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Abstract. In this paper we first investigated the relationship between
game habits of primary school children and their school achievements and
anxiety levels. Then, we investigated if children habitually playing video
games at home have an advantage when it comes to learning using edu-
cational games. In order to answer these questions, we exploited the data
coming from the digital game-based learning (DGBL) intervention Happy
Maths, a 6-week programme run in Irish primary schools aimed to increase
maths abilities and decrease maths anxiety (MA). The dataset contained
the academic achievements, the video game habits and the intervention
data of 952 pupils. Our results show how playing games at home that are
not age-appropriate was associated with higher MA and lower maths score,
while time spent playing was associated with higher MA and lower literacy
score. Regarding the efficacy of the DGBL intervention, there was no dif-
ference in the efficacy of the intervention between gamers and non-gamers.
However, habitual video gamers were faster in executing their game moves,
and they achieved higher scores, learning the game better. Overall, the
study underlines the importance of playing age-appropriate games, and
it provides evidence that, although kids playing video game might have
a good advantage when it comes to educational games, the efficacy of such
games is the same for gamers and non-gamers.
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1 Introduction

It is estimated that almost 3 billion people played video games in some capac-
ity in 2022, with a prevalence among adolescent of about 75%, approaching
90% in industrialized countries [16]. Since video gaming is such a widespread
activity, the link between playing video games and the cognitive and emotional
traits of players has been subject to extensive attention. Multiple reasons have
been proposed to explain the potential link between video gaming and academic
achievements. In [11], authors summarise previous relevant theories. According
to the time displacement hypothesis, computer gaming replaces time that should
be invested in academic activities [22], causing lower academic scores. According
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to the sleep displacement hypothesis [14], computer gaming reduces both the
quantity and the quality of sleep, causing lack of attention and poorer cognitive
abilities [9]. In the attention deficit hypothesis [10], it is assumed that prolonged
computer gaming takes away time from tasks that would otherwise contribute
to the development of sustained attention and therefore decrease players’ cogni-
tive performance and their ability to focus. In contrast to these negative views,
the cognitive enhancement hypothesis [20] suggests that games might also act as
training programs for various cognitive skills, such as attentional capacity, visual
orientation, and memory, which might improve players’ cognitive abilities.

Experimental studies to date seem to support both perspectives. Some stud-
ies reported poorer test performance for students spending a lot of their time
playing games [3,17], but several researchers found significantly better perfor-
mance on standardized tests of cognitive abilities among gamers as compared
with non-gamers [13,18], or no effects at all [8]. In [4], a meta-analysis found
that regularly playing computer games was associated with cognitive gains cor-
responding to Cohen’s d between .30 to .70. A large study of the PISA results
of more than 192000 students from 22 countries [16] found only a negligible
difference in academic performance across the relative frequencies of videogame
use, concluding that video games had little impact on academic achievements.
While these studies were cross-sectional, and therefore can only report an asso-
ciation between games and academic achievements, a recent large-scale longitu-
dinal study on 3500 German adolescents found that playing computer and video
games can result in a noticeable, albeit small, loss of educational achievements,
but it does not affect basic competences [11].

The effect of video games was found to be dependent on the type of game
played. In [5] the author found that multi-player gaming, rather than single-
player gaming, was linked with lower performance in reading. In [15], the authors
focused on a group of 70 kids aged 6–10 and found a negative correlation between
academic scores and time spent playing games, but only for violent video games.
Educational games were related to good academic achievements.

Video games have been investigated also in relations to depression and anxiety.
While a moderate use of video games does not seem to have relationship with anx-
iety, problematic game behaviour and excessive use were clearly linked with anxi-
ety and depression. Excessive use of video games can lead to IGD (internet gaming
disorder), a recognized mental disorder that has an estimated prevalence of 10.6%
among teenagers [21] and it is strongly correlated with anxiety. Indeed, a recent
study has found that 92% of players suffering from IGD also have anxiety [12], pro-
viding further evidence of the strong correlation between the two conditions. How-
ever, the directionality between game habits and anxiety has not been disentan-
gled. There is evidence that anxiety might precede problematic game behaviour,
but it has also been observed that excessive gaming can increase an existing anxi-
ety. Evidence to date on the link between gaming and anxiety is inconsistent.

A recent study of 97 21-year-old participants [2] found no statistically signif-
icant difference in anxiety levels or daytime sleepiness between expert and non-
expert players, where expert and non-expert players were identified by the time
spent playing action video games. There is indeed a line of research investigating
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how games can be used to alleviate anxiety. A recent meta-analysis [7] investi-
gated the effect of game-based interventions to reduce maths anxiety, reporting
a small positive effect size of 0.24.

The present study seeks to investigate further the link between video games
and some cognitive and emotional traits of players with novel contributions. In
the first part of the paper, a traditional cross-sectional study is presented, in
which we studied the relationship between game habits and three outcome vari-
ables, namely students’ maths scores, literacy scores and maths anxiety. There-
fore, our first set of research questions was:

RQ1. Are game habits associated with academic performance in (a) maths, (b)
literacy and with (c) maths anxiety in primary school kids (age 8–11)?

Our cross-sectional study provides new evidence in a still inconsistent land-
scape. It focuses on primary school children, for which fewer studies have been
published. Moreover, a novel predictor was considered, namely the age rating of
the games habitually played by each participant, introduced in order to under-
stand if the games played were appropriate to the age of the child. Our hypothesis
is that, when it comes to young children, the age rating of the game, rather than
the content, could significantly impact the above outcome variables.

In the second part of the paper, we investigated a novel research question.
We wondered if the familiarity with video games can impact the efficacy of
a maths digital game-based learning (DGBL) intervention in school. In other
words, we wondered if habitual gamers have an advantage when learning using
(educational) games. Multiple hypothesis supports this statement: (1) habitual
gamers could be more engaged and motivated when learning with games than
non-habitual gamers, (2) they could be less sensitive to computer or technology
anxiety and (3) they might have acquired specific skills by playing digital games
that could make more effective the way they learn with educational games. We
were interested in testing two related aspects. The first is whether players’ video
game habits can affect players’ performance in an educational game. Game per-
formance in an educational game is not merely an indicator of how good a player
is, but it is indeed a proxy for maths performance and, according to studies in
game-based assessment, it can be a more fair and precise form of assessment
for certain groups of students. The second aspect is whether habitual gamers
learn in the same way as non-gamers after a DGBL intervention, where learn-
ing is measured by comparing the results of a relevant maths test administered
before and after the DGBL intervention. Our second set of research questions
was therefore the following:

RQ2. Do game habits of students predict students’ performance in an educational
game? Do game habits of students predict the effects of a DGBL intervention?

In order to answer RQ1 and RQ2, we exploited the data of the DGBL inter-
vention Happy Maths, including a set of in-game data and the results of the
paper maths test administrated pre- and post- intervention. It is important to
report that data from the Happy Maths programme [1] showed that, after the
Happy Maths DGBL intervention, children had a lower number of errors in the
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post maths test (effect size of 0.35) and a reduced maths anxiety (effect size
0.19). Here, we wondered if such positive effects were associated with the game
habits of the participants.

2 Methods

Data collection was performed from January 2022 to May 2023 in the context
of Happy Maths [1], a research project investigating the effects of DGBL on pri-
mary school students’ numerical cognition and maths anxiety. The study was a
quasi-experimental intervention with a pre-post design and weekly game sessions
delivered in class for six consecutive weeks. At the beginning of the study, infor-
mation on children’s game habits was collected via a questionnaire containing
items about how much time the respondents spent playing video games daily,
how much they enjoyed playing videogames and the list of favourite videogames
usually played. For each game, we collected its age rating as suggested by the
Entertainment Software Rating Board (ESRB), that assigns to each game one
of the following categories: E (everyone), E10+ (everyone above 10-year-old), T
(teenager), M (mature player) and A (adult).

Additional measures were collected. Pupils were asked to fill the Modified
Abbreviated Maths Anxiety scale [6], a validated scale for primary school kids to
measure their level of maths anxiety (MA). Data were collected pre- and post-
intervention. In a similar way, pupils were asked to fill a maths test pre- and
post- intervention. The test covered the maths content of the games. Moreover,
for each student, their maths score and literacy score were gathered by collecting
the results obtained in the Irish national standardize test for maths and English.
Results were provided in the range 1 to 10. Demographic data such as gender
and age were also collected.

Fig. 1. The Seven Spells solo mode (left) and versus a human mode (right).

Children took part in a 6-week DGBL intervention in class called Happy
Maths. Each week a 1-hr session was delivered by at least two members of the
Happy Maths research team. The intervention is designed around the digital
game Seven Spell [1], a card game to stimulate problem-solving, numerical skills
and strategic thinking (Fig. 1). Aim of the game is to capture the other player’s
number cards using various maths abilities, including arithmetic computations,
knowledge of mathematical concepts (even and odd numbers, prime numbers,
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numeric tables, intervals, greater and smaller, etc.) and players’ ability to com-
bine and manipulate numbers. The more cards a player captures, the higher
their score. A good move requires the player to combine multiple cards, allowing
players to build from simple to very complicated moves and to exercise their
own creativity and tactics. In order to answer RQ2, we used game logs and
game performance data and we extracted the following in-game measurements:
the average score of each player at week 1 and at week 6 (that is at the end
of the intervention) and the average duration of each move across the 6 in-class
sessions.

3 Results

The dataset contained complete data for 952 players. Tables 1 and 2 show the
descriptive statistics for the numerical and categorical variables included in the
study. A total of 216 games was mentioned; the most frequently mentioned games
were Fortnite, FIFA, Minecraft and Roblox. Boys’ and girls’ game preferences
were quite segregated; only 45 games (20.8%) were played by both boys and
girls, 54 by girls only and 117 by boys only. However, the 45 games in common
were the most popular, and they were played by 79.4% of girls and 75.7% of
boys. The game mostly played by girls was Roblox (played by 48.7% of girls and
only 12% of boys) and the game mostly played by boys was FIFA (6.9% of girls
vs. 32.7% boys), while Minecraft was the most equally played game (28.4% of
girls vs. 25.3% of boys).

Table 1. Numerical study variables (N = 952).

Variable Description Mean SD Range

MA Maths Anxiety score (mAMAS) 20.7 7.47 9–45

MS Maths Score 5.88 2.14 1–10

LS Literacy Score 5.87 1.99 1–10

Table 2. Categorical variables considered (N = 952). The variable Class Yr. refers to
the levels in the Irish school system: 3rd class refers to 8-year-old children, 4th class
refers to 9-year-old, 5th class refers to 10-year-old and 6th class refers to 11-year-old
children.

Variable Description Distribution of levels

Class Yr. Class grade 14,5% (3rd), 20.8% (4th), 32.5% (5th), 32.2% (6th)

Gender Binary variable M,F F = 394 (41.4%), M = 558 (58.6%)

Likevideo Do you like video games? Likert scale (1 = hate 5 = love) 1: 4.2%, 2: 2.8%, 3: 8.0%, 4: 25.8%, 5: 59.2%

PlayTime How much do you play video games daily? Never: 6.8%; ≤ 1 h: 21.4%; 1–2 h: 36.1%; ≥ 2 h: 35.7%

ESRB ESRB Rating E: 30.7%; E10+: 23.1% T: 36.8%; M: 9.4%
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3.1 Impact on Academic Achievements and Maths Anxiety

Table 3 shows the results of three linear regression models, each of them predict-
ing one of the outcome variables of interest: maths anxiety (MA), maths score
(MS) and literacy score (LS). The predictors used were gender, class year, the
age rating of the games played by each player, the time spent playing videogames
(variable Timep) and how much video games are enjoyed (variable likeVG). For
each player, the value of the age rating variable was computed as the highest
ESRB age rating among the games played by the player. The ratings M (mature)
and A (adult) were grouped into the M rating. Therefore, the age rating was a
categorical variable with four levels (E, E10+, T, M). The idea behind the age
rating variable was to measure if a player was habitually exposed to content that
was not appropriate to their age. In the regression models of Table 3, the rating
E was used as reference. The significant predictors are shown in bold, and the
p-value for each predictor is reported in parentheses. The variables describing
game habits were significant: age rating was significant in the model predicting
MA and MP, TimeP was significant for MA and LS, while LikeVG for MP.

We also noticed how the average level of MA varied by the age rating of
the games, but the variation was mainly for girls and not for boys, as shown in

Table 3. Linear regression models to predict maths anxiety (MA), maths score (MS)
and literacy score (LS) using predictors related to game habits (p-values are shown in
parentheses, significant predictors at 0.05 level are shown in bold).

Y Gender = M Class Yr. E10+ T M TimeP LikeVG R2

MA −3.82*** (<0.001) −0.14 (0.61) 0.62 (0.51) 1.76** (0.015) 1.86 (0.053) 1.43 (<0.001) −0.19 (0.58) 9.55

MS 0.55*** (<0.001) 0.02 (0.75) 0.29 (0.26) −0.60*** (<0.001) −0.32 (0.41) −0.19 (0.068) −0.22* (0.017) 5.33

LS 0.09 (0.56) −0.003 (0.96) 0.78** (0.004) 0.32 (0.15) 0.10 (0.72) −0.28** (0.007) −0.17 (0.087) 4.41

Fig. 2. Average maths anxiety by gender and by the age rating of the games habitually
played by each student.
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Fig. 2. We therefore fitted a model including an interaction term between gender
and age rating. Table 4 shows the result of the obtained model: the interaction
term was significant and the R2 of the model was improved.

3.2 Impact of Video Game Habits on the DGBL Intervention

We tested the effect of video game habits on the outcomes of the Happy Maths
intervention and on the game performance achieved in the educational game. In
the introduction of this paper we reported how the Happy Maths programme [1]
was effective in reducing the number of errors in a post-intervention maths test
(effect size of 0.35) and maths anxiety levels (effect size 0.19). However, even
if the intervention had an effect, we wondered if the effect of the intervention
could be explained by the game habits of the participants. Moreover, by looking
at game logs, we wanted to understand if video game habits at home affected
the way children played the educational game. We studied the following outcome
variables: the pre-post difference in maths anxiety (ΔMA), the pre-post difference
in the number of errors in the paper maths test (ΔME) and the following three
in-game measures: average duration of a move, game performance (measured by
the average of the two highest scores achieved in the game by each player), and
the difference in game performance between the first and the last week of the
intervention (ΔScore). We added to the list of predictors maths score, literacy
score and maths anxiety, in order to fully test if the effect of the game habits
variables was present even after controlling for the cognitive abilities and anxiety
levels of the players. Results are shown in Table 5, where each line represents a
linear regression model for one of the outcome variables considered.

Table 4. Linear regression model to predict Maths Anxiety containing an interaction
term between gender and the age rating of the games played.

Predictor β Pr(> |z|) Predictor β Pr(> |z|)
Gender (M) 1.02 0.27 TimeP 1.31 (<0.001)

Class Yr. −0.16 0.54 LikeVG −0.23 0.51

E10+ 0.40 0.82 Gender(M)*E10+ −0.25 0.91

T 3.55 0.024* Gender(M)*T −2.99 0.068

M 7.41 0.002** Gender(M)*M −6.76 0.009**

Observations = 952, R2 = 10.95
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Table 5. Linear regression models to predict the effect of a DGBL intervention using
players’ game habits (p-values are shown in parentheses, significant predictors at 0.05
level are shown in bold).

Outcome Gender (M) Class Yr. MP LS MA TimeP LikeVG R2

ΔMA 0.49 (0.26) 0.33 (0.25) 0.24 (0.14) −0.18 (0.28) – 0.53 (0.13) −0.02 (0.96) 1.1

ΔME 0.51 (0.21) −0.49* (0.02) −0.48*** (<0.001) −0.03 (0.78) 0.03 (0.37) 0.02 (0.92) 0.09 (0.73) 10.2

Mean Duration −2.99 (<0.001) −0.26 (0.18) 0.53*** (<0.001) −0.19 (0.22) 0.10*** (<0.001) −1.06*** (< 0.001) 0.63* (0.04) 14.7

Mean Score 15.4 (0.40) 25.4*** (<0.001) 41.07*** (<0.001) 3.65 (0.49) −3.05** (0.01) 20.2* (0.05) 6.08 (0.57) 21.1

ΔScore −33.4* (0.05) 8.49 (0.19) 28.3 (<0.001) −4.27 (0.40) −2.58* (0.03) 22.1* (0.02) 4.84 (0.61) 14.1

4 Discussion

Regarding the effect of game habits on school achievements and maths anxiety
(RQ1), our data showed how the age rating of the games played was a significant
predictor even after accounting for player’s gender and age. Regarding MA,
playing games rated for teenagers (T) or for a mature audience (M) increased
the maths anxiety of the player by about 1.8 point (about 0.26 SD). However, the
most interesting result was the interaction between gender and the age rating
of the games played, whereby the effect of age inappropriate videogames was
stronger for girls than for boys. In the model without an interaction term, girls
had an average MA level 3.82 points higher than boys, while in the interaction
model girls playing games rated M had an average MA level 5.74 points higher
than boys. The model with the interaction term was a better fit for the data (R2

of 10.95 compared to 9.55).
Age rating was also significant for maths score and literacy score. Playing

games rated T decreased maths score by 0.60 (on a scale 1–10), while playing
games rated for everyone (E) increased literacy score by 0.78, This is consis-
tent with [15], that found an association between playing violent video games
and lower academic achievements. However, by considering the age rating of
each game, our study goes beyond [15]. Indeed, age rating is not only assigned
considering the level of violence in a game, but many other factors such as lan-
guage, sex, tension, storyline, how safe the communication among online players
is and so forth. Our study suggests the importance for children to play games
appropriate to their age and the importance of supervision when playing.

Regarding the time spent playing video games, it had a significant effect on
increasing MA. An explanation could be that habitual players might be the ones
at risk of developing problematic game behaviour, that is strongly associated
with anxiety [12,19]. Time spent playing also affected literacy score negatively,
while it did not affect maths score, in accordance with [5].

In the second part of our analysis we wondered if the effect of a DGBL
intervention depended on the game habits of players (RQ2). We found no signif-
icant associations between the learning outcome of the Happy Maths intervention
(variable ΔME) and the players’ game habits (variables TimeP and LikeVG).
The same was true for MA reduction (variable ΔMA). Therefore, even if the
intervention had an effect, it was not explained by the game habits of players.
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Habitually playing video games gave an advantage in the educational game,
since TimeP was a significant positive predictor of higher game scores even
after controlling for cognitive abilities, age and maths anxiety of the student.
Playing games habitually gave also a significant advantage in terms of how much
a student improved their game scores from week 1 to week 6 of the intervention.
Likewise, habitual gamers and video games lovers (variable LikeVG) were much
faster in executing their moves in the game, as evidence of their higher familiarity
with the mechanics of digital games.

In summary, being a habitual player did not give an advantage in learning
measured by traditional assessment methods, however it gave an advantage with
respect to the performance in the educational game. Since scoring a high score
in the game requires to perform maths tasks similar to the ones presented in
the pre- and post- paper maths test, we wondered why habitual players had
higher game scores but not higher test scores. Several explanations are possible.
One explanation could be that the game environment might have engaged and
stimulated kids differently, with some players more enthusiastic to play and
motivated by the competition aspects of the game and some other less motivated.
Moreover, players might have felt less motivated or focused doing a test on paper,
since the test was not linked to any reward. Other explanations could be that
the game and the test, although similar, were not perfectly aligned in terms
of content, or that the game did not affect maths abilities outside the game.
However, data from the Happy Maths programme evaluation show how after
playing the game kids improved their paper test scores, as evidence that the
educational game had an effect. In addition to all of these explanations, we also
mention that test anxiety might have been present in the paper test and absent
in the game, while technology-related anxiety could have been present in the
game and absent in the test, both factors influencing students’ performance. In
order to fully answer our question, further analysis and controlled studies should
be implemented to isolate the reasons why the performance of some students
differed between the game and the test. As they stand, our results are interesting
to show that habitual players played educational games in a more effective way
than non-habitual players, suggesting that game-based learning could be a more
truthful form of assessing the maths level of this group of children.

5 Conclusion

In this paper we contributed to the study of the relationship between game habits
and cognitive and non-cognitive traits of players. In the first part of the paper,
we described a cross-sectional study investigating the relationship between game
habits with three outcome variables: maths score, literacy score and maths anx-
iety. Our results showed how playing games that are not age-appropriate was
associated with higher MA and a lower maths score, while time spent playing
was associated with higher MA and a lower literacy score. In the second part of
the paper, we tested if game habits affected the outcome of a DGBL interven-
tion in school. Our results showed that there was no difference in the efficacy of



232 P. Dondio

the intervention between habitual gamers and non-gamers with respect to MA
reduction and maths learning. However, habitual video gamers were faster in
executing their game moves, they achieved higher scores and learnt the game
better. Overall, the study underlines the importance of playing age-appropriate
games, and it provides evidence that, although kids playing video game might
have good advantage when it comes to educational games, the efficacy of such
games is the same for gamers and non-gamers. We also showed that habitual
players played educational games in a more effecting way, suggesting that game-
based learning could be a more truthful form of assessment for these students.
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