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ABSTRACT— Children with dyscalculia show less
self-efficacy and more anxiety while engaging in mathemat-
ical tasks. In addition to difficulties in basic mathematical
skills, such non-cognitive factors negatively impact their
mathematics achievement. In contrast, game elements have
been found to increase performance, motivation, and task
engagement. Accordingly, this study evaluated the effects
of game elements in mathematical tasks for children with
dyscalculia, dyslexia, or both. Sixty children performed
a digital game version, a digital nongame version, and a
paper-pencil version of a number line estimation task. As
expected, children with dyscalculia reported higher math
anxiety compared to those with dyslexia. Furthermore,
results indicated that game elements did not affect per-
formance, suggesting no cognitive overload. Importantly,
however, children favored the game version most and
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believed they performed best in it. This preference and
higher subjective performance suggest that game elements
mitigate negative feelings toward mathematics, possibly
supporting the development of self-efficacy and enhancing
motivation.

Addressing special educational needs of children with spe-
cific learning disorders such as dyscalculia is an important
endeavor. Dyscalculia is characterized by difficulties in
acquiring basic mathematical skills and concepts (Haber-
stroh & Schulte-Korne, 2019). Beyond such cognitive
deficits, children with dyscalculia often also suffer from
non-cognitive challenges such as lower self-efficacy, for
instance, due to a lack of mastery experiences, and higher
math anxiety when confronted with mathematical tasks
(Espina, Marbdn, & Maroto, 2023; Haase, Guimaraes, &
Wood, 2019). These negatively affect their mathematics
achievement and attitudes towards mathematics (Barroso
et al,, 2021; Dowker, Sarkar, & Looi, 2016).

Typically, approaches to support children with dyscalcu-
lia have predominantly focused on improving their basic
mathematical skills (e.g., Butterworth & Laurillard, 2010;
Cohen Kadosh, Dowker, Heine, Kaufmann, & Kucian, 2013;
Dowker, 2017; Haberstroh & Schulte-Kérne, 2019; Lan-
derl, 2013; Monei & Pedro, 2017). However, non-cognitive
factors, such as math anxiety, motivation, and self-efficacy,
are also closely associated with mathematical skills and
general engagement with mathematics (Dowker et al., 2016;
Hannula et al, 2016; Zander, Hohne, Harms, Pfost, &
Hornsey, 2020). One promising avenue to facilitate both
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cognitive and non-cognitive factors in learning and instruc-
tion is the use of game elements or game-based learning
(Barz, Benick, Dorrenbacher-Ulrich, & Perels, 2024; Sailer &
Homner, 2020). Therefore, the present study aimed to evalu-
ate the effects of incorporating game elements into a digital
mathematics task on both cognitive and non-cognitive
factors in children with learning difficulties, with a specific
focus on those with dyscalculia.

From a cognitive perspective, game elements augment-
ing a (mathematical) learning task also have the potential to
distract or cognitively overload learners, leading to poorer
performance (Mayer, 2020). These adverse effects might be
increased by factors such as high task difficulty, limited
prior knowledge, or poor working memory (Rey, 2012). This
underscores the importance of studying the effects of game
elements, especially in children with specific learning disor-
ders such as dyscalculia.

Lams#, Hiamildinen, Aro, Koskimaa, and Ayrimé (2018)
reported significant benefits of game-based learning
approaches for children with learning disorders in their
meta-analysis. At the same time, however, they also called
for more scrutiny when choosing game elements to bet-
ter evaluate their influence on learning outcomes (see
also Benavides-Varela et al., 2020). Therefore, value-added
research, i.e. comparing effects of a conventional version of a
(math) learning task to a version of the same task augmented
with game elements (cf. Mayer, 2019), was chosen as the
methodological approach for the current study to evaluate
effects of game elements in children with specific learning
disorders.

Recent meta-analyses on populations with (Koh, 2022)
and without learning disabilities (Kacmaz & Dubé, 2022)
indicated that most research on game-based approaches to
math learning focuses on cognitive or academic outcomes,
largely overlooking non-cognitive factors. However, such
non-cognitive processes have recently received increased
attention when conventional mathematics tasks are adapted
or augmented (e.g., Demedsts et al., 2024; Dondio, Gusev, &
Rocha, 2023; Koskinen, McMullen, Ninaus, & Kiili, 2023).
For instance, Koskinen et al. (2023) evaluated the use
of additional game elements and emotional design in a
game-based number line estimation task, which is often
used to assess and increase learners’ mathematical skills
(e.g., Kaser et al., 2013; Kiili, Koskinen, & Ninaus, 2019;
Siegler & Booth, 2004). Importantly, the authors observed
significant added value of game elements and emotional
design in terms of increased self-efficacy; however, in
children without learning disorders.

Self-efficacy refers to an individual’s belief in their abil-
ity to succeed in specific tasks (Bandura, 1977; Espina
et al., 2023; Seon Ahn & Bong, 2019) or more generally their
competence beliefs. Self-efficacy is formed primarily by one’s
previous performances or mastery experiences (Usher &

Pajares, 2008). In short, if someone engages in a task and
is successful or perceives it as successful, self-efficacy tends
to increase, whereas failure tends to lower it. While mastery
experiences are often operationalized as grades in the rele-
vant subject, they refer to past experiences of success/failure;
situational mastery experience is measured rather directly
after taking a test. In particular, situational mastery experi-
ence reflects how individuals feel about their performance
on a particular task (Zander et al,, 2020), representing a
subjective performance measure. Unsurprisingly, children
with dyscalculia typically report low math self-efficacy due
to repeated experiences of failure and low mastery experi-
ences when dealing with mathematical tasks (Haberstroh &
Schulte-Korne, 2019). Importantly, for self-efficacy estima-
tion, the most crucial aspect is not necessarily one’s actual
successes or failures but rather an individual’s personal per-
ception and interpretation of their past experiences (Seon
Ahn & Bong, 2019). Math anxiety and a lack of successful
experiences (low mastery) as typically observed in children
with dyscalculia, contribute to an aversion towards mathe-
matical tasks and avoidance behavior (Dowker et al., 2016;
Haase et al., 2019), leading to inconsistent practice, which is
crucial for addressing math-related challenges. Game-based
approaches have been shown to increase or maintain posi-
tive emotions at higher levels, even during strenuous learn-
ing tasks (Bernecker & Ninaus, 2021; Plass et al., 2020), and
thus may hold potential to foster positive experiences with
the learning material and thereby increase learners’ experi-
ence with the task and their willingness to engage with it.

The current study investigated whether the use of game
elements in a math task can influence (situational) mastery
experience in a sample of children with dyscalculia, dyslexia,
or a combination of both. Employing a within-subjects
design, we compared a digital number line estimation task
with game elements, a digital version without game ele-
ments, and a conventional paper-pencil version. In a first
step and on a cognitive level, we evaluated effects of game
elements on performance (i.e., estimation accuracy) but also
considered general performance differences between chil-
dren with and without dyscalculia. As an additional step, we
assessed differences in reported math anxiety, hypothesiz-
ing that children with dyscalculia (with or without additional
dyslexia) should report higher levels of math anxiety than
children without dyscalculia, as observed in prior studies
(Dowker et al., 2016; Haase et al., 2019). While math anxi-
ety is not directly tied to the effects of game elements, this
component of our analysis serves as a replication of prior
findings and provides validation of the sample, ensuring that
general patterns (e.g., lower performance and higher anxiety
in children with dyscalculia) align with established research.
Finally, we evaluated non-cognitive effects of game elements
on subjective performance / situational mastery experience
and learner preference.
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METHODS

Participants

For the present study, 60 children (35 boys, 25 girls) between
7 and 15years (M =10.36, SD=1.71, Mdn=10.29) were
recruited from a therapy center for children with learning
disorders in Hall in Tirol, Austria. All children were diag-
nosed with a specific learning disorder, 25 with dyslexia,
22 with dyscalculia, and 13 with combined learning disor-
der (see Table 1). In particular, every child participating in
the study received an official diagnosis from clinical psy-
chologists, meeting both ICD-10 and corresponding DSM-5
criteria. This clinical assessment involved interviews, intel-
ligence testing (WISC-V; Wechsler, 2017), and standardized
academic performance tests for reading, writing, and math
(following the S3 guidelines for learning disorder diagnoses,
DGK]JP, 2018). Work samples and evaluations from parents
and teachers were also incorporated.

Using Fisher’s exact test, we obtained no significant dif-
ferences in gender distribution across groups (dyscalcu-
lia vs. dyslexia vs. combined; two-tailed p =.294). Further-
more, mean age did not differ significantly between groups
[Welch’s ANOVA, F(2, 37.68)=2.28; p=.116]. However,
within our sample, children with dyslexia were, on aver-
age, 1 year older than children with dyscalculia or combined
learning disorder. Hence, we considered age as a control vari-
able for further analyses.

The study was approved by the Research Committee for
Scientific and Ethical Questions at UMIT Tirol — Private

Table 1
Descriptives on Sample Composition with Regard to Age and Gen-
der Across Groups

Group N M, 8D e Boys/Girls
Dyscalculia 22 9.78 1.66 11/11
Dyslexia 25 10.92 1.92 14/11
Combined 13 10.30 0.92 10/3

University for Health Sciences, Medical Informatics and
Technology. Written informed consent was obtained from
parents or caretakers of each study participant, and children
were asked for written assent before assessment.

Stimuli and Questionnaires

Number Line Estimation Task

We employed three versions of a number line estimation task
(Siegler & Booth, 2004): (a) a digital game version including a
narrative and visual aesthetics that supported the narrative
(see Figure 1a); (b) a digital non-game version presenting a
horizontal black number line on a gray screen (see Figure 1b);
and (c) a conventional paper-pencil version printed on sev-
eral sheets of paper (see Figure 1c). Both digital versions were
developed using JavaScript.

In the number line estimation task, participants have to
place a given target number (e.g., 23) on a number line
where only the start- and endpoint are given (e.g., “Where
goes 23 on a number line from 0 to 100”). The number line
estimation task is frequently used with (dyscalculic) chil-
dren to assess and train number magnitude understanding
(Kucian et al., 2011; Michels, O’Gorman, & Kucian, 2018).
Four “levels” were created for the current study, which were
completed sequentially by children in each version. On the
first level, participants have to place 8 target numbers on a
number line from 0 to 10; on the second level, 10 target num-
bers on a number line from 0 to 20; and on the last two levels,
9 target numbers respectively on a number line from 0 to
100. That is, a total of 36 items had to be completed. Tar-
get numbers/items used were identical across all versions. To
familiarize the children with the response format, the initial
three levels featured one or two pre-marked example items
where the target number was correctly placed.

In the digital game version, children were tasked with
helping a dog hide bones in a forest. This narrative was pro-
vided as part of the written instruction before task interac-
tion. They controlled the dog’s movement along the number
line using the arrow keys on a computer keyboard, which

!
1
0

(a) Game version

(b) Non-game version

(c) Paper-pencil version

Fig. 1. The three task versions of the experiment. (a) Game version (b) Non-game version (c) Paper-pencil version.
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was accompanied by a walking animation. After reaching the
estimated position of the target number, children pressed
the space bar to dig the bone into the ground. The move-
ment of the dog along the forest, and in particular when
proceeding from one target number (presented at the left
upper corner of the screen; Figure 1a) to the next, included
motion parallax (Chapel & Bouwmans, 2020), which is an
often-used effect in 2D games to create an illusion of depth
by making background elements move at a slower rate than
foreground elements. Progressing from one item to the next
within a level was indicated by a progress bar on the left
side of the screen. After completing a level, children accessed
an overview screen to select the next level. The digital
non-game version was functionally equivalent to the game
version (including a level overview screen and the progress
bar), but lacked the dog narrative and visual aesthetics, fea-
turing a vertical white bar instead of the dog and using gray-
ish colors (see Figure 1b).

None of the versions provided feedback about the accu-
racy/performance. This decision was made to avoid influ-
encing children’s subjective assessment of their own per-
formance, which was essential for answering our research
questions.

The accuracy (in percentage) with which the target num-
ber was placed on the number line for each individual item
was measured and used as an objective performance indi-
cator (accuracy in percent: 1—| estimated position—correct
position|/Scale of estimates %; e.g. for the target num-
ber 6 on a number line from 0 to 20: 1—(| 8——6 |/20) *
(100 =90.00%)). In particular, estimation accuracy across all
four levels of the number line estimation task (Level 1: 0-10,
Level 2: 0-20, Level 3: 0-100, Level 4: 0-100) was averaged
for each task version separately.

Math-Anxiety

Children had to indicate their math-related anxiety
using four items on a 4-point Likert scale (“strongly dis-
agree” — “agree completely”). One item each measured gen-
eral math anxiety (“I am afraid of math”), anxiety regarding
different types of math tasks (“I am afraid of arithmetic prob-
lems,” “I am afraid of number line tasks”), and worries about
not being able to solve all math problems (“I worry that I can-
not solve all math problems”). The responses to these items
were then combined into a math anxiety score (Cronbach’s
alpha =.7). In the therapy center, these items are used as a
standard screening tool for a quick assessment of math anx-
iety and are easily understood by schoolchildren of all ages.

Subjective Performance Assessment—Relative Situational
Mastery Experience

Children self-assessed their own performance using the fol-
lowing item “Which tasks do you think you did the best at?”

with a tick-box for each version (i.e., digital game, digital
task, and paper-pencil task), which was considered a proxy
for relative situational mastery experience.

Interaction Preference

Children’s interaction (task version) preference was assessed
using the following item “Which number line tasks did you
like the best?” with a tick-box for each version (i.e., digital
game, digital task, and paper-pencil task).

Both subjective performance assessment and interaction
preference were measured using single, forced-choice items
due to the setting at the therapy center and the limited time
available. However, this approach limits the reliability and
interpretive power of these measures.

Procedure

From April to June 2021, assessments were conducted in
a quiet room in the therapy center in a one-on-one set-
ting following therapy. This setting ensured that the chil-
dren’s questions could be addressed by the experimenter,
who explained individual items/tasks of questionnaires again
if necessary. To minimize unnecessary stress for children and
ensure the efficient use of time at the therapy center, the
three versions of the number line estimation task were com-
pleted in three separate sessions, each lasting approximately
15-25min. Children participated in the study during their
weekly learning therapy sessions, held consistently through-
out the school year, with a one-week interval between each
administration. The order of task version completion was
counterbalanced. To protect data privacy, each child was
assigned a pseudonym, which was deleted after the study.
Before the study, we generated a balanced list of pseudonyms
across experimental conditions and their order, and children
were sequentially assigned to this list based on their initial
participation. During the first session but before completing
the first task version, children rated their math anxiety. At
the end of the third session, children’s interaction preference
and relative situational mastery experience were assessed.

Data Analysis

Cognitive Effects

To examine potential effects of game elements on (cogni-
tive) performance in the number line estimation task in
children with specific learning disorders, we used a lin-
ear mixed-effects model, with estimation accuracy as the
dependent variable. Fixed factors included diagnosis group
(dyslexia vs. dyscalculia vs. combined), task version (digital
game vs. digital non-game vs. paper-pencil), and their inter-
action, while age, gender, and math anxiety were considered
as covariates (i.e., additional fixed factors), with individ-
uals as a random factor. As the requirements of normally
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distributed and homoskedastic errors appeared violated,
heteroskedasticity-corrected standard errors obtained
via the HC3 method were used for inference (Zeileis &
Hothorn, 2002).

Math Anxiety

To examine our hypothesis that children with dyscalculia
(with or without additional dyslexia) should report different
levels of math anxiety than those without dyscalculia (i.e.,
children with dyslexia only) we used a Welch t-test with task
version as the between-subjects factor.

Non-cognitive Effects

To investigate potential non-cognitive effects of game ele-
ments in children with specific learning disorders, we ran
several analyses. Interaction preference was analyzed using
a chi-square test of uniform distribution with respect to the
three task versions. Pairwise comparisons were conducted
to identify which task versions differed in their distribu-
tion of preference. Dependence on diagnosis was analyzed
using a chi-square test of independence. Subjective per-
formance/situational mastery experience was examined the
same way. Furthermore, we complemented this analysis by
evaluating whether subjective performance was related to
objective performance using Kendall’s tau.

RESULTS

Descriptive Statistics

Descriptive statistics of group composition (i.e., therapy
reasons/diagnosis) regarding age and gender distribution
are reported in Table 1. Descriptive statistics on estima-
tion accuracy for all groups (i.e., dyscalculia, dyslexia, and

group E dyscalculia

©
[4)]

©
o

©
[4)]

Estimation accuracy

[0
o

N
[6)]

combined) and task versions (i.e., game, non-game and
paper-pencil) are provided in Table 2 and Figure 2.

Cognitive Effects of Game Elements

Results indicated that dyslexic children were significantly
more accurate than dyscalculic children in the number
line estimation task (dyscalculic children acted as refer-
ence group, see Table 3). In particular, the difference in
accuracy accounts for 3.65% for the game task version and
does not considerably vary if the other task versions are
considered (non-game: —0.69%; paper-pencil: —0.40%).
Estimation accuracy in the number line estimation task is
further significantly increased by 1.03% for each year of
age. The full model explains 37.3% of within-sample vari-
ance in estimation accuracy in the number line estimation
task (F(11, 168)=9.07, p<.001, R?>=.37, adj.R?=.33).
Note that all other predictors were non-significant
(see Table 3).

Table 2
Descriptive Statistics on Accuracy of Estimation for Each Group
and Task Version

Task version Group M, SD,..
Game Dyscalculia 88.627 5.587
Dyslexia 93.669 2.625
Combined 91.424 3.440
Non-game Dyscalculia 88.249 5.166
Dyslexia 92.978 3.474
Combined 90.601 4.337
Paper-pencil Dyscalculia 88.739 4.933
Dyslexia 93.270 2.477
Combined 91.567 2.780

dyslexia E combined

Game

Non—'game

Paperlpencil

Task version

Fig. 2. Boxplots of number line estimation accuracies over task versions and diagnosis group.
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Table 3

Results of Our Regression Model with Number Line Estimation Accuracy as the Dependent Variable

Estimates Standardized

Predictors [95% confidence intervals] estimates Robust SE ~ T-value p
(Intercept) 78.85 [75.22, 82.47] 2.63 29.99 <0.001
Group — Dyslexia 3.65 [1.45, 5.86] 0.40 1.46 2.50 0.013
Group — Combined 2.28 [—0.30, 4.85] 0.21 1.82 1.25 0.215
Task version — Non game —0.38 [-2.56, 1.81] —0.04 0.61 —0.62 0.539
Task version — Paper-pencil 0.11 [-2.07, 2.30] 0.012 0.70 0.16 0.873
Age 1.03 [-0.68, 1.38] 0.40 0.31 3.35 0.001
Gender 0.33 [-0.87, 1.52] 0.04 1.12 0.29 0.770
Math anxiety —0.18 [—0.44, 0.09] -0.09 0.18 —1.00 0.319
Interaction terms

Group — Dyslexia x Task version — Non game —0.31 [-3.31, 2.68] 0.02 0.74 —-0.43 0.671

Group — Combined X Task version — Non game —0.45 [—4.03, 3.14] -0.03 1.20 -0.37 0.712

Group — Dyslexia X Task version — Paper-pencil —0.51 [-3.51, 2.48] —0.04 0.77 —0.66 0.510

Group — Combined X Task version — Paper-pencil ~ 0.03 [-3.55, 3.62] 0.01 0.94 0.03 0.973
Note: Bold values indicate significance at p < 0.05.
Table 4 Table 5

Interaction Preference Across Task Versions and Diagnosis Group

Interaction preference

Task version

Game Non-game Paper-pencil >

Diagnosis Dyscalculic 14 2 6 22
Dyslexic 15 5 5 25

Combined 10 0 3 13

3 39 7 14 60

Math Anxiety Differences between Groups with and
without Dyscalculia

The comparison of math anxiety between children with
and without dyscalculia yielded a significant effect
(¢(57.80)=2.27, p=.027, d=.58). In particular, children
with dyscalculia (with or without additional dyslexia;
M =243, SD=2.39) reported higher math anxiety than
children with dyslexia alone (M =1.20, SD =1.80).

Non-cognitive Effects of Game Elements

The preference for interacting with the different task ver-
sions was not equally distributed across the 60 children
[x*(2) =28.3, p<.001]. Thirty-nine children preferred the
game version over the other two versions, whereas only
seven and 14 children preferred the non-game and the
paper-pencil version, respectively, over the other two ver-
sions (see Table 4). Pair-wise comparisons indicated that the
game version was significantly preferred to the other two ver-
sions [x?(1) =5.40, p =.020] with no significant difference
between the other two versions[ y2(1) =2.33, p =.127]. Fur-
thermore, there was no indication that the distribution of
task preferences depended on diagnosis (p =.525).

Best Subjective Performance Beliefs Across Task Versions and
Diagnosis Group

Best subj. performance

Task version

Game Non-game Paper-pencil z

Diagnosis  Dyscalculic 11 3 8 22
Dyslexic 12 6 7 25

Combined 7 2 4 13

Y 30 11 19 60

The task version in which the children believed they
performed best was also not equally distributed among the
60 children [¥2(2)=9.1, p < .011]. Thirty children indicated
they had performed best in the game version, whereas
only 11 and 19 children believed they performed best in
the non-game and paper-pencil versions, respectively (see
Table 5). Pair-wise comparisons indicated that children
believed they performed significantly better in the game
version relative to the non-game version [y?(1)=8.80,
p=.003]. However, this subjective performance advantage
was not significant when comparing the game version
and the paper-pencil version [y?(1)=2.47, p=.116], nor
was there a significant difference between the non-game
and paper-pencil versions [y?(1)=2.133, p=.144]. Again,
there was no indication that the distribution of subjective
performance belief depended on diagnosis (p =.917).

Finally, these subjective performance beliefs were not cor-
related with the tasks in which individual children per-
formed best objectively (i.e., achieved the highest accuracy
among the three versions); 7 =-0.02, z=-0.15, p=.881.
Tasks that were believed to yield best performance and tasks
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that objectively yielded best performance coincided in only
a third of the cases, which reflects chance level.

DISCUSSION

The current study evaluated the effects of game elements in
math tasks on both cognitive and non-cognitive outcomes
in children with specific learning disorders, particularly
those with dyscalculia. Noteworthy, our findings revealed
that game elements within the digital math task signif-
icantly influenced participants’ subjective performance.
Importantly, while we did not directly measure self-efficacy,
increased subjective performance reported by children
in the game-based task may serve as a precursor to the
development of self-efficacy. Unlike other previous studies
(e.g., Koskinen et al.,, 2023), we investigated the effects of
adding game elements in a population with specific learning
difficulties.

Regarding the cognitive effects of added game elements,
the results indicated that their inclusion had no significant
impact on performance across the three versions of the num-
ber line estimation task. As expected, dyslexic children were
significantly more accurate in their estimations than dyscal-
culic children. This suggests that the integration of game
elements did not distract children with learning disorders
in performing the math task at hand per se, which aligns
with previous research on children without learning dis-
orders (Ninaus, Kiili, Wood, Moeller, & Kober, 2020). This
neutrality in performance outcomes may partly stem from
the intrinsic integration of game and learning mechanics
(Kiili et al., 2019). However, the task’s simple structure and
design probably also kept the overall intrinsic cognitive load
low (Sweller, van Merriénboer, & Paas, 2019) and helped
avoid potential cognitive overload (Mayer, 2020; Rey, 2012).
Furthermore, differences in presentation media—comparing
paper-pencil and digital number line estimation tasks, with
and without game elements—also did not affect estimation
accuracy in children with learning disorders.

As regards non-cognitive factors, the addition of game
elements had a significant effect on children’s relative sit-
uational mastery experiences and learning preferences. In
particular, children expressed a significant preference for
the game version of the number line estimation task and
believed that they performed best when engaging with
this version—regardless of their actual performance. These
outcomes suggest that game-based learning environments
may boost confidence and enjoyment of mathematical tasks
even in children with specific learning difficulties, which
is important given their potentially lower self-efficacy and
higher math anxiety levels (Barroso et al., 2021; Dowker
et al, 2016; Passolunghi, 2011). According to control
value theory (Pekrun, 2006), such positive self-assessment

regarding one’s own skills may lead to attaching value to
certain academic goals (e.g. passing an exam), which in turn
can encourage positive learning behaviors. As such, addi-
tional game elements might constitute a simple measure
to foster increased engagement in children with specific
learning disorders.

Math anxiety was indeed found to be significantly higher
in children with dyscalculia, whether or not compounded
by dyslexia, when compared to children only diagnosed
with dyslexia. This finding was expected and aligns with
prior research (Dowker et al., 2016; Passolunghi, 2011),
thereby reinforcing the validity of our sample of children
with dyscalculia. More pronounced math anxiety in chil-
dren with dyscalculia raises questions about the potential
of game elements to mitigate these negative emotional reac-
tions and whether this could translate to long-term academic
improvement. However, a previous meta-analysis (Dondio
et al.,, 2023) reported a high heterogeneity in effect sizes and
indicated that the effects of math games on math anxiety
might be small overall.

Limitations

When interpreting the study’s findings, several limita-
tions should be considered. The small sample size, broad
age range, and specific demographic from a single ther-
apy center in Austria limit the generalizability of the
results. Additionally, while we excluded immediate perfor-
mance feedback to avoid influencing children’s subjective
assessments, immediate feedback is considered central to
game-based learning (e.g., Plass, Homer, & Kinzer, 2015),
which constrains our conclusions. Although isolating
specific game elements may be necessary for intrin-
sic validity, it can alter the overall gameplay experience
and potentially impact the investigation of the motiva-
tional and cognitive benefits of game-based learning more
generally.

Additionally, task preference and perceived situational
mastery were measured using a single forced-choice item,
requiring children to select only one preferred task ver-
sion and one in which they felt they performed best. This
approach limits reliability and interpretive power, as it may
not have adequately captured the views of children who liked
multiple versions equally or were uncertain about their per-
formance or felt they did equally well across versions, poten-
tially limiting the validity of the data. Furthermore, the use
of a single forced-choice item may not fully capture the com-
plexity of situational mastery experience. Children may have
selected the task they felt they performed least unsuccess-
fully at, rather than one where they genuinely experienced
mastery. This is particularly relevant for children who strug-
gled across all task versions or had difficulty evaluating their
own performance due to cognitive challenges. As such, the
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measure may reflect relative rather than absolute percep-
tions of success.

Consequently, future studies should consider using
multi-item scales to measure non-cognitive outcomes more
rigorously. Further, future studies will need to investigate
whether the positive influence of game elements on relative
situational mastery experience can indeed positively impact
the development of self-efficacy in children with and with-
out learning disorders in longitudinal settings, as well as
replicate the found effects in school settings.

CONCLUSIONS

This study highlights the nuanced impact that game
elements can have on learning situations for children
with learning disorders, particularly with regard to their
non-cognitive aspects. While added game elements did not
lead to a significant performance difference, they notably
enhanced the learners’ relative mastery experiences. These
positive non-cognitive influences of game-based learning
might serve as a springboard for increased engagement and
sustained effort in learning mathematics—also in children
with learning disorders.
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