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ABSTRACT

Recent studies have shown that video games alter cognition in teenagers, but it is unknown how teen cognition changes
in the short-term directly after playing video games. This study measured the differences in selective attention, pro-
cessing speed, sustained attention, and cognitive flexibility of video-game playing (VGP) adolescents at different time
intervals after playing video games. Three different reasoning tests were used: the Paced Auditory Serial Addition
Test (PASAT), the Sustained Attention to Response Task (SART), and the Stroop Task. A custom 250 question arith-
metic test was also used, but was unable to uncover processing speed differences between VGPs after playing video
games. All VGP participants in the study underwent reasoning tests before playing video games, played League of
Legends (LoL)—known for its intensive use of spatial awareness, cognitive decision making, and working memory—
for an hour, and then took reasoning tests once again at different times after having played LoL. This experiment
affirms that video games create cognitive enhancement, though the experiment uncovered that VGP teens have wors-
ened selective and sustained attention as time elapses after playing video games. Future research may want to extend
the variable of time to test how video games affect attention or cognition by time in a longer term with a larger sample
size.

Introduction

With the development of the World Wide Web in 1989 by Sir Tim-Berners Lee, a surge of information became readily
available across the globe. Eventually, video games, a form of entertainment where a user engages with a digital
interface, were featured on the internet: known as internet games, these games increased the popularity of video games.
Over 2 billion people worldwide play video games (Newzoo, 2017), and roughly 150 million individuals in the United
States play video games (Entertainment Software Association, 2019). With a massive spike of interest in video games,
many neuroscientists and psychologists wondered about the effects of video games on the human brain. They found
that cognition, the use of the brain to think, perceive, or act, changes when people play video games. Video games
involve the use of spatial cognition, where millions of sensory neurons in the eyes process visual information (Spence
& Feng, 2010). However, the brain is incapable of interpreting all visual data and must enhance cognitive operations
to detect specific images to remain spatially aware—by improving rapid image detection and spatial awareness, cog-
nition is altered. (Spence & Feng, 2010).

Literature Review

Over the past decades, research has been conducted on video games in conjunction with psychology and neuroscience.
With the development of Magnetic Resonance Imaging (MRI), functional Magnetic Resonance Imaging (fMRI), and
cognitive reasoning tests, researchers have been able to measure the impact of video games on the human psyche.
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Though some researchers claim that video games may be a segue toward mental disorder (King et al., 2017), others
claim that video games may be a useful way of mental training (Green & Bavelier, 2007).

Many previous studies have evaluated video games as a conduit towards cognitive disability. According to
Simone Kiihn, a well-published neuroscience expert of the Max Planck Institute for Human Development, the human
reward system is altered with time spent playing video games (Kiihn et al., 2011). In an experiment where video game
playing (VGP) and non-video game playing (NVGP) individuals bet on randomized odds, he observed that a routine
increase in time playing video games was positively correlated with lessened time spent consciously thinking about
placing bets and left ventral striatum activity, a segment of the brain responsible for decision making and reward
behavior (Kiihn et al., 2011). An experiment done by other social science and neuroscience experts supports the strong
correlation between video games and the reward system, and it also finds that wins generate a stronger response in the
striatal, indicating changes in decision making. (Kitsyri et al., 2013). Additionally, psychiatric and brain science ex-
perts observed that gamers shown clips of video games demonstrated increased neural activity in their dorsolateral
prefrontal cortex (DLPFC), right medial frontal gyrus (OFC), parahippocampal gyrus, and thalamus: such neural cir-
cuitry is associated with craving patterns, anticipation of a reward, and trouble distancing from stimulating activity,
which is similar to the brain patterns of alcohol and nicotine abusers (Han et al., 2011).

With changes to the reward system, playing video games may lead to addiction. The term video game addic-
tion (VGA), stemming from internet addiction disorder which causes certain traits like craving, euphoria, and tolerance
(Dong et al., 2012), is deemed a mental disorder correlated with shyness and social detachment (Ayas, 2012). In a
study conducted by clinical psychologists from Victoria University in Melbourne, Australia, VGA was found to cause
stress, fearfulness, hopelessness, anxiety, and loss of self-esteem (Loton et al., 2016). This addiction has physical
effects as well. VGA is responsible for stimulating neurotransmitters such as oxytocin, melanocortin, neurotensin,
orexin, and Substance P (neurokinin A) (Tereshchenko et al., 2019). Aside from changes to the physical brain and
cognition, video games affect gamers emotionally as well. Questionnaires from 2,891 VGP young adults reveal that
many gamers act out of emotional avoidance and lack emotional coping strategies (Von der Heiden et al., 2019).
Another 630 VGP adults claimed that playing video games enabled them to satisfy the craving of fulfilling something
deep within themselves, losing track of real-world time (King et al., 2017).

Video games can also have other unwanted effects. Healthy German subjects introduced to video games had
increased heart rates, reduced self-reported relaxation levels, and lower supplementary motor area (SMA) activity (Liu
et al., 2019). However, reduced SMA activity could be explained by the VGP brain focusing its attention on a tighter
scope of thought, similar to a video game training experiment done on NVGP people who became VGP individuals
by renowned cognitive neuroscientist Daphne Bavelier, where decreased brain activity in the frontal-parietal network,
which includes the SMA, was an indicator of increased brain efficiency and response time (Bavelier et al., 2012).
Additionally, the VGP individuals had decreased visual crowding — indicating changes to the reticular network (Acker-
man, 1992) — improving their ability to process visual information (Bavelier et al., 2012). This observed phenomenon
where decreased brain activity led to increased brain efficiency can also be asserted in a study done by Stanford
psychologists, where VGP graduate students had decreased activity in their medial prefrontal cortex and posterior
cingulate cortex (Cole et al., 2012). However, the students also had increased activity in their motor cortex, visual
cortex, and anterior insula, indicating heightened motor skills and visual processes (Cole et al., 2012).

Green and Bavelier’s experiment found that training the brain with video games yields cognitive improve-
ments. Green and Bavelier had NVGP people play video games eight hours a week up to a total of thirty hours, finding
that they improved spatial cognition and decreased their visual crowding range (Green & Bavelier, 2007). To measure
such cognitive reasoning improvements, many researchers have tested VGP persons based on reasoning tests. In an
experiment done by expert cognitive scientists Brian Glass, Todd Maddox, and Bradley Love, video game training
improved mental intelligence and cognitive flexibility in twenty-six females, where cognitive ability was measured
based on reasoning tests such as the Attention Networking Test (ANT) and the Stroop task (Glass et al., 2013). One
specific type of training known as WM-REAS was found by cognitive psychologists to improve working memory —
the processing, utilizing, and storing of short-term information (Grabner & Stern, 2010) — in teenagers, though it led
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to divided attention as well (Baniqued et al., 2014). Additionally, video games may have potential to enhance the
cognitive ability of the elderly. In a study done by neurologists of the University of California, San Francisco, it was
determined that elderly who cognitively trained with a racing game had an increase in brain wave activity from 4 to 7
Hz in the prefrontal cortex (Anguera, 2013 et al.). Though the researchers were unable to determine effects of working
memory or sustained attention, the increase in theta waves in the prefrontal cortex does indicate that these individuals
that went through video game training had an increased capacity to learn (Roohi-Azizi et al., 2017).

Furthermore, video games offer other cognitive benefits; Bavelier and other neuroscience doctorates claim
that perceptual skills, spatial intelligence, and cognitive skills are benefitted by video games (Bavelier, 2011). Re-
search done by neuroscientists and psychologists tested 128 individuals who played puzzle and speed-switching video
games, using letter sets, form boards, paper folding, and matrix reasoning: the participants were found to have im-
proved working memory and fluid intelligence after playing such video games (Kranz et al., 2017). Another experi-
ment conducted by neurobiologists from the University of Irvine with 15 VGP people and 29 NVGP people found
that 3D video games improved hippocampal plasticity and basic memory by testing individuals based on the Mne-
monic Similarity Task (MST), virtual Water Maze task (vWM), and enumeration task (Clemenson et al., 2015). How-
ever, these cognitive enhancements may take a toll on other parts of the brain. Stanford psychologists utilized fMRI
scans on 57 graduate students who played serious video game Re-Mission, determining that video games lead to a
decrease of activity in the medial prefrontal cortex (Cole et al., 2012). Other research has found decreases in the
DLPFC from violent video games based on blood oxygenation level-dependent (BOLD) activity (Aliyari et al., 2020;
Hummer et al., 2010)—which can accurately depict neural activity (Hall et al., 2016). Nevertheless, these phenome-
nons of brain activity mirror brain patterns of attention deficit hyperactivity disorder (ADHD). Diminished activity in
the prefrontal cortex — the center of attention, concentration, and behavior regulation — is a common indicator of
ADHD determined by previous research (Arnsten, 2009). As such, video games appear to induce ADHD-like symp-
toms in the everyday cognition of VGP people.

Video games have been found to have different effects based on genre, and many researchers have uncovered
how different types of video games affect the human brain. Iranian neuroscientists and engineers found that sports
video games decrease salivary cortisol level, reducing stress levels, and increase reaction time (Aliyari et al., 2015).
Alongside a decrease in stress, an increase in 3Hz and 15Hz brain waves with a decrease with 6 and 10 Hz was
observed (Aliyari et al., 2015), stipulating a decrease in consciousness and complex thought, though creating a state
of restful healing (Roohi-Azizi et al., 2017). The Iranian neuroscientists later found decreased salivary cortisol levels
in participants who played puzzle games, and increased salivary cortisol levels (and thus heightened stress levels) in
participants who played horror and runner games (Aliyari et al., 2018). Furthermore, violent video games have nega-
tive effects, increasing fluctuations in heart rate and thus decreasing cardiac coherence (Hasan et al., 2013). Using
fMRI scans, Iranian clinical neuroscientists found violent gamers had increased BOLD activity and decreased DLPFC
activity, which indicates a lowered cognitive ability. By measuring vectored brain waves with an electroencephalo-
gram (EEG), the clinical neuroscientists unveiled that violent video games induce alpha-wave activity in the occipital
and parietal lobes as well as beta-wave activity in the frontal cortex (Aliyari et al., 2020): alpha-wave activity can be
attributed to relaxation when awake, while beta-wave activity can be attributed to alertness and conscious thinking
(Roohi-Azizi et al., 2017). However, Chinese psychologists refuted that violent video games significantly affect spon-
taneous brain activity; they measured the amplitude of spontaneous low-frequency fluctuation (ALFF) and scanned
the brains of VGP people using MRIs, concluding that violent video do not significantly affect spontaneous brain
activity (Pan et al., 2018). In another study on 59 young adults conducted by Canadian cognitive scientists, it was
determined that action video gamers had increased striatal gray matter and P3 components, resulting in greater sus-
tained attention (West et al., 2015).

Most behavioral and cognitive studies regarding video games focus on young adults. However, few studies
attempt to measure such effects on adolescents. In a study done by teenagers averaging an age of 18.86 + 1.46 years
old, it was found that gamers had improved processing speed, deductive reasoning, mathematical intelligence, and
analogy scores based on the Wonderlic Cognitive Ability Test Questionnaire (Hisam et al., 2018). A different study
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done by health specialists including a psychiatrist and pediatricians tested VGP and NVGP adolescents of 12.5 £ 1.9
years old cognitively based on the Stroop Task, Trail Making Test, Part B (TMT-B), and California Verbal Learning
Test for Children’s Version (CVLT-C). They found that VGP adolescents had higher speeds when completing the
reasoning tests, though they were faced with greater inaccuracies (Ozgetin et al., 2019).

Also, scarce research attempts to quantify reasoning test scores based upon time. Diankun Gong, a clinical
brain scientist part of the MOE Key Lab for Neuroinformation, found that increased time spent playing video games
led to increased neural plasticity based on ALFF assessment based on BOLD signals and reasoning test assessment
with the Raven Matrices Test (RMT) and IQ Testing (Gong et al., 2019). With a lack of research pertaining to how
elapsed time after playing video games produces cognitive effects in adolescents, this raises the question: how does
the cognitive ability of teenagers vary in the short-term after playing video games?

This research study adds to current literature, investigating how time elapsed after playing video games af-
fects the cognition of adolescents by measuring reasoning test scores. As Ozgetin states, “future studies could inves-
tigate more ranges of higher-order cognition, such as reasoning and everyday cognition” (Ozgetin et al., 2019),
whereas this study attempts to detect the shift in cognition between everyday cognition and cognition while playing
video games in VGP adolescents. Unlike the study done by the health specialists, this study does not factor in time
spent playing video games; the variable this study varies is the rest time between the end of playing video games and
taking reasoning tests a second time, finding how the cognitive ability of VGP teens changes after playing video
games. Boundaries presented by video games have been found to spur transient neural activity or short bursts of rapid
neural activity (Cole et al., 2012), suggesting that video games will sustain effect on short-term cognition even after
the player has quit. Since previous research indicates that video game players have increased sustained attention,
neural plasticity, and processing speed when compared to non-video game players, it is important to see the duration
of cognitive stimulation, and whether video games induce cognitive improvements in the short-term or long-term.

Methods

Eighteen VGP students (n=18) and six NVGP students (n=6) of total mean age 17.21 years were randomly selected
from a sample of 50 high-school students to generalize how video games affect cognition in high-school adolescents.
Students were recruited virtually, and all tests were held through Zoom with direct supervision from the researcher to
prevent safety concerns from COVID-19. The cognitive ability of the NVGP students was measured with cognitive
reasoning tests such as the PASAT, Stroop task, and SART taken in one sitting; VGP students were also instructed to
take such cognitive tests as well as custom addition tests following a different procedure. To maintain consistency, all
participants took reasoning tests in a specific order; the participants took the Stroop task, SART, PASAT, and then
the custom addition test when applicable.

Prior to the experiment, all teens were to fill out an informed consent form, requiring their own consent as
well as parental consent, and a pre-screening form, reporting the frequency at which they played video games. Indi-
viduals who had strictly no video game time on a weekly basis were considered as NVGP, while those who played
over eight hours per week were considered as VGP.

Thirty minutes before the experiment began, all VGP teens were required to abstain from playing video
games. Teen VGPs were first instructed to take a series of three reasoning tests consisting of the PASAT, Stroop Task,
and SART. A select few whose computer systems met certain software criteria were instructed to take the custom
addition test. Afterwards, each teenager played a free-to-play video game League of Legends (LoL) for an hour (%15
minutes to account for variable game durations), which was pre-installed on each participant’s system prior to the start
of the experiment. League of Legends was used since it challenges the player to not only strategize through spatial
awareness, but also utilize working memory and rapid cognitive decision-making. After playing video games, each
VGP student was randomly assigned to one of three experimental groups, taking the same reasoning tests again after
resting zero minutes, five minutes, or fifteen minutes: this measure is the time between when VGP teens finish playing
video games to when they take the reasoning tests a second time, referred to as elapsed time. While waiting to take
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such cognitive tests, participants were restricted from playing more video games or using electronic devices. Rather,
each participant was engaged in group discussion with either other participants or the researcher about real-world
topics, keeping their minds in a restful yet active state.

Cognitive Reasoning Tests

Paced Auditory Serial Test (PASAT)

The PASAT consists of 40 trials. Individuals will be shown two numbers and they must add those two numbers and
produce an answer for the first trial. In all subsequent trials, participants will be presented with an additional number.
They must remember the second of the previous two numbers and add that number to the newly presented number. If
ng Is the first number presented and ny is the last number presented, we can represent the answers the subject should
supply with the sequence no + n; , n; + n, , N + N3 ... N39 + Nup.

The PASAT collects both accuracy and reaction speed; the number of correct answers, the ‘time’ being the
average time taken to answer a question correctly, and the ‘combined’ is the average time it takes for the participant
to answer any question whether it be correct or incorrect. As a result, the PASAT is indicative of processing speed,
working memory, and cognitive flexibility.

Stroop Task

The Stroop Task also consists of 40 trials. For each trial, individuals will be presented a colored word. Each word will
also be a name of a color. Individuals must identify the color of the word rather than the color that the word describes.
For example, "red" should be identified as blue and "green" should be identified as red. The Stroop Task’s intended
goal is to measure processing speed, cognitive flexibility, and selective attention, though working memory is involved
as well.

The Stroop Task determines three cognitive variables: congruent, incongruent and Stroop effect. The con-
gruent is the average time in milliseconds it takes for a person to determine the color of a presented word that has the
same written color as it is written (ex. blue) in while the incongruent is the average time in milliseconds it takes for a
person to determine the ink-color of a word that specifies a different color (ex. red). Finally, the Stroop effect is the
difference of the incongruent and congruent times, measuring response delay: the time it takes for a person to begin
thinking after perceiving a stimulus.

The Sustained Attention to Response Task (SART)

SART will have 225 trials. In each trial, participants will be presented with a number 1 through 9 that will be quickly
covered by a circle with a cross. If the number is not 3, the participants are tasked with pressing the space bar on their
keyboard. This is known as a "Go trial (GT)." If the number is 3, participants must refrain from pressing their keyboard
momentarily. This is known as a "No Go trial (NGT)." The accuracy of both 25 NGTs and 200 GTs from participants'
SARTSs which will be used to measure working memory, selective attention, and especially sustained attention.

Custom Addition Test
The custom addition test has infinite trials for a fixed duration of three minutes. Each trial consists of one single-digit
addition question, where participants must do their best to answer the arithmetic question with accuracy. However,

unlike all the reasoning tests above, a time limit rather than a question limit is present. Therefore, even though this
test measures working memory, its greatest emphasis of measure is sustained attention and processing speed.
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Furthermore, a time limit with such arithmetic questions will be used to determine the participant's ability to apply a
combination of sustained attention and processing speed.

Ethics Statement

All participants voluntarily provided their informed consent as well as parent or guardian acknowledgement to partic-
ipate in this experiment. All personal data was stored on an encrypted hard drive to ensure safety of data. This study
was approved by a school-based Institutional Review Board.

Results and Discussion

To reduce confounding factors such as intelligence or physical features, a matched pair analysis was taken, matching
VGP participants’ cognitive data before and after playing video games. Additionally, the difference in cognition was
taken after VGP teens finished an hour of playing video game LoL, having waited a variable elapsed time or resting
period (0, 5, or 15 minutes) when having finished playing said video game.

A one-way Analysis of Variance (ANOVA) test was taken of all 0 min, 5 min, and 15 min VGP participants
to verify whether a significant difference in cognition exists before and after playing video games affirming previous
studies. Additionally, ANOVA was used among the final cognitive results of each time group to verify whether cog-
nitive ability fluctuates after a session of playing video games. Linear regression modeled the general trend of cogni-
tive elements both before and after playing video games as well as among the three time groups after playing video
games to model cognition after playing video games as a function of time.

Below demonstrates the results of each group for the conducted tests.
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Figure 1.1. Stroop Task Results of NVGP participants versus VGP Participants
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Figure 1.2. SART Results of NVGP participants versus VGP Participants
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Figure 1.3. PASAT Results of NVGP participants versus VGP Participants

Figure 1.1, Figure 1.2, and Figure 1.3 compares the cognitive results of the NVGP participants to that of VGP partic-
ipants in the Stroop task, SART, and PASAT tests respectively, measuring differences in everyday cognition. When
comparing the NVGP results to VGPs some data points stick out. For example, when measuring everyday cognition
using initial tests in VGPs by the PASAT (Figure 1.3), the average combined of the 0 minute group (x=3365), 5 minute
group (x=3154), and the 15 minute group (x=2636) is substantially greater than that of the NVGP group (x=2347).
With NVGP teens having a quicker combined time on average, NVGPs have better processing speed and cognitive
flexibility when it comes to everyday cognition. However, after playing video games, VGP teens tend to outperform:
the 0 minute group (x=2264) and the 15 minute group (x=2024) had better final combined times on average while the
5 minute group (x=2447) did slightly worse than the NVGP teens. Similar results can be seen within the Stroop task
(Figure 1.1), such that the initial VGP participant processing speed measures on average were slower than that of the
NVGP participants, though the final VGP participant processing speed measures were faster than that of the NVGP
participants.

The graphs in Figure 2 demonstrate the correlation between different processing speed measures (Congruent
and Incongruent) in the Stroop before and after playing video games. Within Stroop task results after playing video
games, a very flat correlation between time and both congruent and incongruent speeds can be observed with a high
variance in the points (see Figure 1). When comparing groups to one another by standard deviation as per final con-
gruent, the O minute group (SD = 186.7), the 5 minute group (SD = 112.1) and the 15 minute group (SD = 103.8) had
tighter intervals over time, which supports the conclusion that processing speed in VGP teens is more variable when
playing video games than when not. Similar results are present within the standard deviations in the final Stroop effect,
such that the O minute group (SD=65.7) and 5 minute group (SD=66.3) have significantly greater variance than the 15
minute group (SD=37.6), supporting that cognitive flexibility is more consistent as VGP teens transition into their
everyday cognition. With tighter standard deviation, it can be implied that VGP teens were able to output a more
consistent cognition with a clearer mind. Since working memory is directly influenced by mental clarity, the VGP
teens therefore had improved working memory as time progressed after playing video games. Comparing the averages
for Stroop effect after playing video games at 0 minutes (x=160.8), 5 minutes (x=112.3), and 15 minutes (x=87.8), a
narrowing delay time in cognitive thinking is present within the VGP teens. A greater cognitive delay is indicative of
utilizing higher levels of sustained attention, processing speed, and selective attention necessary — which VGP teens
require to play video games — and thus it can be implied that VGP adolescents use less detailed thinking in their
everyday life as opposed to when they play video games.

ISSN: 2167-1907 www.JSR.org 7



dlGHiSeR0on IO Volume 10 Issue 2 (2021)

@ Jounal of Student Research AP Research August
3 Initial Congruent compared to Final Congruent
g 1400 |
3 1200 T
E 1000 | . i
£ il AR U R S ST B et
= B0 hessssssnndnissssnedsess '
e K | PEETTT TP EEE Ll » F ir
£ o :
E 400 | | I°N
3 I
& 200 |
g /i AL L I S A S
0 2 4 B B 10 12 14 16 18
Elapsed Time (Minutes)
&  |nital Congruent (ma) 8  Final Congruent {ma)

-------- Linear {initial Congruent (ma)) =+« Linear {Final Congruent (ma))
— Initial Incongruent compared to Final
% Incongruent
=z 14040
= 1200
=
ctocof | S HE S ——— i
E A0 Pomrrsnsnsnsnsnsnsns R Tr TET T PT P RR =
= 00 -
400
ﬁ 200
§ o
= i 5 10 15 20

Elapsad Tima (Minutss)
® Inidal Incongruent {me} # Final Incongruent {mse)
-------- Lin=ar (initial Incongruant {ms}} ===« Lingar (Final Incongruent (ms))

Figure 2. Stroop Task Results of VGP Teens Relative to Time After Playing Video Games
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Figure 3. SART Results of VGP Teens Relative to Time After Playing Video Games

Figure 3 displays two graphs conveying the correlation between time and No Go Mistakes before and after
playing video games. Though many participants disliked the length of the SART and some felt mentally fatigued after
taking it, the SART precisely determined changes in VGP teens’ cognition after playing video games by compelling
the use of unconscious cognition. Compared to NVGP samples (x=9.6; SD = 4.2), participants on average in the 0
minute VGP group (x=9.2; SD=4.8) had less No Go Mistakes signaling that gamers at the time of playing video games
have greater sustained and selective attentions. However, the 5 minute (x=15.3; SD=4) and 15 minute VGP group
(x=9.3; SD = 5.3) had larger average NGT Mistakes than the NVGP group, such that NGT Mistakes in VGP teens
increased as time elapsed with a moderate relationship (p<0.03; r=0.59) — such correlation (see Figure 3) indicates
that sustained and selective attention are greatest at the time of playing video games. Appending previous findings
that determined improved attention in VGP teens immediately after playing video games (Cain et al., 2014), these
results implicate that after having played video games, the sustained and selective attentions of VGP teens gradually
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deteriorate as time progresses (attention divides). Additionally, by such data, the sustained and selective attentions of
NVGP teens are better than that of VGP teens not cognitively stimulated by video games.
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Figure 4. PASAT Results of VGP Teens Relative to Time After Playing Video Games

Figure 4 depicts three graphs that demonstrate changes in the percent correct, final time, and combined time
respectively in VGP teens before and after video games. The percent correct (p<0.07; r=0.69) increases after playing
video games demonstrating an improved working memory and cognitive flexibility. Additionally, both the time
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(p<0.08; r=0.88) and combined (p<0.1; r=0.83) decreased slightly, indicating greater processing speed and working
memory after playing video games.
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Figure 5. Custom Addition Test Results of VGP Teens Relative to Time After Playing Video Games

Figure 5 presents the findings from the custom addition test in a specified sample of 12 VGP teens. However,
minimal findings could be drawn since the change between initial and final correct (p>0.5; r=0.91) and total correct
(p>0.4; r=0.89) lacked statistical significance.

Conclusion

This study examined changes in VGP teen cognition over time after playing video games. By assessing participants
with reasoning tests before playing video games as well as after one of three resting intervals when finished playing
video games, trends in cognition over time in VGP teens were formed. The reasoning tests that were used to assess
cognition include the Stroop task, SART, and PASAT.

Analysis of the Stroop task’s results (see Figure 2) before and after video games calls attention to improve-
ments within the final congruent (p<0.01; r=0.71) and incongruent (p<0.01; r=0.73) values from their initial counter-
parts, asserting previous findings that video games improve short-term cognition (Pohl, 2014 et al.; Spence, 2010).
Similarly, the results of the PASAT (see Figure 4) exhibit an increase in percent correct (p<0.07; r=0.69), and a
decrease in time (p<0.08; r=0.88) and combined (p<0.1; r=0.83) within the VGP participants. With improvements in
such Stroop task and PASAT scores, VGP teens were seen to improve their processing speeds, cognitive flexibilities,
selective attentions, and working memory capabilities. Though VGP participants experienced a greater Stroop effect
on average after playing video games, Stroop effect was not a statistically significant data field (p>0.3) when consid-
ering VGP cognition before and after video games.

Though VGP teens may have higher levels of cognition when gaming, their sustained and selective attentions
are significantly lower than NVGP teens as presented by the SART test scores when VGP adolescents transition to
their everyday cognition. With an increase of divided attention in VGP teens (presumed by a decrease in selective
attention and sustained attention) over time after playing video games seen by this experiment, as well as a drastic
decrease in activity within the frontal-parietal network in VGP young adults observed by other studies (Bavelier et al.,
2012), video games appear to instigate ADHD-like symptoms within VGP people. If such a phenomenon in young
adults observed by Bavelier is mirrored in teens, then correlation between ADHD-like behavior (or possibly even
ADHD itself) and VGP may exist. Yet, such divided attention may stem from lowered relaxation or increased heart
rate found in another study (Liu et al., 2019), though such results are contradicted by Iranian neuroscientists who
determined heightened alpha wave activity from video game players, signifying increased relaxation levels in VGP
participants (Aliyari et al., 2020). Nonetheless, worsened selective attention and sustained attention induced by video
games seem to have a prolonged effect as per the SART finding, which leaves this experiment open to further inquiry
as to why the effect may occur, and what other implications that can be drawn from the resulting conclusion. Further
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research can determine the potential correlation between ADHD and video games through extensive cognitive testing
and MRI scans on healthy VGP individuals without diagnosis before and after playing video games, such that a heavy
emphasis on attention testing (both selective and sustained) is taken while referencing the DSM-5 for ADHD diagno-
sis.

Limitations

This experiment had large outliers that heavily influenced the statistical significance of certain data values. For in-
stance, if the conducted Stroop task was rid 1 of its most extreme outliers in each data group (when comparing the
percent change of cognitive test scores before and after playing video games among the three time groups), the con-
gruent (p > 0.7) would have p-value < 0.3, incongruent (p>0.9) would have a p-value < 0.15, and Stroop effect (p<0.6)
would have a p-value < 0.4. Therefore, it is imperative for future research to contain a much larger population for this
experiment to lessen the impact of heavy outliers in the data. On a related note, the Stroop and PASAT tests contained
much fewer trials than the SART test and as a result yielded higher error when comparing the final cognition of the
three time groups; future studies should use greater trials in these tests to ensure greater consistency in the data, re-
ducing variance. In conjunction with a greater sample size, further levels of the independent variable time can be
included in future research, such that the relationship between cognition in VGP teens and time can be mapped up to
two hours after playing video games. By assessing a longer period, conclusions can be drawn to verify the accuracy
of the relationship between divided attention and video games observed by this study and ascertain whether video
games may be correlated with ADHD-like behavior.

Future Research

Other future research could determine the cognitive impacts video games have on neurotransmitters; further research
could quantify dopamine, serotonin, vasopressin, and endorphin levels before and after video games to chart depths
of craving or mood stabilization induced by playing video games. A different set of neurotransmitters including oxy-
tocin, melanocortin, neurotensin, orexin, and Substance P (neurokinin A) are closely related with VGA (Tereshchenko
et al., 2019): measuring such neurotransmitters on a quantitative basis may be indicative of the severity of VGA, and
whether or not it operates on a physical level. Furthermore, another aspect worth considering in conjunction with
neurotransmitters is time. By quantifying neurotransmitters relative to time, a clear impact will be seen on the way
that video games stimulate the brain and whether that may be helpful or harmful to dopaminergic pathways both in
the short term and long term. Additionally, quantifying neurotransmitters as per time will enable researchers to deter-
mine physical effects of video games; these findings may either assert the severity of VGA. or prove otherwise to be
a potentially healthy way to stimulate the brain as a destressor and elate the mood of the player. Future research may
be able to quantify neurotransmitter changes induced by video games using models of uncaging molecules (Shoham
et al., 2005) or BOLD signals (Bruinsma et al., 2018).
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