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ABSTRACT
Play is essential for sensorimotor, cognitive and social development, because it enhances the
experience-based long-term plasticity, stimulating the optimal interplay between the stimulus-
driven and goal-directed attentional control. However, the emotional, psychophysiological and
neurocognitive mechanisms associated with a single game session are not fully understood. In a
single-blind randomized-crossover experiment, we investigated the short-term effects upon emo-
tional, psychophysiological and neurocognitive functioning after a short play session with Mario
Kart and with a puzzle board game, in a sample of 60 young adult typical (n¼ 44) and poor read-
ers (n¼ 16). By enhancing positive and reducing negative emotions, playing an action-like video
game increased heart rate and salience processing in both typical and poor readers, whereas an
improvement in reading speed was reported only in poor readers. The stimulation of the salience
network by play-driven emotional, multisensory and sensorimotor activation, can transiently
enhance the feed-forward functioning of the perception and action pathways.

KEYWORDS
Game therapy; sensorimotor
learning; selective attention;
perceptual-noise exclusion;
response inhibition;
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1. Introduction

Play occurs in a variety of animals, especially in multiple
mammalian species (Graham & Burghardt, 2010; Lillard,
2017; Pellis & Pellis, 2017). Despite play peaks during the
juvenile phase, it is still present in adulthood (Graham &
Burghardt, 2010; Loizos, 1967). Why juveniles and adults
spend time and effort in what seems a frivolous activity, has
not been clarified yet (Graham & Burghardt, 2010; Pellis &
Pellis, 2013). Most of the theories about play effects are
focused on its long-term benefits on learning and memory
(Bavelier & Green, 2019; Graham & Burghardt, 2010).
However, in order to reach a complete understanding of
play benefits, it is necessary to consider the multifunctional
aspects of this complex behavior, particularly its immediate
effects upon short-term plasticity. Coherently, Palagi et al.
(2004) demonstrated that during daily activity routines, both
chimpanzees and bonobos increase the use of play in spe-
cific moments such as the period before feeding. Play in this
context appears to be a way to prevent and reduce stress,
and to improve peaceful co-feeding in the immediately fol-
lowing period (Palagi, 2006; Palagi et al., 2004). By observ-
ing non-human primates, it appears clear that play is a tool
for activating cognitive and social functions suitable for dis-
sipating excess of activation by initiating emotional, sensori-
motor and cognitive functions which are useful not only
during play, but that incidentally could become useful also
soon after, such as during feeding time and other social

experiences (Pellis & Pellis, 2013). Asking to human pri-
mates why they use video games, one of the most popular
forms of play among adults in modern society, they confirm
that video gaming is joyful, that they play to relax, to fill
time waiting, to be comforted by something familiar, to
achieve stress relief (Entertainment Software Association,
2023; Raudensk�a et al., 2023). Video gaming are comparable
to those described for solitary, object and social play
observed in other primates (Nguyen & Bavelier, 2023). The
spread of video games in the last decades has led many
authors to focus their research on the effects of excessive
use of these tools on mental health and academic achieve-
ment (e.g., Adelantado-Renau et al., 2019; Santos et al.,
2023) and on the possible negative effects resulting from the
use of violent video games (Ferguson 2007, 2015). Video
games play, like any other activity, appears negatively related
to mental health when the use becomes excessive (e.g.,
6 hours per day, see Santos et al., 2023). Almost no evidence
demonstrates a connection between the use of violent games
and the appearance of violent behavior (Drummond et al.,
2020; K€uhn et al., 2019). On the contrary, play and video
games, when appropriate to the age and characteristics of
the child, could be functional tools for improving well-being
and cognitive performance (Primack et al., 2012; Halbrook
et al., 2019

Q3
; Pallavicini et al., 2021; Chaarani et al., 2022;

Sauce et al., 2022).

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114

CONTACT Sara Bertoni sara.bertoni@unibg.it Department of Human and Social Sciences, Universit�a di Bergamo, Bergamo, ItalyQ2
� 2024 Taylor & Francis Group, LLC

INTERNATIONAL JOURNAL OF HUMAN–COMPUTER INTERACTION
https://doi.org/10.1080/10447318.2024.2346693

http://crossmark.crossref.org/dialog/?doi=10.1080/10447318.2024.2346693&domain=pdf&date_stamp=2024-05-06
http://orcid.org/0000-0002-2326-6800
http://orcid.org/0000-0001-8608-8952
http://orcid.org/0000-0002-0985-0373
http://orcid.org/0000-0002-6693-6122
http://orcid.org/0000-0002-0060-3261
http://orcid.org/0000-0002-4418-2673
http://orcid.org/0000-0002-5571-7637
http://orcid.org/0000-0002-4626-6213
https://doi.org/10.1080/10447318.2024.2346693
http://www.tandfonline.com
Author Query
AQ2: Please resupply the corresponding author details if it is inaccurate.

Author Query
AQ3: The reference “Halbrook et al., 2019” is cited in the text but is not listed in the references list. Please either delete the in‐text citation or provide full reference details following journal style.

Author Query
AQ1: Please provide the missing department name for the affiliation “b”.

Author Query
AQ29: Please note that the ORCID section has been created from information supplied with your manuscript submission/CATS. Please correct if this is inaccurate.



 

Previous clinical findings have confirmed the benefits of
multiple kinds of video games in increasing happiness,
favoring emotional regulation, and reducing state and trait
anxiety (Holmes et al., 2010; Horne-Moyer et al., 2014;
Kowal et al., 2021). It could be therefore possible to
hypothesize that emotional activation induced by video gam-
ing could help in executing subsequent stressful activities.

Although data are scanty compared to those provided for
the long-term effects (Granic et al., 2014), literature about
the short-term effects of video gaming on cognitive skills
shows that it leads to transient improvement in several cog-
nitive domains measured immediately after its use compared
to both baseline performance (pre-video gaming) and per-
formance of people watching other participants playing
(Kozhevnikov et al., 2018; Obana & Kozhevnikov, 2012).
Video gamers boost their performance in perceptual and
attentional abilities, such as visual search and attentional
blink (Brodbeck & Dupuis, 2020; Kozhevnikov et al., 2018;
Obana & Kozhevnikov, 2012). On the contrary, video gam-
ing does not seem to affect complex executive functions, like
the Eriksen flanker task (Eriksen & Schultz, 1979), a para-
digm that involves perceptual-noise exclusion or response
inhibition controlled by the top-down prefrontal attentional
network (Kozhevnikov et al., 2018). Interestingly, by com-
paring the performance after a single bout of action video
game with a mobile card game, Wang et al. (2023) demon-
strated that the alerting network, but not executive or ori-
enting ones (Fan et al., 2002), improved after playing an
action video game. Franceschini et al. (2022) recently inves-
tigated the relationship among video game play activity,
positive emotions and short-term effects on sensorimotor
and cognitive skills in children with developmental dyslexia
and developmental coordination disorder. After children
played self-reported funny and exciting action video games,
results showed some improvements in visual perception of
global Navon figures, but not in processing speed of local
Navon figures involving response inhibition of faster feed-
forward global information (Navon, 1977). Moreover,
improvements in sensorimotor and reading skills were ame-
liorated in the same children. In a second experiment with
healthy young adults, authors confirmed that the improve-
ment in text reading skills was associated with greatest self-
reported amusement and vivaciousness (Franceschini et al.,
2022).

Similarly to other exciting experience, play and play-
related positive emotions could induce a transient realloca-
tion of processing resources in the salience network which
are domain-general brain regions promoting the integration
of autonomic sympathetic activity, emotional, perceptual
and sensorimotor stimuli (Downar et al., 2000) and stimu-
lus-driven attention (Hermans et al., 2014), leaving
unaffected – or negatively influencing – other cognitive net-
works enrolled in goal-directed executive functions (Baas
et al., 2008, Huntsinger, 2012; see van Oort et al., 2017 and
Schwabe et al., 2022 for reviews). It is therefore crucial to
disentangle whether play affects the salience processing and/
or the executive control functioning, in order to better

understand its application in clinical and educational
settings.

Psychophysiological indices allow to estimate implicitly
many psychological variables: depending on the paradigm,
stimuli and task, the physiological measures can be signifi-
cantly correlated with a number of self-evaluated cognitive
and emotional scales, including self-reported arousal and
emotional valence (Cacioppo et al., 2013). In particular,
heart rate (HR) is a complex index modulated by the auto-
nomic nervous system by both sympathetic and parasympa-
thetic branches (Kimura et al., 1996; Kozhevnikov et al.,
2018) and by several conditions such as stress, anxiety,
arousal, emotional valence, and attention (Kudielka et al.,
2004; Vila et al., 2007). The heart rate variability – root
mean square of successive differences between normal heart-
beats – is an index of parasympathetic tone (Laborde et al.,
2017), and a positive association between vagally-mediated
heart rate variability and executive functioning was found
(see Magnon et al., 2022 for a meta-analysis). Finally, it has
been demonstrated that blink rate is under prefrontal dopa-
minergic control and is an index of emotional arousal,
fatigue and orienting of attentional resources (Maffei &
Angrilli, 2018, 2019).

The aim of the present study was to investigate whether a
single session of play activity – through the modification of
the emotional and psychophysiological state – could transi-
ently affect selective attention, sensorimotor, creativity and
reading skills, in a sample of poor and typical young adult
readers. To identify the effects induced by a pleasant game
activity, we compared an action-like video game with a puz-
zle board game. Both games do not have complex rules that
need to be learned to play, and engage goal-directed atten-
tion and oculo-motor coordination. We hypothesized that
video gaming, by selectively activating the salience network,
would enhance automatic perceptual and sensorimotor proc-
essing by increasing positive emotions and sympathetic acti-
vation. On the contrary, no changes were expected in
complex goal-directed tasks involving executive functions.

2. Materials and methods

2.1. Participants

A priori power calculations were conducted using GPower
(Erdfelder et al., 1996) to estimate the smallest sample size
needed to detect a large effect size (Franceschini et al., 2022)
with 95% statistical power. The analysis was modeled for a
repeated-measures-ANOVA, two groups with two measure-
ments (one play-driven stimulation with Mario Kart video
game and one play-driven stimulation with puzzle board
game), and alpha equal to 0.05. Under these assumptions,
the minimal sample size predicted to be needed with 95%
statistical power was 24 subjects.

The present study involved 60 young adults attending the
School of Psychology at the University of Padova (10 males
and 2 left-handed). Participants were asked whether, in the
past 6months, they had played video games and/or board
games; if so, they were asked to indicate the title of the
game, the frequency (on an eight-point Likert scale from
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“once a month” to “every day”), and the average duration of
each gaming session (on a six-point Likert scale from “less
than 15minutes” to “3 hours or more”), and – concerning
video games – the type of the console used. These data were
collected to know the previous experience of participants
with the video game and board game used in the present
study. In order to classify participants in typical readers
(TR) and poor readers (PR), at the end of both Mario Kart
and puzzle board games, participants underwent an assess-
ment of reading skills by using two different text reading
tasks. For each text reading task, the average score between
speed and accuracy (z-scores based on grade norms) was
calculated. A composite score between the average scores
obtained in the two text reading tasks, was then estimated.
Those subjects whose composite score was below −1.5
standard deviation were considered as PRs, whereas all the
other participants were considered TRs (Table 1).

2.2. Experimental design

The entire investigation process was conducted according to
the principles expressed in the Declaration of Helsinki.
Written informed consent was obtained from participants.
All procedures were approved by the Ethics Committee of
the University of Padova (Protocol number: 2018_19 R2). A
single-blind crossover randomized controlled trial was used.
All the participants were evaluated two times, one week
away from each other, in a well-lit and quiet laboratory at
the Department of General Psychology of the University of
Padova. Neurocognitive assessments were scheduled at the
same hours. In both sessions, neurocognitive tasks were
administered in the same order. At the beginning of each

evaluation, two self-report emotional questionnaires were
administered, i.e., the Positive and Negative Affect Schedule
(PANAS; Thompson, 2007) and the State-Trait Anxiety
Inventory-Form Y (STAI-Y; Lazzari & Pancheri, 1980).
Immediately after each play session, participants filled in the
game experience (Franceschini et al., 2022), the PANAS and
the STAI-Y questionnaires, and underwent the neurocogni-
tive assessment (Figure 1).

2.3. Play-driven stimulation

Before each game session, subjects underwent a 3-minutes
familiarization phase with the experimenter. Since our aim
was to evaluate the effect of a single gaming session, we
selected a highly user-friendly console and a game with very
simple rules. The game administration order was counterbal-
anced between participants. Within each game session, par-
ticipants played for 30minutes, without interruptions.

In the video game session, participants played “Mario
Kart 8 Deluxe” on a NintendoVR Switch (PEGI ¼ 3 years).
Mario Kart requires you to play car races. Drivers start the
car races with 150 cc displacement from each other, and can
increase their driving performance by catching special
objects placed along the route. Participants were asked to
perform a fixed sequence of tracks by keeping the same go-
kart and character throughout the game session.

Tangram is a visuo-constructive (puzzle) board game
composed of coloured geometric shapes (i.e., triangles,
squares and parallelograms) that have to be arranged
together to reproduce a target stimulus. For the present
study, target stimuli were monochrome (black) and reprodu-
cible with seven geometric shapes (i.e., 5 triangles, 1 square
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Table 1. Descriptive statistics of typical readers (TR) and poor readers (PR).

Typical readers (TR) n¼ 44 Poor readers (PR) n¼ 16

Age (mean and SD) 20.86 (1.70) 20.90 (1.30)
Sex (female/male) 37/7 13/3
Reading performance in z-score (mean and SD) −0.34 (0.70) −3.28 (1.87)

Figure 1. Experimental design and timeline of activity administrations: Each participant was evaluated in two different sessions. In the two sessions the two game
activities were proposed in a counterbalanced order between the participants.
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and 1 parallelogram). Target stimuli were presented in the
same sequence to all subjects. Participants were asked to
reproduce each target stimulus within 180 seconds.

2.4. Emotional measures

2.4.1. Positive and negative affect schedule – PANASQ4
The PANAS is a self-report questionnaire consisting of two
subscales (i.e., positive and negative emotions) (Thompson,
2007). Each subscale is composed by 10-item scales to meas-
ure positive and negative emotions participants are experi-
encing at that moment. Each item is rated on a 5-point
Likert scale (from 1¼ not at all to 5¼ very much). The total
score within each subscale was then calculated and used in
further analysis.

2.4.2. State-Trait Anxiety Inventory (STAI-Y)Q5
Participants were asked to say how they feel at that moment
by answering 20 items on a 4-point Likert scale (from
1¼ not at all to 4¼ very much) (Lazzari & Pancheri, 1980).
The total score was calculated and used in further analysis.

2.4.3. Game Experience QuestionnaireQ6
The questionnaire was composed of 6 items, three about
how the game was (i.e., difficult, boring and funny) and
three about how they were feeling after the gaming session
(i.e., calm, vivacious and happy) (adapted from Franceschini
et al., 2022). Each item was rated on a 9-point Likert scale
(from 1¼ not at all nothing to 9¼ a lot).

2.5. Psychophysiological measures

Psychophysiological measures were recorded during a 3-min
interval between adjacent tasks (i.e., Eriksen flanker task,
Purdue pegboard task, remote associates task and text read-
ing) after the two play stimulations. During the recording
participant was invited to relax and not to close the eyes or
move the body. Due to multiple data losses during psycho-
physiological collection, the measurements collected at the
different intervals were mediated and analyzed together. All
psychophysiological signals were sampled and stored at
250 hz with a 16-bit National Instruments A/D board NI
USB-6218 and ad-hoc software (Angrilli, 1995) under
LabVIEW (National Instruments) environment.

2.5.1. Heart rate
Electrocardiogram was obtained by cleaning the participants’
skin with a granulose paste (NuPrep) in order to lower sig-
nal impedance (<5 kOhm). Three 10mm Ag/AgCl cup elec-
trodes, which were filled with an electroconductive gel, were
then applied to the participants’ thorax in a modified Lead
II configuration to record EKG, one below each clavicle and
one at the fifth intercostal space,

ECG was recorded with a Coulburn bio-amplifier S75-07
with a gain of 2.000, Hi-Pass 0.008Hz, Low-pass 100Hz.

The left electrode below the clavicle served as ground elec-
trode also for the blink rate amplifier.

2.5.2. Heart rate variability
Heart rate variability was computed starting from the ECG
and the Inter Beat Interval (IBI) measured in msec, i.e., the
interval between two adjacent R-waves. The IBI sequence
measured in the 3min intervals allowed the computation of
the heart rate variability index as the square root of the
mean of the sum of the squares of IBI intervals in msec
(Laborde et al., 2017).

2.5.3. Blink rate
Blink rate was recorded by placing two 10mm Ag/AgCl cup
electrodes above and below the left eye – vertical electro-
oculogram – in line with the pupil, and using a bio-ampli-
fier with gain 4.000, 0.16Hz Hi-Pass, 13Hz Low-Pass. The
blink rate measured in blinks/min was computed as the total
number of blinks exceeding 100 uV amplitude during the
whole 3-min interval and divided by 3 (duration of the
interval).

2.6. Neurocognitive measures

2.6.1. Eriksen flanker task
The flanker task was designed by Eriksen and Schultz (1979)
to assess the size of the attentional spotlight while discrimi-
nating target stimuli with and without distractors. Data was
collected by using E-Prime 2.0 software (Psychology
Software Tools, Pittsburgh, PA) running on a Dell 13-inch
laptop (1024� 768). Participants sat 60 cm from the screen.
At the beginning of each trial a yellow fixation point on a
blue screen was presented for 900 msec. When the fixation
disappeared, the target stimulus (i.e., a 2cm � 2cm yellow
triangle) appeared in the center of the screen. Two experi-
mental conditions were modeled: (1) the target alone, and
(2) the target flanked by two same size triangles indicating
the same direction (congruent flanker condition) or the
opposite direction (incongruent flanker condition). Flanker
could appear (spacing conditions) close to or far (3 cm)
from it. Participants had to indicate as fast and accurately as
possible the direction (right or left) of the target stimulus by
using two keyboard keys (“A” and “L,” respectively). For
each trial, the maximum time to respond was 3000ms. The
target stimulus remained visible until the participant pro-
vided a response; as soon as a response was provided, a vis-
ual feedback (a coloured dot) appeared on the screen (i.e,
green for correct answer and red for wrong answer). The
task was composed of 12 familiarization trials and 50 experi-
mental trials. Mean reaction time (msec) and accuracy (rate)
were analyzed.

2.6.2. Purdue pegboard task Q7
The Purdue pegboard task (Patterson Medical CompanyVR ) is
a widely used neuropsychological assessment tool to meas-
ure manual dexterity and fine motor skills (Tiffin & Asher,
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1948). After 5 familiarization trials, participants were asked
to place as many pins as possible within 30 seconds with
both their dominant (automatic) and non-dominant (volun-
tary driven) hand. The final scores were the number of pins
placed with the dominant and non-dominant hand.

2.6.3. Remote associates task
The remote associates task is a widely used computerized
task for assessing the ability to create semantic associations.
It measures semantic associative processes, attentional scope
and prefrontal response inhibition in producing creative
responses (Hobeika et al., 2016; Lezama et al., 2023;
Urbanski et al., 2016). After a group of three words was pre-
sented on the screen (font: Courier new, size: 18), the partic-
ipants were asked to identify a fourth word with a semantic
association close to those underlying the three words previ-
ously presented. We selected 20 items from the Italian ver-
sion of the remote associates test (Salvi et al., 2016); these
items were subsequently divided into two 10-item lists
paired for difficulty. The two lists were administered in a
counterbalanced order between the two sessions among par-
ticipants. For each item, participants were asked to give an
answer within 15 seconds. Three additional items were used
during the familiarization phase. Mean reaction times
(msec) and accuracy (rate of correct answers) were collected.

2.6.4. Text reading
Text reading abilities were evaluated using two texts of simi-
lar length and reading difficulty (Judica & De Luca, 1993).
As multiple neurocognitive functions (i.e., visuo-perceptual,
auditory-phonological, multisensory attentional and seman-
tic skills) are involved, it allowed us to investigate the role
of salience and/or executive functioning play-driven short-
term plasticity upon a complex neurocognitive task.
Participants were asked to read each text aloud as quickly
and as accurately as possible. The two texts were adminis-
tered in a counterbalanced order between the two sessions
among participants. Reading speed (seconds per syllable)
and number of errors were measured; z-scores were used in
subsequent analysis.

3. Results

The two groups did not significantly differ for chronological
age (p¼ .927) and game experience (board game experience:
p¼ .268; video game experience: p¼ .931; see Table 1).

3.1. Results upon emotion-related traits

3.1.1. Positive and negative affect schedule
A mixed analysis of variance (ANOVA) with a 2� 2 � 2� 2
design was run, with Time (pre- and post-gaming), Subscale
(positive and negative) and Play-driven stimulation (video
game and board game) as within-subject factors, and Group
(TR and PR) as between-subject factor. Time (F(1.58)¼ 64.400,
p< .001, g2p¼ 0.526) and Subscales (F(1,58)¼ 256.084, p<.001,
g2p¼ 0.815) showed a significant main effect. In addition
Time� Subscale (F(1,58)¼ 76.891, p<.001, g2p¼ 0.570), Play-
driven stimulation� Subscale (F(1,58)¼ 4.594, p¼ .036,
g2p¼ 0.073) and Time� Subscale�Play-driven stimulation
(F(1,58)¼ 5.330, p¼ .025, g2p¼ 0.084) interactions were signifi-
cant. Thus, we ran an analysis of variance (ANOVA) on the
pre- and post-game sessions separately to assess possible dif-
ferences before and after play-driven stimulations in emo-
tional states. Within the pre-gaming session, we found a
main effect of Subscale (F¼ (1,58)¼ 166.481, p<.001,
g2p¼ 0.742); no other main effect or interaction was signifi-
cant (all ps>.391). Within the post-gaming session, we
found significant main effects of Play-driven stimulation
(F(1,58)¼ 8.954, p¼ .004, g2p¼ 0.132) and Subscale
(F(1,58)¼ 285.544, p<.001, g2p¼ 0.829), as well as a significant
Play-driven stimulation� Subscale interaction (F(1,58)¼
30.370, p<.001, g2p¼ 0.340). Planned comparisons showed
that there was a significant difference in both the positive
(video game: mean score ¼ 30.48, SE ¼ 0.919, and board
game: mean ¼ 26.467, SE ¼ 0.817; p<.001) and negative
(video game: mean score ¼ 11.933, SE ¼ 0.417, and board
game: mean ¼ 13.750, SE ¼ 0.619, p¼ .001; p<.001) emo-
tion subscales between video game and board game (Figure
2). No other main or interaction effect was significant (all
ps>.390).
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Figure 2. Raw scores in positive (panel A) and negative (panel B) emotions of typical readers (TRs) and poor readers (PRs) in the PANAS questionnaire. Responses
refer to self-perceived affectivity before (pre-gaming) and after (post-gaming) the play-driven stimulations (board game and video game). Data are reported as
means ± standard errors. ���p< .001.
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3.1.2. State-Trait Anxiety Inventory-Form Y
A mixed analysis of variance (ANOVA) with a 2� 2 � 2
design was run, with Time (pre- and post-gaming) and
Play-driven stimulation (video game and board game) as
within-subject factors, and Group (TR and PR) as between-
subject factor.

A significant main effect of Time (F(1,58)¼ 16.648,
p<.001, g2p¼ 0.223) was found. In the post-gaming session,
the participants showed significantly greater levels of anxiety
than in the pre-gaming session (mean ¼ 40.18, SE ¼ 1.25,
and mean ¼ 37.27, SE ¼ 1.22) (Figure 3).

3.1.3. Game Experience Questionnaire
A mixed ANOVA with a 2� 2 design was executed for each
questionnaire’s items, with Play-driven stimulation (video
game and board game) as within-subject factor, and Group
(TR and PR) as between-subject factor. For each item, only
the main effect of the Play-driven stimulation was significant
(all other ps>.124; Table 2).

3.2. Results upon psychophysiological traits

Heart rate, heart rate variability and blink rate were ana-
lyzed with three different 2� 2 ANOVAs, with Play-driven

stimulation (video game and board game) as within-subject
factor and Group (TR and PR) as between-subject factor.

3.2.1. Heart rate
A main effect of Play-driven stimulation was found
(F(1,55)¼ 4.479, p¼ .039, g2p¼ 0.075); heart rate was higher
after the video game session (mean ¼ 80.81 SE ¼ 1.64)
compared to the board game (mean ¼ 77.93 SE ¼ 1.80)
session (Figure 4). No other main effect or interaction was
significant (all ps>.291).

3.2.2. Heart rate variability
No significant main or interaction effects were found (all
ps>.091; Table 3).

3.2.3. Blink rate
No significant main or interaction effects were found (all
ps>.451; Table 3).

3.3. Results upon neurocognitive traits

3.3.1. Eriksen Flanker task
3.3.1.1. Single target condition. Two mixed ANOVAs with a
2� 2 design were executed on accuracy and reaction times
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Figure 3. Raw scores in the STAI questionnaire of typical readers (TRs) and poor readers (PRs) after the two play sessions. Bars indicate the standard error of the
mean. ���p< .001.

Table 2. Analysis of variance for the game experience questionnaire (mean and standard error, F, p and g2p statistics are reported).

Variable Board game mean (SE) Video game mean (SE) F value p Value Partial g2

How … did you find the game?
Difficult 7.97 (0.111) 4.05 (0.205) 207.845 <.001 0.782
Boring 4.17 (0.280) 2.25 (0.219) 31.102 <.001 0.349
Fun 4.55 (0.245) 7.48 (0.187) 85.953 <.001 0.597

How … did you feel during the game?
Calm 4.52 (0.266) 5.70 (0.233) 9.115 .004 0.136
Happy 4.24 (0.226) 7.12 (0.206) 82.924 <.001 0.588
Vivacious 4.14 (0.254) 6.77 (0.205) 52.302 <.001 0.474
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as dependent variables, Play-driven stimulation (video game
and board game) as within-subject factor, and Group (TR
and PR) as between-subject factor.

No significant main and interaction effects were found
upon accuracy (all ps>.683, g2p¼ 0.003). In both groups,
the accuracy showed a ceiling effect (video game mean
accuracy ¼ 0.99, SE ¼ 0.007; board game mean accuracy
¼ 0.99, SE ¼ 0.004).

A significant main effect of Play-driven stimulation upon
reaction times was found (F(1,58)¼ 6.429, p¼ .014,
g2p¼ 0.100). Specifically, after the video game session (mean
response times ¼ 402 msec, SE ¼ 8.019), the participants
were faster in the identification of the stimulus’ direction
than after the board game session (mean reaction times ¼
422 msec, SE ¼ 9.274; Figure 5). No other main effect or
interaction effects were found (all ps>.662).

By controlling for reaction times in the single target con-
dition of the Eriksen Flanker task after the board game,
partial correlations between play-driven stimulations
changes in the PANAS and STAI-Y questionnaires, reaction
times in the single target condition of the Eriksen Flanker
task, scores in the game experience questionnaire, and heart
rate after the video game session, were run. Results showed
that reaction times in the single target condition of the
Eriksen Flanker task after the video game session signifi-
cantly correlated with changes in the PANAS positive emo-
tion subscale (r¼−0.43, p¼ .001) and in the vivacious item
of the game experience questionnaire (r¼−0.31, p¼ .019).
In particular, higher scores in positive emotion and viv-
aciousness were related to faster reaction times in the single
target discrimination. No other correlations were significant
(all ps>.106).

3.3.1.2. Eriksen Flanker target condition. Two mixed
ANOVAs with a 2� 2 � 2� 2 design were executed on
accuracy and reaction times as dependent variables, with
Play-driven stimulation (video game and board game),
Flanker condition (congruent and incongruent) and Spacing
(close and far) as within-subject factors, and Group (TR and
PR) as between-subject factor.

A significant main effect of Flanker condition upon
accuracy rate was found (F(1,58)¼ 44.203, p<.001,
g2p¼ 0.433); in particular, accuracy rate in the congruent
condition showed a ceiling effect (mean ¼ 0.99, SE ¼
0.003) and was higher compared to accuracy in the incon-
gruent condition (mean ¼ 0.95, SE ¼ 0.007). Moreover,
the Flanker condition x Group interaction was significant
(F(1,58)¼ 4.628, p¼ 0.036, g2p¼ 0.074). Planned comparisons
showed the two groups did not differ in accuracy within the
congruent condition (TR mean ¼ 0.99, SE ¼ 0.003; PR
mean ¼ 0.99, SE ¼ 0.005, p¼ .541), whereas a trend
toward significance was found within the incongruent con-
dition (TR mean ¼ 0.96, SE ¼ 0.007; PR mean ¼ 0.94,
SE ¼ 0.011, p¼ .067). Furthermore, the main effect of
Spacing (F(1,58)¼ 13.213, p¼ .001, g2p¼ 0.186) and the
Flanker condition x Spacing interaction were significant
(F(1,58)¼ 15.734, p<.001, g2p¼ 0.213). The planned compari-
son showed that accuracy rate in the two Spacing conditions
did not differ within the congruent Flanker condition (large
mean ¼ 0.99, SE ¼ 0.004; small mean ¼ 0.99, SE ¼
0.003, p¼ .517), whereas it was higher in the far (mean ¼
0.97, SE ¼ 0.005) compared to the close (mean ¼ 0.92, SE
¼ 0.012, p<.001) Spacing condition within the incongruent
Flanker condition. No other main effect or interaction was
significant (all ps>.174).
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Table 3. Mean and standard error of heart rate variability and blink rate in typical and poor readers after the two play-driven stimulation (board game and video
game).

Typical readers Poor readers

Board game Video game Board game Video game

Heart rate variability (msec) 37.35 (2.87) 38.10 (2.96) 36.07 (4.69) 37.87 (4.83)
Blink rate (blinks/min) 15.70 (1.75) 15.68 (1.56) 17.31 (2.95) 18.31 (2.63)

Figure 5. Eriksen single target response time of typical readers (TRs) and poor
readers (TRs) after the two play-driven stimulations (board game and video
game). Bars indicate the standard error of the mean. �p< .05.

Figure 4. Heart rate of typical readers (TRs) and poor readers (PRs) after the
play-driven stimulation (video game and board game). Bars indicate the stand-
ard error of the mean. �p< .05.
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Reaction times showed that Flanker condition
(F(1,58)¼ 213.412, p<.001, g2p¼ 0.786), Spacing (F(1,58)¼
149.824, p<.001, g2p¼ 0.721) and their interaction
(F(1,58)¼ 57.901, p<.001, g2p¼ 0.500), were significant. In
the far Spacing condition, the difference between the con-
gruent (mean ¼ 411, SE ¼ 8.240) and incongruent (mean
¼ 440, SE ¼ 9.256, p<.001) Flanker conditions, was
smaller than those observed in the close Spacing condition
(congruent mean ¼ 426, SE ¼ 9.036; incongruent mean
¼ 503, SE ¼ 9.576, p<.001). T-test on delta score between
congruent and incongruent Flanker conditions comparing
far and close Spacing conditions further supported previous
findings (t(59)¼ 8.645, p<.001). No other main effect or
interaction was significant (all ps>.083).

3.3.1.3. Pegboard task. Two mixed ANOVAs with a 2� 2
design were run with dominant and non-dominant hand as
outcome variables, Play-driven stimulation (video game and
board game) as within-variable, and Group (TR and PR) as
between-subject factor.

A significant main effect of Play-driven stimulation
(F(1,58)¼ 13.355, p¼ .001, g2p¼ 0.187) was found upon the
dominant hand; participants obtained higher scores after the
video game session (mean ¼ 15.45, SE ¼ 0.246) compared
to the board game session (mean ¼ 14.51, SE ¼ 0.251).
The Play-driven stimulation�Group interaction was not
significant (F(1,58)¼ 2.092, p¼ .153, g2p¼ 0.035; Figure 6).

Any significant main and interaction effect was found
upon the non-dominant hand (all ps>.334; Figure 6).

By controlling for scores obtained in the Pegboard with
the dominant after the board game, partial correlations
between Play-driven stimulation changes in the PANAS and
STAI-Y questionnaires, scores obtained in the Pegboard
with the dominant hand, scores in the game experience
questionnaire, and heart rate after the video game session,

were run. Results showed that scores obtained in the
Pegboard with the dominant hand after the video game ses-
sion significantly correlated with changes in the PANAS
positive emotion subscale (r¼ 0.38, p¼ .003) and in the bor-
ing item of the game experience questionnaire (r¼−0.26,
p¼ .048). In particular, higher scores in the Pegboard with
the dominant hand were correlated with higher scores in
positive emotion and lower rate of boredom after the video
game session. No other correlations were significant (all
ps>.150).

3.3.1.4. Remote associates test. Two mixed ANOVAs with a
2� 2 design were run upon reaction times and accuracy as
dependent variables, Play-driven stimulation (video game
and board game) as within-subject factor, and Group (TR
and PR) as between-subject factor. Reaction times were not
available for two participants with accuracy equal to zero
(one TR and one PR).

A significant effect of Play-driven stimulation upon reac-
tion times was found (F(1,56)¼ 7.047, p¼ .010, g2p ¼ 0.112);
TRs showed faster reaction time (mean ¼ 5496 msec, SE
¼ 175) than the PRs (mean ¼ 6474 msec, SE ¼ 371;
Table 4). Any significant main and interaction effect upon
accuracy was significant (all ps>.104).

3.3.1.5. Text reading task
Two mixed ANOVAs with a 2� 2 design were executed on
errors and reading speed z-score as dependent variables,
Play-driven stimulation (video game and board game) as
within-subject factor, and Group (TR and PR) as between-
subject factor.

The results showed that the Group main effect upon
errors was significant (F(1,58)¼ 71.292, p<.001, g2p¼ 0.551).
No other main effect or interaction effect was significant (all
ps>.781; Table 5).
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Figure 6. Pegboard scores with the dominant and non-dominant hands of typical readers (TRs) and poor readers (PRs) after the two play-driven stimulation. Bars
indicate the standard error of the mean. �p< .05.

Table 4. Mean and standard error of reaction time and accuracy in the remote associates task in typical and poor readers after the two play-
driven stimulation (board game and video game).

Typical readers Poor readers

Remote associates test Post board game Post video game Post board game Post video game

Reaction time (msec) 5577 (243) 5414 (218) 6519 (413) 6428 (369)
Accuracy (rate) 0.55 (0.026) 0.50 (0.028) 0.46 (0.043) 0.46 (0.046)
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Significant Group main effect (F(1,58)¼ 19.182, p<.001,
g2p¼ 0.249) and Group�Play-driven stimulation interaction
(F(1,58)¼ 5.560, p<.022, g2p¼ 0.087; Table 5 and Figure 7)
were found upon reading speed. Planned comparisons
showed that TRs did not show any significant difference
between reading speed within video game (mean ¼ 0.475,
SE ¼ 0.169) and board game (mean ¼ 0.529, SE ¼ 0.154,
p¼ 0.431) sessions; on the contrary, PRs showed a signifi-
cant faster reading speed after the video game session
(mean¼−0.709, SE ¼ 0.281), in comparison to the board
game session (mean¼−0.968, SE ¼ 0.255, p¼ .027).

As a significant interaction with the Group variable was
found, we ran partial correlation analysis within the PRs. By
controlling for speed in text reading after the board game,
partial correlations between Play-driven stimulation changes
in the PANAS and STAI-Y questionnaires, speed in text
reading, scores in the game experience questionnaire, and
heart rate after the video game session, were run. Results
showed that speed in text reading after the video game ses-
sion significantly correlated with the calm item of the game
experience questionnaire (r¼−0.60, p¼ .019). In particular,
better skills in text reading speed were correlated with lower
rate of calm after the video game session. No other inter-
action was significant (all ps>.122).

3.3.1.6. Correlations among improvements in neurocognitive
tasks. Correlation analyses were run among the difference
between video game and board game (hereafter, video
game-related gain) in reaction time within the Flanker single
target condition, scores in pegboard obtained with the dom-
inant hand and speed in text reading. The video game-
related gain in reaction time within the Flanker single target
condition significantly correlated with video game-related
gain in scores obtained with the dominant hand within the

Pegboard task (r¼−0.38, p¼ .003). In other words, a higher
video game-related gain in the automatic visuo-perceptual
discrimination correlated with a higher video game-related
gain in manual dexterity. No other significant correlation
was found (all p>.750).

4. Discussion

The study of emotional, psychophysiological and neurocog-
nitive mechanisms that work during a single session of a
gaming experience could be compelling for understanding
long-term play-driven learning enhancement (Bavelier &
Green, 2019; Nguyen & Bavelier, 2023; Puccio et al., 2023).
Thus, we investigated whether a single session of play activ-
ity affecting the salience processing and/or the executive
control could affect the emotional and psychophysiological
state as well as neurocognitive skills, such as attention, per-
ception, sensorimotor, creativity and reading skills.

Compared to the board game, the action-like video game
stimulation was perceived as funnier, less boring and diffi-
cult, and capable of inducing calm, happiness, and vivacity
in the players. Accordingly, action-like video game stimula-
tion improves the positive emotions and reduces the nega-
tive ones. At the psychophysiological level, action-like video
game play was associated with a higher heart rate, but not
with significant differences in heart rate variability and blink
rate. Heart rate increase may depend on sympathetic activa-
tion, parasympathetic inhibition or a combination of both
induced by video gaming (Berntson et al., 2007;
Kozhevnikov et al., 2018). The measure of heart rate vari-
ability here used indexes the parasympathetic tone, therefore
the heart rate increase in combination with the finding of
no difference in heart rate variability, helps to interpret the
heart rate raise as due to an increase of sympathetic tone
after video game play.

At the neurocognitive level, after the action-like video
game session, the speed of visuo-perceptual discrimination
was accelerated within the single target condition, but not
within the Flanker target condition. These findings demon-
strate that action-like gaming activity selectively impacts the
salience processing improving the efficiency of the feed-for-
ward ventral-what pathway, but not the feed-back response
inhibition controlled by executive functioning. Our results
agree with a recent study in which alerting attentional net-
works was improved without any effect on executive and
orienting attentional networks after a single bout of action-
like gaming activity (Wang et al., 2023). Interestingly, after
the action-like video gaming, the dominant hand’s sensori-
motor skills were enhanced showing higher automatization
of the feed-forward dorsal-where pathway. On the contrary,
no effects were found upon the non-dominant hand’s
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Table 5. Mean and standard error of text reading speed and error in typical readers and poor readers after the two play-driven
stimulations.

Typical readers Poor readers

Post board game Post video game Post board game Post video game

Text reading speed (z score) 0.53 (0.13) 0.48 (0.16) −0.97 (0.33) −0.71 (0.32)
Text reading error (z score) −1.13 (0.19) −1.22 (0.21) −5.77 (0.86) −5.69 (0.93)

Figure 7. Text reading speed (z score) in typical readers (TRs) and poor readers
(PRs) after the two play-driven stimulations (board game and video game). Bars
indicate the standard error of the mean. �p< .05.
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sensorimotor skills, which requires more voluntary control
of sensorimotor coordination due to a less accurate internal
model of limb dynamics (Heuer, 2007). Taken together,
these findings agree with the hypothesis according to which
an activation of salience processing can occur without any
effect on the goal-directed attention and/or central executive
networks (Corbetta & Shulman, 2002; Uddin, 2015), improv-
ing both perception and action pathways (Pitcher &
Ungerleider 2021). Coherently, a significant correlation
between video game-related gains in visual perception and
sensorimotor action skills was found. Moreover, improve-
ments in text reading speed were observed in poor readers,
suggesting that a significant gain in reading speed can be
obtained after a brief session of action-like video gaming
which specifically stimulates the salience processing. Finally,
the absence of video game-related changes in the ability to
create semantic associations further confirm the irrelevant
role during a single session of play activity of the domain-
general inhibitory control (Niendam et al., 2012; Wessel &
Anderson, 2024).

All together, these data strengthen the relationship
between video game activity and the activation within the
salience network (Seeley, 2019). Modification in arousal acti-
vation due to stress determines changes in response time
during the execution of automatic tasks (Shields et al.,
2019). Play activity could balance the level of stress by the
activation of neuromodulators and neurotransmitters -
opioids, endocannabinoids, dopamine and norepinephrine
system - affecting the regulation of motivation and pleasure
(Trezza et al., 2010). Consequently, the play-driven reward
system could facilitate the execution of the neurocognitive
tasks that are perceived as stressful (Palagi et al., 2004). By
showing an increase in the anxiety levels after the neurocog-
nitive assessment, our results further support this
hypothesis.

Difficulties in tasks involving executive functions were
observed in poor readers. In particular, these subjects were
less accurate in the incongruent flanker conditions, further
supporting previous studies (see Lonergan et al., 2019 for a
meta-analysis). Furthermore, poor readers showed longer
response time in the creativity task, probably due their read-
ing difficulties that hampered the access to the semantic rep-
resentation (Mengisidou et al., 2020). By showing a specific
video game-related gain in reading speed but not in execu-
tive functions, our findings confirm the multiple nature of
the neurocognitive disorders underlying reading difficulties
(Franceschini et al., 2012; Gori et al., 2016; Menghini et al.,
2010; Walda et al., 2014).

Video game-related gains in the salience processing cor-
related with a self-reported increase in positive emotions
and vivacity as well as to a self-reported decrease in bore-
dom. These findings support previous evidence about the
beneficial short-term effect of action-like video gaming upon
global feed-forward perception, sensorimotor and reading
skills which are in turn linked to an increased positive emo-
tional experience (Franceschini et al., 2022). On the con-
trary, a self-reported decrease in calm correlated with better
performance in reading speed only in poor readers. These

results partially agree with previous evidence showing that
higher levels of stress (i.e., higher alpha-amylase concentra-
tion) were linked to improvements in reading performance
(Franceschini et al., 2022). Further studies are necessary to
further support the generalizability of the beneficial effects
of video gaming through their effects upon positive
emotions.

The play-driven short-term plasticity improvements could
be associated with the long-term augmentation of attentional
control (Green et al., 2010; see Bavelier & Green, 2019;
Peters et al., 2019 for reviews; Bediou et al., 2018, 2023;
Puccio et al., 2023 for meta-analyses). Previous cross-sec-
tional studies demonstrate that playing has long-term effects
upon processing speed and sensorimotor skills in children
(Hong et al., 2023; Pujol et al., 2016) and in primates (Lewis
& Barton, 2004). The neurocognitive circuits implicated in
stimulus-driven attention activities’ short-term effects are
linked to the activity of the salience network, encompassing
the anterior insula, anterior cingulate cortex, amygdala,
hypothalamus, striatum, and the inferotemporal and tem-
poroparietal regions, along with midbrain and brainstem
nuclei including the locus coeruleus (Hermans et al., 2014).
These areas generate a neuroendocrine response mediated
by neurotransmitters such as catecholamines (e.g., noradren-
aline and dopamine) and corticosteroids (Jo€els & Baram,
2009). Under stress conditions, the activation of this neural
network appears to inhibit the central executive network
associated with top-down attention (see Schwabe et al., 2022
for a review). However, the play-driven salience processing
enhancement favors feed-forward and stimulus-driven atten-
tion, and could therefore optimize attentional control mech-
anisms without any inhibition of executive functioning
(Aston-Jones & Cohen, 2005). Previous studies reported an
increase in neuroendocrine response immediately after video
game playing (Porter & Goolkasian, 2019).

5. Limitations and future work

Our study is not without limitations. First, we do not
acquire neural correlates of the salience and central execu-
tive networks. Future studies are therefore necessary to
investigate brain activation and connectivity during and
immediately after play activities. Second, we did test the par-
ticipants only immediately after each gaming section and
not in additional, subsequent time-points. This prevented us
from investigating the time-course of the gaming effects.
Future studies should include more than one assessment
time-point. Third, although we collected game experience,
we did not divide participants according to game experience.
We could not test whether the effects on the salience net-
work and executive functions differed between expert and
non-expert board game/video game players.

6. Conclusion

By regulating the emotional and psychophysiological activa-
tion, video gaming could enhance salience network
functioning. These short-term effects could support the
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long-term beneficial effects of gaming on learning and mem-
ory. Although additional neurobiological evidence is neces-
sary to test this hypothesis, our neuropsychological and
psychophysiological findings suggest that a transient stimu-
lation of salience processing could be necessary for a long-
term play-driven learning enhancement. Our findings pro-
vide initial evidence for the development of efficient training
and education programs for enhancing learning skills in
children, adults and elderly.
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