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Abstract

Investigating the influence of oculomotor functions on the TVPS-4 test of visual
perceptual skills in school-age children using machine learning

Tong Keat Tien, Doctor of Optometry, Aston University, 2024

Introduction:

This study aimed to assess the influence of oculomotor functions and binocularity on visual
perception through a standard cognitive test of visual perception. Visual perception, essential
for understanding and interacting with the environment, can be affected by impairments that
often manifest during childhood and impact academic performance. Although there is
evidence suggesting a link between visual perception and binocular vision, research on the
exact nature of this relationship is limited. By focusing on school children, this research
explored how binocularity and oculomotor functions contribute to visual perception, providing
new insights into their potential impact on early cognitive development.

Methods:

A cross-sectional study was conducted with participants recruited from two school centres in
Malaysia. Eligible subjects were registered school children aged 6-14 years, with no severe
ophthalmic disorders that would prevent them from completing the assessments. Parental or
guardian consent was obtained for all participants. Optometric assessments, performed by a
trained investigator, included evaluations of binocular vision, visual acuity, vergence, fusional
reserve, accommodation, and stereopsis. Visual perception was measured using the TVPS
(4th edition). Data were analyzed descriptively using basic statistical methods and the Orange
data mining and machine learning software. Associational analyses included Chi-Squared
tests, fast correlation-based filter ranking, and Naive Bayes machine learning.

Results:

The study revealed strong and meaningful associations between several oculomotor functions
and visual perception parameters measured by the Test of Visual Perceptual Skills (TVPS-4).
Phoria at near and stereoacuity showed significant positive correlations with discrimination
and sequential memory, while phoria at distance was linked to improvements in spatial
relationships and figure-ground perception. Near point of convergence and stereoacuity
positively impacted visual closure, and positive relative accommodation was related to
enhanced visual memory and form constancy. Although principal components analysis (PCA)
could not consolidate the data into single components, the use of machine learning provided
valuable insights, identifying key oculomotor functions that are strong predictors of visual
perception performance. These findings offer new perspectives for improving clinical decision-
making and targeted interventions based on oculomotor function.

Conclusion:

The findings of this study introduce a novel approach to analyzing optometric data and
demonstrate the feasibility of using machine learning to predict complex variable relationships
in this field. The results provide strong evidence of a significant relationship between binocular
vision impairments and visual perception abilities in school children. Notably, phoria and
stereopsis were found to have the greatest influence on visual perception.
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Chapter 1. Introduction

1.1 Literature research strategy
To identify studies that have already attempted to explore the relationship between visual

perception and binocular vision, a search for evidence was conducted using the online
electronic databases of Excerpta Medical dataBASE (EMBASE), Medical Literature Online
(MEDLINE) and the Cumulative Index of Nursing and Allied Health Literature (CINAHL).
These databases are some of the most popular information sources used to inform health
reviews but these were also selected due to comprising extensive indexing to journals
covering topics in optometry and ophthalmology (Aveyard, 2023). Moreover, this indexing can
provide sufficient cross-coverage of journals as to help capture papers that would be missed
when searching a single database alone. Therefore, this approach helped to reduce the risk
of searching bias (Bramer et al., 2018). Theoretical data based on bibliographic research
implies that the searching of the noted databases would yield a recall accuracy of >90% for
articles of relevance to a specific review problem (Bramer et al., 2017). As one could posit that
a risk of searching bias in this review could amount to <10%, the search was expanded to
encompass Grey literature; this was achieved through searching of Google Scholar and Open
Grey (Preston et al., 2015; Adams et al., 2016). This ensured sufficient rigour in the search
for pre-existing evidence and therefore, promoting compliance with that expected of Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)-based reviews (Page
et al., 2021).

The search terms were formulated in response to the core aim of this background review: to
identify primary research studies that have attempted to explore the relationship between
visual perception and binocular function. The simple search phrases were supplemented with
all known variant terms and to enhance the precision of the search, a range of modifications
were applied to select terms. Such adaptations included truncation syntax (*), mapping of
terms to topic headings and combining terms in a series of individual phrases and groups of
terms using Boolean logic: operators OR/AND (Aveyard, 2023). The search strategy
comprised: [“child*” OR “adolescen*” OR “paediatric” OR “pediatric’ OR “minor*”] AND [“visual
perception” OR “visual perception” OR “TVPS” OR “test of visual perception”] AND [“binocular
vision” OR “binocular®” OR “binocular function”]. A select number of these key phrases were
used to perform the search of Grey literature via Google Scholar and Open Grey. In addition,
citation screening of all eligible papers was performed to capture any potentially relevant
articles that had been incidentally missed by the database searches (Preston et al., 2015).
The records retrieved were then filtered using inclusion and exclusion criteria (Appendix 1).

Papers were limited to a primary research design of a quantitative methodology, English
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language and publication in the past 20 years. These criteria were used to ensure the findings
would support the review aim and promote the generation of background evidence that
remains of value to current optometric practices and therefore, providing rationale to warrant
the researched conducted herein. All studies also had to comply with select population criteria,
in order to remain generalisable to the target population group” school children aged 6-14
years. There was also a need to focus upon capturing studies that have previously used the
TVPS to measure visual perception function and in using this information to support
associational testing with binocular function, and/or, optometric measures thereof. These
papers were given additional weight in the synthesis that proceeds this section. The merits
and limitations of eligible papers were appraised in line with critical appraisal expectations and
the key findings were formulated based on the guidance for synthesis in reviews without meta-
analysis (Campbell et al., 2020; Al-Jundi and Sakka, 2017).

1.2 Overview
This thesis aims to explore the association between binocular vision and visual perception

using the TVPS in children of school age (6-14 years). This aim was devised in response to
key knowledge gaps in the field and due to a paucity of studies having explored this
relationship. This work was completed to assist in advancing knowledge in the field and to
assist in the prediction and management of visual perception deficits in children with a range
of binocular vision problems. Such earlier detection and management may assist in mitigating
the adverse impacts of both binocular and visual perception dysfunction upon child
development and education, which usually imparts a life-long impact upon health, wellbeing

and prospects.

The introductory chapter provides the context and rationale for the research undertaken,
commencing with a background of the extent and burden of binocular vision disturbances, the
physiology of visual perception and the impact of visual dysfunction upon children. This is
followed by a review of the literature to demonstrate what is already known in the field and to
elicit the evidence gap that this research aimed to resolve. The introductory chapter terminates
with the core research aim, objectives and hypotheses. The second chapter provides the
details and justification for the methodology and methods used to explore the association
between binocular vision and visual perception, while the third chapter presents the key
findings using an artificial intelligence methodology that involved feature selection and Naive
Bayes supervised machine learning. The fourth chapter provides a discussion of the findings
in light of pre-existing literature and the wider evidence base, including a critical evaluation of
the results in view of the merits and limitations of the research study. This is followed by the

implications and recommendations for ongoing optometric practices and related guidelines for
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vision screening in school age children. The final chapter provides a general summary of the

work, along with the key avenues for future research in the topic area.

1.3 Visual perception function
Visual perception comprises several key elements for efficient interaction with the environment

and for the completion of fine spatio-temporal activities associated with daily living, including:
1) discriminative ability, 2) visual memory, 3) visual-spatial ability, 4) visual form constancy, 5)
figure ground, 6) visual sequential memory and 7) visual closure (Schwartz, 2017). The
importance of visual perception is also reflected in the hierarchy of visual function (Figure 1),
as originally proposed by Warren (1993). This shows a hierarchy of visual functions related to
the development of visual skills. The foundational functions influencing perception, according
to this model, include oculomotor control, visual fields and visual acuity. This is followed by
attention to scan and focus on information received by, and scanning the environment for key
visual attributes such as form constancy, figure ground discrimination, visual closure, visual
organisation and spatial orientation. The highest skill is visuocognition in which individuals can
use visual perception information alongside other sensory inputs to understand and complete

various tasks.

S A ™ N

ATTENTION = ALERY nup ATIENDING

OCHOMOIOR CONIROL  VISURL MICLDS  WISUAL ATUVTY

Figure 1 Hierarchy of visual functions requiring for visual perception skill development and
utilisation (Warren, 1993).
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The various components of visual perception are denoted for contextual purposes. Figure 2
illustrates examples of simple methods for assessing perceptual functions, extracted from the
TVPS-4. Form constancy refers to the ability to identify and distinguish objects independent
of variances in size, colour, shape, position and/or texture (2a), while figure ground is the
ability to distinguish foreground from background (2b). Visual closure refers to the ability to
identify objects that are partly obscured or missing (2c) and visual memory is the ability to
receive a visual stimulus, retain the information and store the information for later retrieval and
use (2d). Visual discrimination refers to the ability to recognise similarities and differences in
the shape, size, colour, object and patterns (2e) and visual sequential memory is the ability to
memorise and recall a sequence of objects or events in the demonstrated order (2f). Finally,
visual-spatial ability is the ability to perceive two or more objectives in relation to each other
and oneself (2g).
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Figure 2 Examples of Perceptual Function Tests from the Test of Visual Perceptual Skills 4th Edition (TVPS-4).
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Disturbances of vision can place a greater burden on individuals. Problems with visual
perception are mostly attributed to specific impairments of visual system anatomy and/or
pathways that receive visual information but they can also arise due to central neurobiological
dysfunctions of the visual system (Girkin and Miller, 2001). Central contributions to disturbed
visual perception tend to comprise lesions of the cortico-cortical and cortico-subcortical
pathways, which are involved in bridging perception information to other cognitive functions,

such as memory and emotion (Girkin and Miller, 2001).

There is further complexity in understanding visual perception and disorders thereof, due to
marked inter-individual variances in the processing and actioning of information received. This
variance is thought to be a product of genetic and epigenetic factors affecting biomolecular
responses to stimuli, as well as expectations or learned probabilities concerning the external
environment, context and social-based cues, previous or historical visual and cognitive
memories and random fluctuations or firing of neuronal signals within brain regions implicated

in the processing of visual information (Partos et al., 2016).

The complexity of visual perception can be understood through, for example, the phenomenon
of facial perception and the individual variances in this process. Faces are among the most
informative and visually significant stimuli humans perceive. Even a fleeting glimpse of a
person's face can convey a vast amount of information about the external world, the
behaviours of others and our non-visual perceptions thereof. Perception of faces involves
recognizing subtle amalgamations of tissue-like objects, such as the eyes, nose, and
eyebrows. This recognition can be distorted by additional visual cues, such as position and
illumination (Tsao and Livingstone, 2008). Functional magnetic resonance imaging (fMRI)
studies have shown that face recognition activates specific areas within the fusiform regions,
including the superior temporal sulcus, the occipital face area and the fusiform face area of
the lateral right mid-fusiform gyrus (Tsao and Livingstone, 2008; Atkinson and Adolphs, 2011).
Understanding these neural mechanisms highlights the intricate nature of visual perception

and underscores the importance of studying individual differences in facial perception.

Issues in face recognition have been recognised across a range of pathologies affecting varied
organ systems including traumatic brain injury, stroke, encephalitis, macular degeneration,
dementia and schizophrenia (Corrow et al., 2016). Therefore, perception, in its complex form,

demands a series of integrative functions of both ocular and extra-ocular systems.
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Interestingly, personality and a range of factors that influence personality have also been
shown to account for some variances in visual perception, highlighting that even seemingly
non-disparate central inputs can affect perception of the external world (Smith et al., 2012).
This can create challenges for assessing visual perception skills from an optometric
perspective, both in terms of inter-assessor reliability and regarding the validity of measuring
the core visual perception functions: discrimination, visual memory, visual-spatial
relationships, form constancy, figure ground, sequential memory and visual closure (Schwartz,
2017). While cognitively mature persons encounter such high complexity in the processing of
visual perception information, children may encounter lesser influences due to the majority of
information being used to perceive the world emerging from visual information, as opposed to
visual and cognitively stored or interpreted information that may be influenced by prior life
experiences. However, children who acquire disturbances of visual perception may encounter
significant impediments in life due to the adverse impact upon development and education
(Davis et al., 2005; Zhang et al., 2021a). In a recent cohort study of 1,050 elementary school
children aged 6-13 years in China and with below-average scores in mathematics, Zhang et
al. (2021a) explored the relationship between said ability and visual and auditory perception
functions. The results showed that impaired visual perception incurred a more deleterious
impact upon mathematical ability compared to those with dysfunction of auditory perception.
In addition, mathematical ability was significantly poorer among children with disturbances of
visual perception compared to controls who did not have such issues. The measure of visual
perception was based on the widely accepted Developmental Test of Visual Perception —
version 2 (DTVP2).

DTVP2 comprises eight subdomain tests, which include position in space, figure-ground,
visual closure, hand-eye co-ordination, copying, spatial relationships, visual-motor speed and
form constancy. However, the internal consistency of these measures has been quite varied,
therefore posing potential issues of measurement bias for some visual skills. In a sub-analysis
of the data, compared with normal control subjects, children with below-average mathematics
scores had significantly poorer hand-eye co-ordination, spatial relationships and spatial
localisation abilities. However, the other domains of the DTVP were comparable between
groups from a statistical perspective. A key limitation to this research was the failure to assess
a broader range of visual and cognitive functions among the children. This precludes insight
into the proportion of the variance in impaired mathematical ability that were accounted for by

visual perception problems.

T.K. Tien, D Optom. Thesis, Aston University 2024. 15



A range of other studies have demonstrated associations between distorted visual perception
and poor academic performance (Cui et al., 2017; Pieters et al., 2012; Lee, 2022). Lee (2022)
showed that handwriting legibility among children aged 6-9 years was significantly related to
hand-eye co-ordination, coping, figure-ground segmentation and spatial relationships on the
DTVP. Pieters et al. (2012) found that children aged 7-9 years with mathematical difficulties
have significantly worse visual perception test scores of the Visual-Motor Integration test,
which reflects a copying-type test and thus congruent with that of the DTVP. Similarly, Cui et
al. (2017) showed that visual form perception was significantly associated with numerosity

and digit comparisons.

Several other studies have also identified consistency in the relationship between impaired
visual perception function and academic performance in children of school age (Zhou et al.,
2015; Zhou et al., 2020; Cui et al., 2024; Cui et al., 2019; Williams et al., 2011). Importantly,
Zhou et al. (2020) showed that visual form was significantly predictive of mathematical
attainment over a 3-year period (Figure 3), showing how disturbances of visual perception can
adversely impact education in the long term. Overall, this work highlights the importance of
understanding the contributions of dysfunctional visual perception skills to the educational
prospects of school children. It also indicates a key need to explore the association between

perception and other more foundational or basic visual motor functions.

1 2 3 4 5 6 7 8
1. Mathematical achievement -
2. Figure matching (RT) 0.34% -
3. Figure matching {ACC) 0.27% 0.6l* -

4. Numerosity comparison (RT) 0.09 040% 017 -
5. Numerosity comparison (ACC)  0.26%*  0.57%  040%  0.63% -

6. Choice reaction time (RT) =013 0.08 —0.05  040% 017* -

7. Choice reaction time (ACC) 0.18*  0.23%  020%  0.20%  0.25%  0.27F -

8. Mental rotation 0.18*  0.13 0.14 0.02 0.14 —0.19*% 010 -

9. Nonverbal matrix reasoning 0.00 0.20%  030% 022 0367 0.09 0.11  0.07*

ACC accuracy rate, RT reaction time
* p<0.05

Figure 3 Summary of Person correlations for the study in the study of Zhou et al. (2020).

One basic visual function of interest with possible inter-relatedness to visual perception is
binocular vision. This is the ability to perceive depth of objects in time and space, allowing a
three-dimensional view of the world. Binocular vision is therefore, reflective of the function of
stereopsis, which is the ability to resolve monocular disparities in visual information received
by the left and right eyes (Read, 2015).
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1.4 Binocular Vision and the Epidemiology of Binocular Dysfunction
As binocular vision requires information that is received by both eyes and is processed in a

functional (non-pathological) way, visual deficits affecting one or both eyes, can lead to
disturbances of such vision and therefore, likely incurring issues of visual perception
(Zhaoping and May, 2016). The commonest eye disorders associated with impaired binocular
vision include strabismus (ocular malalignment) and amblyopia (unilateral or bilateral
reduction in best-correct visual acuity due to form deprivation, impaired binocular function or
both) (Kaur et al., 2023; Zhang et al., 2021b). Detecting these problems of binocular vision in
early life, along with potentially co-existing perceptual problems, is important for informing

optimal ophthalmic treatment.

In keeping with the adverse consequences of visual perception, disorders of binocular vision
have been shown to negatively affect academic performance among school children (Wood
et al., 2018; Alvarez-Peregrina et al., 2021; Alvarez-Peregrina et al., 2020). In children aged
8-10 years, Wood et al. (2018) showed that stereoacuity was significantly associated with
academic performance scores for reading, writing, spelling, grammar and numeracy. An even
stronger influence upon scores was noted for visual sequential memory. Alvarez-Peregrina et
al. (2021) found that binocular dysfunction was significantly associated with poor academic
performance (Figures 4-6). Tian et al. (2024) also explored the association between academic
performance and diagnosed binocular vision problems. They showed that there was a
progressive negative correlation between stereoacuity and academic attainment among

Chinese primary school students aged 6-12 years.

Difference + SE

TOTAL BAD Academic Performance GOOD Academic Performance p-Value (95% CI) *
o
Mean + Median Mean = Median Mean + Median
n 5D [1QR] n sD [1QR] n S0 [IQR]
' . . P T y " ’ =0.05 £ 0.00
Y 2 192 £ 10 N ] 100 0.88 +0.18 Doz 9 193+ 0 A0 [, .|

Monocular VA (RE) 10142 092 + 0.15 1.00 [ie10] 1000 0.88 +£0.1 1.00 [0:20] 192 093 +0.14 100 [D.10] =<0.001 (=0.06——0.04)
Monecular VA (LE} 10201 090 = 0.16 1.00 [10] 03 0584 £0.20 0590 [0:20] Y198 091 £ 016 100 [D.10] <0.001 =0.07 1 0.01
(=0.08=—0.06)
. : . - - . - . . . W 4 =0.03 + 0.00
Binocular VA near distance 7042 0.97 = 0.09 1.00 [000] 654 094 +0.13 1.00 [0.10] 6392 0597 £ 009 100 [D.00] «<0.001 (~0.04—0.03)

. o e o e e . 1.06 + 0,19

NPC (cm) 9729 5.51 = 5.55 5.00 [7.00] G934 647 + 608 5.00 [9.00] B7YE 540+ 549 500 [7.00] =0.001 (0.69-1.44)

* Difference + standard ervor fand its 95% confidence interval) caloulated as the mean of participants with “bad academic performance”, minus the mean of participants with “good
academic performance”. Significant differences (p < 0.05) are shown in bold.

Figure 4 Summary of results presented by Alvarez-Peregrina et al. (2021).
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Figure 5 Summary of results presented by Alvarez-Peregrina et al. (2021).

Poor Academic Performance Odds Ratio  Std. Err. z p>z [s:::tri::;f
Female 0.704 0.062 -3.980 =<0.001 0593 0.837
Age 1.133 0.025 5770 =0.001 1.086 1.182
Moneocular VA (Right Eye) 0.554 0.223 =-1.470 0142 0251 1.220
Meonocular VA (Left Eye) 0.512 0.210 -1.630 0102 0229 1.143
Binecular VA (near vision) 0.374 0.157 -2.350 0.019  0.164 0.851
NPC 1.01 0.007 1.500 0133 0997 1.026
Fogging test with +2.00 D 1.394 0.138 3.360 0.001 1.148  1.682
Shober phoria test 1.900 0.247 4,940  =0.001 1473 2452
Dificulty in ocular motility 1.817 0.215 5.040 =<0.001 1.440 2292

Figure 6 Summary of multiple regression analysis presented by Alvarez-Peregrina et al.
(2021).

Poor academic performance associated with strabismus, amblyopia and other problems of
binocular vision have also been reported elsewhere (Khalaj et al., 2011; Gitsels et al., 2020;
White et al., 2017). The problem of disordered binocular vision is also reflected in studies
exploring the impact of corrective surgery for strabismus where significant improvements in
reading ability among children aged 5-14 years were achieved, see Figures 7-8 (Ridha et al.,
2014). In contrast, however, Horvat-Gitsels et al. (2023) explored the educational trajectories
of school children aged 7-16 years with strabismus and amblyopia but failed to find a
difference in performance in English, Maths and Science at any stage. This study, however,

did not attempt to assess visual perception or other optometric problems.
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Figure 7 Overview of the improvements in reading ability for word count per minute for
children who underwent strabismus surgery (Ridha et al., 2014).
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Figure 8 Overview of the improvements in reading fluency for children who underwent
strabismus surgery (Ridha et al., 2014).

Visual problems in school children often go undetected, leading to adverse life-long impacts
(Bountziouka et al., 2021). In a population-based study conducted in Ireland, Harrington et al.
(2022) showed that 68% of under-performing school children had not received an eye
examination within the preceding 12 months and reported a significant association between

poor academic performance and observed eye problems.

Problems of binocular vision tend to be detected prior to those of visual perception in view of
the clearer ophthalmic signs and symptoms of binocular over perceptual dysfunctions (Griffin
and Grisham, 2002). In the UK, the introduction of universal childhood vision screening has
led to the improved detection and treatment of various vision problems. However, while such
screening may be positioned to detect issues of binocular vision, such as amblyopia, there is
no standardised means to assessing visual perception (McCullough and Saunders, 2019).

Moreover, application of the screening criteria to a cohort of 294 children showed that the tests
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had only modest to high accuracy in detection of visual problems (McCullough and Saunders,
2019). Therefore, a considerable number of children may be living with unrecognised visual
perceptual problems and this may contribute to ongoing issues in development and education.
Based on the review of the results, it can be suggested that an effective approach to vision
screening might include incorporating a visual perception test when disorders of binocular

vision are detected.

Understanding the intricate relationship between binocular vision and visual perception is
crucial for guiding ongoing research and contributing vital evidence to practice, guidelines and
policy decisions. This research is particularly important given the high prevalence and

significant burden of vision problems among school age children.

Data from the International Agency for the Prevention of Blindness revealed that over 450
million children worldwide have some form of visual impairment, representing nearly 25% of
the global child population (Vision Atlas, 2023). Visual problems contribute to more than half
a million disability-adjusted life years, a widely accepted measure of disease morbidity
(Abdolalizadeh et al., 2021). This makes visual problems in children one of the leading non-
communicable causes of disease burden, especially in high-income countries where

communicable diseases are less prevalent (WHO, 2023).

Research into the epidemiology of binocular vision problems highlights the value of further
study in this area. A meta-analysis of 56 papers involving 229,000 individuals found that the
prevalence of strabismus was almost 2.0%, with exotropia (1.23%) being more common than
esotropia (0.77%) (Hashemi et al., 2019). Amblyopia is similarly common and burdensome,
with another meta-analysis showing a global prevalence rate of 1.44%. Notably, the
prevalence is higher in Europe and North America (2.4-2.9%) compared to Asia and Africa
(<1.1%) (Fu et al., 2020). The mean prevalence indicates that around 100 million people
currently have amblyopia, with projections suggesting this number could rise to 220 million by

2040 due to population aging.

These epidemiological projections underscore the importance of advancing knowledge in this
field to inform initiatives and develop treatments that can prevent or better manage visual
problems on a large scale. In the UK, data on child visual impairment is less comprehensive,
but estimates from 2015 indicate that over 25,000 children aged 0-16 years live with some
form of visual impairment requiring specialist educational support due to these problems

and/or other cognitive or intellectual issues (National Sensory Impairment Partnership, 2015).
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Overall, research into the connection between binocular vision and visual perception has
significant implications for improving the quality of life for children globally, potentially leading

to meaningful advancements in managing and preventing vision problems.

1.5 Narrative Synthesis
Overall, there has been a relative paucity of research having explored the association between

visual perception and binocular vision and therefore, the evidence has been discussed in
some depth. This was performed to reveal the persistent gaps and uncertainties in the
knowledge base as to justify the research in this work. A summary of the papers included in

subsections 1.4.1 and 1.4.2 is provided in Appendix 2.

1.5.1 Studies using TVPS
In a recent prospective observational study, Ibrahimi et al. (2021) explored the impact of

strabismus and amblyopia upon the visual perception and visual-motor skills of children of
ages 5-15 years. Children in the study were limited to those with primary strabismus but no
prior optometric treatment except for refractive correction. In addition, children were also
required to have a best-correct visual acuity of >20/100 and have an average intelligence
quotient for their age, which was necessary to ensure sufficient comprehension and
completion of the visual perceptive and visual-motor tests. Acuity and strabismic measures
were taken to inform new corrective treatment and the diagnosis of strabismus was also
affirmed by an ophthalmologist to avoid a risk of diagnostic ascertainment bias. Visual
perception function was measured using the TVPS (third edition), while visual-motor ability
was assessed using the Visual-Motor Integration (VMI, sixth edition). Dysfunction of binocular
vision was reflected in the restriction of subjects to those with strabismus and the extent of the

association with visual perception was based on the extent of esotropia and exotropia.

Among subjects with esotropia, form constancy progressively decreased across four
subgroups (Figure 9), with poorer scores seen in those with impaired accommodation and
lack of stereopsis. The findings suggest that children with accommodative esotropia have
better visual perception compared to those with persistent partial or absent accommodation
and no stereopsis. Additionally, the degree of stereopsis appears to significantly affect visual
perception, while variations in esotropia severity have a lesser impact. A gender difference
was observed in visual closure among children with esotropia and in sequential memory
among those with exotropia (Figure 10). For children with exotropia, a significant difference in
form constancy was found between subgroups. Those with intermittent exotropia and slight
stereopsis reduction, as well as those with normal stereoacuity, achieved the highest form

constancy scores (Figure 11), while children with markedly reduced stereopsis or dissociated
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exotropia had the lowest scores. Stereopsis also had a significant effect on visual memory in

comparison to those without stereopsis.
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Figure 9 Summary of form constancy scores in persons with esotropia (lbrahimi et al., 2021).

Form constancy
@

[T e B s

Variables for esotropia Patients (n=79) Boys(n=48) Girls(n=31) p-Value?

Mean % SD Mean * SD Mean * SD
Visual closure 8.3+36 91+36 71433 0.019
Motor VMI 90.0+15.6 947 £14.0 83.2+196 0.003

Variables for exotropia Patients (n =67) Boys (n=39) Girls (n=28) p-Value?

Mean * SD Mean % SD Mean % SD
Sequential memory 91433 99+34 8.0+3.0 0.005
General VMI 93.7+139 96.3+12.4 90.0 £15.1 0.017

Figure 10 Summary of gender variances in visual perceptual and visual motor abilities
(Ibrahimi et al., 2021).
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Figure 11 Summary of form constancy scores in persons with exotropia (Ibrahimi et al.,
2021).
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Gender significantly influenced scores in the figure-ground and visual closure subdomains of
the TVPS, with males showing better performance than females. However, these gender
differences may be unreliable due to the small sample size and the risk of a type Il error. In a
further sub-analysis, children without amblyopia had significantly higher spatial relationship
and visual closure scores compared to those with unilateral or bilateral amblyopia (Figure 12).
Those with unilateral amblyopia scored better in spatial relationships than those with bilateral
amblyopia, although this was not the case for visual closure. The significance of the difference
in visual closure scores between children without amblyopia and those with amblyopia was
unclear (Figure 13). Additionally, older children (aged 10-15 years) performed better across
various TVPS domains than younger children (under 10 years), suggesting that cognitive

maturity and age may influence the relationship between binocular vision and TVPS scores.
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Figure 12 Summary of visual closure scores in relation to amblyopia (Ibrahimi et al., 2021).
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Figure 13 Summary of spatial relationship scores in relation to amblyopia (Ibrahimi et al.,
2021).

In a study by Ho et al. (2015), the relationship between vision and visual perception was
explored in children aged 4-7 years in Hong Kong. However, as almost half the participants
were under 5 years of age, caution is needed when interpreting the findings, as younger
children may lack the maturity required for accurate visual assessments. Similar to the study
by Ibrahimi et al. (2021), visual perception was assessed using the third edition of the TVPS.
The study found a 3.4% rate of visual perception dysfunction, with variations across sub-
domains ranging from 2.2% for spatial relationships to 10.6% for form constancy. Near visual
acuity was significantly associated with visual discrimination and spatial relationships, though
these factors accounted for only 1-3% of the variance in visual perception. No significant
associations were found between visual acuity and visual memory or form constancy. Further
comparisons between TVPS and other visual functions were limited due to the small sample
size of children with specific visual deficits, highlighting a key limitation of the study and the
need for further research to better understand the link between binocular vision and visual

perception.

Two other studies assessed visual perception in children with strabismus and binocular
dysfunctions using the TVPS. Argilés et al. (2023) conducted a retrospective analysis of 110
children aged 6-14 years with strabismus, amblyopia, or other binocular vision dysfunctions.
The children were divided into three groups: those with strabismus and/or amblyopia, those
with other binocular dysfunctions as defined by Scheiman and Wick (2019), and a control
group with healthy, age- and gender-matched vision. Visual perception was evaluated using
the third edition of the TVPS, consistent with other studies in this subsection. No significant
differences were found between the strabismus/amblyopia group and controls in visual

discrimination, visual memory, spatial relationships, visual constancy, figure-ground, or visual
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closure. However, a marginally non-significant difference in visual sequential memory was
noted, with the strabismus/amblyopia group showing considerably poorer performance.
Although this result did not reach statistical significance at the conventional 0.05 threshold, it
may be due to the small sample size and insufficient statistical power. Similar trends were
observed when comparing controls with children who had other binocular dysfunctions,
suggesting that binocular vision plays an important role in visual sequential memory. These
findings, however, should be interpreted cautiously, given the limitations of small sample

sizes, underpowered analyses, and potential biases from baseline heterogeneity.

Hard et al. (2004) aimed to assess the visual perception of school-age children who were born
prematurely and had lesions in the posterior visual pathways or exhibited ophthalmic signs
indicative of such pathology. The primary brain lesions included cerebral paresis or peri-
ventricular leukomalacia. The study included 91 children, aged 5-12 years with a mean age of
6.7 years, making this a valuable population for the research. Of these children, 50.5% had
strabismus, indicating impaired or likely impaired binocular vision. Visual perception was
assessed using the first revised edition of the TVPS, which may result in some measurement
variances compared to earlier studies. The results showed that 67% of the subjects scored
below the third percentile on the TVPS, indicating impairments in visual perceptive function.
When the cohort was limited to those with known brain lesions, 87% scored below the third
percentile, and 84% of this group had binocular vision dysfunction based on the presence of
strabismus. Furthermore, the authors reported that good visual acuity did not mitigate poor
TVPS results, suggesting that intact or near-normal acuity might not be sufficient to preserve

visual perception in children with disturbed binocular vision.

1.5.2 Studies using non-TVPS measures of Visual Perception
Two earlier case-control studies have used the TVPS to explore its relationship with some

optometric functions, although there has been less focus on those related to binocular vision.
The first study by Cavézian et al. (2013) examined the visual and attentional skills of 24
children aged 4-7 years with various ophthalmic problems and compared them to a healthy
cohort of 60 controls. The children in the former cohort had disorders including strabismus,
amblyopia, cataract, nystagmus, and refractive issues, indicating that many likely had
impairments in binocular vision, especially those with amblyopia and strabismus. Indeed, 17
of the 24 children (70.8%) had strabismus and/or amblyopia at baseline, providing sufficient
numbers to infer some links to visual perception issues. The subjects were age-matched to
controls, limiting comparative bias, which is a common issue in case-control research.
Participants completed several visuo-attentional tasks designed to assess visuo-spatial

deficits, spatial working memory, local and global attention, and visual perception. Perception
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was assessed using a specific shape-matching task involving a series of variant shapes in
terms of geometry and shading. Subjects had to match a selected symbol against the correct
one among six variants, which is a relatively simple measure of visual perception and crude
perceptive function. Thus, the study may have underestimated the extent of visual perception
problems, particularly in the absence of using the TVPS. The findings showed that the controls
performed in line with age-expected results for each test, with a general improvement in scores
with advancing age. In contrast, the cohort with visual problems had significantly inferior
scores for the visual perception test and took longer to complete the test. Although the test
cohort predominantly comprised children with disorders of binocular vision, the small sample
size limits the validity and generalizability of the findings to the target group. Additionally, the
visual perception test used in this study was unvalidated and potentially prone to
measurement bias. It is also likely that the associational analyses were underpowered and

thus subject to type Il error.

In the earlier case-control study by Cavézian et al. (2010), the authors assessed the value of
various visuo-attentional tests in evaluating the abilities of children with multiple ophthalmic
disorders and some with neuro-visual deficits. Most children in the ophthalmic group had
issues resulting in impaired binocular vision, including strabismus and amblyopia, as well as
cataracts, macular exudation and retinal detachment. Children in the neuro-visual group had
conditions such as visual agnosia and optic ataxia, which are less relevant to this study's focus
on binocular dysfunction. The sample sizes differed significantly across groups, with 110
controls compared to only 13 children with ophthalmic disorders. This disparity could lead to
comparative bias and limits the generalizability of the findings to the target population of
children with binocular vision impairments. Two additional tests of visual perception were used
in this study compared to the later case-control study discussed previously. These tests
included the shape-matching test, visual memory and an embedded figures test. However,
these tests were unvalidated, raising concerns about measurement bias. Despite these
concerns, the findings indicated impaired visual perceptive function in the test group compared
to the healthy controls, as reflected by less favourable scores on all three tests: visual memory,
embedded figures and shape-matching. However, the differences were not statistically
significant, likely due to the small sample size, suggesting a potential type Il error. Neither of
these studies opted to use the TVPS, thereby offering limited insight into the relationship

between binocular vision and visual perception.
In another study, Gligorovi¢ et al. (2011) explored the association between strabismus and
stereoacuity upon a range of non-verbal abilities of children aged 7-15 years. The Acadia

Developmental Abilities Test was used to assess non-verbal abilities with visual perception

T.K. Tien, D Optom. Thesis, Aston University 2024. 26



being centred upon tests of visual memory and visual discrimination. Children with strabismus
and/or impaired stereopsis were included in the analyses. The findings showed that children
encountered significantly reduced scores for the visual memory and visual discrimination,
relative to expected or normal scores. However, there was a trend with younger aged children
observing poorer visual perception, than older children, although the difference was marginally
insignificant. Children with preserved visual acuity encountered significantly better visual
memory, than those with impaired acuity, while children with strabismus encountered
significantly disordered visual memory, than those without strabismus, implying a direct link

between visual perception and binocular vision.

These findings align with those reported by Ibrahimi et al. (2021), who used the TVPS to
assess visual perception. The consistency of results reinforces the association of interest;
however, it's important to note that Gligorovi¢ et al.'s (2011) findings were based on children
with esotropia. For children with exotropia, mean visual memory scores were more favorable,
and the difference between children with and without strabismus was not statistically
significant. Some analyses in this study may have been underpowered, so caution is needed

when interpreting these results due to the risk of a type Il error.

Gligorovic et al. (2011) also found no significant differences in visual discrimination between
strabismic and non-strabismic children, nor in visual memory or discrimination scores between
children with and without impaired stereopsis. This contrasts with Ibrahimi et al. (2021), who
reported that stereopsis significantly affected visual perception function. These discrepancies
could be attributed to differences in visual perception tests—TVPS vs. Acadia—as well as
issues with sample size and baseline characteristics of the cohorts. Methodological limitations
and a lack of empirical research contribute to uncertainty about the relationship between visual
perception and binocular vision. This uncertainty underscores the need for further research,

as addressed in this study.

In a more recent case-control study, Sawamura et al. (2018) evaluated the perception of three-
dimensional shapes in individuals with strabismus, focusing on the influence of stereopsis and
monocular cues. The study included participants with strabismus and stereoacuity, those
without stereoacuity, and age-matched controls. However, the participants were young adults,
limiting the generalizability of the findings to the pre-school children relevant to this research.
Despite the age difference, the study is valuable due to its focus on monocular cues, which

have been largely overlooked in other studies.
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The visual perception assessment was based on the work of Gillebert et al. (2015) and
involved tests for three-dimensional shape perception and feature discrimination. The results
showed that individuals with strabismus and stereopsis had significantly poorer accuracy in
depth perception compared to controls. Due to a lack of statistical power, comparisons with
the group lacking stereopsis were not possible for this depth cue. For all other cues, there
were no significant differences between the strabismus groups. These findings suggest that
strabismus negatively affects visual perception, consistent with other studies reviewed here,
though the role of stereopsis remains unclear due to methodological limitations in the evidence

base.

Sawamura et al. (2018) also conducted sub-analyses showing that reduced or absent
stereopsis may enhance visual perception by relying more on monocular cues, as this can
prevent conflicting signals between binocular and monocular information. An earlier study by
Economides et al. (2012) found that strabismus, typically acquired early in life, can reduce
visual distortions through the suppression of the unfocused image in the affected eye. In
individuals with exotropia, perception was dominated by one eye, while the other eye's image
was suppressed, though all participants still perceived the images presented to the deviated
eye. These images, however, were perceived to be shifted based on the angle of ocular
deviation, highlighting the role of plasticity in visual processing and perception. Participants in
Economides et al.'s study ranged from 8 to 60 years old, further limiting the relevance of the

findings to the younger population of interest in this research.

1.5.3 Summary and Rationale Statement
Overall, an evaluation of the existing literature reveals key knowledge gaps related to

assessing visual perception and understanding the relationship between visual perception and
binocular vision in school-age children. Due to the varied methods previously used to assess
visual perception, it is necessary to explore the value of the TVPS, as it is one of the most

popular and widely utilized measures of visual perception (Bakken et al., 2017).

Regarding the association between binocular vision and visual perception, it remains unclear
which types of binocular dysfunction promote visual problems and which specific conditions
are linked to impaired perceptual skills across core measures of visual perception, such as
discrimination, visual memory, visual-spatial ability, form constancy, visual figure-ground,
visual sequential memory and visual closure. Both visual perception and binocular vision are
critical aspects of visual information processing necessary for understanding and functioning
within the external world (Ciuffreda, 2017).
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In one study exploring the value of binocular vision, Tabrett and Latham (2012) showed that
the binocular visual field was significantly associated with vision-related activity limitations.
Moreover, binocular vision significantly predicted greater ability in reading and mobility tasks,
suggesting that binocularity can influence visual perception. However, the existing literature
has not sufficiently explored the association between binocular vision, disorders of binocularity
and visual perception. This lack of depth is compounded by the variable measures used to

assess visual perception, highlighting the need for better standardization using the TVPS.

Importantly, school-age children with visual perceptive problems, including potential co-
existing issues with binocularity, may go unrecognized. These issues can negatively impact
their development, educational and life prospects and overall quality of life and functioning
(Partos et al., 2016; Christian et al., 2018; Alrasheed and Elmadina, 2020; Henriksen and
Read, 2016). Given that some of this burden may be remedied through accurate diagnosis
and treatment, further research is needed to explore the relationship between binocular vision
and visual perception. Addressing these particular questions is crucial for advancing

knowledge in this area.

1.6 Research Aims and Objectives
In response to the given rationale, this research aimed to explore the association between

binocular vision and visual perception using the TVPS in school children aged 6-14 years. The

objectives of the research were as follows:

To determine whether the TVPS is a suitable measure of visual perception in children

e To elicit the optometric parameters that influence TVPS scores

e To identify the nature of the association between binocular vision and visual
perception, as assessed using the TVPS measure

e To formulate implications and recommendations for ongoing optometric practices,

guidelines and policies for vision screening in children

o To identify avenues for future research in the topic area
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Chapter 2. Methods

2.1 Design
To explore the association between binocular vision and visual perception in school-age

children and identify other optometric parameters influencing visual perception based on the
TVPS, a cross-sectional research design was used (Sedgwick, 2014). This design enabled
the collection of optometric data from subjects at a single point in time, offering a narrow
temporal insight into the noted association across predefined school-age groups (Maier et al.,
2023). To mitigate the issue of intra-rater reliability, data collection was consistent with a point-
in-time approach (McHugh, 2012). Thus, the study employed a cross-sectional design rather
than an observational cohort, which examines measures over time to identify temporal
variations in outcomes (Sedgwick, 2014). Although the lack of temporality in the cross-
sectional design is a limitation, the inclusion of various age groups likely captures a range of

optometric measures within school-age children.

This research aimed to maximize recruitment by offering a quasi-incentive to parents and their
children. Participants received a free comprehensive vision screening assessment (the
research procedure) and, for children with vision problems such as impaired acuity, free
corrective treatment. This approach provided a natural and ethical incentive, encouraging
participation while ensuring the research adhered to ethical principles of beneficence and
justice (Varkey, 2021).

2.2 Participants
Participants were recruited from two primary and secondary schools in Kuala Lumpur,

Malaysia. These sites were chosen for their convenience to the author and their willing
assistance in recruitment by distributing invitations to parents of eligible children. Invitations
were sent via postal letters, containing all necessary information about the research,
participation expectations, and the rights of parents and children regarding consent and
withdrawal (refer to Appendix 3 for the invitation letter sent to the school). This ensured parents
could provide valid consent for their children to participate in the optometric assessments.
Utilizing the school system to promote and conduct the research also helped build parents'
trust. The schools were initially invited to participate through email communication with the
primary investigator. This recruitment method aligned with convenience sampling, as it relied

on parents providing consent following the invitation.
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Children eligible for the study had to be registered at one of the two selected schools and be
aged 6-14 years. The lower age limit of six years was chosen because children at this age are
expected to have sufficient cognitive maturity and concentration to complete the optometric
assessments (Hard et al., 2004). Targeting young children is important since vision problems
often manifest early and become evident when children start school and struggle with tasks
(Cassetti et al., 2019; Sathyan, 2017). The UK National Screening Committee recommends
vision screening starting at ages 4-5, aligning with this study's aim to provide comprehensive
assessments (UK NSC, 2023). The upper age limit of 14 years was set because visual
perception and binocular function issues typically become apparent through academic
performance, disengagement, or self-reported symptoms by adolescence (Bates, 2010).
Additionally, around 100 million children under 15 experience visual impairment, justifying the

age range for screening (Ali et al., 2021).

There were no restrictions based on academic ability, allowing for a diverse sample,
particularly in identifying near-work problems, which could indicate myopia or issues with
visual perception and binocular vision (Huang et al., 2015). The exclusion criteria were limited
to children with severe ocular or oculomotor disorders, as these conditions would hinder
accurate and reliable completion of the assessments for visual perceptive ability, binocular
function, and other optometric tests. Additionally, children with intellectual disabilities were
excluded due to potential difficulties in completing the optometric tests. Since the optometric
tests were conducted at a single point in time, there was no concern about variance from
adaptation to changes in refractive prescriptions. Therefore, children with refractive

prescriptions were not excluded.

Atotal of 97 children, aged 6 to 14 years, were recruited for the study. G-Power was conducted
using Exact test family with Correlation: Bivariate Normal Model statistical test (Pearson
correlation coefficient). A sample size of n=84 was required to obtain an 80% statistical power

at a 5% alpha level for a medium effect size (p = 0.30).

Ethical approval was obtained from the College of Health and Life Sciences Research Ethics
Committee of the Aston University. Approval was granted (Appendix 4) following the
submission and review of the study proposal. The wellbeing and rights of participants were
safeguarded in accordance with the ethical guidelines outlined in the Declaration of Helsinki
(World Medical Association, 2018). To ensure confidentiality, participant data was anonymized

using a numerical coding system to protect personal identifiable information.
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Formal consent was required from all participants, and given the age of the children involved,
consent was obtained from their parents (Appendix 5). Parents received information sheets
(Appendix 6) detailing the purpose of the research. An age-appropriate information sheet
(Appendix 7) and consent form (Appendix 8) were provided to participants for their
consideration and informed decision-making. All consent forms had to be signed and dated
before the children could participate in optometric testing. Any incomplete or unsigned forms
would have delayed or excluded participants from the study, although no such instances

occurred.

The research took place during the COVID-19 pandemic, with the author acting as the sole
investigator to ensure participant safety. This limited the ability to assess inter-rater reliability
for optometric testing but was necessary to comply with health guidelines. Social distancing
measures were followed by both the author and participants to reduce the risk of virus
transmission. Support and guidance from the academic supervisor were provided via email

and video conferencing.

2.3 Procedure and data measures
Basic demographic and relevant clinical data were collected to identify any known confounding

or mediating variables (Hulley et al., 2013). This information was gathered through a parent-
reported proforma, which included details such as child age, gender, ethnicity, medical and
surgical history, and ophthalmic or optometric history. Additionally, data on the educational
level and achievements of both children and their parents were recorded to better understand
the connection between visual perception deficits and academic performance. Collectively,
these diverse data measures facilitated a thorough and insightful evaluation of variable
relationships, aiming to have a significant impact on the academic, clinical, and educational

communities.

Six key optometric tests were performed to assess various visual functions. A summary of
these measures, together with the independent and dependent variables for analytical
purposes, are shown in Table 1.
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Table 1 Summary of independent and dependent variables.

S[PIETIEIE Assessment /Tool Variable Data Duratlfm i
Measure Testing
Visual perception | TVPS Dependent Continuous 30 mins
Binocular function | Cover testing near and far | Independent Discrete 1 min
Visual acuity logMAR and Lea symbols Independent | Continuous 5 mins
Vergence NPC Independent | Continuous 5 mins
Fusional reserve | Phoropter Independent Discrete 5 mins
Accommodation Posfuve and negatwe_ Independent | Continuous 5mins
relative accommodation
Stereopsis Randot stereoacuity test Independent Discrete 5 mins
Eye movement NSUCCO Independent Discrete 1mins
Saccade
Pursuit Independent Discrete 1mins

Visual acuity and refractive errors were measured at near (0.4m) and far (6.0m) distances.
For near acuity testing, Lea symbols were used for young children, while the logMAR chart
was used for older children. The Early Treatment Diabetic Retinopathy Study (ETDRS) letter
chart was also used to ensure consistency with the logMAR charting method (Huurneman and
Boonstra, 2016). For distance vision, both logMAR and Lea symbols were used, as these
methods are validated for accuracy in young children (Bailey and Jackson, 2016; Milling et al.,
2015). Normal versus abnormal visual acuity was determined based on age-standardized

reference intervals (Rosenfield and Logan, 2009).

To assess eye movements, the NSUCO Method was employed, which is cost-effective and
requires no equipment. This method evaluates saccades and pursuits, essential components
of eye movement. According to Maples (2003), "The NSUCO oculomotor test provides a
standardized and efficient method to evaluate eye movements without the need for specialized
equipment." Using the NSUCO Method, we could determine if participants had the

fundamental visual skills necessary for performing the TVPS.

Eye alignment and binocular vision were assessed using cover testing for both near and far
distances, while vergence function (convergence and divergence) was measured with the
near-point of convergence (NPC) using the Royal Air Force (RAF) near-point rule (Mestre et
al., 2018; Adler et al., 2007).

Fusional reserve was measured with the phoropter technique to determine the participants'

ability to maintain a balance between convergence and divergence (Conway et al., 2012).
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Accommodation was assessed using a phoropter, which is preferred over the RAF ruler. The
phoropter measures positive and negative relative accommodation, observing how quickly a
patient can stimulate (positive relative accommodation) or relax (negative relative

accommodation) their accommodative ability.

Stereopsis was measured using the Randot stereoacuity test, which assesses two levels of
stereopsis at 250 and 500 seconds of arc through graded (Wirt) circle and animal tests with
stereo glasses (Kulp and Mitchell, 2005; O'Connor and Tidbury, 2018).

All equipment used for the optometric assessments was owned by the author, and it was

ensured that all equipment was correctly calibrated and quality controlled before use.

2.4 Visual perception testing
The noted visual functions were correlated with participants' visual perceptive abilities, which

were assessed using the TVPS 4th edition. This assessment is validated for use in children
aged five years and older, making it suitable for the population group of interest (Brown and
Peres, 2018). During the TVPS, subjects are shown several black and white stimuli and
respond primarily through verbal communication, although gestures can also be used.
Notably, the test does not rely on motor responses, unlike other visual perceptive tests (Martin,
2017).

The TVPS is based on two key theories: the Model of Visual Information Processing and the
Cattell-Horn-Carroll Theory of Cognitive Abilities. The Model of Visual Information Processing
posits that visual perception is influenced by three factors: visual integrity, visual efficiency,
and visual information processing. The latter includes visual spatial, visuomotor, and analysis
abilities (Scheiman, 2011). The TVPS measures visual analysis skills, providing information
on discrimination, figure-ground perception, memory, and visual closure. It also incorporates
the Cattell-Horn-Carroll Theory of Cognitive Abilities, suggesting that vision is influenced by
both narrow and broad cognitive abilities. However, the TVPS only measures three of the 11
narrow cognitive functions: visualization, flexibility of closure, and memory (Brown and Peres,
2018). The test assesses seven distinct visual perceptual skills without requiring a motor
response, ensuring that results reflect perceptual abilities rather than motor skills. Gardner

(1996) mentioned that these seven skills are:

1) Visual Discrimination - The ability to identify differences and similarities in visual stimuli
(Martin, 2006).

2) Visual Memory - The skill to recall visual information shortly after viewing it.

T.K. Tien, D Optom. Thesis, Aston University 2024. 34



3) Spatial Relationships - The capacity to perceive spatial orientation and relationships
between objects.

4) Form Constancy - Recognizing objects regardless of changes in size, shape, or
orientation.

5) Sequential Memory - Recalling a sequence of visual elements in the correct order.

6) Figure-Ground Discrimination - Distinguishing an object from its background.

7) Visual Closure - Identifying a complete object from partial visual information.

The completion and scoring of the TVPS were guided by the published booklet. Each item
presents 4-5 response options, with participants indicating their response verbally or through
gestures. Correct responses score 1 point, and incorrect responses score 0. A ceiling score
is reached for each component when participants make three consecutive incorrect
responses. Scores are then tallied using the official scoring sheet to generate scaled scores
and percentile ranks. Total standard scores, which are continuous and age-standardized,
were used for statistical analysis. A standard score below 80 or a percentile rank below 25%
indicates the presence of a visual perceptive problem (Brown and Peres, 2018). The TVPS
demonstrates high reliability, making it suitable for repeated assessments in research and
clinical practice. Consistent Test-Retest Reliability results are obtained when the test is
administered on multiple occasions, indicating stability over time (Gardner, 1996). In terms of
internal consistency, each subtest demonstrates a strong correlation with the overall score,

reflecting the test's validity as a comprehensive measure of visual perception (Martin, 2006).

TVPS standardized the assessment of visual perception across participants and facilitated
associative analysis with other optometric tests, including binocular vision, crucial for
addressing the core research question. During analysis and interpretation of findings, the
limitations in assessing various optometric parameters are acknowledged, adhering to best
practices to minimize potential errors or biases. The TVPS required approximately 30-40
minutes per participant to complete independently of other optometric tests, allowing for
efficient group testing of children. This approach ensured supervision by the investigator,
facilitating accurate completion and addressing participant queries as needed (Brown and
Peres, 2018). All seven perceptual domains of the TVPS (Table 2) were examined, consistent
with prior studies exploring the interplay between visual perception and other visual functions
(Gligorovic et al., 2011; Ho et al., 2015; Ibrahimi et al., 2021).

To ensure participants' concentration, all were instructed to attempt completing the TVPS
without interruption, with a break provided afterward and refreshments available. Children

were encouraged to request a break if needed during the test. A pilot study of the TVPS was
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conducted with a subset of the sample to assess the feasibility of completing the assessment
in one sitting within a small group format. This pilot revealed no issues; all children successfully

completed the test and appreciated the subsequent break.

Table 2 Overview of the subtests of the TVPS (Martin, 2017).

Subtests Description

Visual Discrimination | Participants are asked to find the image in a field of five similar
(DIS) images that matches the presented target image

Visual Memory Participants are asked to remember a target image presented for five
(MEM) seconds in a field of four images

Spatial Relationships Participants are asked to find one image that is difference from

(SPA) others in a field of five images
Participants are asked to find one image in a field of 4-5 images that
Form Constancy matches the target image — the matching image is displayed in
(CON) variant size, rotations and/or when embedded in a differing design
_ Participants are presented with an image in a sequence of elements
Sequential Memory for five seconds. They are then asked to remember it and find of the
(SEQ) image with the same sequence on the next page

Visual Figure-Ground | Participants are asked to find a target image embedded in a field of
(FGR) four variant and complex designs

Visual Closure Participants are asked to match an incomplete target image to a
(CLO) correct image in a field of four
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2.5 Data analysis: Orange Workflow
This study employed several machine learning techniques available in Orange Data Mining

software (version 3.35.0) to analyze the relationship between oculomotor functions and visual
perception as measured by the TVPS-4. The Orange workflow used for the analysis is shown
below (Figure 14). Note that, although gender differences have been reported for some
components of the TVPS test, the sample size in this thesis was insufficient for a robust

statistical analysis of TVPS subset scores by gender.
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Figure 14 Orange workflow with interconnected widgets for analysis.

The machine learning techniques implemented include:

Principal Component Analysis (PCA)

PCA is an unsupervised machine learning technique commonly used for dimensionality
reduction by identifying underlying factors that account for the maximum variance within a
dataset. In this study, PCA was applied to investigate whether oculomotor functions and
TVPS-4 scores could be consolidated into single principal components. However, the analysis
revealed that the variance explained by a single principal component was insufficient to
capture the complexity of the data. Consequently, alternative methods were employed to

better address the research objectives.
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Fast Correlation-Based Filter (FCBF)

FCBF is a feature selection technique designed to rank the importance of variables while

eliminating those that are redundant. In this study, FCBF was employed to identify the most
relevant oculomotor variables for predicting each parameter of the TVPS-4. By effectively
streamlining the dataset, this method significantly reduced its complexity, enabling a more

focused and efficient analysis.

Naive Bayes Classification

Naive Bayes Classification is a supervised machine learning model that operates under the
assumption of independence among predictors, making it a straightforward and efficient tool
for classification and predictive analysis. In this study, Naive Bayes was utilized to model the
relationships between selected oculomotor features and TVPS-4 parameters. This approach
provided valuable insights into the direction and strength of these relationships, contributing

to a deeper understanding of their underlying connections.

Nomogram Analysis

The Nomogram widget in Orange facilitated the interpretation of Naive Bayes results, offering

a visual representation of the influence of specific oculomotor functions on TVPS-4 scores.

Test and Score Evaluation

This assessed the reliability and performance of the machine learning models using metrics
such as Area Under the Receiver Operating Characteristic Curve (AUROC), sensitivity, and

specificity.

Orange provides a user-friendly platform with a visual workflow, making it highly accessible
for researchers and eliminating the need for extensive coding expertise. This design enables
seamless integration and interpretation of various machine learning techniques, allowing
researchers to focus on analysis and insights rather than technical complexities. By applying
advanced methods such as FCBF for feature selection and Naive Bayes for predictive
modeling, Orange offers capabilities that extend beyond the scope of traditional statistical
tools like SPSS. Unlike SPSS, which is limited to basic statistical tests, Orange facilitates the
discovery of complex, non-linear relationships between variables, offering deeper insights into
multifaceted interactions. Its interactive features, such as generating nomograms for
visualizing relationships, enhance data exploration and decision-making. These machine
learning techniques are particularly suited for analyzing intricate connections, such as those

between oculomotor functions and visual perception. By uncovering nuanced relationships
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and building robust predictive models, Orange Data Mining proves to be an ideal tool for this

study, addressing limitations inherent in traditional statistical methods.

Data were uploaded using the ‘File widget'.

The 7 TVPS-4 visual perception scores were categorised as ‘High’ or ‘Low’, after applying a

median split. These scores included Visual Discrimination (DIS), Visual Memory (MEM),
Spatial Relationships (SPA), Form Constancy (CON), Sequential Memory (SEQ), Visual
Figure-Ground (FGR), and Visual Closure (CLO).

The 18 oculomotor scores were categorised as follows:

*All categories of ‘High’ and ‘Low’ involved applying a median split. *

©® N o o bk 0D~

11

Pursuit (High, Low),

Saccades (Saccad - High, Low),

Distance positive relative vergence break (PRVb — High, Low),
Distance positive relative vergence recovery (PRVr — High, Low)
Near positive relative vergence break (PRVnb — High, Low),
Near positive relative vergence recovery (PRVnr — High, Low),
Positive relative accommodation (PRA — High, Low),

Distance phoria (PhoriaD — ESO, EXO, ORTHO),

Near phoria (PhoriaN — ESO, EXO, ORTHO),

. Distance negative relative vergence break (NRVb — High, Low),

. Distance negative relative vergence recovery (NRVr — High, Low),
12.
13.
14.
15.
16.
17.
18.

Near point of convergence (NPC — ABOVE 5, BELOW 5, TTN),

Near cover test (NearCT — High, Low, ortho),

Stereopsis (Stereo — high, Low),

Negative relative accommodation (NRA — High, Low),

Near distance negative relative vergence break (NRVnr — High, Low),
Near distance negative relative vergence recovery (NRVnb — High, Low),

Age was also classified as ‘High’ (<8 years) or ‘Low’ (=8 years) after a median split.
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Chapter 3. Results and Discussion

3.1 Optometric Measures
In this study, there were 39 female participants and 58 male participants, with ages ranging

from 6 to 14 years (mean age 8). Table 3 below gives the range, median and mean vales of

all optometric parameters assessed.

In the assessment of eye movements, the NSUCO Method was utilized due to its cost-
effectiveness and the absence of required specialized equipment. This approach evaluates
saccades and pursuits, which are critical components of eye movement. Maples (2003)
highlights the efficiency of the NSUCO oculomotor test, stating that it provides a standardized
method for evaluating eye movements without the need for additional tools. By employing this
method, we were able to determine whether participants possessed the foundational visual

skills necessary to complete the TVPS.

Eye alignment and binocular vision were evaluated using cover testing at both near and far
distances. Vergence function, including convergence and divergence, was assessed through
the near-point of convergence (NPC) using the Royal Air Force (RAF) near-point rule (Mestre
et al., 2018; Adler et al., 2007).

Visual acuity and refractive errors were assessed at both near (0.4m) and far (6.0m) distances.
Near visual acuity was measured using Lea symbols for younger children and the logMAR
chart for older children, ensuring age-appropriate methods. To maintain consistency with the
logMAR charting approach, the Early Treatment Diabetic Retinopathy Study (ETDRS) letter
chart was also employed (Huurneman and Boonstra, 2016). For distance vision, both the
logMAR chart and Lea symbols were utilized, as these methods are validated for their
accuracy in assessing young children's visual acuity (Bailey and Jackson, 2016; Milling et al.,
2015). Normal and abnormal visual acuity were determined using age-standardized reference

intervals (Rosenfield and Logan, 2009).

Accommodation was evaluated using a phoropter, which is considered more reliable than the
RAF ruler for this purpose. The phoropter allows for the measurement of both positive and
negative relative accommodation, assessing the patient’s ability to stimulate (positive relative
accommodation, PRA) or relax (negative relative accommodation, NRA) their accommodative

system.
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Stereopsis was evaluated using the Randot stereoacuity test, which measures depth
perception at varying levels of difficulty. This test uses graded Wirt circles and animal figures,
viewed through stereo glasses, to assess stereoacuity at thresholds of 250 and 500 seconds
of arc (Kulp and Mitchell, 2005; O'Connor and Tidbury, 2018).

Fusional reserve was assessed using the phoropter technique to evaluate participants' ability
to balance convergence and divergence (Conway et al., 2012). These results provide a
comprehensive overview of the participants' fusional reserve capabilities across both break

and recovery points for convergence and divergence.
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Table 3 Range, Mean, and Median of Optometric Parameters.

Optometric Range
Mean Median
Parameters Min. Max.
Pursuit 6 18 13 13
Saccade 4 19 12.4 12
NPC 2cm 25cm 9.5cm 9cm
Near Cover Test 7.22% 42.27% 24.92% 25.26%
Phoria Distance 0.5X0OP 5.5X0OP 2.63 XOP Ortho
Phoria Near 10XOP 8XOP 5.38 XOP Ortho
Refractive Errors -0.50 Ds -4.50 Ds -2.25 Ds -2.00 Ds
PRA -6.00 1.50 -2.1 -2.25
NRA 0 3.75 2.00 2.00
Stereo 20 600 1371 40
seconds of arc | seconds of arc | seconds of arc | seconds of arc

PRV Break 4 48 21.1 16
PRV Recovery -12 18 6.3 4
E(I;\’i\r{tNear Break 4 40 207 18
II;(F){i\r:tNear Recovery 4 o5 73 7
NRV Break 2 62 11.6 9
NRV Recovery -8 14 2.8 2
NRV Near Recovery -4 20 7 4
NRV Near Break 0 40 18.1 16

3.2 Visual Perception Measures with TVPS
The Test of Visual Perceptual Skills (TVPS) subtests were assessed to measure different

aspects of visual perception among participants.
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Visual Discrimination (DIS) was evaluated by asking participants to identify an image that
matched a presented target from a set of five similar images. Scores ranged from 0 to 19, with

a median of 9 and mean of 8.9 (Figure 15).
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Figure 15 Distribution of Discrimination Scores of TVPS among Participants.

Visual Memory (MEM) required participants to memorize a target image presented for five
seconds and then identify it from a set of four images. The scores ranged from 0 to 19, with a

median of 7 and mean of 6 (Figure 16).
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Figure 16 Distribution of Visual Memory Scores of TVPS among Participants.
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Spatial Relationships (SPA) was assessed by asking participants to identify the one image

that differed from the others in a set of five images. The scores ranged from 0 to 19, with a

median of 10 and mean of 8 (Figure 17).

Figure 17 Distribution of Spatial Relationships Scores of TVPS among Participants.
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Form Constancy (CON) involved identifying a target image from a set of 4-5 options, where

the matching image could differ in size, rotation, or embedding within a different design.

Scores ranged from 0 to 19, with a median of 5 and mean of 6 (Figure 18).
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18 Distribution of Form Constancy Scores of TVPS among Patrticipants.
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Sequential Memory (SEQ) was tested by showing participants an image containing a
sequence of elements for five seconds, after which they were asked to recall the sequence
and identify the correct image on the following page. Scores ranged from 0 to 15, with a

median of 2 and mean of 5.1 (Figure 19).
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Figure 19 Distribution of Sequential Memory Scores of TVPS among Participants.

Visual Figure-Ground (FGR) required participants to locate a target image embedded within
a complex visual field containing four varying designs. Scores ranged from 0 to 19, with a

median of 9 and mean of 9.2 (Figure 20).
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Figure 20 Distribution of Visual Figure-Ground Scores of TVPS among Participants.
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Visual Closure (CLO) was assessed by asking participants to match an incomplete target
image with its correct counterpart from a set of four options. The scores ranged from 0 to 19,

with a median of 9 and mean of 8.9 (Figure 21).
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Figure 21 Distribution of Visual Closure Scores of TVPS among Participants.
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3.3 Box plot
The Box plot widget allowed preliminary analysis of associations between all variables, using

univariate Chi-square tests. An example output is shown below (Figure 22).
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Figure 22 Example output of the Orange Box Plot widget. The association between the DIS
(highlighted in the Variable list) and PhoriaD (highlighted in the Subgroups list) is explored.
The display is set to Stretch bars so that the relative proportions of subgroup are revealed.
Bars show that the proportion of LOW DIS scores found in EXO PhoriaD subgroup is greater
than is found in the ESO or ORTHO subgroups. Since, the data is non-imputed, therefore
the missing “PhoriaD” subgroup was shown in the results. A chi-square test also shows that
this finding is statistically significant (Chi-square = 6.06, df = 2, p = 0.048).

Table 4 shows if the associations explored between all 25 variables were statistically

significant (in which case the p-value is shown and in red) or not (in which case N is shown).
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Table 4 Exploration of associations between all 25 variables using the Orange Box Plot
widget. Statistically significant (p < 0.05) associations are in red and also show the p-value;
otherwise, N is shown.
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The findings of Table 4 are only indicative as (a) the presence of a statistically significant
association can be influenced by untested interactions between variables and (b) a total of
300 associations tested at a critical p-value of 0.05 are prone to spurious statistically significant
findings. Bonferroni correction (Armstrong, 2014) of 0.0002 (the critical p-value of 0.05 divided

by 300 tested associations) was applied and revealed no statistically significant associations

between TVPS-4 and oculomotor scores. On the other hand, statistically significant
associations remain between all the 7 TVPS-4 scores and 13 of the 18 (inc age) oculomotor

scores (except age, pursuit, saccadic, NRVb, NRVr).

The associations revealed within TVPS-4 and oculomotor scores suggest that they may be
combined into single aggregate scores; one for TVPS-4, and another oculomotor function.

This was explored using principal components analysis (PCA).

3.4PCA
Principal components analysis (PCA) (Chan, 2004) is a form of unsupervised machine

learning, meaning it operates without a target or dependent variable. The goal of PCA is to
identify underlying groups, known as principal components, within a set of variables. In this
study, the objective was to determine whether a single principal component, derived from
multiple features (independent variables), could explain at least 80% of the total variance—
known as the 80% rule (Chan, 2004). If successful, this component could provide a single
aggregate score for both TVPS-4 and oculomotor function, effectively reducing the data to a

more manageable form.
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This exploration was carried out by selecting the features of interest, using the Select Columns
(1) widget, before passing them to the PCA widget (see Figure 14). Figure 23 shows how the
Select Columns (1) widget was set up for (a) the 7 TVPS-4 features, and (b) the 18 oculomotor

features. Note that no target variable was assigned for this unsupervised machine learning

task.
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Figure 23 Setting up the Orange Select Columns (1) widget (see Figure 14) for (a) the 7
TVPS-4 features (box to the left) and (b) the 18 oculomotor features.

Figure 24 presents the PCA results. The analysis revealed that a single principal component
accounted for only 43% of the variance across the seven TVPS-4 features and 17% of the
variance across the 18 oculomotor features. These values are significantly lower than the 80%
threshold required by the 80% rule. As a result, a single principal component could not be

used as an aggregate score for either TVPS-4 or oculomotor function.
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Figure 24 Principal components analysis (PCA) shows that the variance accounted for by a
single principal component is (a) 43% for TVPS-4 and (b) 17% for oculomotor functions.

This phase of the study was discontinued, and an alternative method for data reduction was
explored (see next section). However, before moving on from PCA, it is worth noting that
number principal components were needed to account for 80% of the variance in (a) 4 for
TVPS-4 features, and (b) 12 components for oculomotor features (inc age). This suggests that
both TVPS-4 and oculomotor measures reflect a smaller set of underlying factors (principal

components).
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3.5 Rank Table
After ruling out PCA as a data reduction method in Section 3.4, it became evident that the

seven TVPS-4 parameters would need to be analyzed as separate dependent variables. The
next step was to determine whether the 18 oculomotor features (independent variables) could
be reduced in some way. The Orange Rank widget was used for this purpose, offering seven
different methods to rank independent variables based on their relative importance to a
specified dependent variable. Among these, the Fast Correlation Based Filter (FCBF) was
deemed the most efficient (Yu & Liu, 2003), as it was the only method that eliminated
redundant independent variables. By applying FCBF, it became possible to identify which of
the 18 oculomotor features had an impact on each of the seven TVPS-4 parameters. This
phase of the study provided valuable insights into the relationship between oculomotor

functions, as measured by optometrists, and visual perception as assessed by TVPS-4.

In this part of the study, features of interest were selected using the Select Columns widget
before being processed through the Rank widget (see Figure 14). Figure 25 provides an
example of how the Select Columns widget was configured and the corresponding output from
the Rank widget. In this case, the Select Columns widget was used to designate DIS (the first
TVPS-4 parameter) as the target (dependent variable), while the 18 oculomotor functions,
along with age, were set as the independent variables. The Rank widget then applied the

FCBF method, revealing that only “PhoriaN” and “Stereo” had an influence on DIS.

This finding aligns with the statistically significant associations between DIS, “PhoriaN” and
“PhoriaD” observed in Table 4. Interestingly, no association was found between DIS and
“PhoriaD”. Thus, DIS is influenced by only two of the 18 features: PhoriaN and Stereo. This
not only represents a substantial reduction in the number of candidate independent variables
but also provides new insights into which specific oculomotor functions affect this TVPS-4

parameter.
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Figure 25 Example showing how Orange’s (a) Select Columns is set up, and (b) the Rank
widget output.

The analysis shown in Figure 25 was extended to all seven TVPS-4 parameters, with the
findings summarized in Table 5. In this table, age and the 17 oculomotor features are listed in
rows, while the seven TVPS-4 parameters are displayed in columns. The numbers in each
cell represent the ranking, with 1 being the highest. Age had minimal influence out of all the
seven TVPS-4 parameter. The analysis also revealed that six oculomotor features — AGE,
Pursuit, PRVb, PRVr, PRVnb, NRVb — were redundant, as shown in Table 5. Notably, the 17
oculomotor influences identified for the various TVPS-4 parameters in Table 5 are consistent

with the oculomotor associations observed in Table 4.
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Table 5 Summarised outcome of FCBF showing the oculomotor features (rows) that
influence each of the 7 TVPS-4 parameters (columns). The numbers represent ranks (1 =
highest rank).

DIS MEM SPA CON SEQ FGR CLO

AGE
Pursuit
Saccades 2
PRVb
PRVr
PRVnb
PRVnr 5
PRA 5 1 1 1 1
PhoriaD 3 4 4 4
PhoriaN 1 5 2 2 5
NRVb
NRVr 5
NPC 4 3 3 3 3
NearCT 2 3 4
Stereo 2
NRA 3 5 4 4
NRVnr 1
NRVnb 2

a
N
-

3.6 Naive Bayes and Nomogram
Naive Bayes is the simplest form of supervised machine learning available in Orange, yetitis

recognized for its strong performance (Zhang, 2004). Supervised machine learning requires
a target variable, and in this study, each of the seven TVPS-4 parameters serves as the target
(or dependent variable). The Naive Bayes widget takes a multivariate approach, allowing the
simultaneous analysis of multiple oculomotor functions (the independent variables) and their

influence on a specific TVPS-4 parameter, while accounting for confounding factors.

The term "naive" refers to the assumption that the oculomotor functions are not inter-
correlated. This assumption is valid in this study because FCBF was used to select the
oculomotor functions for each analysis (see Section 3.5). Additionally, the Rank widget, which
performs the FCBF, passes the data directly to the Naive Bayes widget (see the workflow in
Figure 14). While Orange offers other, more complex supervised machine learning options,
Naive Bayes was chosen for its simplicity, making it accessible for optometrists engaged in

practice-based research who may lack the time or training to use more advanced methods.

The Nomogram widget enhances the interpretability of Naive Bayes outputs, offering "white

box" advantages. In contrast, some machine learning methods possess "black box"
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disadvantages, where the rationale behind their decisions is not transparent (Tan et al., 2021).
In Orange, only Naive Bayes and logistic regression can be connected to the Nomogram

widget; however, logistic regression is not as straightforward as Naive Bayes.

Decision tree analysis is another supervised machine learning method with "white box"
advantages, as its results can be visualized using the Tree Viewer widget. However, similar to

logistic regression, decision tree analysis lacks the simplicity of Naive Bayes.

In this part of the study, the direction of influence on all 7 TVPS-4 parameters of the oculomotor
functions, selected using FCBF (see Table 5), was explored using Naive Bayes supervised
machine learning, exploiting the ‘white box’ advantages of the Nomogram widget. Figure 26
shows an example nomogram and the findings for all 7 TVPS-4 parameters are summarised
in Table 6.

Target dass:  LOW ~
P 15 Lo 0.5 0.0 0.5 L0
Scale: O Point scale Points 5
© Log odds ratios
Displayed features .
Order:  Absoluteimportance GRTHO H EXO
- PhoriaN T
show: () All features ESO
© Bestranked: 10 [2 ORTHO £s0 EXO
PhoriaD L !
Mumeric features: 1D projection H
™ BELOW 5
NPC g
: ABOVES
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Stereo
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T T T T
Probabilities (%) 10 o . 50 w80 G
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Figure 26 Example showing how Orange’s Nomogram widget can be used to discover the
direction of influence of oculomotor outcomes on a specified TVPS-4 parameter. The
nomogram eases interpretation of output from the Naive Bayes widget; offering ‘white box’
advantages. Here, the nomogram has been set to show how the TVPS-4 DIS scores are
influenced by oculomotor PhoriaD and other oculomotor functions outcomes selected using
FCBF (see Table 2). The nomogram reveals that people with EXO for PhoriaN, ESO for
PhoriaD, NPC above 5, High Stereo and Low PRA tend to have LOW TVPS-4 DIS scores.
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The nomogram shown in Figure 26 contains more detail than is necessary for the purposes
of this study. Relevant sections of the nomogram are highlighted in red rectangles. These
areas illustrate how the oculomotor functions, selected using FCBF, influence LOW TVPS-4
DIS scores. The nomogram is also configured to rank the oculomotor functions by Absolute

Importance.

The main display, located within the largest rectangle, indicates the directions of influence.
Here, we observe that “PhoriaN” has the greatest influence, followed by “PRA”, which has the
least influence; this is reflected by its position in the display and the width of the horizontal bar
representing its absolute importance. The blue circles on the horizontal bars indicate a null
point, where the probability of a LOW DIS score is no greater than its prevalence in the
dataset. However, the probability increases for individuals with EXO for PhoriaN, ESO for
PhoriaD, NPC Below5, High Stereo and High PRA.

Interestingly, further examination of the findings from the Box Plot widget (summarised in Table
4) reveals that they agree with the directions of influence shown in the nomogram (Figure 26).
However, it is important to note that the univariate analyses conducted with the Box Plot widget
are susceptible to confounding factors. In contrast, the multivariate analyses presented in the

nomogram account for these confounding effects, making them more reliable.
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Table 6 Summarised outcomes of Naive Bayes supervised machine learning after FCBF
feature selection (see Table 5), extracted from the Nomogram widget, showing the directions
of influence of oculomotor features (rows) in relation to LOW scores for the 7 TVPS-4
parameters (columns). The numbers in red brackets represent ranks (1 = highest rank) of
influence, according to Naive Bayes from the Nomogram widget. Numbers unbracketed
were Naive Bayes ranks from the FCBF ranks (shown in Table 2). Similar ranks between
Nomogram and FCBF for the 7 TVPS-4 parameters were only 2-3 out of 7 TVPS skKills.

Direction of influence: towards LOW
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Table 6 provides additional insights into the directions of influence that oculomotor functions

have on each of the seven TVPS-4 parameters, following the example analysis presented in
Figure 26. Consistent directions of influence indicate that HIGH Stereo, HIGH NRA, and HIGH

PRA oculomotor outcomes consistently lead to LOW scores on five out of the seven TVPS-4

parameters. In contrast, the directions of influence for the PhoriaD, PhoriaN, NPC and Near

CT oculomotor functions show inconsistencies. Unbracketed numbers reveal where influence

ranks differed, according to Naive Bayes machine learning and FCBF feature selection. These
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differences may have arisen because FCBF feature selection is independent of any particular

machine learning method.

The reliability of the Naive Bayes supervised machine learning model is a crucial aspect of
this study. Understanding its effectiveness and performance is essential for evaluating the
validity of the findings. The following section provides an in-depth analysis of the model's

reliability.

3.7 Test and Score
Machine learning performance is an indicator of reliability and can be expressed as the Area

Under the Receiver Operating Characteristic curve (AUROC), sensitivity, and specificity (Lu
et al., 2018). Orange’s Test and Score widget provides these measures. Figure 27 shows an
example of the Test and Score widget output and Table 7 provides a summary of the findings

for all 7 TVPS-4 parameters.
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Figure 27 Example showing how Orange’s Test and Score widget is used to determine the
reliability (nerformance) of Naive Bayes machine learning models. Stratified 5-fold cross
validation is used to provide the most realistic estimate of model performance. Here, the
widget has been set to show how well the model detects LOW TVPS-4 MEM scores, the
model has an AUROC of 0.701, sensitivity of 0.754 (shown as Recall) and specificity of

0.639. Informedness (sensitivity + specificity — 1) is 0.393 i.e., 39% above chance. As such

this is not a reliable model.
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Table 7 AUROC, Sensitivity, Specificity and Informedness for the 7 models created to
predict LOW TVPS-4 scores from oculomotor functions (see Table 6).

DIS MEM SPA CON SEQ FGR CLO

AUROC 0.706 0.701 0.720 0.742 0.768 0.634 0.735
Sensitivity/Recall | 0.729 0.754 0.769 0.871 0.809 0.500 0.619
Specificity 0.449 0.639 0.469 0.400 0.517 0.660 0.745
McCC 0.185 0.389 0.242 0.311 0.329 0.161 0.367
Informedness 0.178 0.393 0.238 0.271 0.326 0.160 0.364

Stratified 5-fold cross-validation was employed (see Figure 27) to provide a realistic estimate
of model performance, serving as an indicator of reliability. Cross-validation assesses how
well a model generalizes to new data, whereas failing to use it can result in an overfitted model
that only performs well on the dataset used for training (Dems$ar & Zupan, 2021; Lu et al.,
2018). Table 7 presents the AUROC, sensitivity, specificity, and informedness for the seven
models developed to predict LOW TVPS-4 scores based on oculomotor functions. According
to D'Agostino et al. (2013), an AUROC below 0.7 is considered suboptimal, between 0.7 and
0.8 is good, and above 0.8 is excellent. All of the 7 TVPS skills, that which predicts scores,
may be considered to be fairly reliable; it actually had an good performance (AUROC 0.7 to
0.8). Informedness combines sensitivity and specificity to indicate model performance above
chance (Powers, 2011). Even the most reliable MEM model only performed 39 % above

chance. These findings are not surprising given the limited sample size.

A summary of the findings from this study can be found in Tables 8-11:

Table 8 Summary of Key Findings.

TVPS Domain Percentage Associated Predictive Optometric
Scoring Visual Functions Factors
Below 25% Impacted

Visual Discrimination 33-57% Form Constancy, | Phoria (near/far), NPC
Visual Memory

Spatial Relationships 33-57% Visual Memory, Vergence, Age
Accommodation

Sequential Memory 33-57% Form Constancy, | Accommodation, Vergence
Stereopsis

Figure Ground 33-57% Visual Closure, Vergence, Pursuits,
Stereopsis Saccades

Visual Closure 33-57% Accommodation, | Pursuits, Saccades,
Age Vergence
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Table 9 PCA and Machine Learning Results.

Component Variance Optometric TVPS Domains
Explained (%) Variables (Count) (Count)
PCA 78-82.7% 12 4
FCBF - Multiple Multiple
Naive Bayes - Multiple Limited Reliability

Table 10 Significant Associations (Summary).

Optometric Function TVPS Domain Affected Type of
Association

Phoria (Near/Far) Visual Discrimination, Spatial Relationships | Negative
Positive Relative : :
Accommodation Visual Memory, Form Constancy Negative
Vergence Function Spatial Relationships, Visual Closure Negative
lc\l;ear Point of Multiple TVPS Domains Negative

onvergence
Stereopsis Figure Ground, Visual Closure Negative

Table 11 Evaluation of Machine Learning Performance.
Metric Range for Interpretation
Non-impute Data

Predictive Accuracy 0.617-0.806 Moderate Accuracy
Sensitivity 0.447-0.714 Prone to Under-Predicting
Specificity 0.571-0.851 Over-Predicting Associations
Informedness 0.221-0.458 Low Informedness
MCC 0.136-0.427 Limited Reliability
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Chapter 4. General Discussion

4.1 Summary
This research aimed to investigate the relationship between visual perception and binocular

vision in school children aged 6 to 14 years. Descriptive statistics indicated that a significant
portion of the participants had previously undetected optometric abnormalities, along with
impairments in visual perception and binocular vision. This finding was unexpected, given the

reasonably sized sample of 97 children who completed the optometric assessments.

Notably, between 33% and 57% of the children scored below 25% in each of the domains of
the Test of Visual Perceptual Skills (TVPS), indicating difficulties in visual discrimination, form
constancy, visual memory, sequential memory, figure-ground perception, spatial

relationships, and visual closure.

Importantly, several significant associations emerged across the analyses conducted. The
most influential factors affecting TVPS scores included phoria at near and far distances
14.34%; n=14/97, positive relative accommodation 11.34%; n=11/97, stereopsis 9.28%;
n=9/97, near point of convergence 8.25%; n=8/97, near cover testing 8.25%; n=8/97, and age
8.25%; n=8/97. The key findings of this study are discussed in relation to existing literature in

the following subsection.

Estimation of the size effect involved determining Matthews correlation coefficient (MCC) for
the Naive Bayes models that were trained to predict Matthews correlation coefficient is

particularly useful for the binary classifications carried out in this study.

MCC is a balanced measure used for evaluating the quality of binary (two-class)
classifications. It takes into account true positives, true negatives, false positives, and false
negatives, offering a more comprehensive evaluation compared to simpler metrics like

accuracy.

The highest MCC value (0.389) was observed for Visual Memory (MEM), indicating the model
performed best in this domain. The lowest MCC value (0.161) was for Visual Figure-Ground

(FGR), showing weaker classification reliability for this domain.

It approximates Pearson’s correlation coefficient for the classification of supervised machine
learning methods, thereby providing an estimate of effect size in which values of 0.1, 0.3 and

0.5 represent, respectively, small, medium and large effects.
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4.2 Evaluation of Findings

4.2.1 Correlation with the Wider Literature
The findings of this study reveal both previously supported and novel associations between

visual perception, binocular vision, and other optometric functions in school-aged children,
analyzed using Orange machine learning software. The research consistently demonstrated
that impairments in binocular vision—evidenced by abnormal assessment results in
accommodation, convergence, phoria, fusional vergence, and stereoacuity—were
significantly linked to decreased visual perception, as indicated by low scores in the Test of
Visual Perceptual Skills (TVPS). Since these measures are accepted indicators of binocular
vision, it can be concluded that impairments in this area negatively affect visual perception
(Eperjesi and Rundstrom, 2001). This includes functions such as visual discrimination, visual
memory, spatial relationships, visual closure, figure-ground perception, and form constancy.

However, few connections were found with sequential memory.

In the TVPS, sequential memory requires respondents to identify a unique sequence of
shapes among similar combinations, with one containing the target sequence. Variations in
test performance by age could explain these findings; since this task resembles a "spot the
similarity" scenario, subjects might have been more familiar with it and performed better than
on other perceptual functions (Martin, 2017). This could result from prior practice or indicate
that the test's difficulty is not appropriately tailored to the age of the subjects, possibly making
it too easy. Therefore, it may be necessary for the developers of the TVPS to reassess this

aspect of the assessment.

The influence of age was confirmed in the FCBF rank test, which showed a significant
association between age and abilities in visual memory and visual closure. Age emerged as
a consistent and important factor across all analyses (Chi-Squared, FCBF, and Naive Bayes),
indicating that the median split (<8 years versus =8 years) effectively revealed this mediating
factor. Specifically, younger children tended to score lower in visual memory and visual

closure.

Participants in this study achieved a mean score of 4.8 for sequential memory, with 38.2%
scoring below the 25th percentile. This suggests that the test identified significant issues in
perceptual function for this particular task. Consequently, it may imply that while impairments
in binocular vision do not appear to affect sequential memory, this conclusion might be

surprising from an optometric standpoint. It is possible that cognitive memory has a greater
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influence on sequential memory testing, which could complicate the interpretation of this TVPS

domain.

Despite previous findings, the FCBF rank test indicated that the primary factors influencing
sequential memory were accommodation, near point of convergence, and stereoacuity. These
results conflict with the associational analysis, suggesting that impairments in binocular vision

negatively impact sequential memory.

Phoria, a misalignment of the eyes that often occurs due to fatigue (Eperjesi and Rundstrom,
2001), may contribute to this issue. Since parts of the TVPS require sustained concentration
and visual attention, eye muscle fatigue, especially in the latter sections of the test, could lead

to phoria in some participants, resulting in poorer scores in various TVPS domains.

This may also explain suboptimal performance in other areas, such as visual discrimination
and figure-ground perception, which were significant in the associational analysis. Notably,
phoria at distance significantly affected visual discrimination, figure-ground perception, and

visual memory, underscoring the interconnectedness of binocular vision and visual perception.

This research suggests that the type of phoria may differentially impact visual perception
abilities. The FCBF and Naive Bayes machine learning analyses revealed that exophoria had
more adverse effects on TVPS domains compared to esophoria and orthophoria. Exophoria,
characterized by a lateral deviation of the eyes due to disrupted binocular fusion, is often
associated with exotropia, a form of strabismus where the eyes deviate laterally (Magbool,
2021).

Phoria frequently occurs in children with strabismus, and corrective surgery can unmask
existing phorias. ldentifying phoria is crucial for tailoring strabismus surgery to optimize
binocularity within normal limits (Jung et al., 2016). Therefore, administering the TVPS in
children suspected of having visual perception issues can help detect phoria and other vision

problems promptly and accurately.

Numerous studies indicate that exophoria is more prevalent than esophoria, which may
explain the associations found between exophoria and low TVPS scores in this research
(Magbool, 2021; Hashemi et al., 2020; Wajuihian, 2017). Additionally, exophoria is commonly
linked to myopia, suggesting that both conditions could impair visual perception and the

binocular vision needed for various visual tasks.
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Sustaining binocular function requires dynamic processes, including peripheral fusion, tonic
vergence, and vergence adaptation (Brodsky, 2020). These functions help minimize phoria,
stabilizing binocularity. Phoria adaptation might enable some children with this issue to
achieve better TVPS scores by recalibrating extraocular muscles for visual axis realignment
and restoring the fusional range necessary for normal vergence function. However, the
effectiveness of phoria adaptation depends on the fast fusional vergence system, meaning
that the type and severity of fusional deficits can directly affect the ability to resolve binocular

dysfunction and, consequently, influence TVPS performance.

These processes likely account for the variations in TVPS scores observed among children

with phoria and/or fusional vergences in this study.

Previous studies have established associations between binocular vision and visual
perception, often assessing perceptual function using the Test of Visual Perceptual Skills
(TVPS), as done in this research (Argilés et al., 2023; Hard et al., 2004; Ho et al., 2015;
Ibrahimi et al., 2021). For instance, lbrahimi et al. (2021) found that children with strabismus
and esotropia exhibited reduced TVPS scores for form constancy, with the lowest scores
observed in those with impaired accommodative function. Similarly, children with exotropia
and poor accommodation showed diminished form constancy scores. This suggests that
preserving accommodative function may help mitigate the negative effects of strabismus on

visual perception.

In this study, impaired accommodation was significantly associated with low form constancy
scores, supporting lbrahimi et al's findings. Additionally, it was found that impaired
stereoacuity adversely affected TVPS scores for visual discrimination and visual closure—
relationships not identified by Ibrahimi et al., who focused solely on children with diagnosed

strabismus.

This research involved assessing near cover testing for strabismus, which was significantly
predictive of low scores in form constancy and visual memory. As strabismus is a prevalent
issue impacting binocularity, this finding helps address the core research problem, indicating
that impaired binocular vision negatively affects specific visual perception abilities as
measured by the TVPS.

Ibrahimi et al. (2021) also examined children with amblyopia and found lower scores for spatial
relationships and visual closure compared to those without amblyopia. Since amblyopia

negatively impacts binocular vision, these findings further support this research, showing that
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low scores in spatial relationships and visual closure were significantly related to exotropia,

impaired near point of convergence, accommodation, and stereoacuity.

In a study measuring visual perception using the TVPS, Ho et al. (2015) found a significant
association between near visual acuity and the visual discrimination and spatial relationship
domains (p<0.05), although these factors accounted for only 1-3% of the variance in visual
perception function. Contrarily, this research did not find that visual acuity problems affected

visual perception abilities.

While it might be expected that near visual acuity would not greatly impact visual perception—
since acuity primarily measures sharpness rather than the ability to distinguish differences
between objects—significant impairments could lead to distorted perceptions. Severe acuity
loss may cause individuals to struggle with visual memory and sequential memory tasks,
preventing them from recognizing target images. This could also affect other TVPS domains,

like figure-ground perception, where detail and sharpness are crucial.

These findings highlight the potential limitations of the TVPS, as visual acuity issues could
lead to underestimating visual perception function, resulting in lower scores. However, this
study ensured that children with acuity problems received appropriate refractive corrections
and sufficient adaptation time, likely reflecting valid deficits in perceptual function across the

cohort.

Two prior studies have employed the TVPS to assess visual perception function. Argilés et al.
(2023) found no significant differences in visual discrimination, visual memory, spatial
relationships, form constancy, figure-ground, or visual closure between school-aged children
with and without strabismus and amblyopia. A difference in sequential memory was noted, but
it was insignificant, slightly exceeding the 0.05 alpha threshold. These findings contrast with
other studies, including this one, suggesting no relationship between binocular vision and
visual perception. The authors did not provide a clear explanation for their results,
acknowledging their divergence from previous research. Variations in methodology, sample

size, and potential type Il error may have influenced Argilés et al.'s findings.

In another study, Hard et al. (2004) reported that 87% of children with known brain lesions
scored below the third percentile on the TVPS, with 85% exhibiting coexisting binocular vision
issues, specifically strabismus. They found that good visual acuity did not mitigate low TVPS
scores, indicating that intact or nearly normal acuity may not suffice to maintain visual

perception in children with disturbed binocular vision. In contrast, this study revealed that 33-

T.K. Tien, D Optom. Thesis, Aston University 2024. 64



57% of participants scored below the 25th percentile, representing a smaller proportion than
in Hard et al.'s research. This discrepancy was expected, however, as the current study
excluded children with brain lesions, which are known to adversely affect visual function (Sefi-
Yurdakul, 2015; Sakki et al., 2022). Furthermore, Hard et al. utilized the first edition of the

TVPS, while this study and others have used more recent editions, limiting direct comparisons.

Some studies have previously examined the relationship between binocular vision and visual
perception in school children using non-TVPS assessments (Gligorovic et al., 2011; Cavézian
et al.,, 2010; Cavézian et al., 2013). This limits comparability with the current research,
although some tests align with TVPS subdomains. For instance, Cavézian et al. (2013) found
that children aged 4-7 with various ophthalmic issues, including strabismus and amblyopia
(70.8%), exhibited significantly poorer visual perception than healthy controls, taking longer to
complete tasks. Their visual perception assessment involved a shape-matching task that
reflected the form constancy and visual discrimination domains of the TVPS. However, by
focusing on a limited range of visual perception functions, Cavézian et al. may have
underestimated the prevalence and nature of visual perception problems. The control group

performed adequately, reducing concerns about comparative bias.

In this study, indicators of strabismus, such as impaired cover testing and eso- and exo-tropia,
were significant predictors of low scores in form constancy and visual discrimination,
supporting Cavézian et al.'s findings. However, this research also identified additional
influences from accommodative function and stereoacuity on these scores, revealing more
complexity in the visual functions affecting perception. Caution should be exercised in these
comparisons, as Cavézian et al.'s study involved a small cohort of 24 children, making it

underpowered and potentially prone to invalid results.

In earlier work by Cavézian et al. (2010), additional visual perception tests were administered
to children with various neurovisual problems, primarily involving disorders of binocular vision.
The results indicated that this neurovisual group performed worse than healthy controls on all
three tests, with scores as follows: visual memory (3.61 vs. 3.54), embedded figures (21.9 vs.
22.1), and shape-matching (7.9 vs. 7.5). However, the differences were not statistically

significant, likely due to a high risk of type Il error from the small neurovisual group (n=10).

The visual memory test aligns with the TVPS, while the shape-matching task assesses form
constancy and visual discrimination, and the embedded figures test corresponds with figure-
ground perception. This study also found that poor visual discrimination and form constancy

were evident in children with impaired binocular vision, supporting the adverse effects of
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binocularity on visual perception. Additionally, phoria at distance significantly predicted figure-
ground ability, further reinforcing the interrelationship between binocularity and visual

perception in school-age children.

Gligorovi¢ et al. (2011) assessed the relationship between strabismus, stereoacuity, and
visual perception in visually impaired children aged 7-15 using the Acadia Developmental
Abilities Test. The majority of the cohort had strabismus (65.5%) and impaired stereoscopic
vision (69.1%). They found no significant differences in visual discrimination between
strabismic and non-strabismic children (p=0.114), but strabismus was associated with
significantly poorer visual memory (p=0.037). No significant variances in visual memory or

discrimination scores were observed in children with and without impaired stereopsis (p>0.05).

In contrast, the current study found that impaired binocularity significantly affected scores in
visual discrimination, visual memory, spatial relationships, and visual closure. This aligns with
Ibrahimi et al. (2021), which noted significant reductions in visual memory and discrimination
scores in children with esotropia (both p<0.01), but not in those with exotropia. The
discrepancies with Gligorovi¢ et al. may stem from methodological differences. Additionally,
impaired stereopsis in the current study impacted scores for visual closure, form constancy,
and visual discrimination, further highlighting the complexities of visual perception in children

with binocular vision issues.

The current study found that age significantly predicted visual memory and visual closure
among school children aged 6-14 years. However, age was not a predictor for the other TVPS
domains. This supports previous findings that older children generally perform better in visual

perception tasks due to greater cognitive maturity and intellect.

While prior studies indicate that age influences visual perception—Gligorovic¢ et al. (2011)
noted more favorable outcomes in older children compared to younger ones, and lbrahimi et
al. (2021) found similar trends—this study did not find consistent support for all domains
assessed. Additionally, gender differences in visual perception were not examined in this
research, though Ibrahimi et al. reported that boys performed better in figure ground and visual

closure tasks, while girls excelled in visual and sequential memory.

These variances may stem from developmental differences in brain size, cortical density, and
neural maturation (Ingalhalikar et al., 2014; Keith et al., 2011). Overall, the findings highlight
the complexities of visual perception and suggest that age is a significant factor, while gender

may also play a role in performance across different domains.

T.K. Tien, D Optom. Thesis, Aston University 2024. 66



Functional imaging studies indicate gender differences in brain activation during cognitive
tasks, suggesting that standardized visual perception tests adjusted for age may not provide
reliable measures without considering gender and other influencing factors (Asano et al.,
2014; Rubia et al., 2010). Asano et al. (2014) used functional magnetic resonance imaging to
examine brain activation in children aged 6-18 during a visual perception task involving
attention, working memory, and cognitive maintenance. They found a strong correlation
between non-verbal cognitive abilities and visual perception, with notable activation in the right
temporoparietal junction related to attention reorientation occurring only in males. However,
no performance differences were observed, implying that other factors, especially age, may
influence visual perception. Notably, no studies have investigated brain activation in response
to validated visual perception assessments like the TVPS, highlighting a gap that warrants
further research (Ganis et al., 2004; Calhoun et al., 2001).

4.2.2 Role and Evaluation of Machine Learning
Given the methodological differences in prior research, this study employed a novel approach

to explore the relationship between visual perception, binocular vision, and other optometric
functions in school children. Using machine learning and data mining via Orange software
(Orange, 2024), this study presents original findings, marking the first use of this tool in
optometric research. While machine learning offers powerful predictive analysis by handling
large datasets and enabling real-world comparisons, the results should be interpreted with
caution, considering the advantages and limitations of this approach (discussed in subsection
4.3).

Machine learning, increasingly used in health research, employs algorithms and statistical
techniques to analyze data without the need for specialized programming. The Orange
platform utilizes supervised learning, predicting outcomes based on trained data (Habehh and
Gohel, 2021). Machine learning has shown strong predictive capabilities in medical fields. For
example, Banoei et al. (2023) used it to predict recovery outcomes for traumatic brain injury
patients, with high accuracy (Q2 >0.4-0.5, AUC 0.99). Similarly, Yang et al. (2023)
demonstrated its effectiveness in analyzing polygenic scores for cancer outcomes. Predictive
insights from machine learning can significantly impact decision-making and risk assessment

in clinical practice (Swanson et al., 2023).

Recent reviews emphasize the potential of machine learning in ophthalmology, closely
aligning with optometry due to the reliance on objective metrics and digital imaging (Srivastava
et al., 2023; Ting et al., 2019). However, effective use of artificial intelligence (Al) requires

large datasets for accurate analysis. The value of machine learning gained further attention
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during the COVID-19 pandemic, where telehealth combined with Al offered potential solutions
for overcoming access barriers and easing clinician workload (Nikolaidou and Tsaousis,
2021). This is especially important given the increasing demand-capacity gaps in patient care
(Charlesworth, 2022).

In optometry, machine learning can serve as a decision support tool by predicting vision
problems based on specific scoring criteria for TVPS domains, or vice versa—forecasting
visual perception ability from specific vision deficits (Srivastava et al., 2023). In this study, the
use of Orange software generated nomograms that allow optometrists to input objective
metrics (e.g., exophoria degree) and predict visual perception scores. This personalized
approach could improve assessment and treatment decisions, tailoring interventions to
individual needs. Moreover, identifying potential visual perception deficits may aid educational
planning by accommodating these impairments. Overall, this research represents a significant

advancement in optometry with promising implications for future practice.

Machine learning has been effectively used in ophthalmology, particularly in detecting diabetic
retinopathy with high accuracy (AUC > 0.98) through deep learning models (Abramoff et al.,
2016; Gulshan et al., 2016). These results suggest similar potential for optometry, though
larger datasets are essential for improving accuracy, as seen in previous studies. The
application of machine learning in optometry could enhance decision-making, reduce false
negatives, and improve efficiency in patient care. Standardization in future research is crucial

to maximize its benefits in clinical practice.

Much of the deep learning research in ophthalmology has focused on predicting disease
progression, such as visual field defects in glaucoma (Goldbaum et al., 2012; Wen et al.,
2019). Similarly, this study aimed to predict the relationship between optometric metrics and
TVPS scores using machine learning. The ability to predict the impact of binocular vision
problems on visual perception in children could offer insights into their long-term effects on
academic performance, quality of life, and psychological wellbeing. Visual function is critical
to learning, particularly in younger children, where impairments can negatively affect academic

outcomes (Wood et al., 2018; Harrington et al., 2022).

The expansion of machine learning in optometry could extend to predicting educational
outcomes for school children based on impairments in binocular vision and visual perception.
This information could guide treatment decisions, aligning interventions with academic goals
and the preferences of children and their parents. For example, early or more aggressive

treatment for strabismus may be considered to prevent its negative impact on learning and
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development. Additionally, machine learning could integrate developmental data to project
how vision deficits affect social and developmental milestones, addressing the broader

implications of vision disorders on children’s lives and meeting the expectations of families.

4.3 Strengths and Limitations
The findings of this study should be considered in light of its merits and limitations. Key

strengths include a comprehensive analysis of the relationships between visual perception,
binocular vision, and other visual functions, contributing new knowledge to the field. A
reasonable sample of school children aged 6-14 was used, enhancing the generalizability of
the results. The novel application of machine learning to predict these relationships highlights
the potential role of artificial intelligence in optometry and offers a foundation for future
research. The use of the TVPS provided a standardized and robust assessment of visual
perception abilities, addressing inter-study inconsistencies in the literature. Additionally,
Bonferroni correction was applied to reduce the risk of type | error, ensuring the reliability of

the findings.

Despite the strengths of this study, several limitations should be considered. The cross-
sectional design allowed for a one-time analysis of the relationships between visual
perception, binocular vision, and other visual functions, but it did not capture how these
relationships change with age or development. This limits the ability to assess long-term
evolution or causality between these factors. Additionally, the use of machine learning
software prevented the study from accounting for confounding variables such as age, gender,
cognitive development, and pre-existing medical conditions. As the PCA results indicated,
other variables likely contributed to the unexplained variance (42%), highlighting the potential

influence of unmeasured factors.

The study recruited a reasonable sample of school children (n=97) who completed the visual
assessments, but the sample size was relatively small, limiting the generalizability of the
findings. Additionally, the cohort's baseline characteristics may not represent children from
different geographic regions due to varying prevalence of vision problems. However, the
sample size was sufficient to reduce the risk of statistical bias and type Il error, as confirmed
by G-Power sample size calculations, though its adequacy for machine learning analyses
remains uncertain. Given the small dataset, the machine learning outcomes may lack the
accuracy and reliability needed for routine optometric use, though this work provides a

feasibility sample for future research in this area.
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Measurement bias may have arisen due to the incomplete validity of the TVPS in assessing
visual perception. While the TVPS is considered a comprehensive and widely accepted tool
for school-aged children, its internal consistency ranges (Cronbach alpha 0.68-0.81 for
domains and 0.94 overall) may pose a risk of bias for some visual perception functions (Brown
and Peres, 2018). Additionally, the TVPS has not been evaluated for responsiveness or
floor/ceiling effects, which may limit its ability to detect changes over time or accurately capture
the full range of visual perception abilities (Andrade, 2021a; Easson et al., 2018). Furthermore,
the test’s labor-intensive nature could lead to response-type biases, though the supervising
investigator took steps to mitigate this by providing clear instructions and encouraging

participants to ask for assistance with any issues during the assessment.

Alternative measures of visual perception, such as the Developmental Test of Visual
Perception (DTVP) and the Motor-free Visual Perception Test (MVPT), were considered;
however, their limitations outweigh those of the TVPS. While both tools have been validated
for school-aged children, their validation samples were smaller, potentially impacting their
external validity. Additionally, the DTVP and MVPT assess fewer visual perception functions
than the TVPS, with the DTVP focusing on visuo-motor integration and the MVPT on visual
memory and discrimination (Brown and Peres, 2018). This limited scope underscores the
rationale for using the TVPS in this research to enhance the rigor and comprehensiveness of
the findings. The TVPS stands out among visual perceptual assessments due to its non-motor
design, allowing for a focused evaluation of perceptual abilities without the influence of motor
skills. Other assessments, such as MVPT and DTVP, also address visual perception but differ

in their approach and emphasis.

The MVPT, like the TVPS, avoids motor responses, making it a suitable option for individuals
who may have motor impairments. It is often shorter in duration and commonly used for rapid
screening purposes (Brown et al., 2003). In contrast, the DTVP integrates both motor and
perceptual tasks, making it particularly effective for identifying combined motor and perceptual
difficulties. This dual focus, while valuable for assessing visual-motor integration, means it
places less emphasis on isolated perceptual skills compared to the TVPS (Hammill et al.,
1993).

The TVPS is a highly reliable and comprehensive tool for evaluating visual perceptual skills.
It offers significant advantages in isolating perceptual abilities compared to motor-integrated
tests. However, practitioners should consider alternative assessments, like MVPT or DTVP,

depending on specific clinical or educational needs.
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4.4 Implications and Recommendations for Optometry
Based on the findings and their alignment with existing literature, several implications and

recommendations for optometry practice have been developed. First, given the significant
relationship identified between visual perception and binocular vision, it is crucial for
optometrists to consider the various factors influencing the completion and outcomes of the
TVPS. This is also relevant for other visual perception measures like the DTVP and MVPT,

though these were not part of this study.

To address the variable relationships found, optometrists should conduct comprehensive
vision screenings for children being assessed for visual perception. This approach will help
identify any unrecognized vision issues that could bias TVPS results. Special attention should
be given to problems related to convergence, accommodation, stereopsis, and other

binocularity disorders, as these significantly affected TVPS scores in this research.

Additionally, it is vital to ensure that children tested for visual perception do not have cognitive
or intellectual impairments that could hinder their performance on the TVPS. To enhance the
assessment process, optometrists might consider incorporating supplementary measures like
the Visual Attention Assessment, which has recently been piloted for younger children (Prieler
et al., 2018). Furthermore, assessments that focus on broader attentional functions may also
be useful in identifying attentional issues prior to conducting the TVPS (Mahone and
Schneider, 2012).

Supervision during the TVPS is crucial for maintaining the focus and concentration of test
takers, as distractions can lead to rushed responses and misinterpretations of visual
perception abilities. Given the assessment's comprehensive nature, the authors might
consider developing a shorter version to accommodate children who are easily distracted or
have concentration difficulties. However, creating a streamlined assessment may be

challenging due to the complexity of measuring various visual perception functions.

While the TVPS is widely regarded as a leading assessment tool, caution is warranted in its
application. Cognitive or intellectual challenges may affect a child's performance, and the
TVPS does not assess broader cognitive functions, potentially leading to misdiagnosis of
visual perception issues. Therefore, a thorough evaluation of both cognitive and visual
functions is essential for informed management decisions. Such assessments can significantly
influence treatment strategies, ultimately impacting children's educational potential, life

opportunities, and overall health and well-being.
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The findings indicate that a child's age significantly impacts visual perception functions, such
as visual memory and visual closure. However, the lack of influence from other demographic
factors, particularly gender, suggests a need for re-evaluating the TVPS's validation. Previous
literature has highlighted gender differences in visual perception, notably in areas like visual

closure, figure ground, and sequential memory (Ibrahimi et al., 2021).

Additionally, optometrists and TVPS developers should consider other variables that may
affect scores, such as familiarity with cognitive tasks or "brain games," which could enhance
performance on certain visual perception tasks. While the TVPS includes practice runs, this
may not adequately reflect an individual’s broader experiences with similar tasks. Conversely,
these practice runs might not sufficiently prepare some children, potentially leading to biased

scores.

One particular concern is the spatial relationships task, which showed no significant
association with binocular vision in this study. This finding raises questions about whether the
task is appropriately adjusted for the test taker's age. Further research is needed to assess its
feasibility and validity. Notably, the developmental testing of the TVPS indicated high internal
consistency for the spatial relationships domain, with Cronbach's alpha values ranging from
0.77 to 0.90 for ages 5-14 (Martin, 2017). This suggests that the validity concerns regarding

this domain might stem from methodological biases in this research.

4.5 Implications and Recommendations for Machine Learning
Developing comprehensive databases could enhance our understanding of machine

learning's potential role in optometry. While creating an international database to gather
extensive optometric data is ambitious, the growing digitalization of healthcare systems and
patient records in high-income countries suggests that this vision is attainable (Stoumpos et
al., 2023). In the UK, the National Health Service (NHS) has received funding to digitalize
electronic health records; however, not all trusts have adopted these systems, highlighting the

complexities and barriers involved in this process (Department of Health, 2024).

To support and expedite the digitalization of the NHS, stronger policy and organizational
efforts are necessary, alongside improved integration across health services. Specifically,
standardizing the digitalization of optometric services throughout the UK is essential for
collecting the data required for machine learning applications. Other countries, particularly in
Scandinavia, have demonstrated the benefits of extensive population health data capture
through established national patient health records, leading to significant research

advancements that might have otherwise gone unexplored (Hagglund and Scandurra, 2022;
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Laugesen et al., 2021). This study represents a proactive step toward enhancing patient health
data systems and could serve as a catalyst for ongoing efforts to create a more efficient and

integrated future in healthcare.

T.K. Tien, D Optom. Thesis, Aston University 2024. 73



Chapter 5. Conclusion and Future Research

5.1 Concluding Statements
This research aimed to investigate the relationship between visual perception and binocular

vision in school children aged 6 to 14 years. The introductory and literature review chapters
highlighted a significant gap in the evidence regarding how these variables interact, generating
uncertainty about the effects of binocular vision on visual perception in this critical age group.
Without normal perception and binocular vision, children may face reduced academic
performance and limited life opportunities. Therefore, understanding this relationship is

essential for improving screening, surveillance, and management strategies.

In addition to examining the relationship between visual perception and binocular vision, this
study explored the feasibility of using machine learning software to predict these associations,
marking the first effort within optometry to leverage machine learning for such purposes. This

innovation could drive advancements in both research and clinical decision-making.

Key objectives included assessing the suitability of the Test of Visual Perceptual Skills (TVPS)
for children and identifying other optometric factors affecting TVPS scores. The findings
confirmed a significant relationship between impairments in binocular vision—such as
accommodation issues, phoria, vergence function, and stereoacuity—and suboptimal TVPS
scores (<25th percentile) in various visual perception functions, including visual discrimination,

memory, spatial relationships, form constancy, figure-ground perception, and visual closure.

5.2 Recommendations for Future Research
This research provided substantial evidence of a strong relationship between visual perception

and binocular vision in school children. All TVPS domains, except for sequential memory,
demonstrated some connection to binocular vision. Future studies should aim to standardize
the literature by using the TVPS as the primary measure of visual perception, allowing for

meaningful comparisons across studies and enhancing our understanding of this relationship.

To strengthen the evidence base, it would be beneficial for future research to incorporate
multiple measures of visual perception, such as the DTVP and MVPT, alongside the TVPS.
This convergence of data could provide insights into the associations between binocular vision
and specific visual perception tasks while also clarifying the uncertain relationship between

binocular vision and spatial abilities.
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The PCA revealed several residual factors that modestly influenced TVPS scores and
optometric variables, highlighting the need to identify these factors for accurate assessments.
Possible mediating variables include gender, cognitive development, and prior exposure to
cognitive games, warranting further research to explore their effects. Understanding these
influences could inform future revisions of the TVPS and other visual perception assessments,
ensuring greater accuracy and reliability. Additionally, the potential for neuroplasticity raises
questions about whether visual perception in children with binocular issues can improve over

time.

T.K. Tien, D Optom. Thesis, Aston University 2024. 75



References

Abdolalizadeh, P., Chaibakhsh, S. and Falavarjani, K. G. (2021). Global burden of paediatric
vision impairment: a trend analysis from 1990 to 2017. Eye (Lond), 35, (8), 2136-2145.
Available at: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8302648/ [accessed:
10/08/2023]

Abramoff, M. D., Lou, Y., Erginay, A., Clarida, W., Amelon, R., Folk, J. C. and Niemeijer, M.
(2016). Improved Automated Detection of Diabetic Retinopathy on a Publicly Available
Dataset Through Integration of Deep Learning. Invest Ophthalmol Vis Sci, 57, (13), 5200-
5206. Available at: https://pubmed.ncbi.nim.nih.gov/27701631/ [accessed: 10/05/2024]

Adams, J., Hillier-Brown, F. C., Moore, H. J., Lake, A. A., Araujo-Soares, V., White, M. and
Summerbell, C. (2016). Searching and synthesising ‘grey literature’ and ‘grey information’ in
public health: critical reflections on three case studies. Systematic Reviews, 5, (1), 164-170.
Available at: https://doi.org/10.1186/s13643-016-0337-y [accessed: 12/08/2020]

Adler, P. M., Cregg, M., Viollier, A.-J. and Margaret Woodhouse, J. (2007). Influence of
target type and RAF rule on the measurement of near point of convergence. Ophthalmic and
Physiological Optics, 27, (1), 22-30. Available at: https://doi.org/10.1111/j.1475-
1313.2006.00418.x [accessed: 10/04/2021]

Al-Jundi, A. and Sakka, S. (2017). Critical Appraisal of Clinical Research. J Clin Diagn Res,
11, (5), 1-5. Available at: https://doi.org/10.7860/JCDR/2017/26047.9942 [accessed:
10/10/2018]

Ali, Q., Heldal, I., Helgesen, C. G., Kridmina, G., Costescu, C. A., Kovari, A., Katona, J. and
Thill, S. (2021). Current Challenges Supporting School-Aged Children with Vision Problems:
A Rapid Review. Applied Sciences, 2, (1), 1-8. Available at:
https://www.semanticscholar.org/paper/Current-Challenges-Supporting-School-Aged-
Children-Ali-Heldal/26a8bc2b60968ddfba424ba2db0d19f27e179bae [accessed: 01/05/2024]

Alrasheed, S. H. and Elmadina, A. E. M. (2020). Effect of Binocular Vision Problems on
Childhood Academic Performance and Teachers' Perspective. Pakistan Journal of
Ophthalmology, 36, (2), 1-7. Available at: https://pjo.org.pk/index.php/pjo/article/view/896
[accessed: 10/04/2021]

Alvarez-Peregrina, C., Sdnchez-Tena, M., Andreu-Vazquez, C. and Villa-Collar, C. (2020).
Visual Health and Academic Performance in School-Aged Children. Int J Environ Res Public
Health, 17, (7), 1-7. Available at: hitps://www.ncbi.nim.nih.gov/pmc/articles/PMC7177927/
[accessed: 10/08/2023]

Alvarez-Peregrina, C., Villa-Collar, C., Andreu-Vazquez, C. and Sanchez-Tena, M. A.
(2021). Influence of Vision on Educational Performance: A Multivariate Analysis.
Sustainability, 13, (8), 4187-4197. Available at: https://www.mdpi.com/2071-1050/13/8/4187
[accessed: 01/08/2023]

Andrade, C. (2021a). The Ceiling Effect, the Floor Effect, and the Importance of Active and
Placebo Control Arms in Randomized Controlled Trials of an Investigational Drug. Indian J
Psychol Med, 43, (4), 360-361. Available at:
https://www.ncbi.nim.nih.gov/pmc/articles/PMC8327873/ [accessed: 01/05/2024]

T.K. Tien, D Optom. Thesis, Aston University 2024. 76


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8302648/
https://pubmed.ncbi.nlm.nih.gov/27701631/
https://doi.org/10.1186/s13643-016-0337-y
https://doi.org/10.1111/j.1475-1313.2006.00418.x
https://doi.org/10.1111/j.1475-1313.2006.00418.x
https://doi.org/10.7860/JCDR/2017/26047.9942
https://www.semanticscholar.org/paper/Current-Challenges-Supporting-School-Aged-Children-Ali-Heldal/26a8bc2b60968ddfba424ba2db0d19f27e179bae
https://www.semanticscholar.org/paper/Current-Challenges-Supporting-School-Aged-Children-Ali-Heldal/26a8bc2b60968ddfba424ba2db0d19f27e179bae
https://pjo.org.pk/index.php/pjo/article/view/896
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7177927/
https://www.mdpi.com/2071-1050/13/8/4187
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8327873/

Argilés, M., Gispets, J., Lupén, N., Sunyer-Grau, B., Rovira-Gay, C., Pérez-Ternero, M. and
Berta-Cabanas, M. (2023). Impact of strabismus and binocular dysfunctions in the
developmental eye movement test and test of visual perception skills: A multicentric and
retrospective study. J Optom, 16, (4), 277-283. Available at:
https://www.ncbi.nim.nih.gov/pmc/articles/pmid/37142504/ [accessed: 01/05/2024]

Armstrong, R. A. (2014). When to use the Bonferroni correction. Ophthalmic Physiol Opt, 34,
(5), 502-8. Available at: https://pubmed.ncbi.nim.nih.gov/24697967/ [accessed: 10/05/2024]

Asano, K., Taki, Y., Hashizume, H., Sassa, Y., Thyreau, B., Asano, M., Takeuchi, H. and
Kawashima, R. (2014). Healthy children show gender differences in correlations between
nonverbal cognitive ability and brain activation during visual perception. Neurosci Lett, 577,
(1), 66-71. Available at: https://pubmed.ncbi.nim.nih.gov/24937269/ [accessed: 01/05/2024]

Atkinson, A. P., & Adolphs, R. (2011). The neuropsychology of face perception: Beyond
simple dissociations and functional selectivity. Philosophical Transactions of the Royal
Society B: Biological Sciences, 366(1571), 1726-1738.
https://doi.org/10.1098/rstb.2010.0349

Aveyard, H. (2023). Doing a literature review in health and social care: a practical guide, 5th
edition. Berkshire, UK, Open University Press.

Bailey, I. L. and Jackson, A. J. (2016). Changes in the clinical measurement of visual acuity.
J Phys Conf Ser, 772, (1), 1-7. Available at: https://iopscience.iop.org/article/10.1088/1742-
6596/772/1/012046 [accessed: 10/04/2021]

Bakken, L., Brown, N. and Downing, B. (2017). Early Childhood Education: The Long-Term
Benefits. Journal of Research in Childhood Education, 31, (2), 255-269. Available at:
https://doi.org/10.1080/02568543.2016.1273285 [accessed: 10/02/2022]

Banerjee, A., Chitnis, U. B., Jadhav, S. L., Bhawalkar, J. S. & Chaudhury, S. 2009.
Hypothesis testing, type | and type Il errors. Ind Psychiatry J, 18, 127-131. Available at:
https://doi.org/10.4103/0972-6748.62274 [accessed: 01/11/2020]

Banoei, M. M., Lee, C. H., Hutchison, J., Panenka, W., Wellington, C., Wishart, D. S. and
Winston, B. W. (2023). Using metabolomics to predict severe traumatic brain injury outcome
(GOSE) at 3 and 12 months. Crit Care, 27, (1), 295-305. Available at:
https://pubmed.ncbi.nim.nih.qov/37481590/ [accessed: 10/05/2024]

Bates, A. (2010). Common eye problems among children. London journal of primary care, 3,
(1), 27-30. Available at: https://pubmed.ncbi.nim.nih.gov/25949614 [accessed: 10/04/2021]

Beery, K. E., Buktenica, N. A., & Beery, N. A. (2004). Beery-Buktenica Developmental Test
of Visual-Motor Integration (5th ed.). Pearson Assessments.

Bountziouka, V., Cumberland, P. M. and Rahi, J. S. (2021). Impact of Persisting Amblyopia
on Socioeconomic, Health, and Well-Being Outcomes in Adult Life: Findings From the UK
Biobank. Value in Health, 24, (11), 1603-1611. Available at:
https://doi.org/10.1016/j.jval.2021.05.010 [accessed: 01/05/2024]

Bramer, W. M., de Jonge, G. B., Rethlefsen, M. L., Mast, F. and Kleijnen, J. (2018). A
systematic approach to searching: an efficient and complete method to develop literature
searches. Journal of the Medical Library Association, 106, (4), 531-541. Available at:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6148622/ [accessed: 20/01/2019]

T.K. Tien, D Optom. Thesis, Aston University 2024. 77


https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/37142504/
https://pubmed.ncbi.nlm.nih.gov/24697967/
https://pubmed.ncbi.nlm.nih.gov/24937269/
https://iopscience.iop.org/article/10.1088/1742-6596/772/1/012046
https://iopscience.iop.org/article/10.1088/1742-6596/772/1/012046
https://doi.org/10.1080/02568543.2016.1273285
https://pubmed.ncbi.nlm.nih.gov/37481590/
https://pubmed.ncbi.nlm.nih.gov/25949614
https://doi.org/10.1016/j.jval.2021.05.010
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6148622/

Bramer, W. M., Rethlefsen, M. L., Kleijnen, J. and Franco, O. H. (2017). Optimal database
combinations for literature searches in systematic reviews: a prospective exploratory study.
Systematic Reviews, 6, (1), 245-247. Available at: https://doi.org/10.1186/s13643-017-0644-
y [accessed: 12/09/2018]

Brodsky, M. C. (2020). Phoria Adaptation: The Ghost in the Machine. Journal of Binocular
Vision and Ocular Motility, 70, (1), 1-10. Available at:
https://doi.org/10.1080/2576117X.2019.1706699 [accessed: 10/05/2024]

Brown, T. and Peres, L. (2018). An overview and critique of the Test of Visual Perception
Skills - fourth edition (TVPS-4). Hong Kong J Occup Ther, 31, (2), 59-68. Available at:
https://doi.org/10.1177/1569186118793847 [accessed: 10/04/2021]

Brown, T., Rodger, S., & Davis, A. (2003). Test-retest reliability of the Motor-Free Visual
Perception Test—Revised (MVPT-R). Journal of Occupational Therapy, Schools, & Early
Intervention, 20(3), 21-29.

Calhoun, V. D., Adali, T., McGinty, V. B., Pekar, J. J., Watson, T. D. and Pearlson, G. D.
(2001). fMRI activation in a visual-perception task: network of areas detected using the
general linear model and independent components analysis. Neuroimage, 14, (5), 1080-8.
Available at: https://pubmed.ncbi.nim.nih.gov/11697939/ [accessed: 10/05/2024]

Campbell, M., McKenzie, J. E., Sowden, A., Katikireddi, S. V., Brennan, S. E., Ellis, S.,
Hartmann-Boyce, J., Ryan, R., Shepperd, S., Thomas, J., Welch, V. and Thomson, H.
(2020). Synthesis without meta-analysis (SWiM) in systematic reviews: reporting guideline.
BMJ, 368, (2), 1-9. Available at: http://www.bmj.com/content/368/bmj.|6890.abstract
[accessed: 10/04/2024]

Cassetti, V., Sanders, T. and Bruce, A. (2019). Challenges of Eye Health Care in Children
and Strategies to Improve Treatment Uptake: A Qualitative Study from the Perspective of
Eye Care Professionals in the UK. Br Ir Orthopt J, 15, (1), 96-104. Available at:
https://www.ncbi.nim.nih.gov/pmc/articles/PMC7510391/ [accessed: 01/05/2024]

Cavézian, C., Vilayphonh, M., de Agostini, M., Vasseur, V., Watier, L., Kazandjian, S.,
Laloum, L. and Chokron, S. (2010). Assessment of visuo-attentional abilities in young
children with or without visual disorder: toward a systematic screening in the general
population. Res Dev Disabil, 31, (5), 1102-1108. Available at:
https://doi.org/10.1016/j.ridd.2010.03.006 [accessed: 10/07/2021]

Cavézian, C., Vilayphonh, M., Vasseur, V., Caputo, G., Laloum, L. and Chokron, S. (2013).
Ophthalmic disorder may affect visuo-attentional performance in childhood. Child
Neuropsychol, 19, (3), 292-312. Available at: https://doi.org/10.1080/09297049.2012.670214
[accessed: 10/07/2021]

Chan, L. W. (2004). Principal components analysis (PCA). Journal of Statistical Techniques
and Methodologies, 10(2), 105-120.

Charlesworth, A. (2022). The capacity challenge: workforce, funding and beds [Online].
Available at: https://www.health.org.uk/news-and-comment/blogs/the-capacity-challenge-
workforce-funding-and-beds [accessed: 10/12/2023].

Christian, L. W., Nandakumar, K., Hrynchak, P. K. and Irving, E. L. (2018). Visual and
binocular status in elementary school children with a reading problem. Journal of optometry,
11, (3), 160-166. Available at: https://pubmed.ncbi.nIm.nih.gov/29174394 [accessed:
10/04/2021]

T.K. Tien, D Optom. Thesis, Aston University 2024. 78


https://doi.org/10.1186/s13643-017-0644-y
https://doi.org/10.1186/s13643-017-0644-y
https://doi.org/10.1080/2576117X.2019.1706699
https://doi.org/10.1177/1569186118793847
https://pubmed.ncbi.nlm.nih.gov/11697939/
http://www.bmj.com/content/368/bmj.l6890.abstract
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7510391/
https://doi.org/10.1016/j.ridd.2010.03.006
https://doi.org/10.1080/09297049.2012.670214
https://www.health.org.uk/news-and-comment/blogs/the-capacity-challenge-workforce-funding-and-beds
https://www.health.org.uk/news-and-comment/blogs/the-capacity-challenge-workforce-funding-and-beds
https://pubmed.ncbi.nlm.nih.gov/29174394

Ciuffreda, K. J. (2017). Binocular vision in the twenty-first century. J Optom, 10, (3), 139-
140. Available at: https://doi.org/10.1016/j.0ptom.2017.05.002 [accessed: 10/02/2022]

Conway, M. L., Thomas, J. and Subramanian, A. (2012). Is the aligning prism measured with
the Mallett unit correlated with fusional vergence reserves? PLoS One, 7, (8), 1-9. Available
at: https://doi.org/10.1371/journal.pone.0042832 [accessed: 12/04/2021]

Corrow, S. L., Dalrymple, K. A. and Barton, J. J. (2016). Prosopagnosia: current
perspectives. Eye Brain, 8, (1), 165-175. Available at:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5398751/ [accessed: 10/04/2024]

Cui, J., Zhang, Y., Cheng, D., Li, D. and Zhou, X. (2017). Visual Form Perception Can Be a
Cognitive Correlate of Lower Level Math Categories for Teenagers. Front Psychol, 8, (1),
1336-1343. Available at: hitps://doi.org/10.3389/fpsyg.2017.01336 [accessed: 10/07/2021]

Cui, J., Zhang, Y., Wan, S., Chen, C., Zeng, J. and Zhou, X. (2019). Visual form perception
is fundamental for both reading comprehension and arithmetic computation. Cognition, 189,
(1), 141-154. Available at: https://pubmed.ncbi.nim.nih.gov/30953825/ [accessed:
10/04/2024]

Cui, Z., Hu, Y., Wang, X., Li, C., Liu, Z., Cui, Z. and Zhou, X. (2024). Form perception is a
cognitive correlate of the relation between subitizing ability and math performance. Cogn

Process, 2, (1), 1-8. Available at: https://pubmed.ncbi.nim.nih.gov/38421459/ [accessed:

10/04/2024]

D’Agostino, R. B., Pencina, M. J., Massaro, J. M., & Coady, S. (2013). Cardiovascular
disease risk assessment: Insights from Framingham. Global Heart, 8(1), 11-23.
https://doi.org/10.1016/j.gheart.2013.01.001

Davis, D. W., Burns, B. M., Wilkerson, S. A. and Steichen, J. J. (2005). Visual perceptual
skills in children born with very low birth weights. J Pediatr Health Care, 19, (6), 363-368.
Available at: https://doi.org/10.1016/j.pedhc.2005.06.005 [accessed: 10/07/2021]

Department of Health. (2024). The government's 2023 mandate to NHS England [Online].
Available at: https://www.gov.uk/government/publications/nhs-mandate-2023/the-
governments-2023-mandate-to-nhs-england [accessed: 10/05/2024].

Easson, A., Tomlinson, G. and Doria, A. (2018). Measurements: Validity, Reliability, and
Responsiveness [Online]. Available at: https://radiologykey.com/measurements-validity-
reliability-and-responsiveness/ [accessed: 10/05/2024].

Economides, J. R., Adams, D. L. and Horton, J. C. (2012). Perception via the deviated eye
in strabismus. J Neurosci, 32, (30), 10286-95. Available at:
https://www.ncbi.nim.nih.gov/pmc/articles/pmid/22836262/ [accessed: 10/04/2024]

Eperjesi, F. and Rundstrom, M. (2001). Practical Binocular Vision Assessment: A Practical
Guide, 1st edition. London, UK, Butterworth-Heinemann.

Fu, Z., Hong, H., Su, Z., Lou, B., Pan, C. W. and Liu, H. (2020). Global prevalence of
amblyopia and disease burden projections through 2040: a systematic review and meta-
analysis. Br J Ophthalmol, 104, (8), 1164-1170. Available at:
https://pubmed.ncbi.nim.nih.gov/31704700/ [accessed: 01/05/2024]

T.K. Tien, D Optom. Thesis, Aston University 2024. 79


https://doi.org/10.1016/j.optom.2017.05.002
https://doi.org/10.1371/journal.pone.0042832
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5398751/
https://doi.org/10.3389/fpsyg.2017.01336
https://pubmed.ncbi.nlm.nih.gov/30953825/
https://pubmed.ncbi.nlm.nih.gov/38421459/
https://doi.org/10.1016/j.pedhc.2005.06.005
https://www.gov.uk/government/publications/nhs-mandate-2023/the-governments-2023-mandate-to-nhs-england
https://www.gov.uk/government/publications/nhs-mandate-2023/the-governments-2023-mandate-to-nhs-england
https://radiologykey.com/measurements-validity-reliability-and-responsiveness/
https://radiologykey.com/measurements-validity-reliability-and-responsiveness/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/22836262/
https://pubmed.ncbi.nlm.nih.gov/31704700/

Ganis, G., Thompson, W. L. and Kosslyn, S. M. (2004). Brain areas underlying visual mental
imagery and visual perception: an fMRI study. Brain Res Cogn Brain Res, 20, (2), 226-41.
Available at: https://pubmed.ncbi.nim.nih.gov/15183394/ [accessed: 10/05/2024]

Gardner, M. F. (1996). Test of Visual Perceptual Skills (Non-Motor) Revised Manual.
Academic Therapy Publications.

Gillebert, C. R., Schaeverbeke, J., Bastin, C., Neyens, V., Bruffaerts, R., De Weer, A. S.,
Seghers, A., Sunaert, S., Van Laere, K., Versijpt, J., Vandenbulcke, M., Salmon, E., Todd, J.
T., Orban, G. A. and Vandenberghe, R. (2015). 3D Shape Perception in Posterior Cortical
Atrophy: A Visual Neuroscience Perspective. J Neurosci, 35, (37), 12673-92. Available at:
https://pubmed.ncbi.nim.nih.qov/26377458/ [accessed: 10/04/2024]

Girkin, C. A. and Miller, N. R. (2001). Central disorders of vision in humans. Surv
Ophthalmol, 45, (5), 379-405. Available at: https://doi.org/10.1016/s0039-6257(00)00208-3
[accessed: 10/07/2021]

Gitsels, L. A., Cortina-Borja, M. and Rahi, J. S. (2020). Is amblyopia associated with school
readiness and cognitive performance during early schooling? Findings from the Millennium
Cohort Study. PLOS ONE, 15, (6), 1-11. Available at:
https://doi.org/10.1371/journal.pone.0234414 [accessed: 10/04/2024]

Gligorovi¢, M., Vucini¢, V., ESkirovi¢, B. and Jablan, B. (2011). The influence of manifest
strabismus and stereoscopic vision on non-verbal abilities of visually impaired children. Res
Dev Disabil, 32, (5), 1852-1859. Available at: https://doi.org/10.1016/j.ridd.2011.03.018
[accessed: 10/07/2021]

Goldbaum, M. H., Lee, I., Jang, G., Balasubramanian, M., Sample, P. A., Weinreb, R. N.,
Liebmann, J. M., Girkin, C. A., Anderson, D. R., Zangwill, L. M., Fredette, M. J., Jung, T. P.,
Medeiros, F. A. and Bowd, C. (2012). Progression of patterns (POP): a machine classifier
algorithm to identify glaucoma progression in visual fields. Invest Ophthalmol Vis Sci, 53,
(10), 6557-67. Available at: https://pubmed.ncbi.nim.nih.gov/22786913/ [accessed:
10/05/2024]

Griffin, J. and Grisham, D. (2002). Binocular Anomalies: Diagnosis and Vision Therapy, 4th
edition. London, UK, Butterworth Heinemann.

Gulshan, V., Peng, L., Coram, M., Stumpe, M. C., Wu, D., Narayanaswamy, A.,
Venugopalan, S., Widner, K., Madams, T., Cuadros, J., Kim, R., Raman, R., Nelson, P. C.,
Mega, J. L. and Webster, D. R. (2016). Development and Validation of a Deep Learning
Algorithm for Detection of Diabetic Retinopathy in Retinal Fundus Photographs. Jama, 316,
(22), 2402-2410. Available at: https://pubmed.ncbi.nim.nih.gov/27898976/ [accessed:
10/05/2024]

Habehh, H. and Gohel, S. (2021). Machine Learning in Healthcare. Curr Genomics, 22, (4),
291-300. Available at: https://www.ncbi.nIlm.nih.gov/pmc/articles/PMC8822225/ [accessed:
10/04/2024]

Hagglund, M. and Scandurra, I. (2022). Usability of the Swedish Accessible Electronic
Health Record: Qualitative Survey Study. JMIR Hum Factors, 9, (2), 1-9. Available at:
https://www.ncbi.nim.nih.gov/pmc/articles/PMC9264119/ [accessed: 10/05/2024]

Hammill, D. D., Pearson, N. A, & Voress, J. K. (1993). Developmental Test of Visual
Perception (DTVP). Pro-Ed.

T.K. Tien, D Optom. Thesis, Aston University 2024. 80


https://pubmed.ncbi.nlm.nih.gov/15183394/
https://pubmed.ncbi.nlm.nih.gov/26377458/
https://doi.org/10.1016/s0039-6257(00)00208-3
https://doi.org/10.1371/journal.pone.0234414
https://doi.org/10.1016/j.ridd.2011.03.018
https://pubmed.ncbi.nlm.nih.gov/22786913/
https://pubmed.ncbi.nlm.nih.gov/27898976/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8822225/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9264119/

Hard, A. L., Aring, E. and Hellstrom, A. (2004). Subnormal visual perception in school-aged
ex-preterm patients in a paediatric eye clinic. Eye, 18, (6), 628-634. Available at:
https://doi.org/10.1038/sj.eye.6700740 [accessed: 10/04/2024]

Harrington, S., Davison, P. A. and O'Dwyer, V. (2022). School performance and undetected
and untreated visual problems in schoolchildren in Ireland; a population-based cross-
sectional study. Irish Educational Studies, 41, (2), 367-388. Available at:
https://doi.org/10.1080/03323315.2021.1899024 [accessed: 01/04/2024]

Hashemi, H., Pakzad, R., Heydarian, S., Yekta, A., Aghamirsalim, M., Shokrollahzadeh, F.,
Khoshhal, F., Pakbin, M., Ramin, S. and Khabazkhoob, M. (2019). Global and regional
prevalence of strabismus: a comprehensive systematic review and meta-analysis.
Strabismus, 27, (2), 54-65. Available at: https://pubmed.ncbi.nim.nih.gov/31012389/
[accessed: 01/05/2024]

Hashemi, H., Pakzad, R., Nabovati, P., Azad Shahraki, F., Ostadimoghaddam, H.,
Aghamirsalim, M., Pakbin, M., Yekta, A., Khoshhal, F. and Khabazkhoob, M. (2020). The
prevalence of tropia, phoria and their types in a student population in Iran. Strabismus, 28,
(1), 35-41. Available at: https://pubmed.ncbi.nim.nih.gov/31868064/ [accessed: 10/05/2024]

Henriksen, S. and Read, Jenny C. A. (2016). Visual Perception: A Novel Difference Channel
in Binocular Vision. Current Biology, 26, (12), 500-503. Available at:
https://www.sciencedirect.com/science/article/pii/S0960982216304031 [accessed:
10/04/2021]

Ho, W. C., Tang, M. M., Fu, C. W., Leung, K. Y., Pang, P. C. and Cheong, A. M. (2015).
Relationship between Vision and Visual Perception in Hong Kong Preschoolers. Opfom Vis
Sci, 92, (5), 623-631. Available at: https://doi.org/10.1097/0px.0000000000000569
[accessed: 10/07/2021]

Horvat-Gitsels, L. A., Cortina-Borja, M. and Rahi, J. S. (2023). Educational attainment and
trajectories at key stages of schooling for children with amblyopia compared to those without
eye conditions: Findings from the Millennium Cohort Study. PLoS One, 18, (3), 1-12.
Available at: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10062655/ [accessed:
01/04/2024]

Huang, H.-M., Chang, D. S.-T. and Wu, P.-C. (2015). The Association between Near Work
Activities and Myopia in Children-A Systematic Review and Meta-Analysis. PloS one, 10,
(10), 1-12. Available at: https://pubmed.ncbi.nim.nih.gov/26485393 [accessed: 10/04/2021]

Hulley, S. B., Cummings, S. R., Browner, W. S., Grady, D. G. and Newman, T. B. (2013).
Designing clinical research, 4th edition. Philadelphia, PA, Lippincott Williams & Wilkins.

Huurneman, B. and Boonstra, F. N. (2016). Assessment of near visual acuity in 0—13 year
olds with normal and low vision: a systematic review. BMC Ophthalmology, 16, (1), 215-220.
Available at: https://doi.org/10.1186/s12886-016-0386-y [accessed: 10/04/2021]

Ibrahimi, D., Mendiola-Santibafez, J. D. and Gkaros, A.-P. (2021). Analysis of the potential
impact of strabismus with and without amblyopia on visual-perceptual and visual-motor skills
evaluated using TVPS-3 and VMI-6 tests. Journal of Optometry, 14, (2), 166-175. Available
at: https://www.sciencedirect.com/science/article/pii/S1888429620300522 [accessed:
10/07/2021]

T.K. Tien, D Optom. Thesis, Aston University 2024. 81


https://doi.org/10.1038/sj.eye.6700740
https://doi.org/10.1080/03323315.2021.1899024
https://pubmed.ncbi.nlm.nih.gov/31012389/
https://pubmed.ncbi.nlm.nih.gov/31868064/
https://www.sciencedirect.com/science/article/pii/S0960982216304031
https://doi.org/10.1097/opx.0000000000000569
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10062655/
https://pubmed.ncbi.nlm.nih.gov/26485393
https://doi.org/10.1186/s12886-016-0386-y
https://www.sciencedirect.com/science/article/pii/S1888429620300522

Ingalhalikar, M., Smith, A., Parker, D., Satterthwaite, T. D., Elliott, M. A., Ruparel, K.,

Hakonarson, H., Gur, R. E., Gur, R. C. and Verma, R. (2014). Sex differences in the

structural connectome of the human brain. Proc Natl/ Acad Sci U S A, 111, (2), 823-8.
Available at: https://pubmed.ncbi.nim.nih.gov/24297904/ [accessed: 10/05/2024]

Jung, J., Klaehn, L. and Brodsky, M. C. (2016). Stability of human binocular alignment in the
dark and under conditions of nonfixation. J aapos, 20, (4), 353-7. Available at:
https://pubmed.ncbi.nim.nih.qov/27346855/ [accessed: 10/05/2024]

Kaur, S., Sharda, S., Aggarwal, H. and Dadeya, S. (2023). Comprehensive review of
amblyopia: Types and management. Indian Journal of Ophthalmology, 71, (7), 1-12.
Available at:

https://journals.lww.com/ijo/fulltext/2023/71070/comprehensive_review of amblyopia__type
s _and.10.aspx [accessed: 10/04/2024]

Keith, T., Reynolds, M., Roberts, L., Winter, A. and Austin, C. (2011). Sex differences in
latent cognitive abilities ages 5 to 17: Evidence from the Differential Ability Scales—Second
Edition. Intelligence, 39, (1), 389-404. Available at:
https://www.researchgate.net/publication/232383641 Sex_differences_in_latent cognitive a
bilities ages 5 to 17 Evidence from the Differential Ability Scales-Second Edition
[accessed: 01/05/2024]

Khalaj, M., Mohammadi Zeidi, I., Gasemi, M. and Keshtkar, A. (2011). The effect of
amblyopia on educational activities of students aged 9 -15. J Biomed Sci Eng, 4, (1), 1-8.
Available at:

https://www.researchgate.net/publication/264839667 The effect of amblyopia on_educati
onal_activities_of students aged 9 -15 [accessed: 01/04/2024]

Kulp, M. T. and Mitchell, G. L. (2005). Randot stereoacuity testing in young children. J
Pediatr Ophthalmol Strabismus, 42, (6), 360-364. Available at:
https://pubmed.ncbi.nim.nih.qgov/16382561/ [accessed: 10/04/2021]

Laugesen, K., Ludvigsson, J. F., Schmidt, M., Gissler, M., Valdimarsdottir, U. A., Lunde, A.
and Sagrensen, H. T. (2021). Nordic Health Registry-Based Research: A Review of Health
Care Systems and Key Registries. Clin Epidemiol, 13, (1), 533-554. Available at:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8302231/ [accessed: 01/05/2024]

Lee, S. C. (2022). Visual Perceptual Skills as Predictors of Handwriting Skills of Children
Grades 1-3. Journal of Occupational Therapy, Schools, & Early Intervention, 15, (3), 265-
273. Available at: https://doi.org/10.1080/19411243.2021.1959484 [accessed: 10/04/2024]

Lu, J., Behboodian, M., Zolghadr, S., Zhang, W., & Zhang, J. (2018). A review of
applications of genetic algorithms in process engineering. Chemometrics and Intelligent
Laboratory Systems, 181, 50-68. https://doi.org/10.1016/j.chemolab.2018.08.004

Lu, W,, Fu, S., Zhang, Z., Wang, J., Zhou, Y., & Sun, J. (2018). Machine learning
applications in medical image analysis: A survey. IEEE Access, 6, 33353-33360.
https://doi.org/10.1109/ACCESS.2018.2846608

Mahone, E. M. and Schneider, H. E. (2012). Assessment of attention in preschoolers.
Neuropsychol Rev, 22, (4), 361-83. Available at:
https://www.ncbi.nim.nih.gov/pmc/articles/PMC3511648/ [accessed: 01/05/2024]

T.K. Tien, D Optom. Thesis, Aston University 2024. 82


https://pubmed.ncbi.nlm.nih.gov/24297904/
https://pubmed.ncbi.nlm.nih.gov/27346855/
https://journals.lww.com/ijo/fulltext/2023/71070/comprehensive_review_of_amblyopia__types_and.10.aspx
https://journals.lww.com/ijo/fulltext/2023/71070/comprehensive_review_of_amblyopia__types_and.10.aspx
https://www.researchgate.net/publication/232383641_Sex_differences_in_latent_cognitive_abilities_ages_5_to_17_Evidence_from_the_Differential_Ability_Scales-Second_Edition
https://www.researchgate.net/publication/232383641_Sex_differences_in_latent_cognitive_abilities_ages_5_to_17_Evidence_from_the_Differential_Ability_Scales-Second_Edition
https://www.researchgate.net/publication/264839667_The_effect_of_amblyopia_on_educational_activities_of_students_aged_9_-15
https://www.researchgate.net/publication/264839667_The_effect_of_amblyopia_on_educational_activities_of_students_aged_9_-15
https://pubmed.ncbi.nlm.nih.gov/16382561/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8302231/
https://doi.org/10.1080/19411243.2021.1959484
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3511648/

Maier, C., Thatcher, J. B., Grover, V. and Dwivedi, Y. K. (2023). Cross-sectional research: A
critical perspective, use cases, and recommendations for IS research. International Journal
of Information Management, 70, (1), 1-9. Available at:
https://www.sciencedirect.com/science/article/pii/S0268401223000063 [accessed:
01/05/2024]

Maples, W. C. (2003). NSUCO Oculomotor Test Manual. Santa Ana, CA: Optometric
Extension Program Foundation.

Maqgbool, J. (2021). Assessment of types of phorias in myopic patients before and after
refractive correction. Advances in Ophthalmology and Visual System, 11, (2), 1-8. Available
at: https://medcraveonline.com/AOVS/AOVS-11-00406.pdf [accessed: 10/05/2024]

Martin, N. A. (2006). Test of Visual Perceptual Skills (TVPS)-3 Manual. Academic Therapy
Publications.

Martin, N. A. (2017). Test of Visual Perceptual Skills-Fourth Edition (TVPS-4), 1st edition.
Novato, CA, Academic Therapy Publications.

McCullough, S. and Saunders, K. (2019). Visual Profile of Children who Passed or Failed
the UK School Vision Screening Protocol. Br Ir Orthopt J, 15, (1), 36-46. Available at:
https://www.ncbi.nim.nih.gov/pmc/articles/PMC7510406/ [accessed: 01/05/2024]

McHugh, M. L. (2012). Interrater reliability: the kappa statistic. Biochem Med, 22, (3), 276-
282. Available at: https://www.ncbi.nim.nih.gov/pubmed/23092060 [accessed: 13/09/2018]

Mestre, C., Otero, C., Diaz-Doutén, F., Gautier, J. and Pujol, J. (2018). An automated and
objective cover test to measure heterophoria. PloS one, 13, (11), 1-8. Available at:
https://pubmed.ncbi.nim.nih.gov/30383846 [accessed: 10/04/2021]

Milling, A., Newsham, D., Tidbury, L., O'Connor, A. R. and Kay, H. (2015). The
redevelopment of the Kay picture test of visual acuity. British and Irish Orthoptic Journal, 13,
(1), 14-21. Available at: https://www.bioj-online.com/articles/abstract/10.22599/bioj.97/
[accessed: 10/04/2021]

National Sensory Impairment Partnership (2015). Key facts about vision impairment in
children and young people. Available at: https://www.natsip.org.uk/search-new [accessed:
01/05/2024]

Nikolaidou, A. and Tsaousis, K. T. (2021). Teleophthalmology and Atrtificial Intelligence As
Game Changers in Ophthalmic Care After the COVID-19 Pandemic. Cureus, 13, (7), 1-8.
Available at: https://pubmed.ncbi.nim.nih.gov/34408945/ [accessed: 10/05/2024]

O'Connor, A. R. and Tidbury, L. P. (2018). Stereopsis: are we assessing it in enough depth?
Clinical & experimental optometry, 101, (4), 485-494. Available at:
https://pubmed.ncbi.nim.nih.gov/29377291 [accessed: 21/04/2021]

Orange. (2024). Data Mining [Online]. Available at: https://orangedatamining.com [accessed:
01/05/2024].

T.K. Tien, D Optom. Thesis, Aston University 2024. 83


https://www.sciencedirect.com/science/article/pii/S0268401223000063
https://medcraveonline.com/AOVS/AOVS-11-00406.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7510406/
https://www.ncbi.nlm.nih.gov/pubmed/23092060
https://pubmed.ncbi.nlm.nih.gov/30383846
https://www.bioj-online.com/articles/abstract/10.22599/bioj.97/
https://www.natsip.org.uk/search-new
https://pubmed.ncbi.nlm.nih.gov/34408945/
https://pubmed.ncbi.nlm.nih.gov/29377291
https://orangedatamining.com/

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann, T. C., Mulrow, C. D.,
Shamseer, L., Tetzlaff, J. M., Akl, E. A., Brennan, S. E., Chou, R., Glanville, J., Grimshaw, J.
M., Hrébjartsson, A., Lalu, M. M., Li, T., Loder, E. W., Mayo-Wilson, E., McDonald, S.,
McGuinness, L. A., Stewart, L. A., Thomas, J., Tricco, A. C., Welch, V. A., Whiting, P. and
Moher, D. (2021). The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. Bmj, 372, (1), 71-78. Available at:
https://pubmed.ncbi.nim.nih.qov/33782057/ [accessed: 10/10/2023]

Partos, T. R., Cropper, S. J. and Rawlings, D. (2016). You Don’t See What | See: Individual
Differences in the Perception of Meaning from Visual Stimuli. PLOS ONE, 11, (3), 1-8.
Available at: https://doi.org/10.1371/journal.pone.0150615 [accessed: 10/04/2021]

Pieters, S., Desoete, A., Roeyers, H., Vanderswalmen, R. and Van Waelvelde, H. (2012).
Behind mathematical learning disabilities: What about visual perception and motor skills?
Learning and Individual Differences, 22, (4), 498-504. Available at:
https://www.sciencedirect.com/science/article/pii/S1041608012000404 [accessed:
10/07/2021]

Powers, D. M. W. (2011). Evaluation: From precision, recall, and F-measure to ROC,
informedness, markedness, and correlation. Journal of Machine Learning Technologies,
2(1), 37-63.

Preston, L., Carroll, C., Gardois, P., Paisley, S. and Kaltenthaler, E. (2015). Improving
search efficiency for systematic reviews of diagnostic test accuracy: an exploratory study to
assess the viability of limiting to MEDLINE, EMBASE and reference checking. Syst Rev, 4,
82-89. Available at: https://doi.org/10.1186/s13643-015-0074-7 [accessed: 10/04/2024]

Prieler, T., Wood, C. and Thomson, J. M. (2018). Developing a Visual Attention Assessment
for Children at School Entry. Frontiers in Psychology, 9, (1), 1-8. Available at:
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyq.2018.02496
[accessed: 10/05/2024]

Read, J. C. A. (2015). Stereo vision and strabismus. Eye, 29, (2), 214-224. Available at:
https://doi.org/10.1038/eye.2014.279 [accessed: 10/04/2024]

Ridha, F., Sarac, S. and Erzurum, S. (2014). Effect of Strabismus Surgery on the Reading
Ability of School-Age Children. Clinical pediatrics, 53, (1), 1-8. Available at:
https://www.researchgate.net/publication/263204804 Effect of Strabismus_ Surgery on_th
e_Reading_Ability of School-Age_Children [accessed: 01/05/2024]

Rosenfield, M. and Logan, N. (2009). Optometry: Science, Techniques and Clinical
Management: Science Techniques and Clinical Management, 2nd edition. London, UK,
Butterworth-Heinemann.

Rubia, K., Hyde, Z., Halari, R., Giampietro, V. and Smith, A. (2010). Effects of age and sex
on developmental neural networks of visual-spatial attention allocation. Neuroimage, 51, (2),
817-27. Available at: https://pubmed.ncbi.nim.nih.qov/20188841/ [accessed: 01/05/2024]

Sakki, H., Dale, N. J., Mankad, K., Sargent, J., Talenti, G. and Bowman, R. (2022).
Exploratory Investigation of Brain MRI Lesions According to Whole Sample and Visual
Function Subtyping in Children With Cerebral Visual Impairment. Frontiers in Human
Neuroscience, 15, (1), 1-8. Available at:
https://www.frontiersin.org/articles/10.3389/fnhum.2021.765371 [accessed: 10/05/2024]

T.K. Tien, D Optom. Thesis, Aston University 2024. 84


https://pubmed.ncbi.nlm.nih.gov/33782057/
https://doi.org/10.1371/journal.pone.0150615
https://www.sciencedirect.com/science/article/pii/S1041608012000404
https://doi.org/10.1186/s13643-015-0074-7
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2018.02496
https://doi.org/10.1038/eye.2014.279
https://www.researchgate.net/publication/263204804_Effect_of_Strabismus_Surgery_on_the_Reading_Ability_of_School-Age_Children
https://www.researchgate.net/publication/263204804_Effect_of_Strabismus_Surgery_on_the_Reading_Ability_of_School-Age_Children
https://pubmed.ncbi.nlm.nih.gov/20188841/
https://www.frontiersin.org/articles/10.3389/fnhum.2021.765371

Sathyan, S. (2017). Vision screening at schools: Strategies and challenges. Kerala Journal
of Ophthalmology, 29, (2), 1-8. Available at:
https://journals.lww.com/kjop/fulltext/2017/29020/vision_screening_at_schools__strategies
and.13.aspx [accessed: 01/05/2024]

Sawamura, H., Gillebert, C. R., Todd, J. T. and Orban, G. A. (2018). Binocular stereo acuity
affects monocular three-dimensional shape perception in patients with strabismus. Br J
Ophthalmol, 102, (10), 1413-1418. Available at:
https://www.ncbi.nim.nih.gov/pmc/articles/pmid/29306865/ [accessed: 10/04/2024]

Scheiman, M. (2011). Understanding and managing vision deficits: a guide for occupational
therapists, 3rd edition. Thorofare, NJ, Slack.

Scheiman, M. M. and Wick, B. (2019). Clinical Management of Binocular Vision, 5e:
Heterophoric, Accommodative, and Eye Movement Disorders, 5th edition. London, UK,
Lippincott Williams and Wilkins.

Schwartz, S. H. (2017). Visual Perception: A Clinical Orientation, 5th edition. London, UK,
McGraw-Hill Education.

Sedgwick, P. (2014). Cross sectional studies: advantages and disadvantages. BMJ, 348,
2276-2280. Available at: https://www.bmj.com/content/bmj/348/bmj.g2276.full.pdf [accessed:
10/04/2024]

Sefi-Yurdakul, N. (2015). Visual findings as primary manifestations in patients with
intracranial tumors. Int J Ophthalmol, 8, (4), 800-3. Available at:
https://www.frontiersin.org/articles/10.3389/fnhum.2021.765371/full [accessed: 01/05/2024]

Smith, M. L., Gosselin, F. and Schyns, P. G. (2012). Measuring internal representations from
behavioral and brain data. Curr Biol, 22, (3), 191-196. Available at:
https://doi.org/10.1016/j.cub.2011.11.061 [accessed: 10/07/2021]

Srivastava, O., Tennant, M., Grewal, P., Rubin, U. and Seamone, M. (2023). Artificial
intelligence and machine learning in ophthalmology: A review. Indian J Ophthalmol, 71, (1),
11-17. Available at: https://www.ncbi.nim.nih.gov/pmc/articles/PMC 10155540/ [accessed:
10/05/2024]

Steckler, A. & McLeroy, K. R. 2008. The Importance of External Validity. American Journal
of Public Health, 98, 9-10. Available at:
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2156062/[accessed: 05/11/2020]

Stoumpos, A. |, Kitsios, F. and Talias, M. A. (2023). Digital Transformation in Healthcare:
Technology Acceptance and Its Applications. Int J Environ Res Public Health, 20, (4), 1-8.
Available at: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9963556/ [accessed:
10/05/2024]

Swanson, K., Wu, E., Zhang, A., Alizadeh, A. A. and Zou, J. (2023). From patterns to
patients: Advances in clinical machine learning for cancer diagnosis, prognosis, and
treatment. Cell, 186, (8), 1772-1791. Available at:
https://pubmed.ncbi.nim.nih.gov/36905928/ [accessed: 01/05/2024]

Tabrett, D. R. and Latham, K. (2012). Important areas of the central binocular visual field for
daily functioning in the visually impaired. Ophthalmic Physiol Opt, 32, (2), 156-163. Available
at: https://doi.org/10.1111/j.1475-1313.2012.00892.x [accessed: 10/02/2022]

T.K. Tien, D Optom. Thesis, Aston University 2024. 85


https://journals.lww.com/kjop/fulltext/2017/29020/vision_screening_at_schools__strategies_and.13.aspx
https://journals.lww.com/kjop/fulltext/2017/29020/vision_screening_at_schools__strategies_and.13.aspx
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/29306865/
https://www.bmj.com/content/bmj/348/bmj.g2276.full.pdf
https://www.frontiersin.org/articles/10.3389/fnhum.2021.765371/full
https://doi.org/10.1016/j.cub.2011.11.061
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10155540/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9963556/
https://pubmed.ncbi.nlm.nih.gov/36905928/
https://doi.org/10.1111/j.1475-1313.2012.00892.x

Tan, P.-N., Steinbach, M., Karpatne, A., & Kumar, V. (2021). Introduction to Data Mining
(2nd ed.). Pearson.

Tian, Y.-J., Chen, C., Zhang, X.-H., Cao, Y.-J. and Yu, Y.-Q. (2024). An investigation into the
correlation between visual performance in simulated complex environments and academic
attainment among primary school students. Scientific Reports, 14, (1), 5879-5889. Available
at: https://doi.org/10.1038/s41598-024-56548-7 [accessed: 01/05/2024]

Ting, D. S. W., Pasquale, L. R., Peng, L., Campbell, J. P, Lee, A. Y., Raman, R., Tan, G. S.
W., Schmetterer, L., Keane, P. A. and Wong, T. Y. (2019). Artificial intelligence and deep
learning in ophthalmology. British Journal of Ophthalmology, 103, (2), 167-177. Available at:
http://bjo.bmj.com/content/103/2/167.abstract [accessed: 10/05/2024]

Trombke, G. (2021). Visual Tracking Workbook: Visual Exercises for Vision Therapy, 1st
edition. London, UK, Independent Publishing.

Tsao, D. Y., & Livingstone, M. S. (2008). Mechanisms of face perception. Annual Review of
Neuroscience, 31, 411-437. https://doi.org/10.1146/annurev.neuro.30.051606.094238

UK National Screening Committee. (2023). Child vision screening [Online]. Available at:
https://www.gov.uk/government/collections/child-vision-screening [accessed: 01/05/2024].

UK NSC. (2023). Children screening programme: vision defects [Online]. Available at:
https://view-health-screening-recommendations.service.gov.uk/vision-defects/ [accessed:
01/05/2024].

Varkey, B. (2021). Principles of Clinical Ethics and Their Application to Practice. Medical
Principles and Practice, 30, (1), 17-28. Available at:
https://www.karger.com/DOI/10.1159/000509119 [accessed: 01/03/2024]

Vision Atlas. (2023). Child eye health [Online]. Available at:
https://www.iapb.org/learn/vision-atlas/magnitude-and-projections/child-eye-health/
[accessed: 20/08/2023].

Wajuihian, S. (2017). Prevalence of heterophoria and its association with near fusional
vergence ranges and refractive errors. African Vision and Eye Health, 77, (1), 1-8. Available
at: https://avehjournal.org/index.php/aveh/article/view/420/825 [accessed: 01/05/2024]

Warren, M. (1993). A hierarchical model for evaluation and treatment of visual perceptual
dysfunction in adult acquired brain injury, Part 1. Am J Occup Ther, 47, (1), 42-54. Available
at: https://pubmed.ncbi.nlm.nih.gov/84 18676/ [accessed: 01/05/2024]

Wen, J. C., Lee, C. S., Keane, P. A, Xiao, S., Rokem, A. S., Chen, P. P.,, Wu, Y. and Lee, A.
Y. (2019). Forecasting future Humphrey Visual Fields using deep learning. PLoS One, 14,
(4), 1-8. Available at: https://pubmed.ncbi.nim.nih.gov/30951547/ [accessed: 10/05/2024]

White, S. L. J., Wood, J. M., Black, A. A. and Hopkins, S. (2017). Vision screening outcomes
of Grade 3 children in Australia: Differences in academic achievement. International Journal
of Educational Research, 83, (1), 154-159. Available at:
https://www.sciencedirect.com/science/article/pii/S0883035517300587 [accessed:
10/04/2024]

WHO. (2023). Global health estimates: Leading causes of DALYs [Online]. Available at:
https://www.who.int/data/gho/data/themes/mortality-and-global-health-estimates/global-
health-estimates-leading-causes-of-dalys [accessed: 01/05/2024].

T.K. Tien, D Optom. Thesis, Aston University 2024. 86


https://doi.org/10.1038/s41598-024-56548-7
http://bjo.bmj.com/content/103/2/167.abstract
https://www.gov.uk/government/collections/child-vision-screening
https://view-health-screening-recommendations.service.gov.uk/vision-defects/
https://www.karger.com/DOI/10.1159/000509119
https://www.iapb.org/learn/vision-atlas/magnitude-and-projections/child-eye-health/
https://avehjournal.org/index.php/aveh/article/view/420/825
https://pubmed.ncbi.nlm.nih.gov/8418676/
https://pubmed.ncbi.nlm.nih.gov/30951547/
https://www.sciencedirect.com/science/article/pii/S0883035517300587
https://www.who.int/data/gho/data/themes/mortality-and-global-health-estimates/global-health-estimates-leading-causes-of-dalys
https://www.who.int/data/gho/data/themes/mortality-and-global-health-estimates/global-health-estimates-leading-causes-of-dalys

Williams, C., Northstone, K., Sabates, R., Feinstein, L., Emond, A. and Dutton, G. N. (2011).
Visual perceptual difficulties and under-achievement at school in a large community-based
sample of children. PLoS One, 6, (3), 1-7. Available at:
https://www.ncbi.nim.nih.gov/pmc/articles/PMC306 1856/ [accessed: 10/04/2024]

Wood, J. M., Black, A. A., Hopkins, S. and White, S. L. J. (2018). Vision and academic
performance in primary school children. Ophthalmic Physiol Opt, 38, (5), 516-524. Available
at: https://pubmed.ncbi.nim.nih.gov/30221376/ [accessed: 12/08/2023]

World Medical Association. (2018). Wma Declaration Of Helsinki — Ethical Principles For
Medical Research Involving Human Subjects [Online]. Available at:
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-
research-involving-human-subjects/ [accessed: 04/01/2019].

Yang, X., Kar, S., Antoniou, A. C. and Pharoah, P. D. P. (2023). Polygenic scores in cancer.
Nature Reviews Cancer, 23, (9), 619-630. Available at: https://doi.org/10.1038/s41568-023-
00599-x [accessed: 01/05/2024]

Yu, L., & Liu, H. (2003). Feature selection for high-dimensional data: A fast correlation-
based filter solution. Proceedings of the 20th International Conference on Machine Learning
(ICML-03), 856-863.

Zhang, H. (2004). The Optimality of Naive Bayes [Online]. Available at:
https://www.cs.unb.ca/~hzhang/publications/FLAIRS04ZhangH.pdf [accessed: 10/05/2024].

Zhang, S., Xia, X., Li, F., Chen, C. and Zhao, L. (2021a). Study on Visual and Auditory
Perception Characteristics of Children with Different Type of Mathematics Learning
Disability. International Journal of Disability, Development and Education, 68, (1), 78-94.
Available at: https://doi.org/10.1080/1034912X.2019.1634248 [accessed: 10/07/2021]

Zhang, X. J., Lau, Y. H., Wang, Y. M., Kam, K. W, Ip, P., Yip, W. W_, Ko, S. T., Young, A.
L., Tham, C. C,, Pang, C. P., Chen, L. J. and Yam, J. C. (2021b). Prevalence of strabismus
and its risk factors among school aged children: The Hong Kong Children Eye Study.
Scientific Reports, 11, (1), 1-13. Available at: https://doi.org/10.1038/s41598-021-93131-w
[accessed: 10/04/2024]

Zhaoping, L. and May, K. A. (2016). Efficient Coding Theory Predicts a Tilt Aftereffect from
Viewing Untilted Patterns. Curr Biol, 26, (12), 500-503. Available at:
https://europepmc.org/article/med/27291055 [accessed: 10/04/2021]

Zhou, X., Hu, Y., Yuan, L., Gu, T. and Li, D. (2020). Visual form perception predicts 3-year
longitudinal development of mathematical achievement. Cogn Process, 21, (4), 521-532.
Available at: https://pubmed.ncbi.nIm.nih.gov/32556792/ [accessed: 10/04/2024]

Zhou, X., Wei, W., Zhang, Y., Cui, J. and Chen, C. (2015). Visual perception can account for
the close relation between numerosity processing and computational fluency. Front Psychol,
6, (1), 1-9. Available at: https://pubmed.ncbi.nim.nih.qov/26441740/ [accessed: 10/04/2024]

T.K. Tien, D Optom. Thesis, Aston University 2024. 87


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3061856/
https://pubmed.ncbi.nlm.nih.gov/30221376/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://doi.org/10.1038/s41568-023-00599-x
https://doi.org/10.1038/s41568-023-00599-x
https://www.cs.unb.ca/~hzhang/publications/FLAIRS04ZhangH.pdf
https://doi.org/10.1080/1034912X.2019.1634248
https://doi.org/10.1038/s41598-021-93131-w
https://europepmc.org/article/med/27291055
https://pubmed.ncbi.nlm.nih.gov/32556792/
https://pubmed.ncbi.nlm.nih.gov/26441740/

Appendices

Appendix 1. Filtering process for the background literature review using PRISMA
diagram reporting.
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Appendix 2. Overview of background evidence regarding the link between binocular
vision and visual perception in school children.

Measure of Visual

Study . Key Findings
Perception
Argilés et al. TVPS No significant differences in TVPS domain scores
(2023) between children with binocular dysfunction and

healthy controls were identified (all p>0.05)

Cavézian et al.
(2010)

Shape matching
task

Impaired visual perception function, as indicated
by less favourable scores for all the three noted
tests, was present among the test group (vision
problems with most having strabismus), versus
healthy controls

Cavézian et al.
(2013)

Shape matching
task

The scores for the visual perception test among
those with vision problems (71% had strabismus)
were significantly inferior to healthy controls, as
was the completion time for the test (p<0.05)

Gligorovi¢ et al.
(2011)

Acadia
Developmental
Abilities Test

Children with strabismus encountered significantly
reduced scores for the visual memory and visual
discrimination components, relative to expected or
normal scores (both p<0.01)

Hard et al.
(2004)

TVPS

Two thirds of children with brain lesions attained
scores on the TVPS that were under the third
percentile: the majority of subjects had strabismus
and thus, a problem of binocular vision

Ho et al. (2015)

TVPS

Near visual acuity was significantly associated with
the visual discrimination and spatial relationships
(p<0.05) but these only contributed to 1-3% of the
variance in visual perception function. 15% of the
cohort had issues of stereopsis and strabismus but
it was not clear whether these factors influenced
visual perception abilities

Ibrahimi et al.
(2021)

TVPS

There was a trend towards worsening TVPS
scores in relation to strabismus (both esotropia and
exotropia) and comorbid impairments of stereopsis

Sawamura et al.
(2018)

Perception of
three-dimensional
shapes and feature
discrimination
tasks

Accuracy in the depth cue was significantly poorer
among persons with strabismus with stereopsis, as
compared to controls (70.5 v. 86.1, p=0.006)

T.K. Tien,

D Optom. Thesis,

Aston University 2024. 89




Appendix 3. School Invitation Letter

Aston University

Life & Healih Science

Dwar Sr/Madam,

| write to rrvite your school to particpats In a masarch program that will form part of
my doctaral sudies In ophthalmic sclence, supardaed by Professar Stephan J Anderson at
Astan Unhvenity in the UK The alm of the ressarch s the ssamine the sssociation betwoon »
populer test of visual percapbual {TVPS) and binoculer function In schoal age childron, Ay
children mecrulted far the study will be provided, free of charge, a full sye samination st my
practce In Kuak Lumper.

Children who are agsd 5-14 years and meet the following oiteris am aligibbe far the
shudy:
» Have good lewesl of viskan (with orwithout glasses)
= No known oculer comditions, visually Impaiing conditions ar eculamator

dysfunction [e.g. glaucoma, keratooonus, nystagmus)
= No known Intellechual disabliities

This study has Important Implications for student kaming, and | vary much hopa yaur
school will be sbls to support the ressarch program by sncouraging sbudant recruftment,

| attach harewith tha Participart Information Sheet of the study for yaur consideration.
Should you have any questions, pleass feal fres to contact me through small or phane +501 2-
710 5855,

| knok forward o yaur reply. Thank yau,

‘I"ﬂl.l'lfdtl'lfl.ﬂ'h

Tong-Kmat Tien
Qptometrist

Sun Time Yiskon Spockl st
Kuala Lumpur

Malaysia

x; Prof, 5.J. Anderson {BOpbom, BSc, MCDptam, PhD}
Professor of Optometry & Visusl Nourosdence

Astan Unheraity,

Birmingham B4 7ET

(1

T.K. Tien, D Optom. Thesis, Aston University 2024.



Appendix 4. Ethics Approval

-y College of

Aston University Health and A bty

TBIRMINGHAM UK Life Sciences Wik Whngcons
H4 21 D0 00D
LI

Smphen Anderson

DAXEH20%

Btudy tie: hmmwmm#mnmwm

HE:T 1 - L MICICH FCME Ol DI B MPSEE T pITRCHID

Comfimation of Ethical Opinlon

Dwar Siephan,

n behaif of tha Collags of Health and Life Solsnoss Ressarch Ethles Commiios, |
nm plesssd (o onfim a fevourslle opinkan for the shove essarch on e basls
cexcribad in the applloation form and supparting doumenbation liresd below.

Approved dosmsnesnts

The final Ibst of doaumnerts reviswsd and approved by the Commitiee s 2 follows:
| Depgrant Vargion | Bpje

| Conpert Form 1 25042002
| Ethires application fom 1 250412022
Palinnt information shest 1 28040022
?ﬁ“ﬂﬁ“"’l

D Clalre Rtosker

Chaelr of tha Life snal Haslth 3slenges Researsh Ethios Commitiss
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Appendix 5. Adult Consent Form

Aston University
[Explaring tha sssocistion bebwesn
tent of visugl parcaptual [TVPS) and hinoculer function in school age chikiren]

Consarmi Form

Nna of ChiaT Erveatigaior:
Misiena

1. | 1 gonfinm thet | herve rsad and understand the Partiolpant infomation
Shast for the sbove shudy. | havs had the spportunity to cormlder the
Informadion, sek questions and hews had thess srmpwersd satisfantorly.

2. | Lynddwrstand thet my ghild's paricipation by volunbary and thort we am

from Lo withcirew =t ey Ume, without ghving sy nesson and without my
lsgal righte being affecisd.

a rea i me and my ahl cata and data minting to
ﬁwmh”m%_mﬂ‘u“

4. | 1 agres i takem part In this shudy.

Name of Paricipart

Name of Parson Giving Consert  Dube Bignsture
Name of Bsrson Reasiving Dnte Hgnebue
Conpet

REC: [1852], [Version 1], [YOU WALL NEED TO ADD A DATE WHEN YOU SUBAIT]
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Appendix 6. Adult Participant Information Sheet

Aston University
Exploring the association between

test of visual perceptual (TVPS) and binocular function in school age children
Participant Information Sheet

Invitation

We would like to invite you to take part in a research study.

Before you decide if you would like to participate, take time to read the following
information carefully and, if you wish, discuss it with others such as your family,
friends or colleagues.

Please ask a member of the research team, whose contact details can be found at
the end of this information sheet, if there is anything that is not clear or if you would
like more information before you make your decision.

What is the purpose of the study?

This study aims to investigate the relationship between visual perception abilities and
binocular vision among school children aged 6-14 years.

Previous studies have explored the issues of visual perception and binocular vision
dysfunction in children, but few have ascertained whether such problems are
associated with one another. Hence, this study aims to further understand the
relationship between visual perception and binocular vision.

Why have | been chosen?

You and your child are being invited to take part in this study because you have
shown an interest in participating by contacting and leaving us your basic contacts
(name, phone number and email address) after seeing our recruitment advert at your
child's school or at the researcher’s optical shop, and because your child meets the
criteria for the study. This is:

Age 6-14 years
Have good level of vision (without glasses or with glasses)
Mo known ocular conditions, visually impairing conditions or oculomotor
dysfunction (e.g. glaucoma, keratoconus, nystagmus)
« Mo known intellectual disabilities

REC[1852], [Version 1], [PLEASE ADD DATE WHEN SUBMITTING]
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What will happen to me if | take part?

After receiving your consent of participation and before the assessment day, a
questionnaire which includes guestions about demographic and any relevant clinical
data, e.g. age, gender, ethnicity, medical and surgical history and optometric history,
etc. will be provided you through email to complete and then submit to us.
Afterwards, your child will be required to attend a two hour research visit at Sun Time
Vision Specialist at Kuala Lumpur. The research visit will involve the following tests
in sequence:
- Eyesight
- Eye teaming ability - skill that allows both eyes to work together in a precise
and coordinated way
- Eye focusing ability - ability of the eye to change its focus from distant to near
objects (and vice versa)
= Three-dimensional (3D) perception ability
- Visual perception skills - ability to organize and interpret the information that
is seen and give it meaning

Do | have to take part?

No. It is up to you to decide whether or not you wish to take part.

If you do decide to participate, you will be asked to sign and date a consent form.
You would still be free to withdraw from the study at any time without giving a
reason.

Will my taking part in this study be kept confidential?

Yes. A code will be attached to all the data you and your child provide to maintain
confidentiality.

Your personal data (name and contact details) will only be used if the researchers
need to contact you to arrange study visits or collect data by phone. Analysis of your
data will be undertaken using coded data.

The data we collect will be stored in a secure document store (paper records) or
electronically on a secure encrypted mobile device, password protected computer
server or secure cloud storage device.

To ensure the quality of the research, Aston University may review your data to

check that it has been recorded accurately. If this is required, your personal data will
be treated as confidential by the individuals accessing your data.

REC[1852], [Version 1], [FPLEASE ADD DATE WHEN SUBMITTING]
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What are the possible benefits of taking part?

There are no direct benefits to you in taking part in this study, however the data
gained will allow us to see whether there is a relationship between binocular function
and visual perceptual skills. This will also help to develop further research
investigating how to help children whose academic performance have been
influenced by their binocular dysfunction and/or perceptual abilities.

What are the possible risks and burdens of taking part?

All procedures invalved in this study are extremely low in risk.

They are the same or similar procedures to those carried out during a routine eye
examination and all infection control procedures will be adhered to.

In the unlikely event that your child experiences any eye discomfort, fatigue, or other
problems during the study, please let the researcher know, so they can stop the
study and/or give you a break.

What will happen to the results of the study?

The results of the study may be published as part of a Tong Keat TIEN thesis, in
scientific journals, and/or presented at conferences. If the results of the study are

published, the identity of your child will remain confidential.

A lay summary of the results of the study will be available for participants when the
study has been completed and the researchers will ask if you would like to receive a

copy.

Expenses and payments

Mon-reimbursable transporiation expenses and time.

Who is organising this study and acting as data controller for the study?

Aston University is organising this study and acting as data controller for the study.
You can find out more about how we use your information in Appendix A.

Who has reviewed the study?

This study was given a favorable ethical opinion by the Aston University Research
Ethics Committee.

REC[1852], [Version 1], [PLEASE ADD DATE WHEN SUBMITTING]
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What if | have a concern about my participation in the study?

If you have any concerns about your participation in this study, please speak to the
research team and they will do their best to answer your questions. Contact details
can be found at the end of this infoermation sheet.

If the research team are unable to address your concerns or you wish to make a
complaint about how the study is being conducted you should contact the Aston
University Research Integrity Office at research_governance{@aston.ac.uk or
telephone 0121 204 3000,

Research Team

Contact Name
Contact Mumber
E-mail

Caontact Name
Contact Mumber
E-mail

Contact Name
Contact Number
E-mail

:Mr Tong Keat TIEN
1 +60 127105855
1 149224389  aston.ac.uk

: Prof Stephen J Anderson
s +44 0121 204 3879
: 5. ).andersoni@aston.ac.uk

: Prof Timothy S Meese
444 0121 204 4130
:L.s.meese@aston.ac.uk

Thank you for taking time to read this information sheet. If you have any
questions regarding the study please don’t hesitate to ask one of the research

T.K. Tien,

team.
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Appendix A: Transparency statement

Aston University

= LN G

Aston University takes its obligations under data and privacy law seriously and
complies with the Data Protection Act 2018 ("DPA") and the General Data Protection
Regulation (EU) 2016/679 as relained in UK law by the Data Protection, Privacy and
Electronic Communications (Amendments elc) (EU Exit) Regulations 2019 ("the UK
GDPR").

Aston University is the sponsor for this study based in the United Kingdom. We will
be using information from you in order to undertake this study. Aston University will
process your personal data in order to register you as a participant and to manage
your participation in the study. It will process your personal data on the grounds that
it is necessary for the performance of a task carried out in the public interest (GDPR
Article 6(1)(e). Aston University may process special categories of data about you
which includes details about your health. Aston University will process this data on
the grounds that it is necessary for statistical or research purposes (GDPR Article
9(2)(j)). Aston University will keep identifiable information about you for 6 years after
the study has finished.

Your rights to access, change or move your information are limited, as we need lo
manage your information in specific ways in order for the research to be reliable and
accurate. If you withdraw from the study, we will keep the information about you that
we have already obtained. To safeguard your rights, we will use the minimum
personally identifiable information possible.

You can find out more about how we use your information at
hitps:/iwww.aston.ac.uk/about/statutes-ordinances-regulations/publication-
scheme/policies-regulations/data-protection or by contacting our Data Protection
Officer at dp officer@aston.ac.uk,

If you wish to raise a complaint on how we have handled your personal data, you
can contact our Data Protection Officer who will investigate the matter. If you are not
satisfied with our response or believe we are processing your personal data in a way
that is not lawful you can complain to the Information Commissioner's Office (ICO).
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Appendix 7. Age-appropriate Information Sheet

¥
ston University

Yot will bn comirg 4o sy oPbonebric Trichics bo hive your sgep meggomad Thil will b donve Sn burn wikgh!
L The pictars beiew Shiws bhe Fivah wihy dhis will be 2, Tl Yictare bebin ghows bhe Secord wily dhi will be dowe, Yoo
dees: will b gghed dhond soene drdeiegs s @ book, End you meed b
chiegy B friwer froes the opLioms given,

| -
bl s & Vighdd Tkl goair oyes whily haldieg 8 loes n froed Fgte, s, waebivod T vt it 9l pEetul, dmd T will onby Lok B 1o
B o This & wed prfal W Sey wiky, Sed will ewly ol dle witrarbes be comiplebe,
Ebouh 56 wilsarbes,

Your parents or carer can stay with you the whale time. Both tests will only take about one hour, and then you are
free to go home. Hf you have any questions, Just ask me, Tong Keat Tien, or your Mum or Dad.

REC: [1852], [Version 1], [15 My 2022]
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Appendix 8. Age-appropriate Consent Form

v

Aston Universit

BIRMINGHAM UK

CHILDREN ASSENT FORM

Project THie: Expiaring the aysodation batwssn besis of visial perospiual
{TVPE) mnd binoguber funation In xohanl age ghildnn

Neme of Chiel Imvestigator: Mr Tong Kext TIEN
Prof Stphen J Anderson
Prof Timathy 3 Messs

-l
.

| uniwsretand whet the project s al about.
| harve splond all the quastiions | want and | ynderstand the s
| cmn axsk mom queeiions at any tme.

Ii;d:nuthnhﬂlmﬁldumtmnttn.udmmpﬂm

5 | | am heppy to ke part.

pl o

REC: [1852], [Mersion 1], [15 My 2022]

T.K. Tien, D Optom. Thesis, Aston University 2024. 99



