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Abstract

Background: Specific learning disorder in reading (SLD reading), commonly named dyslexia, is a neurodevelopmental condition
affecting reading. Current best practice recommendations for SLD reading emphasize the necessity of including graphophonological
interventions. The serious game Mila-Learn, which is based on rhythm training, showed promising results in a prior randomized
trial. However, it lacked a component of graphophonological training.

Objective: This study aimed to evaluate the effectiveness of Poppins, a new digital medical device that combines rhythm-based
and graphophonological training for improving reading and phonological skills in children with SLD reading. We also explored
its performance against Mila-Learn, the earlier version based on rhythm training only.

Methods: A single-arm study without an active control group was conducted with 38 children (aged 7-11 years) diagnosed with
SLD reading. The participants completed an 8-week training program with Poppins (five 20-minute sessions per week). Pre- and
posttraining assessments measured reading accuracy and speed, phoneme deletion, and phonological discrimination. Statistical
analysis included pre- and postcomparisons (primary analysis) and comparisons with children's improvement from a previous
randomized controlled trial of Mila-Learn, an earlier version of the device (exploratory analysis).

Results: The participants demonstrated significant improvements in reading accuracy (+11.46 words correctly read; P<.001),
reading speed (+10.26 words read; P<.001), and phoneme deletion (+2.87 points; P<.001). No significant change was observed
in reading comprehension for younger participants (grades 2-3; P=.09), although improvements were noted in older children
(grades 4-5, P=.03). Exploratory analysis comparing children’s improvements with Mila-Learn and Poppins revealed similar
gains in reading accuracy and speed but revealed superior improvement in phonological skills for the Poppins group, with a
moderate effect size according to the benchmarks by Cohen (Cohen d=0.48, P=.02).

Conclusions: Poppins is an effective and safe tool for enhancing reading and phonological skills in children with SLD reading.
By integrating rhythm-based and graphophonological exercises, the device aligns with best practice recommendations for curative
intervention. Future research should explore its long-term effects and medicoeconomic impact and compare outcomes with those
of conventional therapy, as serious games provide an engaging, scalable method for delivering such interventions.

Trial Registration: ClinicalTrials.gov NCT06596980; https://clinicaltrials.gov/study/NCT06596980

(JMIR Serious Games 2025;13:e76435) doi: 10.2196/76435
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Introduction

Specific learning disorder in reading (SLD reading), commonly
named dyslexia, is a neurodevelopmental condition characterized
by impairments in reading, writing, and phonological processing.
SLD reading affects 5% to 10% of the population, with a
relatively high prevalence in males. SLD reading is associated
with deficits in phonological awareness, rapid naming, and
auditory-verbal memory, which impair the ability to decode
written language and recognize words fluently [1,2]. The
recommended treatment always includes graphophonological
interventions. Indeed, among the leading theories explaining
SLD reading, the phonological deficit hypothesis posits that
impaired representation, storage, or access to phonemes—the
basic sound units of language—underlies reading difficulties
[3].

A related theory, the temporal processing hypothesis, suggests
that difficulties in perceiving rhythmic and prosodic features
of speech, such as syllable stress and amplitude modulations,
further exacerbate phonological and reading challenges [4,5].
Recent neurophysiological studies using electroencephalography
have shown that children with SLD reading exhibit atypical
low-frequency cortical encoding of speech, particularly in the
delta and theta bands (1-8 Hz), which are critical for processing
rhythmic and temporal aspects of language [6]. These findings
align with genetic studies showing moderate but significant
correlations between rhythm perception, language skills, and
SLD reading, supporting the Atypical Rhythm Risk Hypothesis
[7].

Rhythmic and musical interventions have emerged as promising
tools for addressing these deficits. A scoping review examined
the use of music interventions to improve reading skills in
children with SLD reading [8]. The authors identified 12 studies
that focused on how music interventions target auditory
processing, phonological processing, and temporal processing.
Rhythmic activities are the most common musical element used
in interventions, primarily aimed at improving reading accuracy.
These activities were designed to enhance phonological
awareness, syllable segmentation, and word recognition. Music
and rhythm engage neural networks similar to those involved
in language processing, enhancing phonological awareness,
auditory memory, and reading accuracy [9,10]. For example,
rhythmic training improves the synchronization of neural
oscillations with auditory stimuli, which is crucial for
phonological segmentation and temporal prediction in speech
[11,12]. These interventions are particularly effective because
they target both the underlying cognitive deficits and the
motivational barriers often faced by children with SLD reading.

Serious games, which combine educational objectives with
engaging gameplay, offer a novel and scalable approach to SLD
reading intervention [13]. These digital tools provide intensive,
repetitive training in phonological and graphophonological
skills, which are essential for reading development [14]. By
incorporating adaptive difficulty levels, immediate feedback,

and rewards, serious games maintain high levels of engagement
and motivation, which are critical for children with SLD reading
who may otherwise avoid conventional literacy activities
[15,16]. Furthermore, these games can be accessed remotely,
addressing disparities in access to specialized resources and
enabling frequent, home-based practice [13,17]. To be effective,
interventions for children with SLD reading must be intensive
(5 times per week). However, achieving this intensity is not
feasible in conventional in-person therapy, where speech
therapists are typically limited to scheduling 1 to 2 sessions per
week [18]. Therefore, using serious games appears to be a
solution to support high-intensity training.

With this in mind, we developed Mila-Learn, a digital medical
device in the form of a serious game designed for rhythmic
training to improve reading skills in children aged 7 years to
11 years with SLD reading [17]. It includes a series of
music-based games focusing on rhythm repetition,
synchronization, and rhythm completion, which are embedded
in a story where the child (here, the player) is the hero. Between
October 2021 and March 2023, we conducted a randomized
placebo-controlled trial with 154 children with SLD reading
who played with Mila-Learn or with a placebo game for 2
months. The results revealed improvements in reading accuracy
and speed, supporting the ability of Mila-Learn to improve
reading in children with SLD reading [19].

However, recommendations for best practices in the treatment
of written language disorders in children [1] include 3 different
modes of intervention for patients with SLD reading: (1) curative
treatment targets underlying cognitive deficits (eg, phonological
or visual-attentional deficits) and the various processes involved
in written word identification (eg, graphophonological
conversion, phonological decoding, orthographic memory,
orthographic recoding), (2) adaptive treatment aiming to
strengthen the reader’s natural compensatory strategies (eg,
development of lexical orthographic memory), and (3)
compensatory treatment to reduce written language disorders
by replacing deficient cognitive functions (eg, using digital
aids). These intervention modes are not mutually exclusive and
should be combined or alternated according to a treatment plan
tailored to each patient. However, whenever possible, curative
treatment should be the first intervention used with the patient.
Curative treatment needs to combine phonological training with
graphophonological training, as phonological training alone
results in limited improvement in reading skills [1].

The publication of these recommendations led to modifications
in the Mila-Learn game to better address the various aspects of
curative treatment. In addition to the rhythmic games, we
computed and added games focusing on written word
identification. The new medical device, named Poppins, thus
combines rhythmic tasks from Mila-Learn with new written
language training tasks. In this article, we first describe the
language games added to Poppins. We describe a single-arm
study in which we focus on the impact of Poppins on the reading
and phonological skills of children with SLD reading. As an
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exploratory analysis, we then compared the effects of Poppins
with those of the medical device Mila-Learn [19] on the reading
and phonological skills of children with SLD reading.

Methods

Device Description
Poppins is an app available on tablets and smartphones (iOS
and Android) in which the child is led to carry out different
activities divided into 2 categories: language activities and
rhythm activities. Game data are stored anonymously on secure
servers that comply with medical data protection regulations.

Overall, Poppins contains a number of different short activities,
allowing for a variety of activities within a single session. An
activity lasts an average of 1.40 minutes, to not demand too

much attention from the child [20,21]. This structure of short
activities ensures a fluid, coherent, and continuous experience
for the user. To offer an experience suitable for as many children
as possible (from 7 years to 11 years old, gamers and nongamers,
with a wide range of tastes), the visual and narrative aesthetics
of Poppins are aligned with mainstream video game standards
such as Rayman and Mario games, games for all audiences.

Rhythmic activities (Figure 1) consist of rhythmic activities
that were previously described [17]. To quickly summarize, all
the tasks were designed to work on rhythm, as rhythm appears
to be directly related to reading skills, whereas melody is not
[22]. However, each task requires the mobilization of other
skills, such as attention, inhibition, working memory, and motor
skills, which are also often impaired in children with SLD
reading [23].

Figure 1. Screenshots of rhythm tasks in the Poppins medical device: (A) In the Temple of Music, the child must recreate the rhythm of a melody using
predefined rhythmic blocks; (B) in the King Song, the child must sing the displayed syllables in rhythm; (C) in the Beat Jumper, the child must make
their character jump in rhythm by shaking the tablet; and (D) in Pop'n Run, the child must keep the rhythm by tapping the screen with their finger.

In March 2022, Collège Français d’Orthophonie (French College
of Speech Therapy [CFO]) [1] published its recommendations
for best practices in written language. These best practice
recommendations were developed using the formal consensus
recommendation method described in the scientific rationale
published by the Haute Autorité de Santé [24] and include a
section on the management of SLD reading. These
recommendations reiterate the principle of the phonological
hypothesis and the deficit in temporal processing of auditory
signals. The approach of rhythm-based intervention is presented
and supported by recommendations, which advise a “curative”
intervention as a first-line treatment, meaning that it aims to
rehabilitate underlying processes (such as rhythm processing)
in the context of SLD reading.

However, this curative intervention includes 2 components: the
rehabilitation of underlying processes and direct work on
graphophonological conversion (ie, the link between graphemes
[letters] and phonemes [sounds]). The CFO’s recommendations
[1] also provide guidelines for implementing
graphophonological conversion training. Following the

publication of these recommendations, the game Mila-Learn
was revised to include exercises targeting graphophonological
conversion, which we will refer to as the language games
module, in addition to the rhythmics tasks already developed.
The 20-minute training time is evenly divided between written
language exercises and rhythmic tasks. Parents are advised to
aim for 5 play sessions per week. In the game, specific rewards
appear starting from the 3rd session to encourage the child to
complete at least 3 sessions per week, with additional rewards
unlocked upon reaching the fifth session. The child’s play time
was monitored directly by the app. Once the child had played
for 20 minutes, the game automatically stopped. The play time
data were transmitted directly to Poppins’ company using the
internet. Parents were encouraged to ensure that the tablet was
connected to the internet after each session that was played by
the child. If the child did not play for a week, notifications were
sent by the app: one on Monday to remind the child to play and
another on Saturday to encourage play over the weekend. In
addition, parents received an email on Wednesday, reminding
them that their child should play Poppins.
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All written language games (Figure 2) are designed to present
the child with the grapheme linked to its phoneme and consist
of real words selected on the basis of their frequency (using the
Manulex-infra database [25]), orthographic complexity (verified
using the Eole database [26]), and length. Words are presented
to the child on the basis of their infralexical characteristics. The
difficulty level is continuously adapted to the child on the basis

of their responses in the game: Depending on the number of
errors in each exercise, the complexity level of the words is
adjusted, and the child’s progress in the game is tailored. The
games are designed to maximize errorless learning, and
immediate feedback is provided if the child makes a mistake.
For example, in the word search game, the target words are
displayed to the child, minimizing the risk of spelling errors.

Figure 2. Screenshots of language tasks in Poppins medical device: (A) In Dino-Burger, the child must categorize words on the basis of the sounds
they contain; (B) in Veggie Crok, the child must reconstruct a syllable or a word; (C) in Supersmile, the child must choose the correct word to complete
the sentence; and (D) in Ca. passe ou ça tarte (meaning “Pass or Smash”), the child must answer a question to demonstrate sentence comprehension.

The written language games are divided into 4 areas: one
focused on phonology (“I listen”), one focused on reading (“I
read”), one focused on transcription (“I write”), and the last
focused on comprehension (“I understand”). These areas always
work in pairs to limit the number of different tasks
(Recommendation 2.8) [1]. Additionally, these areas alternate
on the basis of the child’s progress, allowing for the coordination
of reading tasks with transcription tasks (Recommendation 2.13)
[1].

Study Protocol
The study design is a single-arm trial with no active control
group examining the effect of the Poppins digital medical device
for children with SLD reading (Figure 3). Each participant
included in the study followed the training protocol, which
consists of 5 training sessions per week on Poppins. Each session
lasts approximately 20 minutes. After an assessment of their
reading and phonological skills, all the children trained for 8
weeks with the Poppins medical device. Their skills were
reassessed after the training period.

Figure 3. Description of the protocol for a single-arm study involving dyslexic children aged 7 years to 11 years.
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Participants
We included children aged between 7 years and 11 years with
a diagnosis of SLD reading according to the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition (DSM-V)
criteria, as confirmed by the recruiting center’s physicians. They
had to be native French speakers or have been schooled in
France for at least 3 years. The children were not allowed to
have previously played Mila-Learn or Poppins. Children with
autism, intellectual disabilities, or epilepsy were also excluded.

The sample size determination was based on the main objective
and performed in G.Power 3.1.9.7.

The null (H0) and alternative (H1) hypotheses are defined as
follows: H0: µD=0 and H1: µD≠0, where
D=EVAL2MT2-EVAL2MT1 (defined earlier as the primary
end point).

A 1-sample bilateral t test, assuming a dz effect size of 0.5, a
5% type I error, and 80% power, determined that the study needs
34 participants. To account for a 10% dropout rate (34/0.9), 38
participants were needed.

Outcomes
The primary variable was reading ability as assessed using the
Eval2M task, which involves reading a list of words within a
2-minute time frame and produces 2 scores (speed and accuracy;
Evaleo 6-15) [27].

The secondary variables included phonological skills, measured
through a phoneme deletion task (BALE) [28] and a phonemic
discrimination task (Evaleo 6-15) [27]. Additionally, reading
skills were assessed in terms of speed and accuracy using the
nonsensical text “Evalouette” [27], as well as in terms of speed,
accuracy, and comprehension using texts from Evaleo 6-15
[27]. We also assessed parental stress with the shortened version
of the Parenting Stress Index [29] and children’s quality of life
with the quality-of-life questionnaire of the PedsQL 4.0 Generic
Core Scales child report [30] 8 weeks after the start of the
training. The PedsQL 4.0 Generic Core Scales is a widely used
and validated 23-item instrument measuring health-related
quality of life in children and adolescents. For this study, the
child self-report version was used. The Parenting Stress
Index-Short Form is a 36-item parent self-report questionnaire.
It efficiently measures parental stress across 3 domains: Parental
Distress, Parent-Child Dysfunctional Interaction, and Difficult
Child. Finally, all adverse events reported by the participants
were recorded to evaluate the safety of Poppins.

Ethical Considerations
The study protocol was approved by the local ethics committee
(Comité de protection des personnes Ile de France; approval
number 24.00890.000301) and national regulatory agencies
(Agence nationale de sécurité du médicament et des produits
de santé and Commission nationale de l'informatique et des
libertés; approval number 2024-A00432-45).

Prior to providing consent, the patient and their parents received
a complete and comprehensive explanation of the study,
including the study rationale, the procedures, the benefits and
risks, that participation was voluntary, and that the participant

could withdraw from the study at any time without any negative
consequences.

Written informed consent was obtained from the participant or
legal guardian in accordance with local practice and regulations
prior to any study assessment or test being conducted. The
parents provided their signature at the end of the consent form,
and the delegated site team member countersigned the form.
Consent was obtained via a wet-ink signature. A copy of the
fully executed informed consent form was provided to the
participants and their parents (either a paper version or
electronically sent via email), and a copy was retained by the
site in a secure area with restricted access.

Given the patient’s condition (specific learning disability with
reading or written expression deficit) and his or her age, thus
potentially being unable to provide written consent, the child
provided verbal assent to participate in the trial. The investigator
read the content of the consent form during the information
visit, clearly stating that the child was free to decline his or her
participation at any moment. The consent form was adapted to
an appropriate language to facilitate the child’s understanding.
Once the child verbally agreed to participate in the trial, the
investigator signed the consent form on their behalf and
registered it in the electronic case report form.

Information and inclusion visits could be carried out remotely
or in person at the discretion of the parents or the investigator
if he or she considered it necessary to assess that the child was
not subjected to undue pressure.

Identifiable participant details (confidential details, including
name and date of birth) were held in a database separated from
the research database after receiving participants’ consent. The
research database never holds personal identifiable information.
Only clinical sites had access to this information.

The study was registered in ClinicalTrials.gov retrospectively
on September 11, 2024, after it started on June 28, 2024.

Statistical Analysis
Statistical analyses were carried out using R Version 4.2.2. First,
we aimed to assess the delta before and after training with
Poppins. In line with our predefined statistical analysis plan,
the evaluation of absolute changes in skills between the baseline
assessment (T1) and final assessment (T2) was conducted using
a mixed linear regression with the following formula: score ~
time (T2 vs T1) + (1|Subject), with a t test of the time effect
(lme4 package). The participant was used as a random intercept
to account for individual variability. P values and 95% CIs were
obtained using bootstrap resampling (boot package; 10,000
replications).

In a preceding clinical trial [19], 8 weeks of training with
Mila-Learn was compared with 8 weeks of training with a
placebo game. Our second exploratory analysis aimed to
compare the scores of the children exposed to Poppins (this
study) with the scores of the children exposed to the former
version of the digital medical device Mila-Learn (previous
study). To compare the results, the former version of the digital
medical device will be compared when the results are
significantly different from those of the placebo in search of
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superiority and difference descriptions. The comparison of
change scores (T2-T1) between groups was performed using
the Welch t test. Missing data were handled using a
complete-case analysis.

Results

Study Follow-Up
The study started in June 2024 and ended in February 2025,
and 49 patients were screened for this study. The inclusion

criteria were not met by 11 patients. A total of 38 patients gave
their informed written consent to participate in the study and
were subsequently enrolled (see Figure 4). One patient was lost
to follow-up. Consequently, 37 patients were included in the
analysis. All patients followed the training during the study.

Figure 4. Flowchart of patient recruitment and study follow-up.

Participants
The characteristics of the participants enrolled are described in
Table 1.

Table 1. Description of the participants recruited for the study on the basis of their grade level.

5th grade (n=5)4th grade (n=14)3rd grade (n=13)2nd grade (n=6)Characteristics

10.88 (0.46)9.91 (0.62)8.94 (0.42)8.21 (0.47)Age (years), mean (SD)

Sex, n

0481Female

51055Male

2 (40)9 (64)11 (85)2 (33)Speech therapy, n (%)

2 (40)3 (21)4 (31)4 (67)ADHDa, n (%)

0 (0)0 (0)1 (8)0 (0)Language disorder, n (%)

0 (0)2 (14)2 (15)1 (17)Dyspraxia, n (%)

0 (0)1 (7)3 (23)1 (17)Dyscalculia, n (%)

aADHD: attention-deficit/hyperactivity disorder.

Among the 38 participants, 20 had a medical history. The
highest level of education attained by the parents was controlled.
Among the 38 families, none did not have a high school diploma
(Bac), 18 (47%) had an education level ranging from Bac to
Bac +3, and 20 (53%) had an education level equal to or higher

than Bac +4. The mean total time played by the children was
653 (SD 202) minutes. The distribution of children in France
is shown in Figure 5. No adverse events were reported during
the study.
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Figure 5. Geographical distribution of children included in the study across France.

Outcomes
The primary end point was absolute improvement in reading
skills, specifically through the lens of word reading capability,
using the EVAL2M subtest from EVALEO 6-15 [27] after an

8-week training regimen (T2). The secondary end point was
improvement in reading skills in terms of accuracy, speed and
comprehension, and phonological skills (phoneme deletion and
phonological discrimination). The scores at T1 and T2 are
presented in Table 2.
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Table 2. Comparison of participants’ scores on the proposed tasks at pretest (T1) and posttest (T2).

P valueDifference (95% CI)T1 (n=38), mean (SD)T2 (n=37), mean (SD)Tasks

Words read in 2 minutes (EVAL2M)

<.00111.46 (8.75 to 14.25)88.39 (34.00)101.49 (33.86)Words correctly read

<.00110.26 (6.77 to 13.85)98.50 (32.54)110.46 (32.43)Words read

Phoneme deletion (BALE)

<.0012.87 (1.64 to 4.09)13.54 (4.51)16.58 (3.38)Total score

.69–5.37 (–31.97 to 21)213.14 (102.56)205.19 (101.37)Total time (seconds)

Text with no meaning (Evalouette)

<.00110.95 (4.87 to 17.19)93.21 (38.76)105.59 (42.94)Words read

<.00113.25 (7.78 to 18.86)79.76 (38.92)94.49 (42.80)Words correctly read

Phonological discrimination (Evaleo 6-15)

.031.61 (0.2 to 3.06)20.21 (3.86)21.84 (3.95)Total score

Text comprehension 4th and 5th grades

.251.00 (–0.72 to 2.67)4.50 (4.88)5.50 (5.73)Number of reading errors

.00112.46 (4.96 to 19.76)85.29 (37.46)97.76 (41.51)Reading time (seconds)

.030.70 (0.06 to 1.32)4.75 (1.12)5.45 (1.50)Comprehension score

The results indicate that participants correctly read significantly
more words at T2 than at T1 (P<.001). On average, children
read 11.46 more words correctly at T2 than at T1. The
participants using Poppins also showed improvements in reading
speed, with more words read at T2. The difference in mean
improvement (+10.26 words read between T1 and T2) reached
statistical significance (P<.001).

Children significantly improved their performance between T1
and T2 for reading speed and fluency (P<.001) and phonological
tasks. No significant improvement between T1 and T2 was
found in the parental stress questionnaire (P=.15) or in the
child’s quality of life questionnaire (P=.92).

Text comprehension was assessed using the paragraph reading
task from EVALEO 6-15 [27]. This assessment varies depending
on grade level, as the texts provided differ between the 2nd and
3rd grades and the 4th and 5th grades. The results were therefore
analyzed by grade level, 2nd/3rd vs 4th/5th. No significant

improvement in reading time (P=.66), the number of reading
errors (P=.052), or the comprehension score (P=.86) was found
in the text comprehension task for the 2nd/3rd graders. A
significant improvement in the comprehension score (P=.03)
was found for the 4th/5th graders, as the reading time increased
(P=.001).

Finally, we conducted an exploratory analysis comparing the
group who played Poppins and the group who played Mila-Learn
in a previous study [19] in terms of absolute improvement in
the number of words read and number of words correctly read
using the subtest EVAL2M from the Evaleo 6-15 [27] and in
terms of absolute improvement in the score of the phoneme
deletion task from the BALE [28] after an 8-week training
regimen (T2). The change in each group was quantified as the
difference between the posttraining mean score at T2 and the
pretraining baseline mean score. The results are summarized in
Table 3.

Table 3. Improvement in scores between posttest (T2) and pretest (T1) for children using Poppins compared with the improvement in scores for children
using Mila-Learn from the previous study.

P valueCohen dDifference (95% CI)Mila-Learn (N=75), mean (SD)Poppins (N=38), mean (SD)Tasks

Number of words correctly read (EVAL2M)

.700.070.77 (–3.31 to 4.85)10.63 (12.51)11.41 (8.44)T2-T1

.90–0.03–0.92 (–14.05 to 12.20)89.32 (30.39)88.39 (34.00)T1

Number of words read (EVAL2M)

.70–0.09–1.09 (–5.89 to 3.72)11.25 (13.43)10.16 (10.86)T2-T1

.50–0.15–4.22 (–16.54 to 8.10)102.72 (27.07)98.50 (32.54)T1

Phoneme deletion score (BALE)

.020.481.85 (0.31 to 3.40)0.90 (3.94)2.75 (3.67)T2-T1

.200.21.17 (–0.75 to 3.08)12.38 (5.22)13.54 (4.51)T1
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The progression of children’s scores was similar between
Mila-Learn and Poppins for speed (number of words read) and
reading fluency (number of words read correctly). However,
the phonological skills of the children in the Poppins game
group were better than those of the children in the Mila-Learn
game group.

Discussion

Principal Findings
In this study, we evaluated the impact of 8 weeks of training
with Poppins on the reading performance of children aged 7
years to 11 years with SLD reading. We also assessed the
phonological skills of the children and compared the results of
the group who used the medical app Poppins with those of a
group who used a former version of the digital medical device
(named Mila-Learn) in a prior study. SLDs manifest as marked
deficits in reading fluency and accuracy and are typically
characterized by slow, effortful reading and substantial
inaccuracies [2]. Reading accuracy precedes the development
of reading speed, with significant improvements in speed
occurring once a foundational accuracy level is established [31].
Therefore, both reading accuracy and speed are crucial metrics
for assessing reading proficiency.

First, Poppins appears to be a safe device, as no adverse events
were reported during the study. No device malfunction could
lead to a serious adverse event, and no serious breaches were
reported.

We explored clinical performance by assessing children after
8 weeks of training with Poppins. With respect to reading
accuracy, the children improved their scores in nearly all reading
tasks after 8 weeks of training with Poppins. Children showed
improvement in the primary end point, with the number of
correctly read words increasing significantly (P<.001), by 11
words. For comparison, children in the placebo group in the
previous study [19] improved their reading by 5 words at the
second evaluation, 8 weeks later. This improvement was also
observed in other reading tasks, such as reading nonsense text
(Evalouette; P<.001). Word reading is a measure used in clinical
and research settings, serving as a proxy for reading proficiency
in day-to-day life.

The impact of Poppins on reading speed has also been
investigated. Reading fluency is recognized as a key marker of
SLD reading across different languages and is a persistent
symptom of SLD reading, even when basic decoding skills have
been acquired [32]. In our study, reading speed was reported
by counting the number of words read, which improved at T2
(P<.001).

Phonological awareness is an important capacity when exploring
reading. Indeed, phonological deficit is one of the most common
causes of SLD reading [3,33] and results, among others, in
phonological awareness difficulties. In our study, children's
scores improved on both the discrimination and the phoneme
deletion tasks (P=.03 and P<.001, respectively). The children
did not show significant improvement in speed in the deletion
task (P=.69). Assessing phonological skills in children with
SLD reading typically involves evaluating both accuracy and

speed, as these dimensions provide a comprehensive
understanding of their phonological processing abilities. Many
children with SLD reading exhibit deficits in phonological
processing speed, meaning that they process phonological
information more slowly than their peers do [34]. Speed is often
assessed using tasks such as rapid automated naming, which
measures how quickly a child can name familiar items (eg,
letters, colors, or objects). In future research, it could be valuable
to include such tasks in the assessment battery to better capture
improvements in phonological processing speed.

We evaluated the reading comprehension of children after an
8-week intervention with Poppins. The assessment was
conducted using the paragraph comprehension task of EVALEO
6-15 [27]. This task involves 2 texts to avoid retest effects: one
for the initial evaluation and another for the follow-up
evaluation. The texts are adapted to the children’s grade level,
with children in 2nd and 3rd grades reading shorter texts
consisting of only a few sentences, whereas children in 4th and
5th grades read a full text composed of 3 paragraphs, each
containing 5 to 6 sentences. Reading comprehension was
assessed by asking questions about the text. The results revealed
no significant effect of the training on the comprehension scores
of children in the 2nd and 3rd grades. However, the
comprehension scores of older children in grades 4 and 5
improved, as evidenced by the analyses (P=.03). The observed
difference in results between 2nd/3rd grade and 4th/5th grade
students likely stems from the texts used. The texts for 4th/5th
grade students are significantly longer than those for 2nd/3rd
grade students, leading to increased working memory load.
Additionally, the comprehension of 4th/5th grade students is
assessed with a greater number of questions than that of 2nd/3rd
grade students (7 questions vs 4 questions), allowing for a more
detailed evaluation of their text comprehension abilities. We
also observed that children read more slowly at T2 than at T1
(+12.46 seconds; P=.01). This suggests that children may have
slowed their reading speed to ensure better comprehension of
the text, which is a common and effective strategy among
children with SLD reading [35].

Comparison With the Former Version Mila-Learn
Finally, we compared the evolution of reading accuracy and
reading speed scores obtained from the 2-minute word reading
task (EVAL2M) between children who used Poppins and those
who used Mila-Learn. No significant differences were found
between the 2 groups, suggesting that the new version of the
device, Poppins, remains effective. We also examined the impact
of Poppins on phonological skills, as measured by the phoneme
deletion task, compared with the impact of Mila-Learn. Children
who used Poppins improved their scores by 1.85 points more
than those who used Mila-Learn did (P=.02). In the previous
Poppins-01 study, only children in the 2nd/3rd grades
demonstrated significantly greater improvement in the
Mila-Learn group than in the placebo group. These results
support the hypothesis that Poppins enhances children’s
phonological skills more effectively than the previous version,
Mila-Learn. Indeed, several studies have independently
demonstrated the benefits of rhythmic training, as well as
phonemic and graphophonological training, in improving
phonological skills in children with dyslexia [36,37]. These
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different approaches have shown substantial effects, which are
generally comparable across interventions. Thomson et al [36]
suggested that combining rhythmic training with
graphophonological training may be particularly effective for
enhancing phonological skills in children with dyslexia.

Among the study population, 9 children played with Poppins
for less than 500 minutes, representing 27% of the population,
whereas 36% of the children in the previous study using the
Mila-Learn game did not reach the 500-minute play threshold.
The median playing time was 752.50 minutes, with the majority
of the children playing for more than 500 minutes (Q1=524.00
minutes, Q3=809.50 minutes). The mean global playing time
was 653 minutes, which is comparable to the playing time
reported in a previous study with Mila-Learn (global playing
time=660 minutes). This suggests that the addition of language
exercises did not negatively impact adherence to the treatment.

Maintaining treatment adherence makes Poppins a relevant tool
for health care professionals to enhance patient care by enabling
home-based training. Moreover, serious games offer affordable
and accessible solutions, providing support when health care
services are limited or in the context of remote follow-up.
Treatment adherence is further supported by the game’s
engaging and playful elements [38].

Limitations
Despite these promising results, our study has several major
limitations. First, we did not include a control group that
followed their treatment as usual, which makes it difficult to
attribute the observed improvements to the use of Poppins rather
than to natural progression for the majority of our results. To
address this, we used data from a previous study [19] as a
comparison, but this approach may affect the validity of the

comparison. To minimize bias, we conducted recruitment in
the same way for both studies and used the same inclusion
criteria, except for the speech therapy sessions. Effectively,
children in our current study were allowed to continue their
usual treatment. Among the 38 recruited children, 24 (63%)
were receiving speech therapy. In contrast, the children in the
previous Poppins-01 study did not have speech therapy sessions.
This difference may have introduced bias, as children in the
Poppins group could have received additional training than
those in the Mila-Learn group did, and we did not monitor the
exact number of speech therapy sessions attended by the children
during their participation in the study. However, since a large
portion of the children were recruited between June and July,
many did not regularly attend speech therapy during this period,
as July and August are holiday months in France. Finally, the
groups also differed in terms of age and gender distribution,
with a greater percentage of children in 5th grade (CM2) in the
Mila-Learn group (23/75, 30% for Mila-Learn vs 5/38, 13% for
Poppins) and a greater percentage of girls who played
Mila-Learn (39/75, 52% for Mila-Learn vs 13/38, 34% for
Poppins) [19].

Conclusion
In conclusion, despite several limitations, the study revealed
that Poppins appears to be a promising tool, with participants
showing significant improvements in reading fluency as well
as phonological skills. The improvements in reading skills were
comparable to those seen with the previous version of the device,
Mila-Learn, but Poppins might have a greater impact on
phonological skills. The improvement in reading seems to have
lightened the load on working memory, allowing children to
better understand long texts. Moreover, no adverse events were
reported, and the device was found to be safe and well tolerated.

Acknowledgments
We would like to thank the family and the participants. Our thanks also go to Sara Cadoni and Clemence Faulcon, who participated
in this work.

Data Availability
The data sets generated or analyzed during this study are available from the corresponding author upon reasonable request.

Authors' Contributions
Conceptualization – CG, MD, DC, FV
Statistical plan – MD, HP
Writing - original draft – CG
Writing - review & editing – MD, DC, FV, HP

Conflicts of Interest
FV is the CEO of Poppins, the company that developed the game Poppins. MD and CG are employees at Poppins. DC reports a
relationship with bMotion Technologies that includes equity or stocks.

References

1. Les Recommandations de Bonne Pratique d’Évaluation, de Prévention et de Remédiation des troubles du langage écrit chez
l’enfant et l’adulte. Collège Français d'Orthophonie. Mar 31, 2022. URL: https://www.college-francais-orthophonie.fr/
recommandations-de-bonne-pratique-en-langage-ecrit/ [accessed 2025-07-07]

2. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition, Text Revision
(DSM-5-TR). Washington, DC. American Psychiatric Association Publishing; 2022.

JMIR Serious Games 2025 | vol. 13 | e76435 | p. 10https://games.jmir.org/2025/1/e76435
(page number not for citation purposes)

Grossard et alJMIR SERIOUS GAMES

XSL•FO
RenderX

https://www.college-francais-orthophonie.fr/recommandations-de-bonne-pratique-en-langage-ecrit/
https://www.college-francais-orthophonie.fr/recommandations-de-bonne-pratique-en-langage-ecrit/
http://www.w3.org/Style/XSL
http://www.renderx.com/


3. Peterson RL, Pennington BF. Developmental dyslexia. The Lancet. May 2012;379(9830):1997-2007. [doi:
10.1016/s0140-6736(12)60198-6]

4. Huss M, Verney JP, Fosker T, Mead N, Goswami U. Music, rhythm, rise time perception and developmental dyslexia:
perception of musical meter predicts reading and phonology. Cortex. Jun 2011;47(6):674-689. [doi:
10.1016/j.cortex.2010.07.010] [Medline: 20843509]

5. Goswami U. Sensory theories of developmental dyslexia: three challenges for research. Nat Rev Neurosci. Jan 5,
2015;16(1):43-54. [doi: 10.1038/nrn3836] [Medline: 25370786]

6. Araújo J, Simons BD, Peter V, Mandke K, Kalashnikova M, Macfarlane A, et al. Atypical low-frequency cortical encoding
of speech identifies children with developmental dyslexia. Front Hum Neurosci. Jun 7, 2024;18:1403677. [FREE Full text]
[doi: 10.3389/fnhum.2024.1403677] [Medline: 38911229]

7. Alagöz G, Eising E, Mekki Y, Bignardi G, Fontanillas P, 23andMe Research Team, et al. The shared genetic architecture
and evolution of human language and musical rhythm. Nat Hum Behav. Feb 21, 2025;9(2):376-390. [doi:
10.1038/s41562-024-02051-y] [Medline: 39572686]

8. Lewis J, Kim SJ. Scoping review of music interventions aimed at improving reading skills in children with specific learning
disorders in reading. J Music Ther. Sep 12, 2024;61(3):218-243. [doi: 10.1093/jmt/thae010] [Medline: 38683748]

9. Habib M, Lardy C, Desiles T, Commeiras C, Chobert J, Besson M. Music and dyslexia: a new musical training method to
improve reading and related disorders. Front Psychol. Jan 22, 2016;7:26. [FREE Full text] [doi: 10.3389/fpsyg.2016.00026]
[Medline: 26834689]

10. Flaugnacco E, Lopez L, Terribili C, Montico M, Zoia S, Schön D. Music training increases phonological awareness and
reading skills in developmental dyslexia: a randomized control trial. PLoS One. 2015;10(9):e0138715. [FREE Full text]
[doi: 10.1371/journal.pone.0138715] [Medline: 26407242]

11. Bégel V, Dalla Bella S, Devignes Q, Vandenbergue M, Lemaître M-P, Dellacherie D. Rhythm as an independent determinant
of developmental dyslexia. Dev Psychol. Feb 2022;58(2):339-358. [doi: 10.1037/dev0001293] [Medline: 35007111]

12. Goswami U. Language acquisition and speech rhythm patterns: an auditory neuroscience perspective. R Soc Open Sci. Jul
2022;9(7):211855. [FREE Full text] [doi: 10.1098/rsos.211855] [Medline: 35911192]

13. Ren X, Wu Q, Cui N, Zhao J, Bi H. Effectiveness of digital game-based trainings in children with neurodevelopmental
disorders: a meta-analysis. Res Dev Disabil. Feb 2023;133:104418. [doi: 10.1016/j.ridd.2022.104418] [Medline: 36603312]

14. Dalla Bella S. Rhythmic serious games as an inclusive tool for music-based interventions. Ann N Y Acad Sci. Nov 17,
2022;1517(1):15-24. [doi: 10.1111/nyas.14878] [Medline: 35976673]

15. Khaleghi A, Aghaei Z, Behnamghader M. Developing two game-based interventions for dyslexia therapeutic interventions
using gamification and serious games approaches entertainment computing journal. Entertainment Computing. May
2022;42:100482. [doi: 10.1016/j.entcom.2022.100482]

16. Vasalou A, Khaled R, Holmes W, Gooch D. Digital games-based learning for children with dyslexia: a social constructivist
perspective on engagement and learning during group game-play. Computers & Education. Nov 2017;114:175-192. [doi:
10.1016/j.compedu.2017.06.009]

17. Vonthron F, Yuen A, Pellerin H, Cohen D, Grossard C. A serious game to train rhythmic abilities in children with dyslexia:
feasibility and usability study. JMIR Serious Games. Jan 11, 2024;12:e42733. [FREE Full text] [doi: 10.2196/42733]
[Medline: 37830510]

18. Helloin M. Restitution et analyse au questionnaire : Prise en soin des troubles du langage écrit. L'Orthophoniste.
2019;(392):15-23. [FREE Full text]

19. Descamps M, Grossard C, Pellerin H, Lechevalier C, Xavier J, Matos J, et al. Rhythm training improves word-reading in
children with dyslexia. Sci Rep. May 21, 2025;15(1):17631. [FREE Full text] [doi: 10.1038/s41598-025-02485-y] [Medline:
40399331]

20. Carlier S, Van der Paelt S, Ongenae F, De Backere F, De Turck F. Empowering children with ASD and their parents: design
of a serious game for anxiety and stress reduction. Sensors (Basel). Feb 11, 2020;20(4):966. [FREE Full text] [doi:
10.3390/s20040966] [Medline: 32054025]

21. Yusoff A, Crowder R, Gilbert L. Validation of Serious Games Attributes Using the Technology Acceptance Model. 2010.
Presented at: Second International Conference on Games and Virtual Worlds for Serious Applications; March 25-26, 2010;
Braga, Portugal. [doi: 10.1109/vs-games.2010.7]

22. Sousa J, Martins M, Torres N, Castro SL, Silva S. Rhythm but not melody processing helps reading via phonological
awareness and phonological memory. Sci Rep. Aug 02, 2022;12(1):13224. [FREE Full text] [doi:
10.1038/s41598-022-15596-7] [Medline: 35918357]

23. Lonergan A, Doyle C, Cassidy C, MacSweeney Mahon S, Roche RA, Boran L, et al. A meta-analysis of executive functioning
in dyslexia with consideration of the impact of comorbid ADHD. Journal of Cognitive Psychology. Oct 03,
2019;31(7):725-749. [doi: 10.1080/20445911.2019.1669609]

24. Haute ADS. Recommandations par consensus formalisé (RCF). Saint-Denis La Plaine: HAS. 2015:1-40. [FREE Full text]
25. Peereman R, Lété B, Sprenger-Charolles L. Manulex-infra: distributional characteristics of grapheme-phoneme mappings,

and infralexical and lexical units in child-directed written material. Behav Res Methods. Aug 2007;39(3):579-589. [doi:
10.3758/bf03193029] [Medline: 17958171]

JMIR Serious Games 2025 | vol. 13 | e76435 | p. 11https://games.jmir.org/2025/1/e76435
(page number not for citation purposes)

Grossard et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://dx.doi.org/10.1016/s0140-6736(12)60198-6
http://dx.doi.org/10.1016/j.cortex.2010.07.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20843509&dopt=Abstract
http://dx.doi.org/10.1038/nrn3836
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25370786&dopt=Abstract
https://europepmc.org/abstract/MED/38911229
http://dx.doi.org/10.3389/fnhum.2024.1403677
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38911229&dopt=Abstract
http://dx.doi.org/10.1038/s41562-024-02051-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39572686&dopt=Abstract
http://dx.doi.org/10.1093/jmt/thae010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38683748&dopt=Abstract
https://europepmc.org/abstract/MED/26834689
http://dx.doi.org/10.3389/fpsyg.2016.00026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26834689&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0138715
http://dx.doi.org/10.1371/journal.pone.0138715
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26407242&dopt=Abstract
http://dx.doi.org/10.1037/dev0001293
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35007111&dopt=Abstract
https://royalsocietypublishing.org/doi/10.1098/rsos.211855?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1098/rsos.211855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35911192&dopt=Abstract
http://dx.doi.org/10.1016/j.ridd.2022.104418
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36603312&dopt=Abstract
http://dx.doi.org/10.1111/nyas.14878
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35976673&dopt=Abstract
http://dx.doi.org/10.1016/j.entcom.2022.100482
http://dx.doi.org/10.1016/j.compedu.2017.06.009
https://games.jmir.org/2024//e42733/
http://dx.doi.org/10.2196/42733
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37830510&dopt=Abstract
https://www.college-francais-orthophonie.fr/wp-content/uploads/2022/03/RECOS_LE.pdf
https://doi.org/10.1038/s41598-025-02485-y
http://dx.doi.org/10.1038/s41598-025-02485-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40399331&dopt=Abstract
https://www.mdpi.com/resolver?pii=s20040966
http://dx.doi.org/10.3390/s20040966
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32054025&dopt=Abstract
http://dx.doi.org/10.1109/vs-games.2010.7
https://doi.org/10.1038/s41598-022-15596-7
http://dx.doi.org/10.1038/s41598-022-15596-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35918357&dopt=Abstract
http://dx.doi.org/10.1080/20445911.2019.1669609
https://www.has-sante.fr/upload/docs/application/pdf/2011-11/guide_methodologique_cf_40_pages_2011-11-03_15-40-2_278.pdf
http://dx.doi.org/10.3758/bf03193029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17958171&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


26. Pothier B, Pothier P. Échelle d'acquisition de l'orthographe lexicale. Retz. 2003. URL: https://eole.editions-retz.com/
[accessed 2025-07-08]

27. Launay L, Roustit J, Maeder C, Touzin M. Evaluation du langage écrit et du langage oral 6-15 ans. Evaléo 6-15. 2018.
URL: https://www.evaleo6-15.fr/ [accessed 2025-07-08]

28. Jacquier-Roux M, Lequette C, Pouget G, Valdois S, Zorman M. BALE: batterie analytique du langage écrit. Groupe
Cogni-Sciences, Laboratoire de Psychologie et NeuroCognition. 2010. URL: https://www1.ac-grenoble.fr/media/14951/
download [accessed 2025-07-08]

29. EuroQol Group. EuroQol--a new facility for the measurement of health-related quality of life. Health Policy. Dec
1990;16(3):199-208. [doi: 10.1016/0168-8510(90)90421-9] [Medline: 10109801]

30. Varni JW, Seid M, Kurtin PS. Pediatric Quality of Life Inventory 4.0 Generic Core Scales. APA PsycTests. 2001. URL:
https://psycnet.apa.org/doiLanding?doi=10.1037%2Ft54487-000 [accessed 2025-07-08]

31. Juul H, Poulsen M, Elbro C. Separating speed from accuracy in beginning reading development. Journal of Educational
Psychology. Nov 2014;106(4):1096-1106. [FREE Full text] [doi: 10.1037/a0037100]

32. Carroll J, Holden C, Kirby P, Thompson PA, Snowling MJ. Towards a consensus on dyslexia: findings from a Delphi study.
OSF; preprint available online on May 2, 2024. 3. [doi: 10.31219/osf.io/tb8mp]

33. Share DL. Common misconceptions about the phonological deficit theory of dyslexia. Brain Sci. Nov 14, 2021;11(11):1510.
[FREE Full text] [doi: 10.3390/brainsci11111510] [Medline: 34827508]

34. da Silva PB, Engel de Abreu PMJ, Laurence PG, Nico, Simi LGV, Tomás RC, et al. Rapid automatized naming and explicit
phonological processing in children with developmental dyslexia: a study with Portuguese-speaking children in Brazil.
Front Psychol. May 27, 2020;11:928. [FREE Full text] [doi: 10.3389/fpsyg.2020.00928] [Medline: 32528363]

35. Walczyk JJ, Griffith‐Ross DA. How important is reading skill fluency for comprehension? The Reading Teacher. Nov
09, 2011;60(6):560-569. [doi: 10.1598/rt.60.6.6]

36. Thomson JM, Leong V, Goswami U. Auditory processing interventions and developmental dyslexia: a comparison of
phonemic and rhythmic approaches. Read Writ. Feb 15, 2012;26(2):139-161. [doi: 10.1007/s11145-012-9359-6]

37. Bhide A, Power A, Goswami U. A rhythmic musical intervention for poor readers: a comparison of efficacy with a
letter‐based intervention. Mind Brain and Education. May 17, 2013;7(2):113-123. [doi: 10.1111/mbe.12016]

38. Dereje D, Lamba D, Abessa TG, Kenea C, Ramari C, Osama M, et al. Unlocking the potential of serious games for
rehabilitation in low and middle-income countries: addressing potential and current limitations. Front Digit Health.
2025;7:1505717. [FREE Full text] [doi: 10.3389/fdgth.2025.1505717] [Medline: 39957725]

Abbreviations
Bac: high school diploma
CFO: Collège Français d’Orthophonie
DSM-V: Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition
SLD-reading: specific learning disorder with reading impairment

Edited by A Coristine; submitted 23.Apr.2025; peer-reviewed by M Adnan, A Giannakopoulou, C Curatoli; comments to author
10.Jun.2025; revised version received 24.Jun.2025; accepted 01.Jul.2025; published 01.Aug.2025

Please cite as:
Grossard C, Descamps M, Pellerin H, Vonthron F, Cohen D
Children’s Improvement After Language and Rhythm Training With the Digital Medical Device Poppins for Dyslexia: Single-Arm
Intervention Study
JMIR Serious Games 2025;13:e76435
URL: https://games.jmir.org/2025/1/e76435
doi: 10.2196/76435
PMID:

©Charline Grossard, Melanie Descamps, Hugues Pellerin, François Vonthron, David Cohen. Originally published in JMIR Serious
Games (https://games.jmir.org), 01.Aug.2025. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR Serious Games, is properly cited. The complete bibliographic
information, a link to the original publication on https://games.jmir.org, as well as this copyright and license information must
be included.

JMIR Serious Games 2025 | vol. 13 | e76435 | p. 12https://games.jmir.org/2025/1/e76435
(page number not for citation purposes)

Grossard et alJMIR SERIOUS GAMES

XSL•FO
RenderX

https://eole.editions-retz.com/
https://www.evaleo6-15.fr/
https://www1.ac-grenoble.fr/media/14951/download
https://www1.ac-grenoble.fr/media/14951/download
http://dx.doi.org/10.1016/0168-8510(90)90421-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10109801&dopt=Abstract
https://psycnet.apa.org/doiLanding?doi=10.1037%2Ft54487-000
https://doi.org/10.1037/a0037100
http://dx.doi.org/10.1037/a0037100
http://dx.doi.org/10.31219/osf.io/tb8mp
https://www.mdpi.com/resolver?pii=brainsci11111510
http://dx.doi.org/10.3390/brainsci11111510
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34827508&dopt=Abstract
https://europepmc.org/abstract/MED/32528363
http://dx.doi.org/10.3389/fpsyg.2020.00928
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32528363&dopt=Abstract
http://dx.doi.org/10.1598/rt.60.6.6
http://dx.doi.org/10.1007/s11145-012-9359-6
http://dx.doi.org/10.1111/mbe.12016
https://doi.org/10.3389/fdgth.2025.1505717
http://dx.doi.org/10.3389/fdgth.2025.1505717
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39957725&dopt=Abstract
https://games.jmir.org/2025/1/e76435
http://dx.doi.org/10.2196/76435
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

