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ABSTRACT

Competitive rugby is a popular sport in South Africa, that not only serves as a major commercial platform
viewed by millions of spectators weekly, but also hosts a large number of players that participate in the
sport. Athletes in any sport can spend hours training in order to improve their strength, speed and the
endurance of their muscles. However, if their visual processing capabilities are inadequate, their physical
training may not be optimised and thus their performance will suffer. Despite this, sport vision has only
received attention in relation to research in recent years. The reliance and importance of the visual system
necessitates the need to determine the factors that affect an athlete’s ability to obtain and respond to
appropriate visual stimuli. To date, research has focused on individual factors that affect vision and visio-
spatial intelligence (VSI). However, a combination of factors could warrant a more holistic approach. This
study summarised and compiled an overview of the factors affecting vision and VSI in athletes, covering
those factors previously connected with sport, as well as those hitherto not yet associated with athletic
activities, but that could also play a part in sporting performance. In this study, fourteen factors affecting
vision and VSI in athletes were identified, and this compilation provides a starting point for further study.
This study reveals that many factors can affect vision and VSI, and could add significantly to the processes
relating to visual testing of athletes and assessments of their decision-making skills. This study further
indicates that while current research still tends to focus on single factors affecting vision and VSI, a large
number of these factors have been identified and empirically researched. This offers new opportunities
for researchers to investigate the effects of a combination of factors, and for coaches to explore further

possibilities for competitive advantage.

Research suggests that athletes have enhanced visio-spatial expertise in comparison to non-athletes.
However, conflicting research suggests that this is not always the case as non-athletes possess similar
visio-spatial expertise in certain visual skills. In this regard, the present study has compared the visual
expertise of first-division rugby players to non-athletes. Participants underwent an optometric assessment
after which the following six VSI components were measured, namely; accommodation facility, saccadic
eye movement, speed of recognition, peripheral awareness, visual memory and hand-eye coordination
using the following tests: hart near far rock, saccadic eye movement, evasion, accumulator, flash memory
and ball wall toss tests. Results indicated that first-division rugby players performed significantly (p <
0.05) better in five of the six tests, with the exception of visual memory (p = 0.893). While this study
substantiates the notion that athletes, in this case first-division rugby players, perform significantly better

in most VVSI components, this is not the case for all aspects of vision.



Further, this study attempted to discern whether Premier League rugby players have superior VSI in
comparison to non-athletes when comparing six visual skills namely; accommodation facility, saccadic
eye movement, speed of recognition, peripheral awareness, visual memory and hand-eye coordination.
As with first-division rugby players, a statistically significant (p < 0.05) difference existed between
Premier League rugby players and non-athletes for five out of the six tests. Conversely, no real evidence

is shown that visual memory differs between Premier League rugby players and non- athletes (p = 0.599).

While novices in sport possesses similar visual skills to that of experts playing at a higher level, there may
be major differences in performance in these VSI skills. In addition, expert athletes may only demonstrate
superiority in specific vision skills and not all aspects of vision. Thus, the present study compared the
performance of Premier League rugby players (n = 40) and first-division rugby players (n = 40) on six
specific components of vision, namely; accommodation facility, saccadic eye movement, speed of
recognition, peripheral awareness, visual memory, and hand-eye coordination. Premier League rugby
players performed significantly (p < 0.05) better than the first-division rugby players in five of the six

tests, but were found to be similar in visual memory performance (p = 0.810).

The findings of the present study indicate that first-division and Premier League rugby players have
superior VSI when compared to non-athletes. What is particularly noteworthy is that non-athletes are not
worse than either first-division or Premier League rugby players with regards to visual memory. Further,
while this study substantiates the proposal that expert athletes, and specifically rugby players, have
superior visual expertise to novice athletes, it also found that this is not the case with all vision skills.
Again, no difference was found in visual memory between novice (first-division) and expert (Premier
League) rugby players. These findings suggest that sport-specific vision testing batteries may be required
to distinguish high performers from low performers in the same vein as physical tests are utilised in the
selection and recruitment of athletes. In this regard, the present study proposes a rugby-specific test battery

in an attempt to distinguish high VSI performers from low VSI performers.
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CHAPTER ONE: PROBLEM STATEMENT AND OBJECTIVES

INTRODUCTION

Competitive rugby is a popular sport in South Africa. Not only does it serve as a major commercial platform that
is viewed by millions of spectators weekly, but there are also a large number of players that participate in the
sport. Rugby is of significant importance to South African fans, and while it can be a source of pride and joy, it
can also be a source of shattering disappointment (Morgan, 2013). In a study by the International Rugby Board
(2013), there were 651 146 players registered in South-Africa in 2013, of which 633 229 are male and 17 917
are female. A total of 325 364 of these players are pre-teens, 204 119 are teens and 234 837 are senior players
(Hoskins, 2013).

Sport vision has only received attention in relation to research in recent years (Millard et al., 2020; Wimhurst,
2012). However, there are still debates as to the role vision plays in sport performance. It is clear that in the
majority of sports, the visual system provides the athlete with information regarding where, when and what to
focus on in a specific sporting situation, which has a significant impact and positively influences the athletes’
response to visual information. It is therefore important to realise that the eyes, via neurological pathways to the
brain, are responsible for directing the body’s muscles to respond appropriately (Wimhurst, 2012). Athletes in
any sport they participate in, can spend hours training to improve the strength, speed and endurance of their
muscles, but if their visual processing capabilities are inadequate, their physical training may not be optimised
and thus their performance will suffer (Millard et al., 2020; Wimhurst, 2012).

There are large debates between athletes, journalists and conditioning specialists surrounding the possible reasons
for superior performance by successful athletes, particularly when it comes to ball sports, such as rugby, cricket
and tennis (Davids, 1999; Grobler, Shaw & Coopoo, 2016). Unsurprisingly, the view of experts in these sports
state that, in order to perform optimally, a player needs to have a “great eye”, superb vision or excellent peripheral
vision (Davids, 1999). A large amount of research has been conducted on rugby, specifically with regards to the
anthropometrical, physiological and physical characteristics of the sport, and how those specific aspects enhance
performance (Gabbett, 2000; Lynch et al., 2013). It is perceived that in order for a rugby player to be successful,
the player needs a decreased amount of body fat, which is tested though several means, including skinfolds, they
need to be aerobically fit, which is tested through several means, including the incremental shuttle run, and
anaerobically fit, which can be tested through the use of shuttle sprinting tests (Duthie, Pyne & Hooper, 2003).
It is also stated that rugby players need to have excellent visual skills, but there is currently no sport-specific test
battery developed for this application in rugby. Thus, it seems visual performance is an aspect of rugby that has
been neglected (Gabbett, 2000).



PROBLEM STATEMENT
Coaches and conditioning specialists spend a large amount of time improving their rugby players
physiologically and anthropometrically. This is in spite of the critical importance of and competitive

advantage that can be obtained through optimising a player’s visio-spatial intelligence (VSI).

OBJECTIVES
The objectives of the proposed study are to:

e Investigate if a significant difference in VSI exists between non-athletes and first division rugby
players.

e Investigate if a significant difference in VSI exists between non-athletes and premier league rugby
players.

e Investigate if a significant difference in VSI exists between first division rugby players and premier
league rugby players.

e Develop a rugby-specific VSI test battery.

HYPOTHESIS

The alternative hypotheses of the proposed study are as follows:

e A ssignificant difference in VSI will be found between non-athletes and first division rugby players.

e A ssignificant difference in VSI will be found between non-athletes and premier league rugby players.

e A significant difference in VSI will be found between first division rugby players and premier league
rugby players.

THESIS STRUCTURE

This thesis is presented in article format as approved by the University of Zululand consisting of six major
parts, namely, an introduction (Chapter One) and a literature review (Chapter Two) which is presented as
a published review article. The findings of the study are presented in the Chapters Three, Four and Five.

The final Chapter (Six) contains a summary with conclusions, limitations and recommendations.

Chapter One presents the problem, and states the aim and the hypotheses of this study, as well as the structure of
the thesis. Chapter Two contains a published literature review entitled: “Factors affecting vision and visio-spatial
intelligence (VSI) in sport: a review of the literature”. This article is published in the Asian Journal of Sport
Medicine. Chapters Three, Four and Five present the experimental findings of the study and are also presented

as three manuscripts. Chapter Three presents a manuscript entitled: “Differences in visio-spatial expertise



between first-division rugby players and non-athletes”. This manuscript is formatted for and has been submitted
to Vision Research Journal. Chapter Four presents an article entitled: “Visio-spatial skills in athletes:
Comparison of rugby players and non-athletes”. This article is published in the Sport Sciences for Health journal.
Chapter Five presents a published manuscript entitled: “Visual abilities distinguish level of play in rugby”. This
manuscript was published in the Annals of Applied Sport Science journal. Chapter Six offers the development of
a rugby-specific visio-spatial intelligence test battery, limitations, further research and conclusions. Each chapter
is followed by its specific references. References for Chapters One and Six are according to the American
Psychological Association (APA) style as prescribed by the University of Zululand. The references at the end of

Chapters Two, Three and Four are according to the guidelines set out for authors by the specific journals.
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CHAPTER TWO: ARTICLE ONE - FACTORS AFFECTING VISION AND VISIO-SPATIAL
INTELLIGENCE (VSI) IN SPORT: A REVIEW OF THE LITERATURE

Millard, L., Shaw, I., Breukelman, G.J., Shaw, B.S. (2020). Factors affecting vision and visio-spatial
intelligence (VSI) in sport: a review of the literature. Asian Journal of Sport Medicine. In press.
(Appendix A)

ABSTRACT

Background: Sport has become increasingly competitive, prompting the need to determine, as far as
possible, any likely performance advantage. While the focus of athletic research, testing and training has
been on the physiological and physical characteristics of the sport, visual abilities not only affect sports
performance directly but also affects the acquisition of motor skills. Vision, and Visio-spatial intelligence
(VSI), is a relatively new and underexplored area of athletic performance. As with physiological and
physical parameters, a range of factors affect vision and VSI in sporting activities.

Objectives: This review of the literature is a first attempt to summarize and compile an overview of the
factors affecting vision and VSI in athletes, covering those previously connected with sport, as well as
those hitherto not associated with athletic activities, but that could also play a part in sports performance.
Discussion: The evidence from this review suggests that while current research still tends to focus on
single factors affecting vision and VSI, a large number of such factors have been identified that could
affect vision and VSI. This offers new opportunities for researchers to investigate the effects of a
combination of factors, and for conditioning and/or sports vision specialists to explore further possibilities

for competitive advantage.

Keywords: Athletic performance; Decision making; Optometric intervention; Sport performance; Sports

vision; Visual abilities.

BACKGROUND

Significant debate still surrounds the possible reasons for superior athletic or sports performance by
successful athletes, particularly in ball sports such as rugby, cricket and tennis (1). Unsurprisingly, experts
in these sports believe that, to perform optimally, a player needs a “great eye”, superb vision or excellent
peripheral vision (1). Athletes can spend thousands of hours in physical training to improve their physical
attributes. However, if their vision or visual processing capabilities are inadequate, their physical training
may not be optimized and their athletic performance will suffer (2). The eye is the most important receptor
in the human body (3) and as such, the human visual information processing system has been recognized

4



as playing a critical role in athletic performance (4, 5, 6) and has generated concomitant interest in the

area of sport vision (2).

This reliance and importance of the visual system necessitates the need to determine the factors that affects
an athlete’s ability to obtain and respond to appropriate visual stimuli. Conversely, challenges in the ability
to obtain and process specific and appropriate visual stimuli can lead to incorrect or ineffective movement
outcomes (5, 6). To date, research has focused on individual factors that affect vision and VVSI. However,
a combination of factors may play a part and could warrant a more holistic approach. This review of the
literature attempts to summarize and compile an overview of the factors affecting vision and VSI in
athletes, covering those previously connected with sport, as well as those hitherto not yet associated with

athletic activities, but that could also play a part in sports performance.

OBJECTIVES

The aim of this review is to identify and summarize a body of relevant, previously researched factors
that have or have not yet been associated with athletic activities, and that could affect vision and VSI,
and thus athletic performance.

METHODS

A review of the scholarly literature related to the factors affecting vision and VSI was performed using
standardized procedures (7). To identify potentially relevant articles for focused searching and to reduce
the potential for random errors and bias, data abstraction was performed independently by two of the
authors. This was to ensure consistent application of the inclusion and exclusion criteria, and to eliminate
efficiently all obviously ineligible publications. These two authors reviewed each citation and, whenever
an abstract was available, the abstract. These authors compared decisions for inclusion and discrepancies
in inclusion were resolved by discussion and re-review, and by consulting a third author when consensus

could not be reached. Following this, a careful review of the full-text publications was conducted.

To review the scholarly literature of factors affecting vision and VSI an electronic search was performed
on the following databases that were available to the researchers: PubMed (1966—June 2019), Sport
Discuss (1975-June 2019), Science Direct, Current Contents, CISTI Source (1993—-June 2019), Google
Scholar, Cochrane Database of Systematic Reviews, EBM Reviews, and international e-catalogues. A

2 (13 2 (13

keyword search yielded MeSH headings: “factors affecting vision”, “sport vision”, “ophthalmology”,

2 ¢ 29 e 29 ¢ 2 ¢e

“visual disturbances”, “visual factors”, “visual pain”, “visual temperature”, “humidity and vision”, “vision

9% ¢¢ 29 <6

and diet”, “visual psychology”, “sleep and vision”, “hydration and vision”, “visual infections”, “hormones
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and vision”, “retinal disorders”, “light sensitivity”, “age and vision”, and “fatigue and vision” which were
combined and exploded. Searches were restricted to peer-reviewed articles in the English language.
Articles included in this review were required to describe factors that had a direct impact on vision, or the
visual capabilities of individuals.

RESULTS

The electronic searches yielded 1,577 citations of which only 46 full-text English-language articles were
deemed relevant for use in this study. Following the removal of duplicates and review of full-text versions,
a total of 37 articles remained for physiological factors that affect vision, five for environmental factors

that affect vision, and four for psychological factors that affect vision (Table 1).

Table 1. Factors affecting vision and Visio-spatial intelligence (VSI) in sport.

Physiological factors

Eye conditions e Amblyopia causes deficit in perception of global motion, processing of
global contours, and shape detection (8, 9, 10).
e Glaucoma causes gradual loss of vision (11).
e Color blindness causes performance decrease without special provisions
(12).
e Refractive error causes blurred vision (13).
e Dry eye affects tear fluid osmolarity (14).
e Eye-structure variance affects the corneal stroma (15).
Pain e Headaches affect vision (16, 17, 18, 19).
Sleep e Leads to modifications in specific areas of the brain (20, 21, 22, 23).
deprivation
Infection and e Infection affects color vision and contra sensitivity (24).
diseases e HIV alters the retinal nerve fiber (25).
e Fungal infections lead to blurred vision and a decrease in the visual field
(26).
e Conjunctivitis leads to vision loss (27, 28).
Endocrine e Hyperthyroidism or hypothyroidism causes multiple visual impairments
system including peripheral vision loss (29).
e Thyroid hormone levels affect the cones of the eyes (30).
Retinal e Causes complete vision loss (31).
detachment
Aging e Causes muscle deterioration, blurred vision, and “wear and tear” of the eye
(32, 33).
Diet e Certain foods can influence vision (34).
e Docosahexaenoic acid (DHA) causes improvements in the retina (35, 36).
e DHA deficiency causes problems with vision (37).
e Caffeine can enhance visual capabilities and reduce visual fatigue (38).
Exercise e Prolonged exercise leads to brain fatigue (38).




Medication e Can lead to loss of central vision (39).
e May cause brain fog and lead to a decrease of visual ability (40, 41, 42, 43).

Environmental factors

Temperature e The lens of the eye is affected by changes in temperature (44).

e Increase in temperature causes light scattering from lens proteins (45).
Lighting e Light-emitting diode (LED) bulbs improves visual acuity (46).

e Visual stimuli are influenced by the chromaticity of light (47, 48).

e Increasing the quality of artificial light positively affected vision (49).

Psychological factors

Anxiety e [eads to “tunnel vison” (50).

Stress e Causes a decrease in visual acuity and progressive vision loss (51).
e | eads to temporary vision loss (52).

DISCUSSION

To date, studies relating to vision and VSI have tended to focus on single factors only in isolation. This
review has identified and summarized information about previously researched factors related to sports,
as well as others that were previously not associated with having an effect on vision and VSI in relation

to athletic performance.

Athletes competing in ball sports, such as basketball, rugby, volleyball, and netball require a variety of
visual skills such as catching, passing and kicking, to enable them to advance the ball beyond the opposing
team’s defensive line (53). Furthermore, athletes that compete in a racquet sport, such as tennis,
badminton, and table tennis are exposed to multisensory visual constraints, where they are required to
perform in spite of visual uncertainty thereby tasking their ability to predict the event (54). These events
can be seen as an interaction between two systems namely, a ‘software’ system of acquired skill prediction
and a ‘hardware’ system of intrinsic visual ability (54). Both systems need to work in harmony in order
to perform visual tasks to enable optimal performance. Thus, whether athletes compete in team sports
(rugby) or individual sports (tennis), experts suggest that they require a “great eye”, superb vision or
excellent peripheral vision (1). To measure the VSI in athletes accurately, it is important to consider the

factors that affect vision.

Vision is created by the brain and through the visual pathways that consist of the optic nerve, optic chiasm,
optic tract, optic radiation and the visual cortex in the occipital lobes (55). Thus, any condition that affects
the brain or the visual pathway are the most obvious factors affecting vison and VSI in athletes.

The most common factors affecting vision and VSI relates to the eye itself and conditions associated with

the eye. However, the multitude of such conditions that may affect vision is beyond the scope of the



present study and this review focuses on maladies that most often affect athletic populations. The
conditions that will be discussed in this study include amblyopia, glaucoma, colorblindness, refractive
error, recent eye surgery, dry eye and eye-structure variance. Amblyopia (“lazy eye”) IS a
neurodevelopmental disorder traditionally characterized by low-level deficits including reduced visual
acuity, stereoacuity, and contrast sensitivity (56). It is caused by an abnormal visual experience during
early childhood when the input to the central nervous system from one eye is suppressed. Individuals with
amblyopia have shown to have deficits in the perception of global motion (8), processing of global
contours (9), and shape detection (10). A combination of all of these deficits will have a major influence
on visual performance in athletes. Glaucoma is a neurodegenerative disorder of the optic nerve, which is
caused by retinal ganglion cell deaths, which leads to characteristic patterns of visual field loss (11).
Glaucoma can be caused by multiple factors, including a chemical or blunt injury (as is common in sports)
to the eye, severe eye infection (as is common during sporting events during extreme environmental
conditions), blocked eye blood vessels, and inflammatory conditions (11). Colorblindness is caused if
one, two or three of these types of cones in the retina is either missing or dysfunctional (57).
Problematically, athletes with colorblindness need special provisions to be made during training such as
to adjust uniforms or equipment (i.e. balls) to compensate for possible confusion (12). Refractive error
occurs when the optical system of the non-accommodating eye fails to bring parallel rays of light to focus
on the fovea (13). This leads to myopia and hyperopia, which are states of refractive error in which the
optical system of the eye brings parallel rays of light into focus anterior and posterior to the fovea,
respectively, resulting in blurred vision (13) and effectively resulting in an increased chance of mistakes
being made during athletic training and competition. Dry eye is common among athletes. It affects tear
fluid osmolarity and arises out of even modest changes in whole-body hydration (14). These changes have
various causes including: exercise modality, type of play, level of competition, metrological conditions
(i.e. humidity and environmental temperature) and type of sport (58). Since individuals with dry eye,
which indicates suboptimal hydration, have higher plasma osmolality than those without dry eye, it can
be safely stated that if an athlete hydrates properly, this condition could be prevented (59). A further
hydration-related feature is eye-structure variance, which can affect vision when the corneal stroma is
highly dependent on an individual’s hydration status (15) and any change in corneal hydration status can
result in variations in central corneal thickness (60). Even when over-hydration exists, the optically
transparent corneal stroma swells, meaning a lowering of hydration is needed to return it to its normal
thickness (61).

In addition to high temperatures causing fluid loss and affecting whole-body hydration, temperature itself,
in the form of ambient and body temperature, is an important factor that can profoundly affect vision and
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VSI. Athletes generally train or compete outdoors or in venues without temperature control for extended
periods of time. Problematically, if the ambient temperature rises beyond a certain threshold, proteins
denature and may not function properly (44), which means that proteins of the lens of the eye are also
susceptible to changes in temperature. Lowering the temperature of the lens too much, as during training
or when competing in cold conditions, causes the formation of a temporary or “cold” cataract that
disappears when the temperature is normalized (44). Even a slight increase in body temperature above the
physiological level of 37° C increases light scattering from lens proteins because of protein aggregation
and denaturation (45). Thus, it is logical to suggest that relationships exist between vision and VSI on the

one hand and environmental temperature and eye temperature on the other (62).

With regards to the brain and vision in athletes, any factor that creates clouding of consciousness may
affect vision and VSl in athletes. Clouding of consciousness or brain fog is not a medical condition itself,
but rather a symptom of other medical conditions (63). Clouding of consciousness is a type of cognitive
dysfunction involving: memory problems, lack of mental clarity, poor concentration, and inability to
focus. There are numerous explanations for why brain fog occurs and includes inter alia: stress, lack of

sleep, hormonal changes, diet, medication, and medical conditions (63).

Anxiety is common when athletes doubt their ability to cope with external or internal demands (64) and
can affect performance in drawing attention away from relevant task-related information to task-irrelevant
cues instead (50). In essence, increasing anxiety can lead to “tunnel vision” in which an athlete focuses
on internal or external distracting stimuli instead of concentrating on task-relevant information (50).
Bittner et al. (51) have also found that visual acuity can be influenced by stress and individuals with high
levels of stress display progressive losses in vision. Moschos (52) has further demonstrated that when
stress leads to profound suffering, vision disorders can arise and even to the extent of temporary loss of

vision. Problematically, this stress is an inherent aspect of sports performance (65).

A large body of research has been published on the effect of sleep deprivation on both physical and mental
performance (66). However, it also appears that sleep deprivation may affect vision and VSI since
functional imaging studies during cognitive tasks have shown that total sleep deprivation leads to
modifications in specific areas of the brain. Among the main areas affected are the frontal and parietal
cortices (20). An individual deprived of sleep for just 24 hours suffers a significant decrease in glucose
metabolism in the prefrontal and parietal cortices during the performance of difficult arithmetic working
memory activity (21). It seems likely, therefore, that other cognitive tasks involving the frontal-parietal
network, such as Visio-spatial attention (necessary for visually searching for information during athletic
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competition) could also be affected (22, 23).

The endocrine system can have several detrimental effects on vision. Specifically, hyperthyroidism and
hypothyroidism can not only lead to poor quality of life but can also affect an athlete’s vision (67). This
is because these conditions can result in bulging eyes, decreased vision, distorted vision, double vision,
loss of peripheral vision, a dark curtain or veil that blocks vision, excess watering of the eye, pain in the
eye, and unusual red eyes (29). Individuals with higher levels of thyroxine are at an increased risk of age-
related macular degeneration (AMD) and other retinal changes. Thyroid hormone levels also appear to

affect the ongoing development and regulation of the eye’s cones (that is, the cells responsible for color

vision) (30).

Diet is a factor not always associated with vision. However, several studies have demonstrated that eating
certain foods can influence vision (34). Specifically, diets high in mercury have been found to be
detrimental to visual acuity, whereas the consumption of omega-3 fatty acids have been associated with
laying the foundation for the development and maintenance of the visual and ocular system (34).
Docosahexaenoic acid (DHA) too should be considered an essential part of an athlete’s diet as it contains
polyunsaturated fatty acids, which enrich not only the brain, but also the retina and specifically the
photoreceptor cells (35, 36, 37). Caffeine is a common ergogenic aid utilized by athletes, since even a
moderate dose prevents fatigue in the skeletal muscle system and improves athletic performance (68). The
effect of caffeine is no different in the eye and it has been demonstrated to result in fatigue-induced
reductions in the velocity of saccades (“voluntary, high-velocity eye movements that allow rapid changes
in fixation”) and the quick (“resetting eye movements”) phase of optokinetic nystagmus (OKN) (38).
However, it has been noted that the effect of both fatigue and caffeine on oculomotor control appear to be
independent of the processes supporting visual attention and visual perception (38).

Medication such as benzodiazepines (40), anticholinergics (41), antipsychotics and mood-stabilizers (42),
and opiate pain medications (43) may cause brain fog and can lead to a decrease of visual ability. There
are multiple other medications affecting vision, including, but not limited to, antihyperglycemic agents
such as corticosteroids (chloroquine and hydroxychloroquine), antirheumatic medication, medication
implicated in optic neuritis and atrophy, medication with an anticholinergic action, oral contraceptives,
and topical medication and systemic effects (39). Athletes with hyperglycemia may use medications such
as chloroquine and hydroxychloroquine which can cause irreversible maculopathy with resultant loss of

central vision.
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Brain fog can be caused by multiple conditions including, anemia (69), diabetes (70), lupus (71), multiple
sclerosis (72), arthritis (73), Alzheimer’s disease (74), hypothyroidism (75), and migraines (76). Athletes
are commonly influenced by anemia, diabetes, migraines and hypothyroidism. If red blood cells do not
deliver enough oxygen to the brain, due to iron deficiency anemia, an athlete may experience shortness
of breath and brain fog. Recent clinical evidence shows that individuals with diabetes have increased
incidences of vascular dementia, ventricular hypertrophy, lacunar infarcts, hemorrhage, all of which leads
to a decrease in brain function (77). Athletes with diabetes need to be aware that the condition can lead to
brain dysfunction, and needs to be monitored and treated accordingly. Brain structure and function are
altered in hypothyroid patients, with decreased hippocampal volume, cerebral blood flow, and function
globally and in regions that mediate attention, visuospatial processing, working memory, and motor speed
(75). Thus, athletes with hypothyroidism may experience brain fog, which in turn influences vision, and
can lead to a decrease in performance. Pain, in the form of headaches or migraines due to concussion that
can occur on the field of play, has been shown to have associated visual features, which include light
sensitivity (16). According to a study by Queiroz et al. (17), more than half of all patients with headaches
or migraines have blurred vision. This is caused by the imbalance in sympathetic and parasympathetic
systems, and may be due to tear film changes (18). Headache or migraine pain and ocular symptoms can
be connected by two facts: first, trigeminal activation, which causes eye pain and second, autonomic
dysfunction in either the sympathetic or parasympathetic pathway that generates autonomic symptoms
such as pupillary changes, lacrimation, redness of the eye, and even blurred vision (19). Some individuals
have transient neurological disturbances called auras migraines (76). Auras can cause visual, language,
motor and sensory disturbances as well as brainstem symptoms as dysarthria, vertigo, tinnitus, ataxia, and
double vision (76). Thus, those individuals responsible for the care and training of athletes should be
aware, when athletes receive a blow to the head, that headache or migraines are likely to occur and that
vision can be affected.

A multitude of further medical conditions affects vision. Ocular opportunistic infections are especially
common in individuals with human immunodeficiency virus (HIV) (24). This may prove problematic for
South African sport and athletes, since South Africa already has a 37% prevalence rate of HIV for adults
aged 15 to 49 and such prevalence rates may be even higher in athletes due to their risk of infection based
on behaviors associated with participation in their sport and away from competition (78). HIV-associated
“neuroretinal disorder” results in changes in vision because the retinal nerve fiber layer is altered by the
virus, causing a decrease in the visual field (25). Fungal infections too can affect vision in that
dermatophytes can infect sections of the eyelid, eventually infecting the eye, leading to blurred vision and

a decrease in the field of vision (26). Conjunctivitis, more commonly known as “pink eye”, results from
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inflammation of the conjunctiva that can be caused by bacteria, viruses, fungi, or parasites (79). With
conjunctivitis, the entire conjunctiva is involved and there is often discharge (27) which leads to vision
loss, moderate to severe pain, hypopyon, hyphema, pupil asymmetry, decreased pupil response, and
trouble opening the eye or keeping the eye open (28). Infections, bacteria and viruses too can influence
visual performance by altering color vision, causing a decrease in one’s visual field, and reducing contrast
sensitivity (24). Infections can thus significantly impact an individual’s vision and need to be taken into

consideration when testing athletes.

Retinal detachment (RD) can occur as a result from aging or trauma, as is commonly experienced during
sports (31). The detachment of the retina is serious and can cause complete blindness. If the retina is
detached from the choroid, the photoreceptors will fail (31). While RD causes sudden and painless loss
of vision, in cases where there is not a full detachment, the athlete can experience blurred vision (31).
With gradual RD, floaters and flashes may occur in the eye in the weeks leading up to the detachment
(31). In addition, RD can be accompanied by mild discomfort and redness due to associated uveitis and
hypotony (31). Thus, RD can have a significant impact on an athlete’s vision, especially in contact sports

where trauma-related RD, sudden or gradual, can most easily occur.

Normal aging in athletes can affect vision as it causes all the muscles of the body to deteriorate over time,
influencing both activities of daily living (ADLSs) and athletic performance (32). The same is true in
relation to the eye muscles and their function. Other changes associated with aging include changes in the
shape and tone of the ciliary bodies, as well as reduced elasticity of the lens capsule and compactness of
the lens fibers. This leads to a decrease in the amplitude of accommodation resulting in presbyopia,
hardening (nuclear sclerosis) of the lens resulting in blurred vision (33). Aging also affects an athlete’s
vision through “wear and tear” and suggests that the body and its cells, including eye cells, are damaged
by overuse and abuse, from such influences as, among others, ultraviolet (UV) rays from the sun, and
excessive consumption of fat, sugar, caffeine, alcohol and nicotine (33). This may be true of a younger
athlete who experiences “accelerated aging”, especially if they have been exposed to prolonged and

extreme environmental conditions and diets throughout their careers (33).

A great problem for athletes is the finding that the act of engaging in exercise itself, either during training
or competition, affects vision. Recent studies have demonstrated that prolonged exercise can cause brain-
based fatigue in the corticospinal motor system, which impairs the oculomotor system. Specifically, three
hours of strenuous cycling has been shown to reduce the velocity of rapid eye movements (moving your
eye in a rapid manner from one object to another) independently of other visual processes (such as dorsal
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cortical processing stream function) (38). This may be a result of the neurotransmitter systems’
experiencing significant perturbation during prolonged exercise (80). However, it is not known if
enhanced physical conditioning may provide some fatigue-resistance to brain-based fatigue, and future
studies could determine whether or not there is a relationship between physical conditioning and VSI in

athletic populations.

For an athlete’s visual system to perform optimally, the lighting of the area where testing, training or
performance take place is crucial. Light-emitting diode (LED) bulbs seem to produce the same amount
of light as incandescent bulbs while saving power and being both energy- and cost-efficient, but there is
little consideration in the literature of their impact on visual comfort or ocular health (81). There is
evidence that scotopic rich fluorescent source illumination (a type of LED lighting) improves visual acuity
and decreases pupil size (46). The effect, however, is measurable only with low-contrast briefly-presented
stimuli. Visual stimuli are influenced by the chromaticity of light (47) and Yamagishi et al. (48) found
that visual performance, mood, and an individuals’ perception of comfortable reading and visual task
performance improved under artificial LED lighting. In a study performed by Mott et al. (49), it was found
that, compared to natural lighting conditions, increasing the quality of artificial light positively affected
the visual performance of participants. Since most visual testing studies have been conducted indoors,
their findings could have been affected by the artificial lighting used and it is this comparative factor that

may offer opportunities for future research.

LIMITATIONS

While an in-depth search was performed to find a large number of previously known and unknown factors
that could affect the vision of athletes, there is the possibility that other factors have not be identified. This
may be related to articles not published in the English-language, the use of only published citations, and
the use of the defined/selected databases due to time, budget, and resource constraints. In addition, the
inclusion criteria may be considered either too narrow resulting in eligible evidence not being found or
even too loosely defined increasing the possibility of poor reproducibility due to many subjective
decisions regarding what to include.

CONCLUSIONS

Factor by factor, this review has highlighted areas for future research, pointing to opportunities to broaden
the scope of the knowledge base. Fourteen factors affecting vision and VSI in athletes have been identified
and this compilation provides a starting point for further factors to be added. This study reveals that many

factors can affect vision and VSI and could add significantly to processes relating to visual testing of
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athletes and assessments of their decision-making skills. This review further indicates that while current
research still tends to focus on single factors affecting vision and VS|, a large number of such factors have
been identified and empirically researched. This offers new opportunities for researchers to investigate
the effects of a combination of factors, and for coaches to explore further possibilities for competitive

advantage.
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CHAPTER THREE: ARTICLE TWO - DIFFERENCES IN VISIO-SPATIAL EXPERTISE
BETWEEN FIRST-DIVISION RUGBY PLAYERS AND NON-ATHLETES

Millard, L., Shaw, I., Breukelman, G.J., Shaw, B.S. Differences in Visio-spatial expertise between first-

division rugby players and non-athletes. Vision Research Journal. Submitted. (Appendix B)

ABSTRACT

The present study aimed to compare the visual expertise of first-division rugby players to non-athletes.
Research suggests that athletes have enhanced Visio-spatial expertise when compared to non-athletes.
However, conflicting research suggests that this is not always the case, as non-athletes possess similar
Visio-spatial expertise in certain visual skills. Participants underwent an optometric assessment after
which the following six Visio-spatial intelligence (VSI) components were measured, namely
accommodation facility, saccadic eye movement, speed of recognition, peripheral awareness, visual
memory and hand-eye coordination using the following tests: Hart Near Far Rock, saccadic eye
movement, evasion, accumulator, flash memory and ball wall toss tests. Results indicated that first-
division rugby players performed significantly (p < 0.05) better in five of the six tests performed, with the
exception for visual memory (p = 0.893). While this study substantiates the notion that athletes, in this
case, first-division rugby players, perform significantly better in most VSI components, this is not the case
for all aspects of vision. To more accurately distinguish between athletes and non-athletes, research should
move away from tests that focus on basic visual function and develop sport-specific testing methods.

Keywords: Perceptual performance, Sport vision, Visual classification, Visual function

INTRODUCTION

Itis estimated that 85-90% of sensory information regarding the external environment is obtained visually
(Loran & MacEwen, 1995). Vision is crucial in performing motor tasks that are ubiquitous features of
human action and interaction in our world, for example shaking hands or crossing the street (Barret et al.,
2017). It provides information regarding the “where”, “when” and “what” action to complete (Wimhurst
et al., 2012), and is of vital importance to perform more complex motor tasks such as catching, passing

and kicking, which is needed to perform at an optimal level in sport (Meir, 2005).

Historically, researchers have relied on physical condition testing and training techniques to classify and

compare athletes to non-athletes (Du Toit et al., 2010; Millard et al., 2020a). However, recent interest has
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developed around how the testing and training of vision can affect sports performance and assist in
classifying and comparing athletes from non-athletes (Du Toit et al., 2009; Millard et al., 2020a). It has
been suggested that irrespective of enhanced physical strength, speed, and technical skill, the ability to
quickly and correctly process visual information presented may be what differentiates athletes from non-
athletes (Kuan et al., 2018).

It has also been suggested that vision is superior in athletes compared to the general population (Gao et
al., 2015). However, there are multiple visual skills and each sport utilizes different aspects of vision,
which in turn, allows athletes to improve their visual skills through training and testing (Barrett et al.,
2017). Classé et al. (1997) found the visual reaction time of baseball players is enhanced in comparison
to non-athletes. Similarly, Laby et al. (1996) found the visual acuity, and distance stereo-acuity of
baseball players exceeds that of non-athletes. Conversely, Ciu¢manski and Watroba (2005) found that no
differences exist in the accommodation facility of football players and non-athletes. Likewise, Babu
(2004) found that there is no difference in the saccadic eye movements between badminton players and

non-athletes.

Athletes train vigorously to ensure optimal performance on the field of play. Research suggests that visual
performance can be improved through physical training and provides an explanation as to why athletes
outperform non-athletes in certain visual skills, and due to the demanding nature of the sport, rugby
players are no different (Du Toit et al., 2012; Elsawy, 2011). A major cause of the inconsistent findings
when comparing the visual skills of athletes and non-athletes is due to the generalization of visual training
programs and testing batteries used by the researchers. Abernethy and Wood (2001) stated that most visual
testing and training programs tend to focus on the basic visual functions only and do not take into
consideration that for testing and training to be effective and result in an improvement to on-pitch
performance, those methods need to be sport-specific. The contradictory nature of the research findings
necessitates the need for a study that incorporates a sport-specific visual test battery to clarify the visual

skills of rugby players that are enhanced in comparison to non-athletes.

MATERIAL AND METHODS

Subjects

Eighty young adult males (range: 19-35 years; mean age: 23.73+4.33 years) comprising of 40 first-
division rugby players (mean age: 23.88+4.36 years), and 40 non-athletes (n = 40; mean age: 22.13+2.37
years) participated in the study. All subjects were recruited from the Zululand region in the KwaZulu-
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Natal province of South-Africa, and the first-division rugby players were sampled using a non-probability
technique. To partake in the study, non-athletes were required not to have taken part in any form of
organized sport or physical activity (Millard et al., 2020b; Stern & Kysilka, 2008). The first-division rugby
players were required to have participated in a minimum of 30 hours of training per week, and having
played at least one competitive game in the first division. If the conditions were not met, subjects were
excluded from the study. The study followed the tenets of the declaration of Helsinki and approval was
obtained from the ethical board committee of the University of Zululand. Informed consent was obtained
from all subjects before participating in the study after indications and potential consequences of the study

were explained in detail.

Optometric Assessment

To participate in the study, subjects were required to undergo an optometric assessment to ensure normal
(20/20) vision. Spectrum Eyecare software (Version 6.0.0, Digital Optometry, Republic of South Africa)
was used to measure the subject’s visual acuity and depth perception to ensure that all subjects met the

minimum requirements, which in turn allowed participation in the study.

Visio-spatial test battery

A VSI test battery was designed to measure the following six components of vision for both the first
division rugby players and non-athletes: 1) accommodation facility; 2) saccadic eye movements; 3) speed
of recognition; 4) hand-eye coordination; 5) peripheral awareness and 6) visual memory. To decrease the
effect of various factors affecting vision such as diet and physical and mental influences, testing was
conducted between 07:00 and 12:30 in the morning. Testing was performed while the athletes were in a
post-absorptive state following a 9- to 12-hour fast, and at least 48 hours after any other physical exercise
was performed. For each of the tests two trials were performed with a five-minute rest in between trials,

with the top score being recorded and used in the final data analysis (Millard et al., 2020D).

Accommodation facility

The function whereby the refractive power of the optical system of an eye can change, which enables
images of both distant and near objects to be viewed clearly (Mcbrien & Millodor, 1987). Research
suggests that this function can be measured through the use of the Hart Near Far Rock Test (Adler, 2007).
This test makes use of the Hart Chart, which was placed three meters away from the subjects on a board,
at head height (Du Randt et al., 2016; Millard et al., 2020b). Researchers instructed subjects to hold
another smaller chart at arm’s length away, after which they were tasked to read the first letter of the first
line of the chart on the board three meters away and then proceed to read the first letter of the chart at
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arm’s length away (Du Randt et al., 2016; Millard et al., 2020b). This process continued for 30 seconds,

after which errors were subtracted from each subject’s score to determine their final score (Millard et al.,

2020b).

Saccadic eye movement

Saccades are rapid, ballistic movements of the eyes that abruptly change the point of fixation, and can be
measured through the use of a saccadic eye movement chart (Purves, 2001). To ensure subjects cannot
memorise the letters on a chart, a standardized, yet adjustable saccadic eye movement chart was used,
whereon letters running down vertically on both sides of the page. The primary researcher placed two
charts on a board, 1 meter apart, at a distance of 3 meters away from the subjects (Du Randt et al., 2016;
Millard et al., 2020b). Subjects were instructed to read the first letter on the lateral side of the left chart,
and then rapidly move their eyes and read (without moving their heads) the first letter on the lateral side
of the right chart (Du Randt et al., 2016; Millard et al., 2020b). This process continued for 30 seconds,
after which any errors were subtracted from each subject’s score to determine their final score (Millard et
al., 2020b).

Speed of recognition

For this study, the Batak Pro was used to measure the speed at which individuals can process and act on
visual information in an environment (Lobier et al., 2013; Quotronics Limited, 2011). The Batak Pro
consists of 12 visually bright light-emitting diodes (LED) and contains a microcomputer that allows for
multiple different programs to be employed. To measure the speed of recognition, this study used the
Evasion program, which causes the LED lights to randomly light up for 1 second, with a maximum of
100 targets being illuminated. If a subject struck an incorrect target or did not reach the target in time, the
program would speed up and increase its level of difficulty (Quotronics Limited, 2011). For the duration
of the test, if a target lit and flickered, subjects were instructed to not strike the target, but rather to only
strike the solid lights. If the subject struck a flickering target, the Batak Pro would subtract 5 points from
the subject’s score (Quotronics Limited, 2011). Lastly, when all of the lights in the middle of the Batak
Pro began to flicker, the subject was required to get out of the way of a small infrared beam. If caught, a
further 5 points were deducted (Quotronics Limited, 2011). The final score was automatically calculated

by the microcomputer.

Hand-eye coordination
Optimal coordination between eye and hand was tested by making use of the ball wall toss test (Laplante,
2001; Rizzo et al., 2019). A subject was instructed to position themselves at a mark measured two meters
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from a wall, and to throw a standard tennis ball at the wall, and catch it, while alternating hands for 30
seconds (Du Randt et al., 2016; Millard et al., 2020b). The number of successful catches were recorded
(Millard et al., 2020b).

Peripheral awareness

The ability of individuals to respond rapidly and successively to peripherally present stimuli was measured
by the accumulator program on the Batak Pro (Kruger et al., 2009; Quotronics Limited, 2011). The
microcomputer caused random targets to illuminate, and to remain illuminated until they are struck by a
subject. As soon as a subject struck a target, another would illuminate, and this process would continue
for 60 seconds (Quotronics Limited, 2011). The final score was calculated, automatically stored and

displayed by the microcomputer.

Visual memory

The ability to store and retrieve visual information that has been previously experienced was measured,
for this study, using the flash memory program of the Batak Pro (Quotronics Limited, 2011; Shurgin,
2018). This program caused the microcomputer to illuminate six targets for half a second, after which the
targets disappeared. The subjects were required to remember the six illuminated targets as well as the
order in which they appeared (Quotronics Limited, 2011). The microcomputer calculated the maximum

score at the end of the session for each subject.

Statistics

This study was conducted using quantitative research methods and employed already established visual
skills assessments. Descriptive statistics such as the mean, standard deviation, ranges and percentage
differences were calculated through the use of the Statistical Package for Social Sciences (SPSS) version
22 for Windows (SPSS Inc., Chicago, IL, USA). To measure the differences that existed between the two
groups, the Mann-Whitney U test was employed. This method was used because the dependent variable
was continuous, and not normally distributed. Concurrently, a rank-ordered analysis was performed, to
better discriminate as to which visual skills were superior. The Kaiser-Meyer-Olkin measure of sampling
adequacy was employed to indicate whether the data was suitable for factor analysis and to create an
overall combined measure of visual expertise. Lastly, in order to check if the data was suitable for a
reduction of exploratory factor analysis, Bartlett’s test of sphericity was utilized. Statistical significance

was set at p <0,05.
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RESULTS

In evaluating the results, it was found that a significant difference existed between first division rugby
players and non-athletes for five out of the six Visio-spatial skills tested (Table 1). Upon viewing the
results in more detail, first division rugby players outperformed non-athletes significantly in
accommodation facility (p = 0.000), saccadic eye movement (p = 0.000), speed of recognition (p = 0.000),
hand-eye coordination (p = 0.000) and peripheral awareness (p = 0.000). Interestingly, however there was
no significant difference found in visual memory between the two groups (p = 0.893).

A rank-ordered analysis revealed that even though there were significant differences in five of the six
visual skills tested, the magnitude of the difference varied. Firstly, the analysis indicated that first division
rugby players were 93% more proficient at speed of recognition in comparison to non-athletes. Secondly,
the first division rugby players performed 23% better in hand-eye coordination skills in comparison to
non-athletes, followed by saccadic eye movements (19%), peripheral awareness (15%), and
accommodation facility (9.59%) (Table 1).

Upon further investigation, an exploratory analysis found that first division rugby players significantly
outperformed non-athletes (U = 167.500, p-value = 0.000), with first division rugby players performing

better on average than non-athletes.

Table 1 Differences in visio-spatial expertise between 1% division rugby players and non-athletes

Visio-spatial skill Non-athletes Rugby players Difference Significance
(n =40) (n =40) (%) (p-value)
Accommodation Facility 28.78+2.93 31.68+4.29 9.59 0.000*
Saccadic Eye Movement 32.98+4.70 40.03+7.26 19.31 0.000*
Speed of Recognition 11.23+6.05 30.88+£15.35 93.33 0.000*
Peripheral Awareness 56.20+3.39 65.40+6.13 15.13 0.000*
Hand-Eye Coordination 19.55+4.48 24.75+3.68 23.48 0.000*
Visual Memory 45.10+5.46 45.28+7.01 0.40 0.893

MeanSD; *: Statistically significant (p < 0.05)
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DISCUSSION

This study was to compare the visual expertise of first division rugby players to non-athletes. A VSI test
battery was utilized to differentiate between both groups based on the following VSI components:
accommodation facility, saccadic eye movement, speed of recognition, peripheral awareness, visual
memory, and hand-eye coordination. It was found that first division rugby players outperformed non-

athletes on all VSI components, except visual memory.

While there is evidence to suggest that athletes were found to have lower accommodation facility abilities
when compared to non-athletes (Christenson & Winkelstein, 1988), the finding of superior
accommodation in first-division rugby players were similar to that of studies by Jafarzadehpur et al.
(2007) and Omar et al. (2017), which found that accommodation facility was significantly different when
comparing volleyball players and non-athletes. Accommaodation is crucial to enable athletes to perform
optimally, and as such, athletes spend a large amount of their training time on attaining and focusing on
targets to achieve higher accuracy on the field of play. This allows athletes to adjust their focus rapidly
for stable and clear vision, especially when attempting to fixate from distance to near or vice versa (Omar
etal., 2017). This causes athletes to have enhanced accommodation in comparison to non-athletes.

Findings by Yilmaz and Polat (2018) suggests that there are no differences when comparing the saccadic
eye movements of basketball players, volleyball players and swimmers to non-athletes. However, it was
reported that no sport-like dual-task was included, which influenced the results, as the specificity of the
task is crucial to ensure accurate findings. Studies conducted by Fujiwara et al. (2009), and Nakamoto and
Mori (2008a) supported the notion that saccadic eye movements are significantly enhanced in basketball
players and baseball players when compared to non-athletes. Athletes have the unique ability to learn
dynamic complex scenes rapidly due to their superior perceptual skills (Faubert, 2013), which increases
the capacity to resolve spatial dynamic objects during head fixation or movement, as well as allocating
their attention more efficiently than non-athletes (Mann, 2007). This allows athletes an enhanced ability
to move their eyes rapidly from one target to the next and provide more information regarding the targets.
The present study found that there was a significant difference in the speed of recognition between first
division rugby players when compared to non-athletes. This is supported by the findings of Thomson et
al. (2005), and Nakamoto and Mori (2008b) who found that there was a significant difference in the speed
of recognition when comparing basketball, volleyball, and baseball players to non-athletes. To perform
optimally, rugby players train vigorously to improve skills such as catching, passing and kicking in
pressure situations (Meir, 2005). Research suggests that chronic training produces modifications in the
number of synapses, synaptic strength, and topography of stimulus-evoked movement representation and
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induces persistent-encoded behaviours within the nervous system (Monfils et al., 2005; Nielsen & Cohen,
2008). This causes athletes to improve exponentially in relation to decision making tasks that occur within
their sporting environment, which in turn causes enhanced performance when compared to non-athletes.
However, this also explains the findings of Mori et al. (2002), who stated that there was no significant
difference for in the speed of recognition between karate athletes and non-athletes. If the decision-making
skills of athletes are tested using tasks that are not specific to their sporting environment, no difference
would be found between athletes and non-athletes (Abernethy & Wood, 2001). Testing needs to be
conducted using sport-specific testing methods because if generalized methods are used, the results found
would be inaccurate. Significantly, this study found that speed of recognition was the VVSI component that
exhibited the largest difference between first division rugby players and non-athletes with a difference of
93%. Thus, to be a successful rugby player, speed of recognition may be the most important VSI

component to focus on.

Based on the results of peripheral awareness, previous research by Ando et al. (2001), and Williams and
Thirer (1975) found similar differences in peripheral awareness when comparing soccer, American
football, and fencing athletes to non-athletes. Contradictory, Zwierko (2007) found that there was no
significant difference in peripheral awareness when comparing handball players to non-athletes.
Interestingly, athletes may have enhanced peripheral awareness due to their higher level of visual
perception, which is related to recognition speed and responsiveness to stimuli, and the functioning of the
visual system in the peripheral field (Blundel, 1982). Furthermore, research suggests that sport disciplines
which require multiple stimuli involvement of visual perception improves peripheral awareness (Blundel,
1982). It is thus safe to state that peripheral awareness in rugby players may be enhanced when compared
to non-athletes, due to the multiple stimuli involvement needed to perform the skills needed to succeed.
Hand-eye coordination was found to be superior in this study’s first-division rugby players and is
supported by the findings of Chen et al. (2017), and Halder and Saha (2013). This is expected in an open
skill sport such as rugby, due to players being required to process information in a rapidly changing,
unpredictable environment, which may lead to a superior performance of hand-eye coordination skill and
also result in developing more flexible visual attention, decision making and action execution when
compared to non-athletes (Lees, 2003; Taddei et al., 2012).

Lastly, the only VSI component tested where no significant difference was found between first-division
rugby players and non-athletes, was visual memory, which concurs with the findings of Chase and Simon
(1973). While there were differences found initially when structured scenes were used to distinguish

between basketball players and non-athletes, there were no differences found when using unstructured
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scenes, which suggests that athletes only have enhanced results regarding visual memory when faced with
familiar situations (Chase & Simon, 1973). There are multiple possible reasons as to why no significant
differences were found in this study, including visual memory not being a crucial VSI component when
differentiating between first division rugby players and non-athletes, or that the Batak Pro Flash Program
is not able to differentiate between first-division rugby players and non-athletes specifically concerning

visual memory, which provides an opportunity for further research.

CONCLUSIONS

While this study substantiates the notion that athletes, in this case, first division rugby players, perform
significantly better in most VSI components, this is not the case for all, as with visual memory in this
study. To more accurately distinguish between athletes and non-athletes, research should move away from
tests that focus on basic visual function and develop sport-specific testing methods that can be used by a
variety of sports, as with the findings of this study in relation to the speed of recognition where there was
a 93% difference. Future studies should use sport-specific testing methods to measure the transferability

of visual training programs to on-pitch performance.
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ABSTRACT

Background: Research regarding the superiority of athletes’ Visio-spatial expertise when compared to
non-athletes is conflicting. This discrepancy may arise due to superiority in athletes in only specific Visio-
spatial skills (VSS) and not all aspects of vision.

Aims: This study aimed to discern whether rugby players have superior VSS/expertise in comparison to
non-athletes when comparing six visual skills (accommodation facility, saccadic eye movement, speed of
recognition, peripheral awareness, visual memory and hand-eye coordination).

Methods: The participants underwent an optometric assessment, after which the VSS components of non-
athletes and premier league rugby players were assessed using six existing tests namely; the Hart Near
Far Rock, saccadic eye movement, evasion, accumulator, flash memory and ball wall toss tests.

Results: A statistically significant (p <.05) difference existed between rugby players and non-athletes for
five of the six tests. Conversely, no real evidence is shown that visual memory differs between rugby
players and non- athletes (p = .599).

Conclusion: This study found that rugby players have an enhanced accommodation facility, saccadic eye
movements, speed of recognition, peripheral awareness and hand-eye coordination, but not visual memory
when compared to non-athletes. These findings of the superiority of rugby players in specific VSS skills
have broad implications for theories of sports vision, how best to select tests and in the development of

sport-specific VSS testing batteries.

Keywords: Sports Vision, Visual expertise, Visual skill, Visio-spatial Intelligence (VSI)

INTRODUCTION

To perform fundamental movement activities, such as walking, running, catching and jumping,
individuals, and especially athletes, need to be able to use motor skills [1]. These motor skills are stable,
long-lasting and are essential for athletic performance. Thankfully, these motor skills can be developed
through motor activity or practice. This is the reason coaches and conditioning specialists spend a large
amount of time improving their athletes anthropometrically and physiologically.
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Sports vision has only received attention concerning athletic performance in recent years [2]. Athletes
spend numerous hours training, to improve their conditioning to increase inter alia: body composition,
cardiorespiratory endurance and muscular fitness, while inadequate visual processing capabilities could
affect their physical training and thus their performance [2]. For example, a crucial component of
coordination is Visio-spatial skill (VSS), which can be defined as a wide variety of individual skills that
vary from recognizing brightness or darkness, identifying complex intersecting angles and curves to
recognizing faces by the shape of eyes, noses, mouths and hair [3, 4]. This is because improvements in
the physical skill of coordination can be achieved through a complex interplay of proprioception, sensory
input from vision, and the vestibular system [5]. It is clear that in the majority of sports, the visual system
provides the athlete with information regarding where, when and what to focus on in a specific sporting
situation, which has a significant impact and positively influences athletes’ response to visual information.
It is therefore important to realize that the eyes, via neurological pathways to the brain, are responsible

for directing an athlete’s muscles to respond appropriately [2].

While VSS are increasingly being considered as important as physical skills in athletes, VSS is still not
thoroughly researched. Further confounding the importance of VSS in athletes are conflicting findings.
Some research has indicated improved VSS in athletes when compared to non-athletes [6, 7], while other

research has indicated that there may be no difference in VSS between athletes and non-athletes [8-10].

Research is unequivocal regarding the efficacy of physical training at improving cognitive functioning
and altering the structural and functional aspects of the human brain. So too has research proposed that
physical activity can influence the visual performance skills. This is because exercise facilitates multiple
cognitive processes under different conditions, and can enhance response accuracy and response speed,
as well as facilitate the cognitive processes which are central to goal-orientated actions and problem-
solving [11-13]. In this regard, not only are rugby players physically active, training for up to five days
per week, they also need to possess a variety of skills such as catching, passing and kicking, to enable
them to advance the ball beyond the opposing team’s defensive line [14]. To limit mistakes during the
performance of these skills, a significant amount of time may need to be spent during training to improve
rugby players’ VSS including accommodation facility, saccadic eye movement, speed of recognition,
peripheral awareness, visual memory and hand-eye coordination, while factoring in variables such as
fatigue and conditions that occur during a match [14]. While non-athletes use their VVSS daily to perform
activities, non-athletes are in many cases not physically active. This may, in turn, lead to a decrease in a
variety of VSS [6]. Due to the conflicting research that exists with regards to VSS in athletes versus non-
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athletes, it is imperative to determine which specific VSS are enhanced in athletes.

AIMS AND HYPOTHESIS

The study aimed to discern whether rugby players have enhanced VSS in comparison to non-athletes.
This study specifically compared rugby players and non-athletes on six VSS components, namely;
accommodation facility, saccadic eye movement, speed of recognition, peripheral awareness, visual
memory, and hand-eye coordination. Based on previous research, it was hypothesized that rugby players
would prove significantly superior to non-athletes on all six measured VSS components, however not to

the same magnitude.

METHODS

Participants

Following institutional ethics approval and informed consent, the study sampled 19- to 35-year old male
non-athletes (n = 40; mean age: 22.13+2.37 years) and male premier league rugby club players (n = 40;
mean age: 25.20+5.23 years). The non-athletes were recruited from the Zululand region in the KwaZulu-
Natal province of the Republic of South Africa and were required to not be participating in any structured
sporting/physical activity program [15]. Rugby players were sampled using a non-probability sampling
technique from all the premier league rugby teams within the same region as the non-athletes. Rugby
players were required to have participated in 30 hours of rugby training and played at least one competitive
game per week in the premier league within the past three months. To ensure group equalization,

participants in each group were age-matched.

Optometric assessment

All participants underwent general optometric screening using the Spectrum Eyecare software (Version
6.0.0, Digital Optometry, Republic of South Africa) to determine if any limitations existed in any of the
participants’ vision and thus suitability for the study. All participants reported normal or corrected-to-
normal vision (20/20 or better). None of the subjects had previous experience with VSS testing.

Visio-spatial skill test battery

Testing was performed on weekday mornings between 07:00 and 12:00 in the post-absorptive state
following a 9- to 12-hour fast to minimize the influence of any dietary or supplemental factors. In an
attempt to avoid any physical and mental influences, participants were tested only after at least 48 hours
following any physical exercise. Both groups performed the same VSS test battery and tests were
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performed in the following sequence to ensure prior tests did not influence later tests: 1) accommodation
facility; 2) saccadic eye movements; 3) speed of recognition; 4) hand/eye coordination; 5) peripheral
awareness and 6) visual memory. A five-minute rest period was observed between each trial to ensure

adequate recovery.

Accommodation facility

As suggested by Adler [16], the Hart Near Far Rock Test was utilized to assess visual accommodation via
speed of the response of the eye movements and their ability to maintain this response over time [17]. The
Hart Chart was placed at the head height of each participant on a wall three meters away. Participants
were instructed to hold another chart at arm’s length away from themselves. Participants were then asked
to read the first letter of the first line of the chart on the wall three meters away, after which they read the
first letter on the chart at arm’s length away [18]. The participants were instructed to continue in this
manner for 30 seconds after which the errors were recorded as well as their end score (i.e. how many
letters were read correctly). The final score was calculated by subtracting the number of errors the
participant made from their end score. Different charts were used to ensure that letters cannot be
memorized [18]. Two trials were performed with a five-minute rest period between trials, after which the

highest score was recorded and utilized in the final analysis.

Saccadic eye movements

To assess how rapidly the participant’s eye movements are in repositioning the fovea to a new location in
the visual environment, a saccadic eye movement chart was utilized [19]. This chart contained adjustable
letters running vertically downward on both sides of the page. Different charts were used to ensure that
letters could not be memorized [18]. In this test, two saccadic eye movement charts were placed 1m apart
on a wall, with the participant standing 3m from the charts. The participant then had to look at the first
letter on the lateral side of the left chart and say it out loud, after which he then needed to quickly look
over at the chart on the right and read the first letter on the lateral side out loud. The participants were
instructed to keep their heads still and to only move their eyes. This test was performed for 30 seconds
and the number of errors made was measured as well as the end score (i.e. how many letters were read).
The final score was determined by deducting the number of errors from the number of letters read. Two

trials were performed, with the highest score recorded and utilized in the final analysis [18].

Speed of recognition
To assess the speed at which a participant recognizes a specific target, the present study made use of the
Batak Pro [20]. This equipment involves 12 visually bright light-emitting diode (LED) cluster targets that
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are numbered and arranged in a maximum stretch type configuration and put under the control of a
dedicated microcomputer. The targets were lit up using the Evasion Program [20]. This program allowed
100 timed targets to illuminate at random with the “time” LED screen on the Batak counting the targets
down from 100 to zero and the “score” LED screen showing each successful strike. The targets remained
lit for a 1-second strike opportunity. If the wrong target was struck “out of time”, the routine would speed
up. During the course of this routine, if the participant saw a flashing target, they were required not to
strike it. Hitting this target caused the equipment to give the participant a verbal “foul” and the loss of five
points on the score. If all the center targets illuminated at the same time, the participant was then
immediately required to avoid an infrared beam emitted or be penalized five points. The number of errors
made was recorded by the equipment, and the end score was determined after deducting the errors [20].
Two trials were performed with a five-minute rest period between trials, after which the highest score was
recorded and utilized in the final analysis.

Hand-eye coordination

To assess hand-eye coordination, this study made use of a tennis ball and the ball wall toss test [21]. A
spot was marked 2m away from the wall, and each participant was required to throw the ball at the wall
and catch the ball using alternating hands. Participants continued to do this for 30 seconds [18]. Each time
the participant caught the ball is counted as a score. The participants were required to complete as many
catches as possible within the available 30 seconds. Two trials were performed with a five-minute rest
period between trials, after which the highest score was recorded and utilized in the final analysis.

Peripheral awareness

To assess the ability of the participants to see objects and movement outside of their direct line of vision,
the Batak Pro [20] was utilized using the Accumulator Program. The Accumulator Program consisted of
random targets remaining lit on the Batak Pro for 60 seconds until the participant touched them [20]. The
number of targets correctly touched in 60 seconds was recorded by the machine and two trials were
performed with a five-minute rest period in between trials, after which the highest score was recorded and
utilized in the final analysis.

Visual memory

To assess the memory where the stored information was acquired by the visual system, the Batak Pro
Flash Program was utilized and entailed the illumination of six random targets for a display time of half
asecond [18]. Participants were required to correctly remember the specific targets and the order in which
they were activated, and strike the illuminated targets (that illuminated in a specific order) after the
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“double beep” prompt sounds. The maximum score was displayed on the “score b” LED screen and the
points scored for each correct strike were shown on the “score a” LED screen [20]. The maximum score
obtained from the two trials were recorded and used in the final data analysis. A five-minute rest period
was given between trials.

Data Analysis

The study made use of quantitative research methods, involving already established VSS assessments.
This study made use of the Statistical Package for Social Sciences (SPSS) version 22 for Windows (SPSS
Inc., Chicago, IL, USA), which calculated the descriptive statistics including the means, standard
deviations, ranges and percentage difference of the data collected. The Mann-Whitney U test was used to
compare differences between the two independent groups since the dependent variable was continuous,
and not normally distributed. To more accurately empirically evaluate on which visuospatial skills rugby
players were more superior, a rank-ordered analysis was conducted to support the findings of the Mann-
Whitney U test. In addition, to create an overall combined measure of visual expertise, exploratory factor
analysis was utilized following application of the Kaiser-Meyer-Olkin measure of sampling adequacy to
indicate whether the data was suitable for factor analysis. Bartlett’s test of sphericity was also utilized to
indicate if the data was suitable for reduction for exploratory factor analysis. Statistical significance was

setat p <.05.

RESULTS

The results indicated that a significant difference (p <.05) existed for five out of the six tests between the
rugby players and non-athletes (Table 1). The rugby players were significantly superior for
accommodation facility (p = .000), saccadic eye movement (p = .000), speed of recognition (p = .000),

hand/eye coordination (p = .000) and peripheral awareness (p = .000), but not visual memory (p = .599).
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Table 1 Visio-motor expertise comparison in rugby players and non-athletes

Visio-spatial skill Non-athletes  Rugby players Difference Significance
(n=40) (n =40) (%) (p-value)
Accommodation Facility 28.78+2.93 38.33+4.39 28.46 .000*
Saccadic Eye Movement 32.98+4.70 47.70+6.61 36.49 .000*
Speed of Recognition 11.23+6.05 49.53+14.31 126.07 .000*
Peripheral Awareness 56.20+3.39 76.02+4.28 29.98 .000*
Hand-Eye Coordination 19.55+4.48 29.70+3.50 41.22 .000*
Visual Memory 45.10+5.46 45.70+5.96 1.32 599

Mean£SD; *: Statistically significant (p <.05)

Rank-ordered analysis indicated that the rugby players were 126% more proficient than non-athletes
at speed of recognition, followed by 41% for hand-eye coordination, 36% for saccadic eye

movement, 30% for peripheral awareness and 28% for accommodation facility (Table 1).

Further exploratory analysis indicated a significant difference existed for the overall performance
between rugby players and non-athletes (U = 0.000, p = .000), with rugby players performing better
on average than non-athletes.

DISCUSSION

The primary aim of the present study was to discern whether rugby players possess enhanced VSS
in comparison to non-athletes. This study specifically compared rugby players and non-athletes on
six components of VSS, namely; accommodation facility, saccadic eye movement, speed of

recognition, peripheral awareness, visual memory, and hand-eye coordination.

The present study found a significant difference in accommodation facility between the rugby players
and non-athletes. This is similar to the studies of Jafarzadehpur et al. [22], and Vera et al. [23] and
found there was a difference in accommodation facility when comparing university athletes and non-
athletes. However, Ciu¢manski and Watroba [8] and Ward et al. [24] found no significant difference
in accommodation facility when both studies compared soccer players and non-athletes. Athletes
may have an increased accommodation facility due to a better tracking (from far to near) ability in
comparison to non-athletes. Athletes may be successful at (a particular) sport because they possess
superior accommodation and vergence functions, as well as ocular motility [25, 26]. Possible reasons
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as to why there was no difference was found in accommodation facility in the studies of Ciu¢manski
and Watroba [8] and Ward et al. [24] may be due to certain athletes being found to have a lower
amplitude of accommodation than non-athletes, indicating that they are only superior to non-athletes
when they focus on multiple targets and not single targets [23].

The finding of superior saccadic eye movements in rugby players and non-athletes in this study is
similar to that of Sokhn et al. [27] and Mann et al. [28] who found a significant difference in saccadic
eye movements when comparing cricket players and non-athletes. However, Babu, [9, 10] found no
difference in saccadic eye movements when comparing badminton and squash players, and non-
athletes. Athletes may have superior saccadic eye movements to non-athletes because they
incorporate the use of priority selection of information, the elimination of irrelevant cues, and spend
a greater amount of time to ensure that the correct response is selected in comparison to non-athletes
[29]. Rugby players, in particular, spend a significant amount of time during training attempting to
improve their ability to select the correct response during competition situations [14]. Interestingly,
rugby players may be at a particular risk to have reduced saccadic eye movements because contact
sports, such as rugby, have high incidences of concussion and sub-concussive impacts, leading to a

decreased ability to move one’s eyes as quickly as possible from one target to the next [30].

With regards to the speed of recognition, the present study demonstrated that rugby players were
superior to non-athletes. This is similar to the studies of Wang et al. [31] and Zwierko [32] who found
a difference in speed of recognition when comparing basketball players and fencers to non-athletes.
Of particular interest, the present study found that the largest difference between the rugby players
and non-athletes was found in the speed of recognition, where the rugby players scored 126% higher
than the non-athletes. Kaya [33] proposes that decision making takes on three characteristics in the
field of sport. Firstly, it is naturalistic, meaning that athletes naturally always encounter the decision
in a sports environment with some degree of task familiarity [33]. In other words, athletes have
enhanced decision-making skills when faced with a Visio-spatial decision that occurs regularly in
their sport, which in turn, means that if the test battery is sport-specific, athletes will outperform non-
athletes. Secondly, since the majority of sports decisions are dynamic, decisions in sports reveal over
time. The dynamic aspect of decision-making has a double impact, meaning that information is not
immediately gathered and processed, but rather, a decision-maker must accrue information over time,
and subsequent processing of this information takes additional time. However, sports situations and
decisions possess external dynamics, meaning that the situation itself changes over time [33]. Lastly,
most decisions made by athletes are made in motion, which increases the difficulty level of the
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decision to be made. Due to decision-making in sport being naturalistic, dynamic in nature, and
performed in motion (which increases the difficulty level), the speed of recognition may be the most

critical VSS linked to success in rugby

The present study’s finding of a superior peripheral awareness in rugby players when compared to
non-athletes is similar to that of Khanal [6] and Ciu¢manski and Watroba [8], who found differences
in peripheral awareness when comparing soccer players and non-athletes. Athletes have a larger
extent of horizontal and vertical visual fields in comparison to non-athletes, and they have better
form recognition at more peripheral locations [34]. Participating regularly in sport allows athletes to
restrict their peripheral awareness to only crucial stimuli in the environment to perform a sport
specific task, which in turn increases the latency and accuracy of head movements during eye
movement localization tasks [34]. Therefore, the peripheral sensitivity of athletes seems to be

enhanced, which causes a rapid reaction to stimuli in their peripheral field of vision.

Similar to the studies of Chraif [35] and Akarsu et al. [36], the present study found significant
differences in hand-eye coordination between rugby players and non-athletes. This is to be expected
in that individuals with intrinsic neurological advantages, such as enhanced eye-hand reaction time
and VSS, can readily participate in sports [36]. Hand-eye coordination is critical for success in rugby
since it involves passing and handling of the ball, receiving the ball and tackling moving targets,
mostly while running [37].

Visual memory was the only VSS, of the six measured, to be found to be similar in the sampled rugby
players and non-athletes. This finding is similar to a study by Tomczyk et al. [38] that too found no
difference in visual memory when comparing athletes and non-athletes. The lack of difference in
visual memory in athletic and non-athletic populations may be due to visual memory not being
different from verbal memory in its strategic nature, and thus there is no special motor program for
visual memory [38]. Contradictory, Chueh et al. [39] found that athletes that participate in both open
(rugby and cricket) and closed-skill sports (jogging and swimming) have enhanced visual memory
in comparison to non-athletes. A possible reason for this finding is that regardless of whether visual
skills are practicable or not, research suggests that exercise and training can develop brain-related

visual areas such as visual memory [40].

This study highlighted the finding that rugby players have enhanced VSS performance to non-
athletes. While this, and previous studies, propose that physical activity and/or training may be the
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reason for this superior VSS, the importance of a fortuitous genetic predisposition towards an
enhanced VSS in athletes cannot be downplayed [41]. This is because of the complex interaction
between psychological, physiological and socio-cultural factors which interact over the long term to
have a resultant effect on the phenotype of the athlete. This may be the same for the VSS of athletes
and leads to the conclusion that athletes may have superior VSS due to a combination of regular

exercise training and a genetic predisposition.

Based on previous research, the present study hypothesized that rugby players would have superior
V'SS when compared to non-athletes, however not to the same magnitude. This was confirmed in the
present study which indicated that rugby players were 126% more proficient than non-athletes at
speed of recognition, followed by 41% for hand-eye coordination, 36% for saccadic eye movement,
30% for peripheral awareness and 28% for accommaodation facility. As such, these findings suggest
that these VSS may be needed in varying levels of importance for success in rugby. In addition, the
degree of expertise of the rugby players (i.e. number of years of practice) should be recorded and
correlated to VSS to determine if the level of play or some other variable may be related to VSS in
athletes and/or for a particular sport.

CONCLUSION AND PRACTICAL IMPLICATIONS

The finding of the superiority of only specific VSS in the context of this study has broad implications
for theories of vision, how best to select tests and in the development of sport-specific VSS testing
batteries. While this study substantiates the proposal that athletes, and specifically rugby players,
have superior VSS/expertise to non-athletes, this study also found that this is not the case with all
VSS, as with visual memory in this study. Research should, therefore, establish which VSS tests are
better able to distinguish athletes from non-athletes, and further establish which VSS test is more
appropriate for specific sports to not only distinguish non-athletes from athletes, but also for
distinguishing level of play in the same vein as anthropometric and physiological tests are utilized in
the selection and recruitment of athletes. Future research should also explore the mechanisms or
reasons why specific athletes have improved specific visual skills when compared to non-athletes

and even other sporting codes.
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CHAPTER FIVE: ARTICLE FOUR - VISUAL ABILITIES DISTINGUISH LEVEL OF PLAY IN
RUGBY

Millard, L., Shaw, I., Breukelman, G.J., Shaw, B.S. (2020). Visual abilities distinguish level of play in r
Rugby. Annals of Applied Sport Science. In press. (Appendix D)

ABSTRACT

While novices in sport possess similar visual skills to that of experts playing at a higher level, there may
be major differences in the magnitude of performance in these skills. In addition, expert athletes may only
demonstrate superiority in specific vision skills and not all aspects of vision. Thus, this study compared
the performance of Premier League rugby players (n = 40) and First Division rugby players (n = 40) on
six specific components of vision, namely; accommodation facility, saccadic eye movement, speed of
recognition, peripheral awareness, visual memory, and hand-eye coordination. Premier League rugby
players performed significantly (p < 0.05) better than the First Division rugby players in five of the six
tests, but were found to be similar in visual memory performance (p = 0.810). While this study
substantiates the proposal that expert athletes, and specifically rugby players, have superior visual
expertise to novice athletes, this study also found that this is not the case with all vision skills. The present
study’s findings suggest that sport-specific vision testing batteries may be required to distinguish high
performers from low performers in the same vein as physical tests are utilized in the selection and

recruitment of athletes.

Keywords: sport, visio-spatial intelligence, vision, visual performance, visual testing,

INTRODUCTION

Rugby union is one of the most popular professional team sports in the world and has become increasingly
professionalized in modern times (Garraway et al., 2000; Lynch et al., 2013). This professionalism has
resulted in a need for rugby players, whether full-time or amateur, to achieve an ever-increasing level of
conditioning (Garraway et al., 2000). To meet these ever-increasing demands, rugby players spend
thousands of hours improving inter alia their body composition, cardiorespiratory fitness, muscular
fitness, and flexibility amongst others (Lynch et al., 2013, Wimhurst, 2012).

However, increasing professionalism combined with increasing technologies has made the sport much
more complex (Du Toit et al., 2010). It is this ability to better interrogate an athlete that has led to the
increasing importance of sports vision testing in athletes. This is especially true in rugby in that to perform
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optimally in a ball sport such as rugby, experts suggest that player’s require a “great eye”, superb vision
or excellent peripheral vision (Davids, 1999). Visual skills are particularly important in rugby as players
need to perform skills catching, passing and kicking to allow for the ball to be advanced up the field

beyond the opposing team’s defensive line (Meir, 2005).

While research into vision expertise in rugby players has indicated that rugby players have enhanced skills
when compared to non-athletes (Christenson & Winkelstein, 1988; Ishigaki & Miyao, 1993), no research
exists to determine if rugby players at different levels of play exhibit different levels of visual expertise.
At present, it has been suggested that novices in sport may possess similar visual skills to that of experts
playing at a higher level (Ludeke, 2008). However, there is evidence to suggest that experts only excel in
certain visual skills, such as the cognitive aspects of vision, which include visual perception, visual
concentration, visual reaction time, central peripheral awareness, and visualization (Ferreira, 2002).
Research further suggests that visual skills such as visual acuity, accommodation and fusion remain
relatively consistent for both novice and expert rugby players (Ferreira, 2003). A further explanation as
to why some research demonstrates that there is no difference between experts and novices is due to the
generalized tests utilised that only measure the visual reception of information rather than the sport-
specific, perceptual interpretation of information (Abernethy & Woods, 2001). While novices in sport
possess similar visual skills to that of experts playing at a higher level, there may be major differences in
the magnitude of performance in these skills. This may necessitate the determination of which vision tests
can discriminate high performers from low performers in the same vein as physical tests would. This

would allow for the eventual development of sport-specific vision testing batteries.

METHODS

Participants

The study sampled 19- to 35-year old male First Division rugby players (n = 40; mean age: 23.88+4.36
years) and male Premier League rugby club players (n = 40; mean age: 25.20+5.23 years). Rugby players
from both groups were sampled from Kwazulu-Natal province using a non-probability sampling
technique. Inclusion criteria were (a) players with normal (20/20) vision, (b) participation in a minimum
of 30 hours of rugby training and (c) played at least one competitive game per week in the Premier League
and/or First Division. Exclusion criteria were (a) players with visual impairments that caused a loss of
vision, (b) players that did not participate in a minimum of 30 hours of training and one competitive game
per week, (c) players that were injured or had recent surgery (eye surgery or otherwise). All participants
provided informed written consent, and our study protocol was approved by the Institutional Review
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Board of the University of Zululand.

Procedures

All participants undertook a general optometric assessment using the Spectrum Eyecare software (\Version
6.0.0, Digital Optometry, Republic of South Africa) to conclude whether any limitations existed in any of
the participants’ vision and thus suitability for the study. All participants included in the study presented

with normal vision.

The Hart Near Far Rock Test was utilized to assess visual accommodation (Adler, 2007; Radomski &
Latham, 2002) The Hart Near Far Rock chart was placed at head height and 3 meters (m) away from each
participant. Another smaller chart was held at arm’s length away from each participant. At the instruction
of the primary researcher, the first letter of the first line of the chart on the wall 3m away was read, after
which the first letter on the closer chart was read (Du Randt et al., 2016). The test lasted 30 seconds and
the final score was calculated by subtracting errors from the end score. The best score of the two trials

was utilized in the data analysis (Du Randt et al., 2016).

A standardized saccadic eye movement chart with adjustable letters was utilized to ensure letters could
not be memorized (Du Randt et al., 2016; Wilson & Falkel, 2004). Two such charts were spaced 1m apart
and placed on a wall 3m away from each participant. At the instruction of the primary researcher,
participants were required to read out loud the first letter on the lateral side of the left chart and then
immediately move their eyes to the chart on the right and to read out loud the corresponding first letter on
the lateral side. This test lasted 30 seconds and the final score calculated by number of correct matched
letters read out loud (Du Randt et al., 2016).

To measure the speed of recognition, the present study made use of the Batak Pro (Quotronics Limited,
2011) The Batak Pro’s Evasion Program, which was controlled by a microcomputer, randomly illuminated
any of the 12 visually bright light-emitting diode (LED) targets for a period of 1 second for a maximum
of 100 times (Quotronics Limited, 2011). However, if the participant pressed the wrong target or failed to
touch the target, the entire routine would speed up. Further, participants were required to not touch
flashing targets. If such a target was touched, the microcomputer subtracted five points for each incorrect
flashing target touched. In the Evasion Program, the center targets infrequently illuminated at the same
time, requiring participants to immediately avoid an infrared beam emitted or be penalized five points.
The Batak Pro automatically recorded the end score and the best of the two trials were utilized in the data
analysis (Quotronics Limited, 2011).
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To assess hand-eye coordination, the current study used the ball wall toss using a standard tennis ball
(Laplante, 2001). Each participant was required to throw the ball at a mark on a wall 2m away. When the
ball returned, each participant attempted to catch the ball using alternating hands for a duration of 30
seconds. The highest number of successful catches attained from one of the two trials was used in the data
analysis (Du Randt et al., 2016).

The Batak Pro (Quotronics Limited, 2011) was utilized to assess peripheral awareness using the
Accumulator Program. This program caused random targets to light up, and remain lit on the Batak Pro
for 60 seconds until the participant touched them (Quotronics Limited, 2011). A microprocessor recorded
the number of targets correctly touched in the 60 seconds with the best score of the two trials utilized in

the data analysis.

The Batak Pro (Quotronics Limited, 2011) Flash Program was utilized to assess visual memory. The Flash
Program illuminated six random targets for a display time of half a second and participants were required
to remember not only the specific light lit but also the order in which they were activated (Du Randt et
al., 2016; Quotronics Limited, 2011). The maximum score was recorded, and the best score attained

during the two trials was utilized in the data analysis.

Data Analysis

This study utilized quantitative research methods, making use of already established visual skill
assessments. Descriptive statistics including the means, standard deviations, ranges and percentage
difference were calculated while the Mann-Whitney U test was applied to compare the differences
between the two independent groups employed post hoc rank-ordered analysis was conducted to more
accurately and empirically evaluate which group had more superior visual skills. An exploratory factor
analysis was also applied post hoc to create an overall combined measure of visual expertise. This was
applied following the application of the Kaiser-Meyer-Olkin Measure of Sampling Adequacy to indicate
whether the data was suitable for factor analysis and following Bartlett’s Test of Sphericity to determine
if the data was suitable for reduction for exploratory factor analysis. The Statistical Package for Social
Sciences (SPSS) version 22 for Windows (SPSS Inc., Chicago, IL, USA) was used for this study and

statistical confidence set at p <.05.
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RESULTS

The results indicated that a significant difference (p < 0.05) existed between the Premier League rugby
players and First Division rugby players for five out of the six tests (Table 1). Specifically, it was found
that the Premier League rugby players significantly bested the First Division rugby players with regards
to accommodation facility (p = 0.000), saccadic eye movement (p = 0.000), speed of recognition (p =
0.000), hand/eye coordination (p = 0.000) and peripheral awareness (p = 0.000), but not visual memory
(p = 0.810).

Post hoc analysis using rank-ordered analysis indicated that the Premier League rugby players were 46%
more proficient than First Division rugby players at speed of recognition, followed by accommodation
facility at 19%, hand-eye coordination and saccadic eye movement at 18%, and lastly peripheral
awareness at 15% (Table 1).

Following further exploratory analysis, a statistically significant difference existed for the overall
performance between Premier League and First Division rugby players (U = 173.000, p-value = 0.000),

with Premier League athletes performing better on average than First Division athletes.

Table 1 Visual abilities distinguished between premier league rugby players and first division rugby

players
Visual skill First Division Premier Difference Significance
Rugby Rugby (%) (p-value)
players players
(n =40) (n =40)
Accommodation Facility 31.68+4.29 38.331£4.39 18.99 0.000*
Saccadic Eye Movement 40.03+7.26 47.70+6.61 17.49 0.000*
Speed of Recognition 30.88+15.35  49.53+14.31 46.39 0.000*
Peripheral Awareness 65.40£6.13 76.02+4.28 15.02 0.000*
Hand-Eye Coordination 24.75+3.68 29.70+3.50 18.18 0.000*
Visual Memory 45.28+7.01 45.7015.96 0.92 0.810

Mean£SD; *: Statistically significant (p <.05)
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DISCUSSION

The present study investigated and compared the performance of Premier League rugby players and First
Division rugby players on six specific components of vision. Results indicated that Premier League rugby
players performed better than the First Division rugby players in five of the six tests, but not in visual

memory performance.

Based on the results of accommodation facility, previous research by Ghasemi et al. (2009), and
Jafarzadehpur and Yarigholi (2004) has found similar differences in accommodation facility when
comparing experts and novices, albeit in soccer referees and table tennis champions, respectively.
However, the findings of Ferreira (2003), and Land and Furneaux (1997) found no difference in
accommodation facility when comparing novice and expert players competing in bat-/racket-ball sports.
Interestingly, expert athletes, when compared to novices, may have an increased accommodation facility
due to having a better developed visual system that allows a quicker and more efficient adjustment of their
eyes from a far to a near target (Paul et al., 2011). This more efficient adjustment may allow experts to

better track objects like a ball in rugby (Paul et al., 2011).

While Bahill and LaRitz (1984), and Kukla et al. (1993) found that that there was no difference in saccadic
eye movements when comparing expert and novice athletes in soccer and baseball, respectively, the
finding of superior saccadic eye movements in Premier League rugby players concurs with studies
conducted by Christensen and Ruhling (1983), and Ripoll and Latiri (1997) who found a significant
difference in saccadic eye movements when comparing expert and novice women marathon runners, and
table tennis players, respectively. Experts may have superior saccadic eye movements to novices due to
these movements having different underlying neural visual mechanisms, as well as different neural motor
mechanisms that allow for improvement through large amounts of training (Griffin, 1988; Hitzeman &
Beckerman, 1993). However, previous research has also found that experts do not have shorter latencies
for the initiation of pursuit or saccadic eye movements as it is a visual hardware skill and cannot be
improved through training (Bahill & LaRitz, 1984; Deshaies & Pargman, 1976; Kukla et al., 1993). This
supposition would imply that no difference exists in saccadic eye movements between experts and novices

in any sports and is proved incorrect by the present study.

The speed of recognition of Premier League rugby players was found to be superior to that of First
Division rugby players in this study. This is similar to the studies of Kioumourtzoglou et al. (1998), and
Kukla et al. (1993) who found a difference in speed of recognition when comparing expert and novice
basketball, volleyball and water-polo players. However, Allard and Burnett (1985), and Garland and Barry
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(1990) found no difference in the speed of recognition when comparing experts and novices in soccer and
basketball players, respectively. The lack of changes in those studies may have been due to expert athletes
in those sports not using a sport-specific test since expert athletes may only have superior recall when it
comes to task-specific experience (Christenson & Winkelstein, 1988). The lack of superiority in those
studies does also not imply that the speed of recognition is not important in those sports since the need for
efficiency of decision-making in response execution and inhibition is clear in those sports (Di Russo et
al., 2006). Interestingly, this study found that the speed of recognition may be the most critical visual skill
of the six measured, due to the 46% difference and rank ordering, when assessing whether a rugby player

can be viewed as an expert or a novice.

Peripheral awareness was found to be superior in the present study’s Premier League rugby players and
is supported by the previous findings of Schumacher et al. (2019). However, Abernethy and Wood (2001),
and Helsen and Starkes (1999) found no differences in peripheral awareness when comparing expert and
novices in racquet sports and soccer players, respectively. A possible reason as to why no significant
differences were found in the studies of Abernethy and Wood (2001), and Helsen and Starkes (1999) may
be that to find a significant difference in peripheral awareness, the tests need to be more sport-specific
and not have generalized measures (Helsen & Starkes 1999; Williams & Ericsson, 2005). In this regard,
Abernethy and Wood (2001) stated that generalized (non-specific) tests only measure the visual reception
of information rather than the sport-specific, perceptual interpretation of information. The latter is critical
in distinguishing the visual-perceptual skill of expert and novice performers, which in turn, means that if

a peripheral awareness test lacks specificity, it will lead to non-significant results.

The present study further demonstrated that a difference existed in hand-eye coordination between the
Premier League and First Division rugby players. The findings of Paul et al. (2011), and Przednowek et
al. (2019) concur with the current study and also found differences in hand-eye coordination between
expert and novice table tennis players and handball players, respectively. Experts athletes generally have
better skill, accuracy and Spatio-temporal constraints on visual information acquisition, which leads to

enhanced hand-eye coordination and thus improved athletic performance (Loran & Griffiths, 2001).

The only visual skill of the six measured to be found to be similar in the present study’s expert and novice
rugby players was visual memory. While no studies could be found to support or disprove this finding, it
may be due to the expert rugby players not exhibiting superior recall when presented with unstructured
movements, suggesting that the superior recall of experts only occurs when faced with task-specific
experiences (Allesandro, 2010). Thus, this finding may suggest several possibilities, including that visual
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memory is not important to rugby prowess, that visual memory cannot distinguish the level of play in
rugby players, that an upper-limit of visual memory exists in that sport, or that The Batak Pro Flash
Program is not able to distinguish prowess in rugby players. However, these suppositions require more

research.

While this study substantiates the proposal that expert rugby players have superior visual expertise to
lower level rugby players, it also found that this is not the case with all visual skills. Further, the findings
suggest that sport-specific vision testing batteries may be required to distinguish high performers from
low performers in the same vein as physical tests are utilized in the selection and recruitment of athletes

and to measure the transferability of visual training to on-pitch performance.
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CHAPTER SIX: CONCLUSIONS AND RECOMMENDATIONS

Sports vision is a relatively modern discipline that has only recently received attention (Wimhurst, 2012).
When athletes are competing, there is a large amount of information that needs to be processed effectively
for the correct decision to be made. For example in team sports such as rugby and cricket, players need to
know where their team mates are and where the ball is going next (Davids, 1999). While the athletes are in
these situations, they do not think about how the information is processed, but instead only focus on the

variables in play.

Many coaches still believe that it is sufficient for athletes to have 20/20 vision to perform optimally (Wilson
& Falkel, 2004). This, of course, is a misapprehension, that does not only occur at youth level but at the
professional level as well. Wilson and Falkel (2004) believe that the visual system is just like any other motor
system in the body and needs to be trained to gain optimal performance. To train visual skills at the highest
level, it is crucial to use a reliable and sport-specific visual testing battery to ensure that the training improves
performance (Wilson & Falkel, 2004).

VISIO-SPATIAL INTELLIGENCE (VSI) DIFFERENCES BETWEEN PREMIER LEAGUE AND
FIRST-DIVISION RUGBY PLAYERS AND NON-ATHLETES

After a careful review of the literature, it was found that athletes have superior Visio-spatial expertise when
compared to non-athletes. Conversely, this was not always the case, as non-athletes did prove to have at least
similar Visio-spatial expertise when comparing certain Visio-spatial skills. A study performed by
Ciué¢manski and Watroba (2005) found that no differences exist in the accommodation facility of football
players and non-athletes. Likewise, Babu (2004) found that there is no difference in the saccadic eye
movements between badminton players and non-athletes. Due to the conflicting research, the current study
aimed to compare the Visio-spatial skills of first-division rugby players to non-athletes. Firstly, participants
had to perform an optometric assessment, which was followed by the measurement of six VSI components
namely; accommodation facility, saccadic eye movement, speed of recognition, peripheral awareness, visual
memory and hand-eye coordination using the following tests; hart near far rock, saccadic eye movement,
evasion, accumulator, flash memory and ball wall toss tests. In evaluating the results, it was found that a
significant difference existed between first division rugby players and non-athletes for five out of the six
Visio-spatial skills tested. Upon viewing the results in more detail, first division rugby players outperformed
non-athletes significantly in accommodation facility, saccadic eye movement, speed of recognition, hand-
eye coordination and peripheral awareness. Interestingly, however, there was no significant difference found
in visual memory between the two groups. While this study substantiates the notion that athletes, in this case
first-division rugby players, perform significantly better in most VSI components, this is not the case for all
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aspects of vision. This study found that to more accurately distinguish between athletes and non-athletes,
research should move away from tests that focus on basic visual function and develop sport specific testing

methods that can be used by a variety of sports.

Additionally, this study aimed to investigate if Premier League rugby players have superior Visio-spatial
expertise in comparison to non-athletes. This was done by comparing the following six Visio-spatial skills;
accommodation facility, saccadic eye movement, speed of recognition, peripheral awareness, visual memory
and hand-eye coordination through the use of the following tests; hart near far rock, saccadic eye movement,
evasion, accumulator, flash memory and ball wall toss tests. As with the first-division rugby players, there
was a significant difference when comparing Premier League rugby players and non-athletes for five out of
the six tests. Visual memory was again the only Visio-spatial skill that showed no difference when comparing
Premier League rugby players and non-athletes.

Even though research indicates that novice players possess similar visual skills to that of experts playing at
a higher level (Ludeke, 2008), major differences might exist in the magnitude of the performance of these
Visio-spatial skills. Furthermore, the superiority of expert athletes may only be demonstrated when
performing specific visual skills, and not all aspects of vision. This was enhanced by the contradictory
evidence that was found in this regard. Ferreira (2003) found that visual skills such as visual acuity,
accommodation and fusion remain relatively consistent for both novice and expert athletes, whereas
Jafarzadehpur and Yarigholi (2004) found that there is a significant difference when comparing the
accommodation facility of expert and novice athletes. Based on the contradictory nature of the evidence, this
study aimed to compare the Visio-spatial skill performance of Premier League rugby players to first-division
rugby players using six components of vision, namely; accommodation facility, saccadic eye movement,
speed of recognition, peripheral awareness, visual memory, and hand-eye coordination by utilizing the
following tests; hart near far rock, saccadic eye movement, evasion, accumulator, flash memory and ball wall
toss tests. It was found that Premier League rugby players outperformed first-division rugby players in five

of the six tests, with only visual memory being similar.

The present study found that both first division-rugby players and Premier League rugby players
outperformed, and have superior VSI, when compared to non-athletes. Interestingly, non-athletes were not
outperformed by Premier League rugby players and first-division rugby players with regards to visual
memory. Additionally, even though this study substantiates the proposal that expert athletes, and specifically
rugby players, have superior visual expertise to novice athletes, it also found that this is not the case with all

vision skills. Visual memory was again found to be similar between novice (first-division) and expert
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(Premier League) rugby players, and thus there was no significant difference found. Based on the findings
of the current study, sport-specific vision testing batteries should be employed to distinguish between high
performers and low performers in the same vein as physical tests are utilized in the selection and recruitment
of athletes. Thus, the present study proposes a rugby-specific test battery in an attempt to distinguish high

VS| performers from low VSI performers.

Table 6.1. Summarised findings of the present study regarding Visio-spatial intelligence (VSI)
differences between Premier League and first-division rugby players, and non-athletes

Visual skill Non-Athletes First Division Premier
(n=40) Rugby players Rugby players
(n=40) (n=40)
Accommodation Facility 28.78+2.93 31.68+4.29 38.33+4.39
Saccadic Eye Movement 32.98+4.70 40.03+7.26 47.70£6.61
Speed of Recognition 11.23+6.05 30.88+15.35 49.53+14.31
Peripheral Awareness 56.20+3.39 65.40+6.13 76.02+4.28
Hand-Eye Coordination 19.55+4.48 24.75+3.68 29.70+3.50
Visual Memory 45.1045.46 45.28+7.01 45.7045.96

Mean+SD; *: Statistically significant (p < 0.05)

DEVELOPMENT OF A RUGBY-SPECIFIC VISIO-SPATIAL INTELLIGENCE TEST BATTERY
One of the objectives of the present study was to develop a rugby-specific VSI test battery that would allow
for the differentiation between rugby players and non-athletes and to distinguish between different levels of
play. In this regard, this study investigated and described the differences in specific VSI skills between first-
division rugby players and non-athletes, Premier League rugby players and non-athletes, and first-division
and Premier League rugby players. While differences were found in five of the six measured VSI skills in
all three comparisons, it is essential to determine the magnitude of difference in VSI skills in the comparative
pairs. In this regard, post hoc analysis revealed that first-division rugby players were 93% more proficient at
speed of recognition in comparison to non-athletes. Secondly, the first division rugby players performed 23%
better in hand-eye coordination skills in comparison to non-athletes, followed by saccadic eye movements

(19%), peripheral awareness (15%), and accommodation facility (9.59%).

This study found similar results when comparing Premier League rugby players to non-athletes. Premier

League rugby players outperformed non-athletes significantly in five of the six Visio-spatial skills tested.
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Rank-ordered analysis indicated that the Premier League rugby players were 126% more proficient than non-
athletes at speed of recognition, followed by 41% for hand-eye coordination, 36% for saccadic eye

movement, 30% for peripheral awareness and 28% for accommodation facility.

Lastly, this study investigated whether the test battery could differentiate between levels of play by
comparing first-division rugby players to Premier League rugby players. The results indicated that Premier
League rugby players outperformed first-division rugby players significantly in five of the six Visio-spatial
skills tested. Post hoc analysis using rank-ordered analysis indicated that the Premier League rugby players
were 46% more proficient than first-division rugby players at speed of recognition, followed by
accommodation facility at 19%, hand-eye coordination and saccadic eye movement at 18%, and lastly

peripheral awareness at 15%.

A possible reason for rugby players out performing non-athletes is that research is unequivocal regarding the
efficacy of physical training at improving cognitive functioning and altering the structural and functional
aspects of the human brain (Du Toit et al., 2012). So too has research proposed that physical activity can
influence visual performance skills (Elsawy, 2011). This is due to the fact that exercise facilitates multiple
cognitive processes under different conditions, and can enhance response accuracy and response speed, as
well as facilitate the cognitive processes which are central to goal-orientated actions and problem-solving
(Du Toit et al., 2012). Effectively, this study’s proposed Visio-spatial test battery was able to distinguish
between different levels of play in rugby. Research indicated that to find significant differences between
different levels of play, the tests need to be sport-specific and not have generalized measures (Helsen &
Starkes 1999; Williams & Ericsson, 2005). Generalized (non-specific) tests only measure the visual reception
of information rather than the sport-specific, perceptual interpretation of information. The latter is critical in
distinguishing the visual-perceptual skill of expert and novice performers (Abernethy & Wood, 2001).

Upon analysing the results, it was found that when differentiating between rugby players (Premier League
and first-division) and non-athletes, speed of recognition seems to be the Visio-spatial skill that has the
largest difference (126% and 93% respectively). Thus, the speed of recognition may be the most important
Visio-spatial skill when differentiating between rugby players and non-athletes. Furthermore, speed of
recognition was also the Visio-spatial skill with the largest difference (46%) when differentiating between
Premier League and first-division rugby players. This study found that the speed of recognition may also be
the most important Visio-spatial skill when differentiating between different levels of play. The following is

therefore the proposed visual test battery in the order it should be implemented:
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Millard-Shaw Rugby VSI Test Battery (MSRV Test Battery)

Purpose: A test battery used to measure the six Visio-spatial intelligence (VSI) skills crucial to rugby
players.

Equipment required: Batak pro, hart charts, saccadic eye movement charts, and tennis balls.

Pre-test: To ensure reliability, participants need to be in a post-absorptive state following a 9- to 12-hour
fast to minimize the influence of any dietary or supplemental factors. In an attempt to avoid any physical
and mental influences, participants should only be tested at least 48 hours following any physical
exercise. Before testing, the test procedure needs to explained to the participants; after which they should
fill in the informed consent form. Lastly, participants need to perform an optometric assessment in order
to measure their visual acuity, to ensure all participants have a minimum of 20/20 vision before the test
battery is applied.

Procedure: The Hart Near Far Rock Test is utilized to assess visual accommodation (Adler, 2007;
Radomski & Latham, 2002). The Hart Near Far Rock chart is placed at head height and 3m away from
each participant. Another smaller chart is held at arm’s length away from each participant. At the
instruction of the primary researcher, the first letter of the first line of the chart on the wall 3m away is
read, after which the first letter on the closer chart is read (Du Randt et al., 2016). The test should last 30
seconds, and two trials should be administered with a five-minute rest period in between each trial.

Scoring: The final score is calculated by subtracting errors from the end score. The best score of the two
trials is used (Du Randt et al., 2016).

Procedure: A standardized saccadic eye movement chart with adjustable letters is utilized to ensure
letters could not be memorized for the saccadic eye movement test (Du Randt et al., 2016; Wilson &
Falkel, 2004). Two such charts spaced 1m apart are placed on a wall 3m away from each participant. At
the instruction of the primary researcher, participants are required to read out loud the first letter on the
lateral side of the left chart and then immediately move their eyes to the chart on the right and to read out
loud the corresponding first letter on the lateral side. The test lasts 30 seconds and two trials should be
administered with a five-minute rest period in between each trial (Du Randt et al., 2016).

Scoring: The final score is calculated by subtracting errors from the end score. The best score of the two
trials is used (Du Randt et al., 2016).

Procedure: To measure the speed of recognition, this test battery uses the Batak Pro (Quotronics
Limited, 2011) The Batak Pro’s Evasion Program, which is controlled by a microcomputer, randomly
illuminates any of the 12 visually bright light-emitting diode (LED) targets for a period of 1 second for a
maximum of 100 times (Quotronics Limited, 2011). Each target remains illuminated for 1 second.
However, if the participant presses the wrong target or fails to touch the target, the entire routine speeds
up. Further, participants are required to not touch flashing targets and if such a target is touched, the
microcomputer subtracts five points for each incorrect flashing target touched. In the Evasion Program,
the center targets infrequently illuminate at the same time, requiring participants to immediately avoid an
infrared beam emitted or be penalized five points. Two trials are given, with a five-minute rest period in
between each trial.

Scoring: The Batak Pro automatically records the best of the two trials as the end score (Quotronics
Limited, 2011).
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Procedure: In order for hand-eye coordination to be assessed, the ball wall toss test is utilized through
the use of a standard tennis ball (Laplante, 2001). Each participant is required to throw the ball at a mark
on a wall 2m away. When the ball returns, each participant attempts to catch the ball using alternating
hands for a duration of 30 seconds. Two trials are performed with a five-minute rest period in between
each trial.

Scoring: The highest number of successful catches attained from one of the two trials is recorded (Du
Randt et al., 2016).

Procedure: The Batak Pro (Quotronics Limited, 2011) is utilized to assess peripheral awareness using
the Accumulator Program. This program causes random targets to light up, and remain lit on the Batak
Pro for 60 seconds until the participant touches them (Quotronics Limited, 2011). Two trials are
performed with a five-minute rest period in between each trial.

Scoring: A microprocessor records the number of targets correctly touched in the 60 seconds with the
best score of the two trials recorded.

Procedure: The Batak Pro (Quotronics Limited, 2011) Flash Program is utilized to assess visual
memory. The Flash Program illuminates six random targets for a display for half a second and
participants are required to remember not only the specific light lit, but also the order in which they are
activated (Du Randt et al., 2016; Quotronics Limited, 2011). Two trials are performed with a five-
minute rest period in between each trial.

Scoring: The maximum score is recorded, and the best score attained during the two trials is used.

LIMITATIONS

The test battery designed for this study is novel and as such has never before been applied to rugby players. It
follows that no norms have been created to compare the results to. The six Visio-spatial skills selected for this
study were identified through reviewing other research and there is still the possibility that other Visio-spatial
skills applicable to rugby still need to be addressed. In addition, the sample size used in this study only allowed
for a limited number of players to be tested. Even though this study included an in-depth review of factors
affecting vision, there might still be other factors not taken into consideration during testing, due to the sheer
magnitude of factors affecting vision. This study only utilized South-African club rugby players and should be
generalized with caution to other rugby populations. Finally, the proposed test battery is laboratory-based and
cannot be implemented in an on-field setting, effectively not only increasing the cost of implementation to

resource-poor clubs and/or federations but also limiting real-world simulation.
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FURTHER RESEARCH

Future research should focus on investigating how a combination of factors can affect vision in a sporting
environment to assist coaches to explore further possibilities for a competitive advantage. In addition,
future research should focus on establishing which Visio-spatial tests are better able to distinguish athletes
from non-athletes, and further establish which Visio-spatial skill tests are more appropriate for specific
sports to distinguish between levels of play in the same vein as anthropometric and physiological tests are
utilized in the selection and recruitment of athletes. Future research should also explore the mechanisms
or reasons why specific athletes have improved specific visual skills when compared to non-athletes and
even other sporting codes. Lastly, the end goal for future studies should be to use sport-specific testing

methods to measure the transferability of visual training programmes to on-pitch performance.

CONCLUSIONS

The finding of the superiority of only specific Visio-spatial skills in the context of this study has broad
implications for theories of vision, how best to select tests and in the development of sport-specific Visio-spatial
testing batteries. While this study substantiates the proposal that athletes, and specifically rugby players, have
superior Visio-spatial skills /expertise to non-athletes, it also found that this is not the case with all Visio-spatial
skills, as with visual memory. Furthermore, this study corroborates the notion that expert rugby players have
superior visual expertise to lower level rugby players, although this was not the case with all visual skills. The
study’s findings suggest that sport-specific vision testing batteries may be required to distinguish high performers
from low performers in the same vein as physical tests are utilized in the selection and recruitment of players. As
such, research should move away from tests that focus on basic visual function and develop sport-specific testing
methods that can be used by a variety of sports. In this vein, this study proposes a rugby-specific Visio-spatial

intelligence (VSI) test battery.
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Abstract

Sport has hecome increastngly competitive, prompring the need o determine, as far as passible, any likely performande advantage,
While the focus of athletic research, testing, and mradning ison the physiological and physical characteristics of the sport, visual abil-
itles not omly affect sport performance directly, bt also afieot the acguisiton of motor skills. ¥ision, and visual-spatial intelligence
Va1, are a reladvely new and underexplared area of athletic performance. As with phystolagieal and physical paramicters, a range
af factors affect viston and WS in sporting actvities. This review of the Bieratare §5 a firse attempt oo summariee and compile an
averview af the factors affecting wiskon and ¥81 in athleses, covering thase previously conmected with sport, as well as those hithern
mit assnclated with athiletic activities, but that coubd also play a part in sparts performance. The evtdence froom this review sugpests
that while current research soill tendds ta foous an single factors affecting viskon ansd ¥31, a large muomber af such Gotors have been
Aot fies] that coaild affect viston and VS1 This affers new appartunitles for researchers @@ investigate the effects of a combinatan
af factors, amd for conditioning andlor sports vision specialists to explore further poss bilities for competitiye sdvangage.

Kepwords: Athlete Performance, Decksion Making, Optametelc Intervention, Sport Performanor, Sports Viston, Visual ahilities

1. Comlexi Todate, research has fseased on individloa] Getors Chat al
feot wision and Y51 However, a combination of factors may
play their part and could warranta more holistic approach,
This review of the literabure novelly attempis bo sumima-
riwe and compdbe an overview of the laciors aflecting vision
and V&1 in athletes, covering e previously connected

with sport, as well as those hithermo not yet associated with

Significant debate still surrounds the possible reasons
for superior athletic or sponts performance by successhul
athiletes, particularly in ball sports, soch as roggby, ericker,
avel Leninis (1), Unsurprisingly, experis iin these sports be
lieve that in order to perform optimally, a player necds a

“great eye” superbvision or excellent peripheral vision (i)
Anhletes can spend thowsands of howrs in physical training
b improwve their physical attributes; however, if their vi-
slawn oo visinal processing capabilivies ane inadeguate, theb
phoysical training may not be optimieed, and their athletic
performance will sufler (2], The eye is the most Important
receptor in the human body (1) and as such, the human i
sual information processing system has been recogyniaed
s prlaying a eritical role nathletie pedformance {46 and
has generated concomitant interest in the area of sports i
sl (2}

This reliance and importance of the wisual system we
cennbtates the need g determine the fTactor that affect an
athlete’s ability 1o obiain and respond (o appropriaie ¥
sual stimull,. Conversely, challengges in the ability to ob-
taln and process specilic and appropriate visual stimuli
Bead b Icosrredt oo Inelfective movement oatcomes (5, 61

athletic activithes, but that could also play a pant in sporis
performance.

2. Objectives

The abim of this review s to dedentily and summarioe a
haly o relevant, previously rescarched Factors that have
or have not yet been assoclated with athletic activithes, and
that conlel alfect wisbon and V51 and thus athletic perfor-
manue,

1. Meihaody

A review ol the seholarly lterature relaged o the Lac
pors allecting wision and V81 was perlormed using stan-
dardized procedures (7). Toldentify potentially relevant ar-
tleles lor focused searching and to reduece the potentlal for

Carprigglel @ s, Aani b () Tl b aim g e os arnkOe st riBaied aaben e i ol S ers s © i fir i Ko e bl 40 bl s e
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Abstract

Background Kescarch pertaiming o the superiority of athlees™ visio-spatial expertise when compared 1o non-athleles is
conilicting. This discrepancy may arise dee o a superiority in athletes in only specific visio-spatial skills (V55) and not all
aspecls of vision.

Aims The aim of this sindy was to discern whether reghy players have superior VESiexpertise in comparnison o non-athbeies,
when companing six visual skills (accommodation facilily, saccadic eye movemenl, speed of recogmilion, periphcral awanc-
ness, visual memory and hand-eye coordination ).

Methods The participanis underwent an oplometnic assessmenl, aller which the V55 componenis of non-athleles and pre-
miier lezpue rughy players were assessed by wsing six different existing lests namely; the Har Near Far Rock, saccadic eye
movement, evasion, accumulator, fash memory and ball wall woss lests.

Results A statistically significant {p < 05) difference existed between rughy players and non-athletes for five oot of the six
Lests, Conversely, no real evidence is shown thal visual memory differs between rughy players and non- athleles (p=_599).
Condusion This study found that rughy players have an enhanced accommodation facility, saccadic eye movemenis, speed
of recognition, peripheral awareness and hand-cye coordination, but nol visual memory, when compared 1o non-athlcies.
These findings of a superiority of rughy players in specific V35 have broad implications for theories of sport vision, how
best o select ests and in the development of sporl-specilic VS5 lesling ballerics.

Keywords Sport vision - Wismal expertise - Visual skill - Visio-spatial ntelligence (VS1)

Introduction

In order o perform fundamental movemend activities, sach
a5 walking, runming, catching and jumping, individuals, and
especially athletes, need bo be ahle to use motor skills [1].
These motor skills are slable, long-lasting and are cssenlial
for athletic performance. Thank fully, these mobor skills can
be developed through molor activity or practice. This is the
reason coaches and conditioning specialists spend a large
amount of time improving their athletes anthropometrically
and physiologically.

Sporl vision has only received allention in relalion
Lo athletic performance in recent years. Athletes spend

[] Lasmrens Milkard
Ml Ear L B anizulu.ac s
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nemerous hours raining, in onder o improve their con-
ditioning o increase inler alia: body composition, candi-
orespiratory endurance and moscolar fitness, while inad-
cyuale vissal processing capabilitics could affect their
physical training and thus their performance. For exam-
ple, a crucial componenl of coordinalion 15 visio-spalial
skill (W55), which can be defined as a wide variety of
individwal skills that vary from recognizing brighiness/
darkness, identifying complex intersecting angles and
curves o recognizing faces from the shape of cyes, noses,
moaths and hair [2, 3]. This is becanse improvements in
the physical skill of coordination can be achieved through
acomplex interplay of proprioceplion, sensory inpal from
vision, and the vestibular system [4]. It is clear thal in the
majority of sporis, the viszal sysiem provides the athleie
with informalion aboul where, when and whal o foces
on in a specific sporting sitwation, which has a signifi-
cani impac and posilively imflvences athleies” response
Lo vismal information. It is therefore important o realize
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ABSTRACT

Background. Movices in sport possesses similar visnzl skills to that of experts, howsver there may be major differences
in magnimde of performance in thesze skills, with expert athletes only demonsirating supsriority m specific vision skdlls
and not all aspects of vision. Objectives. In this vain, the sim of this study was o discem whether Premier League
rughy playars haz enhanced wizio-zpatial skills in comparizon to First Division rughy players. AMethods. Thus, the
present study compared the performance of Prarmisr Leazne mughy players (o = 40} and Fiost Division roghy players
(= 40) on six specific components of vision, namely; acoommodation facility, saccadic eyve movement, spead of
recognition, peripheral awarenssz visual memaory, and hand-eye coordination. Results. Pramiar Lazgue rughy players
parfornad significantly (p= 0,001 better than the First Division rughy players in five of the six tasts. but were found
ta be similar in visnzl memory performance {p= 0.813). Conclusion. While this study substantiates the proposal that
axpert athletes, and specifically mghy players, have superior visual expertize to novice athletes this smdy also found
that this is not the case with all vizion =kills. The present sady's findmgs: suggast that sport-specific vision testing
batteries may be required to distinguish hizh performers from low perfonmers in the same vein as physical tests are

Downleaded from aassjournal.com at 13:25 +0330 on Wednesday September 30th 2020

utilized in the selaction and recruitment of athlates.

KEYWOREDS: Sporr, Visio-Spatial Intelligence, Vision, Visual Performance, Visual Terting

INTRODUCTION

Enghy umon 1z one of the most popular
profeszicnal team sports m the world, and haz
become increazingly profeszionalized in modem
timas {1, 2). This professionalizm has resulted
a need for mzby players, whethar full-time or
amateur, to achieva an ever-inereazing level of
conditioning (1), To mest thezs ever-increazing
demands, rugby players spend thousands of hours
improving inter alia their bodv composition,
cardiorespiratory fimess, muscular fitness, and
flaxibility amengst others (2.

Howevar, ineTaasing profassionalizm
combined with increazing technologies has made
sport much more complex (3). It 1= this ability to
better interropate an athlate that has led to the
increasing importance of sperts vision festing m
athletes. This iz ezpecially true m rughby in that to

*. Comesponding Author:
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perform optimally m a ball sport such az mghy,
expertz suggest that plaver’'s m thesa szports
require a “great eve”, superb vision or excallant
paripheral vizion (4). Visual skills are particalarly
immportant in rugby as players meed to perform
skills catchmg, passing and kicking to allow for
the ball to be advanced up the fisld beyond the
opposmg team's dafenzive lima (3).

While research pertainmg to vision expertise in
mughy players has indicated that rughy players have
enhanced skills whan comparad to non-athletes (6,
T}, no research exists to determine if mghy playars
at diffarent levals of play exhibit different lavels of
wvizual expertize, which neceszitates a study in thiz
wvam. At presant, it has been sugzested that novices
in sport may possesses similar visual skalls to that
of exparts playms at a higher level (E). Howaver,
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