them and make 

spectacles feel better. 

 

Just cope with it 

The final approach was to “cope, cope as best as you can” (P9). Participants described 

that as a hypersensitivity is increasingly provoked it induces a greater negative emotional 

response, leading to growing distress. Apart from being stressed and anxious, they are 

likely to inconvenience themselves by trying to prepare for every situation, “I just carry 

loads of different types of glasses with me … So it just means I'm covered for all 

eventualities…” (P13).  

 

A multisensory experience 

It was challenging for some participants to think about vision-related coping strategies 

because visual sensory symptoms usually occurred as part of a multisensory experience 

for them: 
      

“…it's difficult to pull out that that is due to any particular reason really. I mean 

the talking to people I struggle with if there's the stripy shirt distraction issue, 

because it's something that's grabbing your attention away from what they're 

saying. At the same point as there's five different people behind them whose 

conversations you're listening to at the same time because you can't screen them 

out. So it's difficult, isn't it, to say what is due to which issue.” (P9) 

 

3.4.4 Theme 4: Impact on personal wellbeing 

Altered visual sensory reactivity had multiple impacts on our participants’ wellbeing. 

 

Physical wellbeing 

Physically, visual experiences are “a gradually fatiguing thing” (P10), which impacted 

the participants’ functionality. P14 said, “...flickering lights, like the sun behind trees, 
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makes me sleepy.” Additionally, many participants expressed sleeping difficulties, 

especially during summer months due to longer daylight hours. 

 

Mental wellbeing 

Participants lacked a feeling of self-worth due to low self-confidence as expressed by P6, 

“I feel like my genetics are just really bad codes, just full of defects and errors. And that's 

[referring to their vision] just another error to catalogue.” P4 suggested that this lack of 

confidence could be a result of not knowing “what other people see” which constantly 

makes them doubt if they are seeing the world in the same way as non-autistic individuals. 

 

Emotional wellbeing 

Emotional wellbeing varied amongst our participants. P1 said, “it [visual 

hypersensitivity] just makes me generally stressed all the time and less able to deal with 

other things”. P6 was angry about his vision, “I’m not happy with my eyesight at all. No, 

I’m not”, whereas P12 found his vision simply “overwhelming”. Conversely, participants 

who saw the advantages of their visual experiences portrayed themselves as relatively 

more positive in the way they spoke, their responses and their body language, as explored 

in the next theme. 

 

3.4.5 Theme 5: Impact on daily life 

Home life 

Visual experiences were a hindrance in home life for some of our participants, especially 

for tasks requiring concentration such as “cooking and sewing” (P1); these can be 

difficult to complete with ease and enjoyment. Some participants, however, saw their 

visual hypersensitivities as an advantage especially for hobbies. P4 stated:  
    

“…seeing details is a double-edged sword. On the one hand you could get 

overwhelmed with all the detail. But at the same time, it also means … When I'm 

painting, I can see far more detail than other people can see. I can spot things 

that other people miss.” 

 

Work life 

Regarding employment, participants expressed positive views. Sensitivity to fine detail 

was an advantage at work:  
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“…I just use my ability to pay attention to visual detail more, more in my 

professional work which involves a lot of image analysis and data processing to 

produce those images…” (P2)  

 

Public places 

Having to avoid certain environments due to visual hypersensitivities meant participants 

were more likely to stay at home. They expressed issues with cinemas, large shops, 

hospitals and lecture theatres specifically. However, issues with public places cannot 

solely be blamed on visual experiences. Participants recognised that these difficulties are 

more due to multisensory problems and anxiety which collectively overwhelms them:  
    

“...it's a multi-level thing...I mean hard, easy to clean floors, which means every 

person stepping around is bang, bang, bang ... You've got people moving around 

randomly. You've got the bright lights ... and you’ve got all the people talking 

simultaneously.” (P8) 

 

Travel 

Participants said they can be distracted and overwhelmed by visual clutter, headlights and 

objects that catch their attention when driving. Some had given up driving due to their 

visual experiences, whereas others had not pursued driving due to a fear of these:  
    

“I mean headlights are a problem when driving in the dark ... It's like the 

headlights seem to bleed and wash out some of the rest of the visual experience, 

and you need that data when you're driving in the dark.” (P10) 

 

Participants found it difficult to use public transport due to the artificial lighting at night 

or sunshine on bright days. Most participants in our study suggested that the issues with 

public transport were multidimensional and again could not be accounted for just with 

vision:  
   

“…dealing with the driver, walking past all the people to find a seat and finding 

a seat with the person next to me … And then just the overall noise and the rattling 

of the engine and the windows” (P10) 
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Social life 

Many participants felt that sensory experiences contributed to difficulties in their social 

life. When asked about inclination to attend social events, P4 said, “I think less inclined 

purely because I don’t want the overload of all the sensory input”. As described by P1, 

the stress induced by visual experiences reduces their ability to deal with other situations 

such as “interacting with people”. Due to these experiences, P3 felt limited in her social 

life: 
  

“I drive because I can't do public transport. And so, if we think about the impact 

socially and stuff then a lot... So, I can't go out drinking because I have to drive 

home and stuff like that as well.” 

 

However, our participants’ difficulties and limitations in social situations could be 

misinterpreted as being “antisocial” (P4). 

 

3.4.6 Theme 6: A poor public understanding of sensory issues in autism 

Participants described a lack of awareness in the general population regarding the sensory 

difficulties autistic adults face. P5 felt the ignorance of some non-autistic individuals 

towards autistic people is “absolutely disgusting.”  

 

Educating the general public about the sensory issues in autism is important to heighten 

understanding, “… now my wife understands why I have to leave things early. Before she 

just thought I was being antisocial. Now she knows she’s more understanding about it” 

(P4).  

 

There was also a fear amongst our participants that their difficulties may not be 

understood by employers or public services. For example, P10 said: 
    

“…I'm really dreading I think to have some kind of sensory conversation with an 

employer. Because there's some environments I go into now, like the hospital, and 

I don't think I could physically tolerate that. So yeah, I think this has big 

implications” 
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3.5 Discussion 
The current study is the first to provide an in-depth qualitative investigation of autistic 

visual experiences, together with their impacts on daily life and coping strategies. A total 

of 18 autistic adults, without learning disabilities, attended a focus group meeting 

involving up to six participants at The University of Manchester. The opinions of these 

participants were elicited to gain a holistic understanding of the visual experiences of the 

autistic adult population. It builds on previous work which has briefly documented visual 

issues in the context of a broader study on altered sensory reactivity (Jones et al., 2003; 

Robertson, 2012; Robertson & Simmons, 2015; Robledo et al., 2012; Smith & Sharp, 

2013), and highlights significant concerns amongst autistic adults regarding their vision, 

visual sensory experiences and the impacts these have.  

 

3.5.1 Characteristics of visual issues 

As noted by previous literature, our participants highlighted increased sensitivity to 

different aspects of lighting (Bogdashina, 2003; Leekam et al., 2007; Robledo et al., 2012) 

and fine detail (Simmons et al., 2009; Kabatas et al., 2015). Participants discussed strong 

likes and dislikes for particular colours, agreeing with the findings of a case report by 

Ludlow and Wilkins (2009). This also appears to be analogous to the outcomes of 

Grandgeorge and Masataka (2016) who investigated colour preference in autistic boys 

aged between 4 and 17 years, finding they were significantly less likely to prefer yellow, 

compared to age-matched controls, but more likely to prefer green and browns. Such 

colour preferences were suggested to be a result of autistic visual hypersensitivities, also 

indicated by our participants.   

 

Additionally, participants reported key symptoms of visual stress when viewing repetitive 

patterns, including flickering, fading and a strong discomfort (Evans & Stevenson, 2008). 

Although a few participants described the impact of this phenomena particularly with 

reading, it was largely discussed as a global experience impacting several aspects of daily 

life, and dependent on the combination of colours which produced an uncomfortable 

contrast. Robertson and Simmons (2015) also found their focus group members to 

describe visual stress symptoms in the context of more global aspects such as the pattern 

formed by the layout of products on shelves in a shop. In view of this and other studies 

reporting first-hand accounts of pattern sensitivity in autistic adults, future work should 
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investigate whether the visual experiences of autistic people are at all related to Meares-

Irlen syndrome. 

 

Our participants suggested issues with eye tracking, visual location and possible control 

of binocular vision (reporting diplopia), but it is unclear how these reports would relate 

to formal laboratory measurements reported in the literature. A review and meta-analysis 

by Johnson et al (2016) reported that autistic individuals can have altered eye movements, 

specifically poor eye tracking, impaired saccade inhibition and saccade dysmetria, but do 

not have difficulty initiating saccades or engaging/ disengaging from targets. 

Additionally, studies have found autistic people to make faster eye movements during 

predictive saccade tasks (D’Cruz et al., 2009; Kovarski et al., 2019).  

 

Autistic individuals are more likely to develop ophthalmological conditions (Little, 

2018). These include refractive error, binocular vision and ocular muscle balance 

anomalies, and altered retinal structure. It is not known whether any of these deficits may 

contribute to autistic sensory symptoms although this would be a valuable relationship to 

investigate. 

 

It is important to note that visual sensory experiences varied amongst our participants, 

depending on how sensitive they were to their vision. For example, those more sensitive 

to sound did not necessarily fully relate to the accounts of participants reporting severe 

visual symptoms. This variability is evident in existing research on autistic altered 

sensory reactivity and highlights the importance of not merely generalising findings 

across the autistic adult population. 

 

3.5.2 Visual sensory experiences and attention 

Autistic individuals have displayed and described impairments with attention (Liss et al., 

2006); Patten and Watson (2011) discussed alterations in three broad features of attention 

in autistic children: orientating, sustaining and shifting. Attention is closely linked with 

distraction and previous studies have demonstrated that autistic individuals have 

difficulty ignoring irrelevant distracting sensory information (Adams & Jarrold, 2012; 

Christ et al., 2011; Smith & Sharp, 2013). Reasons for this could be greater perceptual 

capacity (Bayliss & Kritikos, 2011; Remington et al., 2009; Tillmann & Swettenham, 
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2017) or enhanced sensory sensitivity (Liss et al., 2006), both of which have been found 

to be positively correlated to each other in a recent study by Brinkert and Remington 

(2020). Our participants indicated that they had to make a conscious effort to attend to 

their central field of view and ignore their peripheral vision, in agreement with Mottron 

et al (2007) who investigated lateral glances in autism. 

            

Difficulties with distraction led to issues with driving for our participants. The visual 

sensory experiences encountered during driving can be overwhelming and autistic adults 

can struggle to pay attention where it is required. The literature suggests this population 

displays relatively more problematic driving behaviours (Daly et al., 2014), and are less 

likely to attend to all relevant parts of their visual field during driving. However, visual 

issues can be one of many aspects which impact driving ability (Reimer et al., 2013). 

Autistic individuals are more prone to becoming anxious (Reimer et al., 2013), and have 

shown difficulties with motor coordination, staying in lane, control of speed, and adapting 

to unexpected situations during driving (Classen et al., 2013). 

 

3.5.3 Multiple impacts of visual sensory experiences 

Our study suggests that visual experiences can contribute to difficulties maintaining 

emotional, mental and also physical wellbeing. As well as causing pain and negative 

physiological responses, fatigue caused by altered visual sensory reactivity appeared to 

directly impact on the functioning of our participants. Emotionally and mentally, our 

participants largely expressed low mood and negative feelings, such as fear and stress, 

due to their visual experiences. They saw themselves as excluded because of the sensory 

problems they faced, which included vision.  

 

Visual experiences could contribute to poorer daily living skills that are present in autistic 

individuals (Bal et al. 2015; Smith et al., 2012). Chores in the household such as cooking, 

and visiting public places including shops and hospitals, were all made more difficult 

because of visual experiences for our participants. They suggested being put off tasks 

which demand a lot of visual attention; visual experiences limit them to a few tasks which 

they can complete and enjoy.  
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However, sensory experiences can have positive aspects too. They can be enjoyable 

specifically when they or the associated anxieties are under control (Jones et al., 2003). 

Our study found that hypersensitivity to fine detail can prove an advantage to autistic 

people as they can detect details which non-autistic individuals may overlook. Although 

this was the case, participants did not mention this to be related to any positive effect on 

their mental or emotional state as also noted by Robertson and Simmons (2015). Robledo 

et al (2012) also observed that some participants enjoyed visual stimulations such as 

bright lights and particular colour combinations. Seeking the positives in sensory 

experiences was identified as a coping strategy by Jones et al (2003). 

 

3.5.4 Coping with visual sensory experiences 

Little research has been carried out to date to investigate autistic individuals’ coping 

strategies for their sensory issues (Jones et al., 2003; Robertson & Simmons, 2015; Smith 

& Sharp, 2013). Our results agree with Smith and Sharp (2013) who found that 

moderating factors, such as reduced sensory inputs, reduced sensory intensity, predictable 

environments and the autistic person being calm, can lower the impact of otherwise 

overwhelming sensory experiences. Our participants suggested that autistic adults can 

feel overwhelmed by a large variety of visual information. They attempted to prevent 

sensory overload by means such as avoiding visually cluttered public places at peak times 

and shopping at the same stores as they would know where items are kept.  

 

The effort made by participants to prevent sensory overload by avoiding social interaction 

could be misunderstood as awkwardness or being uncooperative. Participants were 

disappointed and anxious about the poor public understanding of autism and associated 

sensory issues. They agreed that this must be improved, which agrees with recent 

recommendations in The Autism Dividend report (Lemmi et al., 2017). Our study has 

attempted to describe the visual experiences of autistic adults without learning disabilities 

so that professionals, service providers and members of the public can develop an 

understanding of this and be more accommodating.   

 

Altering lighting, in terms of brightness and colour temperature, was also beneficial for 

our participants and felt to improve visual performance. This could be related to visual 

stress with these light adaptations having a similar effect to the use of coloured overlays 
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or lenses. Participants also commented on the relaxing nature of blue blocking lenses, 

agreeing with a randomised trial in non-autistic individuals (Burkhart & Phelps, 2009) 

which concluded that these can significantly improve mood.  

 

The benefits of coloured overlays or lenses in autism have been speculated upon. Some 

studies have shown improved reading speed (Ludlow et al., 2008; Ludlow & Wilkins, 

2009), better control of behaviour, coordination and personal space (Ludlow & Wilkins, 

2009), and improved ability to characterise the intensity of facial expressions (Whitaker 

et al., 2016). Some of these social aspects were confirmed by the personal accounts of 

our participants. Though coloured lenses reduced visual stress for some of our 

participants, for others they did not, and no rigorous controlled trials have yet been 

conducted in this area. It is therefore crucial for optometrists and autistic individuals to 

know that while there may be possible benefits of prescribing coloured lenses, they may 

not work as expected in all instances and further research is needed. 

 

The final approach to ‘just cope’ resulted in participants experiencing a variety of 

negative emotions. As per Carver et al (1989), there are two distinct forms of coping: 

problem focused and emotion focused coping. In terms of our findings, although 

participants’ coping strategies could be grouped as one or the other, we do not know how 

they reached these stages.  

 

Some of these coping strategies could be underpinned by ‘compensatory mechanisms’, 

which involve alternative cognition to bypass cognitive difficulties. As a result, autistic 

people display fewer behavioural symptoms despite continued underlying cognitive and 

neural deficits. These mechanisms can be applied to compensate for cognitive 

atypicalities, as opposed to ‘camouflaging’ which aims to mask all autistic traits 

(Livingston & Happé, 2017; Livingston et al., 2019). It is therefore not surprising that 

Robertson and Simmons (2015) suggest specific coping strategies developed by autistic 

adults could help explain some of the unusual behaviours adopted by this population. The 

overall message from our results is that visual experiences result in a variety of issues for 

autistic adults which result in strong positive and negative emotional impacts. A range of 

coping strategies are employed to deal with these. 
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3.5.5 Participant interpretations of visual sensory experiences  

Our participants thought that many of their visual experiences were a result of higher-

level processing issues and not necessarily due to uncorrected refractive error or poor 

binocular vision. However, the degree of vision-related knowledge varied amongst our 

participants and appeared to influence anxiety about their visual issues. For example, 

some were worried, feeling normal ocular phenomena were a sign of poor eye 

performance while the opposite was true for those who had a good understanding of 

phenomena such as physiological floaters. It is possible that our participants’ concern 

about foveal bleaching could be linked to palinopsia, which has been associated with 

cortical hyperexcitability (Gersztenkorn & Lee, 2015), although this seems unlikely. It is 

important to note that health-related anxiety is likely to vary similarly in the general 

population too so we cannot conclude that this is an issue confined to autistic adults. 

Nevertheless, to reduce this anxiety in autistic individuals, there is a need to increase their 

understanding around vision and eye health.  

 

Moreover, participants indicated that their visual experiences usually occur as part of a 

larger multisensory experience which may be a reason as to why they generally found it 

difficult to specify the contribution of vision to their sensory experiences. Issues with 

public transport are a good example of this; hypersensitivity to light is one aspect, but this 

is part of a multisensory issue alongside anxiety. Indeed, processing multisensory stimuli 

is altered in autism (Robertson & Baron-Cohen, 2017). It may be the case that altered 

sensory processing in one modality has an impact on other modalities. This could amplify 

or dampen the sensory symptoms.  

 

3.5.6 Limitations and considerations 

To our knowledge, this is the first in-depth qualitative study which set out to explore the 

subjective visual issues experienced by autistic adults, the impacts these have on their 

daily lives and what they do to minimise these. However, our results can only be 

considered for autistic adults without learning disabilities. Those with co-existing 

learning disabilities or other neurodevelopmental disorders may also experience visual 

sensory symptoms: an observational study for individuals who cannot express their 

symptoms verbally may identify corresponding behavioural signs. Additionally, 

participants were limited to those who could communicate in a focus group setting. A 
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further study offering interviews or online focus groups for individuals who cannot take 

part in a physical verbal group discussion may have yielded further insights. Individuals 

may have been more likely to participate in this study if they were aware of having visual 

problems which could have resulted in reports of more negative or extreme experiences. 

However, as our aim was to describe visual experiences rather than quantify them this 

has less of an impact on our results. Some of the visual experiences and associated 

impacts described by our participants may be encountered by non-autistic people too. 

Focus groups with a control group would have clarified this.  

 

Sample size determination is difficult in qualitative research and there are alternative 

approaches suggested for this. A recent article by Braun and Clarke (2019) discusses data 

saturation in the context of thematic analysis and suggests that it is difficult to justify 

sample size with data saturation for studies which aim to be exploratory, inductive and 

that do not ask the same questions during every focus group. In our study, 

recommendations regarding number of focus groups by Guest et al (2017) and data 

saturation, during the planning and data analysis phases respectively, were used to 

confirm a suitable sample size. However, in line with suggestions by Braun and Clarke 

(2019), our focus groups were on a very select topic and all our participants were autistic 

and had experience of an eye examination, therefore each was likely to have more 

‘information power’ (Malterud et al., 2016), meaning our modest sample size was 

acceptable.   

 

Many of our participants also had co-existing conditions such as dyspraxia, ADHD and 

anxiety disorder which may have influenced our results. There is evidence that 

individuals with dyspraxia have defective global spatial processing (O’Brien et al., 2002). 

Mogg et al (2000) concluded that individuals with generalised anxiety disorder display 

altered eye movements to threatening facial expressions. In a national US investigation, 

there was a greater prevalence of ADHD among children with visual problems which 

could not be corrected with spectacles or contact lenses (DeCarlo et al., 2016). Although 

it would be interesting for future work to identify if there are autism specific visual 

experiences, including individuals with these co-occurring conditions due to their high 

prevalence in autism is relevant for providing a realistic description (Gillberg & Billstedt, 

2000). Other sample characteristics, including socio-economic status, ethnic background 
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and employment status were not collected during our study. Of course, these factors may 

influence one’s perception of their visual sensory experiences, the availability of 

resources for coping strategies, and the variety of visual stimuli that one is exposed to, to 

name a few. This additional information would have aided understanding of the sample 

and how generalisable the findings are.  

   

3.6 Conclusions 
This study provides a first-hand insight into the range of visual issues and their impacts 

within the autistic adult community which cannot be expressed through objective or 

quantitative studies. The findings have confirmed that autistic adults are often dissatisfied 

with their vision and experience a range of visual sensory symptoms which vary from 

person to person. These symptoms can occur alone or as part of a larger multisensory 

response, nevertheless, vision contributes to sensory issues and emotional responses. It is 

noteworthy that although some of the visual experiences expressed by our participants 

can be expected to occur in non-autistic people, it was the magnitude, frequency and 

impact of these experiences which was unique and suggested to be greater. Although a 

large part of the visual experiences suggest issues with higher level processing, there is 

indication that some symptoms associated with control of binocular vision and visual 

stress could benefit from an optometric assessment. Finally, autistic adults employ a 

variety of strategies to overcome their visual symptoms, but the last resort is to endure 

these.  
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Chapter 4 
 

Investigating optometric and orthoptic conditions 

in autistic adults: Pre-registration document 
v 
25th April 2020 
   

Ketan R Parmar, Catherine S Porter, Christine M Dickinson, Emma 

Gowen 
 

Author Contributions 

This chapter is the pre-registered methods and analysis plan for the study presented in 

chapter 5 and part of chapter 6 (interviews). KRP led on the design of this study with the 

support of his supervisors (EG, CMD and CSP). He wrote this pre-registration document, 

which he subsequently followed to conduct the study. EG, CMD, and CSP provided their 

research and clinical expertise to assist KRP with finalising the contents of this document. 

The protocol for this study, submitted to and approved by the NHS Ethics Committee, 

can be found in Appendix 6. 

 

The contents of this chapter have been pre-registered: 

Parmar, K. R. et al. (2020). ‘Investigating optometric and orthoptic conditions in autistic 

adults: Pre-registration of methods and analysis plan’, Zenodo. Available at: 

doi:10.5281/zenodo.3775441  

 

Please note: Retrospective copy edits have been indicated with red italics text. 
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Authors: Ketan R Parmar, Catherine S Porter, Christine M Dickinson, Emma 

Gowen  

Affiliation: The University of Manchester 

 

Research Sites: The University of Manchester, Greater Manchester Mental Health 

NHS Foundation Trust 

 

NHS Research Ethics Committee reference: 271545. 

 

4.1 Introduction 
4.1.1 Background and rationale 

Limited research has been conducted to investigate the links between autism and 

optometric and orthoptic conditions. Optometric and orthoptic conditions involve those 

commonly considered in an optometric examination, for example VA, refractive error 

and the integrity of binocular vision.   

 

The current literature on optometric conditions in autistic individuals, which is very 

limited, suggests they have a greater prevalence of binocular vision anomalies (Wang et 

al., 2018, Anketell et al., 2018, Gowen et al., 2017, Kabatus et al., 2015, Milne et al., 

2009, Kaplan et al., 1999, Scharre & Creadon, 1992) and refractive error (Anketell et al., 

2016, Gowen et al., 2017). This research has been conducted on autistic children and 

mostly those with co-existing learning disabilities; learning disabilities carry their own 

risk factors for optometric and orthoptic conditions. Little is known about the clinical 

presentation of adults with autism who do not have learning disabilities, and this 

population is the subject of this research. 

 

It is worth considering that symptoms of a wide variety of optometric disorders (refractive 

mis-correction, binocular vision anomalies, VS) are very similar and may be interpreted 

as related to autism rather than vision. Furthermore, due to the sensory and 



 
 

140 

communication difficulties an autistic individual experiences they may find a visit to an 

optometrist stressful, resulting in avoidance or incorrect test results. 

 

4.1.2 Study aims and objectives 

This project will focus on the investigation of optometric and orthoptic conditions in 

autistic adults without learning difficulties. The following objectives have been laid out: 

1. To quantitatively describe the range and type of optometric conditions in autistic 

adults and suggest possible links with visual sensory symptoms;  

2. To investigate the impact of treatment, if any, on vision, visual symptoms and 

quality of life‡;  

3. To develop guidelines and training for optometrists to provide more “autism-

friendly” practice environments and eye examinations. 
‡Primary objective 

 

4.2 Methods 
This study has received ethical approval from the NHS Research Ethics Committee 

(IRAS ID 271545). 

 

This study aims to determine the range and type of common optometric conditions in the 

autistic adult population who do not have learning disabilities. We will be investigating 

if any current correction worn is correct (based on the set criteria for power and tint colour 

in Table 4.1).  We also want to investigate the impacts of treating any anomalies which 

can involve spectacles, exercises and coloured tints. It is not necessary that the participant 

is experiencing any symptoms for treatment to be prescribed. 

 

4.2.1 Participants 

A power calculation (one-tailed t-test, repeated measures, medium effect size (0.6), 0.80 

power) suggests we require a treatment group of 19 participants to investigate aim 2. The 

estimated prevalence rate of optometric conditions in autistic children is ~30-50% 

(Gowen et al., 2017). Therefore, considering the lower value of this prevalence rate, we 

will aim to recruit a sample of ~80 participants and obtain 70 full data sets. This number 

is also feasible for the time period available to conduct the study.  
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The inclusion criteria will be as follows: 

• Diagnosed as autistic†; 

• Not diagnosed as learning disabled†; 

• Aged 18 years or above; 

• Being able to travel to the university. 
†This will be evidenced by the participants’ diagnosis documents which they will be asked 

to bring with them; this is relevant only to participants recruited from the local 

community and not NHS. 

 

The exclusion criteria will be as follows: 

• Unable to communicate verbally; 

*Redundant exclusion criteria have been omitted  

 

4.2.2 Time-plan 

The following time-plan is suggested, but may alter depending on participant recruitment: 

1. Eye examinations from February 2020 till approximately December 2020. 

2. Final follow-up examinations from December 2020 till March 2021. 

3. Data Analysis from April 2020 till end June 2021. 

 

4.2.3 Recruitment 

The study advert (Appendix 7) will be publicised by email and social media using the 

Autism@Manchester mailing list, Facebook and Twitter accounts, Autism@Manchester 

database, local autism groups who have opted to support this project and the University 

volunteering site.   

 

Potential participants who have shown interest in and are suitable for this study will be 

sent the participant information sheet (Appendix 8). Once a participant confirms that they 

would like to take part in the study they will be booked in for an eye examination. They 

will also be sent a “what to expect during the study” document detailing the components 

of an eye examination tailored to this study; this document also contains video links which 

will demonstrate the tests (Appendix 9).  
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For recruitment through the NHS, the study advert will be displayed in patient waiting 

areas, at post-diagnostic group sessions and in drop-in clinics. It will also be sent to the 

NHS staff mailing list. Clinicians in autism clinics will approach suitable patients about 

the study with flyers and take verbal consent for a member of the R&D team to contact 

them for further discussion. After being approached by a member of the R&D team 

patients can choose to contact the research optometrist by email or provide consent-to-

contact to the R&D team.  

 

Secondly, members of the research team will present talks at post-diagnostic group 

sessions and hand out flyers. Finally, the research team will attend drop-in sessions where 

they can distribute the study advert and speak to patients about the study. Once a 

participant confirms that they would like to take part in the study, having read the 

participant information sheet, they will be booked in for an eye examination. They will 

also be sent the “what to expect during the study” document. 

 

4.2.4 Participants who withdraw consent  

Participants can withdraw consent at any time without giving any reason, as participation 

in the research is voluntary, without their care or legal rights being affected. However, 

data collected up until the point of withdrawal will still be used towards the study, and it 

will not be possible to remove data once it has been anonymised and forms part of the 

data set. This is clearly stated in the participant information sheet. 

 

4.2.5 Procedure  

Please see Appendix 6 (study protocol) Figure 1 for a flow diagram of the participant 

journey through this study. 

 

Study visits will take place at The University of Manchester’s Cary Bannister building. 

Participant attendance will be confirmed a day prior to the scheduled eye examination by 

email.  

 

Upon arrival at the university, participants will be taken to the eye examination room and 

allowed time to become familiar with the room and equipment. They will also be offered 

refreshments. Here, each participant will be given the opportunity to re-read the 
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participant information sheet and ask any questions. They will then be asked to complete 

a consent form.  

 

Once consent has been received from the participant, they will be asked to complete four 

questionnaires: a patient information survey (Appendix 10), Glasgow Sensory 

Questionnaire (GSQ: Robertson, 2012) (Appendix 11), Visual Function 14 Quality of 

Life questionnaire (VF-14 QoL: Steinberg et al., 1994) (Appendix 12) and Convergence 

Insufficiency Symptoms Survey (CISS: Borsting et al., 2003) (Appendix 13). The 

participant questionnaire will capture the following details: 

1. Name 

2. Date of birth 

3. Gender 

4. Address and contact details 

5. Occupation  

6. GP details 

 

On completion of the questionnaires, the eye examination will begin, during which the 

following details will be noted on a paper record card: 

1. Details of ocular health and visual symptoms 

2. Optometric test results 

3. Possible referral 

 

The eye examination will consist of regular tests employed by an optometrist and set 

protocols will be followed depending on the findings. Table 4.1 outlines the individual 

tests with the criteria for “normal” (where applicable). Table 4.2, coupled with Table 4.3, 

where appropriate, describes the interventions which will be employed when findings fall 

outside the “normal” ranges. Although the prescription of intervention in practice is based 

on patient symptoms and test results, in this study we will only be basing this on the test 

results. 
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Table 4.1 The individual tests that will be conducted during the eye examination alongside the proposed "norms". The third and fourth column 
highlight if the test is relevant to the study or for completeness of the examination. The final column indicates the tests that will be repeated if a 
significant change in prescription is found.  
 

Test Procedure, “normal” values 

Im
portant for this 

study 

Im
portant for 

com
pleteness of an eye 

exam
ination 

To be repeated if 
significant change in 
prescription found 

History & 
symptoms 

• Any visual or eye problems? 
• How is your vision at distance/near/intermediate with or without glasses? Details of 

current glasses. 
• Last eye examination? What was the outcome there? Do you wear contact lenses? Last 

aftercare? 
• Ocular health: History of GP/ hospital visit? Any underlying eye conditions? Did you 

have to wear a patch over one eye when you were younger? Any itchiness/ dryness/ 
stickiness? 

• General health: How is your general health? Any underlying health conditions? Do you 
take any medication? Any allergies? Do you smoke? 

• Family health: Any first-degree family members with any eye or health conditions?  
• Headaches/ flashes/ floaters/ diplopia? 
• Do you drive? With or without glasses? 

ü ü  
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• What is your occupation? 
• Do you use any type of display screen? At what distance? Which position? How often? 
• Do you have any hobbies or play any sports? 
• Any other problems regarding your eyes or vision which we haven’t talked about? 

Distance and 
near unaided 
vision/ Visual 
acuity  

• Using the Thomson logMAR chart at distance and Bailey-Lovie word reading chart at 
near (40cm).  

• “Normal” will be classed as up to 6/7.5 (0.10 logMAR) according to the ICD-9-CM 
(U.S. Public Health Service, 1978). At near, normal will be classed as up to N4 at 40cm 
(0.10 logMAR) considering the recommendations for “normal” for distance by the ICD-
9-CM. The order of testing will be right eye, left eye, both eyes.   

ü ü ü 

Ocular 
alignment 

 

• A translucent occluder will be used to cover the eyes.  
• At distance, the participant will be asked to focus on a letter one line above the poorest 

monocular unaided vision/ visual acuity (section of a letter if 6/12 or worse). 
• At near they will be asked to focus on a letter one level bigger than their poorest 

monocular unaided vision/ visual acuity at 40 cm (section of a letter if 20/40 or worse).  
• “Normal” will be classed as a heterophoria with an opposing fusional reserve which 

meets Sheard’s criterion and which has a “good” recovery and remains compensated on 
eight covering/uncovering. “Good” recovery is defined as smooth and fast/ moderate 
recovery movements. “Poor” is defined as jerky and slow recovery movements or 
recovery only on blink (Evans, 2007).  

• A strabismus and decompensating heterophoria will be classed as “abnormal”.  
• The size of any deviation will be determined using Maddox Rod at distance and 

Thorrington at near.  

ü ü ü 
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Ocular motility 
(double H 
pattern) 

• Will be conducted at approximately 50cm with a pen torch. The participant will be 
instructed to report any diplopia and pain. 

• “Normal” will be defined as a full and smooth ocular motility with no pain or diplopia. 
A/V patterns will also be noted. 

• In the case of diplopia occurring at any point then cover test will be performed in all 
direction of gaze. The amplitude of the deviation will be estimated and noted.  

• If findings indicate a pathological change in ocular motility which has not been found 
before then the participant will be emergency referred to the hospital.  

 ü  

Near point of 
convergence 

• Will be assessed using the line-and-spot target on the RAF rule.  
• Convergence insufficiency will be classed as one of:  a near point of convergence 

>10cm ((Bishop, 2001; Van Noorden & Campos, 2002), an exodeviation at near which 
is >4 prism dioptres greater than distance with the full refractive correction in place 
(The Convergence Insufficiency Treatment Trial Study Group, 2008; Rouse et al., 1998; 
Scheiman et al., 2005a), and a significant near base-out (this should have been “base-
in”) fixation disparity (defined below). 

• Near point of convergence will be measured once. Diplopia will be demonstrated to the 
participant first on the RAF rule, then the official measure will be made.  

ü  ü 

Pupil reactions • Will be assessed using an ophthalmoscope in a dark room. A burton lamp will be used 
in the case of dark irises. 

• The shape of the pupils, relative sizes and reactions to light and accommodation will be 
noted (PERRLA) and assessed for relative afferent pupillary defect. 

• Any physiological variations, e.g., pupil shape, and difference in sizes consistent in light 
and dark conditions will be noted. 

• Any explainable cause for a relative afferent pupillary defect, e.g., monocular cataract, 
will be noted.  

 ü  
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• Any findings indicating a recently acquired pupil defect, e.g., Adies pupil or Horner’s 
syndrome, or unexplainable relative afferent pupillary defect will be referred to the 
hospital. 

• Any longstanding pupil defect which is known to the participant will not be actioned.  
Distance 
objective 
(retinoscopy) 
and subjective 
refraction 

• Firstly, distance and near pupillary distance will be measured and noted. 
• Retinoscopy will be performed with the participant looking towards the green section 

of the duochrome. The other eye will be appropriately fogged. 
• Next, best sphere will be performed followed by duochrome. The participant will be 

kept on the green. 
• Next will be cross-cylinder assessment followed by the +1.00 blur test.  
• For the +1.00 blur test, a response between 6/12 and 6/19 will be accepted as long as it 

is the SAME as the fellow eye. 
• Finally, visual acuity will be noted. For visual acuities 6/9 or worse pinhole acuity will 

be checked.  
• The maximum possible plus prescription will be the endpoint. These steps will all be 

repeated for the other eye. 
• The Humphriss binocular balance technique will be performed followed by binocular 

addition. 
• Cumberland et al (2015) defined myopia as £-0.50 dioptre sphere and hyperopia as 
³+0.50 dioptre sphere (mean spherical equivalent) in their study. Refraction 
repeatability of an individual clinician is within 0.25 dioptres in 80% of cases and 
between clinicians can be up to 0.75 dioptres (Elliott & Howell-Duffy, 2015). Taking 
these two investigations into account, new glasses will only be dispensed if the 
refraction is at least or differs by at least ±0.50 dioptre sphere or ±0.50 dioptre cylinder 

ü ü  
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and cylinder axis changes are outside the British standard tolerances (BS EN ISO 
21987:2017):  

 
This will be defined as a “significant” change in prescription. 

Distance 
fixation 
disparity with 
refractive 
correction in 
place 

• Aligning prism will be measured using the Mallett unit. Vertical will be performed 
before horizontal, and individually. The participant will be clearly instructed to focus 
on the centre of the cross and report the alignment status of the Nonius markers.  

• Jenkins et al (1989) defined a significant fixation disparity more likely to cause 
symptoms as requiring an aligning prism ³1 prism dioptre for pre-presbyopes and ³2 
prism dioptres in presbyopes. Normal will be classed according to this criterion 
horizontally. No vertical fixation disparity will be accepted as normal. 

• For individuals with a strabismus, the Bagolini lenses will be used to check binocular 
status.  

ü  ü 

Amplitude of 
accommodation 
binocular and 
monocular 

• Will be measured using the RAF rule and push-up method. The participant will be asked 
to focus on an N5 sized target. “Normal” will be classed as: 

o Up to 20 years old: ³10.00 dioptres 
o Up to 30 years old: ³7.50 dioptres 
o Up to 40 years old: ³5.00 dioptres (Evans, 2007). 
o The monocular amplitudes being within 0.50 dioptres of each other and lower 

than the binocular amplitude. 
• Before taking the official measurements, “blur” will be demonstrated to the participant 

on the RAF rule. 

ü  ü 
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• To ensure we get a measurement as close to threshold as possible, the participant will 
be asked if they can focus the target again when they report blur each time.  

• An investigation for a need for a near addition (presbyopia) will be classified as a 
binocular amplitude less than 4.50 dioptres.  

Accommodative 
lag 

• Using the Nott dynamic retinoscopy method at 25cm (this should have been “40cm”). 
• Will ONLY be performed in “pre-presbyopes”. León et al (2017) found accommodative 

lag to increase after 40 years of age as is expected due to presbyopia (Amplitude of 
accommodation <4.50 dioptres). 

• The American Optometric Association (Cooper et al., 2010) has quoted the “normal” 
range of accommodative lag to be +0.25 to +0.75 dioptres. This will be the criteria for 
“normal” in this study. 

• If a negative value is found, then the distance refraction will be rechecked. 

ü  ü 

Accommodative 
facility 

• Will be assessed in individuals with an amplitude of accommodation ³4.50 dioptres 
only. 

• A 20 second training on the test will be given prior to commencing the measurements.  
• Will be assessed using the ±2.00 dioptre flipper assessment, using N5 number targets at 

40cm.  
• Normal will be classified as 11 cycles per minute monocular and 8 cycles per minute 

binocular, adapted from Zeller et al’s (1984) criteria.  
• The order of testing will be right eye, left eye, both eyes. 

ü  ü 

Near word 
vision testing 
and near 
addition 

• The near visual acuity will be measured to threshold with the Bailey-Lovie test (at 
40cm) and only their distance refractive correction in place. The order of testing will be 
right eye, left eye, both eyes. 

• For individuals with an amplitude of accommodation ³4.50 dioptres, if the near visual 
acuity is N4 or better at 40cm no further action will be taken. If it is outside this normal 

ü ü  
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range then it will be closely investigated using the accommodation tests described in 
this table and treatment given according to the abnormality found. 

• For individuals with an amplitude of accommodation <4.50 dioptres, the following 
equation will be followed for prediction of near addition power: Near 
Add(dioptres)=dioptric working distance-!"(amplitude of accommodation (dioptres)). 

• The predicted near addition will be added over the distance refraction and near acuity 
checked again. ±0.25 dioptre flippers will be used binocularly to check if the near acuity 
can be improved. 

• The final near add will be determined using the near duochrome. The participant will 
be kept slightly on the green to ensure a good near range. The minimum add 
recommended will be +0.75 dioptres. For existing near adds, a new near prescription 
will only be recommended if a change of at least ±0.50 dioptres is found in the near 
prescription after confirmation with the near duochrome.  

Near fixation 
disparity with 
near refractive 
correction and 
any distance 
prisms in place 

• Aligning prism will be measured using the Mallett unit at the participant’s habitual 
working distance. Vertical will be performed before horizontal and individually. The 
participant will be clearly instructed to focus on the centre of the cross and report the 
alignment status of the Nonius markers. 

• Jenkins et al (1989) defined a significant fixation disparity more likely to cause 
symptoms as requiring an aligning prism ³1 prism dioptre for “pre-presbyopes” and ³2 
prism dioptres in “presbyopes”. Normal will be classed according to this criterion 
horizontally. Any fixation disparity vertically will not be accepted as normal. 

• For individuals with a strabismus, the Bagolini lenses will be used to check binocular 
status. 

ü  ü 

Stereopsis • Will be performed with the full near correction in place including any significant 
aligning prism.  

ü  ü 
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• Will be assessed using the TNO stereotest.  
• According to Piano et al (2016) the normal upper limit for TNO stereotest is 120 seconds 

of arc. This will be the criteria for “normal” in this study. 
• An abnormal stereoacuity will be due to strabismus, amblyopia, an abnormal 

heterophoria at near, or an accommodative problem. 
Colour vision • Will be assessed using the City University test mark two on all participants.  

• It will be conducted monocularly; right eye, left eye. 
• Any colour vision defect will be classed as abnormal.  
• If a colour vision defect is found and the participant is aware of it, no action will be 

taken. 
• If a new colour vision defect is found, the participant will be referred to Further 

investigative techniques clinic for further investigation. 

ü   

Pattern glare 
test 

• Those prone to pattern glare will experience problems on the 3 cycles per degree plate, 
but participants will be assessed on all three plates. Less than four distortions on 3 cycles 
per degree plate is normal. If more are experienced, the participant is likely to suffer 
visual stress and benefit from coloured tints (Evans & Stevenson, 2008).  

• Each plate will be presented for five seconds at 40cm. If four or more distortions are 
reported on the 3 cycles per degree plate then colorimetry will be performed.  

ü  ü 

Prism fusion 
range 

• Will be assessed using a prism bar at distance and near. Before taking the official 
measurements diplopia will be demonstrated to the participant. 

• With the refractive correction in place for distance, the participant will be asked to focus 
on a letter from a line of letters matching their binocular distance visual acuity for 
distance fusion range testing. For near fusion range testing, the participant will be asked 
to focus on a letter from a line of letters matching their binocular near visual acuity at 
40cm. 

ü  ü 
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• Order of testing: base-out, base-up/down, base-in.  
• For each, blur, break and recovery points will be noted.  
• “Normal” will be judged as an opposing fusional reserve to blur which is at least double 

the phoria size. 
Intraocular 
pressure 

• Will be measured using the iCare tonometer.  
• As per the NICE guideline 81 (2017), any Intraocular pressure of up to 23mmHg will 

be accepted as normal. A difference of up to 3mmHg between the two eyes will be 
accepted as normal.  

• If the intraocular pressure repeatedly falls outside these stated norms then the 
measurement will be repeated after 20 minutes. If the intraocular pressure is still 
abnormal then clinical protocol will be followed. 

 ü  

Visual fields • Will be assessed monocularly on all participants using the Henson MSST program. 
• If any abnormalities are found then the participant will be required to repeat the test. 

Interpretation and management will be based on clinical judgement. 

 ü  

Ocular health 
assessment 

• Will be assessed with slit lamp, Volk or direct ophthalmoscopy and Optical Coherence 
Tomography.  

• The following will be assessed and noted: lids & lashes, conjunctiva, cornea, tear film 
with fluorescein staining, anterior chamber, Van Herick, iris, lens, vitreous & 
Shaffer’s sign, optic nerve cup:disc ratio, optic nerve margins, optic nerve colour, 
optic nerve rim thickness in four positions, vessels & artery:vein ratio, macula 
integrity, general appearance of the fundus.  

• Normal tear break-up time will be classed as ³10 seconds.  
• Management will be based on clinical judgement of the noted findings and may require 

referral to the university further investigative techniques clinic, GP or hospital. 

 ü  
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Order of tests: 

1. History and Symptoms 

2. Distance unaided vision 

3. Distance cover test 

4. Near unaided vision 

5. Near cover test 

6. Ocular motility 

7. Pupil reactions 

8. Intraocular pressures 

9. Distance objective and subjective refraction 

10. Maddox rod and distance fixation disparity 

11. Distance prism fusion range 

12. AoA 

13. (AL) 

14. (Accommodative facility) 

15. (Near addition) 

16. Near word vision 

17. Thorington and near fixation disparity 

18. Stereopsis 

19. Near prism fusion range 

20. Pattern glare test 

21. NPC 

22. Colour vision 

23. Ocular health 

24. Visual fields 

25. Ocular imaging 

26. (Colorimetry) 

 

After completion of this full eye examination, the participants’ current spectacles, if any, 

will be checked for: 

• Prescription 

• Centration (compared to British tolerances) 

• Coatings and tints 
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If there is a significant change in prescription found, then the indicated tests in Table 4.1 

will be repeated with the habitual correction in place. 

 

The first visit will conclude with a summary of the findings and prescription of treatment 

if required. Treatment can be new spectacles, not to wear spectacles, optometric exercises, 

Precision Tinted Lenses (PTLs) (see Table 4.2). Please note that the effect of a refractive 

correction on any suspected binocular vision anomalies will be confirmed before 

prescribing optometric exercises. Prism will only be considered in cases of vertical 

deviations, or where optometric exercises may not be possible or if optometric exercises 

fail. Tints/ coatings/ photochromic lenses will be added to any new spectacles if they exist 

on the habitual correction.  

 

The participant will be handed a copy of their spectacle prescription upon completion of 

the eye examination alongside any appropriate leaflets/ information, supplied by The 

College of Optometrists or university optometry clinics, e.g., dilation leaflet, age-related 

macular degeneration leaflet etcetera as part of a portfolio. If there are any findings during 

the examination which require participant referral to their GP or a hospital eye service 

this will be done after obtaining their verbal consent. A copy of the referral letter will be 

given to the participant. Exclusion based on a participant being referred will be judged 

on a case-by-case basis. If the reason for referral is likely to influence the participant’s 

vision then they will be excluded from follow-up visits. However, the data obtained from 

the first visit will still be used towards data analysis.  

 

During the eye examination, the participant will be asked three questions at specified 

points: 

1. Are there any tests that you did not like? Why? (STOP) 

2. What could have been improved about the ways these tests were conducted? 

(START) 

3. Was there anything you liked about the way in which these tests were carried out? 

(CONTINUE) 
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The specified points will be: 

1. After intraocular pressures 

2. After distance prism fusion range 

3. After near prism fusion range 

4. After colour vision 

5. After ocular health examination 

6. After colorimetry 

 

In addition to these questions, at the end of the first visit the participant will be asked if 

the video/ what to expect document had given them a realistic idea of the visit.  

 

The responses to these questions will be audio recorded on an encrypted device so that 

they can be listened to and content analysed. The audio recordings will be transferred to 

the RDS as soon as possible and saved under the participant ID number. 

 

4.2.6 Visit 1 considerations 

Some participants may prefer to split visit 1 into two parts. This may be because doing 

all these tests in one session may be tiring or overwhelming or may not fit their schedule. 

Although one session is preferred by the research team, participants will have the option 

to split visit 1 into two sessions. In this case, consent taking, questionnaires and tests 1-

22 will be conducted at session one, and any repeat tests required if the participant is 

currently wearing spectacles. Tests 23-26 will be conducted at session two alongside 

dispensing any required spectacles or teaching of any exercises. Only at session two will 

the participants be given their spectacle prescription. 
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Table 4.2 Treatment options for any “abnormal” findings of the tests in Table 4.1.  
   

Anomaly Treatment type Treatment details 

Distance refractive error 
requiring new spectacles 

Spectacles  Single vision distance 

Near addition only Spectacles  Single vision near 

Distance refractive error 
and a near addition 

Spectacles  Single vision distance and near 

Bifocals 

Varifocals 

Significant aligning prism 
post refraction 

Exercises  Exercises are only suitable for horizontal fixation disparity; vertical fixation disparity 
would need correction with prism.  

Distance: appropriate physiological diplopia exercise (see Table 4.3) 

Near: appropriate physiological diplopia exercise (see Table 4.3) 

Prism Incorporation of prism into selected lens type.  

Convergence insufficiency if 
persistent with refractive 
correction. 

Exercises  Appropriate physiological diplopia exercise (see Table 4.3) 

Prisms Only if no improvement with exercises after four weeks. The minimum prism required 
to align the Nonius markers on the near Mallett unit when held at the participant’s 
habitual working distance. 

Single vision near 
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Accommodative 
insufficiency (pre-
presbyopes) 

Exercises Hart Chart  

Additional exercise (if required): Dot card with accommodative targets. 

Spectacles Single vision near only if no improvement with exercises after four weeks. Add will be 
of the value required to improve the participants accommodative lag to normal limits. 

Abnormal accommodative 
accuracy 

(pre-presbyopes) 

Exercises  Hart Chart 

Additional exercise (if required): Jump accommodation (±2.00 dioptre flippers) 

Spectacles  Single vision near with minimum near positive add to bring accommodative lag into 
normal range. 

Confirmed lead: Single vision near with minimum near negative add to bring into 
normal range. 

Accommodative infacility Exercises Hart chart 

Additional exercises (if required): Jump accommodation (±2.00 dioptre flippers). 

Abnormal heterophoria Exercises  If the abnormal heterophoria is persistent with the refractive correction in place.  

Appropriate physiological diplopia exercise (see Table 4.3) 

Prisms Prescribe prism from Mallett unit, AT DISTANCE AND NEAR. Vertical fixation 
disparity cannot be treated with exercises and so prism will be prescribed first-hand to 
correct this.  
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Visual stress Precision Tinted 
Lenses 

If an insignificant spectacle prescription is found then Precision Tinted Lenses will be 
prescribed straight away. If a significant spectacle prescription is found, Precision 
Tinted Lenses will be prescribed after one month of successful plain spectacle wear.  

Prism fusion range Exercises  Appropriate physiological diplopia exercise (see Table 4.3) 

Prism  Recheck aligning prism on Mallet unit and prescribe.  
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Table 4.3 Physiological diplopia exercises in order of increasing difficulty.  
 

Order of increasing 
difficulty 

Physiological 
diplopia exercise 

1 Two pens 

2 Brock string 

3 Dot card 

4 Three cats  

 
4.2.7 Treatment-specific details 

Spectacles 

For this study, all participants who are dispensed spectacles will be followed-up after a 

period of one month of wear. The follow-up appointment will be according to Figure 4.1.   

 
 

 

Figure 4.1 A flowchart of the follow-up procedure for dispensed spectacles. 

   

 

 

History & symptoms, 
focusing on the impact 

of the spectacles.

Distance and near visual 
acuity measures, 
distance and near 

heterophoria 
assessment.

Any other tests related 
to the reason of 

prescription
All "normal"

All not "normal"

Recheck prescription

a) If significantly 
differing prescription 
which has a positive 

impact on abnormalities 
then re-dispense and 

recall one month. 

b) If no significant 
difference in prescription, 
then prescribe exercises in 
the case of binocular vision 

issues. 

c) Discharge and 
continue wear of 

spectacles. 
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Optometric exercises 

Optometric exercises will be recommended to improve any binocular vision anomalies if 

they are not resolved with a new refractive correction after one month, for example CI. 

As would be the case in practice, the participants will be asked to complete the exercises 

for five minutes, three times per day and to ensure compliance they will receive reminders 

via text message/ email weekly. The recall appointment will be after one month; at the 

recall appointment(s) the following will be done (Figure 4.2):  

 
 

 
Figure 4.2 A flowchart of the follow-up procedure for prescribed exercises. 

   
For participants prescribed prism, the follow-up regime for spectacles will be employed 

with the added binocular vision tests. 

 

 

 

 

 

 

 

 

History & symptoms, 
focusing on compliance 
with exercises and any 
impact they have had

Distance and near vision/ 
visual acuity and 

heterophoria assessment

Fusional reserves
Any binocular vision tests 
related to the reason the 

exercises were prescribed

Stereoacuity

a) If full resolution then 
taper off excercises and 

see in one month

b) If improvement but not 
to normal limits, then 
recall in one month 

continuing current regime

c) If no improvement 
after two months, then 

prescribe prism
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Colorimetry  

If no significant change is found in the spectacle prescription and positive pattern glare 

result is found, then colorimetry will be performed. The tint will be given with the 

habitual correction prescription. If the participant is prescribed a new pair of spectacles 

and has a positive pattern glare result, at their one-month spectacle recall colorimetry will 

be performed and appropriate PTLs prescribed. If no significant prescription is found, but 

a positive pattern glare result is found, then plano PTLs will be prescribed. All 

participants dispensed with PTLs will be recalled after one month; Figure 4.3 is a 

flowchart of the follow-up procedure: 

  

 

Figure 4.3 A flowchart of the follow-up procedure for Precision Tinted Lenses. 

   
4.2.8 Participant discharge  

• All participants will be required to attend the university after three months of their 

final intervention to complete the questionnaires again. 

• Participants who are not prescribed any treatment at the initial eye examination 

will be followed-up after three months to act as a control measure. They will 

complete the questionnaires only and then discharged. 

History & symptoms, 
focusing on impact of 

Precision Tinted Lenses

Distance and near visual 
acuity

Pattern glare test

If visual acuity good, and 
no issues with pattern glare 

then discharge and 
participant to continue use 
of Precision Tinted Lenses.

If still having the same 
level of issues with pattern 
glare (a significant pattern 

glare test result), 
colorimetry will be 

disregarded and Precision 
Tinted Lenses use 

discontinued.

Participants to continue 
with tint-free spectacles/ no 
spectacles then discharge. 
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• If at the end of the study period any participants’ abnormal findings have not been 

fully resolved they will be referred to the relevant optometry clinic in the Carys 

Bannister building for continuing care. 

   

4.3 Analysis plan 
Data analysis will take place at the university and will be conducted by the research 

optometrist KRP. EG will have control of the data generated in this study. The data 

analysis plan has been laid out according to the project aims. The hypotheses have also 

been separated by aim. Please note, this study has both exploratory and confirmatory 

elements. 

 

4.3.1 To quantitatively describe the range and type of optometric conditions in 

autistic adults and suggest possible links with visual sensory symptoms 

• Hypothesis 1: We will find a variety of optometric conditions in our sample. 

• Hypothesis 2: We will find a clinically significant number of our participants to 

have a habitual refractive mis-correction. 

• Hypothesis 3: We will find a clinically significantly greater prevalence of 

binocular vision anomalies and refractive error in our sample when compared to 

neurotypical data (where possible). 

• Hypothesis 4: There will be a positive link between GSQ vision-scores and 

optometric findings outside the expected range in this study.  

 

The percentage of cases of individual optometric anomalies found at the initial 

examinations will be calculated and presented in frequency tables. These will include 

binocular vision anomalies, VS and significant refractive error. These will be 

descriptively compared to the general population prevalence values, where available.  

 

The percentage of participants dispensed with a new refractive correction, eye exercises 

or PTLs will be presented in a frequency table.   

 

Rasch analysis allows transformation of non-linear response item scales to be placed on 

a numerical interval scale. Scores from the vision-related GSQ questions obtained at the 

initial visit will be Rasch analysed and then allocated into two groups: “low” and “high”. 
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The scores that determine these categories will be adapted from the results of Robertson 

(2012). 

 

The proportion of participants in these low and high groups with the following categorical 

visual statuses will be calculated: 

a. those with strabismus; 

b. those with significant refractive error (defined by our set criteria in terms of 

power/ cylinder axis: see Table 4.1); 

c. those with a significant refractive mis-correction (defined by our set criteria in 

terms of change in power/ cylinder axis: see Table 4.1); 

d. those with amblyopia; 

e. those with VS (defined by a pattern glare test score of ≥4 on pattern 2); 

f. those with a significant fixation disparity at distance (defined as requiring an 

aligning prism ³1Δ for pre-presbyopes and ³2Δ in presbyopes horizontally, and 

ANY magnitude of aligning prism vertically); 

g. those with a significant fixation disparity at near (defined as requiring an aligning 

prism ³1Δ for pre-presbyopes and ³2Δ in presbyopes horizontally, and ANY 

magnitude of aligning prism vertically); 

h. those with an uncompensated distance heterophoria (defined as an opposing 

fusional reserve to blur which is less than double the heterophoria size); 

i. those with an uncompensated near heterophoria (defined as an opposing fusional 

reserve to blur which is less than double the heterophoria size); 

j. those with a level of stereoacuity outside the normal range (defined as worse than 

120 seconds of arc); 

k. those with a positive result for a CI (defined as one of: an NPC >10cm, an 

exodeviation at near which is >4Δ greater than distance with the full refractive 

correction in place or a significant near base-out (this should be ‘base-in’) fixation 

disparity); 

l. those with a level of distance habitual VA outside the normal range (defined as 

worse than 0.10 logMAR). 
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These will be chi-squared tested to decide if there is a significant difference in the 

proportion of participants who fall into the “high” and “low” groups for each categorical 

category. 

 

From these individual analyses, the three factors with the most “significant difference in 

proportion” will be used as the independent variables in multiple regression analysis, and 

the GSQ score for the vision-related questions as the dependent variable. The most 

appropriate type of multiple regression analysis will be selected depending on the factors 

used (for example a multiple regression analysis suitable for categorical data or 

continuous data). Various rules of thumb have been suggested for the number of factors 

for regression analysis (Burmeister & Aitken, 2012); as per the 20:1 (participants:factors) 

rule, suggested by the Department of Biostatistics at Vanderbilt University (2020), with 

our minimum target sample of 70 participants we should use three factors. 

 

4.3.2 To investigate the impact of treatment, if any, on vision, visual symptoms and 

quality of life 

• Hypothesis 1: There will be a significant difference in vision function, visual 

symptoms or quality of life between the first and final visit for participants who 

do receive treatment compared to those who do not receive treatment. The change 

in questionnaire score between these visits for the treatment group is expected to 

reflect an improvement.  

• Hypothesis 2: Linked to hypothesis 1, the questionnaire scores for the treatment 

group and non-treatment group are expected to differ at the first visit (with the 

“treatment” group suggesting more symptoms), but final visit questionnaire 

scores will suggest no significant difference. 

 

All three questionnaires (GSQ, VF-14 QoL, CISS) will be completed by participants at 

the first and final visit.  

 

Upon receiving all questionnaire data, statistical significance of any difference in 

questionnaire scores between the first and final visit will be tested. After careful 

consideration, we have decided correction for multiple comparisons will not be required 

as, as per Armstrong (2014), the results of the individual tests are important for this study 
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and the following analyses have been carefully planned according to each hypothesis for 

this aim. Analysis will be as follows: 

1. Each questionnaire will be Rasch analysed; for the GSQ this will just be the 

vision-related questions. After this, the adjusted scores from each questionnaire 

for each individual participant will be calculated.  

2. The distribution of the data will be confirmed by the Kolmogorov-Smirnov test 

and visual inspection. 

3. If data are parametric:  

i. ANOVA tests with factors of group (treatment, non-treatment) and x visit 

(first, final) will be used to determine any significant difference in each 

questionnaire score between the first and final visit.  

ii. Significant interactions will be followed up using (a) paired t-tests to 

determine any significant difference between the first and final visit, for 

each group, and (b) independent t-tests to determine any significant 

difference in questionnaire scores between the treatment and non-

treatment group at the first, and the final visits. 

4. If data are non-parametric: 

i. Wilcoxon signed-rank tests will be used to determine any significant 

difference between the first and final visit, for each group. 

ii. Mann Whitney tests will be used to determine any significant difference 

in questionnaire scores between the treatment and non-treatment group at 

the first, and the final visits. 

 

Please note, these analyses will only be possible for participants who have completed 

both the visit 1 and final visit questionnaires. Participants may not complete both sets of 

questionnaires due to: 

• Exclusion due to referral for ocular health issues; 

• Participants not attending to complete the final set of questionnaires; and 

• Participants requiring ongoing treatment which will last beyond the study. 
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4.3.3 To develop guidelines and training for optometrists to provide more “autism-

friendly” practice environments and eye examinations 

• Question 1: How can eye examinations be made more “autism-friendly”? 

 

Audio recordings of the feedback received during the initial visit will be analysed by 

inductive category formation content analysis (Mayring, 2014), using an exploratory 

approach. This is an appropriate analysis approach as it focuses only on data relevant to 

the research question and results in the development of summarising categories or codes 

(Mayring, 2014). It gives a true description of the dataset without being biased (Mayring, 

2014). Frequencies that each code appeared in the dataset will also be documented. 

Categories or codes will finally be grouped into main categories or themes. Figure 4.4 is 

a flow chart by Mayring (2014) describing the steps involved in inductive category 

formation. 

 

The analysis will result in several main categories relating to the participant feedback of 

the eye examinations. These will be used to design a set of guidelines for optometrists as 

to how they can provide more “autism-friendly” services in practice. This will also 

include feedback given on our specially prepared “what to expect” resources. 
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Figure 4.4 A flowchart of the steps involved in inductive category formation (Mayring, 
2014). Ev.=evaluate 

______________________________________________________________________ 
Has data collection begun for this project?  
-Yes 
 
If data collection has begun, have you looked at the data? 
-No 
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5.1 Abstract 
Background: Limited research has investigated optometric and orthoptic conditions in 

autistic individuals. Investigations in autistic children, many of whom had a co-existing 

learning disability, revealed a greater risk of developing significant refractive errors, 

binocular vision anomalies and amblyopia. No such research has been carried out with 

autistic adults. The current study investigated optometric, orthoptic and visual stress 

issues in autistic adults, and the impact of treatment.  

 

Methods: A total of 24 autistic adults underwent an eye examination, involving 

refraction, binocular vision and visual stress assessments. Based on pre-determined 

criteria, participants' anomalies were treated. Treatment options included spectacles, 

orthoptic exercises and tinted lenses. Additionally, participants completed three 

questionnaires (Glasgow Sensory Questionnaire, Visual Function-14 Quality of Life 

questionnaire and Convergence Insufficiency Symptoms Survey) at the start and end of 

the study to assess the impact of treatment.  

 

Results: Relative to population norms, a considerably greater proportion of our 

participants had a significant change in refractive correction (83.3%); accommodative 

infacility (72.7%); convergence insufficiency (37.5%); uncompensated distance 

dissociated heterophoria (33.3%); significant accommodative inaccuracy (27.2%); and 

significant visual stress (25%). All participants required treatment. 16.7% of participants 

were given orthoptic exercises only. New spectacles were dispensed to 79.2% of 

participants. Following this, 16.7% of participants required orthoptic exercises, and 4.2% 

were dispensed tinted lenses. Participant questionnaire scores did not significantly change 

after receiving treatment.    

 

Conclusion: Autistic adults are more likely to develop a significant change in refractive 

correction, and present with a combination of optometric, orthoptic and visual stress 

issues. Autistic adults’ visual stress symptoms appear to be reduced by optometric and/ 

or orthoptic management. It is therefore important that optometrists investigate and 

manage autistic patients’ refraction and binocular vision thoroughly, prior to considering 

dispensing tinted lenses.  
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Keywords: autism spectrum conditions, autistic adults, eye examinations, 

optometric conditions, binocular vision, visual stress, questionnaires, tinted lenses 
 

5.2 Introduction 
In the UK, approximately 1.1% of adults (Brugha et al., 2012) and 1.57% (Taylor et al., 

2013) of children are recorded to be autistic, although these are likely to be 

underestimates due to under-diagnosis in adults (Kapp et al., 2013), females (Hull and 

Mandy, 2017) and ethnic minority groups (Hussein et al., 2019). Autism is a lifelong 

neurodevelopmental condition, affecting one’s social interaction, communication and 

behaviour. Additionally, the majority of autistic individuals experience altered sensory 

reactivity (Green et al., 2016), such as an increased (hyper-) or dampened (hypo-) 

response to sensory stimuli, and display sensory seeking behaviours (Simmons et al., 

2009). These features form part of the UK autism diagnostic criteria, as detailed in the 

International Statistical Classification of Diseases (ICD-11: World Health Organization, 

2021b) and Diagnostic and Statistical Manual of Mental Disorders (DSM-5: American 

Psychiatric Association, 2013). 

 

Reviews by Gowen et al (2017) and Little (2018) have highlighted that autistic people 

are at greater risk of developing ophthalmic anomalies, such as significant refractive 

error, strabismus and amblyopia. Various studies have reported between 22.5-44% of 

autistic individuals, aged 1.5-20 years, to present a significant refractive error based on 

varying criteria (see Table 5.1) (Black et al., 2013; Ikeda et al., 2013; Kabatas et al., 2015; 

Scharre & Creedon, 1992). In particular, astigmatism ≥1.00D has been found in 18-26% 

of autistic children (Anketell et al., 2016; Ezegwui et al., 2014; Scharre & Creedon, 1992) 

which is significantly greater than the 8% of non-autistic children in Anketell et al’s 

(2016) study. Profiling distance habitual monocular VA, Anketell et al (2015) found an 

insignificant difference between autistic and age-matched non-autistic children, median -

0.05 and -0.075 logMAR respectively. 
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Table 5.1 Criteria adopted by various studies to define significant refractive error. These 
studies have assessed the refractive status of autistic people aged 1.5-20 years. 
D=dioptres. 

Study Criteria for significant refractive error 
Scharre and Creedon 
(1992) 

• Myopia ≥-1.00D 
• Hyperopia ≥+1.00 D 
• Astigmatism ≥1.00D 
• Anisometropia ≥1.00D 

Ikeda et al (2013) • Myopia >-3.00D 
• Hyperopia >+2.00D 
• Anisometropia ≥1.00D in spherical 

equivalent or ≥1.50D difference in 
astigmatism in any meridian 

Kabatas et al (2015) For ages 12-30 months: 
• Myopia >-3.50D 
• Hyperopia >+4.50D 
• Astigmatism >2.00D 
• Anisometropia >2.50D 

 
For ages 31-48 months: 

• Myopia >-3.00D 
• Hyperopia >+4.00D 
• Astigmatism >2.00D 
• Anisometropia >2.00D 

 
For ages over 48 months: 

• Myopia >-1.50D 
• Hyperopia >+3.50D 
• Astigmatism >1.50D 
• Anisometropia >1.50D 

Black et al (2013) “…refractive error necessitating a glasses 
prescription by the paediatric 
ophthalmologist” 
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Looking at orthoptic anomalies, occurrence of strabismus has been noted to be greater in 

autistic children at 8.6-60% (Anketell et al., 2018; Black et al., 2013; Denis et al., 1997; 

Ikeda et al., 2013; Kabatas et al., 2015; Milne et al., 2013; Wang et al., 2018), compared 

to 0-5% in non-autistic children (Anketell et al., 2018; Graham, 1974; Milne et al., 2009; 

Wang et al., 2018). Relative to a global prevalence of 1.92% (Fu et al., 2020), amblyopia 

has been recorded in 10-11% of autistic children (Black et al., 2013; Ikeda et al., 2013). 

NPC has been found to be significantly extended in autistic children (Anketell et al., 2018; 

Milne et al., 2009). Finally, Anketell et al (2018) noted a significant AL in 17.4% of 

autistic children compared to 4.9% of controls. 

 

The current ophthalmic research in autistic populations is representative of children only. 

Additionally, these studies have recruited a large number of individuals with a co-existing 

learning disability, but approximately two-thirds of autistic individuals do not have a 

learning disability (Lemmi et al., 2017). It is known that learning disabilities present an 

increased risk of certain visual conditions such as greater refractive error, reduced VA 

and strabismus (Das et al., 2010; Emmerson and Robertson, 2011). Therefore, the visual 

status of autistic adults without learning disabilities can only be assumed. The first aim 

of the current study was to describe the range and type of optometric and orthoptic 

conditions in autistic adults without learning disabilities. This would give autistic adults 

representation, and provide guidance to clinical colleagues on what functions they should 

particularly investigate during an eye examination with an autistic patient. We also 

wanted to document the number of participants with an uncorrected or incorrect spectacle 

prescription. Our previous qualitative work indicated that autistic adults may avoid eye 

examinations (Parmar et al., 2022a). During eye examinations, they can struggle with 

decision-making for subjective tests due to poor test instructions (Parmar et al., 2022a). 

These issues could result in a significant spectacle prescription being incorrectly 

dispensed to, or remaining undetected in autistic adults.  

 

Autistic adults experience hypersensitivity to lights, patterns, colour and motion, and can 

have difficulties with eye tracking and coordination (Parmar et al., 2021). These 

contribute to multisensory issues and introduce challenges into the lives of autistic adults 

(Parmar et al., 2021). Examples of such challenges are impacts on personal wellbeing 

(e.g., difficulties sleeping, stress and anxiety) and daily lifestyle, such as sensory issues 
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hindering social activities and visits to supermarkets and lecture theatres (Parmar et al., 

2021). Some tinted lenses are being claimed to be suitable management options for 

autistic behaviours (e.g., visual sensory experiences) (https://www.read123.co.uk/en/the-

use-of-colour-therapy-and-coloured-lenses-in-autism/) with only low quality evidence 

supporting this (Ludlow & Wilkins, 2009; Ludlow et al., 2006; 2008; 2009; 2012; 2020; 

Whitaker et al., 2016). Tinted lenses prescribed to a standardised protocol (Cerium PTLs: 

https://ceriumvistech.com/precision-tinted-lenses/) have been shown to reduce visual 

perceptual distortions, eyestrain and headaches resultant from VS, also termed Meares-

Irlen syndrome and scotopic sensitivity. But, case reports have highlighted that symptoms 

of ophthalmic anomalies can overlap with those of VS (Evans, 2005). Qualitative research 

has suggested that some visual issues of autistic adults, such as intermittent diplopia and 

difficulty concentrating for near tasks, overlap with typical symptoms of binocular vision 

anomalies (Parmar et al., 2021). Therefore, in the context of the current study, it is 

possible that some autistic visual sensory experiences are linked to optometric and 

orthoptic conditions rather than higher-level perceptual disorders. Access to standard 

optometric and orthoptic treatment, such as up-to-date spectacles or eye exercises, may 

lead to alleviation of some autistic visual sensory experiences. To test this, the second 

aim of this study was to explore the impact of appropriate optometric and orthoptic 

treatment, and tinted lenses (if required), on visual sensory experiences, visual function 

and vision-related quality of life of autistic people.  

 

Overall, we hypothesised there would be: 

1. a variety of optometric and orthoptic conditions in our sample. 

2. a clinically significant number of participants with a significant change in 

refractive correction. 

3. a significantly greater prevalence of binocular vision anomalies in our sample 

when compared to non-autistic data. 

4. a positive link between visual sensory experiences and optometric and orthoptic 

anomalies in our sample. 

5. a significant improvement in visual function, visual sensory experiences and 

vision-related quality of life of participants who receive treatment.  
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This study involved both research and clinical aspects, and was developed in 

collaboration with the Autism@Manchester Expert by Experience Advisory Group 

(www.autism.manchester.ac.uk/connect/expert-by-experience/). Also, the research team 

worked with two adult autistic advisors (JP and PB) to ensure the study design was 

autism-friendly. 

 

5.3 Methods and materials 
The methods and analysis plan for the current study were pre-registered (see chapter 4: 

Parmar et al., 2020) (also see study protocol: Appendix 6). A similar but retrospective 

study has been conducted previously (Evans et al., 1999), although this did not lay out 

pre-determined criteria for tests results and management options. 

 

5.3.1 Recruitment and participants 

An advert (Appendix 7) was publicised by email and social media using the 

Autism@Manchester network, local autism groups and the university platforms. This 

invited autistic adults for a full eye examination at The University of Manchester. 

Inclusion criteria were: formally diagnosed as autistic (confirmed with visual inspection 

of a diagnosis letter), absence of a learning disability, aged 18 years or over (no upper 

age limit), and able to travel to The University of Manchester. Individuals interested in 

the study were emailed a participant information sheet (Appendix 8) and asked to confirm 

the inclusion criteria.  

 

This study received ethical approval from the NHS Research Ethics Committee (271545) 

and participants provided written informed consent.  

 

5.3.2 Study procedure  

An overview 

The research student (KRP), a UK-registered optometrist, conducted all participant visits. 

See Figure 5.1 which is a flowchart of how participants could progress through the study 

and the approximate timings required for the individual visits. Prior to attending visit 1, 

participants were sent a “what to expect during the study” document with videos 

(Appendix 9) to help them prepare for the various tests involved in the eye examination. 

Visit 1 began with participants having the opportunity to familiarise themselves with the 
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eye examination room followed by consent procedures and KRP checking their autism 

diagnosis details. Participants then completed a patient information survey (Appendix 10) 

(which captured their contact details, address, occupation and GP details for the purpose 

of the clinical record) and three study questionnaires. Thereafter, they underwent an eye 

examination. During the eye examination, participants were interviewed to understand 

how eye examinations can be made more autism-friendly. This is explored elsewhere 

(Parmar et al., 2022a).     

 

 

 Figure 5.1 A flowchart which shows the various ways in which participants could 
progress through this study, from the point of confirming their visit 1 appointment. 
Approximate timings for the visits are included. 
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Upon completion of the eye examination, participants were given a copy of their spectacle 

prescription alongside any other relevant information related to their ocular health.  Then, 

some tests were repeated if required. Based on the outcomes of visit 1, participants were 

either (1) dispensed suitable treatment and regularly followed-up, (2) advised no 

treatment was required, or (3) referred for further investigation and appropriately 

excluded from the study.  

 

If participants required no treatment at visit 1, they would be seen for the final visit after 

three months. Upon resolution of any optometric, orthoptic or VS issues, participants 

requiring treatment were seen three months after their final clinical follow-up for the final 

visit. The final visit involved participants completing the three study questionnaires again 

and being given study debrief information. Participants whose treatment period extended 

beyond the study period were referred to a university optometry clinic for continuing care.  

 

The following sections describe the individual study procedures in further detail.  

 

The eye examination 

At visit 1, participants underwent a thorough eye examination with KRP. He was masked 

from any current refractive prescription that participants had. The following was assessed 

(in order): 

1. History and symptoms 

2. Distance unaided vision 

3. Distance unaided cover test  

4. Near unaided vision 

5. Near unaided cover test  

6. Ocular motility* 

7. Pupil assessment* 

8. Intraocular pressure* 

9. Distance objective and subjective refraction 

10. Distance VA 

11. Distance cover test with refractive correction 

12. Distance dissociated heterophoria 

13. Distance aligning prism 
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14. Distance prism fusional reserves 

15. AoA 

16. Accommodative accuracya 

17. Accommodative facilitya 

18. Near additionb 

19. Near VA 

20. Near cover test with refractive correction 

21. Near dissociated heterophoria 

22. Near aligning prism 

23. Stereopsis 

24. Near prism fusional reserves 

25. Pattern glare test 

26. NPC 

27. Colour vision assessment* 

28. Ocular health checks* 

29. Visual fields assessment* 

30. Colorimetryc 

*Conducted for clinical completeness of an eye examination 
aOnly conducted with pre-presbyopes.  
bOnly conducted with presbyopes. 
cOnly conducted with participants who had a pattern glare test result outside normal 

limits. 

 

To ensure participants received a complete UK eye examination, some assessments 

(indicated with “*”) were conducted for completeness. The remaining assessments, as 

well as being important for an eye examination, were the source of data for this study. 

For the remainder of this paper, “study-” refers to results of tests with the study spectacle 

prescription in place. A protocol of tests and criteria for ‘normal’ results were determined 

based on existing practice and literature (Table 5.2) (see chapter 4: Parmar et al., 2020).  

 

Following the eye examination, KRP measured the prescription, prismatic effect 

experienced and tint (if any) of participants’ habitual spectacles, if they wore any. He then 
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compared this against the study spectacle prescription. For the remainder of this paper, 

“habitual-” refers to test results with participants’ habitual correction in place.  

 

Repeat tests 

If, based on the criteria in Table 5.2, there was a significant difference between 

participants’ study spectacle requirements (prescription, prism and tint) and habitual 

correction, the following tests were repeated with participants’ habitual correction in 

place: 

1. Distance VA 

2. Distance cover test 

3. Near VA 

4. Near cover test 

5. Distance dissociated heterophoria 

6. Distance aligning prism 

7. Distance prism fusional reserves 

8. AoA 

9. Accommodative accuracy 

10. Accommodative facility 

11. Near dissociated heterophoria 

12. Near aligning prism 

13. Stereopsis 

14. Near prism fusional reserves 

15. Pattern glare test 

16. NPC 
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Table 5.2 Details of tests and criteria for normal limits for the assessments conducted during the eye examination, which were sources of data for 
this study. This table is adapted from the pre-registered methods for this study (see chapter 4: Parmar et al., 2020), and therefore is written in 
future-tense. 

Assessment Details of the test(s) and criteria for normal limits 
History and 
symptoms 

Questions to be asked (as a guide):  
● Any visual or eye problems? 
● How is your vision at distance/ near/ intermediate with and without glasses? Details of current glasses. 
● Last eye examination? What was the outcome there? Do you wear contact lenses? Last aftercare? 
● Ocular health: History of GP/ hospital visits? Any underlying eye conditions? Did you have to wear a patch over one 

eye when you were younger? Any itchiness/ dryness/ stickiness? 
● General health: How is your general health? Any underlying health conditions? Do you take any medication? Any 

allergies? Do you smoke? 
● Family health: Any first-degree family members with any eye or health conditions?  
● Headaches/ flashes/ floaters/ diplopia? 
● Do you drive? If yes, with or without glasses? 
● What is your occupation? 
● Do you use any type of display screen? At what distance? What position? How often? For how long? 
● Do you have any hobbies or play any sports? 
● Any other problems regarding your eyes or vision which we haven’t talked about? 
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Distance and 
near unaided 
vision/ visual 
acuity 

● Using the Thomson logMAR chart at distance and Bailey-Lovie word reading chart at near (40cm).  
● Normal visual acuity will be classed as up to 0.10 logMAR in line with the ICD-9-CM (U.S. Public Health Service, 

1978).  
● At near, normal will be classed as up to N4 at 40cm (approximately 0.10 logMAR) considering the 

recommendations for normal distance visual acuity by the ICD-9-CM (U.S. Public Health Service, 1978).  
● The order of testing will be: right eye, left eye, binocular.   

Distance and 
near cover test 
(cover/uncover 
and alternating) 
and dissociated 
heterophoria 

● A translucent occluder will be used for cover test.  
o At distance, the participant will be asked to focus on a letter one line above the poorest monocular unaided 

vision/ visual acuity (section of a letter if 0.30 logMAR or worse). 
o At near they will be asked to focus on a letter one acuity level bigger than their poorest monocular 

unaided vision/ visual acuity at 40 cm (section of a letter if N5 or larger).  
● The magnitude of any deviation (heterophoria/ strabismus) will be predicted with cover test. The actual magnitude 

will be determined using Maddox Rod at distance and Thorington test at near with the refractive correction in place.  
● Normal will be classed as a dissociated heterophoria with an opposing fusional reserve which meets Sheard’s 

criterion (Sheard, 1930), and has a good recovery and remains compensated (i.e., does not break down into a 
strabismus) on eight cover/ uncover cycles during cover test. Good recovery will be defined as smooth and fast/ 
moderate recovery movements. Poor recovery will be defined as jerky and slow recovery movements or recovery 
only on blink (Evans, 2007).  

● A strabismus and decompensating heterophoria will be classed as abnormal.  
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Distance 
objective and 
subjective 
refraction 

● Firstly, distance and near monocular pupillary distance will be measured with a pupilometer. 
● Retinoscopy will be performed with the participant looking towards the green section of the duochrome. The other 

eye will be appropriately fogged. 
● Next, best sphere will be performed followed by duochrome. The participant will be kept on the green. 
● Next will be cross-cylinder assessment followed by the +1.00 blur test.  
● For the +1.00 blur test, a response between 0.30 and 0.50 logMAR will be accepted as long as it is the same in both 

eyes. 
● Finally, visual acuity will be measured. For visual acuities 0.20 logMAR or worse pinhole acuity will be checked.  
● The maximum possible plus prescription will be the endpoint.  
● The above steps will be followed for both eyes. 
● After each eye has been monocularly refracted, the Humphriss binocular balance technique will be performed 

followed by binocular addition. 
● Cumberland et al (2015) defined myopia as ≤-0.50 dioptre sphere and hyperopia as ≥+0.50 dioptre sphere (mean 

spherical equivalent) in their study. Refraction repeatability of an individual clinician is within 0.25 dioptres in 80% 
of cases, and between clinicians can be up to 0.75 dioptres (Elliott & Howell-Duffy, 2015). Taking these values into 
account, a significant change in refractive correction will be defined as:  

o the study refractive correction differing from the habitual correction by at least ±0.50 dioptre sphere or 
±0.50 dioptre cylinder; and/ or  

o the cylinder axis difference between the habitual and study refractive correction being outside the British 
standard tolerances for supply of spectacles (BS EN ISO 21987:2017).  
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Distance and 
near aligning 
prism 

● Aligning prism will be measured using the distance and near Mallett units, with the participant wearing the full 
refractive correction. Vertical aligning prism will be measured before horizontal, and individually. The participant 
will be directed to focus on the centre of the “X” (of the OXO) and report the alignment status of the Nonius markers, 
as per the method outlined by Karania and Evans (2006).  

● Jenkins et al (1989) defined a significant fixation disparity more likely to cause symptoms as requiring an aligning 
prism ≥1 prism dioptres for pre-presbyopes and ≥2 prism dioptres in presbyopes. Outside normal limits will be 
determined according to these criteria horizontally. Nil vertical aligning prism will be accepted as normal. 

● For individuals with a strabismus, Bagolini lenses will be used to check binocular status.  

Distance and 
near prism 
fusional reserves 

● Will be assessed using a prism bar. Before taking the measurements, diplopia will be demonstrated to the participant. 
● For distance reserves, with the distance refractive correction in place, the participant will be asked to focus on a line 

of letters matching their binocular distance visual acuity.  
● For near reserves, the participant will be asked to focus on a line of letters matching their binocular near visual acuity 

at 40cm. 
● Order of testing: base-out, base-up, base-in.  
● For each, blur, break and recovery points will be noted.  
● Normal reserves will meet Sheard’s criterion (Sheard, 1930). Not meeting Sheard’s criterion will be considered as an 

uncompensated dissociated heterophoria. 
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Amplitude of 
accommodation  

● Will be measured using the RAF rule and push-up method, binocularly and monocularly. The participant will be 
wearing their full distance refractive correction.  

● Before taking the measurements, blur will be demonstrated to the participant on the RAF rule. 
● The participant will be asked to focus on an N5 sized target, which to begin with will be at the end of the RAF rule, 

and then progressively brought closer to the participant at an approximate rate of 1cm/second. The participant will be 
instructed to report when they first begin to experience blurring of the target. To ensure a measure as close to 
threshold as possible, the participant will be asked if they can re-focus the target again when they experience blur.  

● The AoA will be noted as the dioptric distance at which the participant first begins to experience blurring of the 
target, which they cannot resolve. 

● Normal will be classed according to Hofstetter’s age-amplitude formula (Hofstetter, 1950): 
o Up to 20 years old: ≥10.00 dioptres 
o Up to 30 years old: ≥7.50 dioptres 
o Up to 40 years old: ≥5.00 dioptres 
o With additionally, the monocular amplitudes being within 0.50 dioptres of each other and lower than the 

binocular amplitude. 
● Participants with lower-than-expected amplitude of accommodation will be defined as having accommodative 

insufficiency.  
● Participants aged over 40 years with a binocular amplitude of accommodation <4.50 dioptres will be classed as 

presbyopic. They will undergo an investigation for a near addition. 
The order of testing will be: right eye, left eye, binocular. 
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Accommodative 
accuracy 

● Will be assessed with Nott dynamic retinoscopy, with the accommodative target placed at 40cm. Participants will be 
wearing their full refractive correction.  

● Will be assessed in pre-presbyopes only. León et al (2017) found accommodative lag to increase after 40 years of age 
as is expected due to presbyopia (amplitude of accommodation <4.50 dioptres). 

● The American Optometric Association (Cooper et al., 2010) has quoted the normal range of accommodative 
inaccuracy to be +0.25 to +0.75 dioptres. This will be the criterion for normal in the current study. An 
accommodative lead, or accommodative lag >+0.75 dioptres will be defined as a significant accommodative 
inaccuracy.  

● The order of testing will be: right eye, left eye. 

Accommodative 
facility 

● Will be assessed in pre-presbyopes only. Participants will be wearing their full refractive correction.  
● Will be assessed using ±2.00 dioptre flippers, which will be alternated before the participant’s eyes whilst they view 

and read N5 size print at 40cm. The +2.00 dioptre lenses will be presented first. The number of lens alternations 
which the participant can clear during a minute will be counted.  

● A 20 second training on the test will be given prior to commencing the measurements.  
● Normal will be classed as at least 11 cycles per minute monocular and 8 cycles per minute binocular, adapted from 

Zellers et al’s (1984) criteria. Values lower than these (either monocular or binocular) will be defined as 
accommodative infacility.  

● The order of testing will be: right eye, left eye, binocular. 
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Near visual 
acuity (and near 
addition) 

● For pre-presbyopes: near visual acuity will be measured to threshold with the distance refractive correction in place 
using the Bailey-Lovie word reading chart at 40cm. The order of testing will be: right eye, left eye, binocular. If the 
near visual acuity is N4 or better at 40cm then no further action will be taken. If visual acuity is poorer than N4 then 
this will be closely investigated using the accommodation assessments described in this table.  

● For presbyopes: the following equation will be used to predict the near addition power:  
near addition (dioptres)=dioptric working distance - !"(binocular amplitude of accommodation). 

● The predicted near addition will be added over the distance refractive correction and near visual acuity checked again. 
±0.25 dioptre flippers will be used binocularly to check if the near visual acuity can be enhanced. 

● The final near addition will be confirmed using the near duochrome. The participant will be kept slightly on the green 
to ensure a good near range.  

● A significant near addition will be classed as ≥+0.75 dioptres. For existing near additions, a significant change will be 
classed as at least ±0.50 dioptres. 

Stereopsis ● Will be assessed using the TNO stereotest (eighth edition).  
● Will be measured with the full near refractive correction in place including any significant aligning prism.  
● According to Piano et al (2016), the normal upper limit for the TNO stereotest is 120 seconds of arc. This will be the 

criterion for normal in the current study. Stereoacuity poorer than 120 seconds of arc will be classed as reduced.  
Visual stress ● Will be assessed using the pattern glare test. 

● Participants will be presented with each pattern for five seconds at 40cm, whilst wearing their full near refractive 
correction. 

● Those prone to visual stress will experience visual distortions on the 3 cycles-per-degree plate (Pattern 2). Less than 
four distortions on Pattern 2 is normal. If more are experienced, the individual is likely to suffer significant visual 
stress and benefit from coloured filters (Evans & Stephenson, 2008).  

● Therefore, if four or more distortions are reported on Pattern 2, this will be classed as significant visual stress in the 
current study.  
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Convergence ● Near point of convergence will be assessed using the line-and-spot target on the RAF rule. Diplopia will be 
demonstrated to the participant first on the RAF rule, then the measurement will be taken. 

● Convergence insufficiency will be confirmed by at least one of:  
o A near point of convergence >10cm (Bishop, 2001; Van Noorden & Campos, 2002) ; 
o an exophoria at near which is >4 prism dioptres greater than distance exophoria with the full refractive 

correction in place (The Convergence Insufficiency Treatment Trial Study Group, 2008; Rouse et al., 
1998; Scheiman et al., 2005a); and 

o a significant near base-in aligning prism (Jenkins et al., 1989). 
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Treatment 

Treatment was determined based on the eye examination outcomes: new spectacles for a 

new significant refractive correction or significant difference between habitual and study 

spectacle prescription; orthoptic exercises or prescribed prism for binocular vision 

anomalies; and PTLs for significant VS. Participants presenting with a mixture of 

optometric and orthoptic anomalies, for example a significant change in refractive 

correction and a binocular vision anomaly, were given treatment in stages. Changes in 

refractive correction were treated first, followed by any residual binocular vision 

anomalies, and finally significant VS. Investigation of the impact of prescribed treatment 

was done at monthly clinical follow-up visits where relevant tests were repeated. Any 

additional required treatments were dispensed at these visits too.  

 

Questionnaires 

An extensive search for questionnaires which assessed autistic sensory experiences, 

vision-related quality of life, and visual function was conducted. It was important for the 

questionnaires to assess a variety of aspects concerning these three areas to be adequately 

sensitive. Three questionnaires were deemed suitable: participants completed the GSQ 

(Robertson, 2012) (appendix 11) constructed to evaluate sensory symptoms in autistic 

individuals; VF-14 QoL (Steinberg et al., 1994) (appendix 12) designed to assess the 

impact of vision on everyday activities; and CISS (Borsting et al., 2003) (appendix 13) 

developed to screen for symptoms of CI although it appears to examine optometric, 

orthoptic and visual stress related factors too. These were completed at visit 1 and the 

final visit. In line with recommended practice for each, the GSQ and VF-14 QoL were 

self-administered, and the CISS was administered by KRP. 

 

5.3.3 Analysis 

Sample size 

This study was largely conducted during the COVID-19 pandemic. Although during the 

study design phase a power calculation suggested a target sample of 70 participants, it is 

important to highlight that the recruitment to, and participation in, this study was 

influenced by the COVID-19 pandemic. The study began pre-pandemic but was halted 

for approximately 11 months (March 2020 - February 2021) before resuming. As a result, 
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an opportunity sample had to be recruited, and a modest sample of 24 participants took 

part. The study direction changed to being exploratory.  

 

Statistics 

The reduced sample size resulted in the original pre-registered analysis plan (see chapter 

4: Parmar et al., 2020) having to be reconsidered. Descriptive statistics, such a t-tests and 

chi-square test of independence, were used to interpret data. The distribution of the data 

was confirmed with the Kolmogorov-Smirnov test. Packages used for analyses were 

SPSS and Microsoft Excel. Analyses are described and presented in the results section, 

under our study aims. Deviations from the protocol are highlighted in the relevant 

sections of the results. 

 

Questionnaire scoring 

Increasing scores for the GSQ and CISS suggests increasing autistic sensory experiences 

and CI symptoms, respectively. An increasing VF-14 QoL score suggests less difficulty 

completing tasks due to vision. In the original analysis plan, the GSQ, VF-14 QoL and 

CISS data were going to be Rasch analysed to check their validity for an autistic adult 

population, and to derive the final scores. However, as the total number of complete 

responses was less than 99 per questionnaire, we used the traditional recommended 

scoring for each (see Appendices 11, 12 and 13). Samples of more than 99 should be used 

for Rasch analysis to avoid yielding opposite results (Chen et al., 2014). Chen et al (2014) 

found a greater number of items to be identified as having incorrectly ordered parameters, 

and fewer items to be identified as misfitting the Rasch model with sample sizes of less 

than 50 compared to greater than 100.  

 

5.4 Results 
5.4.1 Participant demographics 

Table 5.3 presents the gender, age and last-eye-examination demographics of our 

participants. A total of 24 autistic adults took part in this study, over half of whom 

identified as male. The age range was 19 to 67 years (mean age 43.3 years) and most 

participants had undergone an eye examination within the previous two years (70.1%). 

All had a formal diagnosis of an autism spectrum condition (ASC) (autism/ Asperger’s 
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syndrome/ ASC/ autism spectrum disorder (ASD)), and 91.6% were from the north of 

England. 

 

5.4.2 Aim 1: To describe the range and type of optometric and orthoptic conditions 

in autistic adults 

The habitual spectacles type (if any), study distance binocular VA and optometric, 

orthoptic and VS status of each participant are described in Table 5.4. If there was a 

significant difference between the habitual correction and study spectacle prescription 

then participants underwent some repeat tests (see section 5.3.2); for them, habitual 

distance binocular VA, orthoptic and VS status are also given. The distance binocular 

VA, VS and orthoptic tests each have two columns: the first indicates the habitual result 

(H) (where applicable) and the second the study result (S). For example, participant 1 

habitually wore tinted single vision distance spectacles, but the study spectacle 

prescription was found to be significantly different from these. With the habitual 

spectacles, the participant failed Sheard’s criterion at distance (uncompensated distance 

dissociated heterophoria), and distance and near aligning prisms were outside normal 

limits. With the study spectacle prescription, only the distance aligning prism was outside 

normal limits. 

 

Participant 16 wore plano tinted spectacles. Although an insignificant study spectacle 

prescription was found, repeat tests were conducted with the habitual tinted spectacles to 

explore the impact of the tint. 

 

Regarding participant 18, although there was no significant difference between their 

habitual and study spectacle prescription, they only wore their habitual spectacles for near 

vision tasks. Repeat tests were conducted to reflect this, i.e., distance tests unaided and 

near tests with the habitual spectacles in place.  

 

Participant 17 had a strabismus with suppression, therefore binocular tests could not be 

conducted. A full visit 1 eye examination was conducted with the participant, and data 

collected for the study (included on the written consent). Treatment as per the study 

protocol was not dispensed to them, as this would have been contrary to the advice of the 
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participant’s ophthalmologist (to under-correct one eye). Instead, they were referred to a 

university optometry clinic for continuing care and discontinued from further study visits.  

 

The majority of participants (87.5%) habitually wore spectacles, of which two were 

tinted. One participant wore plano tinted spectacles. All participants had habitual distance 

corrected binocular VA within normal limits. 

 

Table 5.5 takes the study results and summarises these into quantities and proportions of 

participants found with the various anomalies. The top four optometric and orthoptic 

issues in our participants were: a significant difference between habitual and study 

spectacle prescription, CI, uncompensated distance dissociated heterophoria and 

accommodative infacility. As can be seen in Table 5.4, many participants presented with 

more than one anomaly, therefore will appear in more than one of the categories in Table 

5.5. The final column in Table 5.5 presents prevalence values for each anomaly from a 

non-autistic population, where possible. 

  
Table 5.3 Participant demographics: Gender, age range and period since last eye 
examination. 

Variable  n (%) 
Gender Female 9 (37.5) 

Male 14 (58.3) 
Non-binary 1 (4.2) 
  

Age (Years) 18-30 6 (25) 
31-41 5 (20.8) 
42-51 5 (20.8) 
52-61 5 (20.8) 
62-67 3 (12.5) 
  

Last eye 
examination 

Within last 6 months 4 (16.7) 
6 months – 1 year ago 6 (25) 
1 – 2 years ago 7 (29.2) 
Over 2 years ago 7 (29.2) 
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Table 5.4 Details of: individual participant habitual spectacles (if any); significant difference between habitual and study refractive correction; 
and the habitual (H) and study (S) distance binocular visual acuity, orthoptic and visual stress status. KEY: Y=yes, N=no, SVD=single vision 
distance, SVN=single vision near, PAL=progressive addition lenses, TL=tinted lenses, RR=ready readers, ✓ =within normal limits (as per Table 
5.2), " =outside normal limits (as per Table 5.2), º=not assessed, T=strabismic, P=presbyopic.  
 

Participant num
ber 

H
abitual spectacle 

w
earer?  

D
istance 

binocular visual 
acuity  

Significant refractive 
error? 

Significant difference 
betw

een habitual and 
study refractive 

correction?  

D
istance 

dissociated 
heterophoria  

N
ear dissociated 

heterophoria  

D
istance aligning 

prism
 

N
ear aligning 

prism
 

Stereoacuity 

C
onvergence 

V
isual stress 

A
m

plitude of 
accom

m
odation 

A
ccom

m
odative 

accuracy 

A
ccom

m
odative 
facility  

H S H S H S H S H S H S H S H S H S H S H S 

1 Y 
SVD+TL 

P P Y Y û P P P û û û P P P P P P P P P ºP ºP 

2 Y 
SVD 

P P Y Y P P P P û P P P P P P P P P P P ºP ºP 

3 Y 
RR 

P P Y Y û û P P P P P P P P P P û P P P ºP ºP 

4 Y 
SVD 

P P Y Y û û û P û û û û P P P P û P P P û P û û 

5 Y 
PAL P P Y Y û û û P P P P P P P û û û û P P ºP ºP 

6 Y 
SVD P P Y Y P û P û û P P P P P P P P P P P û P û û 

7 Y 
PAL 

P P Y Y P P P P P P P û P P P û P P P P ºP ºP 
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8 N P P Y Y û û P P P P P P P P P P P P P P û P û û 

9 Y 
PAL 

P P Y Y P û P P P P P û P P û û P P P P ºP ºP 

10 
Y 
SVD, 
SVN 

P P Y Y P P P û P P P P P P û û P P P P ºP ºP 

11 Y 
SVD 

P P Y Y P P P P P P P P P P P P P P P P P P P P 

12 Y 
SVD º P Y N º P º û º P º P º P º P º P º P º P º û 

13 N P P Y Y P P P P û P P P P P P P P P P P û P P P 

14 Y 
SVD 

P P Y Y P P û P û P P P P P P û P P P P ºP ºP 

15 
Y 
SVD+TL 
SVN+TL 

P P Y Y P P P û P û û û P P û û P û û P ºP ºP 

16 Y 
TL 

P P N N û û û û P P P P P P û û û û P P û û û û 

17 Y 
SVD 

P P Y Y ºT ºT ºT ºT ºT ºT P û P P ºP ºP 

18 Y 
SVD 

P P Y N P P P P û û û û P P û û P P û û û û P P 

19 Y 
RRs 

P P Y Y P P P P P P P P û P P P P P P P ºP ºP 

20 Y 
SVD P P Y Y P P P P P P P P P P P P û û P P ºP ºP 
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21 Y    
PAL P P Y Y P P P P P P P P û P P û û û P P ºP ºP 

22 Y 
SVD º P Y N º P º P º P º P º P º P º º º û º P º û 

23 Y 
SVD 

P P Y Y P P P P P P P P P P P P P P P P P P P û 

24 Y 
SVD 

P P Y Y û û P P û û û û û û P P º P P û û û û 
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Table 5.5 A summary of the number (%) of participants who were found to have a significant difference between habitual and study refractive 
correction, and the study results indicating binocular vision anomalies and significant visual stress. The total % exceeds 100% as many participants 
presented with more than one anomaly. The final column presents the prevalence of these anomalies in a non-autistic population: *such values 
could not be obtained for significant distance aligning prism; †these studies used different diagnostic criteria from the current study. 

Anomaly n (%) % of a non-autistic population 
Significant change in 
refractive correction 

20 (83.3) 41% (Irving et al., 2016)† 
 

Sample size: 2656 
Age range: 0.4-93.9 years 

Failed Sheard’s criterion 
at distance 
(Uncompensated distance 
dissociated heterophoria) 

8 (33.3) 12% (Conway et al., 2012) 
 

Sample size: 373 
Age range: 18-59 years 

Failed Sheard’s criterion 
at near 
(Uncompensated near 
dissociated heterophoria) 

5 (20.8) 11.5% (Alrasheed et al., 2021)  
30% (Conway et al., 2012) 
 

Sample size: 230 (Alrasheed et al., 2021) and 299 (Conway et al., 2012) 
Age range: 15-59 years 

Significant distance 
aligning prism 

5 (20.8) * 

Significant near aligning 
prism 

6 (25) 30% (Parmar et al., 2019) 
 

Sample size: 80 
Age range: 18-92 years 
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Reduced stereoacuity 
 
 

1 (4.2) 25% (Garnham & Sloper, 2006)  
 

Sample size: 60  
Age range: 17-83 years 

Convergence insufficiency 9 (37.5) 3.9% (Hashemi et al., 2017a)† 
7.7% (Porcar & Martinez-Palomera, 1997)† 
7.5% (Sharif et al., 2014)†  
 

Sample size: 65 (Porcar & Martinez-Palomera, 1997), 1584 (Hashemi et al., 
2017a) and 160 (Sharif et al., 2014) 
Age range: 18-69 years 

Significant visual stress 6 (25) 5% (Evans & Stephenson, 2008) 
 

Sample size: 100 
Age range: 10-86 years 

Accommodative 
insufficiency 

2 (8.3) 4.1% (Hashemi et al., 2019b)†  
4.5% (Moravej & Sahihalnasab, 2017)† 
6.2% (Porcar & Martinez-Palomera, 1997)† 
 

Sample size: 65 (Porcar & Martinez-Palomera, 1997), 298 (Moravej & 
Sahihalnasab, 2017) and 726 (Hashemi et al., 2019b)  
Age range: 18-29 years 

Significant 
accommodative 
inaccuracy (lag or lead) 

3 (27.2) of 11 
pre-
presbyopes 

4.9% (Anketell et al., 2018)† 
 

Sample size: 204 
Age range: 6-17 years 
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Accommodative infacility 8 (72.7) of 11 
pre-
presbyopes 

19% (Atiya et al., 2020)†  
6.7% (Darko-Takyi et al., 2016)†  
6.1% (Jorge et al., 2021)† 
 

Sample size: 75 (Atiya et al., 2020), 105 (Darko-Takyi et al., 2016) and 107 
(Jorge et al., 2021) 
Age range: 19-40 years 
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5.4.3 Aim 2: To explore the impact of appropriate optometric and orthoptic 

treatment, and tinted lenses (if required), on autistic visual sensory experiences, 

visual function and vision-related quality of life of autistic people. 

Participant treatment pathways 

Figure 5.2 is a flowchart of the treatments which participants were given, showing the 

number of participants along each branch. After the complete eye examination at visit 1, 

participant 17 was referred to a university optometry clinic for continuing care and 

excluded from further study visits. All remaining participants required a form of 

optometric and/or orthoptic treatment, largely new spectacles (19/24 = 79.2%). Following 

this, 16.7% (4/24) of participants required orthoptic exercises, and 4.2% (1/24) required 

PTLs. 16.7% (4/24) of participants were given orthoptic exercises only. Overall, 29.2% 

(7/24) of participants discontinued the study between visit 1 and the final visit for reasons 

including undergoing eye surgery, impacts of the pandemic, ill health and personal 

reasons. Additionally, participants 5 and 8 did not complete their treatments within the 

study period. As per the original protocol, they would not have qualified for the final visit. 

But, as they had both undergone extensive treatments over a large period of the study, 

they were invited to complete the final visit questionnaires; these are highlighted in Figure 

5.2. Relevant analyses were performed with and without their data included. Overall, a 

total of 14 participants (58.3%) completed the study. Participants required between one 

and five clinical follow-up appointments between the first and final visit. 
 

Autistic visual sensory symptoms and optometric, orthoptic and VS issues 

As the GSQ examines each sensory modality individually, we were able to extract 

participant GSQ-vision scores. GSQ-vision scores were classed as “low” if ≤11, and 

“high” if ≥12, based on the mean GSQ-vision score for our participants (see Table 5.6). 

The proportion of participants with each anomaly in Table 5.5 was calculated versus a 

“low” or “high” GSQ-vision score (reduced stereoacuity was not included in this analysis) 

and inputted into a Microsoft Excel table. Thereafter, a chi-square test of independence 

was conducted in Microsoft Excel to examine any relationship between participant GSQ-

vision scores and presenting optometric, orthoptic and VS issues. The relationship 

between these variables was highly significant (X2(7, N=303.3)=.11, p<.001), but the 

effect size was very weak (V=.0052). 
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Figure 5.2 A flowchart of participant treatment pathways between visit 1 and the final 
visit. The number (n) of participants along each route is given. The points at which 
participants discontinued the study, were excluded, or completed final visit 
questionnaires early are shown.  

 
We had planned to conduct a multiple regression analysis (see chapter 4: Parmar et al., 

2020). As per the 20:1 (participants:factors) rule ( Department of Biostatistics - 

Vanderbilt University, 2020) and our originally envisaged sample size of 70, this would 

have involved the three most significant anomalies identified from the chi-square test of 

independence as independent variables, and the GSQ-vision score as the dependent 

variable. However, due to our small final sample size, it was deemed inappropriate to 

conduct this analysis. 

 

The impact of treatment on visual function, autistic visual sensory symptoms and 

vision-related quality of life 

Table 5.6 gives the GSQ-vision, VF-14 QoL and CISS scores for each participant for visit 

1 and the final visit, where applicable, together with overall means and medians. As a 

comparison, GSQ-vision data from an autistic population (personal communication, 

Elliot Millington), VF-14 QoL data from a control group (Sabri et al., 2006), and CISS 

data from a control group (Rouse et al., 2004) are given in the last row.  
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The following analyses were conducted in SPSS. The Kolmogorov-Smirnov test 

confirmed normal distribution of the GSQ-vision and CISS scores; VF-14 QoL scores 

were not normally distributed. As mentioned earlier, final visit scores for participants 5 

and 8 are given in Table 5.6 although they did not complete the study. The analyses in 

this section were conducted with and without the final visit data from these participants.   

 

A paired sample t-test comparing visit 1 and final visit GSQ-vision and CISS scores was 

conducted; a Wilcoxon Signed-Ranks test was conducted for the VF-14 QoL scores.  

 

Including participant 5 and 8’s data: There was a significant reduction in GSQ-vision 

scores (t(15)=2.226, p=.042, d=.386). On the other hand, there was no significant change 

in the CISS scores (t(15)=1.212, p=.244, d=.253) or VF-14 QoL scores (z=-1.100, 

p=.271, r=.275). The effect size was small to medium for these results.  

 

Excluding participant 5 and 8’s data: The final visit mean(SD) for GSQ-vision scores 

and CISS scores were 9.6429(3.73357) and 18.0714(11.88059), respectively. The final 

visit median(IQR) for the VF-14 QoL scores was 86(13). There was no significant change 

in GSQ-vision scores (t(13)=1.900, p=.080, d=.355), CISS scores (t(13)=1.013, p=.330, 

d=.238) or VF-14 QoL scores (z=-1.492, p=.136, r=.399). Each of these had a small to 

medium effect size.  
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Table 5.6 Participant questionnaire scores for visit 1 and the final visit (where 
applicable). An increasing score for the Glasgow Sensory Questionnaire (GSQ) and 
Convergence Insufficiency Symptoms Survey (CISS) suggests increasing sensory and 
convergence insufficiency symptoms, respectively. An increasing Visual Function 14 
Quality of Life questionnaire (VF-14 QoL) score suggests less difficulty completing tasks 
due to vision. The overall mean(SD) and median(IQR) are given for each dataset. The 
final row presents data from a comparison group: Another autistic adult population for 
the GSQ-vision, and non-autistic control groups for the VF-14 QoL and CISS.  

Participant 
number 

GSQ-vision  
(out of 24) 

VF-14 QoL  
(out of 100) 

CISS 
(out of 60) 

Visit 1 Final 
visit 

Visit 1 Final 
visit 

Visit 1 Final 
visit 

1 12 12 88 89 27 36 
2 8 8 100 100 2 7 
3 14 - 89 - 21 - 
4 12 - 77 - 38 - 
5 8 8 90 94 25 24 
6 11 8 95 96 3 1 
7 12 10 85 96 10 5 
8 17 13 58 30 42 34 
9 15 - 90 - 15 - 
10 14 - 89 - 22 - 
11 6 6 93 82 14 10 
12 12 - 92 - 12 - 
13 14 14 88 92 5 12 
14 7 5 82 82 24 25 
15 6 7 56 86 35 5 
16 10 12 46 73 35 30 
17 4 - 73 - 33 - 
18 13 11 77 86 40 31 
19 11 6 84 96 19 14 
20 14 12 91 68 8 20 
21 16 - 69 - 55 - 
22 12 6 50 83 47 23 
23 16 18 75 66 29 34 
24 18 - 52 - 44 - 

Mean(SD) 
score 

11.75 
(3.71) 

9.75 
(3.61) 

78.71 
(15.70) 

82.44 
(17.27) 

25.21 
(14.88) 

19.44 
(11.82) 

Median(IQR) 
score 

12 
(4.5) 

9 
(5.25)  

84.5 
(18) 

86 
(14.75) 

24.5 
(22.25) 

21.5 
(21) 
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Data from a 
comparison 
group 

(Autistic 
sample: personal 
communication, 
Elliot Millington) 
 
Mean(SD) score: 
13.1(3.6) 
 
Sample size: 
unknown 
 
Age range: 
unknown 

(Non-autistic 
sample: Sabri et al., 
2006) 
 
Mean (range) score: 
95.5 (86.4-100)  
 
Sample size: 120 
 
Age range: 16-18 
years 

(Non-autistic 
sample: Rouse et al., 
2004) 
 
Mean(SD) score: 
11(8.2)  
 
Sample size: 46 
 
Mean(SD) age: 
24.4(3.2) years 

 

 

5.5 Discussion 
Multiple studies have investigated the optometric and orthoptic status of autistic children, 

and largely those with a co-existing learning disability. Outcomes have suggested autistic 

children are more likely to develop significant refractive error, amblyopia and binocular 

vision anomalies (Gowen et al., 2017; Little, 2018). Such investigations have not been 

carried out in autistic adults, therefore we can only make assumptions about their vision 

and ocular muscle balance. To the research team’s knowledge, the current study was the 

first to investigate optometric, orthoptic and VS issues in autistic adults without learning 

disabilities. 

 

The four most prevalent optometric and orthoptic issues amongst our participants were 

significant change in refractive correction (83.3%), accommodative infacility (72.7%), 

CI (37.5%) and distance uncompensated dissociated heterophoria (33.3%). 

Comparatively, studies with autistic children have revealed only 14.7% to have a 

significantly under-corrected refractive correction (Anketell et al., 2018), and 11.8% to 

have an NPC greater than 10cm (Milne et al., 2009). Accommodative facility and distance 

dissociated heterophoria values are not available for autistic children. Relative to 

prevalence in non-autistic populations (see Table 5.5), a considerably greater proportion 

of our participants had significant accommodative inaccuracy (~5.5x), CI (at least ~5x), 

accommodative infacility (at least 3.8x), uncompensated distance dissociated 

heterophoria (~3x) and a significant change in refractive correction (~2x). On the other 
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hand, the prevalence of reduced stereoacuity in our sample was approximately six times 

smaller than that found in non-autistic people. 

 

Although these comparisons suggest autistic adults are more likely to need an updated 

refractive correction and develop certain orthoptic conditions, judgement must be made 

with caution. Many optometric and orthoptic anomalies, such as significant change in 

refractive correction, CI and AI do not have globally agreed criteria. Most of the data 

about non-autistic populations presented in Table 5.5 are from studies which have used 

different diagnostic criteria (Anketell et al., 2018; Atiya et al., 2020; Darko-Takyi et al., 

2016; Hashemi et al., 2019b; Hashemi et al., 2017a; Irving et al., 2016; Pickwell et al., 

1986; Porcar & Martinez-Palomera, 1997; Sharif et al., 2014) to those adopted in the 

current study (Table 5.2). For example, in addition to age-expected values for AoA, 

Hashemi et al (2019b) determined an AI based on accommodative facility and accuracy 

results. In the current study, convergence was assessed by NPC, dissociated heterophoria 

and aligning prism; recently, Evans (2021) has termed such a collection of criteria as 

diagnosing ‘convergence insufficiency exophoria syndrome’. Porcar & Martinez-

Palomera (1997) diagnosed CI by patient symptoms, dissociated heterophoria, AC/A 

ratio, fusional reserves and NPC. Additionally, statistically and clinically significant 

different stereoacuity results have been noted when using different editions of the TNO 

stereotest (van Doorn et al., 2013); Garnham and Sloper (2006) did not note the edition 

of TNO stereotest used. These variations would of course inflate or deflate prevalence 

values, and emphasise the need for research to determine a gold standard criteria for 

optometric and orthoptic anomalies.  

 

Retrospectively, if we were to apply Irving et al’s (2016) significant change in refractive 

correction criteria, Sharif et al’s (2014) CI criteria, Moravej and Sahihalnasab’s (2017) 

AI criterion, and Jorge et al’s (2021) accommodative infacility criterion to our study 

findings (see Appendix 14 for these criteria), the prevalence values would be: significant 

change in refractive correction=83.3%, CI=4.2%, AI=16.7%, accommodative 

infacility=27.3%. In comparison to our criteria, these alternative criteria (Irving et al., 

2016; Jorge et al., 2021; Moravej & Sahihalnasab, 2017; Sharif et al., 2014) appear more 

stringent. Overall, we cannot comment on which of the various diagnostic criteria are 

most appropriate. One of our study aims was to describe the range and types of optometric 



 
 

203 

and orthoptic conditions in autistic adults, so that we can advise clinical colleagues on 

what visual functions they should pay particular attention to in this population. For this 

reason, we chose to use and base our diagnostic criteria on commonly available clinical 

tests.  

 

Many participants presented with a mixture of optometric and orthoptic issues and VS. 

Adopting currently available guidance (Evans, 2005; Evans, 2007; Evans & Allen, 2016; 

The College of Optometrists, 2022; Whitaker et al., 2016), our order of treatment was as 

follows: (1) to prescribe spectacles (if required) and assess the impact of these on 

orthoptic issues and suspect VS, (2) manage any continuing orthoptic issues optically or 

with orthoptic exercises, and (3) manage any persistent significant VS with tinted lenses. 

A small proportion of participants (4/24, 16.7%) who had orthoptic issues but no 

significant change in refractive correction were prescribed orthoptic exercises only. 

Unsurprisingly, the modal treatment option was new spectacles, required by 79% of our 

participants. In the current study, the decision to dispense new spectacles was solely based 

on the degree of change in refractive correction (see Table 5.2). In clinical practice, 

optometrists are advised to recommend a new spectacle prescription when it is justified 

and in the best interest of the patient (The College of Optometrists, 2021b). In addition to 

the degree of change, this would consider patient symptoms, ocular history and other test 

findings (e.g., ocular muscle balance). A simple and often used clinical tool is for 

optometrists to allow the patient to compare the ‘new’ spectacle prescription with their 

habitual correction. “If it ain’t broke, don’t fix it”: even though an optometrist may find 

a significant change in spectacle prescription, if it does not provide any benefit to the 

patient, such as improved VA or ocular muscle balance, they may decide it is 

inappropriate to advise new spectacles (Elliott & Howell-Duffy, 2015). Optometrists may 

choose to modify spectacle prescriptions for various reasons, including to aid patient 

adaptation (Elliott & Howell-Duffy, 2015) or improve ocular muscle balance (Evans, 

2007). In essence, what would have been considered a significant habitual refractive 

miscorrection in the current study may have been an intentional clinical management 

option. It is possible that our criteria for a significant change in refractive correction were 

too stringent. But, only four participants required orthoptic exercises following new 

spectacles, although 75% (12/16) of the participants dispensed new spectacles had an 

orthoptic anomaly to begin with. This highlights the importance of a correct and up-to-
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date spectacle prescription for good binocular vision function. Furthermore, optometrists 

should thoroughly assess binocular vision function in autistic patients to make an 

informed decision about spectacle prescribing.  

 

Tinted lenses are being marketed as a management option for autistic behaviours 

(https://www.read123.co.uk/en/the-use-of-colour-therapy-and-coloured-lenses-in-

autism/) with only low-quality evidence to support the claims. Studies in this area lack 

reliability due to small and unrepresentative samples (Ludlow & Wilkins, 2009; Ludlow 

et al., 2006; 2008; 2009; 2012; 2020; Whitaker et al., 2016). A recent randomised 

controlled trial suggested autistic children’s social interaction may improve with tinted 

lenses, but the authors emphasised that further research is required to ascertain tinted 

lenses as a worthwhile and long-standing treatment (Ludlow et al., 2020). In the current 

study, the proportion of participants found to experience significant VS, judged by the 

pattern glare test, was five times the prevalence expected of a typical clinical population 

(Evans & Stephenson, 2008). A total of three participants habitually wore tinted lenses 

which had been recommended to manage their visual sensory experiences. However, 

during the study, only one participant ultimately required VS management in the form of 

tinted lenses. The other participants were successfully managed, as per the clinical 

parameters outlined in Table 5.2, with new spectacles and/ or orthoptic treatment. In the 

current study, conservative advice on order of treatment was followed (Evans, 2005; 

Evans, 2007; Evans & Allen, 2016; The College of Optometrists, 2022; Whitaker et al., 

2016). Our findings do not go against this advice, but similarly there is no strong 

suggestion of the opposite. That is, to prescribe tinted lenses to begin with and assess the 

impact of these on optometric and orthoptic conditions. As highlighted by The College 

of Optometrists, no rigorous controlled trials exist which advocate moving away from a 

conservative approach. Symptoms of poorly corrected refractive error and binocular 

vision anomalies overlap with those of VS (Evans, 2005; Evans & Allen, 2016; Whitaker 

et al., 2016). In case reports of three patients with suspect VS (Evans, 2005), patient visual 

difficulties were actually found to be a result of cataract, significantly uncorrected 

astigmatism and convergence difficulties, respectively. However, the link between the 

pattern glare test result and optometric and orthoptic conditions is unclear. A recent study 

concluded pattern glare test results were not modulated by changes in accommodation or 

vergence (Monger et al., 2016). Individuals with VS, confirmed with the pattern glare 
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test, have been found to have greater accommodative inaccuracy when compared to 

controls (Allen et al., 2010). 

 

Participants were required to complete three questionnaires at the beginning and end of 

the current study. Only 16 participants completed both sets of questionnaires, reasons for 

which are presented in the results section (5.4). The purpose of the questionnaires was to 

determine if optometric, orthoptic and VS issues influenced visual sensory experiences, 

visual function and vision-related quality of life in our participants. We used previously 

developed questionnaires which together encompassed these areas. The GSQ was 

developed to assess sensory experiences, by modality, in autistic people (Robertson, 

2012). The VF-14 QoL (Steinberg et al., 1994) has been successfully used to understand 

vision-related quality of life of patients with cataracts (Cassard et al., 1994; Desai et al., 

1996; Gothwal et al., 2010), corneal abnormalities (Courtright et al., 1998; Musch et al., 

1997), glaucoma (Parrish et al., 1997) and retinal disease (Linder et al., 1999). The CISS 

(Borsting et al., 2003) has demonstrated its validity and reliability as an outcome measure 

for patients with CI (Rouse et al., 2004). Whilst recent research has shown it be useful to 

understand visual issues because of accommodative, refractive, orthoptic and cognitive 

problems (Nunes et al., 2020), it has been criticised elsewhere (Horan et al., 2015; 

Horwood et al., 2014; Trbovich et al., 2019. 

 

The presenting GSQ-vision scores of our participants were similar to those of another 

autistic adult cohort (personal communication, Elliot Millington). Compared to results 

from a control group (Rouse et al., 2004; Sabri et al., 2006), our participants suggested 

greater issues with daily tasks on the VF-14 QoL, and near visual function on the CISS. 

Analysis showed that as participant visual sensory experiences increased, so did the 

likelihood of them being found to have an optometric or orthoptic anomaly, or significant 

VS. Receiving complete optometric and orthoptic treatment did not influence visual 

sensory experiences, vision-related quality of life or near visual function. On the other 

hand, when participants who had received only partial treatment were included in this 

analysis, visual sensory experiences significantly reduced. These findings are surprising, 

as anecdotal reports from many participants suggested noticeable improvements in their 

vision and positive impacts on their daily lives. There are possible reasons for this 

disparity. Firstly, participant reports may have been influenced by them expecting the 
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outcomes of this clinical study, which was tailored for autistic adults, to positively impact 

their lives. Some participants appeared to be extremely enthusiastic about taking part in 

this study because their visual issues had not been thoroughly investigated before. 

Secondly, presenting participant questionnaire scores may not have reflected the real 

severity of their visual experiences. If participants had been experiencing these for a 

significant period of time (e.g., all their life), they may have taken them to be ‘just 

normal’. Thirdly, standard optometric and orthoptic treatments may be ineffective at 

addressing autistic people’s subjective visual sensory experiences, vision-related quality 

of life and near visual function. Of course, this may also be the case for non-autistic 

people, but only a randomised controlled trial would be able to clarify this. Finally, the 

questionnaires may have been unsuccessful in assessing the vision issues of our 

participants. We do not know if the GSQ, VF-14 QoL and CISS are valid and reliable 

tools for use in an autistic adult population who do not have learning disabilities. 

Robertson (2012) developed the GSQ based on responses from 16 to 66-year-old autistic 

people but did not capture their IQ levels. The VF-14 QoL and CISS were designed for 

use in clinical populations not specific to autism. In the current study, it would have been 

ideal to Rasch analyse the questionnaire data to confirm their validity for autistic adults 

without learning disabilities and adjust questionnaire scoring appropriately. However, 

due to our small sample size this would have likely generated misleading results (Chen 

et al., 2014). It may be that a vision questionnaire needs to be developed targeted towards 

autistic adults which is effective at representing this population’s visual issues.  

 

5.5.1 Limitations and recommendations for future work 

An attempt was made to capture a representative sample of the UK autistic adult 

population in the current study. The strong presence of autistic people online, in social 

media groups and autism networks, meant raising awareness about this study was quite 

simple. The number of autistic people interested in our study comfortably matched our 

originally envisaged sample size. Our channels of recruitment were purely electronic. It 

is unlikely that this would have posed a significant limitation because, as per the Office 

for National Statistics (2021), 92% of UK adults accessed the internet in 2020. Our study 

had no upper age limit. As a result, the findings are representative of a complete age range 

of autistic adults who would attend for an eye examination in practice. The greatest 

proportion of participants were male, which is unsurprising as per the current literature 
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(Baird et al., 2006; Fombonne, 2009; Hull & Mandy, 2017). It may have been the case 

that our study attracted autistic people who wanted an eye examination, were 

experiencing visual problems or thought that they had eye issues, inducing selection bias. 

This is particularly likely during the pandemic as our previous qualitative work on 

accessibility of eye examinations for autistic people found that this population can ‘put 

off’ medical appointments until extremely necessary (Parmar et al., 2022). However, an 

effort was made to avoid this with the study advert (Appendix 7) containing the following 

wording: “You do not need to have an existing eye condition to take part. If you think 

your eyes and vision are okay, we would still like to see you.” The description of the time 

commitment for this study on the advert may have discouraged participation from some 

autistic people, for example those with family or work responsibilities. Upon reflection, 

the sample characterisation in the current study was limited. Capturing information on 

socio-economic status, employment and ethnic background would have given context to 

the sample and may have shown trends against some of our findings. Overall, we 

acknowledge that findings in this study have limitations on generalisability to the wider 

autistic adult population. Future research which utilises other recruitment channels, 

through autism assessment or support clinics, and presentations about the planned study 

at autism groups may encourage wider participation. Additionally, a future study could 

screen interested participants, grouping them as symptomatic and asymptomatic and 

subsequently inviting a similar number of individuals from each group to take part. 

Nevertheless, the current provides a starting point of useful considerations and 

information.  

 

Our interpretation of the questionnaire analyses suffered from the small sample size. That 

is, despite small to medium effect sizes, the results are not statistically significant because 

the (revised) study was not adequately powered. In the pre-registered study plan (see 

chapter 4: Parmar et al., 2020), a power calculation suggested a sample size of 70 for 

meaningful outcomes. Yet, the current study has served as a feasibility study, showing it 

is possible to conduct a research project around a complex eyecare intervention. Our 

thorough methodology can be implemented into a larger scale study. 

 

A future study would ideally be multi-centre throughout the UK to improve the 

generalisability of results. The methods of the current study were pre-registered to 
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determine and maintain a consistent protocol for the order of eye tests, the procedure of 

each test, normative criteria for the results and treatment options. In the current study, 

some dissociative tests (e.g., dissociated heterophoria) were conducted prior to 

associative tests. As recommended by Brautaset and Jennings (1999) and endorsed by 

Evans (2021), it is better to perform associative tests prior to dissociative tests for a more 

naturalistic approach. It could be argued that an eye examination in general, in terms of 

the testing environment and nature of eye tests, is not very naturalistic. Furthermore, the 

number of tests and time-length of examinations in our study do not reflect a routine eye 

examination in everyday practice. Nevertheless, to mitigate this in the current study, 

binocular association was confirmed before performing associative tests such as 

measuring aligning prism.  

 

As discussed earlier, many of the anomalies considered in the current study have varying 

diagnostic criteria (Cacho-Martínez et al., 2014; Evans et al., 2017; Gantz & stiebel-

Kalish, 2021; Lavrich et al., 2019). Based on our pre-registered criteria, participants were 

dispensed treatment. A future study would need to thoroughly review these criteria to 

ensure the most appropriate are laid out. For example, in the current study accommodative 

facility norms were adapted from Zellers et al’s (1984) work (11cpm monocularly and 

7cpm binocularly). However, these are approximately the mean facility values found by 

Zellers et al (1984); it may have been more appropriate to use a norm of one or two 

standard deviations below the mean. Including a control group would overcome the issues 

about varying clinical diagnostic criteria. 

 

Four types of exercises were decided upon to manage orthoptic anomalies: dot card, 

Brock string, Hart chart and stereograms. These exercises and our treatment protocol 

would likely be considered thorough in the UK. However, a future study would need to 

review the findings a recent meta-analysis (Scheiman et al., 2020). This concludes that 

the effectiveness of orthoptic exercises in adults is unclear, but when compared to placebo 

therapy, an element of office-based therapy results in greater improvement of NPC, 

fusional reserves and CISS scores, than home-based therapy alone.  

 

Regarding participation, of the 24 participants who began the study, only 14 completed 

the study. The drop-out rate therefore was approximately 42%. Most causes for 



 
 

209 

participant drop-out, such as ill health and personal reasons, are common and should be 

anticipated in a future study. Due to impacts of the pandemic, participant drop-out in the 

current study was slightly inflated. Considering the number of autistic people who were 

interested to take part in the current study, we know there is willingness for a successful 

larger scale study. 

 

While many of our participants completed their visit 1 and clinical follow-ups within a 

period of three months, there were some who required significantly more follow-up visits. 

A few participants were unable to complete the study as a result. Reasons included: 

participants requiring a combination of treatments, for example more than one orthoptic 

exercise; participants poorly responding to treatment; participants poorly co-operating 

with treatment; and participants unable to attend clinical follow-up appointments at the 

required intervals. Although these can be expected in a general population, it is possible 

that they have more of an impact for autistic people. Some of the challenges faced by 

autistic people, such as inertia (Buckle et al., 2021), may influence adherence to 

treatment. A future study including a control group could clarify this. Furthermore, poorly 

complying participants could be interviewed to understand factors which impacted their 

adherence. Of course, if our participants were not experiencing any benefit of the 

treatments, they may have been less motivated to comply. A future study should 

incorporate a method of monitoring treatment compliance. Participants could complete a 

treatment log or be regularly contacted to remind them to complete their orthoptic 

exercises, for example.  

 

5.6 Conclusion 
This was the first study to explore the visual status of autistic adults without learning 

disabilities. Due to the lack of standardised diagnostic criteria, it is difficult to compare 

prevalence values for optometric and orthoptic conditions across different populations. 

However, our findings suggest that autistic adults are more likely to develop a significant 

change in refractive correction, and present with a combination of optometric, orthoptic 

and visual stress issues. Autistic individuals frequently present with visual stress 

symptoms, but these appear to be reduced by optometric and/ or orthoptic management. 

Therefore, it is important that optometrists investigate autistic patients’ refraction and 

binocular vision thoroughly. Treatment should be sequential. In line with advice from 
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The College of Optometrists (2022), refractive error should be corrected to begin with, 

followed by orthoptic management prior to considering recommendation of tinted lenses. 

The outcomes of our questionnaire analyses, which investigated possible links between 

optometric, orthoptic and visual stress issues and autistic visual sensory experiences, 

vision-related quality of life and visual function, are inconclusive. We discuss 

recommendations for a multi-centre, larger scale study to overcome the limitations of the 

current study. 
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Chapter 6 
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6.1 Abstract 
Purpose: Autistic people face significant barriers when accessing healthcare services. 

Eye examinations present unique challenges. Accessibility of this sector of healthcare for 

autistic people has not been investigated previously. The aim of this research was to 

investigate eye examination accessibility for autistic adults and produce 

recommendations for autism-friendly eyecare.  

  

Methods: Two qualitative studies were conducted. In Study 1, 18 autistic adults took part 

in focus groups to elicit their eye examination experiences. Transcripts of the recorded 

discussions were thematically analysed. Study 1 findings were used to design autism-

friendly eye examinations for autistic adults. These were conducted in Study 2. 24 autistic 

adults participated in these examinations, during which they were interviewed about their 

experience, and how it might be improved by reasonable modification. Audio recordings 

of the interviews were content analysed. 

  

Results: Knowledge of what to expect, in advance of the eye examination, could greatly 

reduce anxiety. Participants liked the logical structure of the examination, and the 

interesting instrumentation used. However, the examination and practice environment did 

include sensory challenges, due to lights, sound and touch. Changes in practice layout, 

and interacting with multiple staff members, was anxiety provoking. Participants 

expressed a need for thorough explanations from the optometrist that outlined the 

significance of each test, and what the patient was expected to do.  

  

Conclusion: Several barriers were identified. These suggested that UK eye examinations 

are not very accessible for autistic adults. Barriers began at the point of booking the 

appointment and continued through to the dispensing of spectacles. These caused anxiety 

and stress for this population, but could be reduced with easy-to-implement adaptations. 

Based on the findings, recommendations are presented here for the whole eyecare team 

which suggest how more autism-friendly eye examinations can be provided. 

 

Keywords: Autism spectrum conditions, healthcare accessibility, qualitative 

methods, focus groups, interviews, eye examinations 
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6.2 Introduction 
Autism is a lifelong neurodevelopmental condition, affecting social interaction, 

communication and behaviour. Most autistic individuals experience altered sensory 

reactivity (Green et al., 2016), such as a increased (hyper-) or reduced (hypo-) sensitivity 

to stimuli, and exhibit sensory seeking behaviours (Simmons et al., 2009). These key 

features form part of the UK diagnostic criteria, laid out in the International Statistical 

Classification of Diseases (ICD-11: World Health Organization, 2021b) and the 

Diagnostic and Statistical Manual of Mental Disorders (DSM-5: American Psychiatric 

Association, 2013). Approximately 1.1% of adults (Brugha et al., 2012) and 1.57% of 

children (Taylor et al., 2013) are recorded to be autistic in the UK, although these 

estimates are likely to be low due to under-diagnosis in adults (Kapp et al., 2013), females 

(Hull & Mandy, 2017), and ethnic minority groups (Hussein et al., 2019). 

 

Multiple studies have found various physical and mental health conditions to be 

significantly more common amongst autistic people relative to non-autistic individuals 

(Croen et al., 2015; Hand et al., 2020; Rydzewska et al., 2018). Research has concluded 

that autistic children and young adults are 11 times more likely (Rydzewska et al., 2019a), 

and autistic adults five times more likely (Rydzewska et al., 2019b) to develop poor health 

compared to the general population. Considering this, it is not surprising that autistic 

individuals are more likely to access healthcare services (Mason et al., 2019; Vohra et al., 

2016; Weiss et al., 2018; Zerbo et al., 2019). 

 

Specific to vision, limited research reports investigations of eye conditions in autistic 

individuals. A review of studies by Gowen et al (2017) concluded that autistic individuals 

are at greater risk of developing ophthalmic abnormalities such as refractive error, 

strabismus and amblyopia, but noted the upper limit of age investigated in these studies 

was 20 years. Most studies included only children and adolescents. Without any relevant 

studies, it is only possible to speculate on the ocular health and vision status of autistic 

adults. Nevertheless, it would not be unreasonable to assume, based on the currently 

available findings, that autistic adults require greater ophthalmic attention and would be 

more likely to visit an optometrist.  
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Unfortunately, no research exists regarding accessibility of optometric services for 

autistic adults. On the other hand, research has investigated the ‘eye examination 

testability’ of autistic children (Coulter et al., 2015). Resources are available to improve 

the accessibility of eyecare for autistic children and autistic people with learning 

disabilities (National Autistic Society, 2020a; SeeAbility, 2019). Furthermore, The 

College of Optometrists (2021a) has recently provided guidance for optometrists when 

seeing autistic patients. However, these largely focus on what would take place in the 

testing room and are mostly based on reports of vision care provided to autistic children.  

 

Studies have been conducted concerning general accessibility of healthcare for autistic 

adults (Calleja et al., 2020; Mason et al., 2019; Tregnago & Cheak-Zamora, 2012) 

although few of these have involved UK participants. Using a community based 

participatory approach, survey studies have found autistic adults report poor patient-

provider communication, fear and anxiety, difficulty having a real-time conversation with 

healthcare professionals, cost and sensory issues as the most significant barriers to 

accessing healthcare, compared to non-autistic individuals (Nicolaidis et al., 2013; 

Raymaker et al., 2017). In a longitudinal survey study conducted by Vogan et al (2017), 

autistic adults reported not knowing where to find help, feeling overwhelmed with the 

steps to seek help, having difficulties describing problems and needs, and negative 

experiences with professional help as the top four barriers to accessing healthcare.  

 

Few studies have qualitatively investigated the barriers to healthcare that autistic 

individuals experience. Those reported have not focused on any specific healthcare 

specialty. Nicolaidis et al (2015) conducted semi-structured interviews, in person and 

online, with autistic adults and individuals who support autistic people. Factors which 

differentiated a positive or negative healthcare experience included the design of the 

healthcare system and its impact on accessibility, autism-related difficulties faced by the 

patient, and autism-awareness and adaptability of the provider. Dern and Sappok (2016) 

reported the outcomes of face-to-face and online discussions between autistic adults and 

autism professionals. These highlighted difficulties in five key areas: making 

appointments, the waiting area, undergoing the examination, communication, hospital 

visits and sensory experiences. Examples included feeling stressed due to the uncertainty 

of what may happen during the appointment, feeling overwhelmed due to sensory over 
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stimulation from bright lights or noises, having a lack of time to think and respond to 

questions, and feeling anxious when meeting unfamiliar staff. Finally, as part of a study 

to address medical needs of autistic adults, Saqr et al (2018) conducted a focus group with 

autistic adults. The overall aspects which caused stress for an autistic adult during a 

clinical appointment were sensory sensitivities, anxiety from waiting, and a lack of 

mutual understanding, communication and trust between the practitioner and patient. 

Although participants reported stress-causing issues beginning at home and continuing 

during their journey to and from the clinic, the greatest stress was experienced at the clinic 

itself.  

 

Whilst some of these findings could be expected to apply to optometry services, there are 

certain key differences between optometric practice and other healthcare specialities. For 

example, the retail environment of many practices and the multitude of tests conducted 

during an eye examination may create unique challenges. The research team in the current 

studies aimed to provide a detailed description of the barriers and facilitators to accessing 

optometry services for autistic adults without learning disabilities, who make up 

approximately two- thirds of autistic individuals (Lemmi et al., 2017). In the first study, 

focus groups were conducted with autistic adults to gain an understanding of their 

experiences of an eye examination. This included the full journey from booking the 

appointment, travelling to the practice, undergoing the examination and being dispensed 

new spectacles. For the second study, thorough eye examinations were provided to 

autistic adults without learning disabilities at The University of Manchester. Building on 

the focus group learnings of Study 1, one-to-one interviews were conducted with the 

participants during the eye examinations. These explored the positive and negative 

experiences associated with the different tests as well as what improvements could create 

a more positive experience. The combined aim of these studies was to gather a wealth of 

first-hand information, so that recommendations could be created for optometric service 

providers on how to provide ‘autism-friendly’ services (see section 6.10). 

 

The research team was comprised of: KRP, a PhD student with training in qualitative 

methods and practicing optometrist by profession; EG, a researcher in the field of sensory 

perception and motor control in autism; CMD, a professor of clinical optometry with a 

specialist interest in helping those with uncorrectable visual impairment; and CSP, a 
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senior lecturer in optometry as well as practicing optometrist with a specialist interest in 

binocular vision. The design and procedure of these studies were developed in 

collaboration with the Autism@Manchester Expert by Experience Advisory Group 

(http://www.autism.manchester.ac.uk/connect/expert-by-experience/). The research team 

worked closely with two adult autistic advisors (PB and JP) who ensured that an 

appropriate, autism-friendly protocol would be created for these studies. 

  

6.3 Study 1: Methods and materials 
6.3.1 Recruitment and participants  

An advert (Appendix 2) was publicised by email and social media using the 

Autism@Manchester network, local autism groups and the university platforms. It was 

also displayed around the university campus and handed out at autism events. Inclusion 

criteria were: formal diagnosis of autism (confirmed with visual inspection of diagnosis 

letter), absence of a learning disability, being 18 years or older (no upper age limit), being 

able to travel to the university and being available to attend one of the specified focus 

group sessions.  

 

An opportunity sample was recruited for this study. Although 27 participants signed up 

to a focus group session, nine did not attend. A total of 18 autistic adults took part, aged 

25 to 67 years (mean age 47.1 years), of which six were female. All had a formal diagnosis 

of an autism spectrum condition (autism/ Asperger’s syndrome/ autism spectrum 

condition (ASC)), were from the north of England, and had previously visited an 

optometrist. Full participant demographics are specified elsewhere (Parmar et al., 2021).  

 

This study received ethical approval from The University of Manchester’s Research 

Ethics Committee (2019-6025-9932) and participants provided written informed consent. 

 

6.3.2 Study procedure 

Four focus groups were held. Each contained four to six participants. Prior to attending, 

participants were sent a ‘what to expect during the study’ document (Appendix 4) to help 

them prepare for their visit. Upon arrival, they were taken to the focus group room and 

offered refreshments whilst written consent was taken. They then completed a 

questionnaire which collected basic demographic information. Focus groups were 
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facilitated by KRP who followed a schedule (Appendix 5). Another member of the 

research team (EG or CMD) assisted with the sessions. Sessions ran for one to two hours, 

excluding a short break midway. 

 

In line with recommendations from Durand and Chantler (2014), four key questions were 

presented to the groups. The final question is explored in this paper: “What are your 

experiences of an eye examination?” Participants were prompted to think about both 

positive and negative experiences at each individual stage of an eye examination.  

 

The remaining questions, (Q1) “Does anybody feel they experience any visual issues or 

unusual visual symptoms?” (Q2) “Do you feel you can do anything to improve these 

symptoms” (Q3) “How do your visual issues impact your daily routine?”, are discussed 

in another article about autistic visual sensory experiences (Parmar et al., 2021). 

 

6.3.3 Data analysis  

The focus groups were audio recorded and transcribed, with participants pseudonymised, 

by an external university approved service for intelligent verbatim transcription. 

Transcripts were thematically analysed to collate the broad range of data into meaningful 

themes. Compared to other qualitative analysis methods, thematic analysis allows data 

sets to be richly described as a whole, providing more depth than just summarising data 

(Braun & Clarke, 2006; Maguire & Delahunt, 2017). The analysis was exploratory. The 

research student (KRP) took an inductive, semantic and realist approach from the 

perspective of a non-autistic optometrist. 

 

The Braun and Clarke six-step technique (Braun & Clarke, 2006) was followed. This 

framework is flexible and can be easily applied to a variety of research questions. Firstly, 

the accuracy of each transcript was checked against the original recordings. The research 

student familiarised himself with the data by re-reading through the transcripts whilst 

making notes of key ideas. The second phase involved re-reading and line-by-line coding 

of the transcripts to identify data features (words, sentences or paragraphs) related to the 

scope of the study. This was done by hand and codes were written on sticky notes.  
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In the third phase, codes were grouped to form initial themes. As per the 

recommendations of Braun and Clarke (2006), a thematic map was created by arranging 

the sticky notes according to similarity in content or ideas. This allowed the research 

student to visualise the formation of higher-level themes. These three stages were 

followed for each transcript. Moderate alterations were made to the thematic map as more 

transcripts were analysed.  

 

The fourth phase reviewed the themes against the dataset as a whole. The themes and 

codes were discussed amongst the research team (KRP, CMD, CSP and EG). This 

enhanced the rigour of the analysis and ensured valid interpretation of data. The team 

agreed that the codes summarised relevant aspects of the data, however, some themes 

could be grouped together as they were (a) very small and (b) closely related. The 

thematic map was reorganised according to these modifications (see Table 6.1).  

 

Themes were appropriately named and given a short definition in the fifth phase. A 

detailed analysis of each theme showed many were complex or large. This led to the 

allocation of sub-themes. The final phase connected themes to supporting data in a report. 

Appropriate quotes were chosen from the dataset to justify the research findings (see 

section 6.4). 

   

6.4 Study 1: Results 
Four themes were allocated to the data arising from Q4. These are listed in Table 6.1 

together with corresponding sub-themes.  

 

These themes are now described in further detail. Participants are referred to by a number 

(P1-18). It should be noted that optometrists are commonly referred to as ‘opticians’ in 

the UK. Some participant quotes may use this lay term. 
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Table 6.1 The four allocated themes and their respective sub-themes.  

Theme Sub-themes 
1. Practice operation Practice accessibility 

Problems with the patient 
journey 

Limited methods to book 
appointments 

2. Eye examination- 
specific considerations 

Inadequate communication 
Test-specific concerns 

3. Patient-practitioner 
relationship 

The importance of 
establishing a good rapport 
Maintaining practitioner 
continuity across visits 

4. Preparing the patient  
for their visit - 

 

 

6.4.1 Theme 1: Practice operation 

Practice accessibility  

All focus groups expressed an anxiety associated with visiting optometric practices and 

undergoing an eye examination. In fact, “…to even approach the building, the stress of 

that, 110% outweighs the stress of where I have to go, what I have to do” (P12). Enquiring 

about accessibility requirements was important to our participants. Most participants 

found that “…there’s never any mention of accessibility…They don’t ask if you have any 

needs or anything” (P3). 

 

Participants recognised that optometric practices each “…have different ideas of how to 

lay out their spaces” (P18) but advocated that practice layout was important when 

considering accessibility for autistic patients. Generally, changes to layout were noted as 

“unsettling” (P13) and anxiety-inducing, due to unfamiliarity. Altered sensory reactivity 

meant lighting and reflections from displayed spectacles made it difficult for some 

participants to even enter practices because “the display area for the glasses is usually at 

the front” (P8).  
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Accessibility is likewise influenced by the practice environment; participants pointed out 

that smaller and less busy practices were preferred:  
     

“…I'm going to a private optician, a very small one, and it was brilliant because 

I was the only person in the shop. They looked after me and it was a much more 

pleasant experience.” (P4) 

 

Many participants indicated that this preference was because they received a more 

personal service and it was audibly quieter; “…it’s one-to-one. But there’s not the lots of 

people babbling…it’s not the same sound issues as you would [face] in say, well, any 

other kind of medical [setting]…” (P8). Other participants expressed that less people 

present in the practice was encouraging as opposed to larger, busier practices which are 

“…always packed out with people” (P4). 

 

The retail environment created around optometry practice, specifically “pressure selling” 

(P6) and the offer of too many optional extras, was stress-inducing for our participants; 

“…it’s the choices that drive me mad…Absolutely hate it” (P5). Participants expressed 

that staff members should be sensitive to the fact that autistic individuals can become 

easily overwhelmed. They noted staff should not constantly ‘attend’ to them as expressed 

by P12: 
   

“… The woman is standing there staring at me while I'm trying to choose these 

specs. Well, anything that overloads my head, my brain just shuts down then... I 

have to take my wife everywhere and she has to tell them to go away.” 

 

Such experiences as well as the anxiety caused by having to “interact with people” (P2) 

led some participants to order their spectacles online.  

 

Problems with the patient journey 

Participants expressed discomfort with having to encounter multiple staff members. This 

was because it took time for their anxiety to reduce around ‘strangers’ and “…just as you 

get used to someone, you think they seem alright, they just disappear…then someone else 

comes in” (P6). P11 said: 
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“… You talk to someone and then you talk to someone else, and then you go and 

have like the pre-exam... And then you go and see the optician who's someone 

else. And then you speak to the salesperson. So yeah, I find that very difficult. And 

I knew it was going to be like that, so I did put it off as long as I could.” 

 

This type of patient journey is typical of many optometric practices. Participants 

expressed negative views on this system, feeling that “…it’s like a conveyor belt…” 

(P18). This could result in them avoiding regular eye examinations. P18 described this 

experience as similar to “…a pinball…bouncing around from one to the other” and P6 

said, “…you’re part of some cattle production line. I find it very dehumanising.”  

 

Additionally, participants suggested that continuity of the room was important. Changing 

rooms during the eye examination was anxiety-provoking. P3 said that having to visit 

multiple rooms during a visit to an optometric practice “…would be an absolute 

nightmare.” 

 

Limited methods to book appointments 

Participants understood that the most common method of booking appointments was over 

the phone, but emphasised that they were “…really uncomfortable on the phone…” 

(P16).  P14’s explanation captured the groups’ thoughts, “…I don’t phone people I don’t 

know and I can’t predict…”  explaining why some participants put off booking important 

appointments until it was unavoidable or they could “…get somebody else to do it” (P14).  

This also impacted participants’ family members: 
   

“My children have had optician reminders for months. One of my children's been 

nagging me non-stop to get hers done. …I won’t phone ... It would have to be 

some kind of emergency for me to do that.” (P14) 

 

P18 booked appointments in person, and shared “…I write down what days I’m available, 

what times I’m available, and I say, I need an eye appointment, there’s the information, 

fit me in somewhere around that.” This ensured the conversation with a ‘stranger’ was 

kept short, minimising stress.  
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The availability of an online ‘self-service’ system through which individuals can manage 

their appointment booking themselves was preferred by the participants. P5 described 

such a service as “…absolutely brilliant” and P10 said, “if I can book online then I don’t 

avoid making appointments for four months…”  

 

Booking appointments by email enabled participants to refer to communication trails. 

This was “…reassuring, and settling” (P16). Participants preferred appointment 

reminders in the form of letters, text messages or emails, as opposed to phone calls. 

 

6.4.2 Theme 2: Eye examination-specific considerations 

Inadequate communication  

Participants overwhelmingly agreed that communication on the part of the optometrist 

should be improved. Generally, participants said that optometrists needed to speak slowly 

so that they “…can understand what they’re saying” (P12). They should also be careful 

not to be patronising. P12 said, “…if they speak quickly, they might as well not bother.” 

 

During the eye examination, participants wanted to be well-informed about each step. P3 

said, “…not telling someone what’s going to happen is the thing that I haven’t liked.” 

Some participants did not understand the importance of certain tests. They questioned 

why they should be conducted if a “…machine’s already done it” (P6). Participants 

expressed that it was “essential” (P15) for optometrists to tell them explicitly what test 

was going to be conducted, why it was being conducted and what it would involve. They 

agreed that this would reduce anxiety associated with not knowing what will happen next. 

P15 clarified that the issue was “…the actual sudden-ness that makes me shake, 

physically shake”, not the tests themselves. More than reassurance, participants wanted 

information and “…as much as possible” (P14). In addition, an estimate of how much 

time was required for an eye examination was appreciated by the participants; “…a bit of 

a countdown would be something that would be quite handy” (P18) and reduce anxiety. 

 

Participants explained that optometrists’ questioning techniques needed to be “more 

specific” (P10). Optometrists should be aware of whether their questions have been fully 

understood by the patient. P10 said, “I don't want to anticipate, but I wish the language 

was more concrete.…don’t ask me what’s better, ask me is it supposed to be sharper or 
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brighter or something.” Optometrists should tell patients exactly what they should be 

judging during subjective tests, particularly when they might expect to notice no 

improvement/ difference. Not having this clarity made P13 feel, “I’m obviously doing 

something wrong because I can’t see the difference.” 

 

Some participants commented on coming away from an eye examination feeling 

doubtful. This was the result of an insufficient explanation of the examination outcomes. 

P9 described this as “frustrating”. On the other hand, P10, who had their queries 

thoroughly investigated followed by a detailed explanation, said, “now I’ve got the 

information, I’m not anxious about it anymore…And it’s a tiny little adjustment from their 

end, but it lowers my anxiety on a day-to-day basis.” 

 

Test-specific concerns 

Many participants reported that “in a lot of ways an eye test is a nice experience to go 

through” (P10) because of the gadgets and equipment used, and the examination’s 

uniform structure. Some participants described eye examinations as a very distressing 

experience; P13 expressed, “I actually feel like I want to cry sometimes because I’ve had 

to work so hard.”  

 

Certain tests or test conditions were frequently described as extremely unpleasant. As 

mentioned in the previous sub-theme, tests which involved a sudden occurrence caused 

great anxiety. In particular, non-contact tonometry, or the ‘air-puff test’, was very 

unpopular. Some tests provoked sensory experiences, such as those involving a bright 

flash of light. P8 described difficulty with practitioners instilling drops into their eyes and 

said, “…because of touch sensitivity I can’t stand someone else doing it.” Strong scents, 

such as practitioners wearing strong perfumes, caused difficultly for some participants. 

They had to work really hard to overcome the smell to attend to the tests. Tests requiring 

close proximity, such as direct ophthalmoscopy, made participants feel uncomfortable, 

for some “…beyond uncomfortable…” (P16). P11 added that they feel “…trapped behind 

equipment.”   

 

Greater concerns were linked to subjective tests. Participants described these as “…the 

hardest part of the examination…” (P17) and that they “…get mentally tired with all the 
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questions” (P11). Participants expressed feeling under pressure when answering 

questions. P6 said, “…I feel like I’m making the prescription worse” by answering 

questions incorrectly. P1 said, “…I’m always giving them the wrong answer probably”, 

because they could not remember what was being compared. Making choices between 

lenses was particularly difficult. P11 explained that autistic people can become very 

overwhelmed if they have to answer too many questions. They will reach a point where 

they cannot answer anymore.  

 

Participants suggested allowing more time for their examinations. This would allow them 

to take their time answering questions and not feel rushed. Additionally, allowing them 

to partly dictate the pace of the examination would improve the productivity. P4 said, “I 

have to say to them, slow down a bit. Or I’ll say can you show me that again?...Sometimes 

you’ve just got to take control of the situation.”  

 

6.4.3 Theme 3: Patient-practitioner relationship  

The importance of establishing a good rapport 

For participants, the relationship that they established with the practitioner strongly 

influenced the accessibility of the eye examination and how comfortable they felt. This 

was well summarised by P12, who said, “…the interpersonal interaction greatly 

outweighs anything I have to do inside…” P8 felt that optometrists “…are a lot more 

accommodating in terms of practicality. Others felt optometrists need to adapt to make 

the eye examination a good experience.  

 

Participants suggested simple steps to enable optometrists to develop a good rapport. P3 

advised that practitioners should at least introduce themselves and P6 explained, “…if the 

optician straight away has been quite friendly to start with, I feel more comfortable. So, 

they can come into my space more…”  When asked what builds their trust in the 

optometrist, P3 said, “They’re friendly and they listen and they understand that I can find 

it difficult. And they reassure me a lot as well.” 
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Maintaining practitioner continuity across visits 

Having established that it took time to get used to new people, participants highlighted 

the importance of seeing the same optometrist for their regular eye examinations. This 

affected the rapport with the practitioner as explained by P15, “If it was the same one 

[optometrist]…for many years…they know you, they’re used to you, and you’re very 

confident in them.”  

 

Having to see a different practitioner was anxiety provoking for participants. When P13 

saw a different optometrist they said, “I had to prepare myself for the fact that I’d have 

to sort of build new relationships…” They further clarified, offering an opinion shared 

by other participants, “…even though I trust them in terms of I think they’ll give me the 

right advice, it’s just because I don’t really know them.” 

 

6.4.4 Theme 4: Preparing the patient for their visit 

Knowing what to expect during a visit to the optometrist was helpful for participants and 

would result in them being less anxious, “…less surprised about it” and having “…a bit 

more capacity” (P10). As highlighted by P15, “I think I’m so used to going to the 

opticians, it’s not an issue for me”. A few participants, who had received eye 

examinations for many years, already had a good idea of what to expect and did not have 

the same level of anxiety as others. Since this varies, one should not presume familiarity 

with the process. Staff should explain to the patient what will happen; “Because we 

already have glasses, they probably assume that we know what’s going to happen” (P3).  

Some participants suggested it would be useful for a staff member to explain to them, on 

arrival, what to expect during the appointment. P17 described their experience:  
   

“…they’d [staff at the optometric practice] tell me exactly, right from the onset, 

right, that’s the waiting room, you’re going to go through this, then that, then 

this…that’s generally good anyway, but I don’t need that anymore.” 

 

In regard to receiving the ‘what to expect’ information sheet for this study (see Appendix 

4), P1 said, “…I cried because I was pathetically grateful that someone had done this. 

And I didn’t know I needed it until I first saw one.” P9 explained, “…if I’m stressed about 

going to somewhere new I can’t process written instructions. My brain just can’t work it 

out. So a picture is miles better…” Including a map on the ‘what to expect’ document 
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was useful for our participants, but P10 added that directions, information on bus routes 

and trains, and how to get from the bus stop/ train station to the destination would reduce 

travel anxiety further. 

Some participants also suggested that a ‘what to expect’ video would be “especially 

helpful” (P10) to understand the experience more fully. P15 described what they thought 

would be an ideal video:  
   

“…have a friendly optician saying, this is what we do here, and this is where we 

do it. That would be amazing…and then, this is where you sit while you’re waiting 

for the next test, and the next test is this.” 

 

A final suggestion was to offer autistic patients the opportunity to physically visit the 

practice in advance of their appointment.  

 

6.5 Putting the key learnings of Study 1 into practice 
These findings suggest that UK eye examinations at present are not very accessible for 

autistic adults who do not have learning disabilities. To improve this, the eye examination 

visit should be considered as a whole, rather than confining adaptations to the testing 

room only. These include alternative methods to book appointments, adaptations to the 

patient journey, being mindful of the sensory and emotional difficulties an autistic person 

may face, and improving communication and continuity.  

 

To put these findings into practice, a second study was designed (see chapter 4: Parmar 

et al., 2020, and Appendix 6) in which autistic adults without learning disabilities were 

provided thorough eye examinations. The structure of these implemented the learnings 

from Study 1, as detailed in the following paragraphs: 

 

Communication with participants took place via email only. Prior to attendance, 

participants were sent a ‘what to expect during the study’ document (Appendix 9), which 

contained images, descriptions and video links of the different tests involved in the eye 

examination. This allowed them to prepare for the visit by understanding what the 

examination room looked like, what equipment would be used and how the tests would 

be conducted. Upon arrival, participants were taken to the eye examination room and had 

the opportunity to look around. Thereafter, each participant underwent a thorough and 
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full eye examination conducted by KRP. He informed participants of what each test did 

before conducting it, what the test would involve and if the participant was required to do 

anything. For example, for pupil assessment, KRP would say, “in the next test I will be 

checking your eyes’ reaction to light and I will need to lower the room lights for this. This 

involves me shining this bright light into your eyes [showing participant pen torch] and 

your job is to keep looking straight into the distance.” 

 

Participants were offered three optional breaks during the examination, with the option 

to request more. They were also reassured to ask any questions they had at any time 

during the examination. Concluding the examination, KRP provided a summary of the 

test findings, and related these to the participants’ presenting concerns. Finally, KRP 

dispensed any spectacles or treatment that was required, in the examination room. 

Participants were sent away with an information pack, containing their spectacle 

prescription and any leaflets relevant to their eye health or vision.  

 

Using structured interviews, Study 2 aimed to understand the impact of making these 

adaptations for autistic adults, and gain further detailed information on what optometrists 

should keep in mind when examining an autistic patient.  

 

6.6 Study 2: Methods and materials 
The methods and analysis plan for this study were pre-registered (see chapter 4: Parmar 

et al., 2020).  

 

6.6.1 Recruitment and participants 

An advert (Appendix 7) was publicised using the same platforms as Study 1, inviting 

autistic adults for a full eye examination at The University of Manchester, during which 

interviews would be conducted. Inclusion criteria were: formal diagnosis of autism 

(confirmed with visual inspection of a diagnosis letter), absence of a learning disability, 

being aged 18 years or above (no upper age limit), and being able to travel to The 

University of Manchester. Interested participants were sent a participant information 

sheet with full study details (Appendix 8). 
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An opportunity sample was recruited for this study also. Although 38 participants had 

signed up to take part, 11 did not progress to arranging a visit, and three were unable to 

attend on their scheduled visit date. It is important to highlight that participation in this 

study is likely to have been impacted by the COVID-19 pandemic; the study began pre-

pandemic but was halted for approximately 11 months (March 2020 - February 2021), 

before resuming. Finally, a total of 24 autistic adults took part in this study, aged 19 to 67 

years (mean age 43.3 years), of which 14 identified as male, nine as female and one as 

non-binary. All had a formal diagnosis of an autism spectrum condition (autism/ 

Asperger’s syndrome/ ASC/ autism spectrum disorder (ASD)) and were from north or 

southeast England. 

 

This study received ethical approval from the NHS Research Ethics Committee (271545) 

and participants provided written informed consent.  

 

6.6.2 Study procedure 

Table 6.2 presents a list of the tests conducted during the eye examination, in order. Tests 

were arranged into blocks (see Table 6.2). Participants underwent a structured interview, 

led by KRP, after each test block in which they were asked three questions using the ‘stop, 

start, continue’ feedback approach: 

Q1. Are there any tests that you did not like? Why? (STOP) 

Q2. Was there anything you liked about the way in which these tests were carried 

out? (CONTINUE) 

Q3. What could have been improved about the ways these tests were conducted? 

(START) 

 

At the end of the examination, participants were asked if they had accessed the ‘what to 

expect during the study’ resources and if/ how they had been helpful. Each participant 

underwent up to seven interviews during the examination. In total, this required between 

five and 20 minutes.  
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Table 6.2 A list of the tests conducted during the eye examination (in order). These have 
been grouped into blocks. Participants were presented with the three interview questions 
after each block. 

Block Tests/ assessments 

1 
Preliminary 

examinations 

a.   History and symptoms 
b.   Distance and near unaided vision  
c.   Distance and near unaided cover test 
d.   Ocular motility 
e.   Pupil assessment 
f.   Intraocular pressure using iCare 

2 
Distance vision 

tests 

g.  Distance objective and subjective refraction, 
….and visual acuity 
h.  Distance dissociated heterophoria  
….measurement 
i.   Distance aligning prism measurement 
j.   Distance prism fusional reserves 

3 
Near vision tests 

k.   Amplitude of accommodation 
l.    Nott dynamic retinoscopy (if pre-presbyopic) 
m.  Accommodative facility (if pre-presbyopic) 
n.   Near addition (if presbyopic) and visual acuity 
o.   Near dissociated heterophoria measurement 
p.   Near aligning prism measurement 
q.   Stereoacuity 
r.    Near prism fusional reserves 
s.   Near point of convergence 

4 
Supplementary 

tests 

s.   Pattern glare test 
t.   Colour vision assessment using the City 
….University test mark 2 

5 
Ocular health 

checks 

u.   Ocular health assessment 
v.   Visual fields 
w.  Ocular imaging 

6 
Colorimetry 

x.   Colorimetry assessment (if required) 

 

 

6.6.3 Data analysis 

The interviews were audio recorded. These were then carefully listened to by KRP, who 

made detailed notes of each conversation with participants pseudonymised. Thereafter, 

the notes were content analysed, in an exploratory manner, to summarise data into 
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meaningful categories. This technique is a useful descriptive tool (Allen, 2017), 

supporting analysis for the study’s aims and questions which did not require in-depth 

interpretation of data. This is also why we did not feel transcription was necessary; key 

points from each participant were manifest in what they said.  

 

The inductive category formation approach (Mayring, 2014) was used to analyse data. 

This was appropriate, as it focused only on data relevant to the research question, 

supported the development of summarising categories, and provided a true description of 

the dataset without being biased (Mayring, 2014). To answer the research question – what 

factors influence eye examination accessibility for autistic adults? - the next step was to 

formulate a selection criterion to establish what material was relevant from the data: 

comments associated with the tests/ eye examination process/ optometrist, on what was 

liked or pleasant, was disliked or unpleasant, and could be improved. Additionally, the 

level of abstraction, that is how general or specific the categories had to be formulated, 

was: concrete positive and negative experiences and feedback from the participants, 

related to the examination process. 

 

The next phase involved reading through and coding the detailed notes line-by-line, by 

hand. Material which fit the selection criterion was either classified into a new category 

or subsumed under an existing category. After 50% of the data had been analysed, the 

coding, category system and level of abstraction were checked to ensure they addressed 

the research question.  

 

Thereafter, the full dataset was analysed and categories were formulated. To improve 

rigour, KRP discussed these with the research team (EG, CSP and CMD). They critically 

reviewed the analysis and agreed that the categories were an accurate representation of 

the participants’ feedback.   

 

Categories were appropriately named to reflect the content they represented. Relevant 

quotes were selected from the dataset to evidence these (see section 6.7). As per Mayring 

(2014), it can be appropriate to conduct a frequency analysis of participant responses. The 

proportion of participants, who made no comments in response to the interview questions 

(not represented by any category), was calculated (see Table 6.3). 
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6.7 Study 2: Results 
Participants underwent all the tests, apart from colorimetry which was only conducted 

with four participants. Table 6.3 reports the proportion of participants who made no 

comments in response to the interview questions for each test block; the final row shows 

the proportion of participants who made no comments across all test blocks.  

 

Nine inductive categories were allocated to the remaining data and are listed in Table 6.4, 

according to the question from which they arose.  

 

The remainder of this section describes these indicative categories in further detail, 

evidenced with participants’ quotes. Participants are referred to by a number (A1-24). 

Some participant quotes use the lay term ‘optician’ to refer to optometrists. 

 
 

Table 6.3 The proportion of participants who made no comments in response to the 
interview questions, per test block and across all tests (final row). 

Test 
block 

% of participants who: 

did not express any 
dislikes for the tests 

(question 1) 

did not identify any 
likes for the tests 

(question 2) 

suggested no 
im

provem
ents  

(question 3) 

1 16.7 20.8 83.3 
2 54.2 33.3 58.3 
3 62.5 37.5 54.2 
4 33.3 45.8 66.7 
5 54.2 20.8 58.3 
6 100.0 75.0 100.0 

All tests 0.0 4.2 29.2 
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Table 6.4 The nine allocated inductive categories, each listed beside the interview 
question from which they arose.  

Question Inductive Categories 
Question 1. Are there any tests that you did 
not like? Why? 

1. Provoked sensory experiences 
2. Tested concentration 
3. Issues with close proximity 

Question 2. Was there anything you liked 
about the way in which these tests were 
carried out? 

4. Good communication 
5. An interesting process 
6. Being aware of patient comfort 

Question 3. What could have been 
improved about the ways these tests were 
conducted? 

7. Tips to enhance communication 
8. Routine adaptations 

Question 4. Were the ‘what to expect 
during the study’ resources useful?  

9. It’s useful knowing what to expect 

 

 

6.7.1 Category 1: Provoked sensory experiences 

Many tests induced sensory experiences for participants. These began with those 

involving bright lights, such as pupil assessment, ocular motility, slit lamp and Maddox 

rod. A22 said that the bright pen torch “…made my eyes hurt quite a bit”, and A9 

described:  
   

“I didn’t like the ones where you’ve got bright lights in your eyes like the flash 

and this machine here [slit lamp]. I sort of had to tense myself to cope with it…it 

was at the edges of what I could tolerate.”  

 

Assessing pattern sensitivity was unpopular amongst the participants as it was “…very 

unpleasant to look at things like that” (A1) because the test “…gave some effects which 

were unexpected” (A7). Furthermore, A5 added, “It just made me physically 

uncomfortable.” 

 

Tests which required instruments to physically touch participants, for example the RAF 

rule or holding the Volk lens close to the eye, were uncomfortable. A13 did not like the 

sensation of the cold metal bar touching their forehead whilst using the pupilometer, and 

regarding the Nott rule A6 stated, “because it’s a narrower contact area it felt more 
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intrusive.” Some participants would have preferred use of a non-contact tonometer over 

the iCare “…because there isn’t a physical thing touching [the eye]” (A6) and it is an 

obvious rather than irritating sensation. A12 said the iCare felt “…like a little dart that 

was going into my eye…maybe like a little feather which was about to fly and I had to 

blink it away.”  

 

6.7.2 Category 2: Tested concentration 

Participants struggled to avoid distraction and felt “…it was hard concentrating” (A21) 

for tests which had other targets around the fixation point. For example, when measuring 

AoA using the RAF rule A21 mentioned, “…I found the words underneath [the N5 print 

line] too distracting ‘cos my eye is generally drawn elsewhere.” Also, for accommodative 

facility, A13 commented, “…I wanted to keep reading ahead when I could see all of them 

at once.” 

 

6.7.3 Category 3: Issues with close proximity 

Tests requiring close proximity, of the practitioner or instruments, to the patient were not 

popular among participants. While the iCare tonometer was deemed more comfortable, 

A18 said, “something coming that close to my eyes isn’t that pleasant.” Although they 

received a clear explanation of the tests and knew that lenses would be placed in front of 

the eyes, A10 would have preferred to “…have seen what was going to be held in front 

of my eyes first of all” such as the cross-cylinder or +/-0.25DS flippers. On the other hand, 

when measuring AoA, although A20 could see the instrument, they felt that the target 

being brought steadily closer was “quite intrusive”. 

 

6.7.4 Category 4: Good communication 

Overwhelmingly, participants appreciated the communication received during the eye 

examination. A5 said, “…you explained everything which for an autistic person is a 

really good thing” and A17 commented, “I understood what was happening, I 

understood the purpose for it so that put me at ease and I could understand the reasoning 

for it.” For example, participants liked being told that a bright light would be used in 

some tests, that their eyelids would be touched during ocular health checks, or that an 

instrument would be held close to them. Regarding cross-cylinder assessment, A9 

described: 
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“One thing that definitely made a big difference was actually telling me that I 

should be aiming for no difference, because normally opticians don’t tell you that. 

They just say ‘can you see a difference’ but they don’t tell you that you are 

supposed to be aiming for a point when there is no difference…it is very stressful 

for the autistic person because you are looking for a difference that isn’t there…”  

 

Next, participants valued the opportunity to ask for clarification, if they had difficulty 

understanding explanations; A4 highlighted, “I like that I’ve been able to ask questions 

without feeling that I’m wasting your time too much.” Using visual aids to explain some 

tests was beneficial for participants, “it was helpful when you had the light shine on the 

corner of the top right of the mirror sort of making me feel I knew where I was supposed 

to be looking, not just assuming I’m looking in the right place” (A11). For others, 

receiving a demonstration of a test, for example prism fusional reserves, improved their 

understanding of what to expect “…rather than just being thrown into it” (A22). 

 

Finally, participants liked knowing what the results were as the examination progressed. 

When checking ocular health, A4 said, “I liked seeing the results from scans and you 

describing what the retinal scans…and the layers at the back of the eye were” which was 

an opinion shared by many of our participants.  

 

6.7.5 Category 5: An interesting process 

Participants enjoyed the eye examination because they had to do “…different kinds of 

tasks” (A13) and there were different ‘gadgets’ involved. A5 said, “I’m quite fascinated 

by what’s going on.” As a result, participants did not find the examination monotonous 

and “…didn’t get bored” (A8). Some of the tests participants specifically liked were 

prism fusional reserves, stereoacuity, and assessing near vision/ visual acuity, because of 

the challenge involved.  

 

6.7.6 Category 6: Being aware of patient comfort 

Many participants noted the steps taken by KRP to ensure a comfortable experience. They 

highlighted that the examination “…felt very relaxing” (A12). When asked what they 

liked about the examination, A15 said, “your patience in that I didn’t feel that I had to 

rush…to explain in detail what’s happening and to take it really slowly, and not to make 
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me feel as if I should have done it ultra-quickly.” A12 appreciated that there “…was 

plenty of time to take a break.” 

 

Some participants valued the way in which they were spoken to. A10 commented, “…you 

have a nice tone and pace to your voice” ensuring they could process the explanations. 

A21 fed back, “you’ve got a really reassuring voice which makes all the difference…if 

you have a clinician who speaks to you quite abruptly it’s very, very difficult to feel 

comfortable.”  

 

Participants suggested that they preferred holding instruments where possible. This 

included when checking near vision or measuring near aligning prism. A12 reasoned, “I 

feel a lot more comfortable when I’m holding something and looking at it myself.” 

 

6.7.7 Category 7: Tips to enhance communication  

Participants provided some guidance on how communication could be further improved. 

They suggested “…it would be better if there was some more specificity in the questions” 

(A4). A4 felt anxious, “…what if I’m paying attention to the wrong dynamic in this visual 

thing, and so I’m giving you wrong information so you get the wrong prescription?”  

 

A15, as did many others, recommended giving clearer instructions during prism fusional 

reserves assessment. A2 proposed showing the patient printed examples of what may be 

experienced during subjective tests. For example, the possible presentations when 

assessing aligning prism. A4 said, “it would have been interesting to see some examples 

of what other people experience with the [pattern glare test]…and say ‘is it anything like 

this?’” 

 

Otherwise, participants advised providing more information during the eye examination. 

This included informing patients if equipment is not working, how long each test would 

approximately take and allowing them to handle equipment before it was used. 

Furthermore, A3 said: 
   

“there will be lots of concerns [amongst autistic patients] about what you’re 

doing and your ‘erms’ and ‘yes’ and ‘that’s fine’, and I’m thinking ‘well have I 
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got it right or haven’t I got it right?’ Maybe a little bit more reassurance ‘yeh 

that’s fine, that’s normal’.” 

 

6.7.8 Category 8: Routine adaptations 

Participants recommended re-arranging the order of tests, with more difficult tests 

occurring earlier in the examination. Regarding prism fusional reserves, A21 commented: 

“I think that test is quite hard to do at the end of all these other tests, is it possible 

to do it earlier on? Anything that requires quite a lot of explanation about what 

you’re doing I think is easier to do when you’re less tired.” 

 

In terms of sensory sensitivities, a few participants proposed handling their own eyelids 

as opposed to the practitioner doing this. Another suggested, “…being able to close my 

eye for a bit…” (A1) during slit lamp would have been useful, as a break from the bright 

light. Some participants highlighted that bursts of background noise were distracting, 

because they can be “…a cause for sensory stimulation” (A16). To overcome this, A3 

suggested, “it would be nice to have some constant [white] background noise, whether it 

was sort of waves of a sea…just something to amalgamate all the sounds together.” 

 

6.7.9 Category 9: It’s useful knowing what to expect 

Most participants accessed the ‘what to expect during the study’ resources before 

attending their eye examination. They unanimously agreed that these resources were 

“…very helpful, very thorough and really very comprehensive and excellently 

explained…” (A7). A4, who also appreciated seeing the photo of the testing room, 

described: 
   

“I never would have thought, prior to finding out about my autism and everything, 

that this sort of stuff would be helpful for me…I’m surprised how much less 

anxious I feel…it just takes a little bit of the load off.” 

 

A17 commented, “…It was quite nice just to see like where the building was going to 

be”, and A4 added, “…it allayed any fears there might have been.” Some participants, 

who routinely attended eye examinations, felt the resources served as a useful reminder. 

All participants agreed that using photos and videos to explain the tests was advantageous 

so that they “…didn’t have to guess what the tests or equipment may be like” (A19). 
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6.8 Discussion 
The aim of these studies was to explore the barriers and facilitators to accessing eyecare 

services in the UK for autistic adults without learning disabilities. The research team’s 

objective was to formulate recommendations for eyecare providers, to equip them with 

the tools and knowledge needed to provide autism-friendly services. To the research 

team’s knowledge, this was the first formal investigation in this area.  

 

Our studies have built on findings from previous research focusing on general barriers to 

accessing healthcare services for autistic patients (Dern & Sappok, 2016; Nicolaidis et 

al., 2013; Raymaker et al., 2017; Saqr et al., 2018; Vogan et al., 2017). Of course, this 

research has provided detailed descriptions of the multidimensional barriers that autistic 

adults face accessing healthcare. However, there are certain key differences between 

optometric practice and other healthcare specialities which result in distinctive barriers. 

These differences include: 

● Many high street optometric practices structure patient visits so that patients 

interact with multiple staff members in different parts of the practice for different 

portions of the ‘patient journey’; 

● Community optometric practices commonly house a retail environment;  

● The practice waiting area is usually integrated with the dispensing area, where 

there is a large display of spectacle frames; and 

● The eye examination involves a variety of tests that require close proximity, 

subjective responses and uncomfortable stimuli.   

 

We now discuss these findings, in the context of previous literature, under three key 

headings. 

 

6.8.1 Healthcare provision: a well-known problem for autistic people 

Significant issues surround healthcare provision to the autistic population (Dern & 

Sappok, 2016; Nicolaidis et al., 2013) especially as they transition from childhood to 

adulthood. Autism services and community support sharply decline for autistic adults 

(Mauch et al., 2011). Results of a survey conducted by the Westminster Commission on 

Autism (Christou, 2016) showed 74% of autistic, parent-advocate, and professional 

respondents felt that the autistic population receives poorer healthcare than the non-
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autistic population. Additionally, autistic adults are significantly more likely to report 

unmet medical needs and lower satisfaction with healthcare self-efficacy (Nicolaidis et 

al., 2013). 

 

Our findings suggest that these issues with healthcare provision for autistic adults extend 

to optometric services. Our participants reported challenges accessing eye examinations 

due to difficulties with communication, interaction with multiple strangers and sensory 

experiences. These difficulties are common for autistic people, and occur across many 

settings, suggesting eyecare providers lack basic understanding of autism. This is not 

unusual as systematic reviews (Calleja et al., 2020; Mason et al., 2019; Morris et al., 

2019) have highlighted that healthcare providers lack knowledge about autism, and that 

autism-related resources for providing autism-friendly services are limited. The NICE 

clinical guideline 170 (Crowe & Salt, 2015) recommends all professionals working with 

autistic children and young people receive training in autism awareness and management; 

although this is encouraging, it omits autistic adults without learning disabilities. 

 

Multiple factors impact eye examination accessibility; these are similar to findings of the 

existing literature (Dern & Sappok, 2016; Raymaker et al., 2017; Saqr et al., 2018). 

Challenges associated with anxiety are not surprising. Recent systematic reviews and 

meta-analysis have found approximately 42% of autistic adults (Hollocks et al., 2019) 

and 40% of autistic youth (Van Steensel et al., 2011) suffer an anxiety disorder in their 

lifetime, compared to 5% in the general population (NHS, 2018). These include specific 

phobias, generalised anxiety, panic and social anxiety. Despite this, our participants 

enjoyed the organised structure, variety of tests and gadgets involved in an eye 

examination. The current work suggests that a small number of changes adopted by the 

optometrist can reduce eye examination related anxiety for autistic individuals. 

 

6.8.2 Challenges of the unknown 

Social difficulties linked with autism (World Health Organization, 2021b) make physical 

interactions with ‘strangers’ challenging. In Study 1, participants emphasised that they 

needed time to become comfortable with someone whom they had not met before. This 

applied to several stages of the eye examination: booking appointments over the phone, 

booking in when arriving for an appointment, undergoing pre-screening assessments with 
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optical assistants, undergoing the eye examination with the optometrist and having 

spectacles dispensed by the dispensing optician. It is common for a patient episode to be 

arranged into a ‘journey’ with different portions of the visit being looked after by different 

staff members. This lack of continuity has been commonly identified as a barrier to 

accessing healthcare for autistic people (Dern & Sappok, 2016; Nicolaidis et al., 2016; 

Nicolaidis et al., 2015) and was strongly echoed by our participants. Participants who 

attended practices that had more continuity with staff and location experienced less 

anxiety. Continuity of staff members is not only important during a visit but also across 

visits, particularly the practitioner (Adams & Young, 2021) which allowed our 

participants to feel more comfortable and reassured. 

 

The concept of continuity also applied to unexpected changes in practice environment. A 

scoping review found unfamiliar settings to be intimidating or overwhelming for autistic 

adolescents and hindered their attendance (Krieger et al., 2018). Visiting a new room in 

the practice, seasonal changes in floor layout or refurbishments can be disconcerting and 

disorientating. Most autistic individuals experience altered sensory reactivity (Green et 

al., 2016), causing great distress and anxiety (Hazen et al., 2014). Some participants in 

Study 1 preferred quieter and less crowded practices or were affected by the glaring 

reflections from spectacle stands. It is important to consider if any aspect of an optometric 

practice may induce sensory symptoms. In a randomised control study, adapting the 

sensory environment of dental practices reduced anxiety, pain and discomfort 

experienced by autistic children (Cermak et al., 2015). A checklist for autism-friendly 

environments, produced by the Academic Autistic Spectrum Partnership in Research and 

Education (2022), highlights sensory factors which should be considered for the 

accessibility of an autistic person. This reinforces the importance of asking autistic 

patients, before their appointment, about any accessibility needs they have. This is a legal 

requirement in the Accessible Information Standard (NHS England, 2017). Mirsky and 

Gurenlian (2018) further recommended blocking out other appointments during the time 

that autistic patients are scheduled, to reduce additional stimuli.  

 

Regarding booking appointments, consistent with the existing literature (Dern & Sappok, 

2016; Kim, 2014), participants in Study 1 preferred electronic methods such as email, 

text or an online self-service system. Some practices already offer these alternatives. 
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Participants who used these said they increased accessibility and allowed them to have 

control. The positive impact of an online booking portal, for patients booking hospital 

outpatient appointments, has been observed in a general population by Dusheiko and 

Gravelle (2018). They estimated appointment non-attendance was reduced by 72,160 

(8.7%) in 2009. This suggests benefits of an electronic appointment booking system are 

not confined to autistic people. However, our participants suggested that such alternatives 

were a necessity to provide accessibility for some autistic patients.    

 

It is impossible to eliminate all anxiety-provoking or stress-inducing situations. Preparing 

an autistic person for who they will meet, what the practice environment may look like 

and what tests they will undergo may reduce barriers. This may be done by an information 

sheet presenting a detailed description, including pictures of how the patient can reach 

the practice, the practice building and layout, the staff members they will meet, the test 

procedures they will undergo during assessment and how they may feel (Coulter et al., 

2015; Gowen et al., 2017). This may also be done by a social story or videos with similar 

content. We developed a resource for optometrists; see the “providing autism-friendly 

eyecare: recommendations for eyecare providers” section. Across both the current 

studies, most participants agreed that being provided such ‘what to expect’ information 

in advance of their eye examination would be very beneficial. In Study 2, participants 

highly appreciated receiving this (see Appendix 9). It allowed them to come to their 

appointment with a pre-built level of familiarity and predictability. This reduced stress 

and fear of the unknown. Additionally, in agreement with The College of Optometrists’ 

guidance (2021a), some participants in Study 1 suggested visiting the practice in advance 

or being given time to familiarise themselves with the practice on the appointment day 

would be helpful.  

 

6.8.3 Communication, rapport and reassurance 

Poor mutual understanding, communication challenges and lack of trust have been 

reported to cause stress for autistic adults during clinical appointments (Saqr et al., 2018). 

Study participants spoke largely about the importance of clear communication. Autistic 

adults have previously described low satisfaction with patient-practitioner 

communication (Nicolaidis et al., 2013; Raymaker et al., 2017). The optometrist’s 
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communication influenced our participants’ comfort and anxiety levels, and their 

confidence in completing clinical tests.  

 

Good communication is likely to positively impact all optometry patients: Kim et al 

(2020) investigated the influence of good optometrist communication on patient 

satisfaction in a general Korean population. They concluded “the better the former, the 

better the latter.” Variables, such as sincere listening and use of a kind tone and language, 

influenced how a patient felt during an eye examination (Kim et al., 2020). In the current 

studies, participants additionally valued optometrists simply introducing themselves, 

being friendly and attentive, and aware of how an autistic patient may be feeling. Evident 

in Study 2, this established a good rapport which made the participants feel relaxed.  

 

It was extremely important for our participants to be given a description of each clinical 

test before it was conducted, preventing sudden spikes in anxiety. Autistic adults have 

reported difficulties with decision-making (Luke et al., 2012). They may only provide 

relevant information if specifically asked (Dern & Sappok, 2016) and may think very 

literally (Mason et al., 2019). Difficulties, encountered by our participants during 

subjective tests, are not unexpected. To overcome this, optometrists need to provide clear 

and specific instructions regarding what the patient is required to do. This is reinforced 

by the positive comments received from participants in Study 2. The suggestions of Luke 

et al (2012) can reduce the stress and anxiety that autistic patients experience during 

decision making. These include providing extra time during decision making tasks, 

asking more closed questions, giving autistic patients reassurance, and understanding the 

autistic patient’s strengths in decision-making.  

 

Reassurance is particularly important in an optometric setting. Participants in Study 1 felt 

that responses to subjective tests were the sole means of an optometrist determining a 

spectacle prescription. This led them to feeling overly responsible for the outcomes of the 

examination, increasing their levels of stress and fear. This could be easily managed by 

optometrists assuring autistic patients that most subjective tests also have an objective 

component. For example, subjective refraction is accompanied by retinoscopy. Using an 

alternative testing technique could also be the solution for tests which participants found 

stressful due to proximity or which provoked sensory experiences in Study 2. For 
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instance, near point of convergence could be assessed remotely, rather than using the 

RAF rule. In summary, optometrists should be resourceful and adaptable to ensure a 

thorough eye examination is achieved when seeing autistic patients (The College of 

Optometrists, 2021a).  

 

6.8.4 Limitations and recommendations 

To our knowledge, these are the first qualitative studies exploring the accessibility of eye 

examinations for autistic adults. Although results are only relevant for autistic adults 

without learning disabilities, these complement the resources and guidance currently 

available to provide accessible services to autistic children and autistic individuals with 

learning disabilities (National Autistic Society, 2020a; SeeAbility, 2019; The College of 

Optometrists, 2021). Participants were limited to those who could communicate verbally, 

in a physical focus group, and one-to-one interview setting. A further study conducted 

virtually or using text chat may have yielded additional insights.  

 

Regarding Study 1, participants’ experiences were influenced by the type of practice they 

attended (e.g., multiple or independent). A similar study focusing on the characteristics 

of the practice the participants attend, would identify specific barriers linked to a 

particular practice type.  

 

Specific to Study 2, the research student collected data about his own performance. It is 

likely that feedback received from participants influenced how he conducted eye 

examinations for subsequent participants. Some barriers may have been overlooked if the 

student naturally avoided these. Nevertheless, as we took a qualitative approach, giving 

equal importance to all participant feedback (both positive and negative), this would not 

bias results. Participants may have adapted their feedback being conscious of 

commenting on the research student’s performance. Although this is highly improbable, 

theoretically it could have resulted in some barriers being unidentified. Furthermore, it 

could be argued that the eye examinations were conducted in a research setting and 

therefore not representative of a clinical setting. However, as the research student is a 

qualified optometrist, and the research was conducted in the university optometry clinics 

this is unlikely.  
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Only four participants underwent a colorimetry assessment. The decision to test was 

based on the pattern glare test result and the presence of any other optometric/ orthoptic 

anomaly. As a result, it is likely that we did not capture the full range of participant 

feedback specific to this test. Finally, it is important to acknowledge that eyecare services 

vary across different countries. Although this study was based in the UK and modelled 

on UK eye examinations, most of our test procedures were not unique to UK optometry.  

 

Sample size determination is difficult in qualitative research. There are alternative 

approaches suggested for this. A recent article by Braun and Clarke (2019) discusses data 

saturation in the context of thematic analysis. It discusses that it is difficult to justify 

sample size with data saturation for studies that are exploratory, inductive and which do 

not ask the same questions during every focus group/ interview. In Study 1, 

recommendations regarding number of focus groups by Guest et al (2017) and data 

saturation, during the planning and data analysis phases respectively, were used to 

confirm a suitable sample size. During the data analysis phase, no additional themes 

developed from the final focus group, suggesting data saturation had been reached. 

However, in line with Braun and Clarke’s (2019) rationales, our focus groups were on a 

very select topic and all our participants were autistic and had experience of an eye 

examination, therefore each was likely to have more ‘information power’ (Malterud et 

al., 2016), meaning our modest sample size was acceptable.   

 

Due to the impact of the COVID-19 pandemic on Study 2, a pragmatic approach had to 

be taken, in which as many participants as was feasible were interviewed in the given 

timeframe. This resulted in fewer interviews than originally envisaged. However, since 

participants carried high ‘information power’ as per Multerud et al (2016), and questions 

to all participants were identical, this supported the small sample size.  

 

Considering research which has explored accessibility of autistic people in other 

healthcare specialities, such as GP services (Doherty et al., 2020), dental care (Barry et 

al., 2014) and physical and mental health services (Brice et al., 2021), this has revealed 

many similarities to our recommendations. Interventions for booking appointments, 

preparing the autistic person for their appointment, busy waiting areas, sensory issues and 

better practitioner communication are some of these. It may be useful to bring these 
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important studies’ findings together to create overarching generic healthcare 

recommendations for autism-friendly services, together with subsections which include 

speciality-specific recommendations. This would bring about more inter- and intra-

healthcare speciality consistency. Upon reflection, many of our recommendations will 

also result in a better eye examination experience for everyone, not just autistic people. 

Eyecare accessibility has been investigated in other groups, such as those with learning 

disabilities (Lindsay et al., 2006; Turner et al., 2013), low socio-economic status 

(Pooprasert et al., 2020), visual impairment (Zaback et al., 2020) and different age groups 

(e.g., Wilson et al., 2021). The greatest overlap with our recommendations is those 

presented by the Learning Disabilities Observatory (Turner et al., 2013) who also lay their 

advice out in a similar format. 

 

6.9 Conclusion 
These are the first studies to investigate the eye examination experiences of autistic adults 

without learning disabilities, and the adaptations which can be made to make eyecare 

services more autism-friendly. Focus group discussions and structured interviews with 

autistic adults revealed UK eye examinations are not very accessible for this population. 

However, reasonable adaptations can be made to overcome this. To achieve an autism-

friendly service, an autistic person’s visit to an optometry practice needs to be considered 

as a whole, not just within the testing room. Methods to book appointments, adaptations 

to the patient journey, improved communication and continuity are the areas to be 

deliberated. Furthermore, practitioners need to develop their understanding of autism. 

Then they can appreciate the disparities that an autistic person may face during an eye 

examination, and confidently make adaptations to their testing technique.  

   

6.10 Providing autism-friendly eyecare: recommendations for eyecare 

providers 
Having generated a rich dataset of autistic adults’ eye examination experiences, we 

utilised this to create recommendations for autism-friendly eyecare. To optimise 

accessibility for eyecare providers, we felt it was appropriate to set these out according 

to the stages involved in an eye examination and highlight which members of staff each 

applied to.  
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Firstly, KRP considered the themes and categories from the two studies (sections 6.4 and 

6.7) and grouped them according to the stage of an eye examination to which they applied. 

Then, he wrote ‘advice’ based on these groups together with examples/ explanations of 

how each could be implemented. Of course, some themes and categories overlapped so 

were merged into a single advice. KRP ensured the examples/ explanations were realistic 

by referring to what participants has said in the studies. Thereafter, the rest of the research 

team closely reviewed the advice ensuring they covered all the themes and categories and 

that they were grouped appropriately. Suggestions were made to improve the clarity of 

the explanations and the arrangement of advice according to the stages.  

 

Figures 6.1a-e present our recommendations for the provision of autism-friendly eye 

examinations, by stage. Of course, this is not an exhaustive list, and some advice may 

need to be adapted according to the needs of the autistic patient and optometric practice. 
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Figures 6.1a-e Recommendations for eyecare providers on delivering autism-friendly eye examinations, considered stage-by-stage. For each 
figure, the first column gives the individual advice and the second column elaborates on how these can be implemented. In figures 6.1a, 6.1b and 
6.1c, the final column indicates which practice staff members the advice applies to. Advice specific to optometrists is provided in figure 6.1d, and 
advice specific to dispensing staff is provided in figure 6.1e.
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7.1 Abstract 
Clinical relevance: It is important to investigate whether anxiety is a barrier to accessing 

eye examinations for autistic adults, because existing research suggests this population 

are more likely to develop ophthalmic abnormalities.  

 

Background: Anxiety influences healthcare accessibility for autistic people. Previous 

qualitative studies by the research team, with a small sample of autistic adults, have 

indicated several aspects of eyecare services which cause anxiety. Considering the limited 

existing research, suggesting autistic individuals are more likely to develop ophthalmic 

abnormalities, this study explored whether this population more widely experiences 

anxiety when accessing eye examinations.  

 

Methods: A total of 322 UK-based autistic adults completed the Optometric Patient 

Anxiety Scale (OPAS) online, between July and December 2020. The submissions were 

Rasch analysed to firstly validate this questionnaire for an autistic adult population, and 

then make a comparison of optometric anxiety levels to the general population.   

 

Results: Item infit (0.77 to 1.39) and outfit (0.78 to 1.33) values, the person separation 

index (2.64), and item (0.99) and person (0.97) reliability coefficients suggested that all 

10 items in the OPAS are useful to assess optometric anxiety in an autistic adult 

population. Item probability curves confirmed the response scale to be appropriate. A 

comparison of optometric anxiety between the autistic population in the current study and 

a general population in previous work found no statistically significant difference. 

  

Conclusion: The OPAS is a statistically valid tool for use in the autistic adult population. 

It appears to suggest no significant difference in optometric anxiety between the autistic 

adult and general population. However, it is possible that it underestimates the true 

optometric anxiety of autistic adults since the items do not include some of the anxiety 

provoking factors for this population which have been indicated in previous studies by 

the research team.  

 

Keywords: anxiety, autism spectrum conditions, eye examinations, healthcare 

accessibility, Rasch analysis, questionnaires 
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7.2 Introduction 
Autism is a lifelong neurodevelopmental condition, affecting approximately 1.1% of 

adults (Brugha et al., 2012) and 1.57% of children (Taylor et al., 2013) in the UK. Autistic 

individuals can display altered social interaction, communication and behaviour which 

form part of the UK diagnostic criteria, presented in the International Statistical 

Classification of Diseases (ICD-11: World Health Organization, 2021b) and the 

Diagnostic and Statistical Manual of Mental Disorders (DSM-5: American Psychiatric 

Association, 2013). Additionally, the majority of autistic people experience altered 

sensory reactivity (Green et al., 2016) and display sensory-seeking behaviours (Simmons 

et al., 2009). 

 

Compared to 5% in the general population (NHS, 2018), recent systematic reviews and 

meta-analyses have reported about 42% of autistic adults (Hollocks et al., 2019) and 40% 

of autistic youth (Van Steensel et al., 2011) had suffered an anxiety disorder in their 

lifetime. This included specific phobias, generalised anxiety, panic and social anxiety. 

However, these figures could be underestimated because, as described in the DSM-5 

(American Psychiatric Association, 2013), autism and anxiety disorder are often 

challenging to separate. Furthermore, autistic people generally have difficulty 

recognising, understanding and describing their emotions, and social communication 

deficits may limit their ability to effectively communicate these (Paula-Pérez et al., 2010; 

South & Rodgers, 2017). Interestingly, anxiety most commonly co-occurs with 

hypersensitivity in autism (Ben-Sasson et al., 2009; Liss et al., 2006), although the link 

between the two is not clear (McVey, 2019). 

 

Amongst the limited literature, anxiety has been identified as an influential factor in the 

accessibility of healthcare services for autistic people. Surveying 209 autistic adults with 

the Barriers to Healthcare Checklist, Raymaker et al (2017) found the top barrier to be 

‘fear and anxiety’. Dern and Sappok (2016) conveyed the outcomes of discussions 

between autistic adults and autism professionals, reporting stress due to uncertainty, and 

anxiety meeting unfamiliar staff, as some examples of healthcare barriers. Furthermore, 

Saqr et al (2018) conducted focus groups with autistic adults who summarised ‘anxiety 

from waiting’ as a factor which stressed this population during a healthcare appointment.  
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If anxiety was restricting access to eyecare for this population, this would be a particular 

cause for concern. Although limited to a small number of studies, mainly involving 

children and adolescents, research has concluded autistic individuals are at greater risk of 

developing ophthalmic abnormalities such as refractive error, strabismus and amblyopia 

(Gowen et al., 2017). The upper age limit amongst these studies was 20 years: assuming 

these findings also reflect the optometric status of autistic adults, we can expect autistic 

people to need to visit an optometrist regularly.  

 

The aim of this study was therefore to investigate whether anxiety may be a barrier to eye 

examination accessibility for autistic adults. To capture a large and geographically 

diverse population, an online survey was carried out using the Optometric Patient Anxiety 

Scale (OPAS: Court, 2008; Court et al., 2007). Court et al (2007) had identified the 

detrimental effects anxiety can have on healthcare outcomes for the general population. 

As this subject had previously received little attention in the eyecare sector, they 

developed and validated the first anxiety survey for a general population in an optometric 

setting. The survey items (Table 7.1) probe a variety of potentially anxiety-provoking 

situations related to test procedures, eye health and patient-practitioner relationship.  

 

In earlier studies conducted by the research team (chapter 6), focus groups and interviews 

with a total of 42 autistic adults were conducted to explore the barriers for autistic 

individuals accessing eye examinations, and to develop recommendations to improve the 

autistic patient experience. Findings suggested eyecare services are not very accessible 

for autistic people, with some of our participants avoiding eye examinations. 

Unsurprisingly, many aspects of an eye examination were unpleasant sensory experiences 

for participants (bright lights and physical contact with instruments), and tests requiring 

close practitioner proximity were uncomfortable. It was therefore reasonable to suggest 

that this would manifest as creating eye examination-related anxiety. The research team 

hypothesised that autistic individuals would show a higher level of anxiety than the 

general population. The current study validated the OPAS for an autistic adult population 

and subsequently made a comparison to the general population. 
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7.3 Methods and materials 
7.3.1 Recruitment and participants 

Inclusion criteria were: formal diagnosis as autistic, absence of a learning disability, aged 

18 years or over (no upper age limit), being a UK resident, having had a previous UK eye 

examination and access to the internet. Compliance with these criteria could only be 

judged by participant self-report.   

 

The study was publicised on the research project website (sites.manchester.ac.uk/autism-

and-vision/), and by email and social media (Facebook and Twitter) using the 

Autism@Manchester network, university platforms and UK-based autism groups. The 

advert (Appendix 15) contained the survey link where potential participants were able to 

access study information and details of how to contact the research team. Before 

proceeding to complete the survey, participants had to confirm, by clicking a tick box, 

that they met the inclusion criteria and consented to taking part in the study. The survey 

was active from July to December 2020, and all submissions were anonymous. 

 

Prior to commencing the study, the Autism@Manchester Virtual Expert by Experience 

Group (www.autism.manchester.ac.uk/connect/expert-by-experience/) trialled the survey 

and provided feedback on its accessibility for our target population. This study received 

ethical approval from The University of Manchester’s Research Ethics Committee (2020-

9668-15811). 

 

7.3.2 Survey content and procedure 

The survey began by asking participants for background information: gender, age, autism 

diagnosis (with date and clinic name), date of last eye examination, and brief ocular 

history. Participants then had to actively go to the next page of the survey (by clicking 

“next”) which presented the OPAS (Table 7.1). The participant instructions, items, item 

order and response options were mirrored from the original questionnaire (Court, 2008). 

Each of the 10 items had four response options: strongly agree, agree, disagree, strongly 

disagree.  
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Upon completion of the survey, participants could optionally provide their email address 

to enter a prize draw. Finally, they were thanked for their participation and signposted to 

support charities or their GP if they felt distressed due to the survey.  

 
 
Table 7.1 The 10 items in the Optometric Patient Anxiety Scale. Each item had four 
response options: strongly agree, agree, disagree and strongly disagree.  
 
Item number Item description 

1 I feel relaxed during the eye test 
2 I am afraid I will find the tests hard 
3 Talking to the Optometrist makes me feel tense 
4 I feel on edge during the examination in case something goes into my 

eye 
5 I am anxious something unpleasant will happen to my eyes 
6 I am content that my eyes are healthy 
7 I worry about going to have my eyes checked 
8 When the Optometrist is close to me I feel tense 
9 I trust the Optometrist 
10 I am satisfied in the ability of the Optometrist 

 

 

7.3.3 Statistical analysis 

Following the methodology used by Court et al (2007), questionnaire submissions were 

Rasch analysed. This is a branch of item response theory, used to overcome some of the 

limitations of traditional questionnaire scoring. This analysis does not assume that all 

items should contribute equally to the final score, or that the steps in the Likert scale are 

of equal intervals (Granger, 2008). 

 

An opportunity sample was recruited for this study. Although a target sample was not 

statistically calculated, the research team aimed to obtain 100-200 submissions; samples 

of less than 100 participants have been found to yield opposite Rasch analysis results 

(Chen et al., 2014). Rasch analysis quantifies latent traits (‘anxiety’ for the current study) 

based on the assumption that a participant response to an item is a function of the 

difference between their ability (their level of anxiety in the current study) and the 

difficulty of the item (the level of anxiety captured by the item) (da Rocha et al., 2013). 

Rasch analysis produces logit values which describe these factors; to place our findings 
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into context we wanted to compare our logit values which represent autistic adults, against 

those from Court et al (2007) which represent a general population.   

 

The data were organised by listwise deletion of incomplete submissions and removal of 

submissions from participants who did not meet the inclusion criteria, and Rasch analysed 

using jMetrik (version 4.1.1). The remainder of this section describes how the outputs of 

this analysis were used.  

 

Firstly, the validity of the OPAS for an autistic adult population without learning 

disabilities was assessed. This was to ensure the situations described by the items together 

with the response options effectively covered the same range of anxiety as are 

experienced by this population when attending for an eye examination (Pesudovs et al., 

2003). 

 

Using item probability graphs, the response scale was examined to ensure the optimum 

number of response options which autistic adults could reliably discriminate between. Fit 

statistics (infit and outfit) were used to judge how accurately the individual survey items 

fit the unidimensional nature of the Rasch model (Bond & Fox, 2001). The ideal fit 

statistic value is 1, signifying the item is perfectly unidimensional and effectively 

measures the underlying latent trait (Court et al., 2007). But, as per Linacre (2002), values 

between 0.5 and 1.5 are acceptable as this suggests the item is productive for 

measurement. Values outside this range can imply the item is less productive for 

measurement and can degrade the measuring tool (Linacre, 2002). 

 

The ability of the survey to efficiently separate respondents with differing levels of 

anxiety was determined by the person separation index, which should be greater than 2 

(Pesudovs et al., 2003). Finally, the reliability of the OPAS, in the context of an autistic 

adult population, was determined using the person and item reliability statistics.  

   

7.4 Results 
7.4.1 Descriptive statistics 

A total of 367 survey submissions were received. Two were removed because they did 

not meet the inclusion criterion of a confirmed autism diagnosis. Furthermore, 43 
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submissions, which did include responses to the OPAS, were removed by listwise 

deletion. Therefore, the final sample contained 322 acceptable and complete submissions. 

All participants declared a confirmed diagnosis of an autism spectrum condition 

(Asperger’s/ autism/ ASC/ ASD) and 319 also provided further details: diagnosis date, 

diagnosing clinician and clinic. 

 

Table 7.2 presents the gender, age, ocular history and last eye examination information 

of these participants. Most submissions were received from females, approximately twice 

those received from males. Although submissions were received from all age categories, 

the mean was 30-39 years. 
 

 

Table 7.2 Gender, age, ocular history and eye examination demographics for the final 
sample of 322 participants.  

Variable  n (%) 
Gender Female 197 (61.1) 

Male 94 (29.2) 
Non-binary 27 (8.4) 
Transgender 2 (0.6) 
Prefer not to say 2 (0.6) 

   
Age (years) 18-29 101 (31.4) 

30-39 73 (22.7) 
40-49 61 (18.9) 
50-59 56 (17.4) 
60-69 24 (7.5) 
70-79 6 (1.9) 
≥80 1 (0.3) 

   
Ocular history Spectacle wearer 266 (82.6) 

Contact lens wearer 36 (11.2) 
History of refractive surgery 5 (1.6) 

   
Last eye examination Within last 6 months 93 (28.9) 

6 months – 1 year ago 99 (30.7) 
1 – 2 years ago 103 (32.0) 
Over 2 years ago 27 (8.4) 
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7.4.2 Response scale analysis 

Using item parameters, probability graphs were plotted for each item and used to judge 

the response category calibration. There was no significant difference visually between 

the 10 probability curves plotted for our analysis; Figures 7.1a and 7.1b are the probability 

graphs for items 1 and 2, respectively. Items 1, 6, 9 and 10 are positively worded, whereas 

the remaining items are negatively worded. Therefore, the scoring is reversed for the 

former so that overall, a higher OPAS score would represent higher anxiety.  

 

Firstly, it is important the response options are plotted in order progressively along the x-

axis; that is, as participant anxiety increases (theta), they are more likely to choose the 

next response option. Secondly, each response option curve should have a distinct peak; 

this means each should have a point or range of anxiety where it is most likely to be 

selected. All our probability graphs conformed to these two conditions, as exemplified in 

Figures 7.1a and 7.1b. Hence, the response scale was deemed useful, well calibrated and 

appropriate for an autistic adult population.  

  

 
Figure 7.1 The item probability graph for items 1 (7.1a) and 2 (7.1b) of the Optometric 
Patient Anxiety Scale. The x-axis represents participant anxiety levels (theta), and the 
four curves on each graph represent each response category (labelled). 
     

 
      
7.4.3 Item analysis 
Item statistics (Table 7.3) were used to identify any items which misfit the Rasch model. 

Infit values ranged from 0.77 to 1.39; outfit values ranged from 0.78 to 1.33. Both comply 

with the recommendations of Linacre (2002) suggesting all the items are productive for 

7.1a 7.1b 
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measurement and fit the unidimensional Rasch model well. It was concluded that all the 

items in the OPAS were useful to assess optometric anxiety of autistic adults.  

 

7.4.4 Person and item estimates 

A person-item anxiety distribution map was plotted (Figure 7.2) which shows the 

distribution of person ability (left side) and item difficulty (right side) estimates on one 

logit scale. This allowed description of the range of optometric anxiety in an autistic adult 

population (-6.27 to 4.43 logits, mean= -0.1558 (SD ±1.74), root mean square error 

(RMSE)= 0.52) versus the range of anxiety captured by the items (-5.25 to 4.90 logits, 

discrepancy of means= 5.55, RMSE=0.09). The item difficulty map shows the range and 

mean anxiety levels measured by each item. Overall, the items appear to be targeted 

slightly towards the higher levels of anxiety, nevertheless they cover almost the full range 

of person anxiety levels.  

 

The measurement precision of this survey was confirmed by the high item and person 

reliability coefficients, 0.99 and 0.87 respectively. Furthermore, the person separation 

index was 2.64, indicating this survey can discriminate well between autistic persons with 

differing levels of optometric anxiety.  
   

    
Table 7.3 Item statistics for the individual Optometric Patient Anxiety Scale items: infit 
and outfit values. 

Item 
number 

Infit  Infit SD Outfit  Outfit SD 

1 0.81 -2.59 0.78 -3.15 
2 1.10 1.31 1.06 0.85 
3 0.77 -3.11 0.78 -3.26 
4 1.28 3.22 1.33 3.86 
5 1.10 1.30 1.14 1.77 
6 1.39 4.30 1.18 2.19 
7 0.85 -2.02 0.83 -2.14 
8 1.03 0.36 1.04 0.50 
9 0.85 -1.79 0.82 -2.36 
10 0.90 -1.07 0.84 -2.04 
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Figure 7.2 Person-item anxiety distribution map for the Optometric Patient Anxiety 
Scale. The distribution of person ability (optometric anxiety) estimates is represented by 
the left-hand side histogram; ‘person density’ refers to the proportion of autistic adults. 
The item difficulty estimates, mean and range of anxiety captured by each item, is 
represented on the right-hand side. Both person ability and item difficulty estimates are 
plotted on an equivalent logit scale on the y-axis, representing anxiety levels. 

 
7.4.5 Comparison of optometric anxiety levels  

In the present study, the person ability graph (see Figure 7.2) plotted the distribution of 

estimated optometric anxiety levels in the autistic adult population. To consider this in 

perspective, it was compared against person ability estimates from Court et al (2007), 

who originally validated this survey for a general population. Therefore, a comparison of 

optometric anxiety levels between autistic adults without learning disabilities and the 

general population could be made. To do this, firstly, the person ability (anxiety) 

estimates distribution from the current study and Court et al (2007) were plotted on 

equivalent axes (Figure 7.3). The raw data from Court et al (2007) were not available, 

and therefore person ability estimates were interpreted from Figure 3 in the published 

paper.  
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Figure 7.3 A histogram showing the distribution of person ability (optometric anxiety) 
estimates for autistic adults without learning disabilities (from the current study: blue) 
and the general population (from Court et al (2007): orange). To be able to plot both 
distributions on an equivalent x-axis, person ability values for both studies were binned 
into equivalent intervals. 

   

 

Both distributions peak at approximately zero and have a similar range. A Kolmogorov-

Smirnov test confirmed the person abilities were not normally distributed in either study. 

The median was 0.0707 (IQR=1.8381) and 0 (IQR=2.8000) for the current study and 

Court et al (2007), respectively. Although person ability medians suggested that autistic 

adults without learning disabilities experience slightly higher optometric anxiety than the 

general population, an independent samples Mann-Whitney U test confirmed there was 

no statistical difference between the person ability distributions of the two studies 

(U(ncurrent study=322, nCourt et al=135)=20995, z=-0.816, p=0.415).  

   

7.5 Discussion 
To the knowledge of the research team, this was the first survey study which investigated 

optometric anxiety in UK autistic adults without learning disabilities and compared this 

to a general population. Considering the findings of previous studies by the research team 

(Parmar et al., 2022a), and that anxiety has been indicated to be one of the most common 

mental health conditions in the autistic population (Kerns & Kendall, 2012), it was 

hypothesised that participants in the current study would be more anxious about eye 

examinations compared to the general population.  
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Court et al (2007) developed the first OPAS, which was validated for a general population 

using Rasch analysis. This statistical method allowed them to confirm that the survey 

items were unidimensionally measuring anxiety, the response options were well 

calibrated and the range of anxiety captured by the items well-matched the distribution 

of anxiety in this population. Using the same approach in the current study, analysis of 

the response scale, items, and person and item estimates supported the validity of the 

OPAS for an autistic adult population without learning disabilities. This generalisation 

could be made as Rasch analysis is independent of the sample data to which it is applied, 

therefore the results can be applied to the population in question (Granger, 2008). 

 

One of the outputs of Rasch analysis is a person-item distribution map, on which the 

‘person ability’ distribution is suggested. This represented optometric anxiety in the 

autistic adult and general populations, in the current and Court et al (2007) study 

respectively. Therefore, a direct comparison of optometric anxiety levels between the two 

populations was possible. Comparison of median optometric anxiety levels suggested that 

autistic adults are slightly more anxious about attending for an eye examination compared 

to the general population. However, statistical analysis confirmed that there was no 

significant difference between optometric anxiety in the two populations. 

 

Similarities and differences can be found between the samples of the current and Court 

et al (2007) study. Firstly, over twice the number of participants took part in the current 

study (319) compared to a sample of 141 participants in Court et al (2007). Therefore, the 

outcomes of the current study cannot be explained by insufficient data. Next, a similar 

proportion of males and females took part in both studies; Court et al (2007) did not 

capture information about other gender groups. Additionally, the proportion of 

participants requiring a spectacle prescription was similar (current study: 82.6%, Court et 

al (2007): 81%). Finally, the mean age of participants in Court et al (2007) was slightly 

higher at 43.21 years (30-39 years in the current study) and they recruited their 

participants between four optometric practices; the current study is likely to have captured 

a relatively larger geographical representation. Overall, our surprising findings cannot be 

attributed to the demographics of the sample.  
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Although the hypothesis of the current study was unsupported by the findings, it is also 

possible that autistic individuals who were more anxious did not respond to the survey or 

had never been for an eye examination. In a previous focus group study by the research 

team (Parmar et al., 2022a), some participants suggested that they delayed their healthcare 

appointments if possible due to anxiety. Considering the demographic data of participants 

in the current study, only 8.4% of them had undergone an eye examination more than 2 

years ago. Therefore, individuals who ‘put off’ eye examinations may not have been 

recruited, since this figure compares favourably with the 27% of the general UK 

population whose last examination was more than 2 years ago (RNIB, 2016). It is possible 

that targeting the group of autistic individuals who have delayed their eye examinations 

would have identified higher levels of optometric anxiety.  

 

The OPAS may not be capturing the causes of anxiety for some autistic adults, without 

learning disabilities, when they attend for an eye examination. Considering the 10 items 

included in the OPAS, it is apparent that these are focused on what the patient will 

experience in the testing room; items relating to the practice environment (“the 

environment at the Optometrist’s makes me feel uneasy”) and spectacle dispensing (“I 

am anxious that I will have to purchase a new pair of spectacles”) were eliminated during 

the developmental process (Court et al., 2007). Rather than including items which 

covered all areas of an eye examination which may be anxiety provoking, Court et 

al(2007) developed the OPAS as a tool which could identify anxious optometric patients 

as opposed to determining the causes of optometric anxiety. From previous work by the 

research team (Parmar et al., 2022a), factors across the whole of an eye examination visit, 

beginning from booking the appointment, and when entering the practice through to the 

final spectacle dispense, influence optometric anxiety levels for autistic people. 

Reluctance to book appointments over the phone, the retail environment in the practice, 

and having to meet multiple members of staff during the appointment, are examples of 

factors identified by participants in Parmar et al (2022a) which would not be captured by 

the OPAS. Specific to the eye examination room, although the OPAS covers anxiety 

caused by close practitioner proximity, it does not mention light and touch sensitivity 

issues, and difficulties responding to subjective tests which can cause significant 

challenges for autistic adults (Parmar et al., 2022a). The outcomes of the current study 

therefore suggest that optometric anxiety levels were similar to those in the general 
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population because several key areas which provoke anxiety for autistic people during an 

eye examination are not covered by the OPAS items.  

 

This raises the question as to whether other currently available healthcare anxiety scales 

are suitable to capture the anxiety of autistic patients. For example, the Surgical Anxiety 

Questionnaire (Burton et al., 2019) and Surgical Fear Questionnaire (Theunissen et al., 

2014) mainly focus on anxiety provoking factors post-surgery: experiencing post-

operative pain, having to take time off work, and not recovering from the procedure. 

Analogous to the OPAS, neither of these mention anxiety provoking factors in the lead 

up to the surgery or associated with the clinical environment. However, the Dental 

Anxiety Scale-Revised (Ronis, 1994) does focus on some factors outside the dental 

consultation, such as how one may feel prior to attending the appointment or whilst in the 

waiting room. Encouragingly, it also asks patients about how anxious they may feel about 

individual procedures including fillings, injecting local anaesthetic and tooth extraction. 

This could be useful for practitioners as they may be able to get an idea of any altered 

sensory sensitivities or stressing factors which the autistic patient would experience. 

Moreover, it is more likely to correctly assess the healthcare anxiety of autistic people by 

mentioning factors important for this population. 

 

7.5.1 Limitations and recommendations 

As this was an online study, participants were self-selecting which can induce sampling 

bias. Participants were limited to those who could access the internet. However, as per 

the Office for National Statistics (2021), 92% of UK adults accessed the internet in 2020, 

suggesting the nature of our study did not pose any significant limitation on accessibility. 

Furthermore, autistic individuals who are uncomfortable with verbal communication 

were more likely to have taken part in our study. 

 

We relied on participant self-declaration of meeting the inclusion criteria. Although this 

could have been mitigated by asking participants to submit evidence of their age and UK 

residence, this would have been inappropriate within the context of an anonymous study. 

No proof was required of an autism diagnosis, but 99% of participants did give details of 

this.  
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Finally, the gender ratio in the current study, though similar to Court et al (2007), was not 

representative of the autistic population. Approximately four time more males are 

diagnosed as autistic than females (Fombonne, 2009; Loomes et al., 2017). A possible 

reason for this could be that autistic females are more active on the electronic platforms 

which we recruited through (e.g., Facebook groups). Additionally, the gender ratio in the 

current study may reflect service use by autistic adults, suggesting females are more likely 

to attend for eye examinations than males. Of course, it would have been difficult to 

control the demographics of participants in this study. The gender ratio poses some 

limitation on the generalisability of the results, being more representative of autistic 

females.  

 

It would be useful to develop a screening questionnaire for eyecare providers which 

effectively assesses the optometric anxiety of autistic adults. This would allow them to 

understand some of the special requirements of their autistic patients and be better 

prepared to conduct the eye examination. As exemplified by Court et al (2007), 

questionnaires should be developed in a systematic process (Frary, 2003; Rattray & 

Jones, 2007), ensuring good reliability and validity. Firstly, appropriate items should be 

prepared based on the outcomes of qualitative work by Parmar et al (2022a): for example, 

“I feel worried about entering the optometric practice”; “having to interact with multiple 

members of staff makes me anxious”; and “choosing new spectacles and lenses is 

stressful”. Thereafter, the questionnaire would be piloted with autistic adults and Rasch 

analysed to understand which items are useful and optimally worded, if the response scale 

is appropriate, and whether the items are measuring one and the same underlying trait.  

   

7.6 Conclusion 
The Optometric Patient Anxiety Scale, as developed by Court et al (2007) is a valid 

instrument for use with autistic adults. But it is likely to be of limited value in this 

population as it does not include key anxiety-provoking items which have been 

highlighted in previous qualitative research (Parmar et al., 2022a). Consequently, the 

scale may underestimate the true optometric anxiety levels of autistic patients. This could 

also be the case for other available healthcare anxiety questionnaires. An appropriate 

optometric anxiety questionnaire for autistic adults would serve as a useful screening tool 

for eyecare providers. Optometric examinations are a source of anxiety for some autistic 
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adults, and providers can adapt their services to reduce that anxiety: evidence-based 

recommendations on achieving autism-friendly eye examinations have been provided by 

Parmar et al (2022a).  
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Chapter 8 
 

Conclusion 

 

8.1 A lay summary of this PhD Project 
8.1.1 What was already known? 

Sensory issues are common amongst autistic people and create lots of challenges. Autistic 

people can have increased or dampened sensitivity to their vision. As a result, they can 

experience difficulties with bright environments, lights, patterns, colours and movements. 

Also, autistic children are more likely to require spectacles, develop a lazy eye and eye 

coordination problems (e.g., a turned eye). Based on this it can be assumed that autistic 

people will visit an optometrist frequently. Unfortunately, this population generally faces 

difficulties accessing healthcare, and have poor experiences of healthcare services.  

 

8.1.2 What did we discover? 

We conducted focus groups with autistic adults which revealed they experience a range 

of increased visual sensory sensitivities (to light, movement, patterns and particular 

colours) that cause distraction. These can occur alone or alongside sensory experiences 

of other senses (e.g., increased sensory sensitivity to hearing or taste). Visual experiences 

negatively impact personal wellbeing and daily life. Our participants described tiredness, 

stress and effects on everyday activities (e.g., cooking and travel). Autistic adults use a 

variety of strategies to overcome their visual sensory experiences with varied success. 

There may be a poor understanding of autistic sensory issues in the public. This could 

affect how well autistic individuals are able manage their sensory symptoms.   

 

We invited autistic adults to complete an online eye examination-related anxiety survey. 

This asked them to rate different parts of an eye examination (e.g., talking to the 

optometrist and the thought of something going into their eyes) according to how much 

anxiety it caused. Surprisingly, we found no difference between the eye examination 

anxiety of autistic adults compared to non-autistic people. We felt this was because the 

survey only includes situations which take place in the eye examination room, not the 

whole visit. Based on focus groups and one-to-one interviews, we noted that eye 
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examinations are not very accessible for autistic adults. Accessibility challenges begin at 

the point of booking the appointment and continue to the final stage of selecting new 

spectacles. Aspects of eye examinations (e.g., the retail side of optometric practices, and 

the waiting area combined with the spectacle selection and fitting area) present unique 

challenges. These cause anxiety and stress but can be reduced with easy-to-implement 

adjustments. Examples of such adjustments are:  

● providing an option to book appointments online 

● asking autistic patients about any special requirements, in advance of their 

appointment 

● Providing autistic patients with “what to expect during your eye examination” 

information, so that they can prepare for the appointment 

● Minimising the number of rooms and staff members the autistic patient encounters 

during their appointment 

● Replacing eye tests which cause sensory issues for autistic patients with tests 

which reduce or avoid these 

 

Our focus groups, interviews and online survey indicated that autistic adults’ eye 

examination difficulties are not confined to what takes place in the testing room alone.  

 

We conducted eye examinations on autistic adults, implementing the adjustments 

suggested. These involved a variety of tests which checked spectacle prescription, eye 

coordination and sensitivity to patterns (visual stress). Our findings suggest that this 

population may be more likely to require frequent spectacle prescription updates than 

non-autistic people. Additionally, eye coordination and visual stress issues were more 

common in our participants compared to non-autistic people. Visual stress is usually 

managed with coloured lenses. We found that providing up-to-date spectacles or treating 

eye coordination problems reduced the need for coloured lenses. At the beginning and 

end of this study, we asked participants to complete three questionnaires. These 

measured: autistic visual sensory experiences, how vision affected daily tasks, and the 

quality of vision when doing close work. We investigated whether providing new 

spectacles or treating eye coordination problems affected the outcomes of these 

questionnaires. We were surprised to find no meaningful changes in the questionnaire 

results between the first and second time that participants completed them. This shows a 
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poor relationship between eye conditions and visual sensory experiences, how vision 

affects daily tasks, and the quality of vision when doing close work, in autistic adults. 

But, due to a small number of participants taking part in this study, our evidence isn’t 

strong enough for these conclusions. We have suggested this study to be repeated on a 

larger scale.  

 

Using our findings, we have produced recommendations and resources for eyecare 

providers on providing autism-friendly services. These recommendations are about: 

1. Preparing the optometric practice for autistic patients 

2. Ways to book appointments for autistic patients 

3. Considerations for when autistic patients attend their appointment 

4. What optometrists should keep in mind when testing autistic patients 

5. What spectacle dispensing staff should keep in mind when selecting, fitting and 

ordering new spectacles for autistic patients 

 

The resources are written descriptions, photographs and videos which describe the 

different parts of an eye examination. These can be provided to autistic patients so that 

they can prepare for their eye examination. The resources can be found on our website: 

https://sites.manchester.ac.uk/autism-and-vision/patient_resources/ 

 

8.1.3 Why is this work important? 

Visual sensory symptoms and eye conditions in autistic adults are poorly researched. 

Autistic visual sensory experiences have not been investigated in depth. Eye conditions 

have only been researched in autistic children, many of whom also had a learning 

disability. From this, we can only predict the visual status of autistic adults. Additionally, 

there is a lack of guidance on how to provide accessible eyecare for autistic adults without 

learning disabilities. We have conducted a variety of studies to fill these gaps. The 

planning of our studies has had input from autistic people and family members 

(Autism@Manchester Expert by Experience Group). Furthermore, to ensure autism-

friendly procedures, we have been supported by two autistic adult advisors during the 

design phase of the studies.  
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By providing a detailed account of visual experiences, we can understand the 

multidimensional visual sensory issues that autistic adults face. Investigating possible 

links between adult autism and visual conditions (a need for spectacles, eye coordination 

issues and increased sensitivity to patterns) has allowed us to advise optometrists on what 

they should pay attention to when seeing autistic patients.  

 

To aid optometrists, guidance for autism-friendly eyecare has been available, which is 

suitable for autistic child patients and those with learning disabilities. We cannot assume 

that autistic adults face the same concerns as autistic children or those with learning 

disabilities. Our recommendations and resources address this issue.  

 

The James Lind Alliance has identified top-10 priorities for future research in various 

health conditions. For autism, our work fulfils some of these: 

Priority 4: Which interventions reduce anxiety in autistic people? 

Priority 9: How can sensory processing in autism be better understood? 

Priority 10: How should service delivery for autistic people be improved and 

adapted in order to meet their needs? 

  

8.2 Addressing limitations 
This PhD project has attempted to address key gaps in the understanding of adult autism 

and vision. We have explored autistic visual sensory experiences in great depth. We have 

studied the accessibility of eyecare services for autistic adults without learning disabilities 

and produced recommendations and resources for autism-friendly eye examinations. 

Finally, we have conducted thorough eye examinations with autistic adults, providing a 

profile of optometric and orthoptic conditions in this population. Of course, our studies 

do suffer some limitations. These have been discussed in the respective chapters, together 

with recommendations, so will not be repeated here. Our limitations mainly address 

issues associated with autistic people being able to access the studies (e.g., difficulties 

attending a face-face focus group) and sample size limitations.  

 

The methods and analysis plan of our study titled “investigating optometric and orthoptic 

conditions in autistic adults” (chapter 5) were pre-registered (see chapter 4: Parmar et al., 

2020) to conform to open science. Doing this allowed us to thoroughly plan out a complex 
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study and ensure transparency in our approach. Looking back at the pre-registration 

document, although comprehensive, there are areas where further detail should have been 

added. Examples include providing the order in which treatment was to be given, and 

descriptions of the questionnaires used. Reflecting on these limitations will allow for a 

more robust pre-registration document to be produced for a future study. A major 

limitation of the study was the sample size. Recruitment and the timeframe available for 

this study were majorly impacted by the pandemic. These resulted in it becoming a 

feasibility and exploratory study, and deviations had to be made from the pre-registered 

study plan. We know that our complex study protocol is possible and feasible. We 

recommend this study to be repeated on a larger scale, and multi-centre. As part of this 

study, autistic adults could be offered an eye examination when they attend at autism 

support groups or diagnostic clinics, to reduce selection bias. This will provide stronger 

evidence for the optometric and orthoptic conditions which autistic adults can commonly 

present, and the impacts of treatment. The findings will be more generalisable and 

representative of a UK autistic adult population. As part of this future study, the validity 

of the questionnaires should be investigated (e.g., by Rasch analysis) to ensure they are 

suitable for this population. Thereafter, it will be important to determine if a relationship 

does exist between autistic visual sensory experiences and optometric and orthoptic 

conditions, which could not be ascertained in the current study.  

     

8.3 A vision for the future 
A “pathway to impact” is presented in Figure 8.1. This shows how we envisage our 

research to progress making an impact in the future. It should be read beginning from the 

bottom (research uptake). This section describes how our research findings will be 

publicised. The “research use” section describes how our work will lead to a change, in 

the public and amongst eyecare professionals, in raising awareness about autism and 

vision. “Impacts” details our long-term vision of how our work will shape policies, 

optometry education and eyecare provision to autistic adults. The remainder of this 

section discusses the progression of our research in more detail. 

 

8.3.1 Dissemination of findings 

Our findings are extremely important to understand autistic adults’ visual sensory issues, 

accessibility to eyecare and vision requirements. Therefore, it is paramount that our 
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research is disseminated effectively. Of course, our research will be presented at national 

and international autism and vision conferences. Presentations will be given to local (e.g., 

Autism@Manchester) and national (e.g., Autscape) autism groups. We will also offer 

presentations to professionals at adult autism services, such as Trafford and Bolton.  

Our project website (https://sites.manchester.ac.uk/autism-and-vision/) has become a 

repository of our research findings and patient and professional resources. Therefore, 

eyecare providers, autistic people and optometrists will be directed to this. We will 

collaborate with professional bodies and organisations to publicise our resources, such as 

The College of Optometrists, National Autistic Society, SeeAbility and the NHS.  

 

8.3.2 Our recommendations for autism-friendly eyecare 

In Figure 8.1, we propose a task force who will review our recommendations after 2-3 

years. The individuals involved in this will need to be carefully considered. Of course, it 

will need to be individuals who have had direct exposure to our resources, for example 

optometrists who have followed our recommendations, optometry practice managers 

whose practices have implemented our recommendations, and autistic patients who have 

attended such practices. This could inspire a research project which aims to understand 

the impact of our guidelines, for both patients and practitioners. The influence on eyecare 

providers’ understanding of autism, and provision of eyecare for autistic patients could 

be investigated. Similarly, the experiences of autistic people who attend practices which 

have and have not implemented the recommendations could be evaluated. This would 

allow for a direct comparison of the effect which our recommendations have on the eye 

examination experiences of autistic people.  

 

In addition to directing eyecare providers to our website to access our recommendations 

and patient resources, we will set up professional development opportunities. GOC 

approved Continuing Professional Development (CPD) articles, virtual and face-to-face 

training modules and webinars will be created. These will cover how autism-friendly 

eyecare can be achieved and investigation of optometric and orthoptic conditions in 

autistic adults during routine eye examinations. Training days can be offered to optometry 

practices, covering autism-friendly environments and services. Undergoing this could 

lead to them being labelled as “autism-friendly”, akin to practices now becoming 

“dementia-friendly”.  
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Figure 8.1 A "pathways to impact" diagram, adapted from 
https://doi.org/10.1093/reseval/rvv016. This should be read from the bottom upwards. It 
portrays how we envisage our research (inputs) to gradually progress to the ‘final 
outcomes’ through three key stages: research uptake, research use and impacts. 
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The College of Optometrists regularly review their clinical guidance. During the next 

review of their “examining patients with autism” guidelines (https://www.college-

optometrists.org/clinical-guidance/guidance/knowledge,-skills-and-

performance/examining-patients-with-autism) we will be able to make an input. We will 

advise on points to make these more applicable to autistic adults without learning 

disabilities, and take into account the full eye examination.  

 

8.3.3 Changes to autism services 

At present, there is a lack of support services for autistic adults without learning 

disabilities (Public Health England, 2016). Post diagnosis, autistic adults are signposted 

to useful services such as housing, benefits and employment (National Autistic Society, 

2020b). Diagnostic services may arrange for the autistic person to be referred to a health 

services such as mental health practitioner or psychologist (Bolton Adult Autism Support, 

2014; NICE, 2021). There is no mention of collaboration with physical healthcare service 

such as optometry. Our research has highlighted the importance of autistic adults 

attending regular eye examinations. However, this population can face a variety of 

difficulties when accessing eyecare. To overcome this, we will have discussions with 

NHS adult autism services to introduce an eyecare pathway post diagnosis. In this, autistic 

adults will be signposted or referred (with consent) to an autism-friendly optometry 

practice to be examined by an accredited optometrist. A register of autism-friendly 

practices will be added to our website. Post eye examination, the autistic patient will be 

given a written report which could be sent to their GP too.  

 

Given that current adult autism services to do not refer autistic people to physical health 

services, this suggests a need for research like ours in other healthcare specialities. If 

similar trends are found, then collectively a stronger case can be made for links to be 

formed between autism services and healthcare channels.  

 

8.3.4 Optometry education 

Just as optometrists can receive glaucoma accreditation and subsequently provide 

glaucoma services, we will design training modules for optometrists so that they can be 

accredited to examine autistic patients. These modules will be designed in partnership 

with autistic people, and cover (a) a background to autism, (b) the key traits of autism, 
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(c) challenges faced by autistic people in everyday life, (d) visual sensory experiences of 

autistic adults, (e) how autism-friendly eyecare services can be provided, and (f) 

optometric and orthoptic conditions in autistic adults. Information about this accreditation 

programme, and a register of accredited optometrists will be added to our website. A 

study could be carried out to investigate the effect of this accreditation on the practice of 

optometrists and their patient base (i.e., are they seeing more autistic patients?). 

Furthermore, the service provision to autistic adults of practices with and without 

accredited optometrists could be assessed. Another possible study could be to work with 

accredited optometrists to explore simple ophthalmic epidemiology of autistic adults such 

as the prevalence and distribution of refractive errors.  

 

Optometry courses should be updated. Optometry students are taught about the risks to 

vision of learning disabilities and albinism, to name a few. They are not taught about 

autism, the challenges an autistic person could face during an eye examination and 

common optometric and orthoptic conditions in autistic individuals. We will campaign 

for autism-and-vision to be taught on optometry courses. The benefits of this are:  

● optometrists will have a basic awareness of autism; 

● optometrists will understand that autism is not a learning disability; 

● optometrists will be aware of the social, communication and behavioural 

challenges an autistic person can face; 

● optometrists will be equipped with the tools to judge how they should adapt their 

routine for an autistic patient; and 

● optometrists will know what to pay attention to when examining an autistic 

patient. 

 

A straightforward evaluation exercise, such as a questionnaire, could look at the shift in 

optometry students’ perception of autism and confidence to see an autistic patient after 

being taught this module. This could evidence the importance of including autism 

education on optometry courses. Additionally, it could be used to suggest autism 

education for other health and social care courses.  
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Section Database Search terms Notes 
2.3 and 2.4 Web of 

Science 
(TITLE) Autism OR Asperger’s OR autism spectrum 
disorder OR autism spectrum condition OR autistic OR 
ASD OR ASC 
AND 
(TITLE) Sensory OR sensory sensitivity OR sensory 
reactivity OR hyper-sensitivity OR hypo-sensitivity OR 
hypo-reactivity OR hypo-reactivity 
 

Regarding studies which used questionnaires: the 
literature search focused on studies more recent than 
2019, in light of Ben-Sasson et al’s 2019 meta-analysis.  
 
Individual questionnaire studies were reviewed because 
a) they were conducted with autistic adults, and b) to 
exemplify the different questionnaires which have been 
used to assess sensory issues in autistic people.   
 
Regarding qualitative studies: the literature search 
focused on studies which were topically aimed at 
autism and sensory reactivity, rather than happening to 
mention these as part of other work. The latter is 
covered by Sibeoni et al’s (2022) meta-synthesis. 

Google 
Scholar 

Autism and sensory issues 
-------------------------------- 
Autism and sensory processing 
-------------------------------- 
Autism and sensory symptoms 

2.5.1 Web of 
Science 

(ALL FIELDS) Visual acuity OR logMAR OR Snellen 
AND 
(ALL FIELDS) norms OR normal OR reference values 
-------------------------------- 
(ALL FIELDS) Visual acuity AND repeatability 
-------------------------------- 
(ALL FIELDS) Visual acuity AND variability 

Studies which did not use a Snellen chart or logMAR 
chart where excluded.  
 
Studies which used non-standard or uncommon 
methods to measure VA were excluded. 
 
Studies with an adult population were included.  
 
Studies focused on participants with ocular disease or 
any other reason which may impact vision were 
excluded. 
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Section Database Search terms Notes 
2.5.2 Web of 

Science 
(ALL FIELDS) Amblyopia OR lazy eye 
AND 
(ALL FIELDS) Prevalence  

Studies with an adult population were included. 
In light of Hashemi et al’s (2018) systematic review 
and meta-analysis, the literature search focused on 
studies more recent than 2018.  
 
Individual studies were reviewed because they 
involved and adult population. 

2.5.3 Web of 
Science 

(ALL FIELDS) Refractive error OR spectacle 
prescription OR ocular refraction OR refractive correction 
OR refractive prescription 
AND 
(ALL FIELDS) Prevalence 
AND  
(ALL FIELDS) UK 

Studies with an adult population were included. 
 
Studies which did not represent a UK population were 
excluded. 

2.5.5 Web of 
Science 

(ALL FIELDS) Strabismus OR squint OR turned eye 
AND 
(ALL FIELDS) Prevalence 

In light of Hashemi et al’s (2019) systematic review, 
the literature search focused on studies more recent 
than 2018. 
 
Studies which investigated the prevalence of type and 
cause of strabismus were included.  
 
Studies which reported the prevalence of strabismus 
amongst adults were included.  

2.5.6 Web of 
Science 

(ALL FIELDS) Heterophoria OR dissociated 
heterophoria OR phoria OR dissociated phoria OR 
Exophoria OR Esophoria 
AND 
(ALL FIELDS) Prevalence 
 

Studies with an adult population were included. 
 
Studies which investigated the prevalence of a 
dissociated heterophoria, or normative magnitude of a 
dissociated heterophoria were included.  
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Section Database Search terms Notes 
2.5.7 Web of 

Science 
(ALL FIELDS) Fixation disparity OR associated phoria 
OR associated heterophoria OR aligning prism 
AND 
(ALL FIELDS) Prevalence OR normal OR norms OR 
reference values 
AND 
(ALL FIELDS) Mallett unit 
-------------------------------- 
(ALL FIELDS) Fixation disparity OR associated phoria 
OR associated heterophoria OR aligning prism 
AND 
(ALL FIELDS) Mallett unit 

Studies with an adult population were included.  
 
Studies which measured aligning prism with a Mallett 
unit were included. 

2.5.8 Web of 
Science 

(ALL FIELDS) Fusional reserves OR fusional ranges OR 
prism fusional reserves 
-------------------------------- 
(ALL FIELDS) Fusional reserves OR fusional ranges OR 
prism fusional reserves 
AND 
(ALL FIELDS) Repeatability OR reliability OR 
variability 
 
 
 
 
 
 
 
 
 

Studies with an adult population were included.  
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Section Database Search terms Notes 
2.5.9 Web of 

Science 
(ALL FIELDS) Decompensated heterophoria OR 
decompensated phoria OR decompensating heterophoria 
OR decompensating phoria 
-------------------------------- 
(ALL FIELDS) Decompensated heterophoria OR 
decompensated phoria OR decompensating heterophoria 
OR decompensating phoria 
AND 
(ALL FIELDS) Determination OR detection OR 
assessment 
-------------------------------- 
(ALL FIELDS) Decompensated heterophoria 
AND 
(ALL FIELDS) Sheard’s criterion OR Percival’s criterion 
-------------------------------- 
(ALL FIELDS) Sheard’s criterion OR Percival’s criterion 
 
 
 
 
 
 
 
 
 
 
 
 

Studies with an adult population were included.  
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Section Database Search terms Notes 
2.5.10 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Web of 
Science 

(ALL FIELDS) Near point of convergence OR NPC OR 
convergence 
AND 
(ALL FIELDS) Test procedure OR test OR technique OR 
target OR measurement OR normative values OR norms 
NOT 
(ALL FIELDS) Children 
-------------------------------- 
(ALL FIELDS) Near point of convergence OR NPC OR 
convergence 
AND 
(ALL FIELDS) Repeatability OR reliability OR 
variability 
NOT 
(ALL FIELDS) Children 
 

Studies with an adult population were included. 
EXCEPTION: due to the lack of, Rouse et al (2002) 
was included although they recruited a child 
population.  
 
Studies with a healthy population were involved. 

Google 
Scholar 

Near point of convergence repeatability 
-------------------------------- 
Near point of convergence reliability 
-------------------------------- 
Near point of convergence variability 
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Section Database Search terms Notes 
2.5.11 and 
2.5.12 

Web of 
Science 

(ALL FIELDS) Convergence insufficiency OR CI 
AND 
(ALL FIELDS) Diagnosis OR diagnostic criteria OR 
criteria 
-------------------------------- 
(ALL FIELDS) Convergence insufficiency OR CI OR 
decompensated heterophoria OR decompensating 
heterophoria OR decompensated phoria OR 
decompensating heterophoria 
AND 
(ALL FIELDS) Treatment OR therapy OR vision therapy 
OR orthoptic exercises OR exercises OR intervention OR 
non-surgical intervention 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The Scheiman et al (2020) meta-analysis captures the 
most robust evidence and summarises multiple studies.  
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Section Database Search terms Notes 
2.5.13 and 
2.5.14 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Web of 
Science 

(ALL FIELDS) Accommodation OR amplitude of 
accommodation OR accommodative amplitude 
AND 
(ALL FIELDS) Normative values OR norms OR 
indicative values 
-------------------------------- 
(ALL FIELDS) Accommodation OR amplitude of 
accommodation OR accommodative amplitude 
AND 
(ALL FIELDS) Presbyopia 
-------------------------------- 
(ALL FIELDS) Reduced amplitude of accommodation 
OR accommodative insufficiency OR insufficient 
amplitude of accommodation 
-------------------------------- 
(ALL FIELDS) Accommodative infacility OR infacility 
of accommodation OR accommodative facility OR 
facility of accommodation 
-------------------------------- 
(TITLE) Accommodative infacility OR infacility of 
accommodation OR accommodative facility OR facility 
of accommodation 
-------------------------------- 
(ALL FIELDS) Accommodative accuracy OR 
accommodative lag OR accommodative lead OR lag of 
accommodation OR lead of accommodation 
-------------------------------- 

Studies involving an adult population we included (not 
necessarily excluding children). 
 
Accommodative insufficiency: studies which based 
their results purely on amplitude of accommodation 
were included. 
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Section Database Search terms Notes 
2.5.13 and 
2.5.14 
contd. 

(TITLE) Accommodative accuracy OR accommodative 
lag OR accommodative lead OR lag of accommodation 
OR lead of accommodation 
 
 

2.5.15 Web of 
Science 

(ALL FIELDS) Accommodation OR accommodative 
anomalies OR anomalies of accommodation OR 
accommodative infacility OR accommodative 
insufficiency OR accommodative lag 
AND  
(ALL FIELDS) Vision therapy OR treatment OR 
interventions OR exercises OR eye exercises OR 
orthoptic exercises 
-------------------------------- 
(TITLE) Accommodation OR accommodative anomalies 
OR anomalies of accommodation OR accommodative 
infacility OR accommodative insufficiency OR 
accommodative lag 
AND  
(TITLE) Vision therapy OR treatment OR interventions 
OR exercises OR eye exercises OR orthoptic exercises 
 
 
 
 
 
 
 
 

A specific search, using these terms, for reviews was 
conducted. Multiple reviews were found which 
summarise studies which have investigated the impact 
of vision therapy on accommodative anomalies.  
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Section Database Search terms Notes 
2.5.16 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Web of 
Science 

(TITLE) Visual stress OR pattern glare OR Meares-Irlen 
syndrome OR pattern sensitivity OR scotopic sensitivity 
AND 
(ALL FIELDS) Normative values OR norms OR 
indicative values 
-------------------------------- 
(TITLE) Visual stress OR pattern glare OR Meares-Irlen 
syndrome OR pattern sensitivity OR scotopic sensitivity 
AND 
(ALL FIELDS) diagnosis OR criteria OR diagnostic 
criteria OR diagnostic guidelines 
-------------------------------- 
(TITLE) Visual stress OR pattern glare OR Meares-Irlen 
syndrome OR pattern sensitivity OR scotopic sensitivity 
AND 
(ALL FIELDS) Coloured lenses OR coloured overlays 
OR coloured filters OR tinted lenses 

Case studies about the impacts of coloured filters were 
excluded (except Wilkins & Ludlow (2009) which was 
included as an example). 
 
Regarding the impact of coloured overlays on visual 
stress, RCTs and studies employing objective measures 
(visual search tasks) were included.  
 
Suttle et al’s (2018) review of reviews encompasses a 
large corpus of research surrounding visual stress and 
coloured overlays.  

Google 
Scholar 

Visual stress and coloured overlays 
-------------------------------- 
Visual stress and coloured lenses 
-------------------------------- 
Visual stress diagnosis 
-------------------------------- 
Visual stress diagnosis guidelines 
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Section Database Search terms Notes 
2.6 Web of 

Science 
(TITLE) Autism OR ASD OR ASC OR autism spectrum 
disorder OR autism spectrum condition OR Asperger's 
AND 
(ALL FIELDS) Optometric OR orthoptic OR optometric 
conditions OR orthoptic conditions OR vision OR eye 
examination OR spectacles OR refractive errors 
 

Studies about ocular pathologies were excluded. 
 
Considering the reviews by Gowen et al (2017) and 
Little (2018), the literature search was focused on any 
studies between 2019-present.  

2.7 Web of 
Science 

(ALL FIELDS) ASD OR autism OR ASC OR autism 
spectrum disorder OR autism spectrum condition OR 
Asperger's 
AND 
(ALL FIELDS) Coloured overlays OR coloured filters 
OR coloured lenses OR PTLs OR tinted lenses 
-------------------------------- 
(TITLE) ASD OR autism OR ASC OR autism spectrum 
disorder OR autism spectrum condition OR Asperger's 
AND 
(TITLE) Coloured overlays OR coloured filters OR 
coloured lenses OR PTLs OR tinted lenses 
 

An additional search, with these terms, was conducted 
for reviews. 

Google 
Scholar 

autism and coloured overlays 
-------------------------------- 
autism and coloured lenses 
-------------------------------- 
Autism and coloured filters 
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Section Database Search terms Notes 
2.8 Web of 

Science 
(ALL FIELDS) ASD OR autism OR ASC OR autism 
spectrum disorder OR autism spectrum condition OR 
Asperger's 
AND 
(ALL FIELDS) Optometric OR orthoptic OR optometric 
conditions OR orthoptic conditions OR optometric 
anomaly OR orthoptic anomaly 
AND  
(ALL FIELDS) Treatment effect OR treatment impact 
-------------------------------- 
(ALL FIELDS) ASD OR autism OR ASC OR autism 
spectrum disorder OR autism spectrum condition OR 
Asperger's 
AND 
(ALL FIELDS) Optometric treatment outcomes OR 
orthoptic treatment outcomes 
 

Only one study was found on this topic. 

Google 
Scholar 

Treating optometric conditions in autism 
-------------------------------- 
Treating orthoptic conditions in autism 
-------------------------------- 
Optometric surgery in autism 
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Section Database Search terms Notes 
2.9 Web of 

Science 
(ALL FIELDS) ASD OR autism OR ASC OR autism 
spectrum disorder OR autism spectrum condition OR 
Asperger's 
AND 
(ALL FIELDS) Healthcare accessibility OR healthcare 
access OR medical care accessibility OR barriers to 
healthcare OR experiences of healthcare 
-------------------------------- 
(TITLE) ASD OR autism OR ASC OR autism spectrum 
disorder OR autism spectrum condition OR Asperger's 
AND 
(TITLE) Healthcare accessibility OR healthcare access 
OR medical care accessibility OR barriers to healthcare 
OR experiences of healthcare 
 

Studies involving an adult population were included. 
 
Studies directly involving autistic people were 
included. These were likely to involve autistic people 
without learning disabilities. 
 
An additional search, with these terms, was conducted 
for reviews.  
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Appendix 2 
 

Focus group study advert 
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Appendix 3 
 

Focus group study participant information sheet 
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Appendix 4 
 

‘What to expect when you attend’ information document for 
participants who attended focus groups 
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Investigating optometric and orthoptic conditions in autistic adults: Part 1 
 

Focus groups 
 

What to expect when you attend 
 

Thank you for agreeing to take part in this study. This document gives you some 
detail on what to expect when you attend for the focus group session and how 
the day will run.  
 
The focus group will take place in the Carys Bannister building at the University 
of Manchester. This is located on Dover Street off Oxford road; please see the 
map image below.  

 

 
 

The main entrance to the Carys Bannister building is through the revolving doors 
on Rumford street (this is just off Dover street; see map). On arrival you will be 
greeted by Ketan who will help you sign in and escort you to the meeting room 
where the focus group will take place. There will be some refreshments provided 
too, prior to the meeting and available during the meeting if you require. There 
will also be a separate “quiet room” that you can sit in at any point if you choose 
to – please let Ketan know either before or on the day if you would like to use 
this. 

Carys 
Bannister 
Building 
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If you will be driving into the University for the focus group and require parking 
please let Ketan know 2-3 days prior to your scheduled focus group meeting so 
that he can arrange this for you. 
 
You will have the opportunity to re-read the “participant information sheet”, if you 
wish, and ask any questions. We will thereafter ask you to complete a consent 
form. 
 
Once you have given your consent to take part in this study you will be asked to 
fill in a “participant information form”. This asks for some basic details and also 
more specific information regarding your autism. Please ensure you bring your 
diagnosis letter with you to help you complete this.   
 
When all participants have had the opportunity to ask any questions, provided 
consent and completed the “participant information form”, the focus group will 
begin. You can choose where you sit. 

The focus group room 
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There will be two members of the research team in the room too. Ketan, the 
student researcher will begin and facilitate the focus group. Please note that the 
meeting will be audio recorded as this is important for us to be able to analyse 
the research. Ketan will say when the recording will begin. 
 
The focus group will be an informal discussion about your vision. Ketan will ask 
some key questions to begin the discussion and to ensure we remain in line with 
the aims of the meeting. 
 
If at any point in the focus group you feel uncomfortable or need a break, you can 
ask to pause the recording or be taken to the quiet room. When you are ready to 
re-join you will be brought back to the focus group room.  
 
On completion of the focus group you will be given a small reimbursement for 
your time; please bring along your travel expense ticket/ receipt so that we can 
reimburse this too. You will be at the University for approximately 1½ hours.   
 
We hope this document has given you a good understanding 
of what the focus group session will be like. If you have any 
further questions you can contact Ketan by email 
(ketan.parmar@postgrad.manchester.ac.uk) or ask upon 
arrival at the focus group.  
 
 
 
 
 
 

The quiet rooms 

Ketan Parmar 

[Image of Ketan 
Parmar] 
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Appendix 5 
 

Focus group schedule 
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Introduction and purpose of focus group 
Hello. My name is Ketan Parmar. I’d like to start off by thanking each of you for taking time to 
participate today. We’ll be here for about an hour. 
 
The reason we’re here today is to gather your opinions and thoughts on the visual symptoms 
autistic individuals may experience, how these can impact your daily life and any experience 
you have had of an eye examination. 
 
I’m going to lead our discussion today. I will be asking you questions and then encouraging and 
moderating our discussion. 
 
I also would like you to know this focus group will be recorded as was mentioned in the 
participant information sheet. The identities of all participants will remain confidential. The 
recording allows us to revisit our discussion for analysis and writing up the results into a paper. 
I will be able to engage more with you as opposed to writing constantly whilst you speak. 
 
Ground rules 
To allow our conversations to flow more freely, I’d like to go over some ground rules. 

1. Only one person speaks at a time. This is doubly important as our goal is to make a 
written transcript of our conversation today. It is difficult to capture everyone’s 
experience and perspective on our audio recording if there are multiple voices at once. 

2. Please avoid side conversations. 
3. Everyone doesn’t have to answer every single question, but I’d like to hear from each of 

you today as the discussion progresses. 
4. This is a confidential discussion in that I will not report your names or who said what to 

any outside of this room. Names of participants will not even be included in the final 
report about this meeting. It also means, except for the report that will be written, what 
is said in this room stays in this room. 

5. We stress confidentiality because we want an open discussion. We want all of you to 
feel free to comment on each other’s remarks without fear your comments will be 
repeated later and possibly taken out of context. 

6. There are no “wrong answers,” just different opinions. Say what is true for you, even if 
you’re the only one who feels that way. Don’t let the group sway you. But if you do 
change your mind, let me know. 

7. Let me know if you need a break.  
8. Are there any questions? 

 
Introduction of participants 
Before we start the discussion and recording can we go around the room and introduce 
ourselves with our names and where we have come from today. 
 
Focus group discussion 
Begin recording 

1. Does anybody feel they experience any visual problems or unusual visual symptoms? 
a. Can you give me an example? 
b. Do you experience these in a particular environment or time of day? 
c. Do you feel you see as well as your colleagues/ friends/ relatives? 
d. Is your vision clear? Do you ever feel it could be better? 
e. Do you notice any visual problems when doing particular tasks? Reading? 

Stitching? Computer work? 
f. Is there anything that you can’t visually tolerate? 
g. Is there anything that makes your vision uncomfortable? 

2. Do you feel you can do anything to improve these symptoms? 
a. Taking breaks from VDUs? 



   341 

b. Avoiding particular environments? Making changes to your home/ work 
environment? 

c. Avoiding particular colours? 
d. Avoiding particular patterns? 
e. Wearing glasses? Sunglasses? 
f. Eye treatment, e.g. drops? 

3. How do your visual issues impact your daily routine? 
a. Work? 
b. Social life?  
c. Commuting? 
d. Communicating with others? 
e. Using equipment and completing tasks? 
f. Fear, stress or anxiety inducing? 
g. Do you feel your vision is contributing to any other issues you may face? 
h. Danger inducing? 

4. What are your experiences of eye examinations? (positives and negatives) 
a. The process of booking your appointment. 
b. The practice environment. 
c. The testing room. 
d. The tests. 
e. How the practitioner spoke to you-did you understand it all? 
f. Any suggestions that could have resulted in a more efficient and successful eye 

examination? 
g. Some tests require the practitioner to get very close; how can we better relax you 

for these? 
h. If you haven’t been for an eye examination, is there a reason? Have you been put 

off?  

Prompts and probes: 

• Has anyone else had this experience? 
• What else do you dislike? 
• Thank you for your contribution; does anyone else feel as strongly about this? 
• In what way? 
• I don’t understand? 
• You seem confused; what don’t you understand? 
• What do others think? 
• Can you tell us more? 

 
Closing  
Thank you all for your time in attending today and discussing your opinions on the questions I 
presented. Your discussion has been very useful for the progression of this project.  
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Appendix 6 
 

‘Investigating optometric and orthoptic conditions in autistic adults’ 
study protocol 
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1 GENERAL INFORMATION 
Title: Investigating optometric and orthoptic conditions in autistic adults. 

 

Date: November 2019 – August 2021 

 

Research optometrist: Ketan Rameshchandra Parmar 

 

Research Site: The University of Manchester, Greater Manchester Mental Health NHS 

Foundation Trust 

 

Supervisors: Dr Emma Gowen, Professor Christine Dickinson, Dr Catherine Porter 

 

 

2 RESEARCH TEAM & KEY CONTACTS 
Chief Investigator: 
 
Name:     Dr Emma Gowen 
 
Address:   Division of Neuroscience & 
Experimental Psychology 
Carys Bannister building, University of 
Manchester 
Oxford Road, Manchester, M13 9PL 
 
  
Email: Emma.gowen@manchester.ac.uk 
 
Telephone: 0161 306 4548 
 

Co-investigator (research optometrist): 
 
Name:     Mr Ketan Parmar 
 
Address:   Division of Neuroscience & 
Experimental Psychology 
Carys Bannister building, University of 
Manchester 
Oxford Road, Manchester, M13 9PL 
 
 
Email: 
ketan.parmar@postgrad.manchester.ac.uk 
 
Telephone: 07896122759 

Sponsor(s): 
 
Name: The University of Manchester  
 
Sponsor contact: Ms Lynne Macrae, Faculty 
Research Practice Governance Coordinator 
 
Address:  
Faculty of Biology, Medicine and Health  
5.012 Carys Bannister Building  
University of Manchester 
M13 9PL 
 
Email: FBMHethics@manchester.ac.uk 
 
Telephone: 0161 275 5436 
 

Lead R&D Trust contact(s): 
 
Name: Ms Michelle Furphy 
 
Address:   GMMH NHS foundation trust 
Harrop House 
Bury New Road 
Prestwich 
M25 3BL 
 
Email: michelle.furphy@gmmh.nhs.uk 
 
Telephone: 07607856891 
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Study supervisor   : 
 
Name:      Prof Christine Dickinson 
 
Address:   Division of Pharmacy & 
Optometry 
Carys Bannister building, University of 
Manchester 
Oxford Road, Manchester, M13 9PL 
 

  
Email: chris.dickinson@manchester.ac.uk 
 
Telephone: 0161 306 3874 
 
 

Study supervisor   : 
 
Name:     Dr Catherine Porter 
 
Address:   Division of Pharmacy & Optometry 
Carys Bannister building, University of 
Manchester 
Oxford Road, Manchester, M13 9PL 
 
  
Email: Catherine.porter@manchester.ac.uk 
 
Telephone: 0161 306 3798 
 
 

 
3 BACKGROUND & RATIONALE 
Limited research has been conducted to investigate the links between autism and 

optometric and orthoptic conditions. Optometric and orthoptic conditions involve those 

commonly considered in an optometric examination, for example visual acuity, 

refractive error and the integrity of binocular vision.   

 

The current literature suggests an increased degree of refractive errors and binocular 

vision problems (strabismus, poor convergence and amblyopia) in autistic individuals, 

but this research has been conducted on autistic children and mostly those with co-

existing learning disabilities; learning disabilities carry their own risk factors for 

optometric and orthoptic conditions. Little is known about the clinical presentation of 

adults with autism who do not have learning disabilities, and this population are the 

subject of this research. 

 
 
4 STUDY AIMS & OBJECTIVES 
This project will focus on the investigation of optometric and orthoptic conditions in 

autistic adults without learning difficulties. The following objectives have been laid 

out: 

1. To quantitatively describe the range and type of optometric conditions in autistic 

adults and suggest possible links with visual sensory symptoms.  

2. To investigate the impact of treatment, if any, on vision, visual symptoms and 

quality of life**.  

3. To develop guidelines and training for optometrists to provide more “autism-

friendly” practice environments and eye examinations. 

**Primary objective 
 

5 POTENTIAL BENEFITS TO PARTICIPANTS AND IMPACT OF THE WORK 
Benefits for participants include: 

1. Access to a comprehensive eye examination. 

2. Access to treatment, if any, free of charge. 

3. The opportunity to gain an understanding of visual symptoms or visual 

experiences related to optometry/orthoptics. 

 

Potential impacts of this study include: 
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1. Production of “autism-friendly” materials for optometry practices. 

2. Production of suggestions to change optometry practice to make them ore 

“autism-friendly”. 

3. Possible changes in practice policies to make them more accommodating for 

autistic individuals.  

4. New knowledge on whether optometric conditions in autistic people contribute 

to visual sensory symptoms. 

 

6 STUDY DESIGN 

This study aims to determine the range and type of common optometric conditions in 

the autistic adult population who do not have learning disabilities. We will be 

investigating if any current correction worn is actually correct (based on the set criteria 

for power and tint colour below).  We also want to investigate the impacts of treating 

any anomalies which can involve spectacles, exercises and coloured tints. It is not 

necessary that the participant is experiencing any symptoms for treatment to be 

prescribed. 

6.1 Participants 

Having explored the current literature concerning autism and particular visual aspects 

(visual acuity, binocular vision, colour vision etc.) there is a large range in the sample 

size employed (n=28 to n=334). All of these studies have focused on a single or select 

few optometric conditions, for example refractive error or near point of convergence, 

and so it is feasible for them to employ very large sample sizes. Furthermore, all of 

these studies have employed children from easily accessible locations, for example 

“special” schools, and so recruitment was less difficult. A power calculation (one-tailed 

t-test, repeated measures, medium effect size (0.6), 0.80 power) suggests we require a 

treatment group of 19 participants. The estimated prevalence rate of optometric 

conditions in autistic children is ~30-50% (Gowen et al., 2017). Therefore, we will aim 

to recruit a sample of ~80 participants and 70 full data sets; this is feasible for the time 

period available to conduct the study. The inclusion criteria will be as follows: 

• Diagnosed as autistic*; 

• Not diagnosed as learning disabled*; 

• Aged 18 years or above; 

• Being able to travel to the university. 

*This will be evidenced by the participants’ diagnosis documents which they will be 

asked to bring with them; this is relevant only to participants recruited from the local 

community and not NHS. 

The exclusion criteria will be as follows: 

• Aged below 18 years; 

• Diagnosis of learning disability; 

• Unable to communicate verbally. 

 

6.2 Time-plan 

The following time-plan is suggested: 

1. Finalisation of protocol and submission for NHS ethical approval by end of 

October 2019. 

2. Pilot tests on norms during September 2019. 

3. Advertisement and recruitment following ethical approval, from November 2019.  
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4. Eye examinations from approximately end November 2019 till September 2020. 

5. Final follow up examinations from October 2020 till 31st January 2021. 

6. Data Analysis from November 2019 till April 2021.  

7. Final thesis write-up from March 2021 till July 2021. 

 

6.3 Recruitment 
For recruitment through the local community, the study advert will be publicised by 

email and social media using the Autism@Manchester mailing list, Facebook and 

Twitter accounts, Autism@Manchester database, local autism groups who have opted 

to support this project and the University volunteering site.  The advert contains the 

details of the project, inclusion criteria and will have contact details for interested 

participants.  

Potential participants who have shown interest in and are suitable for this study will be 

sent the Participant information sheet (PIS). Once a participant confirms that they 

would like to take part in the study they will be booked in for an eye examination. They 

will also be sent a “what to expect during the study” document detailing the 

components of an eye examination tailored to this study; this document also contains 

video links which will demonstrate the tests.  

For recruitment through the NHS, the study advert will be displayed in patient waiting 

areas, at post-diagnostic group sessions and in drop-in clinics. It will also be sent to the 

NHS staff mailing list. Clinicians in autism clinics will approach suitable patients about 

the study with flyers and take verbal consent for a member of the R&D team to contact 

them for further discussion. The R&D team can contact the patient by email or 

approach them at a follow-up appointment and provide them with the PIS; patients can 

choose to contact the research optometrist by email or provide consent to contact to 

the R&D team. This will allow the research optometrist to contact these potential 

participants if they do not contact the research team themselves. Secondly, members 

of the research team will present talks at post-diagnostic group sessions and hand out 

flyers; suitable patients who contact the research team will be sent the PIS. Finally, the 

research team will attend drop-in sessions where they can distribute the study advert 

and speak to patients about the study; suitable patients who contact the research team 

will be sent the PIS. Once a participant confirms that they would like to take part in the 

study they will be booked in for an eye examination. They will also be sent a “what to 

expect during the study” document detailing the components of an eye examination 

tailored to this study; this document also contains video links which will demonstrate 

the tests.  

6.4 Participants who withdraw consent 
Participants can withdraw consent at any time without giving any reason, as 

participation in the research is voluntary, without their care or legal rights being 

affected. However, data collected up until the point of withdrawal will still be used 

towards the study, and it will not be possible to remove data once it has been 

anonymised and forms part of the data set. This is clearly stated in the PIS. 

6.5 Procedure  
Figure 1 is a simplified flowchart of a participant’s journey through this study. 
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Figure 1 A flowchart of a participant's journey through the study 
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The visits will take place at the University of Manchester Cary Bannister building. 

Participant attendance will be confirmed a day prior to the scheduled eye examination 

by email.  

Upon arrival at the university, participants will be taken to the eye examination room 

and allowed time to become familiar with the room and equipment. They will also be 

offered refreshments. Here, each participant will be given the opportunity to re-read the 

PIS and ask any questions. They will then be asked to complete a consent form.  

Once consent has been received from the participant, they will be asked to complete 

four questionnaires: Participant questionnaire, Visual Function 14 Quality of Life 

questionnaire, Convergence Insufficiency Symptoms Survey and Glasgow Sensory 

Questionnaire on their own. The participant questionnaire will capture the following 

details: 

1. Name 

2. DoB 

3. Gender 

4. Address and contact details 

5. Occupation  

6. GP details 

Please note, participant ID will be recorded in place of name on the Visual Function 14 

Quality of Life questionnaire, Convergence Insufficiency Symptoms Survey and 

Glasgow Sensory Questionnaire. On completion of the questionnaires, the eye 

examination will begin, during which the following details will be noted on a paper 

record card: 

1. Details of ocular health and visual symptoms 

2. Optometric test results 

3. Possible referral 

The eye examination will consist of regular tests employed by optometrist and set 

protocols will be followed depending on the findings. Table 1 outlines the individual 

tests with the criteria for “normal” (where applicable). Table 2, coupled with Table 3, 

where appropriate, describes the interventions which will be employed when findings 

fall outside the “normal” ranges. Although the prescription of intervention in practice is 

based on patient symptoms and test results, in this study we will only be basing this on 

the test results.  
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Table 1 The individual tests that will be conducted during the eye examination alongside the proposed "norms". The third and fourth column highlight if the test is relevant to the 
study or for completeness of the examination. The final column indicates the tests that will be repeated if a significant change in prescription is found.  

Test Procedure, “normal” values Important 
for this 
study 

Important for 
completeness 
of an EE 

To be 
repeated if 
significant 
change in 
prescription 
found 

History & 
symptoms 

• Any visual or eye problems? 
• How is your vision at distance/near/intermediate with or without glasses? Details of current 

glasses. 
• Last eye examination? What was the outcome there? Do you wear contact lenses? Last 

aftercare? 
• Ocular health: History of GP/hospital visit? Any underlying eye conditions? Did you have to 

wear a patch over one eye when you were younger? Any itchiness/ dryness/ stickiness? 
• General health: How is your general health? Any underlying health conditions? Do you take 

any medication? Any allergies? Do you smoke? 
• Family health: Any first-degree family members with any eye or health conditions?  
• Headaches/ flashes/ floaters/Diplopia? 
• Do you drive? With or without glasses? 
• What is your occupation? 
• Do you use any type of display screen? At what distance? Which position? How often? 
• Do you have any hobbies or play any sports? 
• Any other problems regarding your eyes or vision which we haven’t talked about? 

* *  

Distance and 
near unaided 
vision/ visual 
acuity  

• Using the Thomson logMAR chart at distance and Bailey-Lovie at near (40cm).  
• “Normal” will be classed as up to 6/7.5 (0.1) according to the ICD-9-CM (CDC, 2013). At near, 

normal will be classed as up to N3 @ 40cm (0.1) taking into account the recommendations for 
“normal” for distance by the ICD-9-CM. The order of testing will be right eye, left eye, both 
eyes.   

* * * 

Cover test  
(cover/uncover 
and alternate) 

• A translucent occluder will be used to cover the eyes.  
• At distance, the participant will be asked to focus on a letter one line above the poorest 

monocular unaided vision/ visual acuity (section of a letter if 6/12 or worse). 

* * * 
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at distance and 
near 

• At near they will be asked to focus on a letter one level bigger than their poorest monocular 
unaided vision/ visual acuity at 40 cm (section of a letter if 20/40 or worse).  

• “Normal” will be classed as a heterophoria with an opposing fusional reserve which meets 
Sheard’s criterion and which has a “good” recovery and remains compensated on 8 
covering/uncovering. “Good” recovery is defined as smooth and fast/moderate recovery 
movements. “Poor” is defined as jerky and slow recovery movements or recovery only on blink 
(Evans, 2007).  

• A strabismus and decompensating heterophoria will be classed as “abnormal”.  
• The size of any deviation will be determined using Maddox rod at distance and Thorrington at 

near.  
Ocular motility 
(double H 
pattern) 

• Will be conducted at approximately 50cm with a pen torch. The participant will be instructed to 
report any diplopia and pain. 

• “Normal” will be defined as a full and smooth ocular motility with no pain or diplopia. A/V 
patterns will also be noted. 

• In the case of diplopia occurring at any point then cover test will be performed in all direction 
of gaze. The amplitude of the deviation will be estimated and noted.  

• If findings indicate a pathological change in ocular motility which has not been found before 
then the participant will be emergency referred to the hospital.  

 *  

Near point of 
convergence 

• Will be assessed using the line and spot target on the RAF rule.  
• Convergence insufficiency will be classed as one of:  a near point of convergence >10cm 

(Evans & Doshi, 2001, Von Noorden & Campos, 2002), an exodeviation at near which is 
>4D greater than distance with the full refractive correction in place (CITT, 2008, Scheimann et 
al., 2005, Rouse et al., 1998) and a significant near horizontal fixation disparity (defined 
below). 

• Near point of convergence will be measured once. Diplopia will be demonstrated to the 
participant first on the RAF rule, then the official measure will be made.  

*  * 

Pupil reactions • Will be assessed using an ophthalmoscope in a dark room. A burton lamp will be used in the 
case of dark irises. 

• The shape of the pupils, relative sizes and reactions to light and accommodation will be noted 
(PERRLA) and assessed for relative afferent pupillary defect. 

• Any physiological variations, e.g. pupil shape, and difference in sizes consistent in light and 
dark conditions will be noted. 

 *  
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• Any explainable cause for a relative afferent pupillary defect, e.g. monocular cataract, will be 
noted.  

• Any findings indicating a recently acquired pupil defect, e.g. Adies pupil or Horner’s syndrome, 
or unexplainable relative afferent pupillary defect will be referred to the Hospital. 

• Any longstanding pupil defect which is known to the participant will not be actioned.  
Distance 
objective 
(retinoscopy) 
and subjective 
refraction 

• Firstly, distance and near pupillary distance will be measured and noted. 
• Retinoscopy will be performed with the participant looking towards the green section of the 

duochrome. The other eye will be appropriately fogged. 
• Next, best sphere will be performed followed by duochrome. The participant will be kept on the 

green. 
• Next will be cross-cylinder assessment followed by the +1.00 blur test.  
• For the +1.00 blur test, a response between 6/12 and 6/19 will be accepted as long as it is the 

SAME as the fellow eye. 
• Finally, visual acuity will be noted. For visual acuities 6/9 or worse pinhole acuity will be 

checked.  
• The maximum possible plus prescription will be the endpoint. These steps will all be repeated 

for the other eye. 
• The Humphriss binocular balance technique will be performed followed by binocular addition. 
• Cumberland et al (2015) defined myopia as £-0.50DS and hyperopia as ³+0.50DS (MSE) in 

their study. Refraction repeatability of an individual clinician is within 0.25D in 80% of cases 
and between clinicians can be up to 0.75D (Elliott & Howell-Duffy, 2015). Taking these two 
investigations into account, new glasses will only be dispensed if the refraction is at least or 
differs by at least +/-0.50DS or +/-0.50DC and cylinder axis changes are outside the British 
standard tolerances:  

 
This will be defined as a “significant” change in prescription. 

* *  

Distance 
fixation 
disparity with 

• Aligning prism will be measured using the Mallett box. Vertical will be performed before 
horizontal, and individually. The participant will be clearly instructed to focus on the centre of 
the cross and report the alignment status of the Nonius markers.  

*  * 
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refractive 
correction in 
place 

• Jenkins et al (1989) defined a significant fixation disparity more likely to cause symptoms as 
requiring an aligning prism ³1D for pre-presbyopes and ³2D in presbyopes. Normal will be 
classed according to this criterion horizontally. No vertical fixation disparity will be accepted as 
normal. 

• For individuals with a strabismus, the Bagolini lenses will be used to check binocular status.  
Amplitude of 
accommodation 
binocular and 
monocular 

• Will be measured using the RAF rule and push-up method. The participant will be asked to 
focus on an N5 sized target. “Normal” will be classed as: 

o Upto 20 years old: ³10.00D 
o Upto 30 years old: ³7.50D 
o Upto 40 years old: ³5.00D 
o Upto 50 years old: ³2.50D (Evans, 2007). 
o The monocular amplitudes being within 0.50D of each other and lower than the 

binocular amplitude. 
• Before taking the official measurements, “blur” will be demonstrated to the participant on 

the RAF rule. 
• To ensure we get a measurement as close to threshold as possible, the participant will be 

asked if they can focus the target again when they report blur each time.  
• An investigation for a need for a near addition (presbyopia) will be classified as a binocular 

amplitude less than 4.50D.  

*  * 

Accommodative 
lag 

• Using the Nott method @ 40cm. 
• Will ONLY be performed in “pre-presbyopes”. Leon et al (2017) found the accommodative lag 

to increase after 40 years of age as is expected due to presbyopia (Amplitude of 
accommodation <4.50D). 

• The American Optometric Association (2011) has quoted the “normal” range of 
accommodative lag to be +0.25D to +0.75D. This will be the criteria for “normal” in this study. 

• If a negative value is found, then the distance refraction will be rechecked. 

*  * 

Accommodative 
facility 

• Will be assessed in individuals with an amplitude of accommodation ³4.50D only. 
• A 20 second training on the test will be given prior to commencing the measurements.  
• Will be assessed using the +/-2.00DS flipper assessment, using N5 number targets at 40cm.  
• Normal will be classified as 11 cycles per minute monocular and 8 cycles per minute 

binocular, adapted from Zeller et al’s (1984) criteria.  
• The order of testing will be right eye, left eye, both eyes. 

*  * 
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Near word 
vision testing 
and near 
addition 

• The near visual acuity will be measured to threshold with the Bailey-Lovie test (at 40cm) and 
only their distance refractive correction in place. The order of testing will be right eye, left eye, 
both eyes. 

• For individuals with an amplitude of accommodation ³4.50D, if the near visual acuity N3 or 
better @ 25cm no further action will be taken. If it is outside this normal range then it will be 
closely investigated using the accommodation tests described in this table and treatment 
given according to the abnormality found. 

• For individuals with an amplitude of accommodation <4.50D, the following equation will be 
followed for prediction of near addition power: Near Add (D)=WD (D)-2/3AoA (D). 

• The predicted near addition will be added over the distance refraction and near acuity checked 
again. +/-0.25DS flippers will be used binocularly to check if the near acuity can be improved. 

• The final near add will be determined using the near duochrome. The participant will be kept 
slightly on the green to ensure a good near range. The minimum add recommended will be 
+0.75DS. For existing near adds, a new near prescription will only be recommended if a 
change of at least +/-0.50DS is found in the near prescription after confirmation with the near 
duochrome.  

* *  

Near fixation 
disparity with 
near refractive 
correction and 
any distance 
prisms in place 

• Aligning prism will be measured using the Mallett unit at the participants habitual working 
distance. Vertical will be performed before horizontal and individually. The participant will be 
clearly instructed to focus on the centre of the cross and report the alignment status of the 
Nonius markers. 

• Jenkins et al (1989) defined a significant fixation disparity more likely to cause symptoms as 
requiring an aligning prism ³1D for “pre-presbyopes” and ³2D in “presbyopes”. Normal will be 
classed according to this criterion horizontally. Any fixation disparity vertically will not be 
accepted as normal. 

• For individuals with a strabismus, the Bagolini lenses will be used to check binocular status. 

*  * 

Stereopsis • Will be performed with the full near correction in place including any significant aligning prism.  
• Will be assessed using the TNO.  
• According to Piano et al (2016) the normal upper limit for TNO is 120 seconds of arc. This will 

be the criteria for “normal” in this study. 
• An abnormal stereoacuity will be due to strabismus, amblyopia, an abnormal heterophoria at 

near, an accommodative problem. 

*  * 

Colour vision • Will be assessed using the City University test mark 2 on all participants.  
• It will be conducted monocularly; right eye, left eye. 

*   
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• Any colour vision defect will be classed as abnormal.  
• If a colour vision defect is found and the participant is aware of it, no action will be taken. 
• If a new colour vision defect is found, the participant will be referred to Further investigative 

techniques clinic for further investigation. 
Pattern glare 
test 

• Those prone to pattern glare will experience problems on the 3 cycles per degree plate, but 
participants will be assessed on all 3 plates. <4 distortions on 3 cycles per degree plate is 
normal. If more are experienced, the participant is likely to suffer visual stress and benefit from 
coloured tints (Evans & Stevenson, 2008).  

• Each plate will be presented for 5 seconds @ 40cm. If 4 or more distortions are reported on 
the 3 cycles per degree plate then colorimetry will be performed.  

*  * 

Prism fusion 
range 

• Will be assessed using a prism bar at distance and near. Before taking the official 
measurements diplopia will be demonstrated to the participant. 

• With the refractive correction in place for distance, the participant will be asked to focus on a 
letter from a line of letters matching their binocular distance visual acuity for distance fusion 
range testing. For near fusion range testing, the participant will be asked to focus on a letter 
from a line of letters matching their binocular near visual acuity @ 40cm. 

• Order of testing: Base out, Base up/down, Base in.  
• For each, blur, break and recovery points will be noted.  
• “Normal” will be judged according to Sheard’s criterion. 

*  * 

IOP • Will be measured using the iCare tonometer.  
• As per the NICE guidelines (2017), any Intraocular pressure of up to 23mmHg will be 

accepted as normal. A difference of up to 3mmHg between the two eyes will be accepted as 
normal.  

• If the intraocular pressure repeatedly falls outside these stated norms then the measurement 
will be repeated after 20 mins. If the intraocular pressure is still abnormal then clinical protocol 
will be followed. 

 *  

Visual fields • Will be assessed monocularly on all participants using the Henson MSST program. 
• If any abnormalities are found then the participant will be required to repeat the test. 

Interpretation and management will be based on clinical judgement. 

 *  

Ocular health 
assessment 

• Will be assessed with slit lamp, Volk or direct ophthalmoscopy and OCT.  
• The following will be assessed and noted: Lids & lashes, Conjunctiva, Cornea, tear film with 

fluorescein staining, anterior chamber, Van Herick, iris, lens, vitreous & Shaffer’s sign, optic 

 •   
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nerve CD ratio, optic nerve margins, optic nerve colour, optic nerve rim thickness in 4 
positions, Vessels & AV ratio, macula integrity, general appearance of the fundus.  

• Normal tear break-up time will be classed as ³10 seconds.  
• Management will be based on clinical judgement of the noted findings and may require referral 

to further investigative techniques clinic, GP or Hospital.  
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Order of tests: 

1. History and Symptoms 
2. Distance unaided vision 
3. Distance cover test 
4. Near unaided vision 
5. Near cover test 
6. Ocular motility 
7. Pupil reactions 
8. Intraocular pressure 
9. Distance objective and subjective refraction 
10. Maddox rod and distance fixation disparity 
11. Distance prism fusion range 
12. Amplitude of accommodation 
13. (Accommodative lag) 
14. (Accommodative facility) 
15. (Near addition) 
16. Near word vision 
17. Thorington and near fixation disparity 
18. Stereopsis 
19. Near prism fusion range 
20. Pattern glare 
21. Near point of convergence 
22. Colour vision 
23. Ocular health 
24. Visual fields 
25. Ocular imaging 
26. (Colorimetry) 

After completion of this full eye examination, the participants’ current spectacles, if any, 
will be checked for: 

• Prescription 
• Distance between centres (British tolerances) 
• Heights if bifocals or varifocals 
• Coatings and tints 

If there is a significant change in prescription found, then the marked tests in table 1 
will be repeated with the habitual correction in place. 

The first visit will conclude with a summary of the findings and prescription of treatment 
if required. Treatment can be new spectacles, not to wear spectacles, optometric 
exercises, precision tinted lenses (see Table 2). Please note that the effect of a 
refractive correction on any suspected binocular vision anomalies will be confirmed 
before prescribing optometric exercises. Prism will only be considered in cases of 
vertical deviations, or where optometric exercises may not be possible or if optometric 
exercises fail. Tints/ coatings/ photochromic lenses will be added to any new 
spectacles if they exist on the habitual correction.  

The participant will be handed a copy of their spectacle prescription and fundus photos 
upon completion of the eye examination. They will be given any appropriate leaflets, 
supplied by the College of Optometrists, e.g. dilation leaflet, AMD leaflet etc as part of 
a portfolio. If there are any findings during the examination which require participant 
referral to their GP or a hospital eye service this will be done after obtaining their verbal 
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consent. A copy of the referral letter will be given to the participant. Exclusion on the 
basis of a participant being referred will be judged on a case-by-case basis. If the 
reason for referral is likely to influence the participant’s vision then they will be 
excluded from follow up visits. However, the data obtained from the first visit will still be 
used towards data analysis.  

During the eye examination, the participant will be asked three questions at specified 
points: 

1. Are there any tests that you did not like? Why? (STOP) 
2. What could have been improved about the ways these tests were conducted? 

(START) 
3. Was there anything you liked about the way in which these tests were carried 

out? (CONTINUE) 
The specified points will be: 

1. After IOP 
2. After distance prism fusion range 
3. After near prism fusion range 
4. After colour vision 
5. After ocular health examination 
6. After colorimetry 

 
In addition to these questions, at the end of the first visit the participant will be asked if 
the video/ what to expect document had given them a realistic idea of the visit.  
 
The responses to these questions will be audio recorded on an encrypted device so 
that they can be listened to, key points noted and content analysed. The audio 
recordings will be transferred to the RDS as soon as possible and saved under the 
participant ID number.  
 
6.6 Visit 1 considerations 
Some participants may prefer to split visit 1 into two parts. This may be because doing 
all of these tests in one session may be tiring or overwhelming or may not fit their 
schedule. Although one session is preferred by the research team, participants will 
have the option to split visit 1 into two sessions. In this case, consent taking, 
questionnaires and tests 1-22 will be conducted at session one, and any repeat tests 
required if the participant is currently wearing spectacles. Tests 23-26 will be 
conducted at session two alongside dispensing any required spectacles or teaching of 
any exercises. Only at session two will the participants be given their spectacle 
prescription.  
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Table 2 Treatment options for any “abnormal” findings in the tests in Table 1 

Anomaly Type of treatment Specific treatment 

Distance refractive error requiring 
new spectacles 

spectacles Single vision distance 

Near addition only spectacles Single vision near 

Distance refractive error and a near 
addition 

spectacles Single vision distance and near 

Bifocals 

Varifocals 

Significant aligning prism post 
refraction 

exercises Exercises are only suitable for horizontal fixation disparity; vertical 
fixation disparity would need correction with prism.  

Distance: appropriate physiological diplopia exercise (see: table 3) 

Near: appropriate physiological diplopia exercise (see: table 3) 

Prism Incorporation of prism into selected lens type.  

Convergence insufficiency if 
persistent with refractive correction. 

exercises Appropriate physiological diplopia exercise (see: table 3) 

Prisms Only if no improvement with exercises after 4 weeks. The minimum prism 
required to align the bars on the near Mallett unit when held at the 
participants habitual working distance. 

Single vision near 

Accommodative insufficiency(pre-
presbyopes) 

Exercises Hart Chart  

Additional exercise (if required): Dot card with accommodative targets. 



   360 

Spectacles SVN only if no improvement with exercises after 4 weeks. Add will be of 
the value required to improve the participants lag to normal limits. 

Abnormal accommodative lag 

(pre-presbyopes) 

exercises Hart Chart 

Additional exercise (if required): Jump accommodation (+/-2.00DS 
flippers) 

spectacles Single vision near with minimum near positive add to bring lag into 
normal range. 

Confirmed lead: Single vision near with minimum near negative add to 
bring into normal range. 

Accommodative infacility Exercises Hart chart 

Additional exercises (if required): Jump accommodation (+/-2.00DS 
flippers). 

Abnormal heterophoria exercises if the abnormal heterophoria is persistent with the refractive correction in 
place.  

Appropriate physiological diplopia exercise (see: table 3) 

Prisms Prescribe prism from Mallett, AT DISTANCE AND NEAR. 

Visual stress PTLs If an insignificant spectacle prescription is found then precision tinted 
lenses will be prescribed straight away. If a significant spectacle 
prescription is found, precision tinted lenses will be prescribed after 1 
month of successful plain spectacle wear.  

Prism fusion range exercises Appropriate physiological diplopia exercise (see: table 3) 

prism Recheck aligning prism on mallet unit and prescribe.  
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Table 3 Physiological diplopia exercises in order of increasing difficulty 

1 2 Pens 

2 Brock string 

3 Dot card 

4 3 cats  

 

 
6.7 Treatment specific details 

Spectacles. It is appropriate to recall patients after a period of 1 month to determine the 
effect of dispensed spectacles on their vision if deemed necessary. For this study, all 
participants who are dispensed spectacles will be followed-up after a period of 1 month 
of wear. The follow-up appointment will be according to Figure 2.   

 
Figure 2 A flowchart of the follow-up procedure for dispensed spectacles 

 

 

 

 

 

 

 

 

History & symptoms, 
focusing on the 
impact of the 
spectacles.

D+N VA measures, 
D+N heterophoria 

assessment.

Any other tests 
related to the reason 

of prescription
All "normal"

All not "normal"

Recheck Rx

a) If significantly 
differing rx which has 
a positive impact on 

abnormalities then re-
dispense and recall 1 

month. 

b) If no significant 
difference in rx, then 

prescribe exercises in 
the case of BV issues. 

c) Discharge and 
continue wear of 

spectacles. 
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Optometric exercises. Optometric exercises will be recommended to improve any 
binocular vision anomalies if they are not resolved with a new refractive correction after 
1 month, for example convergence insufficiency. As would be the case in practice, the 
participants will be asked to complete the exercises for five minutes, three times per 
day and to ensure compliance they will receive reminders via text message/ email 
weekly. The recall appointment will be after 1 month; at the recall appointment(s) the 
following will be done (Figure 3):  

 
Figure 3 A flowchart of the follow-up procedure for prescribed exercises 

For participants prescribed prism, the follow up regime for spectacles will be employed 
with the added binocular vision tests. 

 

 

 

 

 

 

 

 

 

 

 

 

History & symptoms, 
focusing on compliance 
with exercises and any 
impact they have had

D+N vision/visual acuity 
and heterophoria 

assessment

fusional reserves
Any BV tests related to 

the reason the 
exercises were 

prescribed

stereoacuity

a) If full resolution then 
taper off excercises and 

see in 1 month

b) if improvement but 
not to normal limits, 

then recall in 1 month 
continuing current 

regime

c) if no improvement 
after 2 months, then 

prescribe prism
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Colorimetry. If no significant change is found in the spectacle prescription and positive 
pattern glare result is found, then colorimetry will be performed. The tint will be given 
with the habitual correction prescription. If the participant is prescribed a new pair of 
spectacles and also has a positive pattern glare result, at their 1-month spectacle recall 
colorimetry will be performed and appropriate tinted spectacles prescribed. If no 
significant prescription is found but a positive pattern glare result, then plano precision 
tinted spectacles will be prescribed. All participants dispensed with precision tinted 
lenses will be recalled after 1 month; Figure 4 is a flowchart of the follow-up procedure: 

 
Figure 4 A flowchart of the follow-up procedure for colorimetry 

 

6.8 Participant discharge  

• All participants will be required to attend the university after 3 months of their 
final intervention to complete the questionnaires again. 

• Participants who are not prescribed any treatment at the initial eye examination 
will be followed-up after 3 months to act as a control measure. They will 
complete the questionnaires only and then discharged. 

• If at the end of the study period any participants’ abnormal findings have not 
been fully resolved they will be referred to the relevant Optometry clinic in the 
Carys Bannister building for continuing care.  
 

6.9 Additional notes 

• Questions and information will be communicated to participants in a simple 
manner with limited use of technical terms. Information will be communicated in 
small chunks taking into account the sensory issues autistic individuals 
experience. These steps are in an attempt to ensure that they are not confused 
and fully understand everything which is said. 

• Participants will attend for between 2 and 8 visits for this study.  
 

History & symptoms, 
focusing on impact of 

PTLs.

Distance and near VA

Pattern glare

If VA good, and no 
issues with pattern glare 

then discharge and 
participant to continue 

use of PTLs.

If still having the same 
level of issues with 

pattern glare, 
colorimetry will be 

disregarded and PTL 
use discontinued.

Participants to continue 
with tint-free spectacles/ no 
spectacles then discharge. 
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6.10 Durations of appointments         

• The initial eye examination, with questionnaires, will have a duration of 
approximately 2.5 hours. Participants will be given the option of 3 breaks 
throughout. 

• Repeat tests at the first visit will require approximately 1 hour. 
• Spectacle fitting visits will require approximately 20 minutes.  
• Follow-up visits for spectacles will have a duration of approximately 30 minutes. 
• Refraction rechecks will have a duration of approximately 1 hour. 
• Follow-up visits for optometric exercises will have a duration of approximately 

40 minutes. 
• Follow-up visits for colorimetry will have a duration of approximately 45 minutes. 

 

7 RECORDS, QUESTIONNAIRES & CONFIDENTIALITY 

1. Participant record files will be stored in the Carys Bannister Optometry clinic 
archive room in a locked filling cabinet. The records will have the participant 
details in them and the “participant questionnaire”. During the study, only the 
research team will have access to these. At the end of the study, the records 
will be submitted into the usual patient records draw, but paperwork relevant to 
the study, e.g. consent forms will be separated and kept in a different locked 
drawer.  

2. Apart from the “participant questionnaire”, the other questionnaires will be 
pseudo-anonymised and not kept with the record. Scores will be transferred to 
the RDS and the original copies shredded. Each participant will be given a 
number at the beginning of the study and all questionnaire data will be 
associated with this number. Only the research team will have access to this. 

3. Retinal images and scans, as part of the eye examination, will be stored on a 
secure password protected university computer, under the participant's random 
ID number. Only the research team and staff at the Carys Bannister building 
have access to this computer, and only the research team will be able to 
identify individual participant data. 

4. Audio recordings will be transferred to the RDS and saved under the 
participant’s unique study ID. These recordings will not contain any personal 
information, eg participant names. Once transferred to the RDS, the recordings 
will then be deleted from the recording device. They will be permanently deleted 
from the RDS upon completion of the study.  

5. During the study, the audio recording device will be stored in a locked cabinet, 
in the university, when not in use. 

6. Study consent forms will be retained for 5 years in a locked cabinet.  
7. Consent to contact forms will be regularly collected from GMMH by the 

research optometrist and stored with the consent forms in the university.  
8. A participant may be referred to their GP, a hospital service or a university 

optometry clinic for further investigation. This will be done with their consent but 
will result in their personal details and relevant details of the eye examination 
being shared with other healthcare professionals. 

9. If the participant is happy to have their data retained for future studies by the 
BEAM lab then a separate participant ID number will be used for referencing 
personal data (name, contact information) with data collected (stored 
separately). 
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10. Personal identifying information, eg consent forms, will be retained for 5 years 
after study completion. Eye examination records will be retained for 10 years 
after the participant’s last eye examination as per the College of Optometrists 
guidelines. Audio recordings will be deleted upon study completion. 

11. Research data will be retained for 10 years after study completion on the RDS. 
 

8 SAFETY CONSIDERATIONS  
The tests employed in this part of this study are regularly carried out in optometric 
practices. The following will be implemented to ensure participant safety: 

• All electronic equipment will be tested. 
• Participant record files will be securely stored in a locked room and locked filing 

cabinet in the Carys Bannister building and only accessed by the research 
team. 

• Utmost care will be taken when equipment is held close to the participant’s 
eyes, for example prism bars or Volk lenses. 

• All equipment which will come in contact with the participant will be cleaned with 
alcohol wipes. 

• Drops will only be instilled into participant eyes when they have consented and 
confirm no relevant allergies or past adverse reactions. 

• The expiry date of drops will be checked before instillation into participant eyes, 
and the expiry date, batch number and drug details will be noted on the 
participant record. 

• The research optometrist will thoroughly wash his hands at the start of the 
appointments.  

• Participants will be made aware of the fire exits prior to starting the sessions. 
Any serious adverse events will be reported to the REC.  

 
9 DATA ANALYSIS PLAN 
Data analysis will take place at the university and will be conducted by the research 
optometrist. Dr Emma Gowen will have control of the data generated in this study. The 
data analysis plan has been laid out according to the project aims.   
        

1. To quantitatively describe the range and type of optometric conditions in autistic 
adults and suggest possible links with visual sensory symptoms.  

 
The percentage of cases of individual optometric anomalies found at the initial 
examinations will be calculated. These will include binocular vision anomalies, visual 
stress and significant refractive error. These will be compared to the general population 
prevalence values if available. The percentage of participants dispensed with a new 
refractive correction will be calculated to determine the degree of under 
correction/incorrect corrections; this will be defined by the definition set earlier for a 
“significant” change in refractive error.   

Descriptive statistics, multiple regression analysis and categorical measures will be 
used to investigate the relationship between visual sensory symptoms and optometric 
conditions. Firstly, frequency tables will be created showing the different optometric 
conditions that participants with presented with.  
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In multiple regression analysis, the dependent variable will be the GSQ score for the 
vision-related questions, and the independent variables will be: 

a. Distance habitual vision logMAR (continuous)  
b. Convergence insufficiency symptoms survey score 
c. Pattern glare score (continuous) 
d. Significant refractive uncorrection (categorical) 
e. Significant fixation disparity distance (categorical) 
f. Significant fixation disparity near (categorical) 

Scores from the vision-related GSQ questions obtained at the initial visit will be 
allocated into two groups: “low” and “high”. The scores that determine these categories 
will be adapted from results of Robertson (2012). The percentage of participants in 
these groups with the following visual statuses will be calculated: 

a. those with strabismus; 
b. those with significant refractive error (defined by our set criteria in this study in 

terms of power/ cyl axis); 
c. those with amblyopia; 
d. those with visual stress. 

A chi squared test will then be ran to decide if there is a significant difference between 
the two groups in terms of these conditions.  

 
2. To investigate the impact of treatment, if any, on vision, visual symptoms and 

quality of life.  
 

All three questionnaires will be completed by participants at the first and final visit. 
Upon completion by the participant, each questionnaire (apart from the “participant 
questionnaire”) will be pseudo-anonymised and scored according to the questionnaire 
manuals; these scores will be securely saved on the University Data Storage system 
as soon as possible, identifiable by the participant ID number, and paper copies 
destroyed. 

Upon receiving the questionnaire scores for every participant, they will be analysed as 
follows. Firstly, each questionnaire will be Rasch analysed; for the GSQ this will just be 
the vision-related questions. After this, the adjusted scores from each questionnaire for 
each individual participant will be calculated. Depending on the distribution of the data, 
which will be confirmed by the Kolmogorov-Smirnov test, statistical significance of any 
difference in questionnaire scores between the initial and final visit will be tested for. 
For parametric data, paired t-tests will be conducted. For non-parametric data, 
Wilcoxon matched pairs signed rank sum tests will be conducted.  Data will be 
analysed separately for those who did and did not receive treatment. It is hypothesised 
that there will be no significant difference in the score for participants who do not 
receive treatment, but there will be a change for those who do receive treatment.  

 
3. To develop guidelines and training for optometrists to provide more “autism-

friendly” practice environments and eye examinations. 
 
Audio recordings of the feedback received during the initial visit will be content 
analysed. Commonly mentioned feedback will be used to design a set of guidelines for 
optometrists as to how they can provide more “autism-friendly” services in practice. 
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This will also include feedback given on our specially prepared “what to expect” 
resources. 
 
10 PEER REVIEW 
This study protocol will be peer reviewed by a member of the optometry department at 
the University of Manchester, who is external to the research team.  
 
11 ETHICAL & REGULATORY CONSIDERATIONS 
11.1 Approvals 
NHS Research Ethics Committee approval will be obtained before commencing 
research. The study will be conducted in full conformance with all relevant legal 
requirements and the principles of the Declaration of Helsinki, Good Clinical Practice 
(GCP) and the UK Policy Framework for Health and Social Care Research 2017.  
 
11.2 Risks to participants 
1. Participants will have to travel to the University of Manchester for the study. To 
minimise inconvenience and stress they will have the option to book the visits on days 
which are most suitable for them, with some flexibility on time too.  
 
2. Potential for participants to become tired or bored. Regular optional breaks will be 
scheduled throughout the eye examination and participants will be given the option to 
have more if they feel necessary.  
 
3. Potential for participants to become distressed during the examination if upsetting 
topics arise. Participants will be given the option of a break if they feel overwhelmed 
and to go to a separate quiet room. If any participants continue to be distressed, a 
distress policy will be actioned.  
 
4. Participants may be found to have signs/symptoms of ocular disease which requires 
further investigation during the study. They will be referred appropriately to ensure they 
receive timely care and treatment. They will also be given relevant supporting 
information. 
  
5. Participants may have an adverse reaction to drugs instilled in their eyes. To 
minimise the risk of this, all participants will be asked if they have any allergies or had 
any problems with the use of these drugs in the past. Only if it is deemed safe to use 
these drugs by the research optometrist will they be used. If an adverse reaction does 
occur then the participant will be sent to the Manchester Royal Eye Hospital 
emergency department as soon as possible.  
 
6. Participants may find some of the eye tests difficult and this could cause frustration if 
the participant feels they are not responding 'correctly'. Prior and during each tests 
participants will be instructed to try their best but not to worry if they do not notice any 
differences/ are unable to make a judgement as this is okay too. 
 
11.3 Risks to the research optometrist 
1. The research optometrist may become distressed if upsetting topics arise during the 
study. In such a situation, he will contact his supervisors for support. Regular fortnightly 
meetings will be scheduled with the supervisors too to discuss progress on the study.  
 
2. As the study is taking place at the University, the research optometrist will have to 
travel here regularly. This is a familiar commute for him.  
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12 STATEMENT OF INDEMNITY 
The University has insurance available in respect of research involving human subjects 
that provides cover for legal liabilities arising from its actions or those of its staff or 
supervised students.  The University also has insurance available that provides 
compensation for non-negligent harm to research subjects occasioned in 
circumstances that are under the control of the University. 
 
The research optometrist has professional indemnity cover, provided by the 
Association of Optometrists, for optometric practice.  
 
13 PUBLICATION POLICY 
The results will be written as academic papers, a thesis chapter and presented at 
conferences. The results will also be summarised in lay format and presented on the 
Autism@Manchester or BEAM lab website for participants and the general public to 
access. 
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Appendix 7 
 

Eye examinations study advert 
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Appendix 8 
 

Eye examinations study participant information sheet 
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Appendix 9 
 

‘What to expect during the study’ information document for 
participants who attended eye examinations 
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Investigating optometric and orthoptic conditions in autistic adults 

 
What to expect during the study 

 
This document gives you some detail on what to expect when 
you attend for your eye examination and how the visits will run. 
There are video links throughout the document which provide 
you with videos of the different aspects of this study. This study 
is part of a PhD and the research student is Ketan Parmar.  
 
The eye examination, and any subsequent visits, will take place 
in the Carys Bannister building at the University of Manchester. 
This is located on Dover Street off Oxford road; the full address 
is: 
 
Carys Bannister Building 
Dover St 
Manchester  
M13 9PL  
 
If you will be driving into the University for the eye examination and require 
parking please let Ketan know at least 2 days prior to your scheduled visit so that 
he can arrange this for you. 

 
The main entrance to the Carys Bannister building is through the revolving doors 
on Rumford street. On arrival you will be greeted by Ketan who will take you to 

Ketan Parmar 

Carys Bannister building entrance 

[Image of 
Ketan Parmar] 
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the eye examination room. You will have the opportunity to 
look around the eye examination room and ask any 
questions.  
 
You will have the opportunity to re-read the “participant 
information sheet”, if you wish, and ask any questions about 
the study. We will thereafter ask you to complete a consent 
form. 
 
Once you have given your consent to take part in this study you will be asked to 
complete 4 questionnaires. These will ask for some basic details and about your 
eyes, vision and any issues related to your vision. Ketan will then conduct your 
eye examination.  Please ensure you bring your autism diagnosis letter with you 
for Ketan to check.   
 
Follow this link to watch an introduction video for this study: 
https://youtu.be/wC7Wkrq4cWY 
 
Tests involved in an eye 
examination 
Regular eye examinations are 
really important. They aim to 
check your vision and if it can be 
improved with glasses, how well 
your eyes work together and 
finally the health of your eyes. 
The following section of this 
information sheet describes the 
tests that are involved in an eye 
examination; the links are to 
videos of the tests. Some tests 
require you to describe what you 
can see or what difference you 
may have noticed, while others 
just involve the optometrist 
looking at your eyes. For this 
study, your eye examination will 
be conducted by Ketan, who is a 
fully qualified optometrist. 
 
 
 
• History & symptoms check 

Ketan will ask you whether you have noticed any problems with your vision 
or eyes. He’ll also take the opportunity to ask you about your eye health, 
general health, family health and lifestyle. Please bring a list of any 
medication you are currently taking (if any). If possible, please bring any 
paperwork from your most recent eye examination if you’ve have had one.  

 
Watch this video of this test: https://youtu.be/oOHCP0NCULI 

The eye examination room 
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• Checking your vision 

Throughout the examination Ketan will assess how well you can see by 
asking you to read letters from a “letter chart”. This has rows of letters which 
get smaller as you progress down. Ketan will also check how well you can 
see up close by asking you to read word s from a handheld chart.  
 

Watch this video of this test: https://youtu.be/lTLwV2j-FyA 
 
 
• Checking the balance and coordination of your eye muscles 

As humans have 2 eyes it is important to check that they are working well 
together. If eye movements are not well coordinated it can cause blurry or 
double vision and eye strain. A range of tests are conducted to check this:  

a.  Cover test: Your eyes will be covered in turn whilst you focus on a 
specified target. 

b.  Ocular motility: You will be asked to follow a small light with your 
eyes whilst it is moved in different directions. 

c. Near point of convergence: A specially designed ruler will be placed 
on your cheeks whilst you are asked to focus on a small cross target. 
This target will be gradually brought closer to your nose. 

d. Ocular muscle balance: Lenses will be placed in front of your eyes 
and you will be asked to judge the alignment of specified targets.  

e. Prism fusion ranges: A “prism bar” will be held closely in front of your 
eyes whilst you focus on a given target. Ketan will ask you to tell us 
when you notice your vision go blurry and double.  

f. Stereopsis: You will be required to wear red-green coloured glasses 
and identify 3D shapes from a book. 

 

 
 
 
 
  
Watch this video of these tests:  
https://youtu.be/PxJ-lVk-iPg 
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• Checking if you need glasses (part 1) 

Optometrists can check what your glasses 
prescription is by shining a light at your eye. 
This is called “retinoscopy” and will require 
you to look towards a target whilst Ketan 
shines a light at your eye from a short 
distance. This test takes place in a darkened 
room and you will be wearing a special frame 
which allows us to place lenses in it. 
 

 
 
• Checking if you need glasses (part 2) 

Ketan will refine your glasses prescription 
by placing different lenses in front of your 
eyes and asking you if you feel your vision 
is better, worse or the same. This will 
require you to judge differences in how 
clear the letters on the letter chart appear, 
or if you can see more or less of them. 
The same will be done to check your near 
vision but this time you will be holding a 
reading chart which has small text printed 
on it. Depending on the smallest size of 
text you can read, lenses may be put in 
front of your eyes to improve your near vision.  

 
Watch this video of these tests: https://youtu.be/-y30N_WfWFQ 
 
• Checking your eyes’ focusing ability 

Focusing ability or “accommodation” is required to be able to clearly see 
things up close. With increasing age this naturally decreases and causes 
difficulty reading. A range of tests are conducted to check focusing ability: 

a. The “amount” of focusing ability your eyes have will be measured by 
placing a ruler on your cheeks whilst you focus on a printed target. 
This target will be brought closer to your nose and you will be asked 
to report when you notice your vision go blurry. 

b. The “accuracy” of your focus will be measured whilst you look 
towards a target and a light is shone at 
your eyes from a distance.  

c. The ability of your focus to quickly 
change will be assessed by quickly 
swapping lenses held in front of your 
eyes whilst you read from a handheld 
sheet.  
 

Watch this video of these tests:  https:// 
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• Checking your colour vision 
You can be born with or develop problems 
with recognising or matching colours 
accurately. Some occupations require you to 
have normal colour vision and it is important 
to have this checked if you feel it has changed 
or is different in each eye.  
Your colour vision can be checked with many 
different tests; this examination will use a test 
which requires you to compare coloured dots.  
 

Watch this video of this test:     
https://youtu.be/yk8gQ7YoNnw 
 

 
 
 
Your colour vision will be checked in another 
room as specialist lighting is required to do this 
test accurately. 
 
 
 
 
 
 
 
 
 

 
 
• Checking your sensitivity to patterns 

Some individuals can be highly 
sensitive to striped patterns which can 
cause visual discomfort. A “pattern 
glare test” is performed to check this 
and whether it may contribute to 
visual symptoms. It requires you to 
look at 3 different striped patterns, 
each having differing sized stripes, 
and reporting if they cause your vision 
to become uncomfortable by 
answering some questions. 
If you do seem to experience “pattern 
glare” Ketan will perform a test to determine if coloured lenses can help 
reduce the sensitivity. This test will require you to look into a machine and 
judge what colour makes your vision most comfortable.  
 

Watch this video of these tests:  https://youtu.be/uygh3Jr_Mvs 
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• Checking the health of your eyes 
An extremely important reason for having regular eye examinations is to 
keep check on the health of your eyes. A range of tests are conducted for 
this. 

a. A microscope called a “slit lamp” is used to examine your eyes 
closely. This instrument requires you to place your chin and forehead 
against a rest and Ketan will move the microscope quite close to your 
eye to ensure he has a good view and will also use lenses held close 
to your eyes so he gets a good view of the back of your eyes. Nothing 
will touch your eyes but Ketan will touch your eyelids occasionally. 

b. During the “slit lamp” examination Ketan will put an orange dye in 
your eyes to help him judge the quality of your tears and the health of 
the front of your eyes. This doesn’t sting and is flushed out by your 
tears within about 30 seconds.  

c. When checking the back of your eyes Ketan will have to look through 
your pupil which is the black space within the coloured part of your 
eye. If your pupil is small and he finds it difficult to check the back of 
your eyes he may need to put some drops in your eyes, with your 
consent, which will make your pupil bigger. The drops can sting when 
initially put in and take about 20 minutes to have an effect. Alongside 
making your pupils bigger they can blur your vision, especially up 
close, so it is strongly recommended that you don’t drive for at least 6 
hours after the examination if Ketan uses these. It is advised that you 
also bring sunglasses as you may be more light sensitive for the 
duration of the effect. Don’t worry if you have driven into the 
University for your eye examination; Ketan can book you for another 
appointment, on a day which you can arrange another means of 
transport, to complete this part of the examination. 

d. Photographs and scans of the back of your eyes give supplementary 
information regarding the health of your eyes. To take these, you will 
be required to put your chin and forehead against a rest, and whilst 
keeping your eye still, a 
camera will be brought close 
to your eye and flash. The 
flash is very bright and can 
dazzle you for a few seconds. 
The camera won’t touch your 
eyes.  
   

 
 
 
 
 
 
 
 
 
Watch this video of these tests: 
https://youtu.be/ZwmGWCE23No 
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• Checking the pressure in your eyes 
The pressure of your eyes gives an indication of 
how well the fluid within your eyes is circulating 
as well as if there is any risk of damage to your 
eyes. Many different tests can be used to 
measure this, and Ketan will use the most 
comfortable test which most patients prefer. The 
instrument will be brought close to your eye and 
you may feel a gentle tapping sensation on the 
eye, if anything. This instrument does touch your 
eye but it is not painful.  
 

Watch this video of this test:   
https://youtu.be/QRPZ5eM-AKQ 
 
• Checking your field of vision 

As well as checking how well you can see it is 
also important to check the area of your vision. 
A visual field test does this by asking you to 
look towards an orange or red target whilst 
white lights may appear around it. You will be 
required to patch one eye, and press a button 
every time you notice the white lights appear.  

 
Watch this video of this 
test:  https://youtu.be/iALKNaGEH08 
 
 
 
Each of the tests and procedures in the eye examination will be explained to 
you before it is conducted. If at any point you are unsure on what is being done 
you should ask Ketan.  
 
Important points for this study 
Consent form filling and completion of questionnaires will take approximately 30 
minutes. The eye tests will require a total of approximately 2 hours. Ketan will ask 
you questions about your thoughts on the test procedures at fixed points during 
the examination. These short conversations will be audio recorded to allow Ketan 
to listen back to them for the purpose of the study.  
 
During the eye examination you will be offered 3 optional breaks at certain points 
throughout the examination, but if at any point you feel uncomfortable, you can 
ask to pause the examination. When you are ready the examination will resume. 
If you need some time alone, there will be provision of a separate “quiet room” 
where you can go until you are happy to resume. 
 
On completion of the eye examination Ketan will summarise the findings, give 
you a copy of your spectacle prescription and any other relevant information 
leaflets, and tell you if you need to be given any treatment, explain what treatment 
is needed, why, and what it will entail. You may be given spectacles or eye 
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exercises. If deemed necessary, you may be referred to your GP, a hospital 
service or University optometry clinic for further investigation. This will only be 
done with your consent and Ketan will be happy to discuss his recommendations 
with you. 
 
After this initial set of tests, if you already wear spectacles at present, Ketan will 
check these for correct fit and prescription. If they are found to be significantly 
different then Ketan will repeat some of the above tests again with you wearing 
these spectacles; this part is important for the purpose of the study and will take 
approximately 1 hour extra. 
 
The first visit will end with Ketan doing measurements for any required new 
spectacles or teaching you how to do any required eye exercises. Overall, this 
first visit will consist typically of 3½ hours of testing with any breaks adding to this. 
 
You have the option of completing all of these tests in one visit, which the 
research team would prefer, or across two visits if this is more comfortable for 
you. 
 
If you are given new spectacles, you will be required to attend the university 
again for a short visit to collect them, at which time Ketan will adjust the 
spectacles to fit you properly. 
 
If you have been given new spectacles or eye exercises, you will be required to 
attend a follow up visit after 1 month. During this follow up visit, some of the 
tests described above will be repeated, which may take up to 1 hour. 
Depending on the type of treatment, you may need to attend for further such 
visits. 
 
Three months after your final follow-up visit, you will be required to attend a 
“final visit” at which you will complete three questionnaires. This will mark the 
end of your involvement in this study. If the study finishes for you before this 
period, Ketan may discharge you or refer you to a University clinic for continuing 
treatment. 
 
 
We hope this document has given you a good understanding of what the eye 
examination will involve. If you have any further questions you can contact 
Ketan by email (ketan.parmar@postgrad.manchester.ac.uk) or ask upon arrival 
at the University.  
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Appendix 10 
 

Patient information survey 
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Appendix 11 
 

Glasgow Sensory Questionnaire and manual 
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The Glasgow Sensory Questionnaire and manual were shared directly with the study 
team, by request, from the developers: Ashley E. Robertson and David R. Simmons. 
See: Robertson, A. (2012). Sensory experiences of individuals with autism spectrum 
disorder and autistic traits: A mixed methods approach. PhD. University of Glasgow. 
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Appendix 12 
 

Visual Function-14 Quality of Life questionnaire 
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Appendix 13 
 

Convergence Insufficiency Symptoms Survey 
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Appendix 14 
 

Criteria for optometric/ orthoptic anomalies used by other studies 
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Irving et al’s (2016) criteria for a significant change in refractive 
correction 
Irving, E. L., et al. (2016). ‘Value of routine eye examinations in asymptomatic patients’, 

Optometry and Vision Science, 93(7), pp. 660-666. Available at: 
doi:10.1097/opx.0000000000000863  

 
A significant change in refractive correction was classified as one of the following when 
compared to the habitual spectacle prescription: 

• A change of >0.50D in the sphere component 
• A change of >0.50D in the cylinder component 
• A change of >0.50D in the reading addition (if applicable)  
• A change in cylinder axis of: 

o >15 degrees if the final cylinder power was <1.00D 
o >10 degrees if the final cylinder power was ≥1.00D but <2.00D 
o >5 degrees if the final cylinder power was ≥2.00D 

 
 
 
Sharif et al’s (2014) criteria for convergence insufficiency 
Sharif, Z., Mirzajani, A. & Jafarzadehpur, E. (2014). ‘Prevalence of Convergence 

Insufficiency in a Population of University Students’, Journal of Paramedical 
Sciences and Rehabilitation, 3(1), pp. 47-52. Available at: doi: 
10.22038/JPSR.2014.2338 

 
Convergence insufficiency was classified as fulfilling all the following clinical signs: 

• Near point of convergence ≥ 10cm 
• Exophoria at near ≥4∆ more than the distance measurement 
• Failing Sheard’s criterion at near 
• A normal amplitude of accommodation according to Hofstetter’s formula for 

minimum age expected amplitude. 
 
 
 
Moravej and Sahihalnasab’s (2017) criterion for accommodative 
insufficiency 
Moravej, R. & Sahihalnasab, S. S. (2017). ‘The prevalence of accommodative 

insufficiency in a higher education student population’, Journal of Ophthalmic 
and Optometric Sciences, 1(4), pp. 49-55. Available at: 
doi:10.22037/joos.v1i4.27815  

 
Using an RAF rule with push-up technique, accommodative insufficiency was classified 
as an amplitude of accommodation ≥2.00D less than the minimum age expected as per 
Hofstetter’s formula.  
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Appendix 15 
 

Online survey study advert 
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