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Abstract

Purpose:

Dynamic visual acuity (dynamic VA) is a complex, perceptual ability of the visual system
that involves determining fine details of objects as they move across one’s field of view (1-4).
Over the years, there has been increasing interest in dynamic VA because of its apparent
relevance to everyday life, and its ability to account for motion, which static VA is unable to do.
Dynamic VA has a crucial role in a variety of real-world situations and daily tasks that involve
functioning in a dynamic environment, such as driving, piloting, crossing a busy intersection,
and many ball sports (5-8). In addition, dynamic VA is an essential element involved in one’s
ability to adapt to moving and changing environments (1). Although various research has been
performed, dynamic VA as a visual function is not very well understood. This study was
designed to investigate the potential underlying neurophysiological mechanisms that may be

associated with dynamic VA.
Methods:

This study was an observational analysis of visual and cognitive function data collected from
130 participants. Participants were members of the University of Waterloo Department of
Psychology Research Experiences Group (i.e., SONA), the University of Waterloo
undergraduate and graduate community, the University of Waterloo Optometry Program, and the
Kitchener-Waterloo Community. Five visual function tasks were studied including static visual
acuity (static VA), horizontal and random dynamic VA, global motion (GM), global form (GF),
and local motion (LM), along with two cognitive tasks, multiple object tracking (MOT) and the
Stroop task. Static VA was measured first at each study visit to confirm participant eligibility,
followed by horizontal and random motion dynamic VA (randomized order). After dynamic VA,
the remaining visual and cognitive function tasks were measured in a randomized order. Static
VA (LogMAR) was tested with an Early Treatment Diabetic Retinopathy Study (ETDRS) chart.
Binocular dynamic VA (LogMAR; moV&, V&mp Vision Suite) was assessed using tumbling E
optotypes moving in a horizontal (left to right) or unpredictable random motion. GM perception,
and LM perception were assessed using random dot kinematograms (RDKSs), GF perception was

tested using Glass patterns, Stroop was assessed using word stimuli, and MOT was tested using



randomly moving ball stimuli. Experimental effects, including the effects of participant age,
participant gender, and testing order were examined for each task independently using one-way
independent measures ANOVAs (age and visual function task order), and two-sample t-tests
(gender and dynamic VA task order). Tukey post-hoc test was used to further evaluate any
significant order effects found with the one-way independent measures ANOVAs. Correlation
plots, matrices, and tables including Pearson correlation coefficients were calculated to examine
the relationships between dynamic VA performance and the visual function tasks. Backwards
stepwise regression analyses were conducted to determine which visual or cognitive function
tasks were most predictive of dynamic VA performance. The correlation and regression analyses

were performed separately for horizontal and random dynamic VA.
Results:

Highly significant correlations were found between horizontal dynamic VA and random
dynamic VA (r = 0.49, p = 4.84e-9), static VA (r = 0.48, p =6.35e-9),and LM (r=0.32, p =
2.47e-4); a weak, significant correlation also noted with GM (r = 0.23, p =9.16e-3). Highly
significant correlations with random dynamic VA were found with static VA (r =0.46, p =
4.39e-8) and horizontal dynamic VA (r = 0.49, p = 4.84e-9); weak, significant correlations were
found with LM (r =0.16, p = 6.43e-2), and GF (r = 0.15, p = 9.89e-2). Statistically significant
predictors for horizontal dynamic VA were static VA (p = 6.09e-4), LM (p = 3.96e-2), and
random dynamic VA (p = 1.20e-4) . GM (p = 0.139) was not a significant predictor of horizontal
dynamic VA but still had a trend towards a positive relationship with the task. Static VA (p =
7.85e-4) and horizontal dynamic VA (p = 8.14e-5) were the only statically significant predictors
of random dynamic VA, but there were also trends towards positive relationships between
random dynamic VA and LM (p = 8.70e-2), and GF (p = 0.135). Additional analyses determined
there to be no age or gender effects on any of the visual function tasks. A statistically significant
order effect was present for GF (F(2, 127) = [4.92], p = 1.02e-3), but no other tasks.

Conclusion:

Horizontal dynamic VA appears to be most closely related to random dynamic VA, static
VA, GM, and LM, suggesting the dorsal stream and V1 pathway may be the underlying
neurophysiological pathways associated with processing horizontal dynamic VA. This is in

comparison to random dynamic VA, which was most closely connected with horizontal dynamic

Vi



VA, static VA, GF, and LM, suggesting the neuro pathways involved with random dynamic VA
could be the ventral stream and V1 pathway. Further research is required to confirm and validate
such neurophysiological mechanisms are associated with both horizontal and random dynamic
VA.
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Chapter 1

Literature review

1.1 Visual Acuity

Visual acuity (VA) is the most frequently used visual function in everyday life and the most
common method for determining how well the visual system is performing (9). Many researchers
and clinicians often exclusively measure VA to assess vision and to define impairment in vision
(10). There are many forms of acuity related to vision including static VA, dynamic VA, low

contrast acuity, hyper acuity (Vernier acuity), and stereo acuity.

Static VA is the visual function most individuals are likely to know and understand, as this
task is routinely measured in an optometric clinical practice. Dynamic VA is a visual acuity
measure that incorporates motion. Although dynamic VA has not yet been implemented as a
routine clinical measure, it has now become more important to learn about, as research is

beginning to demonstrate its significance in everyday life (1,5-8,11-25).

Hyperacuity describes how one can discern spatial position information with great precision
(26). It refers to the visual systems ability to perceive fine details and discriminate between small
differences or misalignments in the positioning of objects or targets (26,27). Compared to static
VA, hyperacuity is often associated with exceptionally low thresholds, even smaller than a

foveal cone’s receptor size (28,29).

Vernier acuity is a form of hyperacuity that describes one’s ability to identify small changes
in the alignment of objects, such as between two vertical lines (28). Its thresholds are also
smaller than a foveal cone receptor’s size (28). Vernier acuity can be used as a measure of
cortical visual function because optical media factors negligibly affect it (28), however it is not
normally measured in a clinical setting as much like dynamic VA, the Vernier acuity task itself is

not well understood (28).

Low contrast acuity is an assessment of how well one can see details in reduced contrast
situations. Low contrast assessments are not routinely measured clinically and are often only
incorporated into an eye examination if there are signs of decreased performance associated with

low contrast or if an individual mentions issues with contrast sensitivity (30).



Stereopsis-is the ability of the visual system to perceive the relative distance of objects when
there is a horizontal disparity of the retinal images between eyes (31,32). Stereoacuity is a
threshold measure associated with the sharpness or precision of the depth perception (31). It also
provides details about an individual’s ability to integrate visual information from each eye into a
binocular 3-D percept. (31,32). Stereoacuity is frequently tested in clinical settings to screen for

deficits in binocular visual function (31,32).

1.2 Why Static VA and Dynamic VA are of Particular Interest

Although it is notable that all the types of visual acuity mentioned above are crucial to one’s
visual function, it is static VA and dynamic VA that are of particular interest to this thesis
because of their fundamental roles in many human activities. These activities may include
occupational demands, such as in policing or piloting, where certain visual standards must be
met; spatial awareness for safety with vehicle and equipment operation or crossing a busy
intersection; and healthcare where the tasks are used for diagnosing of conditions or diseases.
Understanding these two visual functions is essential if one is attempting to improve various
aspects of, or optimize performance on, daily life activities, such as with reading, learning, work
and productivity, driving, sports and physical activities, social interactions, hazard recognition,

and health and well-being.

1.3 Static VA

1.3.1 Definition

Static visual acuity (Static VA) is the ability to distinguish and discriminate spatial detail of
targets and objects, when both the image and individual are stationary (1,33). Static VA
describes one’s visual sharpness and is measured using high contrast, stationary targets. Many
researchers have described it as the most common and frequently evaluated clinical test for
visual function (1,5). Static VA has been mentioned to be the basis for many, if not all, visual
skills, and is a good measurement for determining one’s visual system integrity (34,35). As a
result, visual acuity is a highly studied attribute of vision (34). However, it is important to note
that while, visual function has often been equated with static VA (36), the measurement of static
VA alone ignores many other important aspects of visual function, including contrast, colour,

and motion perception (36).



The measuring of static VA is both useful and necessary in an eye examination to screen for,
detect, or examine ocular pathology that affects central vision, including media opacities and eye
diseases; for refractive error assessment and to establish ideal refractive corrections; and for
prescribing aids needed for those who are visually impaired (36,37). It is also useful when
determining how effective a medical and/or surgical treatment may have been, and when
determining vision standards required for driving and/or employment (36).

For static VA to be within the range of what is considered normal, the cornea and lens must
properly refract light, so the light is focused on the retina’s foveal region to be transferred to the
occipital cortex (35). This means that if the eye’s optical properties are altered in a way that
distorts light onto the retina, if the retina is diseased, or if the neural pathways are defective,
there will be an issue with static VA (35). As a result, static VA has a high level of clinical utility
and provides a great deal of information about the visual status of the eye. Static VA is also a
relatively easy, low-cost task to perform (35), as it can be performed easily and efficiently with

an examiner that has little training and presents minimal risks for patient (35).

1.3.2 Measurement

The current clinical gold standard for measuring static VA is the Early Treatment Diabetic
Retinopathy Study (ETDRS) chart (36). The ETDRS charts are based on the Bailey-Lovie chart
(38) principles and use a logMAR scale to measure distance VA (5). LogMAR allows for higher
measurement repeatability and greater measurement accuracy compared to other visual acuity
measurement methods, as it has a per letter acuity score (5). Snellen letters and Landolt’s C or
ring are two of the most common optotypes used for Static VA measurements (1). Luminance,
contrast, refractive error, and the individual’s age (anatomical and physiological changes) are
some of the factors that affect static VA (1). These factors must then be considered when

measuring an individual’s static VA to ensure a proper and accurate result has been recorded.

1.3.3 Relevance to Life

Static VA is an important aspect of one’s overall visual function. It is essential for various
endeavours in individual’s daily lives that require clear and detailed vision. Some endeavours
include sports and recreational activities, driving, reading and writing (education), and

recognizing distant objects and/or people (23,37,39,40). For example, researchers have stated



that static VA is a fundamental part of one’s visual performance in sports (23). Static VA is at
the base of the vision pyramid used for sports training, meaning it is one of the most crucial

visual functions used to enhance on-field performance (23).

As static VA is thought to be important for driving performance, it is always measured
before an individual can acquire driver’s license (39). Over the years, there has been much
discussion about the vision testing requirements involved in obtaining a driver’s license,
specifically related to the suitability of one’s fitness to drive being tested by static VA (40-45).
Many researchers have stated there may be more relevant visual functions to measure for
driving, such as contrast sensitivity and visual field, however static VA has still been the primary

vision criteria used for licensing purposes due to its ease of measurement (40).

Static VA has also been mentioned to be imperative in a child’s social and academic
development, where research has suggested that poor visual acuity can lead to a hindered
development (46-48). Previous research has also shown static VA testing results to be related to
children’s daily interactions and activities (47,49). This means early identification of visual
issues in children can help the adults around them, whether it be parents, teachers, or eye care
practitioners, make the required modifications to assist the children in educational and social
environments (46,47,50,51).

Finally, as static VA is involved in many activities in one’s daily life, it also is involved in
determining whether an individual is suited for a specific occupation, such as policing or piloting
(37). Static VA is frequently used to determine whether a person meets the visual requirements
of such occupations (37), however the validity of many of the current standards for these

professions are still being investigated.

1.3.4 Neurophysiological Mechanisms

Visual acuity in vertebrates is the result of an image’s optical quality produced by the ocular
system, and the retina’s anatomical and physiological abilities to analyze the image (52). The
diffraction effects that occur at the entrance point of the image into the eye help determine the
quality of the image seen (52). However, the image detail to be analyzed is established by the

density, slenderness, and quantity of visual cells associated with each optic nerve fibre (52).



How is one able to see this so-called image? Light passes through the cornea, where the
cornea bends the light, helping the eye focus. The light then travels through the pupil, with the
amount of light coming in being controlled by the iris. From there, the light passes through the
lens, where the lens and cornea work together to focus the light onto the retina. It is at this point,
where the light is turned into electrical signals/ neural impulses by photoreceptor cells (rods and
cones) in the retina (35). These signals travel through the optic nerve via lateral geniculate bodies
to the occipital cortex within the brain (35). The cortex then interprets and integrates the signals

into the images individuals see (35).

With an increase in light intensity, also comes an increase in visual acuity, due to the central
area of the retina being used (52). There are two types of photoreceptor cells in the eyes: rods
and cones. In the peripheral areas of the retina, there is a higher rod to cone ratio, meaning there
are more rod photoreceptors, which are more sensitive to detecting light and motion but have
poorer spatial resolution and poorer visual acuity (52). However, the retina’s central areas have a
greater proportion of cones, compared to rods, and have a greater visual acuity accuracy (35,52).
Particularly, in the very center of the retina, in the foveal region, is an area that contains purely
cones, with no rods present, and these cones tend to be more slender than those in other regions
(35,52). This slenderness allows for an increased density of cones in the fovea compared to other
areas of the retina. In turn, the higher density of cones in the fovea increases its spatial
resolution, which means the fovea can detect smaller details than any other area of the retina
(52). The eye’s static VA is ultimately determined by the delicacy of the cone mosaic in the
fovea (52). Mammals, along with birds, are two additional groups of vertebrates in which certain
areas of the retina provide especially high visual acuities due to specialized arrangements of the
photoreceptor cells (52).

1.3.5 The Effect of Age on Static VA

Previous studies have found static VA to decrease with age (3,53,54). Static VA gradually
develops until the age of about 5 years, where it has just about reached the static VA
performance level of that of an adult (54-56). It is at this stage, where findings across studies
have not been consistent. Pitts (1982) stated from the age of 5 to about 40, static VA remains
relatively constant, then from age 40 and onwards, static VA gradually decreases (56). However,

other researchers mention static VA to begin declining at the age of 50 (57), 65 (58) or even



above 70 (58). It appears static VA remains relatively constant for a number of years before
beginning to decline. Potential reasoning for the decline in static VA with aging individuals
without ocular disease, is the result of neural cell loss occurring, such that there is a decrease in
the quantity of retinal ganglion and bipolar cells, and the connections between the cells, leading
to reduced abilities to transmit visual information effectively (57). As well, there is a decrease in
the density of photoreceptor cells, with rods being more greatly affected than cones, reducing an

individual’s ability to perceive fine details and compromising their vision in low-light conditions
(59).

1.3.6 The Effect of Gender on Static VA

When reading this section and all following sections about the gender effect on each visual
function task, it is important to note that many studies have investigated sex rather than gender or
used the term “gender” and “sex” synonymously. In the sections about gender effect, we have

used the terminology in the cited literature as it was reported.

In 1996, Long et al. reported there to be no differences in static VA amongst genders (60).
This finding is contrary to the findings of many other researchers, reporting males to have better
static VA than females amongst a variety of different age groups (61-63). Each of these studies
appeared to have different methods of studying static visual acuity, including a Titmus Il vision
Test with Landolt-C targets (60), a Frieburg visual acuity test (63), and standard letter charts
with Snellen optotypes (63). It is possible that the differences seen between the genders is the
result of biological differences (e.g., hormonal influences), cognitive and perceptual processing
(e.g., attention and focus), and educational and occupational activities (e.g., sports). It is also
possible the differences could be the result of evolutionary adaptations, although more unlikely,
where males and females previously often had distinct roles, such as with hunter-gatherer roles,
where the males were involved with hunting and required acute distance vision, and females
were engaged with gathering activities and required more close-range vision. Examining
biological differences that may be influenced by social constructs poses a challenge as it is
difficult to differentiate the impact of biology from cultural and societal factors. The challenge
lies in discerning whether these differences are inherent biological variations, potentially shaped
by evolutionary adaptations, or if they are influenced by societal roles and cultural expectations.

Societal roles may contribute to the development of certain cognitive skills or visual processing



preferences based on the roles individuals traditionally assume within a given culture, thus
potentially influencing evolution. While evolutionary adaptations could shape biological
differences over time in response to environmental demands and subsequently influence the roles
that individuals traditionally assume in a given culture. The interplay between biology and

culture makes it challenging to attribute observed differences solely to one factor.

1.3.7 Limitations of Static VA

Static VA is a frequently evaluated visual task, though it has some limitations when it is the
only measurement used to assess visual system function. The letters or symbols used in a static
VA test are most often presented with maximum contrast (black letters/symbols on a white
background), even though this level of contrast rarely is presented in one’s daily life (1).
Furthermore, static VA does not assess depth perception, crucial for evaluating one’s
environment. It is also a primarily central vision task thus, it does not provide any insight into the
quality of individual’s peripheral vision. As well, individuals encounter many different, moving

stimuli in their daily life that static VA does not account for, however, dynamic VA does (1).

1.4 Dynamic VA

1.4.1 Definition

One of the limitations with static VA is its inability to account for the motion of objects that
occurs in an individual’s daily life, as previously stated. Dynamic VA has the potential to
provide this additional information. The term dynamic VA was originally created by Ludvigh
and Miller in 1949 (4). Since this time, dynamic VA has been defined as a complex, perceptual
ability of the visual system that involves determining fine details of objects as they move across
one’s field of view (1-4). Dynamic VA also involves oculomotor functioning, peripheral

awareness, target detection, and information processing (64).

1.4.2 Measurement Methods

There are several different ways dynamic VA can be measured, many of which seem to be
relatively inconsistent with each other. As well, there is currently no standardized and validated
dynamic VA test that is commercially available. Dynamic VA has previously been measured

using projected letters or targets with rotating mirrors or discs, or targets on a screen that have
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horizontal or rotating movements (5,7,23). Dynamic VA has also been measured by having
participants stare at a stationary target while they move their head in a side-to-side motion or
through examiner guided head rotations (5,7,65). In addition to the variety of tests used to
measure dynamic VA, the target parameters used in dynamic VA testing, including target
trajectory, target speed, type of target, target size, target contrast, and target colour also vary
widely (4,23,66-68). Landolt C rings and Tumbling Es, are the most common optotypes used in
dynamic VA tasks (5,20,69-73). Both of these optotypes are typically presented as four-way
forced choice identification tasks. The Landolt C is shaped like a C (a circle with a gap), and the
gap is typically pointed up, down, left, or right (20). When using this optotype, the individual’s
task is to determine which way the gap is oriented (20). The Tumbling E is a capital letter E
positioned in one of four orientations for each trial (i.e., the legs will be pointed left, right, up, or

down), and the goal with this optotype is to determine which way the legs of the E are pointed.

1.4.3 The Effect of Age on Dynamic VA

Previous studies with a variety of different age ranges amongst participants (5 to 92 (53), 8
to 17 (54), 6 to 60 (74)) have found that once participants reach the age of peak dynamic VA
performance, the tasks performance then appears to decline (53,54,74). However, the age period
when peak performance occurs tends to vary. One study states peak performance occurs at age
15 (53), another at age 17 (54), and a third study mentions between the ages of 20 and 39 (74).
After this age period of peak performance, dynamic VA performance decreases, with researchers
finding that there is a constant decline, with no plateau until the age of 80 (53). However, there is
a quick increase that occurs in individuals from the ages of about 5 to 15 (53) or 17 (54). It has
been speculated the reason for the decline that occurs as one ages is the result of decreased
illumination of the retina (74), and aging of the central nervous system, as dynamic VA relies on
the feedback mechanisms that interconnect the sensory and motor aspects of the visual response

in addition to those aspects themselves, much like static VA (53).

1.4.4 The Effect of Gender on Dynamic VA

Various research has been performed investigating the effect of gender on dynamic VA. One
previous study found there to be no difference in the results of the varying genders of

participants (75). This finding of no gender effect, however, is contrary to many other studies



performed, that have found males to have the superior dynamic VA performance compared to
females at most, if not all, ages (3,53,54,60,74,76-78).

The difference occurring between male and female sexes has been seen as early as 5 years
old and has stayed relatively consistent until about age 20 (53). Ishigaki et al. (1994) stated that
males likely inherently have a superior dynamic VA, due to there likely being a factor appearing
from birth to age 5 that would cause a sex difference in dynamic VA (53). Ishigaki et al. (1994)
mentioned a possible difference in the morphology of parts of the central nervous system
associated with identifying moving objects to be the reasoning for sex differences in dynamic
VA (53).

Although some researchers have believed social and cultural differences may cause the sex
or gender differences that occur in dynamic VA (53,76), other researchers have accommodated
for such differences and did not find an effect (75). It is possible that impact of sex and gender
on dynamic VA is more complicated than effects that can be attributed to sex or gender alone.
For example, Gale et al. (1978) suggested differential EEG activation occurs in the different
sexes when viewing a moving object, potentially due to the sexes concentrating on different
features of the moving target, and thus causing there to be a sex-effect on dynamic VA (79),
however the features of moving targets that individuals of different sexes attend to could also be

driven by social and cultural constructs.

1.4.5 Relevance to Life

Dynamic VA evaluates a visual system’s spatial resolution when moving stimuli are present
(1). Over the years, there has been increasing interest in dynamic VA because of its apparent
relevance to everyday life, and its ability to account for motion, which static VA is unable to do.
There have been many previous studies that have assessed the relationship between dynamic VA
and static VA. Multiple studies have found some correlation between the two visual functions
(2,3,77,80-82). However, other studies have found minimal, or no relationship at all between the
two tasks (4,8,33,83,84).

Dynamic VA has a crucial role in a variety of real-world situations and daily tasks that
involve functioning in a dynamic environment, such as driving, piloting, crossing a busy
intersection, and many ball sports (5-8). In addition, dynamic VA is a crucial element involved

in one’s ability to adapt to moving and changing environments (1). Dynamic VA can be helpful



in predicting how one will perform in the execution of certain daily tasks and predicting the
future location of a moving stimulus (1). Being able to predict such elements is essential when
intercepting moving objects (such as a ball), and when predicting item’s spatial locations (1).

Multiple researchers have studied the relationship between dynamic VA and driving, finding
there to be a significant relationship between the two (1,11,12). There has also been a negative
correlation found between dynamic VA and accident rates that have occurred in traffic scenarios,
where there are fewer accident rates with better dynamic VA (1). Other research has been
performed studying the relationship between truck and bus accidents and the drivers’ dynamic
VA, again finding there to be a negative correlation between them (1,11,12). In studies that have
researched various visual abilities and driving, dynamic VA has been proven to be the best
predictor of driving success, which was defined as fewer traffic accidents (11,12). Thus, it
appears that there is a relationship between dynamic VA and driving such that drivers with good
dynamic VA, appear to have fewer accidents.

Over the years, researchers have also performed studies involving the relationship between
dynamic VA and pilots (13,14). They have found there to be a significant relationship between
flying aircrafts and dynamic VA, with pilots having better dynamic VA than non-pilots (13-15).
Other research indicated pilots with better dynamic VA made fewer errors (16-19).

Furthermore, dynamic VA and its association with sport and athlete performance has also
been a highly studied topic. Many clinicians and researchers have been interested in research
involving dynamic VA and athletic performance, hypothesizing the two are related (20-22).
Researchers have even stated the most essential determinant of an athlete’s visual system, as it
relates to sports performance, may be dynamic VA (23). In many sports, there are quickly
moving objects and people, and an athlete must be able to detect the objects or people and subtle
differences that occur within their visual field (23). In fast-ball type sports (e.g., badminton,
baseball, tennis), the ball or shuttlecock is moving at a very fast pace, and athletes must be able
to track the fast-moving targets repeatedly within their training (20). Researchers have
mentioned one of the best success indicators for certain sports (e.g., baseball, table tennis) is
dynamic VA (1) . Several studies have also found dynamic VA to have a significant relationship
with throwing and catching a ball (21,24,25) and baseball batting (25), where those that had good

dynamic VA also performed well with such tasks.

10



Additionally, in multiple studies, dynamic VA has been positively influenced by sports
experience, with more experienced athletes typically performing better on dynamic VA tasks
(34,71,75,85,86). Furthermore, dynamic VA in athletes is typically better than nonathletes (23).
Studies comparing college or university athletes, or professional athletes to nonathletes have
found athletes to have a better dynamic VA in basketball (24), volleyball (87), tennis (20), water
polo (75), football (34), baseball (1,20,71,85,86), martial arts (karate and judo) (1), and table
tennis (1).

Researchers have not only studied the effects of dynamic VA in athletes, but also in video
game players (7,88). Yee et al. investigated dynamic VA in athletes, action video game players,
and non-athletes/video game players, concluding that there was no difference in the dynamic VA
of video game players verses the controls, but athletes had superior dynamic VA compared to the
other groups (7). Yee et al. determined that the difference in dynamic VA performance of the
athletes was not related to refractive error, static VA, or smooth pursuit gain, as these parameters
were all similar between groups (7). These results led the researchers to suggest the differences
in dynamic VA were likely driven by other aspects such as visual perception and cognition (7).

Interestingly, in a recent study performed by Argiles et al. (2023), involving action video
game players, non-action video game players, and non-experienced video game players, action
video game players who mostly played first-person shooter games and more than 5 hours per
week were found to have better dynamic VA than others tested (88). Their preliminary results
also showed people who play first-person shooter games may have a greater improvement on
dynamic VA than those who play other types of video games (88).

Other researchers have also shown training to improve dynamic VA (23,66,72). One specific
study by researchers Long and Riggs in 1991 compared college athletes (soccer, baseball, tennis,
and hockey players) to non-athletes (72). They found college athletes had slightly better dynamic
VAs than the normal group, but once training of dynamic VA was involved for the normal
group, the normal group performed better than the college athletes (72). Dynamic VA in all
individuals was improved with training, but the greatest training effect occurred in those who
initially performed the poorest (the normal students) (72).

Recent research by Redondo et al. further supports the hypothesis that dynamic VA can be
trained or learned. Certain cognitive processes such as those used in driving and ball sports are

sensitive to various external factors including psychostimulants like caffeine (6). Due to the
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association of caffeine ingestion with improvements in cognitive performance and visual
functioning, Redondo et al. believed caffeine ingestion may have an impact on the detection of
moving objects and thus on the results of dynamic VA (6). In their study, Redondo et al. found
that caffeine ingestion improved the accuracy of participant’s responses on both horizontal and
random dynamic VA tasks (6). These results may be explained by the positive influence caffeine
has on the cognitive processes of decision-making and stimulus processing (6). Redondo et al.’s
research demonstrated that dynamic VA performance can be improved following acute caffeine
consumption, thus suggesting that there is a cognitive component to dynamic VA tasks which
has the potential to be trainable. If it is trainable, the improved dynamic VA task performance

could translate into improved performance on daily life activities, such as sports or driving.
1.5 Cognitive vs Visual Perception

1.5.1 Perception

Perception, as outlined by Qiong (2017), involves sensory observation (using senses to
gather information) and conceptual interpretation (abstract understandings) (89). Perception is
the way an individual thinks about and understands something, and it is shaped by their thought
processes and sensory experiences (89), including how sensory information is processed (90).
When referring to perception in psychology, philosophy, or cognitive science, it involves gaining
awareness about sensory information and understanding this information, and then integrating
sensory and intuitive elements to construct an individual’s holistic understanding of the
environment (89).

Visual perception has been defined as the combined process of receiving and interpreting
visual stimuli (91). The visual receptive component (sensory function) retrieves and organizes
information within the environment an individual is a part of (91). However, it is the visual
cognitive component involving particular mental functions that assists one in organizing and
interpreting stimuli, helping make sense of what a person is seeing (91). Visual perceptual skills
involving shape, colour, and object recognition are fundamental in understanding the visual

environment (91).
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1.5.2 Cognition

Cognition encompasses the processes involved in transforming, simplifying, enhancing,
storing, retrieving, and utilizing sensory input (92). Cognition has been defined through the lens
of information processing and behaviour (92), elaborating on how an individual comprehends,
retains, acquires, and processes information for problem solving and functioning in everyday life
(90). Cognition involves mental processes building on one another; the progression of cognitive
activity is characterized by a cause-and-effect relationship, where each step in the cognitive
process triggers the subsequent step, emphasizing the interconnected nature of cognitive
functioning (92). Researchers have stated there are three primary stages for informational flow
involved with cognition including decision making, perceptual processes, and the selection and
execution of responses (90). Sub areas of cognition include attention, memory, language (e.g.,
comprehension, writing), problem solving (using attention and perception), decision making and
reasoning, and sensation and perception, among others (90).

Visual cognition is a complex mental process that involves an individual’s previous
knowledge, visual stimuli received by the retina (sensory input from the eye), and decision-
making to create a meaningful representation of the visual world (93). This cognitive process is
continuously updated as new visual data is acquired, providing individuals with a functional
simulation of the visual world (93). Visual attention, discrimination, memory, and imagery are

all elements of visual cognition (91).

1.5.3 The Intermixing of Perception and Cognition

As can be seen through the description of cognition, and what is involved in such processing,
the worlds of cognition and perception intertwine, often making it difficult for researchers to
define the difference between the two. | have come to understand perception and cognition as the
following: Perception involves organizing and interpreting sensory information from the
environment to give such information meaning. Visual perception involves the interpretation of
visual stimuli received from an individual’s eyes. Perception is primarily concerned with the
early stages of visual processing, where the brain extracts basic features such as colours, shapes,
and spatial relationships. Cognition seems to involve higher-order mental processes such as
attention, memory, problem-solving and decision-making. Cognition includes more complex

functions that influences how one interprets and interacts with visual information. This mental
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process extends beyond the basic perceptual processes and involves the integration of visual
information, along with other functions, assisting an individual with more complex analysis and
understanding. Thus, for the purposes of this thesis, tasks that involve extracting basic features
from visual information will be called perceptual tasks, and those that involve higher-order

mental processes will be called cognitive tasks.

1.5.4 Perceptual Learning and Visual Training

Perceptual learning involves acquiring knowledge and information from one’s surroundings
to improve performance and increase our perceptual understanding of the world around us. Our
perception understanding grows through perceptual learning with increased experience, practice,
and exposure to environmental stimuli (91).

When researching visual function tasks, it is often questioned whether an individual can be
trained to improve ones’ performance on such task and subsequently improve their visual
function. Visual perceptual learning is the process through which visual task performance can be
improved by training (94). Thorough research has been performed regarding whether cortical
mean neural activity could be regulated by perceptual learning (94-98). An increased amount of
relevant neural detectors, or their improved sensitivity could explain why there was an increase
in the mean neural activity of individuals who were trained with a visual detection task (94-98).

Research performed by Chen et al. showed there was an improvement in behavioural
performance associated with motion direction discrimination training, where the improvement
was direction specific to the one that had been trained (94). As well, this improvement was
persistent for a minimum of two weeks (94).

As a result of this work, Chen et al. suggested long-term learning associated with motion
perception involves refining neural mechanisms, and that this refinement is achieved by
sharpening the brain’s sensitivity (tuning) in the cortex at the sensory processing stage. Chen et
al. suggested that over time, the brain becomes more proficient at processing and recognizing
trained motion stimuli (94), and that further improvement in the long-term learning could occur
if there were greater connections between the sensory and decision-making brain areas (94).
According to the hypothesis of the reweighting models, the improvement in long-term learning
would be due to the strengthening connections amongst the most sensitive neurons in the sensory

areas and the decision areas (94).
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Although not much research has been performed involving dynamic VA and its potential
training capabilities, other research involved with visual training, such as the study by Chen et al.
(94) mentioned above, has led us to believe that if dynamic VA can be trained, it is possible that
it may be trained through visual perceptual learning processes such as repetition and exposure,
adaptation to motion patterns, feedback and error correction, and task specific training.
Understanding what neurophysiological mechanisms are associated with dynamic VA, could

help guide training and determine what methods of training may be best.
1.6 Visual Perception

1.6.1 Dual Stream Hypothesis of Vision (Dorsal vs Ventral)

According to the dual-stream theory of vision, higher level processing of visual information
occurs within the cortical area and involves both the dorsal and ventral streams (99-101). The
dorsal stream extends from the striate cortex to the posterior parietal region and is involved with
visually guided sensorimotor behaviours, while the ventral stream extends from the striate cortex

to the inferotemporal cortex and is associated with object identification (101,102).

1.6.2 Ventral Stream

The ventral pathway, otherwise known as the “vision for recognition” pathway, is involved
in cortical visual processing (99,101,103,104). Previous research led many to believe the ventral
pathway was specialized for form processing and object recognition (99,101,103). An example
of such research involved monkeys. These animals were found to have issues with discrimination
and recognition of visual patterns when they had lesions in their inferotemporal cortex, but there
was little to no issue with ‘landmark’ tasks, where one of two alternative locations was rewarded
based on a visual cue’s location (101,105). An example of a landmark tasks is randomly placing
a striped cylinder between two covered foodwells, with the goal of the task for the monkey being
to determine which foodwell is closest to the cylinder (106). The finding that the monkeys with
the inferotemporal cortex lesions had little to no issues with the landmark task led researchers to
believe the ventral pathway was associated with visual recognition (101,105).

Other research involved a patient known as DF that suffered from irreversible brain damage
due to carbon monoxide poisoning (107-109). Focal lesions were found in the lateral occipital

cortex of DF’s brain, an area of the ventral stream pathway (109,110). As a result of these
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lesions, DF was not able to recognize relatives’ or friends’ faces, identify common objects visual
forms, or differentiate common geometric shapes, however the lesions did not diminish her
motor control ability and she was still able to reach out and grasp objects normally (107,109).
DF’s ability to normally grasp objects while having ventral stream damage suggests that other
brain areas are processing information such as orientation, size, and shape of the object for motor
control abilities (109). Another patient, labelled SB, who experienced bilateral ventral stream
damage in his early life had decreased ability to identify objects, colours, faces, and words but
still demonstrated good visuomotor skills (motorcycle riding and tennis playing) (109,111,112).
Research was also performed on an individual (JS) who suffered bilateral ventral stream damage
from a stroke (109,113). Although he was not able to identify the orientation and shape of the
objects, he was able to properly conduct the movement associated with grasping of these same
objects (109,113). Thus, all this biological evidence supports the theory that the ventral pathway
is used for form processing and object recognition.

The ventral pathway contains the occipital and temporal lobes’ ventral regions (103,104),
projecting from the striate to inferotemporal cortex (101). This pathway involves the movement
of information from the retina to the dorsal part of the lateral geniculate nucleus, projecting
information to the primary visual cortex (V1), then to secondary visual cortex (V2), V4, and
finally the inferotemporal cortex (109,114,115). Neurons involved in the pathway from V1 to the
inferior temporal cortex analyze form information (i.e., object shape and structure) (106,116—
118).

V1 begins object processing, where the speed, direction, spatial and temporal frequency,
orientation, and colour of objects are beginning to be processed (114). Orientation information,
pertaining to local form, is first gathered from V1 cells, before these cells’ outputs are integrated
into higher cortical areas such as V4 (99,118-122). The cortical areas past V1 have larger
receptive fields that are associated with the extra-striate areas involved with global processing
(103). These areas combine the signals from earlier areas of the visual pathway, allowing them to
take part in segregating signal and noise information (103).

V2 then continues with object integration and intermediate object representation, analyzing
edges, borders, and colours (114). Research involving animal electrophysiology and human
fMRI have both found that V2 and V4 are involved with local form cue integration and V4

neurons are also involved with signaling form information involving shapes (120,123-129). V4
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is an area sensitive to form that is a part of the lateral geniculate nucleus parvocellular layers and
that extends to the inferior temporal lobe (99). In V4, the integrated information from V1 and V2
supports object integration and representation, analysis of angles, curvature, perceived colour,
kinetic contours, and motion (114) that help an individual determine forms (shapes and
structures) (99,118-122). Finally, in the inferotemporal cortex, all the previous information is
processed and brought together to help understand object recognition such with simple and

complex shapes and body parts (114) (Figure 1.1).
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Figure 1.1: The Ventral Pathway.

1.6.2.1 Global Form Perception

Global form (GF) perception is the ability of one to determine the overall shape or structure
of an object or multiple objects within a visual scene (118,122,130) and is important in object
identification and object shape recognition (118,122,130). Otherwise known as orientation
discrimination, GF perception measures one’s ability to identify objects from light patterns being
projected onto our retinas based on distinguishing neural signals generated from the object’s
particular characteristics, such as contrast, shape, and size (131,132). GF is processed along the
ventral pathway and is associated with ventral stream function (133), as the ventral pathway
contains neurons that are selective for GF (99,103,104), that help with processing various shapes,
including concentric and radial structures (99,118-122).

Glass Patterns (134) are a common task used to measure GF perception (99). They consist of
many randomly distributed dots that can be arranged in such a way that they create the
perception of a coherent pattern (99,118,135). Mathematically, a geometric transform determines
the orientation of these dots and presents the global form percept to the observer (135). The
individual dots in each Glass pattern are often referred to as dipoles, which are pairs of dots
consisting of the same polarity (118). Some dipoles are grouped together to form coherent

patterns (signal dipoles), the remaining dipoles are grouped and are randomly oriented (noise
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dipoles) (103). A threshold for Glass patterns is obtained by adjusting the proportion of signal
(dots contributing to the coherent pattern) to noise (dots of random orientations) dipoles (103).

Glass patterns are especially useful in examining how the human visual system processes
information regarding an image’s shape or structure. At least two stages occur in the visual
system to create GF perception from Glass patterns: (1) an assessment of the local dipoles
orientations that occurs in early areas of the visual pathway (i.e., V1) and (2) local dipole
integration for GF occurring in higher extrastriate areas (i.e., V4) (122,135). Dot pairs are
associated into dipoles by a local process, then dipoles are grouped into a GF structure by a
global process (135). When dipoles orientation becomes consistent enough, a signal occurs
demonstrating the orientation of the pattern created (122).

The above information about Glass patterns has led many researchers to believe that Glass
patterns are the ideal stimuli for studying GF perception because the method directly investigates
the underlying mechanisms involved in integrating visual forms and pulls information from both
local and global levels (118).

The effect of age on GF perception has previously been studied, with one study performed
by Norman et al. (2020) finding age to produce a significant, although very small, effect on a
shape discrimination task used for measuring GF (136). From these results, Norman et al. (2020)
concluded that as one ages, they practically retain their ability to perceive shapes, even those
embedded in noise (136). However, this is contrary to the results of many other studies. Multiple
researchers have found there to be increased form coherence thresholds, or worse performance,
when studying older adults versus younger adults (137,138). This elevated coherence threshold
occurred for both the concentric and radial patterns of the Glass pattern task, indicating there was
consistent performance for individuals within the task (137). Changes in form perception that
occur as one ages involve decreases in the ability to easily determine shapes when the shapes are
presented amongst noise (137,138). Furthermore, when operating at the same level of difficulty
in a GF task, older adults require there to be less noise amongst the form when attempting to
determine the difference between concentric and radial structures (136,138). Weymouth et al.
(2012) believe the increased coherence thresholds that occur with older age are the result of the
alteration (due to healthy aging) of intermediate-level processes that assist with the functioning
of such higher-level tasks (138).
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Although the effect of gender on GF has not been studied yet, there is still reason to believe
a gender effect may occur as hormonal influences, cognitive strategies, neurological and
morphological brain differences, and attentional differences that occur between the genders may
influence their performance on GF.

GF perception is crucial for developing the ability to perceive and interpret the visual world,
as it assists individuals with quick and efficient object, shape, and pattern recognition. Previous
research performed comparing GF to visual acuity and stereopsis found that both tasks are
related to GF perception (132). Although this research has only previously been performed with
static VA, some form patterns used while deciphering different GF patterns could potentially be
used during dynamic VA tasks that involve resolving the shape and fine details of objects
moving in one’s visual field (1-4). Maintaining visual clarity when objects or scenes are in
motion (i.e., dynamic VA) may require GF perception to be able to determine the form of objects
or scenes that occur. Thus, it is possible that GF and dynamic VA are connected, and that GF
perception may be an important fundamental component contributing to the visual processes

driving dynamic visual acuity.

1.6.3 Dorsal Stream

The dorsal stream, also known as the “vision for action” stream, is involved with visuomotor
control and coordination through identifying the motion of objects, their locations, and their
positions relative to one another (99,103,139,140). This stream also assists with visually guided
actions towards objects through mediating sensorimotor changes (101). More specifically,
researchers believe the early dorsal stream is associated with motion processing, and the later
dorsal stream with visuomotor control (114,141,142).

There has been ample research performed investigating the function of the dorsal stream.
Monkeys that had posterior parietal lesions performed poorly on ‘landmark’ tasks (see 1.6.2 for
detailed task description) (101,106,143-145). However, these monkeys did not seem to have
issues with recognizing and discriminating patterns, tasks that are associated with the
inferotemporal cortex and ventral stream (101,144). Other research involving individuals with
optic ataxia as a result of posterior parietal damage demonstrated the individuals’ inability to
accurately reach for targets they recognized (101,146). These individuals demonstrated issues in

their finger position and hand orientation when reaching toward the object, in addition to the
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difficulty in reaching for the object (101,146). These findings provide support for the posterior
parietal area within the dorsal stream being involved with spatial vision rather than object vision
(101,146). In another patient suffering from bilateral parietal damage, the patient was found to
have issues with gaze, spatial attention, reaching towards an object, and picking up an object
(101,147). However, this patient did not have any issues identifying common objects presented
as line drawings (101,147). This patient demonstrates that the ability to use the objects
information for grasping and movement towards the object can by impaired by parietal lobe
damage (101,147).

The dorsal stream runs from the striate cortex to the posterior parietal region (101). Although
originally thought to consist of only one pathway, the dorsal stream now appears to consist of
two pathways with supportive functions (Figure 1.2) (148,149). Each stream projects from the
retina to the lateral geniculate nucleus, to V1, V2, and V3, however it is after this point where the
two pathways diverge (148). The pathway that most frequently appears in research has been the
ventro-dorsal stream. This stream projects from V1, V2, and V3 to the middle temporal area
(V5), then to the medial superior temporal area and finally to the posterior parietal cortex
(114,148,150-153). Assuming that macaques are neurologically similar to humans, studies have
found that there is a direct connection between V1 and the middle temporal area (150-152).
However, the middle temporal area is also receiving indirect input from V2 and V3 (150-152).
The second dorsal stream pathway is known as the dorso-dorsal stream that projects from V2 and
V3 to V6, then to the posterior parietal cortex (148,152,154-156). It is still being debated as to
whether V1 projects directly to V6 (152).

Dorsal pathway neurons exhibit a high level of selectivity for motion direction (104,157).
The integration of diverse visual information from one’s visual field, specifically many small
receptive fields, is required to accurately represent an object’s true motion that one sees (103).
The first visual region that contains direction-sensitive neurons is V1, and these neurons have
small receptive fields (152) that contain information about individual dot’s motion information
(103). The feature processing that occurs in V1 of the dorsal pathway is similar to that of the
ventral pathway (114) and V1 cells are associated with incoherent or local motion (99,103,118-
122).

Although V2 is part of both the dorsal and ventral pathway, it has different functions. In the
dorsal pathway, V2 along with V3 analyze local (1D or one-dimensional) motion with such
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information as speed, spatial and temporal frequency, and direction (114). It is worth noting that
only a minority of neurons in V2 and V3 are direction sensitive (152). Information from the V1,
V2, and V3 cells is then amalgamated specifically within the middle temporal area, to recreate
the pattern or global (2D) motion associated with the moving objects one was seeing
(103,114,158-160), as the majority of MT neurons are direction sensitive (152).

V6 is involved with unidirectional motion, speed preference, direction selectivity, and object
and self-motion recognition (156,161). Within V6, there are certain motion sensitive neurons,
known as “real motion cells” (156,161). These neurons have also been found in V1 (162), V2
(163), and V3/V3A (164), although in smaller quantities (156). Research performed on monkeys
demonstrated, that when they fixate on a point, the real motion cells will react when stimuli is
moving in a specific direction (156), thus V6 is an area that has been demonstrated in macaques
to be involved with motion analysis (156).

The major regions of the dorsal stream associated with motion processing are the middle
temporal area (MT) and the medial superior temporal area (MST) (156). These regions are
selective for direction (165-169), and speed (158,170-173), and are highly responsive to motion
(156). MT cells have unique characteristics and greater receptive field sizes compared to V1
cells. It is the middle temporal area that integrates the information from the V1 cells to determine
the global motion of the object or target (103). The larger receptive fields of the MT cells help
individuals separate different moving objects from one another and determine the different
motion directions of many moving dots within the same target (114). Thus, MT cells facilitate
local (incoherent or component) and global (pattern/ RDKs) motion processing (114,174,175) in
the dorsal pathway.

The MST area is involved with the processing of complex 3D (three-dimensional) motion
and intermediate object representation, where movements such as contractions, translations,
expansions, rotations, spirals, and optic flow are analyzed (114). Finally, in the posterior parietal
complex, optic flow and intermediate object representation are processed, and self-motion and

multi-model integration analysis occurs (114).
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Figure 1.2: The Dorsal Stream.

1.6.3.1 Global Motion

Dorsal stream function can be measured by psychophysical tasks, such as global motion
(GM) perception tasks that target such areas as the middle temporal area (99,119,159). GM
perception refers to the ability of one’s visual system being able to detect and perceive the
overall motion direction of objects or patterns and recognize coherent motion within a noisy
motion stimulus (176-179). GM involves the integration and analysis of separate local motion
signals from multiple local motion detectors in the visual cortex into a coherent perception of
motion (104,178-180).

Visual areas including V2 and V3 are highly sensitive to GM (152). The main function of
the V2 and V3 visual areas is GM processing, with V3 being stronger than V2 (152).
Additionally, extrastriate areas involved in GM processing include V3/VV3A, V6, and areas in the
intraparietal sulcus of the posterior parietal cortex (178). Thus, the entirety of the dorsal stream is
involved in some way with GM perception and GM perception relies on the dorsal stream neural
pathway to be processed properly (104,181).

Random dot kinematograms (RDKSs) have been a common format used to measure GM
perception (99,133). Early cortical areas (e.g., V1, V2) are involved in the initial processing of
motion of the individual dots in the RDK (133). The gathering, consolidation, and spatial
integration of local motion information occurs afterwards in the extrastriate cortex’s neural

networks of higher cortical areas (e.g., MT) and assists with the perception of the overall
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direction of the RDK pattern created (111,113,152,154-156,158). Specifically, this network is
thought to primarily involve a complex within the temporo-parieto-occipital junction known as
the middle temporal area/medial superior temporal area complex (133,152,178).

Multiple researchers conducted studies involving macaques with lesions in their middle
temporal area and found their GM to be impaired (104,152,159,182). Other researchers
performed microstimulation to the middle temporal area and found one’s judgement about GM
direction to be impaired (152,160). The middle temporal area was further investigated using
moving sine wave gratings and plaids. Sine-wave gratings consist of alternating light and dark
stripes, with the alternation being described by a sine wave. The sine wave plaids occur when
two moving sine wave gratings are crossed. Through using psychophysical and
electrophysiological experiments involving the sine wave gratings and plaids, Movshaun et al.,
identified the middle temporal area as the location of cells involved in GM processing (179,183).

Parameters involved in a GM task, such as dot density and speed, contribute to an adult’s
GM sensitivity (178). Positional changes and the speed of an object are other factors that
contribute to how one perceives directional movements (132,161). Furthermore, when a
participant is performing a GM task involving RDKSs, the researcher will often limit the dot
lifetimes to ensure a participant is not able to track individual dots (178). By eliminating tracking
strategies, it is easier to determine if an individual is measuring GM integration rather than local
motion sensitivity (178).

Multiple studies have investigated the effect of age on GM perception, finding a decrease in
GM to occur in older adults (184,185), where healthy aging leads to a decline in motion
perception (186,187), shown by the increase in motion direction discrimination thresholds (186).
This decline that occurs in older adults varies with the different speeds involved in GM tasks
(184,188). Although the motion thresholds at both slow and fast speeds of GM were worse for
older than younger adults, slow GM began to decline but fast GM was about normal at the age of
60 and fast GM showed no decline with age (184,189). Some researchers have associated the
decline of GM in older adults with age-related structural changes of the visual cortex (184,185).
Furthermore, atrophy of the dorsal stream (due to aging) worsens the results of both fast and
slow GM, but ventral stream atrophy only worsens slow GM (184). Other researchers have also

blamed additional resource and brain region recruitment, spontaneous noise increase, sensitivity
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loss, and increased neuron excitability within the early visual areas for the decline in GM as one
ages (186).

Many studies have also investigated the effect of gender on GM perception. Of these studies,
Tran et al. (1998) did not find a gender effect associated with GM (190), however many other
researchers did find males had lower thresholds than females, and thus, better GM at practically
all ages (189,191-193). However, in the study performed by Arena et al. (2012) that included
individuals aged 20 to 79, the gender effect was not found in individuals aged 20 to 59, it was
only present from ages 60 to 79 (192). It appears that women are more prone to a functional
decline in GM than their male counterparts, as they lose their motion sensitivity to a greater
extent as they age (194-197). A recent study by Shagqiri et al. (2018) also found males to have
better performance than females in GM tasks (62). The females involved with the Shagiri et al.
(2018) study had slower reaction times and needed a higher number of signal dots to be able to
determine the motion (62). Some researchers believed females performed worse on motion
detection tasks than males due to not being able to extract the signal dots from the noise dots as
efficiently as males (194,198,199). However, this theory was disproven by Conlen et al. (2017),
who suggested the gender difference was the result of females not being able to integrate motion
signals as easily, rather than due to lower motion sensitivity (194,195).

Previous research has been performed comparing GM to other visual tasks with results
finding that GM has been associated with both visual acuity and stereopsis (132). The visual
information necessary for stereopsis, known as retinal disparity, uses the dorsal stream (181).
Notably, in these specific research findings, the correlation between GM and VA was with static
VA and not dynamic VA. However, some of the motion patterns present in GM are similar to
those used within dynamic VA, therefore prompting further research in this area.

It is possible GM perception and dynamic VA are related as both these visual functions
involve integrating motion information to be able to determine the fine details of objects moving
in one’s visual field and they are both involved in one’s understanding of dynamic scenes in a
visual environment. GM perception involves determining the overall motion or direction of
objects or patterns within a scene (179), while dynamic VA helps determine fine details of
objects in motion (1-4). To determine the overall motion of objects (GM), one must be able to

see these moving objects clearly (dynamic VA), and to detect detail in moving objects (dynamic
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VA), one must first be able to determine the overall motion of the object (GM). Thus, the

neuromechanisms underlying GM may also play an important role in driving dynamic VA.

1.6.4 Local Motion

Local Motion (LM) is a perceptual task that assesses individuals’ sensitivity to motion
direction and perceptual knowledge about object motion in an image (176-178,200). Direction,
speed, and motion coherence are three characteristics interpreted by an individual using LM
(178,200). This further allows the interpretation of individual object’s or pattern’s movements
within a larger scene (178,200). LM has been labelled as perceptual because LM involves the
early cortical visual areas, along with multiple other brain areas and systems interacting with one
another to integrate and process LM information (201-204).

LM processing begins in the retina, where a potential higher sensitivity to LM has been
found in the neural circuits associated with the peripheral retina, compared to that of the central
retina (204-206). From the retina, LM travels to V1. V1 is an area of the cerebral cortex with
motion direction sensitivity and contains cells that extract LM information (118,207). Research
involving damage in the V1 area, or magnocellular retino-geniculate pathway, has further proven
an association with V1 and LM processing, as results demonstrated there to be subsequent
impairment of LM processing when V1 was damaged (99). Usually, the outputs from V1 will
travel and combine with one another in higher cortical areas such as V4 for GM perception, as
previously stated (118). It is the LM signal extraction that generally begins the process of motion
analysis (201); motion integration only happens once the processing of LM has occurred (208).

In addition to V1, another area of the brain that has been associated with LM is the middle
temporal area. It has already been noted that the middle temporal area has an important role in
visual motion analysis, especially GM perception (133,152,178,179). However, other researchers
have found the middle temporal area to have some LM sensitivity (204,209), with neurons in this
region being direction selective (204,210-213). In addition to direction selective neurons being
found in MT, LM perception may also rely on signals coming from the MT area, which help
determine coherent or incoherent motion perception as they present LM details integrated with
scene information (204,214). There are also two kinds of LM signals: glider and Fourier signals
(201). When an object either comes closer to or further away from an individual, the glider

signals are used (201). However, if there is translation of an object, then it is the Fourier signals
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at work (201).These LM signals are discovered by a form of sensor in the middle temporal area
known as the “spatiotemporal-frequency-selective sensors” (215).

Some researchers have also suggested that the medial superior temporal area is associated
with LM perception. Research has found that motion representation occurs in the medial superior
temporal area (a downstream target of the middle temporal area) (94,204,207,208,214,216), and
neurons here are sensitive to clockwise and counter-clockwise rotations (217-220). Although the
research presented here appears to support that the middle temporal area and medial superior
temporal area are associated with motion analysis, and are connected to LM processing, it is also
possible these areas may be sensitive to LM processing more so to be able to process GM
perception rather than for LM processing itself.

Random dot kinematograms (RDK) are commonly used for the measurement of LM. The
goal of a LM task is to discriminate whether the dots presented in two sequential RDK are
moving in either a clockwise or counter-clockwise direction compared to one another (207).
Within an LM task, there are multiple trials that occur as each trial only appears for a short
period of time (94,207). Two stimuli are presented consecutively in a single trial, and the
participant is then asked to judge the direction of the stimuli’s rotation between presentations
(i.e., clockwise or counter-clockwise) (94,207). The participant’s answer is typically entered
through their use of a keyboard or controller.

Many previous studies have investigated the effect of age on LM, demonstrating a decrease
in LM performance, or increased thresholds, with increased age (189,194,221-226). All these
studies used gratings as their form of measuring LM perception, rather than the RDKs. As well,
these papers were using threshold measures of contrast, duration, speed discrimination, noise,
and signal-to-noise ratios, rather than direction discrimination thresholds.

Not much research has been performed studying gender effect in LM perception. However,
research has found that in mental rotation tasks, males tend to use more of a global approach
with the task, whereas females tend to use a more local approach such as through identifying
certain parts of the object to determine its rotation (227-230). Roalf et al. (2006) have also
suggested women tend to respond faster to local targets compared to global targets, suggesting
women have a local bias (230,231). Even when reviewing the differences in gender in relation to
navigation, males tend to use more of a global approach with cardinal directions (230,232-234),
whereas females often use landmarks (230,234-236) and local cues (230,232,233). Thus, it
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seems females are more often found to use local cues compared to males, potentially inferring
they may perform better on LM tasks.

LM perception ensures one can recognize, understand, and follow the motion of individual
objects (178,200). LM has been found to play a very important role in object recognition and
scene analysis, and the multiple visual processes that go along with such analysis. Some
examples of LM in scene processing include tracking moving objects and detecting motion-
related cues. Furthermore, LM assists individuals in their ability to navigate and comprehend the
visual world around them through the interpretation of objects’ movements and dynamics within
their environment.

Dynamic VA is the ability to maintain clarity and discriminate fine details of moving objects
(1-4). Thus, both dynamic VA and LM are related to the processing of moving visual
information and the recognition of objects in motion. When tracking the motion of individual
objects (LM perception), the ability to clearly see these objects is critical (dynamic VA).
Likewise, seeing the detail in moving objects (dynamic VA), relies on the ability to track the
motion of the individual object (LM). Although these tasks are separate and distinct visual
functions, it is possible they work together to facilitate an individual’s understanding of objects
in motion and thus share some similarities in their mechanisms that support the visual perception

of complex dynamic scenes.
1.7 Cognitive Processing of Visual Information

1.7.1 Cognitive Inhibition and the Stroop Task

Inhibition is an important concept as many successful behaviours depend on it (237). It
describes the brain’s ability to suppress distracting and irrelevant information and cues to
determine what is important (237). Inhibition is involved in many cognitive processes, such as
decision-making, attention, and memory and refers to one’s ability to remove unnecessary visual
information, and only keep what is relevant to the scene (237).

The Stroop effect occurs when a specific stimulus feature being processed hinders the
processing of a second stimulus feature or a different attribute of the same stimulus (238). The
Stroop Colour and Word Test (SCWT) is a neuropsychological test used in experimental and
clinical conditions to measure inhibition (239). More specifically, the SCWT assesses the ability

of one to ignore cognitive interference during the Stroop Effect (239). Processing speed, working
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memory, attention, and cognitive flexibility are among the other cognitive functions that are also
measured by the SCWT (238,240,241).

In the most basic form of the SCWT, a word is presented, and the goal is to determine the
colour of the word rather than reading it (239). Thus participants must perform a less automated
task (i.e., determining the colour), while the interference that comes from the more automated
task of reading the word is inhibited (238,242). The Stroop Effect can be seen in the difficulty an
individual has in inhibiting the word reading (i.e., the more automated task) (238). This
relatively simple task, and the interference phenomenon it contains, is continuously helping
researchers to understand and gain valuable insights on one’s cognitive processing (243).

In 1886, Cattel introduced the automaticity concept to cognitive science, where he suggested
extensive practice is the reason reading words is automatic (243,244). Under this concept of
automaticity, reading cannot simply be “turned off” (243). Therefore, even if an individual is
given explicit instructions to not read a word, they sometimes cannot refrain from doing so
(243). Interference occurs with incongruent words (e.g., the word red presented in the colour
green), which explains why a slower, and typically error-prone, response occurs on the SCWT
when an incongruent condition is presented where the word is different than the ink colour of the
word (243).

The concept of automaticity and how one processes something can be closely related; if a
task to be performed is more automatic to an individual, they are likely to process the task faster
(243,245). This “relative speed of processing account” contributed to further explanations of the
Stroop interference effect and goes on to state that slower processes are affected by faster
processes, but not vice versa (243,245). In relation to the SCWT, words can be read faster than
colours can be identified, and the interference occurs when the task is to identify the colour
rather than word (243) because there is more uncertainty present when determining colours of
words than there is when reading a word (243). The issue humans have when attempting to
determine colours over words indicates that a certain level of computational processing is
involved with processing colours, and the SCWT demonstrates this processing can be disrupted
(243). The cognitive processes of colour recognition further contribute to the interferences that
occur when naming colours (239).

Kline introduced the law of associative inhibition, quoted as “If a is already connected with

b, then it is difficult to connect it with k, b gets in the way” (196, Pg. 270). This law also helps to
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explain interference and how associations between colours and their names occur and strengthen
overtime as they are continuously used (239,246). Bergstrom further added to the explanation of
this law by stating “the interference effect of an association bears a constant relation to the
practice effect, and is, in fact, equivalent to it” (197, Pg. 441); if an association is constantly
being interrupted, then the association is broken and instead a new association is being practiced.
Another model related to the SCWT, proposed by Cohen, Dunbar, and McClelland, known as the
parallel distributed processing or connectionist model, has stated practice causes an increase in
strength for processing pathways and the degree of interference is determined by the relative
strength of the pathways (243,248). Relating this model to the SCWT helps explain that colour-
word pathways and colour name responses are usually more strongly connected than the colour-
word pathway to colour pathways (243,248). Stroop himself concluded that a difference in
training could account for the speed difference one has when identifying the colour of the word
compared to reading the word (239,243). It has only been more recent studies however that have
confirmed how important experience and training is (243).

In 1915, it was previously stated that practice is not the reason for the speed difference when
identifying colours and reading words, but rather association (249). The associations for the two
tasks are very different from one another (249). Each word has become associated with one
response habit, but there seems to be a variety of response tendencies for colours (239).
However, it can be seen from the ample research that has been performed with the SCWT, many
researchers now believe it is the combination of association and practice that explains an
individual’s performance on the SCWT (239,243,246-248).

The effect of age on the Stroop task has also been studied with the majority of studies
involving the Stroop task having shown there to be a greater reduction in Stroop performance the
older an individual is (250-256). Although Gajewski et al. (2020) stated that older individuals
who performed better on Stroop than their similar age counterparts were performing similar to
middle-aged individuals (250). When referring to reaction times, younger individuals had the
fastest times, with the reaction times slowing as ages increased (250). It was especially the
congruent condition reaction times that slowed the most with aging individuals (256).
Researchers have found that the greater Stroop interference that occurs in older adults, compared
to younger adults, is partially the result of general slowing, but also is related to the changes that

occur in cognitive inhibition and inhibitory control (256-260). However, Wolf et al. (2014)
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stated that the cognitive inhibition measured by Stroop is not the result of general slowing, but
rather a decline in cognitive processing occurring with age (256). As it was thought that the
processing speed of an individual may also have an impact on the results of Stroop, this speed
was studied, and it was found that processing speed described the variances occurring for
incongruent conditions (257). However, when processing speed was controlled, the effect of age
on Stroop was still present (257). Thus, the decline that occurred with older individuals was
partially due to a decline in processing speed, but also due to other factors that were more
specific to the Stroop task (257). (257).

Previous studies have also investigated the effect of gender on the Stroop task. Macleod
(1991), along with multiple other researchers did not find a gender effect related to the Stroop
task (261-265). However other researchers have found a gender effect, stating that shorter
reaction times are present when females perform the Stroop task compared to males (266-269),
although no significant differences were found in the error rates between males and females
(269). Datta et al. (2020) further specified in their study that females even had shorter response
times for the Stroop effect (270). Due to numerous studies including neutral conditions
(“XXXX” written in red, green, blue or yellow, determine colour only; white words spelling
colours, determine word), incongruent conditions (word colour does not match spelling of word,
determine colour), and congruent conditions (word colour and spelling are the same, determine
colour), Datta et al. (2020) were able to determine that colour processing occurred faster in
females (270). However, Mekarski et al. (1996) stated it was the men that had a faster response
to colours and women actually had a faster response to words (269). Datta et al. (2020)
mentioned their findings may have been the results of anatomical differences of the brain,
specifically the callosum and planum temporale being larger in females (270), while Mekarski et
al. (1996) stated the difference in males in females that they found was due to greater spatial
abilities in men and better verbal and fine motor abilities in women (269).

Based on the studies discussed above, it appears that association, practice, training, and
experience are all important factors in determining how one is able to perform the SCWT. In a
moving scene, one should be able to see and discern the fine details of objects in motion with the
use of dynamic VA. The relationship between dynamic VA and inhibition may depend on
cognitive processes associated with maintaining visual clarity with moving objects, particularly

when objects are moving in unpredictable patterns. When an individual is trying to see an object
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moving in an unpredictable way, such as on a dynamic VA task, they likely need to filter and
inhibit irrelevant visual information such as unrelated scenery, objects (moving or static),
patterns, colours or text. This inhibition allows the individual to concentrate on the target details
themselves rather than exerting their cognitive energy in trying to track or predict the target’s
motion. Thus, inhibition may contribute to dynamic VA by assisting an individual with ignoring
the motion of the target in order to focus on relevant details of the target that assist with target
identification. It is likely that the better an individual’s inhibition mechanisms are, the more

effectively they can maintain dynamic VA in scenes with motion.

1.7.2 Multiple Object Tracking

Every day, a person is frequently required to isolate important objects from their visual
world. The difficulty of this task often increases when objects are in motion, when the field of
view is moving in relation to the surrounding world, or when there are multiple objects in motion
that need to be monitored at the same time (271). This motion then requires individuals to be
able to track important objects over time and through different fields of view (271). Tracking
moving objects is crucial to one’s ability to understand the dynamic world around them (271).

Perceptual-cognitive skills are important for many real-world situations such as playing
sports (8). Vision scientists and sports psychologists have proposed several methods for
“objective indicators of perceptual-cognitive skills” (8). Additionally, researchers in sports are
attempting to develop tools to measure visual functions that are representative of sport and
correlate with on-field performance (8). Multiple object tracking (MOT) and dynamic VA are
two of these tools and have the potential to be used as indicators of perceptual-cognitive skills
necessary for sports performance (8). Furthermore, a variety of topics involving visual cognition
have been studied in research involving MOT (271). Some of these topics include (201)
differences in attention amongst various age groups (272), divided or multifocal attentional
limits (273,274), attention deficits in varying patient populations (275,276), and the dynamics of
attention (277).

MOT is an experimental technique used to assess one’s ability to visually track multiple
moving targets. It is designed to measure an individual’s ability to maintain focus on several
identical, constantly moving targets in a dynamic environment (8,278). There are a multitude of

various theories researchers have formulated over the years in an attempt to explain how we
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process MOT (279). One paper specifically studied the issues associated with the mental
processing of MOT and thus with these various theories (279). These issues included tracking
capacity (in general and its size amongst different individuals), higher order cognition and its
possible relation to tracking, and whether tracking is automatic or not (279). In their research,
Oksama and Hyona found tasks involved with attention switching and visuospatial short-term
and working memory predicted MOT very well (279). They also determined that individuals had
decreased tracking performance in relation to tracking time, showing that there is no automaticity
to tracking, thus maintaining target tracking requires attention (279). Furthermore, they showed
that tracking involved both parallel and serial processing but tracking abilities may be the result
of limited tracking capacity in parallel processing (279).

Tracking capacity on MOT tasks tends to vary among individuals (271,279). Those with
expertise tend to show an increase in the number of objects they are able to track (e.g., video
game players can usually track more objects than non-video game players) (271,280). The
number of objects one can track is not a fixed number, rather the limits of one’s ability to track
multiple moving targets is established primarily by a shared resource (271). The attention one
gives to objects they are tracking can be flexibly distributed (271). When a person is tracking
only one object, then all their resources have been allocated to tracking this object (271).
However, if a person is tracking two objects, then their resources must be split amongst the two
objects they are trying to track (271). This means that as the number of objects one must track
increases, the amount of resources allocated to tracking each target will decrease (271). As well,
the maximum speed at which one is able to track objects decreases as the number of objects to
track increases; hence the reason individuals are often able to track more objects at a slower
speed (271). These results are once again due to resource limitations, and most specifically,
available attentional resources (271).

The first MOT experiment was created in 1988, and it was formed to test the visual indexing
theory, which is also known as the fingers of instantiation or FINST theory (278,279,281). This
theory assumed that tracking abilities are automatic and parallel processing with limited tracking
capacity occurs when an individual is performing an MOT task (278,279,281). The limited
capacity is due to there being only four or five fingers of instantiation, or pointers, available to
connect to the visual objects being tracked (278,279,281). In the first experimental task, there

were 10 randomly moving objects within a given trial. Of these 10 objects, a prespecified group
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(anywhere from 1 to 5 objects) would be the targets an individual was to focus on. The
remaining objects would be distractors. Throughout the task, one object at a time would flash,
and the participant was to determine if the flashed object was a part of the targets they were
tracking or a part of the distractors. Once the flash occurred, they used a response key to input
their answer, and were instructed to do so as quickly and accurately as they could (278).

From the time the first MOT experiment was created, other researchers have since adapted
the task to further fit how they believe MOT is processed within an individual. A frequent format
of MOT testing involves eight single-coloured (e.g., black) balls on a screen with a white
background (8). Three of these single-coloured balls appear in a different colour (e.g., green) for
the first few seconds of the test, then turn black again before all the objects start moving in
various directions (8). After a predetermined period of time (e.g., 10 seconds), the dots come to a
stop and the participant must identify which balls were highlighted in a different colour at the
beginning of the trial (8). This test is still run in a similar format to 1988, where one ball at a
time will be highlighted at the end and the participant will be asked if that was one of the original
highlighted balls they had seen.

Research performed studying the neural mechanisms that underlie MOT determined the
anterior and posterior intraparietal sulcus, frontal eye fields, superior parietal lobule, middle
temporal area, and medial superior temporal area were all involved with the tracking involved
with MOT (282). These areas were also all activated bilaterally upon tracking. Evidence from
this study showed it was likely for the middle temporal area and medial superior temporal area to
represent the moving targets’ locations (282). As well, the responsibility of active object tracking
is associated with the anterior intraparietal sulcus (282). There were strong connections found
with the anterior intraparietal sulcus and almost all of the four other neural areas mentioned, but
most of the other areas only seemed to be associated with the anterior intraparietal sulcus (282).
From this information, a neural pathway for MOT was drawn with the middle temporal and
medial superior temporal areas determining the objects’ locations, then the posterior intraparietal
sulcus determined which objects were targets (282). The anterior intraparietal sulcus contains the
information regarding the target, and additionally, its location, and also assists with eye
movement suppression by interacting with the superior parietal lobule and frontal eye fields
(282). This suppression is assumed to assist with eye movement coordination in naturalistic
conditions (282).
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Previous research has been performed investigating the effect of age on MOT, with their
results suggesting an individual’s ability to perform MOT decreases with age, with younger
adults performing better than older adults (283-286). Younger adults were able to track objects
and report the objects positions better (283), especially when the objects are moving at a faster
speed or are shown for a longer period of time (284-286). Furthermore, older adults are more
greatly impacted by increased numbers of objects they are to track (283-285). Although
researchers have stated the decline in MOT performance, as an individual ages, is not the result
of a change in memory (278,284), other researchers have mentioned the declined performance
may be the result of the working memory changing (286) and a reduced ability to maintain
tracking positions in the working memory (283). As well, Trick et al. (2005) stated the decrease
in MOT performance cannot be caused by a decrease in attentional resolution (283), but Sekuler
et al. (2008) mentioned the change in attention to be a potential issue (284). Other reasons that
have been ruled out according to researchers include motion insensitivity and issues with
concentration (283). Additionally, MOT involves controlled-endogenous processing (cognitive
processing intentionally directed by internal goals or knowledge), however, the brain areas
involved in this form of processing deteriorate with age (283). Finally, a reduction of
stereoacuity that occurs as one ages, may cause a decrease in MOT, as the two have previously
been correlated (286).

There have also been a variety of different studies that have investigated the effect of gender
on MOT. Previous research has shown males to have better performance related to an MOT task,
compared to females (287—-289). The result was the same whether tracking one object or tracking
up to four objects (287). Another study had also stated the variability they found in the results of
the MOT task was due to gender, however further details were not provided as to the mechanism
driving the gender difference (290). Due to the gender effect remaining present regardless of the
number of targets, within the limit of the study previously performed (maximum number of
targets was 4), this may suggest the effect is not necessarily related to the ability to distribute
attention amongst multiple targets, but rather how efficiently genders are able to resolve and
manage attention over short time intervals (287). The difference occurring between genders in
their ability to resolve and manage attention could involve differences in the speed with which
individuals of different genders process and respond to visual stimuli or changes in their

environment (287). As well, there are morphological brain differences and hormonal differences
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associated with the different genders that could account for the gender effect in MOT (287).
Furthermore, participation in sports or video games could contribute to differing MOT scores
(287,291,292) suggesting societal and cultural constructs likely also play a role in MOT
performance. One study performed by Jin et al. (2023) even showed male and female basketball
players to have similar results on an MOT task, suggesting certain skilled training involved with
basketball assists females, but not males, with their performance on an MOT task (289).

There is various research that has been performed comparing MOT to other visual functions.
Previous research involving stereopsis in dynamic conditions (such as in 3D MOT tasks), has
revealed stereopsis to have a facilitation role (277,286). Studies have shown there to be
improvements in MOT speed thresholds when stereoscopic cues and stereoscopic training are
involved (291,293). Most recently, Plourde et al. (2017) looked at the effects of stereopsis on
MOT in children (7-12 years), adults (18-40 years), and older adults (>65 years) (286). They
determined stereopsis to be helpful in children and adults, but not older adults, when the
participants were attempting an MOT task (286). Although the performance of adults was better
than that of children and older adults on an MOT task, both the adults and children benefited
when stereoscopy was added to the MOT task (286).

Dynamic VA and MOT are tasks that rely on similar factors such as movement velocity and
size of targets (8,271) From these relations and from previous research findings of MOT and
stereopsis being associated with MOT performance (286), along with other studies associating
static VA with dynamic VA (67,81), Vera et al. conducted a study involving healthy young
adults to assess the relationship between static VA, dynamic VA and MOT (8). Their results
determined that better performance on both the horizontal and random dynamic VA tasks was
associated with improved tracking of multiple objects (8). The results showed dynamic VA and
MOT to be positively correlated (8), where if one was easily able to identify horizontally and
randomly moving targets (had better dynamic VA), then they were also able to track MOT
targets moving with a greater target speed (8). These results suggest that the neurophysiological
mechanisms of dynamic VA may have similarities with the neurophysiological pathway driving
MOT.

35



1.8 Conclusion

One of the major problems present when speaking of dynamic VA is the visual perceptual
processes involved in completing a dynamic VA task are not fully understood, limiting
researchers’ abilities to examine the utility of this task in greater detail.

Without a full understanding of the visual perceptual processing involved in completing a
dynamic VA task, it becomes difficult to accurately assess and diagnose visual issues related to
dynamic VA. Furthermore, training, or other treatments designed to enhance dynamic VA may
be less effective if there is a struggle to create targeted treatments addressing the specific visual
perceptual processes causing issues. Furthermore, within research, an incomplete understanding
of dynamic VA mechanisms can lead to difficulty in conducting robust experiments, limiting the
meaningfulness of conclusions that can be drawn about factors influencing dynamic VA.

Training and enhancement of dynamic VA has significant potential to improve performance
of individuals in sport, driving, aviation, and other areas of daily life where obtaining detailed
information from moving targets is of critical importance for task success. Dynamic VA, once
better understood, also has tremendous potential to be incorporated into visual standard
assessments for drivers and pilots alike, due to its apparent correlation with functional
performance.

Understanding the underlying visual perceptual processes involved in the dynamic VA task,
will help us to design training paradigms and future research projects to determine 1) if dynamic
VA can be trained, and 2) if improvements in dynamic VA performance will translate to
improved performance on daily living skills. There is also the potential to develop treatments for

individuals with dynamic VA issues.

1.9 Thesis Objectives

Previous Dynamic VA studies have been conducted using a variety of different methods,
many of which did not include a standardized and validated tool for dynamic VA. It was only in
2017 when moV& was created, tested, and validated that such a tool had come into place for
researchers to use (5). Furthermore, dynamic VA as a visual function is not very well understood
despite various research being performed.

Dynamic VA appears to be a better predictor of driving (1,11,12), piloting (13-15), and sport
performance (20-25,34,71,75,85-87) compared with many other visual function measures,
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including static VA. As we learn more about dynamic VA, we can better understand how to
apply it in clinical practice, where it has the potential to improve patient outcomes in several
areas, including driving, sports performance, and traumatic brain injury rehabilitation (294—298).
Measuring dynamic VA takes minimal equipment (computer and display screen), so it can be
incorporated into clinical practice relatively easily. Understanding the underlying visual
processes involved in the dynamic VA task, will help us to design training paradigms and future
research projects to determine 1) if dynamic VA can be trained and 2) if improvements in
dynamic VA performance will translate to improved performance on daily living skills. The
ability to improve daily living skills through vision training, has the potential to support
increased quality of life and independence for large numbers of individuals across Canada.
Furthermore, understanding the underlying neurophysiological processes driving dynamic
VA will also lay the foundation for future research, as it enhances our understanding of the brain,
and is potentially creating new opportunities to study neuroplasticity. The more we know about

dynamic VA, the more we can do to make it better and improve one’s visual functioning.

The main objectives of this thesis are:

1. To explore what visual perceptual processes are driving dynamic VA.

2. To explore what cognitive processes are driving dynamic VA.

1.10 Hypotheses

1. Dynamic VA will involve similar neurophysiological pathways to both global motion
perception (dorsal stream) and global form perception (ventral stream), rather than the
local motion pathways (primarily V1).

2. Dynamic VA will require some level of cognitive processing and attention, similar to the
MOT task.

3. Dynamic VA will involve similar inhibition practices to the Stroop task.
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Chapter 2
Methods

This study was designed as an observational analysis of visual function data collected during

visual task assessments.

This study was reviewed and received ethics approval from a University of Waterloo
Optometry Research Ethics Committee (ORE # 44456). All participants completed an informed
consent prior to their vision assessment (Appendix A). The informed consent explained the
visual tests they would complete. The informed consent also explained the data collected during
the vision assessments would be used for the completion of an MSc thesis and could be used for

research purposes in which their identifying information would not be included.

2.1 Sample Size Calculation

Using G*Power 3.1.9.6 (Heinrich Heine University Dusseldorf, Dusseldorf, Germany), an a-
priori power analysis was conducted to determine the smallest sample size required for this
study. The power analysis proposed that a minimum of 128 participants were required, assuming
an effect size of 0.25, an alpha of 0.05 and a power of 0.80 (Appendix B). Although 128
participants were suggested, we decided to recruit 130 eligible and successful individuals to
ensure adequate sample size upon completion of our study. The effect size, alpha, and power of
this study were based on previous literature (8), used to determine the relationship between MOT
and dynamic VA. As this study was designed to explore the relationship between dynamic VA,
MOT, and other tasks, it was decided to use similar values for the power calculation as Vera et

al. (8) in an attempt to replicate what they had previously found.

2.2 Participants

The majority of participants were recruited from the University of Waterloo Department of
Psychology Research Experiences Group (i.e., SONA). Additional participants were recruited
from the University of Waterloo undergraduate and graduate community, the University of

Waterloo Optometry Program, and the Kitchener-Waterloo Community.
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2.3 Inclusion Criteria

As age has been shown to have an effect on many of the vision tasks being measured,
participants for this study were healthy adults aged 18-35 years with normal or corrected-to-
normal vision and no known presbyopia or pre-presbyopia. Corrected-to-normal vision was
considered to be monocular and binocular visual acuities, less than or equal to 0.2 logMAR with
less than 0.1 logMAR difference between eyes and binocular stereoacuity < 40 seconds of arc.
Participants were eligible if they met the inclusion criteria and gave consent prior to their
participation. Every effort was made to recruit individuals of different genders, including
individuals who identify as men, women, and non-binary, but participants were not intentionally

recruited based on their gender for this study.

2.4 Exclusion Criteria

Exclusion criteria for this study were:
1. Monocular or binocular visual acuities greater than 0.2 logMAR,
2. 0.1 logMAR difference in visual acuities between eyes,
3. Self-report of pre-preshyopia or presbyopia,
4. Poor stereoacuity (greater than 40 seconds of arc),
5. Actively undergoing medical treatment for any ocular disease that could change visual
acuity, and

6. Actively undergoing orthokeratology or myopia control treatment.

2.5 Eligibility

The eligibility of a participant was partially confirmed by their completion of a personal
history questionnaire given to them prior to the study visit beginning (Appendix C).
Additionally, participant’s monocular and binocular static VAs were measured using the Early
Treatment Diabetic Retinopathy Study (ETDRS) charts (Precision Vision, Woodstock, IL, USA),
and their stereoacuity was assessed using the Randot Stereotest (Stereo Optical Company Inc.,
Chicago, IL, USA).

The International Physical Activity Questionnaire (IPAQ — Appendix D) was also given to
participants prior to the start of the study, although not for eligibility. The findings from this

questionnaire have not yet been analyzed as the results are beyond the scope of this thesis.
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2.6 Protocol

The participants were asked to attend one study visit that was approximately 1.25 hours in
length. They were reimbursed for their time with SONA participation credits or involved in a
draw for a $100 visa gift card (one for every 35 participants). All measurements listed below

were collected during this single study visit.

2.6.1 Static Visual Acuity

ETDRS Charts were used to assess binocular and monocular Static VAs at a 4-metre
distance. Three different ETDRS charts were used (monocular left, monocular right, and
binocular). The ETDRS chart is a logMAR chart with 5 letters on each line. Every line on the
ETDRS chart is equal to 0.1 logMAR. This meant each letter had a 0.02 logMAR value assigned
to it and a per-letter scoring system was used to calculate static VA. Static VA testing ended

when a participant scored less than three of five letters correct on a single line.

2.6.2 Dynamic Visual Acuity

Binocular dynamic VA was assessed using the validated dynamic VA test known as moV&
(V&MP Vision Suite, Waterloo, Canada). The task was displayed on an LG C1 55’ 4K Smart
OLED television monitor (OLED55C1AUB) with a horizontal visual angle of 17.38 degrees and
a vertical visual angle of 9.94 degrees at a test distance of 4 metres. The display ran at a refresh
rate of 59 Hertz, with a resolution of 1920x1080. This test contained a black target, that was a
tumbling E, on a white background. The tumbling E was always presented in one of four
orientations with the legs facing left, right, up, or down. The display was always set at 100%
contrast level. Participants were seated 4 metres from the monitor, and dynamic VA always
began 0.5 logMAR higher than a participant’s binocular static VA threshold.

Two motion types were examined: (1) unpredictable random motion and (2) predictable
horizontal motion. The target for random motion moved in an unpredictable pathway (Figure
2.1), similar to that of Brownian particle motion. This target was unpredictable at all points
during the task duration and frequently exited and re-entered the screen (i.e., it was not only
shown once like with the horizontal motion). For horizontal motion, the target moved from the

left to the right of the monitor, only showing once (Figure 2.2).
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During each trial, the target was shown for a maximum of 20 seconds or until the participant
indicated their response for the orientation of the tumbling E by pressing corresponding buttons
on a control pad. The arrow keys (left, right, up, and down) on the control pad corresponded to
the orientation of the target (tumbling E). The target disappeared for both random and horizontal
motion when the participant inputted their response. The next trial for both motion types began
immediately after a participant indicated the response on the previous trial.

The dynamic VA measurement threshold was determined similarly to that of static VA.
LogMAR dynamic VA was measured within moV&. For every 0.1 logMAR line, five single
letters appear. Per-letter scoring was used where a 0.02 logMAR value was assigned to each
letter. moV & stops when less than three of five letters on a single line are answered correctly by
the participant. The target was continually shown in incrementally smaller targets (i.e., the

logMAR decreased, as in static VA) until the participant completed the task.

N

Figure 2.1: An illustration of the moV& task random walk motion with a left-facing

tumbling E.
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Figure 2.2: An illustration of the horizontal motion with a tumbling E pointed towards the

right.

2.6.3 Cognition and Visual Perception Tasks

The remainder of the tasks mentioned below were tested using stimuli created in MATLAB
version 9.13.0.2105380 (R2022b) (The MathWorks Inc., Natick, MA, USA) with the participant
seated 1 m from the same LG television monitor used for dynamic VA. However, the refresh rate
of these tasks was 120 Hertz with a resolution of 1920x1080, as they were running on a different
operating system than the dynamic VA task. All tasks, not including the Stroop task, were
presented at 100% contrast on a white background with luminance measured by a lux metre and
values ranging from 317-354 lux across the monitor. Prior to each experiment, all subjects were
able to practice numerous trials until they were familiar with the stimuli and visual function

tasks. The number of practice trials was not controlled. Feedback was given in practice trials.

2.6.3.1 Global Motion Perception

GM perception was tested using random dot kinematogram (RDK) stimuli (Figure 2.3).
Throughout the experiment, subjects were asked to maintain fixation on a grey dot (diameter =
0.4 degrees) presented at the center of the screen. The RDK consisted of 100 black dots
presented within a circular annulus (outer radius = 5 degrees, inner radius = 1 degree). Dots had
a diameter of 0.235 degrees and a density of 1.33 dots/degrees?. There was a displacement of
dots approximately every 8.3 milliseconds at a refresh rate of 120 Hertz. This allowed the dots to
achieve a speed of 6 degrees/second. There was a very limited dot lifetime, where every dot had
about a 5% chance of being randomly relocated with every frame. The stimulus was present for

0.3 seconds in a trial.
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Noise dots moved in random directions and the direction of the signal dots was randomized.
Subjects were asked to make a two-alternative forced-choice (2-AFC) judgment of the GM
signal dots direction (right to left or left to right) by inputting their answer into a control pad. No

feedback was provided. The next trial began 0.25 seconds after a subject’s response.

This task employed a 2-down-1-up staircase for the measurement of the motion coherence
threshold. The staircase began with a 100% coherence, and a proportional step size, increasing or
decreasing by 50% before the first reversal (Equation 2.1), and 25% thereafter (Equation 2.2).

coh, +1 =coh, x(1+0.5)

Equation 2.1: The proportional step size increase or decrease that occurs before the first

reversal; n denotes the nth trial.
coh, +1 = coh, * (1+0.25)

Equation 2.2: The proportional step size increase or decrease occurring after the first

reversal; n denotes the nth trial.

There was termination of the staircase after 6 reversals and the threshold for motion direction
discrimination was calculated with the last 4 reversals. Two staircases were run sequentially, and

the average threshold of the two was used.

Right to left
Next trial

A 4

Left to right

Figure 2.3: The GM perception instructions shown to participants, demonstrating an

example of the left to right task, and which keys to use during the task.

2.6.3.2 Global Form Perception

GF perception was tested using a form detection task based on Glass patterns (Figure 2.4).
The stimuli were presented for 2 seconds and consisted of 100 dipoles. The distance between the
center of the two adjacent dipoles was 1 degree, and there were 10 dipoles in each row and

column. This created a dipole array that was 9 degrees by 9 degrees.
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Two populations of dot pairs known as the “signal pairs” and “noise pairs” were present. The
“signal pairs” were arranged to form concentric or radial-shaped Glass patterns (Figure 2.5). The
“noise pairs” consisted of a random orientation within the display. Coherence was modulated by
varying the number of noise dot pairs. This GF task required participants to make a 2-AFC
judgment of whether the Glass pattern was concentric or radial using designated buttons on a

control pad. The next trial began 0.25 seconds after a subject’s response.

A 2-down-1-up staircase was employed for the form coherence threshold measurement. The
staircase began with a 100% coherence. There was a proportional step size within the staircase,
increasing or decreasing by 50% before the first reversal (Equation 2.1), and 25% thereafter
(Equation 2.2). Termination of the staircase occurred after 6 reversals and the last 4 reversals
were used to calculate the coherence form threshold. Two staircases were conducted

sequentially, and the average threshold from both staircases was used.

Concentric
&
@ Radial X

Next trial
—_—

Figure 2.4: Instructions presented to the participant prior to beginning the GF perception
task, with an example of the radial form task. Keys associated with the answers are also
shown here.

Figure 2.5: A demonstration of the two types of GF perception tasks a participant could
see: Concentric (left), and Radial (right).
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2.6.3.3 Local Motion Perception

LM perception was tested using RDK stimuli (Figure 2.6). Subjects were asked to maintain
fixation on a grey dot (diameter = 0.4 degrees) presented at the center of the screen throughout
the entirety of the experiment. The RDKs consisted of 100 black dots, all moving in the same
direction. The RDKSs were presented within a circular annulus (outer radius = 5 degrees, inner
radius = 1 degree). The dots speed within any given trial was always consistent at 6

degrees/second.

In a single trial, two RDKs were presented successively for 0.3 seconds each, and were
separated by a 0.6 second blank interval (where nothing would appear on the screen except for
the grey fixation dot). Subjects were to make a 2-AFC decision on the direction of the second
RDK compared to the first. The direction choice would either be a clockwise or counter-
clockwise rotation of the second RDK relative to the first, to which they would input their

answer through selected buttons on a control pad.

Motion directions of € and 6 + 46 were randomly assigned to the two RDKs, where 6 was
the horizontal motion direction (left to right or right to left) and 46 was adjusted by a 2-down-1-
up staircase for the measurement of the local motion d