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COGNITIVE FATIGUE & VIDEO GAMES

Abstract

A number of occupations involve performing sustained and divided attention tasks. These
tasks are often susceptible to the effects of cognitive fatigue, resulting in poorer performance
and increasing the likelihood of human error. Previous research indicates that those who
regularly play action video games have superior performance on cognitive tests that are
related to sustained attention and divided attention. However, few studies have investigated
how performance on these tasks change as a result of increasing time-on-task and cognitive
fatigue. This thesis reports three studies that were designed to investigate this issue.

Study 1 (Chapter 3) compared the divided attention performance of video game
players (VGPs) and non-video game players (NVGPs) on the NASA Multi-Attribute Task
Battery (version 2; MATB-I11) before and after completing a 60-minute sustained attention
task. Study 2 (Chapter 4) investigated whether divided attention and sustained attention could
be improved from action video-game training. In Study 2, NVGPs from Study 1 were
provided with 10 hours of either variable-priority training or fixed-emphasis training on an
action video-game over four weeks. Participants completed a post-test using the cognitive
tasks from Study 1, and returned for a three-month follow-up. Study 3 (Chapter 5) explored
whether the cognitive benefits from action video game playing demonstrated in previous
studies could be observed in real-world scenarios, such as driving. In Study 3, VGPs and
NVGPs spent two hours in a driving simulator whilst their driving performance and eye-
movements were recorded.

The main findings of this thesis reveal that VGPs experience similar levels of
cognitive fatigue as NVGPs. In Study 1, the sustained attention performance of both VGPs
and NVGPs declined by similar amounts, and in Study 3, when driving in a simulator, both
VGPs and NVGPs made significantly more traffic violations as they became fatigued.

Combined, these results demonstrate that both VGPs and NVGPs are equally susceptible to
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the effects of cognitive fatigue. Despite this, there remain advantages to regularly playing
action video games. In Study 1, VGPs were significantly better at multitasking on the
MATB-II compared to the NVGPs. Further, VGPs also demonstrated superior multitasking
when driving, as they made significantly fewer traffic violations compared to NVGPs when
not fatigued. VGPs demonstrated eye-movements similar to those of expert drivers; however,
this did not result in any difference in performance between the two groups. There was also
some evidence of a positive effect of video game training, although there was no advantage
of one training technique over the other. In Study 2, participants experienced the effects of
cognitive fatigue to a lesser extent after video game training than compared to before
training. Further, there was a significant improvement in multitasking performance after
video game training, though as participants continued improving even at the three-month
follow up test, it is unknown whether this was due to the video game training or due to
practice effects on the MATB-II.

Overall, despite improvements in sustained and divided attention performance from
regular action video game playing or training, VGPs and trained-NVGPs are just as

susceptible to the effects of cognitive fatigue as NVGPs.
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Introduction

Living and working in today’s technology-driven world often requires individuals to
perform multiple tasks simultaneously, of increasing complexity, and for long durations
(Gartenberg, Breslow, McCurry, & Trafton, 2013; Gaspar et al., 2013; Hambrick, Oswald,
Darowski, Rench, & Brou, 2010; Hubal, Mitroff, Cain, Scott, & DeWitt, 2010; Rosenberg,
Noonan, DeGutis, & Esterman, 2013). Sustained and divided attention is a critical part of
human performance in a range of occupations, including, but not limited to, pilots, air traffic
controllers, power plant operators, long-distance drivers, security surveillance operators,
military commanders, unmanned aircraft vehicle operators, and electronic warfare tacticians
(Chiappe, Conger, Liao, Caldwell, & Vu, 2013; Durso & Sethumadhavan, 2008; Feltman,
2014; Finomore, Matthews, Shaw, & Warm, 2009; Gartenberg et al., 2013; Hubal et al.,
2010; Warm, Matthews, & Finomore, 2008; Warm, Parasuraman, & Matthews, 2008).

Performing any task, whether it be mental or physical, for an extended period of time,
can lead to fatigue, resulting in an increase in the difficulty of maintaining an adequate level
of performance, and will eventually result in decreased performance and an increased
likelihood of human error (Ackerman, 2011; Guastello et al., 2013; Lal & Craig, 2001; Van
Dongen, Belenky, & Krueger, 2011). Further, when individuals are cognitively fatigued, they
find it difficult to assess their current level of performance and to predict how their
performance is going to be affected as their level of fatigue increases (Lorist & Faber, 2011).
From the above list of occupations, it is easy to imagine the serious consequences that could,
and do, occur should an individual become fatigued and not perform at an adequate level
(Finomore, Shaw, Warm, Matthews, & Boles, 2013; Gunzelmann, Moore, Gluck, Van
Dongen, & Dinges, 2011; Lim et al., 2012; Pattyn, Neyt, Henderickx, & Soetens, 2008; Van
Dongen et al., 2011). Therefore, it is important to understand the factors involved in attaining

optimum human performance and to implement procedures (for example, personnel
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screening, assessment, or training interventions) to ensure that individuals are able to resist
the effects of cognitive fatigue in order to maintain an adequately high level task performance
for the required period of time.

Previous research has found that those who regularly play (or those who are trained
on) action video games, and in particular first-person shooter (FPS) video games,
demonstrate improved performance in a range of cognitive areas, including those areas that
are most often used when performing sustained attention (Boot, Kramer, Simons, Fabiani, &
Gratton, 2008; Castel, Pratt, & Drummond, 2005; Dye, Green, & Bavelier, 2009b; C. S.
Green & Bavelier, 2003, 2006b, 2007; Hubert-Wallander, Green, Sugarman, & Bavelier,
2011; T. N. Schmidt, Teo, Szalma, Hancock, & Hancock, 2012), and divided attention tasks
(Chiappe et al., 2013; Dye, Green, & Bavelier, 2009a; Gaspar et al., 2013; Hambrick et al.,
2010; Kearney, 2005). Action video games contain features that relate closely to well-known
training principles (Chiappe et al., 2013); for example, instant feedback of performance,
variability of training (Healy, Schneider, & Bourne Jr, 2012), motivated and focused
learning, and increasing levels of difficulty (C. S. Green, Li, & Bavelier, 2009). Together,
these features provide a possible medium through which to improve people’s divided and
sustained attention performance (Pavlas, Rosen, Fiore, & Salas, 2008). However, whilst there
is a theoretical basis for the hypothesis that playing action video games can improve
sustained attention and divided attention performance, there is currently little research on the
topic, and none that explicitly focuses on cognitive fatigue.

The present thesis has three primary research aims; firstly, to determine whether
regular action video game players (VGPs) demonstrate superior sustained attention and
divided attention performance and experience less cognitive fatigue compared to non-video
game players (NVGPs); secondly, to determine a causal relationship between playing action

video games, improvements in sustained attention and divided attention performance, and
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reduced cognitive fatigue, and thirdly; to determine whether VGPs also outperform NVGPs
on, and experience reduced levels of cognitive fatigue during, real-world tasks requiring

sustained and divided attention, such as driving.
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Chapter 1: Fatigue

For such a common phenomenon, fatigue is difficult to define (van der Linden, 2011).
Outside of the scientific community, fatigue can be described as being synonymous with
feeling tired, exhausted, weary, and sleepy. It is often considered to be due to prolonged
periods of mental or physical work, or sickness (Ackerman, 2011; Manning, Rash, LeDuc,
Noback, & McKeon, 2004; van der Linden, 2011), and is widely considered to play the main
role in declining task performance (Earle, Hockey, Earle, & Clough, 2015).

However, fatigue is a complex state involving changes in behaviour (cognitive and
physical), can be affected by a number of external factors (task difficulty and time
performing a task) as well as internal factors (motivation and emotion), and does not always
result in performance decrements, thus making it difficult to define in scientific terms
(Matthews, 2011; van der Linden, 2011). In fact, many researchers simply state that “fatigue
is a complex phenomenon that is difficult to define precisely” (Brown, 1994, p. 298) or
instead create custom definitions for their own studies (Phillips, 2015). Thus, the term
fatigue, and the different types of fatigue, have been loosely and inconsistently used for many
years, lack concrete definitions, as well as a singularly accepted theory of fatigue’s origins
and functions (Hockey, 2011, 2013; Lal & Craig, 2001; van der Linden, 2011).

Fatigue is commonly considered to be the transitory state between being awake and
being asleep (Lal & Craig, 2001), and the prevailing view is that it is caused by a lack of
energy (Hockey, 2013). However, Balkin and Wesensten (2011) suggested that the best
definition was given by Fischler (1999), who stated that “fatigue is the decline in
performance that occurs in any prolonged or repeated task” (p. 131), and this is in fact
identical to one of the original views of fatigue (Bartlett, 1953; Gawron, French, & Funke,
2001). However, this definition is actually that of the fatigue effect or time-on-task effect

(van der Hulst, Meijman, & Rothengatter, 2001), and is not actually a definition of the state
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of fatigue itself.

More recently, Phillips (2015) conducted a review of the existing definitions of
fatigue and found that these definitions ranged from broad overviews, encompassing
experimental, physiological and performance aspects to narrow descriptions focusing
specifically on one or two of these areas. The benefits and shortcomings of these different
approaches were evaluated, and integrated into a new “whole definition” of fatigue:

Fatigue is a suboptimal psychophysiological condition caused by exertion. The degree

and dimensional character of the condition depends on the form, dynamics and

context of exertion. The context of exertion is described by the value and meaning of
performance to the individual; rest and sleep history; circadian effects; psychosocial
factors spanning work and home life; individual traits; diet; health, fitness and other
individual states; and environmental conditions. The fatigue condition results in
changes in strategies or resource use such that original levels of mental processing or

physical activity are maintained or reduced. (p. 53)

Here, exertion is defined as “mental processing or physical performance requiring directed
effort” (p. 53), and the forms of exertion refers to either the mental processing or physical
performance required to complete a task or tasks in different contexts, for example in simple
or complex tasks, or active or passive tasks, that are performed over a long or short time
(Phillips, 2015). This description of exertion in terms of mental processing matches closely to
that of mental workload, “the degree of information processing capacity that is expended
during task performance”, which is often studied in conjunction with cognitive fatigue and in
particular sustained attention (Warm, Parasuraman, et al., 2008, p. 433).

The varying definitions of fatigue are understandable as there are different categories
of fatigue, and researchers have given different weights to these different aspects in their own
interpretations (Hockey, 2013). However, it is accepted that fatigue can be categorised as
either acute or chronic (van der Linden, 2011); active or passive (Desmond & Hancock,

2001); objective or subjective (Kanfer, 2011); and cognitive or physical (Atchley, Chan, &

Gregersen, 2014). Whilst the focus of this thesis is primarily on acute, active, objective,
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cognitive fatigue, there will be a brief discussion of the other categories in the following
sections as it is important to understand fatigue as a “whole”.
1.1 Cognitive Fatigue

Cognitive fatigue is an unfamiliar term in psychology, and is a relatively new field of
study (Matthews, 2011). In the psychological literature cognitive fatigue can also be referred
to as mental fatigue, whilst in the medical literature it is often referred to as central fatigue
(Gawron et al., 2001; van der Linden, 2011). Cognitive fatigue has many conceptual overlaps
with other states such as motivation and boredom (Hockey, 2013; Lal & Craig, 2001). Thus,
not only does this contribute to the difficulty in developing a unifying definition and theory
of fatigue but it makes it difficult to identify fatigue as the principle variable in experimental
situations (Hockey, 2013).

As previously mentioned, the prevailing view of cognitive fatigue is that it is a lack of
energy or mental resources due to performing tasks with a high workload. However, this is
known to be an oversimplification, as individuals may become aware of their level of fatigue
and initiate strategies to overcome the associated performance decline (Brown, 2001; Saxby,
Matthews, Warm, Hitchcock, & Neubauer, 2013). In addition, Hockey (2011, 2013) argued
that this view was inaccurate and that the current understanding of cognitive fatigue has been
hindered by two main assumptions; first, that fatigue is due to a loss of energy or resources,
and second, that fatigue is a negative state and an unavoidable consequence of performing
work. Whilst a resource view of fatigue may be a useful explanation of physical fatigue, as
there are clear limits within human biology, for example limitations in the ability of the
cardio-vascular system to transport oxygen and glucose to the muscles, for cognitive fatigue,
the resource metaphor may not provide a completely appropriate explanation (Hockey, 2013;
Matthews, 2000). Instead, Hockey proposed that cognitive fatigue is an adaptive state, with

the function of controlling and managing motivation and behaviour. Thus, rather than
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cognitive fatigue simply being a state of feeling tired due to depleted energy or cognitive
resources, the feeling of fatigue is a state of awareness of the energy cost of the current
task(s) being performed and of the potential need to focus on other neglected or alternate
goals or activities. This perspective was initially proposed over one hundred years ago by
Thorndike (1900), who stated that,

Feelings of fatigue, such as they were, were not measures of mental inability

... We can feel mentally fatigued without being so, that the feelings described

above serve as a sign to us to stop working long before our actual ability to

work has suffered any important decrease. (p. 481)
This reinterpretation of cognitive fatigue has been reiterated by others (Bartley & Chute,
1947), but has since been somewhat neglected in the scientific literature (Hockey, 2013).
However, this view of cognitive fatigue is beginning to receive more interest (for example
Boksem & Tops, 2008; Kool, McGuire, Rosen, & Botvinick, 2010; Kurzban, Duckworth,
Kable, & Myers, 2013). Cognitive fatigue is therefore believed not to be the “inability to do
work but rather a lack of desire” (Hockey, 2013, p. 9) or resistance, to continue performing
the current task (Earle et al., 2015). As such, it serves as a protective, self-regulating,
adaptive function aimed at maintaining a balance between performing multiple tasks, by
reappraising the mental resource costs and benefits of each, and allowing other behaviours to
contend for motivational control (Bartley & Chute, 1947; Hockey, 2013; Kanfer, 2011). If an
individual performs a task that has a high cost and low benefits, the function of fatigue will
decide whether to compensate for the reduced mental resources by applying more effort to
the task, or will alter performance goals to use fewer mental resources, or a combination of
both (Balkin & Wesensten, 2011; Hockey, 1997; Smith, 2011). If the individual is unable to
switch to a different task that has lower costs and higher benefits, they will become
increasingly fatigued. This often occurs when tasks are driven by external rather than internal
motivation, for example when at work, as a higher level of effort is required to perform an

unenjoyable task when faced with more desirable alternative tasks, such as play (Hockey,
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2011, 2013). In addition, if the individual is unable to switch tasks, they may re-evaluate the
costs and benefits of the task’s subcomponents and may adjust their performance strategy in
order to conserve resources, for example, by focussing on speed instead of accuracy (Lorist &
Faber, 2011; Matthews, 2000; van der Hulst et al., 2001; van der Linden, 2011).

1.1.1 Acute and Chronic fatigue.

Cognitive fatigue can be divided into two types, acute or chronic (van der Linden,
2011). The focus of this paper is on acute cognitive fatigue, which is categorised as being a
temporary state, which is relatively easy to recover from. Cognitive fatigue can often be
induced by performing cognitively complex tasks for extended periods of time, and can be
relieved by stopping the current task and resting, or switching to a different task. Human
factors research focusses on acute cognitive fatigue as it is often related to poor performance
and safety concerns. Chronic cognitive fatigue however, is characterised by lacking in quick
recovery and is thus longer lasting than acute fatigue. It is a symptom of psychological and
somatic disorders, including chronic fatigue syndrome and depression, rather than a symptom
of mental exertion (van der Linden, 2011).

1.1.2 Active and Passive fatigue.

Fatigue that is associated with high cognitive workload or demands is referred to as
active fatigue, while passive fatigue is the result of performing tasks requiring low cognitive
workload or that are monotonous (Desmond & Hancock, 2001). Both may induce similar
subjective responses related to fatigue, for example, tiredness and reduced task engagement
(Philip et al., 2005), however, differences in subjective responses occur when assessed at a
multidimensional level (Matthews, Szalma, Panganiban, Neubauer, & Warm, 2013).

1.1.3 Subjective fatigue.

Not everybody experiences and reports fatigue in the same way, nor do people

experience the same level of fatigue (if any) under the same circumstances (Guastello et al.,



COGNITIVE FATIGUE & VIDEO GAMES

2013). It has been proposed that this unobservable experience of subjective fatigue consists of
two stages (Hockey, 2013). First, an awareness of the increasing cognitive cost of performing
a certain task experienced as a mild cognitive discomfort, and second, either the change in
behaviour needed to maintain an adequate level of performance, or increasing cognitive effort
if the behaviour cannot be changed (Balkin & Wesensten, 2011; Hockey, 2013; Kanfer, 2011,
Thorndike, 1900). Subjective feelings of fatigue, such as statements of aversion to

performing a task, inability to concentrate, physical complaints (Ackerman, 2011), and
frustration and discomfort (Hockey, 2013), often occur prior to any observable changes in
objective measures of fatigue, such as increased reactions times and decreased performance
accuracy. Thus, it is often the case that performance decrements due to fatiguing conditions
are not always observed. This is because individuals may become aware of their fatigue and
as a result implement compensatory strategies in balancing the costs and benefits of
performing the task, allowing them to avoid any actual performance decrement before they
occur (Bartley & Chute, 1947; Hockey, 1997; van der Linden, 2011). In addition, there are
different strategies that individuals can use which would mask any effect of fatigue when
group data is analysed. For example, half of a group may favour speed over accuracy, while
the other half favour accuracy of speed. The overall result of the group would therefore not
reveal any effect of fatigue on performance (van der Linden, 2011).

The experience of fatigue for an individual is not always consistent even whilst
performing the same task, as attention can fluctuate over time, either due to fatigue, boredom,
distraction (Rosenberg et al., 2013) or differing types or levels of motivation (van der Hulst et
al., 2001). Often, these subjective differences are overlooked due to the tendency to only
examine mean effects, rather than inter-individual variability and individual patterns of
performance over time (Ackerman, 2011). It is generally agreed however, that as time

increases, so too do subjective levels of fatigue (Hockey, 2013; Kanfer, 2011).
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1.1.4 Objective fatigue.

There are a number of objective measures that can be used to assess performance
decrements due to fatigue (Ackerman, 2011). The typical finding is that cognitive fatigue
results in increased reaction times, increased response variability, and decreased response
accuracy (Ackerman, 2011; Guastello et al., 2013; Hockey, 2013), and these will be the
measures used in the following studies. Other measures, which fall beyond the scope of this
thesis, include measuring physiological symptoms of cognitive fatigue such as declines in
brain functioning as measured by event-related brain potentials (Kato, Endo, Kobayakawa,
Kato, & Kitazaki, 2011), and increased blood pressure and stress hormones (van der Linden,
2011).

1.2 Related Factors

Identifying fatigue as the principle variable in experimental situations is difficult to do
as it has many causes and many symptoms (Hockey, 2013). Cognitive fatigue is related to
physical fatigue, boredom, motivation, inherent personality traits, task difficulty, and time
spent performing the task. However, the relationship between fatigue and these factors is not
always clear, and individuals do not all respond the same to the effects of fatigue. Some
people may experience a performance decrement over time, whilst others may experience
improvements in performance, analogous to physical exercise and “getting warmed up”
(Guastello et al., 2013, p. 4). In addition, increased time-on-task can result in improved,
rather than declining performance, due to practice and learning (Ackerman, Calderwood, &
Conklin, 2012). Further, switching tasks can alleviate fatigue, but only when the switch is
intrinsically motivated. If the individual is forced to switch tasks, this can tax working
memory and cognitive resources (Guastello et al., 2012; Rubinstein, Meyer, & Evans, 2001),
resulting in increased levels of fatigue. The following section will highlight some of the

overlapping factors associated with cognitive fatigue.
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1.2.1 Physical fatigue.

Whilst physical fatigue and cognitive fatigue are often discussed separately, they are
by no means unrelated. As the name suggest, physical fatigue occurs within the body and
results in impaired co-ordination, feelings of physical discomfort, and a reduced ability to
produce force or power (Barker & Nussbaum, 2011; Lal & Craig, 2001). The resource theory
metaphor can be used to explain physical fatigue as there are clear limits within human
biology, for example limitations in the ability of the cardio-vascular system to transport
oxygen and glucose to the muscles (Hockey, 2013; Matthews, 2000). Thus, when these
physical limitations are reached, and resources are depleted, physical fatigue occurs. Physical
fatigue consists of two components, peripheral and central. Peripheral fatigue refers to
metabolic changes in the muscles, eventually leading to a decreased capacity of the muscles
to exert force. Central fatigue refers to changes in the neuronal control of motor behaviour,
which can be affected by work demands and motivation (Barker & Nussbaum, 2011;
Zijdewind, van Duinen, Zielman, & Lorist, 2006). Thus, changes in cognitive fatigue can
impact physical fatigue and vice versa (Barker & Nussbaum, 2011).

1.2.2 Motivation.

Motivation is often used in the definition of cognitive fatigue (van der Linden, 2011),
and is heavily related to cognitive fatigue in two key ways. Firstly, the level of fatigue
experienced differs depending on whether the task being performed is intrinsically or
extrinsically motivating (van der Hulst et al., 2001). It has long been known that when tasks
are intrinsically motivating, performing them requires little effort and are therefore not
fatiguing (Hockey, 2011; Thorndike, 1900). Secondly, declined motivation is a symptom of
fatigue and is experienced as an unwillingness to continue performing the task (van der
Linden, 2011). However, motivation is differentiated from fatigue in that it is not influenced

solely by previous levels of activity or rest (Soames-Job & Dalziel, 2001). In addition, it is
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possible to be motivated to perform a task, but be either physically or cognitive unable to, due
to fatigue (van der Linden, 2011), or vice versa whereby the individual stops performing a
task because they are not motivated despite not being fatigued (Soames-Job & Dalziel, 2001).

1.2.3 Boredom.

Boredom occurs due to under-stimulation and from tasks requiring low levels of
cognitive demands (Bartley & Chute, 1947) such as performing tasks that are simple and
highly repetitive (Hockey, 2013). Whilst fatigue and boredom often occur together and can
have similar effects on performance (Hockey, 2013), fatigue is not a necessary and sufficient
prerequisite of boredom. For example, it is possible to be well rested but still experience
boredom whilst performing a repetitive task (Cummings, Mastracchio, Thornburg, &
Mkrtchyan, 2013). To further complicate the matter, the terms boredom and passive fatigue
are often used interchangeably depending on the particular field of study. Passive fatigue is
used in human factors/ergonomics fields whilst boredom is used in education and
organisational settings. However, regardless of the field of study, the underlying feature of
these areas of research is that under stimulation or low levels of cognitive workload leads to
deterioration in task performance (Jackson, Kleitman, & Aidman, 2014).

1.2.4 Personality.

Cognitive fatigue is associated with many factors including stable personality traits
and how individuals manage task demands and workload (Matthews, 2011). It is believed
that cognitive fatigue and its self-regulatory processes can be affected by differences in
personality and motivational traits (Kanfer, 2011). Some stable traits may be associated with
fatigue proneness, or a vulnerability to the effects of fatigue (Matthews, 2011). Of the five
personality traits, conscientiousness has been found to be the most related to fatigue, as it
suggests that individuals who score highly, commit more energy to work-related activities

(Matthews, 2011). However, reinforcement sensitivity theory suggests that fatigue is also
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related to extraversion. This theory proposes that extraverts are more prone to positive affect,
that is, more easily generate excited emotions, and thus they experience lower fatigue (Corr,
2009). Further, Ackerman and Kanfer (2009) have found that higher levels of subjective
cognitive fatigue are reported by those who score highly on levels of neuroticism-related
traits.
1.3 Cognitive Fatigue and Executive Control

Cognitive fatigue was initially thought to be the result of depleted cognitive resources.
However, after a review of the literature, Hockey (2013) proposed that cognitive fatigue is
rather an adaptive mechanism, with the function of controlling and managing motivation and
behaviour, and is therefore connected to executive functions. Executive functions are
regulatory processes that control human information processing and play a vital role when
presented with novel situations, for example in problem solving (Lorist & Faber, 2011,
Schmorrow et al., 2012). They are higher-order cognitive control processes that organise and
control lower-level cognitive functions according to the individual’s goals. They are used
when goals need to be prioritised, when irrelevant stimuli need to be ignored, when automatic
responses need to be overruled, and when information needs to remain active in memory for
extended durations (van der Linden, 2011). When executive functions are adjusted to
maintain cognitive resources, there is a decline in performance, for example as irrelevant
stimuli are responded to and automatic responses are not withheld. However, performance
decrements on tasks that tax executive control functions are not always observed (van der
Linden, 2011). In order to prevent fatigue from affecting task performance, there are a
number of different strategies (controlled by executive functions) that individuals may
implement (Hockey, 1997). For example, individuals may choose to make speed-accuracy
trade-offs; focus on the primary task and ignore/reduce attention to secondary tasks; or

expend more effort and attempt to overrule the desire to stop performing the current task (van
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der Linden, 2011). The regulatory processes controlled by executive functions require a high
degree of mental effort, and over time, this amount of effort increases, resulting in a reduction
in the efficiency of these functions, and an associated reduction in performance, known as the
fatigue effect (Earle et al., 2015; Lorist & Faber, 2011; Lorist et al., 2000; van der Linden,
2011; van der Linden, Frese, & Meijman, 2003).

1.4 The Fatigue / Time-on-task Effect

As previously discussed, fatigue is difficult to define. To avoid this issue, it is often
operationalised and expressed in terms of the fatigue effect or time-on-task effect (Stern,
Boyer, & Schroeder, 1994). Put simply, the time-on-task effect is a reduction in task
performance (typically increased reaction times and/or increased number of errors) as time
spent performing the task increases. However, it has been suggested that changes in reaction
time variability should also be analysed, as although the time-on-task effect is often seen in
aggregate data it is not consistently seen in individual results (Van Dongen et al., 2011).

In addition, the time-on-task effect is often investigated in relation to the vigilance (or
sustained attention) decrement (Davies & Parasuraman, 1982; Gunzelmann et al., 2011),
which is considered to be the most robust effect of cognitive fatigue (Dinges, 1995). Similar
to the time-on-task effect, the vigilance decrement is also characterised by increasing reaction
times and decreasing detection accuracy (Davies & Parasuraman, 1982; Helton & Russel,
2011). More specifically however, the vigilance performance decrement is usually complete
after 20 to 35 minutes performing the task (See, Howe, Warm, & Dember, 1995).

Whilst the terms ‘vigilance’ and ‘sustained attention’ are often used interchangeably
(Finomore et al., 2013; Pattyn et al., 2008; Rosenberg et al., 2013), for the purpose of this
thesis, ‘vigilance” will be used when referring to the performance decrement as observed
whilst performing vigilance tasks, whilst ‘sustained attention” will be used to refer to the

broader cognitive process of directing and maintaining attention on a task for an extended
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period of time, regardless of the type and duration of task being performed.

1.4.1 Sustained attention & vigilance.

Sustained attention is the ability to maintain one's focus of attention and remain alert
for long periods of time in order to accurately and quickly respond to stimulus changes
(Larue, Rakotonirainy, & Pettit, 2010; Rosenberg et al., 2013; Scerbo, 1998; Warm,
Parasuraman, et al., 2008). An increased ability to sustain attention protects the individual
from performance declines due to fatigue or distraction (Clayton, Yeung, & Cohen, 2015).
The main focus of sustained attention research has been on the vigilance decrement (Helton
& Russell, 2012; Scerbo, 1998; Warm, Parasuraman, et al., 2008). A typical vigilance task
measures the speed and accuracy of participants’ responses to infrequent and unpredictable
stimuli (Rosenberg et al., 2013). For example, participants must monitor a blank computer
screen and respond as fast as possible when a target appears. The vigilance decrement
typically takes 20 to 35 minutes to complete, with the majority of this loss occurring within
15 minutes of onset of the task (Rosenberg et al., 2013; See et al., 1995; Teichner, 1974),
however, this may be reduced to as little as 5 minutes depending on the demand
characteristics of the task (Caggiano & Parasuraman, 2004; Helton et al., 2007; See et al.,
1995).

There are two main families of theories that attempt to explain the cause of the
vigilance decrement (Dillard et al., 2014; Helton & Russell, 2012). Currently, the resource
theory (Fisk & Scerbo, 1987; Fisk & Schneider, 1981; Kahneman, 1973; Parasuraman &
Davies, 1977; C. D. Wickens, 1984) is the dominant model, and is based on the premise that
there is a limited amount of cognitive resources available at any point in time (Dillard et al.,
2014). It proposes that as vigilance tasks are difficult and mentally taxing, over time,
cognitive resources are drained, resulting in poorer vigilance performance (Helton & Russell,

2012). In opposition are the theories that propose that the vigilance decrement is due to
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under-stimulation and boredom, resulting in disengagement from the task and thus poorer
performance, and consists of the under-load (Frankmann & Adams, 1962; Heilman, 1995;
Loeb & Alluisi, 1977; Welford, 1968) and mind-wandering theories (Robertson, Manly,
Andrade, Baddeley, & Yiend, 1997). However, based on a review of literature, it has been
found that neither the resource theory, nor its opponents, can adequately account for all
findings related to the vigilance decrement (Thomson, Besner, & Smilek, 2015).

Similarly to cognitive fatigue, it has been proposed that the vigilance decrement is due
to reduced executive functioning, rather than a lack of cognitive resources (Thomson et al.,
2015). Thomson et al. (2015) suggested that performing vigilance tasks taxes executive
functions, as these functions control the ability to ignore irrelevant stimuli and inhibit
automatic responses. Over time, as executive functions become taxed, insufficient amounts of
attentional resources are allocated towards the task, resulting in deteriorating vigilance
performance. As such, it is possible that individuals with greater executive control will be
better able to direct the required attentional resources towards the vigilance task, resulting in
better performance over a longer period of time (Thomson et al., 2015).

1.4.2 Vigilance tasks.

A disadvantage of traditional vigilance tasks is that the occurrences of the target
stimuli are infrequent, and therefore so too are participants’ responses. It is thus not possible
to accurately measure fluctuations in accuracy or reaction time on a moment-to-moment basis
(Rosenberg et al., 2013). To account for the inability to measure moment-to-moment reaction
times, there are sub-types of vigilance tasks, referred to as not-X Continuous Performance
Tasks (not-X CPTs), as well as the Sustained Attention to Response Task (SART), that
require participants to respond to frequent non-target stimuli, and to withhold responses to the
rare target stimuli (Larue et al., 2010; Rosenberg et al., 2013). Thus, these tasks can measure

a greater number of reactions as well as determine the pattern of reaction times that precede
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and predict errors. However, not-X CPTs are not without limitations. For one, vigilance
decrements are not consistently found with not-X CPTs in healthy adult populations
(Rosenberg et al., 2013), and sometimes vigilance performance improves, rather than
deteriorates, over the course of the task (Helton, Kern, & Walker, 2009). Thus, it has been
argued that not-X CPTs may not accurately assess the vigilance decrement (Helton &
Russell, 2011; Rosenberg et al., 2013). However, one possible explanation for these findings
is that the abrupt visual onset of each stimulus captures participants’ attention, and thus cues
the participant to respond to the stimuli, resulting in more consistent performance over time
(Esterman, Noonan, Rosenberg, & DeGutis, 2012; Rosenberg et al., 2013). Therefore, to
account for the abrupt onset of stimuli, Esterman et al. (2012) developed a gradual-onset
Continuous Performance Task (gradCPT) in which stimuli are presented in gradual
transitions rather than with abrupt onsets, and found that this task was able to successfully tax
participants’ ability to sustain attention.

In addition to the above types, vigilance tasks can also be classified as being
successive or simultaneous (Davies & Parasuraman, 1982; Finomore et al., 2009). In
simultaneous vigilance tasks, all of the information needed to make a decision is presented,
and thus a comparative judgement must be made. In successive vigilance tasks, absolute
judgements must be made, comparing the currently presented stimuli with a target retained in
their memory (Davies & Parasuraman, 1982; Finomore et al., 2009). Therefore, successive
judgement vigilance tasks place a greater demand on attentional resources and working
memory than simultaneous judgement tasks (Finomore et al., 2009; Shaw et al., 2010).

Accuracy of responses on a vigilance task can be influenced by either perceptual
sensitivity or the individual’s decision criterion (Davies & Parasuraman, 1982). Signal
detection theory is therefore used assess vigilance performance accuracy as it takes these

factors into consideration. Sensitivity (d') measures how well the signal (target) can be
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detected from the noise (non-targets). When d' is close to zero, targets are difficult to detect
and when it is large they are easy to detect. Typically, participants have little to no control
over signal detectability as it is mostly influenced by the way the stimuli are created in the
experimental design (e.g. size of stimulus). Signal detectability is also influenced by the
physiology involved in the detection process (T. D. Wickens, 2001). The response criterion
(c, also referred to as Acentred) represents the amount of evidence needed by the observer in
order to classify a stimulus as a target. When the evidence is greater than the response
criterion level, the observer classifies the stimulus as a target, and when it is below, it is
classified as noise. Criterion levels however, are controlled by the individual, as this is a
representation of their response strategy/bias. The response criterion is a representation of the
amount of evidence needed by the participant for them to determine whether a stimulus is a
signal (target) or noise (non-target); if the evidence is above the response criterion level, the
stimulus is classified as a signal. Thus, decreasing criterion levels indicate an increased
propensity to respond to a stimulus (less evidence is needed), resulting in more correct
responses but also more false alarm errors (T. D. Wickens, 2001).

1.4.3 Reducing the effects of fatigue.

A number of solutions have been proposed to reduce the performance decrements
produced by fatigue-inducing tasks in varying domains. The simplest and most effective
solution is to increase the number of personnel, resulting in shorter work schedules (Miller,
Matsangas, & Shattuck, 2008) and allowing individuals to stop when they become fatigued
(Atchley et al., 2014). However, this solution is not always possible, for example long-
distance flying or driving, where the number of personnel is limited. Other methods include
screening personnel to identify those likely to perform well on sustained attention tasks,
providing training to personnel to assist in reducing the cognitive demands of the required

task, and designing tasks in such a way as to reduce the cognitive demands (Miller et al.,



COGNITIVE FATIGUE & VIDEO GAMES

2008). For example, in human-computer interaction systems it has been found that providing
knowledge of results is beneficial in providing a buffer against the effects of cognitive fatigue
(Ackerman, 2011; T. N. Schmidt et al., 2012).

In addition, individuals often employ their own methods in an attempt to relieve their
sense of fatigue. For example, whilst driving they may turn on the radio or roll down the
window (Atchley et al., 2014). Other more novel interventions have also been used as a
counter-measure to performance deficits caused by cognitive fatigue. For example,
researchers have found that intermittently presenting pleasant odours to participants resulted
in significantly faster reaction times compared to those in the control condition (Kato et al.,
2011).

Vigilance training has also been used in an attempt to improve sustained attention
performance. In a study by Parasuraman and Giambra (1991), participants completed twenty
30-minute vigilance tasks over a period of two to three weeks. It was found that overall,
practice reduced the vigilance decrement, however, training did not eliminate it. In addition,
Ariga and Lleras (2011) were able to reduce the vigilance decrement in participants by
providing brief and rare mental breaks. However, Helton and Russell (2012) were unable to
replicate these results. It has also been found that motivation may affect vigilance
performance. In a study by Szalma and Hancock (2006), participants were provided with the
illusion that they were able to choose between a supposedly easy or hard vigilance task.
Participants who were offered their choice showed improved performance in target detection
compared to those who were given the opposite of their choice.

One solution for reducing the effects of cognitive fatigue that has been largely ignored
is that of assessing the cognitive abilities of personnel. Researchers have generally ignored
individual differences in sustained attention, as vigilance tasks lack intellectual content and

are therefore not affected by variations in cognitive ability (Shaw et al., 2010). However, it is
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believed that the primary source of cognitive fatigue is the demand placed on executive
functions by cognitively demanding tasks (Guastello et al., 2013; Logie, 2011). Further, there
is evidence that the vigilance decrement is also related to executive functions (Thomson et
al., 2015). Therefore, this would suggest that individuals who have superior executive
functions would not be as susceptible to the effects of cognitive fatigue, as they would be
better able sustain their attention whilst performing complex tasks for extended periods of
time. Accordingly, it should follow that individuals who perform well on tests of executive
functioning (for example, tests of divided attention and multitasking) should also be resilient
to the effects of cognitive fatigue.

Previous research has found that those who regularly play (or those who are trained
on) action video games, and in particular FPS video games, demonstrate improved
performance in a range of cognitive areas, including those areas that are most often used
when performing sustained attention (Boot et al., 2008; Castel et al., 2005; Dye et al., 2009b;
C. S. Green & Bavelier, 2003, 2006b, 2007; Hubert-Wallander, Green, Sugarman, et al.,
2011; T. N. Schmidt et al., 2012), and divided attention tasks (Chiappe et al., 2013; Dye et
al., 2009a; Gaspar et al., 2013; Hambrick et al., 2010; Kearney, 2005). Action video games
contain features that relate closely to well-known training principles (Chiappe et al., 2013);
for example, instant feedback of performance, variability of training (Healy et al., 2012),
motivated and focused learning, and increasing levels of difficulty (C. S. Green et al., 2009).
Together, these features provide a possible medium through which to improve people’s
divided and sustained attention performance (Pavlas et al., 2008). However, whilst there is a
theoretical basis for the hypothesis that playing action video games can improve sustained
attention and divided attention performance, there is currently little research on the topic, and

none that explicitly focuses on cognitive fatigue.
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Chapter 2: Video Games

Over the past four decades, video games have become increasingly popular, replacing
more traditional forms of leisure activities (Connolly, Boyle, MacArthur, Hainey, & Boyle,
2012), and this is set to continue as new games, platforms, and technologies are released
(Colzato, van der Wildenberg, Zmigrod, & Hommel, 2013; Connolly et al., 2012). This
growth in the video game industry has led to increasing interest in the effects of playing video
games on individuals, and in particular the influence of violent games on aggressive
behaviour (Colzato, van Leeuwen, van der Wildenberg, & Hommel, 2010; Ferguson, 2007).
Accordingly, a debate has arisen in the research literature concerning the impact of playing
violent video games on individuals’ behaviour. However, a discussion of this issue is beyond
the scope of this proposal, and the reader is referred to Ferguson (2010) for an in-depth
discussion of the moral panic, public debate, and sociological and historical context
surrounding violent video games.

Just as interest in the negative behavioural impacts of video games has grown, so too
has research into the positive cognitive effects of playing video games (Colzato et al., 2013;
Dye et al., 2009b; Ferguson, 2007; Karle, Watter, & Shedden, 2010). Although research into
the cognitive effects of video game playing began over three decades ago (Lowery & Knirk,
1982; Spence & Feng, 2010), there has been a recent increase in research in the last decade
(Dye et al., 2009b; Karle et al., 2010), particularly focussing on first-person shooter games (a
sub-type of action video games), since the seminal paper by C. S. Green and Bavelier (2003) .

In their study, C. S. Green and Bavelier (2003) compared the performance of VGPs
and NVGPs in areas of selective attention, capacity of attention, and attention in time. A
training experiment was also conducted in which NVGPs played either an FPS game Medal
of Honor, or a non-FPS game Tetris, for one hour, for 10 consecutive days. It was found that

VGPs performed better in all of the areas of attention compared to NVGPs, and the NVGPs
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trained on the FPS game performed better than the NV GPs trained on the non-FPS game.
These results suggest that FPS game playing and training increases attentional capacity,
improves the spatial distribution of attention, and enhances attentional flexibility.

Video games have developed from simple tasks of basic skill and ability, to being
completely immersive experiences. In particular, FPS games require the player to develop an
adaptive mindset in order to successfully complete complex, and demanding tasks (Colzato et
al., 2013; C. S. Green & Bavelier, 2006a; Murphy & Spencer, 2009). A typical FPS game
involves controlling the movements of the player’s character, aiming and firing at other
players whilst avoiding being hit oneself, and monitoring health status and ammunition
supplies, all simultaneously and in a time pressure situation (Kearney, 2005). These tasks
thus require rapid responses to visual and auditory events, discriminating between relevant
and irrelevant stimuli, tracking multiple objects, and continuous switching between numerous
subtasks (Castel et al., 2005; Colzato et al., 2010; C. S. Green & Bavelier, 2006b, 2006c;
Hubert-Wallander, Green, Sugarman, et al., 2011; Oei & Patterson, 2015). In addition to this,
video games are goal directed and players receive instantaneous feedback (Greenfield, 1994),
for example, through receiving rewards for accurately and quickly processing and responding
to the relevant information, or consequences for allowing irrelevant information to interfere
with their task or failing to respond to stimuli (Dye et al., 2009b; C. S. Green & Bavelier,
2006b).

Subsequent studies have replicated and extended upon the findings of C. S. Green and
Bavelier (2003), demonstrating that regular players of FPS video games display superior
performance in a range of visual and cognitive skills compared to non-players (Barlett,
Anderson, & Swing, 2009; Bavelier, Green, Pouget, & Schrater, 2012; Castel et al., 2005;
Clark, Fleck, & Mitroff, 2011; Connolly et al., 2012; Dye et al., 2009b; Ferguson, 2007,

Hubert-Wallander, Green, & Bavelier, 2011).
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2.1 Cognitive Improvements

Playing FPS video games has been shown to improve individuals’ visuospatial
cognitive abilities in selective attention, allocation of attention, and attention in time (Boot et
al., 2008; Hubert-Wallander, Green, & Bavelier, 2011), as well as sustained attention (Dye et
al., 2009b) and divided attention (Chiappe et al., 2013).

2.1.1 Selective attention.

Selective attention is the ability to direct attentional resources to certain areas within
the visual field in order to detect target stimuli, often whilst ignoring irrelevant stimuli.

2.1.1.1 Useful (Functional) field of view.

A common task for assessing selective attention is the Useful Field of View task,
developed by Ball and colleagues (Ball, Beard, Roenker, Miller, & Griggs, 1988; Ball &
Owsley, 1993). In this task, a small target stimulus is briefly presented at a random location
on a screen followed by a mask to remove after-images, and participants must then identify
where the target stimulus appeared. The task measures an individual’s ability to direct their
attention towards an area of space. (Myers, Ball, Kalina, Roth, & Goode, 2000).

Video game players often outperform NVGPs in the Useful Field of View task (Feng,
Spence, & Pratt, 2007; C. S. Green & Bavelier, 2006b), and this benefit is also generalised to
areas of the visual field that extend beyond those of normal video game play (C. S. Green &
Bavelier, 2003). Further, NVGPs who have been trained on an action video game for 10
hours (Feng et al., 2007; C. S. Green & Bavelier, 2003) and 30 hours (C. S. Green &
Bavelier, 2006b) showed significant improvements in performance. This improvement was
also maintained at a follow-up approximately 5 months later (Feng et al., 2007).

2.1.1.2 Swimmer task.

The “swimmer task” also measures an individual’s ability to spatially allocate

attentional resources. In this task, developed by West, Stevens, Pun, and Pratt (2008),
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participants must search for a non-moving target amongst a large group of oscillating targets
or ‘swimmers’. West et al. (2008) found that VGPs outperformed NVGPs, in that VGPs were
more accurate (higher detections and lower miss rates) across a range of visual fields, under
both high and low workloads.

Taken together, the results from the Useful Field of View task and the Swimmer task
suggest that action video game playing improves visuospatial attention. However, not all
studies examining the visuospatial attention of VGPs and NVGPs have found significant
differences between the two groups (Boot et al., 2008; Murphy & Spencer, 2009).

Boot et al. (2008) compared VGPs and NVGPs on a number of cognitive tasks,
including the Useful Field of View task, that assessed visual and attentional ability, spatial
processing and memory, and executive control. It was found that although VVGPs performed
better at the task than NVVGPs, the difference was not significant. Further, NVGPs who
received training on an FPS game did not show a significant improvement compared to those
who received training on Tetris, or who received no video game training. It should be noted
that the study contained small sample sizes when comparing VGPs (n = 11) and NVGPs (n =
10), however, when comparing different video game training conditions sample sizes were
larger and ranged from 19 to 23 participants. Interestingly though, C. S. Green and Bavelier
(2003) were able to find significant differences between 8 VGPs and 8 NVGPs. Boot et al.
(2008) attempted to replicate the study and results of C. S. Green and Bavelier (2003) and
therefore used the same FPS game. Therefore, one possibility for the disparity between
findings may be due to the video game player recruiting criteria (Hubert-Wallander, Green, &
Bavelier, 2011). Boot et al. (2008) required participants to have played any type of video
game for seven or more hours per week for the past two years to be classified as VGPs,
whilst other studies have required participants to have played specifically action video games,

for at least 4 to 5 hours per week (C. S. Green & Bavelier, 2003; Hubert-Wallander, Green, &
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Bavelier, 2011).

2.1.2 Capacity of attention.

Capacity of attention refers to the number of objects in the visual field that one can
direct their attention towards.

2.1.2.1 Enumeration.

In the enumeration task (Trick & Pylyshyn, 1993, 1994), multiple identical objects are
briefly flashed on a screen and participants must report the number of objects presented as
accurately and quickly as possible. When one to four objects are presented, participants are
able to report the number of objects without counting, and their responses are quick, accurate,
and predominantly automatic. The process responsible for these responses is termed
subitising. As the number of objects increases beyond this range, accuracy decreases and
reaction times increase, and this slower process is termed enumeration (Hubert-Wallander,
Green, & Bavelier, 2011). C. S. Green and Bavelier (2003; 2006¢) found that VGPs’
enumeration performance was significantly greater than NVGPs, in that VGPs were able to
identify the number of objects more accurately and faster for an increasing number of objects
compared to NVGPs. Both groups displayed equal subitising reaction times, however, VGPs’
subitising accuracy was higher than NVGPs’, suggesting that VGPs have enhanced visual
short-term memory. Both studies included a training paradigm in which participants
completed 10 hours of an FPS game (C. S. Green & Bavelier, 2006c, experiment two) and
found that action video game training significantly improved participants’ attention capacity.
However, Boot et al. (2008) was unable to replicate these results. It was found that video
game players performed faster and more accurately than NVGPs, however the difference did
not reach significance, and there was no difference between the video game training

conditions.
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2.1.2.2 Multiple object tracking.

The capacity of attention can also be measured through the use of a multiple object
tracking task (Pylyshyn & Storm, 1988). In this task, a number of motionless target and non-
target objects are presented. The objects begin to move randomly about the screen, and it is
the participant’s task to track the target objects. After a certain period of time the objects
become motionless and all objects are made to look identical. The participant must indicate
whether a selected object was a target or non-target (Hubert-Wallander, Green, & Bavelier,
2011).

C. S. Green and Bavelier (2006c, experiment four) found that VGPs outperformed
NVGPs in accurately detecting whether objects were targets or non-targets. Further, after 30
hours of video game training (C. S. Green & Bavelier, 2006c, experiment five), those who
played the FPS video game showed a significant improvement in multiple object tracking
performance, whilst those who received the control (Tetris) did not. Boot et al. (2008) also
found that VGPs outperformed NVGPs in a multiple object tracking task. Video game
players were able to track and identify with 100% accuracy, three target objects moving at
significantly higher speeds compared to NVGPs. However, there were no significant
improvements in NVGPs who received 21.5 hours of video game training.

Video game players’ superior enumeration and multiple object tracking performance
suggests that playing FPS games enhances the speed at which individuals can update visual
working memory, thus increasing the number of objects that can be viewed and tracked (C. S.
Green & Bavelier, 2006c).

2.1.3 Attention in time.

Attention in time refers to how attention is allocated within a period of time in order

to accurately and quickly process consecutive stimuli.
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2.1.3.1 Attentional blink.

The attentional blink task (Raymond, Shapiro, & Arnell, 1992) measures an
individual’s ability to direct their attention in time. In this task, a primary target is presented,
followed by a secondary target a few hundredths of a second later. Participants often fail to
report seeing the secondary target, due to an attentional ‘blink” (Hubert-Wallander, Green, &
Bavelier, 2011). C. S. Green and Bavelier (2003) found that VGPs performed better at
detecting the second target than NVVGPs, thus demonstrating a shorter attentional blink. Due
to the design of the task, the authors also determined that VGPs had superior task-switching
abilities. These results suggest that VGPs have an enhanced ability to process information
over time, however it is unclear whether this was due to faster processing, or the ability to
maintain multiple attentional windows simultaneously. Boot et al. (2008) were unable to
replicate the findings of C. S. Green and Bavelier (2003), however this may have been due to
differences in the design of the task in the two studies, thus reducing the ability to observe
any group differences.

2.2 Video games and Executive Control

The assessment of visual and attentional cognitive abilities often involves the
completion of repetitive computer tasks involving simple stimuli. These tasks are quite
dissimilar to FPS games, which are visually complex and require fast responses to novel
stimuli, thus highlighting the fact that skills learned from video game playing have far
transferability to other skills (Bavelier et al., 2012). Recently, it has been suggested that
playing FPS games does not develop the specific skills that have been previously measured in
laboratory settings, but rather that they develop the ability to quickly learn how to perform
new tasks (Bavelier et al., 2012; C. S. Green, Pouget, & Bavelier, 2010).

The prevailing view is that action video game playing improves the skill referred to as

‘learning to learn’ (Bavelier et al., 2012; Dobrowolski, Hanusz, Sobczyk, Skorko, &
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Wiatrow, 2015). The primary mechanism of learning is the improvement of the probability of
making a correct decision based on the limited amount of data/information provided
(Bavelier et al., 2012). This notion, referred to as probabilistic inference or ‘learning to learn’
(Harlow, 1949), is argued to be the unitary mechanism that accounts for video game players’
improvements in the wide range of cognitive abilities (Bavelier et al., 2012; Bisoglio,
Michaels, Mervis, & Ashinoff, 2014; C. S. Green et al., 2010), as all the studies in which
VGPs outperform NVGPs use tasks that require participants to “make a decision based on a
limited amount of noisy data” (Bavelier et al., 2012, p. 399). Thus, it is argued that playing
video games improves the general mechanisms involved in learning and the ability to control
top-down attentional processes, which leads to improvements in unrelated cognitive tests
(Appelbaum, Cain, Darling, & Mitroff, 2013; Bavelier et al., 2012; Dobrowolski et al., 2015).
In addition, executive functions play a crucial role in learning to learn (Bisoglio et al., 2014),
as they control the processes involved in changing one’s behaviour (making a decision) when
the situation demands it (new information is provided) (Andrews & Murphy, 2006).

Due to mixed findings in the video game literature, whether or not action video game
enhance an underlying cognitive mechanism remains debateable (Strobach, Frensch, &
Schubert, 2012). Oei and Patterson (2014) have critiqued the ‘learning to learn’ hypothesis
and have highlighted a number of limitations of this view. Firstly, it is unknown whether the
ability of learning to learn is an improvement specific to action video games or whether it can
be improved from other video game genres (Oei & Patterson, 2014), as many genres share
similar gameplay mechanics (Dobrowolski et al., 2015). Secondly, it is not clear which tasks
can and cannot be improved through action video game playing, and thirdly, whilst there is
evidence that probabilistic inference can account for improvements in a visual perceptual
task, there is a lack of evidence that it can account for the other types of tasks on which VGPs

show improvements (Oei & Patterson, 2014).
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Despite these limitations, evidence continues to emerge supporting the hypothesis that
action video game playing improves executive control skills (Appelbaum et al., 2013;
Strobach et al., 2012). As previously discussed in Section 1.4.1, executive control can be
assessed through analysing performance on sustained attention tasks (Thomson et al., 2015).
However, executive control is typically assessed using tasks that require divided attention, for
example in dual-task (Strobach et al., 2012) multitasking paradigms (Boot et al., 2008; Cain,
Landau, & Shimamura, 2012; Hambrick et al., 2010).

2.2.1 Sustained Attention.

Executive control plays a crucial role when performing vigilance tasks as these
functions control processes involved in ignoring irrelevant stimuli and overruling automatic
responses (Lorist & Faber, 2011). Dye et al. (2009b) compared sustained attention (vigilance)
performance of VGPs and NVGPs, using the Test of Variables of Attention. The test is 21.6
minutes long and requires participants to respond to shapes when they appear in target
locations and withhold responses to shapes appearing in other locations. It includes two test
conditions, one where targets are infrequent (test of sustained attention), and one where
targets are more frequent that non-targets (test of impulsivity). The authors classified VGPs
as people who played action video games 5 hours or more per week in the previous year.
They found that, for both segments of the test, VGPs were significantly faster than NVGPs,
and that there was no significant difference in accuracy between the two groups, indicating
that VGPs did not make a speed/accuracy trade-off. This provides further evidence that VGPs
may be more resistant to the effects of cognitive fatigue than NVGPs. However, performance
over time was not analysed (Dye et al., 2009b), and the test is too short to induce fatigue or a
vigilance decrement, thus the difference in the effect of reduced executive control and
increased cognitive fatigue on sustained attention performance between VGPs and NVGPs

remains unexplored.
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2.2.2 Divided Attention.

Executive control skills are important in multitasking situations as these skills allow
the processing of complex situations, for example, when needing to perform differing tasks
simultaneously, or rapidly switching between multiple tasks (Strobach et al., 2012).
Individuals with FPS game experience have been shown to be able to multitask better than
those without such experience (Chiappe et al., 2013). In a study by Kearney (2005), NVGPs
completed 2 hours of training on either the FPS game Counter-Strike, or the puzzle game
Tetris. Participants also completed 5 minutes of SynWin before and after training. SynWin is a
PC-based multiple-task battery that includes a simple memory task, an arithmetic
computation task, a visual monitoring task, and an auditory monitoring task, all presented
simultaneously. Results indicated that participants trained with the FPS game for 2 hours
showed a significantly greater improvement in multitasking ability compared to those who
received non-FPS training (Kearney, 2005).

In another study using SynWin, it was found that video game experience was
positively correlated with effective multitasking strategies (Hambrick et al., 2010). Effective
multitasking strategies were calculated by correlating the total SynWin score with the
response probabilities (individuals’ tendency to stay on one task or switch to another). Thus,
video game experience was a significant predictor of effective multitasking strategies that
allowed for superior multitasking performance (Hambrick et al., 2010).

Multitasking has also been assessed using the Multi-Attribute Task Battery (MATB)
(Chiappe et al., 2013; Hambrick et al., 2010). The MATB was originally developed by
researchers at the National Aeronautics and Space Administration (NASA, Comstock &
Arnegard, 1992) to test human performance and human/automation interaction. It consists of
two primary tasks (Tracking and Resource Management) that require constant monitoring,

and two secondary tasks (System Monitoring and Communications) that are performed
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intermittently.

In one study that utilised the MATB to examine the effect of action video game
training on divided attention performance (Chiappe et al., 2013), one group of NVGPs played
a range of action video games for a minimum of 5 hours per week for 10 weeks, whilst the
control group did not play any video games. It was found that those that completed more
video games showed the greatest improvements. However, action video game training only
resulted in improved performance (faster responses and fewer errors) on the secondary tasks,
with no reduction in performance on the primary tasks. Overall, there were no differences
between the groups in performance on the primary tasks. These results suggest that video
game playing increases both visual and auditory attention capacity, and it is this increased
capacity that allowed the video game players to perform better at the secondary tasks without
affecting performance on the primary tasks (Chiappe et al., 2013).

Currently, whether or not there is an underlying cognitive mechanism that transfers
improved video game performance to other tasks is uncertain (Boot et al., 2008; Strobach et
al., 2012). This is not surprising as not all studies find transfer effects between FPS video
game playing and single (Murphy & Spencer, 2009; van Ravenzwaaij, Boekel, Forstmann,
Ratcliff, & Wagenmakers, 2014) or dual-task cognitive tests (Donohue, James, Eslick, &
Mitroff, 2012). It has been highlighted in the previous sections that there are some
inconsistent findings within video game research. Further, it has been noted by others (see
Boot, Blakely, & Simons, 2011; Kristjansson, 2013) that methodological shortcomings limit
the conclusions of the literature. These issues are discussed in the following section.

2.3 Methodological Limitations of Video Game Research

Research investigating the effects of video game playing on cognitive abilities must

be interpreted with caution, as not all studies find significant differences in cognitive abilities

between VGPs and NVGPs (Unsworth et al., 2015). Video game studies, particularly those
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5.7 Discussion

Overall, the results of the present study demonstrate the real-world benefits of
regularly playing action video games. With regards to driving simulator performance, VGPs
performed significantly better than NV GPs in the initial driving session when they were not
cognitively fatigued. However, the performance of both groups declined over time due to
fatigue, so that there was no significant difference between the groups. Driving experience
was also assessed as this could have been a potential confound affecting performance,
however, there was no significant difference between the groups. Thus, the significant
difference in driving performance between the groups in the first driving session can be
attributed to the differences in action video game experience. The results of the Samn-Perelli
Fatigue Checklist confirmed that both groups experienced cognitive fatigue as there was a
significant increase in fatigue ratings from pre-drive to post-drive, however there was no
significant difference between the groups, indicating that both groups subjectively
experienced similar levels of fatigue. In addition, there was no difference between the groups
on the Driving Fatigue Scale, further indicating that both groups experienced similar levels of
fatigue.

Driving performance was measured by the number of traffic violations and the total
violation score in each driving session. The pattern of results was similar for both measures
indicating that the number and severity of violations was proportional between sessions and
groups, that is, participants did not make more violations of lesser severity or fewer violations
of greater severity between sessions. Video game players made fewer violations and had
lower violation scores in the first session compared to the NVGPs. However, this difference
was reduced when participants were fatigued in the second driving session. Thus, there is
evidence to suggest that both VGPs and NVGPs experience the effects of cognitive fatigue

similarly. The results of the driving simulator performance in the first session are consistent
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with that of previous research finding that VGPs are better drivers than NVGPs (Rupp et al.,
2015). Regularly playing action video games improves a range of cognitive abilities such as
visual attention (C. S. Green & Bavelier, 2003), speed of visual processing (Dye et al.,
2009b), and decision making and cognitive control (Bailey et al., 2010), and this is one of the
first studies to demonstrate that action video game players can transfer these abilities to real-
world tasks, as demonstrated by superior driving simulator performance compared to
NVGPs.

The results of the present study confirm the findings from Study 1 (Chapter 3), both
VGPs and NVGPS experience similar performance decrements due to cognitive fatigue. At
the multivariate level, VGPs had superior sustained attention performance compared to
NVGPs, however their performance declined over time, similar to the performance of the
NVGPs. In the present study, the driving performance of the VGPs was significantly better
than that of the NVGPs when they were not fatigued, however, in the second driving session,
there was no difference between the two groups. Thus, the results demonstrate that although
action video game experience can improve driving performance, it does not assist with
resisting the effects of cognitive fatigue.

As identified in the previous studies (Chapter 3 and 4), when measuring cognitive
fatigue, only tasks on which optimal performance can be achieved in a short period of time,
or in which all participants are already proficient, should be used, as learning effects can
masks fatigue effects (Ackerman, 2011). The results of the present study demonstrate that the
driving simulator is an ideal task for measuring multitasking and executive control in relation
to fatigue. On average, participants had 5 to 10 years of driving experience and therefore the
practice driving session could focus on the participants becoming familiar with the driving
simulator rather than on driving skills and road rules. Further, the decline in performance

between the two driving sessions reveals that there was no learning effect, or that participants
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reached their optimal performance in the practice or first driving session and then
experienced the effects of fatigue after that.

In addition to driving performance, eye-movements were also recorded. The number
of fixations, and total fixation length was measured when participants looked at either the
close or distant areas of the road, or the wide or centre areas. Both VGPs and NVGPs
demonstrated eye-movement characteristics of experienced drivers (Crundall et al., 1998;
Patten et al., 2006), in that there were more fixations on, and longer time spent viewing the
distant and wide areas of the road, compared to the close and centre areas. Viewing a wider
area of the road, and looking further ahead allows drivers to process more information and to
adjust their driving behaviour accordingly, resulting in better driving performance (Paxion et
al., 2014). Although it was predicted that VGPs would demonstrate this behaviour, it is not
surprising that NVGPs demonstrated this behaviour too, given the number of years of driving
experience they had. Further, neither group experienced tunnel vision as a result of fatigue.
There was no significant change in the number of fixations or time spent looking at either the
wide or centre areas of the road between the two driving sessions. However, there was a
significant change over time in the number of fixations and total length of fixations to the
close and distant areas of the road, and a significant three-way interaction between video
game experience group, driving session, and road area. Over time, NVGPs looked at the close
and distant areas of the road less and for shorter periods. Thus, NVGPs were directing their
attention to other off-road areas as they became fatigued, which is likely the cause of their
poorer driving performance in the second driving session, as inadequate visual scanning
inevitably leads to traffic accidents (Underwood, Crundall, & Chapman, 2011).

Interestingly however, whilst VGPs also looked at the close area of the road less and
for shorter as they became fatigued, they differed to NVGPs, in that there was an increase in

the number of fixations and duration of time spent looking at the distant area of the road.
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Again, this is indicative of experienced driving behaviour, as looking further ahead along the
road allows the driver to see potential hazards and adapt their behaviour (Paxion et al., 2014).
Although the results of the current study are encouraging, more research is still

needed. The present study is only one of a few that have investigated the real-world benefits
of regular action video game playing, and the only one that has investigated cognitive fatigue.
However, a causal relationship between action video game playing, driving performance, and
cognitive fatigue cannot be established from the current results. Future studies should attempt
to replicate and build on the current study by investigating the effect of action video game
training on simulated driving performance.

In conclusion, the results of the present study demonstrate that regular action video
game players perform better on a driving simulator compared to NVGPs. Regularly playing
action video games has previously been shown to improve cognitive processes that are
essential for safe driving (Bailey et al., 2010; Dye et al., 2009b; C. S. Green & Bavelier,
2003), and the current results demonstrate that these can be transferred to real-world tasks.

However, VGPs remain as susceptible to the effects of cognitive fatigue as NVGPs.



COGNITIVE FATIGUE & VIDEO GAMES 159

Chapter 6: Summary

The purpose of this thesis was to examine the relationship between action video game
experience and cognitive fatigue. Cognitive fatigue results in increased difficulty in
maintaining task performance and increases the likelihood of human error (Ackerman, 2011;
Guastello et al., 2013; Lal & Craig, 2001; Van Dongen et al., 2011), which can become fatal
when performing certain tasks or occupations, for example motor vehicle or aircraft control.
It has previously been found that individuals who regularly play action video games perform
better than non-video game players on tasks related to sustained and divided attention (Boot
et al., 2008; Castel et al., 2005; C. S. Green & Bavelier, 2003, 2006b, 2007; Hubert-
Wallander, Green, Sugarman, et al., 2011; T. N. Schmidt et al., 2012), however there has
been little research investigating this directly. Further, research on the cognitive benefits of
action video games has been limited by the use of only one training technique. In the field of
skill acquisition, it is well known that training that is variable and that emphasises cognitive
flexibility can lead to greater learning (Baniqued et al., 2013; Kramer et al., 1995; R. A.
Schmidt & Bjork, 1992), however this has not yet been explored with the use of modern
action video games. Lastly, there are few studies examining the everyday benefits of action
video game playing and how cognitive fatigue may affect performance on real-world tasks.

The main findings of this thesis reveal that VGPs experience similar levels of
cognitive fatigue as NVGPs. In Study 1 (Chapter 3), VGPs and NVGPs were
indistinguishable by their performance on the vigilance task. Over the 60-minute task, the
performance of both groups declined by similar amounts, with increases in reaction time
variability, and decreases in sensitivity and criterion levels. In addition, in Study 3 (Chapter
5), when driving in a simulator, the performance of both groups declined significantly over
time, as indicated by more traffic violations and having a higher total violation score.

Combined, these results demonstrate that both VGPs and NVGPs are equally susceptible to
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the effects of cognitive fatigue. This is further supported by participants’ self-report measures
of fatigue, in that both groups experienced similar increases in fatigue after driving in the
simulator, and both groups reported experiencing similar types of fatigue whilst driving.
Although VGPs experience similar levels of cognitive fatigue as NVGPs, there
remain advantages to regularly playing action video games. In Study 1 (Chapter 3), VGPs
were significantly better at multitasking than the NVGPs. The results revealed that the VGPs
performed significantly better on the secondary tasks of the MATB-1I compared to the
NVGPs, indicating that VGPs could perform these tasks without sacrificing performance on
the primary tasks. Although MATB-II performance could not be used to assess the effect of
cognitive fatigue on multitasking due to practice effects, the results do demonstrate that
VGPs learned how to perform the MATB-II faster than the NVGPs. In the first MATB-II
session, there was no significant difference in performance at the multivariate level, however
in the second session, despite both groups improving, VGPs performed significantly better
than the NVGPs. Video game players’ superior multitasking skill was also evidenced in
better driving performance. In Study 3 (Chapter 5), when not fatigued, the driving
performance of the VGPs was significantly better than that of the NVGPs. The number of
years of driving experience was also assessed as this may have been a potential confound,
however, there was no significant difference between the groups, and in fact on average,
NVGPs had twice as many years’ experience as the VGPs. Thus, the superior driving
performance of VGPs can be attributed to their experience playing action video games.
When people are fatigued, visual perception is reduced, gaze narrows (Ji et al., 2004),
and the peripheral field of view, the number of eye-movements and scanning patterns are
reduced (Liu & Wu, 2009; May & Baldwin, 2009), potentially leading to hazardous
consequences when driving. In Study 3 (Chapter 5), participants’ eye-movements were

recorded to examine whether VGPs and NVGPs had different search patterns and if these
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changed as they became fatigued. As the NVGPs became fatigued, they looked at the close
and distant areas of the road less. The VGPs also looked at the close area of the road less as
they became fatigued, however, the amount of time spent looking at the distant area of the
road increased. Previous research has shown that VGPs have increased visual attention (C. S.
Green & Bavelier, 2003), speed of visual processing (Dye et al., 2009b), and increased field
of view (Feng et al., 2007; C. S. Green & Bavelier, 2006b). Looking further ahead along the
road is characteristic of experienced driver’s eye-movements, as it allows the driver to
process more information, adjust their driving behaviour, and avoid potential hazards (Paxion
et al., 2014). However, this did not result in any difference in performance between the two
groups when they were fatigued. Thus regularly playing action video games may allow
individuals to develop visual scanning patterns similar to those of experienced drivers,
however this does not affect their performance when they are fatigued.

The above results demonstrate that individuals with a greater amount of action video
game experience perform better on sustained attention and divided attention tasks. However,
there remains the possibility that individuals who have superior sustained and divided
attention skills are attracted to action video games and therefore perform well at them, and so
these skills are not improved by action video game playing (Adams & Mayer, 2012).
Therefore, in Study 2 (Chapter 4), the effect of video game training on these measures was
also investigated. In addition, two types of training were compared, variable priority training
and fixed emphasis training, to determine which was most effective at improving sustained
and divided attention performance. Overall, there was no advantage of using one training
technique over the other when learning to play the video game. Further, there was no
difference between training techniques on any of the sustained and divided attention
measures. However, overall there is some evidence to suggest a positive effect of video game

training. For the vigilance task, the multilevel modelling analyses found an interaction
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between period of watch and testing session. This revealed that in the pre-training test there
were increases in reaction times and reaction time variability as time-on-task increased.
However, in the post-training test, and at the three-month follow-up there was little to no
increase in reaction times or reaction time variability over time. Thus, participants
experienced the effects of cognitive fatigue to a lesser extent after video game training than
compared to before training. In addition, there was a significant improvement in multitasking
performance after video game training, however, as participants continued to improve on the
MATB-II even at the three-month follow up test, it is unknown whether the improved
performance was due to video game training or simply due to practice effects on the test.
6.1 Implications

Many occupations require sustained and divided attention where the effects of
cognitive fatigue can have fatal consequences (e.g. pilots, power plant operators, long-
distance drivers, security surveillance operators, and unmanned aircraft vehicle operators)
(Chiappe et al., 2013; Durso & Sethumadhavan, 2008; Feltman, 2014; Finomore et al., 2009;
Gartenberg et al., 2013; Hubal et al., 2010; Warm, Matthews, et al., 2008; Warm,
Parasuraman, et al., 2008). Therefore, understanding the factors involved in attaining
optimum human performance, and the ability to maintain this in the face of cognitive fatigue
is beneficial when implementing personnel screening, assessment, and training for such
occupations. For example, the MATB-II was designed to replicate the tasks performed by
aircraft operators (Santiago-Espada, Myer, Latorella, & Comstock, 2011), and has previously
been used to assess the suitability of VGPs as potential unmanned aerial vehicle (UAV)
operators (Feltman, 2014). Operators of unmanned-aerial vehicles need to sustain their
attention for hours at a time (Cummings et al., 2013), as well as operate multiple UAVs
simultaneously, all of which requires a high level of cognitive skills and the ability to resist

the effects of cognitive fatigue. Understanding the effects of cognitive fatigue on UAV
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control has been highlighted as an important issue, as the use of UAVSs increases (Wilson,
Caldwell, & Russell, 2007). The results of the studies reported in this thesis have practical
implications in this area. Individuals with action video game experience, whether from past
experience or through training, may be suitable UAV operators, as they demonstrate superior
multitasking abilities, however, caution must be taken, as they are as susceptible to the effects
of cognitive fatigue as individuals without video game experience

The results of this project also have theoretical implications pertaining to the role of
executive control in cognitive fatigue. Cognitive fatigue is an adaptive mechanism that
controls and manages motivation and behaviour, and is closely related to executive control
(Hockey, 2013). The executive functions organise and control lower-level cognitive functions
according to the individual’s goals. They are particularly involved in sustained attention and
divided attention tasks, as executive control is needed when goals need to be prioritised,
when irrelevant stimuli need to be ignored, and when automatic responses need to be
overruled (van der Linden, 2011). However, performing complex tasks for long durations
taxes executive control, resulting in a reduction in performance (Earle et al., 2015; Lorist &
Faber, 2011; Lorist et al., 2000; van der Linden, 2011; van der Linden et al., 2003).
Therefore, in the present project, it was hypothesised that those with greater executive
control, that is, the VGPs, would be able to resist the effect of cognitive fatigue. The results
presented are consistent with previous work (Appelbaum et al., 2013; Strobach et al., 2012),
demonstrating that VGPs have greater executive control compared to NVGPs, as
demonstrated by their superior sustained and divided attention performance. However, there
was limited support for the executive control hypothesis, as the advantage of superior
executive control did not always transfer to an increased resistance to the effects of cognitive
fatigue. In Study 1 (Chapter 3), the performance of VGPs and NVGPs declined at a similar

rate in the vigilance task. These results are consistent with the previous research on the
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effects of fatigue however they do not support the hypothesis that those with greater
executive functions will be less affected by cognitive fatigue. Further evidence was provided
for this in Study 3 (Chapter 5). When participants were not fatigued, VGPs performed
significantly better than NVGPs. However, the performance of both groups declined over
time due to fatigue, so that there was no significant difference between the groups.

In addition to the real world and theoretical implications identified above, the present
project has also highlighted a number if implications related to the study and analyses of the
cognitive performance of VGPs. It has been consistently demonstrated that VGPs have
improved cognitive abilities that are required in performing sustained attention tasks (Boot et
al., 2008; Castel et al., 2005; Dye et al., 2009b; C. S. Green & Bavelier, 2003, 2006b, 2007,
Hubert-Wallander, Green, Sugarman, et al., 2011; T. N. Schmidt et al., 2012), and it has been
found that VGPs have faster reaction times than NVVGPs on a vigilance task (Dye et al.,
2009b). In Study 1 (Chapter 3), at the univariate level, there was no significant difference in
reaction times, reaction time variability, measures of accuracy, or sustained attention
performance between VGPs and NVGPs. However, it is important to consider all variables in
the analysis, as at the multivariate level, there was a significant difference in sustained
attention performance between the groups. This suggests that the difference in performance
between VGPs and NVGPs is detectable only when a combination of the sustained attention
performance measures are analysed together. Further evidence of this is provided by the
results of Study 3 (Chapter 5) measuring driving performance. The driving simulator task
required participants to sustain their attention for approximately two hours. Successful
driving performance is the result of a combination of multiple variables as it consists of
performing multiple sub-tasks simultaneously and places high demands on a range of
cognitive processes (Desmond & Hancock, 2001; Mantyl et al., 2009). In this task, VGPs

performed significantly better than NV GPs in the first driving session, when fatigue was not
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a factor. Thus, when a combination of factors and variables contribute to task performance,
they must be analysed in combination. Doing so reveals that VGPs have superior sustained
attention compared to NVGPs, which is consistent with previous research (Boot et al., 2008;
Castel et al., 2005; Dye et al., 2009b; C. S. Green & Bavelier, 2003, 2006b, 2007; Hubert-
Wallander, Green, Sugarman, et al., 2011; T. N. Schmidt et al., 2012).

In addition to the above, this project has also contributed to knowledge on the
cognitive benefits of action video game playing through the methods used to classify
participants as either NVGPs or VGPs. Many studies refer to their video game playing
participants as experts, rather than as those with more experience (Andrews & Murphy, 2006;
Boot et al., 2008; Karle et al., 2010; Zhang et al., 2009), and while the process of becoming
an expert in a particular field often requires many hours of practice (VanDeventer & White,
2002), it is not sufficient criteria for being considered an expert. These studies also use self-
report measures only to classify participants as either VGPs or NVGPs. Study 1 (Chapter 3)
was the first in the literature to classify participants by using actual video game performance
measured in the laboratory. The results provide statistical evidence to support the use of self-
report measures in classifying individuals as either VGPs or NVGPs. Thus, the use of self-
report measures of video game experience appears to be sufficient in classifying participants
as either VGPs or NVGPs, on the proviso that VGPs are referred to as having more ‘video
game experience’, rather than as ‘video game experts’.

This project was also the first to investigate the effectiveness of different training
techniques in improving the cognitive skills associated with action video game playing.
Practicing a task will undoubtedly result in improved performance, however, specific training
strategies can be more effective at increasing learning, improving retention of newly learned
skills, and broadening the transfer of training (Gopher et al., 2007; Lee, Boot, et al., 2012; R.

A. Schmidt & Bjork, 1992). Variable priority training was chosen in comparison to the
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conventional fixed emphasis training, as training techniques that are variable, promote
cognitive flexibility, and that avoid task-specific mastery can lead to greater levels of learning
as well as broader transfer (Baniqued et al., 2013; Kramer et al., 1995; R. A. Schmidt &
Bjork, 1992). However, the results of the Study 2 (Chapter 4) did not demonstrate an
advantage for either training technique. There are a number of possible reasons as to why the
collected results are inconsistent with those from previous research, and these are discussed
in the following section.
6.2 Limitations and future directions

The results of the current project fill a gap in the literature pertaining to the
experience of cognitive fatigue by VGPs and NVGPs, however it is not without its
limitations. Firstly, it was difficult to recruit participants who solely played first-person
shooter video games. There has been a great deal of interest in this particular genre of video
game since the seminal paper by C. S. Green and Bavelier (2003), and subsequent work has
continued this focus. However, in both Study 1 (Chapter 3) and Study 3 (Chapter 5) it was
necessary to broaden the categorisation of VGPs to include all action video games. Thus
when comparing findings between studies it is important to determine how VGPs are
classified. Further, it is possible that not all action video games induce the same cognitive
benefits as first-person shooter games, and may explain why, inconsistent with previous
research, that there was no significant differences between VGPs and NVGPs on some
measures of performance (e.g. initial multitasking performance in Study 1). Therefore, the
results of Study 1 and Study 3 pertain to the effects of regularly playing action video games,
not specifically to first-person shooter video games. It is suggested that future work
investigate differences between the sub-types of action video games. Investigation of this is
still in its early stages (Oei & Patterson, 2015), and in light of the present results it would be

beneficial to direct the focus on the potential differences between genres of video games in
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the development of sustained and divided attention abilities.

Secondly, Study 2 (Chapter 4) only involved six participants, all of whom were
female, aged 29 to 58 years. Thus, the results cannot be generalised to the wider population,
and are also heavily impacted by individual differences (see Section 4.5.4). The results of
Study 2 are therefore only preliminary with regards to investigating the benefits of different
training techniques with video games in improving sustained and divided attention. It was
also highlighted in Study 2 that the efficiency of training improves when it is highly variable.
By including a range of action video games for participants to train on, instead of just one,
task variability is increased which may in turn increase the transfer of improvements in video
game performance to sustained and divided attention tasks (Chiappe et al., 2013; C. S. Green
et al., 2009). It is therefore suggested for future studies that multiple action video games be
used when investigating the benefits of variable priority training.

Thirdly, as with Study 1 (Chapter 3), the results of Study 3 (Chapter 5) do not provide
evidence for a causal relationship between video game experience and improved driving
performance. Therefore, future work should train NVGPs on one or more action video games
to determine whether driving performance can be improved through action video game
experience. In addition, it has previously been suggested that complex real-world tasks such
as driving may benefit from variable priority training (Boot et al., 2010). Therefore the
investigation of the effectiveness of different training techniques with video games, aimed at
improving sustained and divided attention should be expanded to also include simulator task
performance in addition to laboratory task measures. Further, it would be interesting to
investigate whether the visual search patterns of the NVGPs change due to playing these
video games. The results of Study 3 provide evidence that there are differences in search
patterns between VGPs and NVGPs, however it is still unclear whether this is due to action

video game experience or other factors such as driving experience, and whether this can
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affect driving performance.
6.3 Conclusion

The results of this project demonstrate that individuals who regularly play action
video games have superior sustained attention and divided attention compared to non- video
game players. These results were found by measuring performance not only in the laboratory
using vigilance and multitasking tasks, but also through measuring driving performance in a
simulator. However, despite the improved performance of VGPs compared to NVGPs, both
groups were equally susceptible to the effects of cognitive fatigue. Over time, both groups
experienced significant declines in sustained attention, divided attention, and driving
performance. The results of this thesis also provide further evidence that training on an action
video game can result in improved sustained and divided attention, and that these
improvements can remain three months after training ceases.

The wide range of cognitive benefits of playing action video games, and the superior
sustained and divided attention ability of VGPs suggests that playing these games improves
executive functioning, which also controls the adaptive mechanisms associated with
cognitive fatigue. However, this thesis presents evidence that improved executive control
does not result in an increased ability to resist the effects of cognitive fatigue. Overall, these
findings have practical implications for the recruitment and training of personnel in
occupations that require high levels of cognitive performance and the need to divide and
sustain attention for extended periods of time. However, whilst video game experience and
training can improve sustained and divided attention performance, the results reported in this

thesis demonstrate that it does not improve the ability to resist the effects of cognitive fatigue.
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Appendix A
Study 1 Questionnaire

Full name:

Age:

Sex:

Contact email:

Contact phone:

Please list any exercise/sport activities you partake in, and how often:

Do you play video games (including brain-training games)? YES / NO
If YES:

On average, have you played first-person shooter games at least 4 times per week for a

minimum of 60 minutes each time, over the past 6 months?
YES / NO
How often, over the past 6 months, do you play video games (any genre, including brain-

training games, and if you have Unreal Tournament experience)

TITLE GENRE CONSOLE Hours per week
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Appendix B

Study 1 Information Letter

Video Game Expertise:
Improving Cognitive Endurance through Action Video Game Play
Information letter

My name is James Brooks, I am a PhD student in the School of Psychology
and Social Science at Edith Cowan University, and this research project is being
undertaken as part of the course requirements.

I am mterested in finding new ways to improve people’s cognitive
performance, and cognitive endurance, i.e. the ability to mamtan a high level of
performance for long periods of time. The aim of this research is to determine
whether video game playing can improve cognitive endurance. Participation m fhis
project will mvolve completing a few computer-based tasks, and the completion of
a short questionnaire. The total duration of this task is expected to take
approximately 2 hours (you will be encouraged to take a break every 20-30
minutes). You will also go into the draw to win one of two $50 shopping vouchers
and will receive a raffle ticket for every hour of participation.

This project has been approved by the ECU Human Research Ethics
Committee. Any information recorded will remam confidential and identifiable
mformation will enly be available to myself and my supervisors, Prof. Craig
Speelman and Dr. Guillermo Campitelli. The final results of this study will not
include any personally identifiable information, and data may be used for fisture

research. Participation in this study 1z voluntary, and you will be free to withdraw at

any time with no explanation or justification needed.

Your participation in this study would be greatly appreciated. If you require
any further information about the research project, please contact:
James Brooks Email: j.brooks@ecu_edo au
Prof Craig Speelman  Phone: 6304 5724 Email- c speelmanf@ecu edu au

Regards,
James Brooks

If you have any concerns of complaints sbout the research and wish to talk to an independent
PETSON, YOU MAY Coniact.

Research Ethics Officer

270 Foondahip Drive

TOONDALTUP WA 6027

Phome: (08) 6304 2170

Email- research ethics{@iecn edu au

ENTTH Oyt
JOOHDALUF CAMFLE

70 Jaoranp Deve,
Joordar

Rl S 1 S A
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Appendix C

Study 1 Consent Form

Video Game Expertise:
Improving Cognitive Endurance through Action Video Game Play
Informed Congsent Form
Contact Details:
Primary Fesearcher: Principal Supervisor:
James Brooks Prof Craig Speelman
Ph 6304 5724
j-brooksi@ecn edu.an c.speelmaniaemn edu an

I have been provided with a copy of the Information Letter explammg the
research study. I have read and imderstood the information provided. Ihave been
given the opportunity to ask questions and any questions [ have asked have been
answered to my satisfaction ] am aware that if T have amy additional questions I can
contact the research team.

I am aware that participation m this research project will involve completing
some computer-based tasks, and completing a short questionnaire. I am aware that
the total duration of the task is expected to take approximately 2 hours.

I am aware that information provided will be kept confidential, and that my
identity will not be disclosed without consent. I imderstand that I am free to
withdraw from firther parficipation at amy time, without explanation or penalty.

I am aware that amy data collected may be used for firture research. Access
to this information will be distributed at the discretion of the primary researcher
(James Brooks) and principal supervisor (Prof Craig Speelman).

I apree that I am over 18 years of age.

I freely agree to parficipate in this project.

MName:

Date:

Signature:

ENTTH Oty
JOOHDALUF CAMFLE

70 Jooraiap Deve,
Jooedaie:

Rl 1 S S
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Appendix D

Study 2 Information Letter

|
Video Game Expertise:
Improving Cognitive Endurance through Action Video Game Play

Information letter EDITH COwaxs
My name is James Brooks, I am a PhD student in the School of Psychology AP O

and Social Science at Edith Cowan University, and this research project is being

Wiz Sapdrells 9527
- Telaphone 134 128
undertaken as part of the course requirements. Facsimie: 0E) 5300 1257
I am mterested in finding new ways to improve people’s cognitive rp———

performance, and copnitive endurance, ie. the abality to mamtain a high level of
performance for long periods of time. The aim of this research is to determine
whether video game trainmg can mprove cognitive endurance. The research will
mvolve the completion of a video gpame trammg program. This will involve playing
a video game for 10 1-hour sessions over 4 weeks. After this, a post-training
session will mvolve completme a few computer-based tasks, and the completion of
a short questionnaire. This task is expected to take approximately 2.5 hours (you
will be encouraged to take a break every 20-30 mumites). You will then be asked to
refurmn in 3 months’ ime for a follow-up session. You will also go info the draw to
win one of two electronic tablet devices (or gift card of equivalent value) and will
receive a $20 gift voucher at the 3-month follow-up.

This project has been approved by the ECU Human Research Ethics
Commuttes. Any mformation recorded will remain confidential and identifiable
mformation will only be available to myself and my supervisors, Prof Craig
Speelman and Dr. Guillermo Campitelli. The final results of this study will not
inchnde any personally identifiable mformation, and data may be used for future
research. Participation m this study is vohmntary, and you will be free to withdraw at
any time with no explanation or justification needed.

Your participation in this study would be greatly appreciated. If you require
any further information about the research project, please contact:

James Brooks Email- jbrooks?@lour ecu edu an
Prof Craig Speelman  Phone: 6304 5724 Email: ¢.speelmanig@ecn eduau
Regards,

James Brooks

If you have any concerns or complaints sbout the research and wish to talk to an independent
PeTson. You may contact

Research Ethics Officer

270 Foondshp Dirive

JTOOMNDALUP WA 6027

Phone: (08) 6304 3170 Email: research ethics{Teon adu au
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Appendix E

Study 2 Consent Form

Video Game Expertise:
ENITH CiMva™
Improving Cognitive Endurance through Action Video Game Play i
Informed Copsent Form p———
Joordair
Wiz Sapdrells 9527
Telaphone 134 128
Contact Details: i o
Primary Fesearcher: Principal Supervisor: s
James Brooks Prof Craig Speelman
Ph 6304 5724
j-brooksi@ecn. edu au ¢ speelmani@ecu edu an

I have been provided with a copy of the Information Letter explammg the
research study. I have read and understood the mformation provided. I have been
given the opportunity to ask questions and any questions [ have asked have been
answered to my satisfaction I am aware that if T have amy additional questions I can
contact the research team

I am aware that participation m this research project will mitially mvolve
conpleting some computer-based tasks, and completing a short queshionnaire. [ am
aware that the total duration of this task is expected to take approximately 2 hours.

I also agree to partake in the trammg program, requirng the completion of
10 60-mimite sessions, over the following 4 weeks. I am aware that I will be asked
to return for participation m a 3-hour session m 3 months™ time

I am aware that information provided will be kept confidential, and that moy
identity will not be disclosed without consent. I understand that I am free to
withdraw from firther participation at any time, without explanation or penalty.

I am aware that amy data collected may be used for firure research Access
to this mfcrmation will be distnbuted at the diseretion of the primary researcher
(James Brooks) and principal supervisor (Prof Craig Speelman).

I agree that [ am over 18 years of age.

I freely agree to participate i this project.
Name:

Date:

Signature:
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Appendix F

Study 2 Variable Priority Training Instructions

Task Description

e Get full Health (199)
l e Get full Shield (150)
¢ Find the double-damage pick-up

e Pick up all of the weapons
e Get full ammunition for each weapon
e Use the Primary fire (left click) and Secondary

fire (right click) for each weapon

e Complete Task 1 and Task 2 whilst evading
the enemy
3 e Try not to die (Pick up health, use dodge and
jump)
e Complete Task 1 and Task 2 whilst attacking

the enemy
4 e Try to kill the enemy as many times as
possible (Use everything at your disposal, i.e.

weapons, pick-ups)

e Complete all tasks
e Gain full Adrenaline (100)
5 e Learn the 3 other secret key combos to unlock
the Adrenaline bonus
e E.g. WWW,W = speed
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Appendix G

Study 3 Traffic Violations and Scores

Violation Description Score
You are driving more than 10 kph over the speed limit 3
Driving into the traffic lane without turning the left turn signal. 3
Driving into the traffic lane without turning the right turn signal. 3
Left turn signal not used when changing the lanes 3
Right turn signal not used when changing the lanes 3
The right turn signal was not on when turning 3
Turn signal not used 3
The exit from the ring is allowed only in the left outside lane 3
The left turn signal was not on when entering the ring. 3
The left turn signal was not on when leaving the ring. 3
Unnecessary crossing to the opposite lane 3
You are driving in the forbidden direction 3
You are driving more than 20 kph over the speed limit 3
You are driving in the opposite lane 5
You are driving more than 40 kph over the speed limit 5
You are driving on a red light 5
You have crossed the lane markings into the opposite lane 5
You haven't yielded to a pedestrian 5
You've pulled over the roadway 5
You are driving more than 60 kph over the speed limit 10
You are driving more than 80 kph over the speed limit 10
Pedestrian accident 10
You've had an accident 10
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Appendix H
Study 3 Questionnaire

Full name:

Age:

Sex:

Contact email:

Contact phone:

Please list which driver’s licences you hold, how many years you have been driving & any

other driving experience factors (e.g. work as a courier, taxi driver etc.)

Do you play video games (including brain-training games)? YES / NO
If YES:

On average, have you played first-person shooter games at least 4 times per week for a

minimum of 60 minutes each time, over the past 6 months?
YES / NO

How often, over the past 6 months, do you play video games (any genre)?

TITLE GENRE CONSOLE Hours per week
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Appendix |

Study 3 Information Letter

Comparing Simulated Driving Performance of Gamers and Non-Gamers
Information letter
My mame 15 James Brooks, I am a PhD student m the School of Psychology
and Social Science at Edith Cowan University, and this research project is being
undertaken as part of the course requirements.

The aim of this research is to determune whether video game playmg
experience can affect smmlated driving performance. Participation m this project
will mvolve completing a driving course in a sinmlator, and the conpletion of a
short queshionmaire. The total duration of this task 15 expected to take approximately
2.5 hours. You will go into the draw to win one of two $50 shopping vouchers, and
one $500 shopping voucher.

This project has been approved by the ECU Human Research Ethics
Committee. Any mformation recorded will reman confidential and identifiable
mformation will only be available to myself and my supervisor, Prof Craig
Speelman The final results of this study will not include any personally identifiable
information. and data may be used for fisture research under the supervision of Prof
Craig Speelman Participation i this study is voluntary, and you will be free to
withdraw at any time with no explanation or ustification needed. Please be aware
that the drnving simulator may mduce motion sickness.

Your participation i this study would be greatly appreciated. If you require
any further information about the research project, please contact:
James Brooks Email- j brooks{@ecu edu au
Prof Craig Speelman  Phone: 6304 5724 Email: cspeelman/@ecn edu.an

Regards,
James Brooks

If you have any concerns of complamts sbout the ressarch snd wish to falk to sn independent
PeTSO0D, YOu May contach

Fesearch Ethics Officer

270 Joondahp Drive

JOONDALUP WA 6027

Phone: (08) 6304 2170

Email: research. ethics(@eo edn.an

ENITH CiMyas

JOCHDALLF CAUFLE

B 54 S 0ES
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Appendix J

Study 3 Consent Form

Comparing Simulated Driving Performance of Gamers and Non-Gamers

Informed Consent Form
Contact Details:
Primary Researcher: Principal Supervisor:
James Brooks Prof Craig Speelman
Ph 6304 5724
J-brooks@ecu edu_an c.speelman@ecn.edu.an

I have been provided with a copy of the Information Letter explaming the
research study. I have read and imderstood the mformation provided. I have been
given the opportunity to ask questions and amy questions I have asked have been
answered to my satisfaction. I am aware that if I have any additional questions I can
comntact the research team.

I am aware that participation m this research project will mvolve performing
a doving course m a doving-sinmlator, and completing a short questionnaire. T am
aware that the total duration of the task is expected to take approximately 2.5 hours.

I am aware that the doving sinmlator may mduce motion sickness.

I am aware that any information provided will be kept confidential. and that
my identity will not be disclosed without mry consent. I understand that I am free to
withdraw from further participation at any time, without explanation or penalty.

I am aware that amy data collected may be used for firture research Access
to this mformation may be distnibuted at the discretion of the primary researcher
(James Brooks) and principal supervisor (Prof. Craig Speelman).

I confirm that I am over 18 years of age.

I freely agree to participate in this project.
Name:

Date:

Signature:

ENITH CiMyas
JOCHDALLF CAUFLE

70 Jacredaugp Deve,
Juordaur

B 54 S 0ES

206



