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Abstract: There is mixed evidence regarding whether video games affect executive function. The
inconsistent results in this area may have to do with researchers’ conceptualizations of executive
function as a unified construct or as a set of independent skills. In the current study, 120 university
students were randomly assigned to play a video game or to watch a screen record of the video
game. They then completed a series of behavioral tasks to assess the shifting, updating and inhibiting
subcomponents of executive function. Scores on these tasks were also used as indicators of a
component-general latent variable. Results based on analysis of covariance showed that, as predicted,
the inhibition subcomponent, but not the updating or the shifting subcomponent, was significantly
enhanced after gaming. The component-general executive function was not enhanced after gaming
once the results were controlled for other subcomponents. The results were unrelated to participants’
self-reported positive and negative affect. The findings add key evidence to the literature on executive
function and potentially contribute to the therapeutic use of video games to maintain executive
function in the aged population.
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1. Introduction

Touchscreen video games are now part of the daily lives of many people, a large
number of whom play on smartphones or tablets. The number of video game players
worldwide reached 2.60 billion in 2020, with average weekly gameplay hours ranging from
6.69 to 7.98 across countries [1]. Studies on cognitive training have tested whether there
are cognitive benefits associated with video gaming. Evidence of cognitive enhancement
is robust when referring to visual attention [2,3] but is mixed when referring to higher
cognitive functions, such as action inhibition and set-shifting [4]. These latter skills are part
of executive function (EF), the ability that controls and regulates goal-directed behavior [5].
The current study examines whether the mixed results with regard to the benefits of gaming
on EF are related to how EF is conceptualized and measured.

Many studies have shown a positive correlation between video gaming and EF. Long-
term training-based studies [6-9] have supported significant improvements in participants’
performance on EF tasks after a period of video-game training. For example, Sosa and
Lagana [10] reported that 15 h of video-game training over five weeks improved EF as
measured by a card-sorting task and a Stroop task. In studies with short-term video-game
playing under laboratory conditions and subsequent measurement of EF [11,12], video
games were also found to increase EF. For example, Buelow, et al. [13] found that short-term
video-game play improved college students’ EF as measured by the lowa Gambling Task,
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the Balloon Analogue Risk Task and the Wisconsin Card Sorting Task. The idea that video
games can enhance EF is also supported by studies comparing high-frequency and low-
frequency video-game players [14-18]. For example, Al-Gabbani, et al. [19] reported that
children (mean age 9.2 years) with experience playing action video games outperformed
children who did not have experience, on a spatial span task and a stop-signal task. A meta-
analysis from Ong et al. [20] concluded that video games could significantly improve EF.

However, other studies have found only partial benefits or negative effects of video-
game playing on EF. For long-term video-game training, Ruiz-Marquez et al. [21] reported
that 15 video-game training sessions of 30 min each did not have a significant positive
effect on EF measured by the Stroop task. For short-term video-game playing, Parong and
Mayer [22] found that participants who played virtual-reality games for a short period
did not outperform the control group on the n-back task. Hummer et al. [23] found
that short-term violent-video-game exposure did not significantly influence reaction time
on a go-nogo task. For studies comparing individuals with different game frequencies,
Huang et al. [24] showed that, compared to non-video-game players, frequent-video-game
players did not perform better on inhibition tasks. A meta-analysis of 118 studies on
the effects of video gaming [25] showed that only the inhibition component of EF was
significantly enhanced after gaming. There was no effect on other EF skills like multitasking,
switching, and working memory. The effect of video gaming on EF was not supported in
reviews for studies with children [26] or elder samples [27].

The conflicting results regarding the effects of video-game playing on EF may be due in
part to whether EF is conceptualized as a unitary construct or as a set of independent skills.
Wang et al. [3] defined EF as an entity, an umbrella term for planning, working memory,
reasoning, inhibition, mental flexibility and the monitoring of action. Using this definition of
EF the researchers found no link between video-game playing and EF. Eggenberger et al. [28]
conceptualized EF as a general construct with three subcomponents, shifting, inhibition
and working-memory updating. They found a positive effect of video gaming only on
the inhibition subcomponent. Therefore, it is possible that playing video games influences
some, but not all, aspects of EE. Wang et al.’s [3] meta-analysis might have mixed the effects
from different components and come to a different conclusion than Eggenberger et al.’s [28].
Nevertheless, it is also possible that research participants only demonstrate the strategies
or response patterns required for a specific task or component of EF, making it difficult to
demonstrate improvement in EF across tasks or components. Unlike these earlier studies,
we argue that EF is both an entity and subdivided and that the component-general and the
component-specific factors of EF should be studied simultaneously.

In early attempts to subdivide EF, Miyake et al. [29] proposed three subcomponents,
namely inhibition (inhibit prepotent responses), shifting (shift between task demands)
and updating (update and operate in working memory), which can be measured by
separate tasks. Confirmatory factor analysis provided support for this model of EF. Fried-
man et al. [30] built on this model by proposing a common EF latent variable that links
all the tasks from the three subcomponents. Statistical tests only partially support this
conceptual model. Specifically, after adding the common EF factor as a latent variable,
the inhibition subcomponent could not be extracted from the model (i.e., a large part of
its variance was explained by the common EF factor) and thus, was excluded. This result
was the basis of a new bifactor model of EF [30]. The bifactor model assumes that the
structure of EF is both unitary (a common EF factor can predict all task performance)
and specific (different subcomponents of EF may have different effects across different
tasks). This model provides a framework for studying the component-general and the
component-specific factors simultaneously.

The common factor and inhibition shared a large amount of variance in Friedman et al.’s [30]
study. Both general EF (component-general) and inhibition (a component-specific aspect
of EF) may be improved after gaming. A meta-analytic study [25] showed that only the
inhibition subcomponent was enhanced after video-game training. [28] found enhanced
inhibition but not shifting and updating. Using an antisaccade task as a measure of the
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inhibition component, Diarra et al. [31] found improvement in oculomotor inhibition in
older adults trained on the Super Mario video game. However, in general these studies
assessed the subcomponents of EF without attention to an overall EF construct. One
exception was Eggenberger et al. [28], who used the Montreal cognitive assessment to
measure the common EF factor, in addition to the specific components of inhibition, shifting
and updating. But the results of this study are difficult to interpret because the common
EF factor was measured using a single task instead of estimating from task performance
across the three subcomponents. It is unclear whether this measure of common EF actually
represents a domain-general ability across EF tasks.

In sum, the current study tested both component-general and component-specific EF
factors in healthy young adults who were randomly assigned to play a touchscreen video
game or watch a screen record of the video game. A touchscreen video game similar to
Pac-Man was used for this study. On the one hand, most video-game players in China play
through their touchscreen phones [32]. On the other hand, social information displayed in
the video game may affect participants” attentional processing [33]. The type of game used
in the current study conveys less social information.

We hypothesized that: Compared to the control group that watched the video, the
video-game group would (1) perform better on the post-game measure of the inhibition
ability, (2) not perform better on the post-game measure of the updating ability and
(3) not perform better on the post-game measure of the shifting ability. No hypothesis
about common EF was made because there is no similar evidence for a common EF score
extracted from the three EF subcomponent measures.

2. Method
Participants

One hundred and twenty undergraduate students (average age: 21.29 years,
SD: 2.47 years) were recruited to participate in the study; 45% of the participants were
women (average age: 21.00 years, SD: 2.83 years), and 55% were men (average age:
21.53 years, SD: 2.13 years). The participants were randomly assigned to the video-game
group or the control group.

The materials and procedure of this study were approved by the Research Ethics
Committee of the university with which the first author is affiliated. Written informed
consent was obtained from each participant upon arrival. Participants were told that their
performance scores were anonymous and that they had the right to withdraw at any time.

3. Instruments
3.1. Positive Affect and Negative Affect Schedule

The positive and negative affect schedule (PANAS) [34] was administered at the
beginning of the study to measure the participants’ self-reported positive and negative
affect. Participants rated 20 items using a 5-point Likert scale (1 = very slightly or not at
all, 5 = extremely) on the extent to which they were experiencing positive and negative
emotions. Internal consistency (measured by the Cronbach’s a coefficient) of the PNANS
in the current study was 0.83 for the positive-affect subscale and 0.87 for the negative-
affect subscale.

3.2. Video Game

The video game was similar to the game of Pac-Man. In the game used in our study,
the participant guided a spherical creature with a large mouth to eat beans that fell from the
top of the screen. Points were awarded when the creature ate “correct” beans and lost when
the creature ate “incorrect” (distractor) beans. Correct beans showed a specific combination
of shape and color. Sphere-shaped beans earned points when they were yellow but cost
points when they were blue; cube-shaped beans earned points when they were blue but
cost points when they were yellow. The video game was programmed using Java script
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Total Score

The participant’s total score for

the entire game.

The Pacman

Subjects controlled the Pacman by
touching and dragging with their

fingers.

and run on a 10.2-inch touchscreen. The interface is illustrated in Figure 1. The materials
created for this study did not infringe on any copyrights.

Points for Current Action

Points assigned for current action.
RO \Vill show +1 for eating a correct bean
and -1 for eating an incorrect bean.

Reload/Exit

Reload: Clear previous data.
Exit: Quit the game.

Beans
Points are earned for eating yellow
sphere beans or blue cube beans, and
points are lost when eating blue
sphere beans or yellow cube beans.

Figure 1. Interface of the touchscreen video game. Note. Screenshot of the video game interface on a 10.2-inch touchscreen.

Red boxes and lines are not part of the interface.

3.3. Post-Game Questionnaire

After they finished gaming, participants in the video game group rated their game
experience [33]. Participants used a 10-point scale (0 = totally disagree, 9 = totally agree) to
rate whether the game was action-packed, enjoyable, exciting, entertaining, fun, involving,
hard to play and frustrating; the extent to which they felt able to play the game; and whether
the game had violent or prosocial content. Example items were “The game involves helping
behavior” and “The game is hard to play”.

3.4. Components of EF

After-game measures of the executive function components were based on earlier
research [30]. Details about these tasks can also be found in Miyake et al. [29]. The tasks
chosen for use in the current study were selected to cover as many modalities as possible
(paper—pencil, auditory and visual tests) to avoid common method bias.

3.5. Plus-Minus Task

The plus-minus task aims to measure the shifting component of EF. The materials are
three lists of numbers, each presented on a separate page. Each list contains 30 randomly
generated two-digit numbers arranged in a row. On the first list, participants were asked
to add three to each number; on the second list, to subtract three from each number; and
on the third list, to alternate between adding three and subtracting three in sequence
(i.e., add three to the first number, subtract three from the second number, add three to the
third number, and so on). The participants wrote down their answer to each item as they
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progressed through each list. The cost of shifting between plus and minus (as an indicator
of shifting ability) was calculated as the time cost of the third list (measured by a stopwatch)
minus the average time cost of the first and second lists. The indicator of shifting ability is
the inverse of shifting cost, so that larger numbers indicate better executive function.

3.6. Tone-Monitoring Task

The tone-monitoring task measures the updating component of EF. Participants were
first given a short test to make sure they were able to identify different tones, including high-
pitched tones (880 Hz), medium-pitched tones (440 Hz) and low-pitched tones (220 Hz).
After the hearing test, participants practiced on 25 tones to familiarize themselves with the
rules of the task. In the task itself, participants heard a series of 25 tones (a mixed order
of 8 high-/medium-/low-pitched tones and a random tone) in each of four blocks. Each
tone lasted 500 ms with an inter-stimulus interval of 2500 ms. Participants were asked to
respond by pressing a button when every 4th tone of each particular pitch was presented.
For example, in the sequence “low, high, medium, high, high, low, low, high, high, low,”
participants should respond to the 4th high tone and the 4th low tone (italicized). When
an incorrect button was pressed, the tone count for that pitch automatically reset to zero,
and feedback was presented on the screen. Note that the tone count was not shown on the
screen, which means that participants had to monitor the number of times each pitch had
been presented. The number of correct button presses (possible range: 0-24) was used as
the indicator of updating.

3.7. Antisaccade Tusk

The antisaccade task measures the inhibition component of EF. In each trial of the task,
a fixation point (a cross presented in the center of the screen) was first presented in the
center of the screen for a variable amount of time (randomly selected from 1500-3500 ms in
250 ms intervals), followed by a visual cue (a solid black square) on one side of the screen
(left or right) for 225 ms. The target stimulus (an arrow in a hollow square, pointing either
up or down) was then presented on the opposite side of the cue for 150 ms. Participants
were asked to indicate the direction of the arrow by pressing the corresponding button,
which required them to inhibit their attention to the cue stimulus in order to identify the
direction of the target. Participants practiced on 22 trials before they received 90 task
trials. The average accuracy across all task trials was used as the indicator of inhibition.
Note that “antisaccade” refers to the name of the task and does not mean using the eye-
tracking technique.

3.8. The Common EF

Based on the bifactor model [35], latent variable modeling was used to extract the
common EF from the three task indicators. The loading of the common EF factor was
estimated based on the covariance matrix using maximum likelihood estimation, and the
indicator of the common EF was calculated as the sum of the three weighted standardized
task indicators (with each weight assigned based on the corresponding standardized
path coefficient). The model was estimated using Mplus Version 7.0 (Muthén & Muthén,
Los Angeles, CA, USA).

4. Procedure

Participants were randomly assigned to the video-game group or the control group
upon arrival, and then they completed the PANAS. After that, participants in the video-
game group were given a brief tutorial on playing the game. They practiced for 5 min
and played the game for 30 min. They then completed the post-game questionnaire.
Participants from the control group watched a screen record of the video game for 35 min
instead of actually playing the game. After that, all participants were given instructions
about the EF tasks. They completed the plus—minus task, the tone-monitoring task and the
antisaccade task in random order (balanced between subjects).
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5. Data Analysis

To assess whether emotional state interfered with the results, we first conducted
independent-sample ¢ tests to examine whether the experimental and control groups dif-
fered in positive or negative affect at the beginning of the experiment. Pearson’s correlation
coefficients between the PANAS scores and the EF task scores were also calculated to
test whether positive or negative affect at the beginning of the experiment influenced
task performance. To assess whether features of the game influenced performance on
the EF tasks, the correlations between ratings from the post-game questionnaire and the
task-performance scores were calculated within the experimental group. After examining
the effect of these possible confounds, we conducted a series of analysis of covariances
(ANCOVAs), investigated whether video-game exposure influenced one subcomponent
of EF after controlled for the other subcomponents (e.g., controlled for inhibition and
updating when analyzing between-group differences in shifting). Considering that the
inhibition ability and the common EF shared a similar structure [30], the between-group
differences of the common EF were tested by ANCOVA, controlled for inhibition. All
analyses were performed using JASP software.

6. Results
6.1. Positive and Negative Affect as Possible Confounds

The experimental and control groups did not differ in positive (¢ [118] = 1.015, p = 0.312,
Cohen’s d = 0.185) or negative (f [118] = 1.171, p = 0.244, Cohen’s d = 0.214) PANAS scores at
the beginning of the experiment. Neither PANAS score was significantly related to any of
the EF task indicators, rs < 0.136, ps > 0.140. Within the experimental group, no significant
correlations emerged between ratings from the post-game questionnaire and EF task scores,
rs < 0.218, ps > 0.094.

6.2. Influence of Video Gaming on Components of EF

The correlation matrix underlying the latent variable modeling was presented in
Table 1. In latent variable modeling, standardized path coefficients from the common EF
to shifting (8 = 0.660, p < 0.001), inhibition (8 = 0.666, p < 0.001) and updating (8 = 0.559,
p < 0.001) reached statistical significance. Descriptive statistics for the scores of inhibition,
shifting, updating and the common EF are shown in Table 2, separately for each group. To
present the scores of the three components on a common scale, the descriptive statistics for
z-transferred scores of the three components are presented in Table 3, separately for each
group. The results based on ANOVA and ANCOVA are presented in Table 4.

Table 1. Correlation matrix underlying the latent variable modeling.

Shifting Updating Inhibition
Shifting 1
Updating 0.372 *** 1
Inhibition 0.369 *** 0.439 *** 1

Note. N =120. The shifting, updating and inhibition scores are measured by the plus-minus task (time difference in
seconds), the tone-monitoring task (number of correct responses) and the antisaccade task (accuracy), respectively.
L

p <0.001.
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Table 2. Means and standard deviations for the scores of executive function.

Video-Game Group (N = 60) Control Group (N = 60)
Scores
M SD M SD
Shifting —15.34 13.05 —18.88 13.74
Updating 18.92 4.09 18.20 4.13
Inhibition 0.96 0.04 0.94 0.04
Common EF 0.29 1.40 —0.29 1.47

Note. The shifting, updating and inhibition scores were measured by the plus—minus task (time difference in
seconds), the tone-monitoring task (number of correct responses) and the antisaccade task (accuracy), respectively.
A larger number indicates better executive function. The common EF was a latent variable extracted from the
three task indicators.

Table 3. Means and standard deviations for the Z-scores of the executive function components.

Video-Game Group (N = 60) Control Group (N = 60)
Scores
M SD M SD
Z (Shifting) 0.131 0.968 —0.131 1.022
Z (Updating) 0.087 0.996 —0.087 1.005
Z (Inhibition) 0.236 0.891 —0.236 1.054

Note. The shifting, updating and inhibition scores were measured by the plus—minus task (time difference in
seconds), the tone-monitoring task (number of correct responses) and the antisaccade task (accuracy), respectively.
A larger number indicates better executive function. The common EF was a latent variable extracted from the
three task indicators.

Table 4. Results of ANOVA and ANCOVA.

Degrees of Freedom

Dependent  Type Covariates F 14 U
Group Residuals

Shifting  ANCOVA Updating Inhibition 1 116 0.125 0.725  <0.001

Updating ANCOVA  Shifting  Inhibition 1 116 0.009 0925 <0.001

Inhibition ~ANCOVA  Shifting  Updating 1 116 4684 0.032 0.033

COIE;“"“ ANCOVA  Inhibition 1 117 0051 0822  <0.001

Note. The shifting, updating and inhibition scores were measured by the plus—minus task (time difference in
seconds), the tone-monitoring task (number of correct responses) and the antisaccade task (accuracy), respectively.
The common EF was a latent variable extracted from the three task indicators. Levene’s test for equality
of variances was performed before all analyses, and the results supported the homogeneity of the variance,
ps > 0.138.

In support of our hypothesis, significant between-group differences were observed
for the (1) inhibition component (F[1,116] = 4.684, p = 0.032, > = 0.033) but (2) not the
shifting component (F[1,116] = 0.125, p = 0.725, > < 0.001) or (3) the updating component
(F[1,116] = 0.009, p = 0.925, 7% < 0.001). (4) The between-group differences of the common
EF (F[1,117] = 0.051, p = 0.822, 5> < 0.001) did not reach significant levels.

7. Discussion

The present study found that inhibition ability could be improved after short-term
video games, consistent with previous results [28,31]. As a complement to and advance-
ment of previous studies, we also examined the common EF extracted from three subcom-
ponents after video gameplay. Soveri et al. [36] have argued that an actual improvement
in cognitive training should include a broad transfer effect to different kinds of measures.
Our results accommodate this argument by showing that inhibition ability was enhanced
after gaming. In the present study, common EF did not show significant between-group
differences when controlling for inhibition ability. However, this difference reached a
significant level without controlling for the inhibition ability, F(1, 118) = 4.985, p = 0.027,
1% = 0.041. The common EF in this study was extracted from three measures. It may be
controversial whether inhibition should be controlled when analyzing the common EF.
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References

The more tightly controlled result was selected for this study, and no significant group
differences in common EF were reported.

A touchscreen game was used instead of a computer game in this study because the
mobile phone with a touchscreen interface is currently the primary carrier of video games.
In China, there were 640 million video game players in 2019, 620 million of whom were
mobile-phone gamers [32]. Worldwide, video-game players who use a mobile phone (37%)
or tablet (9%) outnumber those using personal computers (24%) [1]. The effects of video
games based on mobile phones and tablets that use touchscreens may differ significantly
from computer games that use keyboards. Testing the most recent and most common
format seems most appropriate for the purposes of this study. Video games were run on
personal computers in most previous studies in this area due to the technology available at
the time. Whether these two carriers of video games (personal computers and touchscreen
phones) would interact with the effect of video games on cognitive outcomes is worth
further investigation.

As video games, especially mobile games, are enjoyable and easy to access, various
populations may be motivated to play them [37]. Briefly playing a video game, as shown in
this study, benefited the specific skill of inhibition. Playing touchscreen video games may
maintain or improve EF ability and potentially contribute to other cognitive functions. In
recent years, there has also been a growing body of research on the use of games to assess
and train cognitive abilities in a variety of ways [38-42]. Specialized and standardized
therapeutic applications of video gaming may help people with EF deficits to maintain
cognitive functions [43].

8. Conclusions

The current study examined component-general and component-specific EF factors
simultaneously after young adults played a brief touchscreen video game. The results
showed that video game playing significantly improved inhibition ability. The results
suggest the potential therapeutic applications of video games.
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