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Abstract

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 is on the physiological and physical characteristics of the sport, visual abil-
ities not only affect sport performance directly, but also affect the acquisition of motor skills. Vision, and visual-spatial intelligence
(VSI), are 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. 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. 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.
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1. Context

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 be-
lieve that in order 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 vi-
sion 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 vi-
sual information processing system has been recognized
as playing a critical role in athletic performance (4-6) and
has generated concomitantinterest in the area of sports vi-
sion (2).

This reliance and importance of the visual system ne-
cessitates the need to determine the factors that affect an
athlete’s ability to obtain and respond to appropriate vi-
sual stimuli. Conversely, challenges in the ability to ob-
tain and process specific and appropriate visual stimuli
lead to incorrect or ineffective movement outcomes (5, 6).

To date, research has focused on individual factors that af-
fect vision and VSI. However, a combination of factors may
play their partand could warranta more holisticapproach.
This review of the literature novelly attempts to summa-
rize 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.

2. 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 perfor-
mance.

3. Methods

A review of the scholarly literature related to the fac-
tors affecting vision and VSI was performed using stan-
dardized procedures (7). To identify potentially relevant ar-
ticles for focused searching and to reduce the potential for
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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 crite-
ria and to eliminate efficiently all obviously ineligible pub-
lications. These two authors reviewed each citation and,
whenever an abstract was available, the abstract. These au-
thors compared decisions for inclusion and discrepancies
ininclusion 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 related to factors af-
fecting vision and VSI an electronic search was performed
on the following databases that were available to the re-
searchers: PubMed (1966-June 2019), Sports 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-
catalogs. A keyword search yielded MeSH headings: “fac-
tors affecting vision” “sport vision”, “ophthalmology”, “vi-

” o« ” o« "«

sual disturbances”, “visual factors”, “visual pain”, “visual

” o«

temperature”, “humidity and vision”, “vision and diet”, “vi-

” o«

sual psychology”, “sleep and vision”, “hydration and vi-

” o« ” o«

sion”, “visual infections”, “hormones and vision”, “retinal
disorders”, “light sensitivity”, “age and vision”, and “fa-
tigue and vision” which were combined and explored.
Searches were restricted to peer-reviewed articles in the En-
glish language. Articles included in this review were re-
quired to describe factors that had a direct impact on vi-

sion, or the visual capabilities of individuals.

” o« ” o«

4. Results

The electronic searches yielded 1,577 citations, out
of which only 46 full-text English-language articles were
deemed relevant for use in this study. Following the re-
moval 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).

5. Discussion

To date, studies related to vision and VSI have tended
to focus on single factors only in isolation. This review has
novelly identified and summarized information about pre-
viously researched factors related to sports, as well as oth-
ers that were previously not associated with having an ef-
fect on vision and VSIin 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 racquet
sports, such as tennis, badminton, and table tennis, are ex-
posed 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
canbeseen asan interaction between two systems, namely,
a “software” system of acquired skill prediction and “hard-
ware” 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 (ten-
nis), 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 fac-
tors that affect vision.

Vision is created by the brain and through the visual
pathways that consist of the optic nerve, optic chiasm, op-
tic tract, optic radiation, and the visual cortex in the occip-
ital lobes (55). Thus, any condition that affects the brain or
the visual pathway is the most obvious factors affecting vi-
son and VSl in athletes.

The most common factors affecting vision and VSI re-
late to the eye itself and conditions associated with the eye.
However, the multitude of such conditions that may affect
vision are 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, re-
fractive 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 expe-
rience during early childhood when the input to the cen-
tral nervous system from one eye is suppressed. Individ-
uals with amblyopia have shown to have deficits in the
perception of global motion (8), processing of global con-
tours (9), and shape detection (10). A combination of all of
these deficits will have a major influence on visual perfor-
mance in athletes. Glaucoma is a neurodegenerative disor-
der 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 fac-
tors including a chemical or blunt injury (as is common in
sports) to the eye, severe eye infection (as is common dur-
ing sporting events during extreme environmental condi-
tions), blocked eye blood vessels, and inflammatory condi-
tions (11). Colorblindness is caused if one, two, or three of
these types of cones in the retina is either missing or dys-
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Table 1. Factors Affecting Vision and Visio-Spatial Intelligence (VSI) in Sport

Factors Details

Physiological factors

Amblyopia causes a deficit in perception of global motion, processing of global contours, and shape detection (8-10).

Glaucoma causes gradual loss of vision (11).

Color blindness causes performance decrease without special provisions (12).

Eye conditions

Refractive error causes blurred vision (13).

Dry eye affects tear fluid osmolarity (14).

Eye-structure variance affects the corneal stroma (15).

Pain Headaches affect vision (16-19).

Sleep deprivation

Leads to modifications in specific areas of the brain (20-23).

Infection affects colour vision and contra sensitivity (24).

HIV alters retinal nerve fiber (25).
Infection and diseases

Fungal infections lead to blurred vision and a decrease in the visual field (26).

Conjunctivitis leads to vision loss (27, 28).

Hyperthyroidism or hypothyroidism causes multiple visual impairments including peripheral vision loss (29).

Endocrine system

Thyroid hormone levels affect the cones of the eyes (30).

Retinal detachment Causes complete vision loss (31).

Aging Causes muscle deterioration, blurred vision, and “wear and tear” of the eye (32, 33).

Certain foods can influence vision (34).

Docosahexaenoic acid (DHA) causes improvements in the retina (35, 36).

Diet
DHA deficiency causes problems with vision (37).
Caffeine can enhance visual capabilities and reduce visual fatigue (38).
Exercise Prolonged exercise leads to brain fatigue (38).
Can lead to loss of central vision (39).
Medication
May cause brain fog and lead to a decrease of visual ability (40-43).
Environmental factors
The lens of the eye is affected by changes in temperature (44).
Temperature
Increase in temperature causes light scattering from lens proteins (45).
Light-emitting diode (LED) bulbs improve visual acuity (46).
Lighting Visual stimuli are influenced by the chromaticity of light (47, 48).

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

Psychological factors

Anxiety Leads to “tunnel vison” (50).

Stress

Causes a decrease in visual acuity and progressive vision loss (51).

Leads to temporary vision loss (52).

functional (57). Problematically, athletes with colorblind-
ness need special provisions to be made during training,
such as toadjust uniforms or equipment (i.e., balls) to com-
pensate for possible confusion (12). Refractive error occurs
when the optical system of the non-accommodating eye
fails to bring parallel rays of light into focus on the fovea
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(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 poste-
rior to the fovea, respectively, resulting in blurred vision
(13), effectively resulting in an increased chance of mis-
takes made during athletic training and competition. Dry
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eye is common among athletes. It affects tear fluid osmo-
larity and arises out of even modest changes in whole-body
hydration (14). These changes have various causes, includ-
ing exercise modality, type of play, level of competition,
metrological conditions (i.e., humidity and environmen-
tal 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 thatif an athlete hydrates properly, this
condition could be prevented (59). A further hydration-
related feature is eye-structure variance. Eye-structure vari-
ance also affects vision since the corneal stroma, is highly
dependent on an individual’s hydration status (15), and
any change in corneal hydration status can result in vari-
ations in central corneal thickness (60). Even when over-
hydration exists, the optically transparent corneal stroma
swells, and 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 VSI. Athletes
generally train or compete outdoors or in venues without
temperature control for extended periods of time. Prob-
lematically, if the ambient temperature rises beyond a cer-
tain 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. Lower-
ing the temperature of the lens too much, as during train-
ing or when competing in cold conditions, causes the for-
mation of a temporary or “cold” cataract that disappears
when the temperature is normalized (44). Even a slight in-
crease in body temperature above the physiological level
of 37°C increases light scattering from lens proteins be-
cause of protein aggregation and denaturation (45). Thus,
it is logical to suggest that relationships exist between vi-
sion and VSI on the one hand, and environmental temper-
ature 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 vi-
sion and VSl in athletes. Clouding of consciousness/brain
fog is not a medical condition itself, but rather a symptom
of other medical conditions (63). Clouding of conscious-
ness 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 by drawing attention away from rel-
evant task-related information to task-irrelevant cues in-
stead (50). In essence, increasing anxiety can lead to “tun-
nel vision”, in which an athlete focuses on internal or ex-
ternal distracting stimuli instead of concentrating on task-
relevant information (50). In addition, Bittner et al. (51)
have found that visual acuity can be influenced by stress
and individuals with high levels of stress display progres-
sive losses in vision. Moschos (52) has further demon-
strated that when stress leads to profound suffering, vision
disorders can arise; 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 de-
privation may affect vision and VSI since functional imag-
ing studies during cognitive tasks have shown that total
sleep deprivation leads to modifications in specific areas
of the brain. Among the main ones 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 a 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 infor-
mation during athletic competition) could also be affected
(22,23).

The endocrine system can have a number of detrimen-
tal effects on vision; specifically, hyperthyroidism and hy-
pothyroidism, can lead to not only poor quality of life-
related but also affect an athlete’s vision (67). This is
because these conditions can result in bulging eyes, de-
creased vision, distorted vision, double vision, loss of pe-
ripheral vision, a dark curtain or veil that blocks vision, ex-
cess watering of the eye, pain in the eye, and unusual red
eyes (29). Individuals with higher levels of thyroxine are at
increased risk of age-related macular degeneration (AMD)
and other retinal changes. Thyroid hormone levels also ap-
pear to affect the ongoing development and regulation of
the eye’s cones (that is, cells responsible for color vision)
(30).

Diet is a factor not always associated with vision. How-
ever, 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 acu-
ity, whereas the consumption of omega-3 fatty acids have
been associated with laying the foundation for the devel-
opment and maintenance of the visual and ocular system
(34). Docosahexaenoic acid (DHA) should be considered
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an essential part of an athlete’s diet as it contains polyun-
saturated fatty acids, which enrich not only the brain, but
also the retina and specifically the photoreceptor cells (35-
37). Caffeine is a common ergogenic aid utilized by ath-
letes, since even a moderate dose of it prevents fatigue in
the skeletal muscle system and improves athletic perfor-
mance (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 fixa-
tion”) and the quick (“resetting eye movements”) phase of
optokinetic nystagmus (OKN) (38). However, it has been
noted that the effects of both fatigue and caffeine on ocu-
lomotor control appear to be independent of the processes
supporting visual attention and visual perception (38).

Medications such as benzodiazepines (40), anticholin-
ergics (41), antipsychotics and mood-stabilizers (42), and
opiate pain medications (43) may cause brain fog and lead
to a decrease of visual ability. There are multiple other
medications affecting vision, including, but not limited to,
antihyperglycemic agents such as corticosteroids (chloro-
quine and hydroxychloroquine), antirheumatic medica-
tions, medications implicated in optic neuritis and atro-
phy, medications with an anticholinergic action; oral con-
traceptives, and topical medications with systemic effects
(39). Athletes with hyperglycemia may use medications
such as chloroquine and hydroxychloroquine which may
cause irreversible maculopathy with resultant loss of cen-
tral vision.

Brain fog can be caused by multiple conditions includ-
ing anemia (69), diabetes (70), lupus (71), multiple scle-
rosis (72), arthritis (73), Alzheimer’s disease (74), hypothy-
roidism (75), and migraines (76). Athletes are commonly
influenced by anemia, diabetes, migraines, and hypothy-
roidism. If red blood cells do not deliver enough oxy-
gen to the brain, due to iron deficiency anemia, an ath-
lete may experience shortness of breath and brain fog. Re-
cent clinical evidence shows that individuals with diabetes
have increased incidences of vascular dementia, ventric-
ular hypertrophy, lacunar infarcts, and hemorrhage, all
of which leads to a decrease in brain function (77). Ath-
letes with diabetes need to be aware that the condition can
lead to brain dysfunction, and need to be monitored and
treated accordingly. Brain structure and function are al-
tered in hypothyroid patients, with decreased hippocam-
pal 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 per-
formance. Pain, in the form of headaches or migraines
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due to a concussion that can occur on the field of play, has
been shown to have associated visual features, which in-
clude 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 factors: first, trigeminal activation, which causes eye
painand second, autonomic dysfunction in either the sym-
pathetic or parasympathetic pathway that generates auto-
nomic symptoms such as pupillary changes, lacrimation,
redness of the eye, and even blurred vision (19). Some in-
dividuals have transient neurological disturbances called
auras migraines(76). Auras can cause visual, language, mo-
tor, and sensory disturbances as well as brainstem symp-
toms such as dysarthria, vertigo, tinnitus, ataxia, and dou-
ble 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 mi-
graines are likely to occur, and that vision can be affected.
A multitude of further medical conditions affect vi-
sion. Ocular opportunistic infections are especially com-
mon 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 al-
tered by the virus, causing a decrease in the visual field (25).
Fungal infections, can affect vision in a way that dermato-
phytes can infect sections of the eyelid, eventually infect-
ing the eye leading to blurred vision and a decrease in the
field of vision (26). Conjunctivitis, more commonly known
as “pink eye”, results from inflammation of the conjunc-
tiva that can be caused by bacteria, viruses, fungi, or par-
asites (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 result from aging or from
trauma, as commonly experienced during sports (31). De-
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tachment of the retina is serious, and can cause complete
blindness. This is so since if the retina is detached from
the choroid, the photoreceptors will fail (31). While retinal
detachment 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 oc-
CUL

Normal aging in athletes can affect vision since aging
causes all the muscles of the body to deteriorate over time,
influencing both activities of daily living (ADLs) and ath-
letic 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 cap-
sule 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, re-
sulting 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, ultravi-
olet (UV) rays from the sun, and excessive consumption of
fat, sugar, caffeine, alcohol, and nicotine (33). This may be
true of younger athletes who experience “accelerated ag-
ing”, 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 demon-
strated that prolonged exercise can cause brain-based fa-
tigue 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 cortical processing stream function) (38).
This may be a result of the neurotransmitter systems’ ex-
periencing significant perturbation during prolonged ex-
ercise (80). However, it is not known if enhanced physi-
cal conditioning may provide some fatigue-resistance to
brain-based fatigue, and future studies could determine
whether there is a relationship between physical condi-
tioning and VSI in athletic populations.

For an athlete’s visual system to perform optimally,

the lighting of the area where testing, training or perfor-
mance take place is crucial. Light-emitting diode (LED)
bulbs seem to produce the same amount of light as incan-
descent bulbs, while saving power and being both energy-
and cost-efficient, but there is little consideration in the lit-
erature 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 acu-
ity and decreases pupil size (46). The effect, however, is
measurable only with low-contrast briefly-presented stim-
uli. Visual stimuli are influenced by the chromaticity of
light (47) and Yamagishi et al. (48) found that visual perfor-
mance, mood, and an individuals’ perception of comfort-
able 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 condi-
tions, increasing the quality of artificial light positively af-
fected 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 oppor-
tunities for future research.

5.1. Limitations

While an in-depth search was performed to find a large
amount of previously known and unknown factors that
could affect the vision of athletes, there is the possibility
that there are other factors that could not be identified.
This may be related to articles not being published in the
English-language, the use of only published citations, and
the use of the defined/selected databases due to time, bud-
get, 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 de-
fined increasing the possibility of poor reproducibility due
to many subjective decisions regarding what to include.

6. 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 were identified, and this com-
pilation provides a starting point for further factors to be
added. This study reveals that many factors can affect vi-
sion and VSI and could add significantly to processes re-
lated to visual testing of athletes and assessments of their
decision-making skills. This review further indicates that
while current research still tends to focus on single fac-
tors affecting vision and VSI, a large number of such fac-
tors have been identified and empirically researched. This
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offers new opportunities for researchers to investigate the
effects of a combination of factors, and for coaches to ex-
plore further possibilities for competitive advantage.
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