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Specific learning disorder with reading deficit (SLD-reading), or dyslexia, is one of the most common 
neurodevelopmental disorders. Intensive training with reading specialists is recommended, but 
delayed access to care is common. In this study, we tested an innovative user-friendly and accessible 
intervention, the medical device Mila-Learn, which is a video game based on cognitive and rhythmic 
training to improve phonological and reading ability. This randomized placebo-controlled trial 
(ClinicalTrials.gov NCT05154721) included children aged 7 to 11 y/o with SLD-reading. The children 
were in 2nd to 5th grade and had been in school for more than 3 years. The exclusion criteria were 
reading or writing remediation during the past 12 months, previous use of Mila-Learn, and severe 
chronic illness. The patients, who were all native French speakers, were recruited from throughout 
France and were randomly assigned to Mila-Learn or a matched-placebo game for an 8-week training. 
The primary variable was nonword decoding. The secondary variables included phonological skills, 
2-min word-reading accuracy and speed, grapheme-to-phoneme conversion skills, and self-esteem. 
Between September 2021 and April 2023, 151 children were assigned to Mila-Learn (n = 75; male = 36; 
female = 39) or the placebo (n = 76; male = 42; female = 34). We registered 39 adverse events; only one 
was due to the protocol and was in the placebo group. We found no differences between the groups in 
nonword decoding in the intention-to-treat (N = 151; p = 0.39) or per-protocol analysis (N = 93; p = 0.21). 
However, the per-protocol analysis revealed the superiority of Mila-Learn over the placebo by 5.05 
score points (95% CI 0.21; 10.3, p < 0.05) for 2-minute word-reading accuracy and by 5.44 score points 
(95% CI 0.57; 10.99, p < 0.05) for 2-min word-reading speed. We found no other significant effects. Mila-
Learn is safe for children with SLD-reading who might benefit from this medical device.

Study registration: ClinicalTrials.gov NCT05154721-13/12/2021

Specific learning disorder with impairment in reading (SLD-reading) is one of the most common 
neurodevelopmental disorders and affects 5–17% of school-aged children1. SLD-reading significantly impairs 
individuals’ academic or occupational functioning2,3. In France, support from reading specialists is recommended 
from the 1st grade for children with a previous or family history of language disorders or persistent difficulties 
in learning academic skills such as decoding or spelling despite adapted teaching and in children with a specific 
learning disorder4. However, the waiting list for reading therapy can be up to 18 months5, leading to late 
interventions, increased opportunity loss, and deviation from standard learning. The good practice guide for 
reading therapy recommends frequent and intensive training for managing SLD-reading, but 71% of reading 
specialists deliver only one session per week for these children6. In this context, there is a need for innovative 
user-friendly and accessible interventions.

Learning deficits in reading have been referred to as dyslexia and have been studied extensively. Among the 
different types of dyslexia, phonological deficits are a core feature7,8. Over the years, many authors have explored 
the link between temporal processing and phonological deficits observed in dyslexia9–15. Recently, advances in 
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neurosciences and neuroimaging have improved the understanding of the underlying processes of SLD-reading 
and have offered new treatment pathways (for a review, see16). SLD-reading is closely associated with deficits 
in auditory and rhythmic processing. Individuals with SLD-reading exhibit atypical neural responses to sound 
changes, particularly in processing duration, rise time, and slow frequency modulation (FM) rates, as well as 
diminished amplitudes in auditory processing at the thalamic or early cortical level. Difficulties in perceiving 
short or rapidly varying sounds may lead to phonological deficits that affect reading and writing17. Children 
with SLD-reading present impaired processing of speech rhythm and temporal features, with EEG studies 
revealing atypical low-frequency cortical encoding of speech in the delta and theta bands (1–8 Hz), which is 
critical for phonological awareness18. Moreover, genetic studies highlight shared genetic underpinnings among 
SLD-reading, rhythm perception, and language skills. While rhythmic difficulties are also present in other 
neurodevelopmental disorders, dyslexic individuals demonstrate specific difficulties in rhythmic improvisation 
and cognitive flexibility, underscoring the importance of rhythm tracking in language development and the 
potential for rhythmic neural training to improve phonological and reading skills19,20.

Several studies have examined the effects of music and rhythmic training on SLD-reading1,21–23. A recent review 
examined the use of music interventions to improve reading skills in children with SLD-reading1 and focused 
on how music interventions target auditory processing, phonological processing, and temporal processing. The 
review noted that rhythmic activities were the most common musical element used in interventions and were 
primarily aimed at improving reading accuracy. The reviewed studies employed various music-based activities, 
including rhythmic perception and production, instrument playing, and singing, to enhance phonological 
awareness, temporal processing, and multisensory integration. Rhythmic tasks were used to improve syllable 
segmentation and word recognition. For example, Flaugnacco and Lopez’s24 exploratory randomized controlled 
trial examined the effect of 30 weeks of musical and rhythmic training in 46 children with dyslexia and reported 
significant improvements in phonological awareness and reading skills compared with training in painting24.

On the basis of this literature and to increase treatment availability, we developed the serious game (SG) Mila-
Learn to train phonological abilities and reading in children with SLD-reading based on cognitive and rhythmic 
training25. Mila-Learn includes mini-games that focus on 10- to 20-minute intensive training and task repetition 
three to five times a week for at least three weeks, as recommended by the speech therapy good practice guide5,26. 
SGs aim to produce a measurable change in learning performance while preserving the motivating and ludic 
aspects of video games27. They represent an interesting medium to support learning in children by increasing 
their interest and attentional mobilization and targeting the player’s intention and effort27–30. Digital tools allow 
for multimodal, sequential, and simultaneous information presentation and inputs that are relevant when 
targeting rhythm practice. Finally, SGs offer financial and geographic accessibility. However, clinical validation 
of most SGs is lacking, with the notable exception of the FDA-approved Endeavor for ADHD31.

The aim of this randomized placebo-controlled trial was to evaluate the effect of 8 weeks of training with 
Mila-Learn on the reading ability of children with SLD-reading.

Methods
Study design
The study was a registered, multicentric, double-blinded, randomized, placebo-controlled trial (NCT05154721) 
conducted at the Pitié-Salpêtrière Hospital, the Henri Laborit Hospital University Centre, and the Cogcharonne 
Medical Centre between October 1, 2021, and March 30, 2023. The study received approval from the ethics 
committee of the Comité de Protection des Personnes (2021-A01709-32). All participants provided written 
informed consent prior to inclusion. All methods were performed in accordance with the relevant CONSORT 
guidelines and French regulations.

Participants
We evaluated 154 children to assess the inclusion (a diagnosis of SLD-reading through validated reading tests; 
being in 2nd to 5th grade of primary school; being a native French speaker or bilingual French speaker at home 
and having been educated for more than 3 years) and exclusion criteria (children who had undergone reading 
or writing remediation during the past 12 months; children who previously used Mila-Learn; and children 
with uncontrolled or severe chronic illness). Although the study included three sites, recruitment took place 
throughout France since the evaluations were conducted online (see Fig. S1 in the supplemental materials). A 
total of 154 children with SLD-reading were randomized and blinded to group allocation. Figure 1 shows the 
flow diagram of the study.

As the children were required have not participated in reading therapy interventions for the past year, most 
participants were out of the health care system. The participants were recruited using social media ads and an 
online screening questionnaire. Potential participants who met the a priori eligibility criteria were contacted by 
phone by the study personnel and were presented with the study, and the inclusion and exclusion criteria were 
evaluated. If the participant was interested and eligible, an information letter and informed consent were sent 
by mail. When written consent was obtained, the participant was included and randomized through an online 
inclusion appointment (patients were also invited to meet with the investigator onsite if desired). Randomization 
was centralized by an online randomization module on an electronic medium via an internet browser. The list 
was generated beforehand by a computer in blocks of variable size and stratified. Randomization could only 
occur after confirmation of inclusion to guarantee secret and unbiased allocation.

Procedure
The participants randomly received one of two serious games: Mila-Learn (the experimental group) or the 
placebo game (the control group). The tasks designed in the placebo game mirrored those of Mila-Learn. Each 
game comprised eight tasks to be completed on a touchscreen tablet. The participants were asked to play 25-min. 

Scientific Reports |        (2025) 15:17631 2| https://doi.org/10.1038/s41598-025-02485-y

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


sessions (± 20%) five times a week for eight weeks. Both games were restricted to 25-min sessions for 125 min a 
week. To ensure double blinding, an external clinical research organization conducted the randomization and 
sent a touchscreen tablet with either Mila-Learn or the placebo game to the participants. The tablets for both 
groups were the same and were configured only for the assessments and the study intervention.

Mila-Learn intervention: Mila-Learn is a digital medical device (EUID: 3760371850020) developed for 
cognitive‒musical training to improve reading ability in children aged 7 to 11 y/o with SLD-reading. It comprises 
a battery of musical mini-games based on rhythm repetition, synchronization, and rhythm completion in a 
story. The software includes a difficulty adjustment algorithm, a reward system, advanced graphic features, and 
original and well-known musical themes designed to maintain children’s motivation and commitment (see 
Fig. 2a). For the history of Mila-Learn’s conception and a detailed description, see Vonthron and Yuen25. An 
overview of the different games and tasks is presented in the supplementary material, Fig. S2.

Placebo intervention: The placebo game was composed of common games (tic-tac-toe games, tile matching 
games, stone paper scissors, colouring pages, ball-in-maze puzzle games, and bubble shooting games) designed 
especially for this study. To ensure placebo and double-blind allocation, the games in the placebo were matched 
to Mila’s environment using graphic features and characters (see Fig. 2b), and all descriptions, pictures, and older 

Fig. 1.  Flow chart.
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versions of Mila-Learn were removed from the internet. An overview of the different placebo games is available 
in supplementary material Figure S3.

Outcomes
All measures were conducted online with a reading therapist who was blinded to the group allocation. Outcomes 
were measured at baseline (T1), posttraining (T2) after 8 weeks of training, and at follow-up (T3) after 8 weeks 
without training after T2. The reading outcome measures came from two well-validated French reading tests 
with national norms for elementary school pupils: EVALEO27 and the Battery of Analytical Test of Written 
Language (BALE)33.

The primary outcome of the study was nonword decoding as measured by the absolute number of pseudowords 
read with the subtest pseudoword reading from EVALEO 6–1527) after 8 weeks of training (T2). The secondary 
outcomes after 8 weeks of training included the following variables measured at T2: (i) a descriptive evaluation of 
any adverse events reported by users during the 8-week training as safety criteria to assess whether the possible 
benefit of the medical device Mila-Learn does not occur with unwanted, harmful secondary effects; an adverse 
event is any untoward medical occurrence in a participant, which does not necessarily have a causal relationship 
with the trial intervention; (ii) an evaluation of phonological skills measured by the initial or final phoneme 
deletion test of the BALE28; (iii) an evaluation of reading skills in terms of speed and accuracy. This evaluation 
was achieved using the 2-min word list reading test of EVALEO 6–1532, which yields two scores for speed (the 
number of words read in 2 min) and accuracy (the number of words read correctly in 2 min); (iv) an evaluation 
of phoneme-to-grapheme conversion skills in terms of accuracy measured by two pseudoword transcription 
tests from EVALEO 6–1532; (v) self-esteem, which was evaluated with the Rosenberg Self-Esteem Scale (RSES) 
translated into French by Vallieres and Vallerand34. This 10-item self-questionnaire uses a 4-point Likert scale 
ranging from strongly agree to strongly disagree. Finally, the last secondary outcome was measured at T3 and 
was limited to the primary variable (non-word decoding).

Statistical analysis
The sample size of the study was determined a priori in the protocol for the hypothesis test relative to the primary 
outcome and was performed with G*Power 3.1.9.7. The two competing hypotheses were H0, βMila – Placebo = 0, and 
H1, βMila – Placebo = 0.5 (Cohen’s d35). A Cohen’s d of 0.5 is generally considered a medium effect size. Assuming 
a power of 85% and an α of 5%, a bilateral t test requires 73 subjects per group (i.e., a total of 146 subjects). To 
account for a 5% estimated dropout rate, we enrolled a total of 146/0.95 = 154 subjects.

Statistical analyses were conducted twice by an independent statistician. Data description and analysis were 
performed via SAS software version 9.4 and R software version 4.2.2. The maximum tolerable type-I error rate 
α was set at 5% in agreement with the protocol. In superiority trials, the intent-to-treat (ITT) set is used for the 
main analysis, whereas the per-protocol (PP) set serves as a secondary supportive analysis36. The ITT principle 
defines that every patient randomized should enter the primary analysis. Accordingly, patients who drop out 
prematurely, are non-compliant to the study treatment, or even take the wrong study treatment, are included 
in the primary analysis within the respective treatment group they have been assigned at randomization. This 

Fig. 2.  Graphic illustrations of the Mila-Learn (a) and placebo games (b).
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method minimizes the risk of biases. The PP analysis is conducted to identify a treatment effect that would 
occur under optimal conditions, such as the effect if patients are fully compliant, in our case, really exposed to 
the serious game (not just randomized). Accordingly, some patients from the ITT set need to be excluded from 
the PP sample.

Our ITT set included 151 subjects, while our PP set included participants who were exposed to SG training. 
This included participants who completed the study without major deviation until T2 and played “sufficiently” 
with the SG. We conducted analyses on both the ITT and PP datasets to answer the questions “What is the 
effect of assigning MILA-Learn?” and “What is the effect of using MILA-Learn?” We present the results of 
confirmatory analyses for both the ITT and PP sets (primary variable). We present the PP results for the 
exploratory analyses with the ITT results in the supplementary material, Table S1. The PP sample was more 
appropriate for exploratory analyses because it ensured that the participants were sufficiently exposed to the SG, 
especially in cases where no adverse events were reported. Notably, definitions of PP samples may be somewhat 
arbitrary due to factors such as adherence, motivation, and the occurrence of adverse events. In our case, the PP 
definition was discussed a priori to ensure exposure to the SG. We defined sufficient exposure as participants 
who completed the study and played at least 500 min with the SG (which corresponds to 50% of the predicted 
SG sessions). A key issue in PP analysis is the possible loss of the effect of randomization37.

We started by describing the Mila-Learn and placebo groups at T1. The distributions of the quantitative 
variables were presented as the means and standard deviations. Qualitative variables were described using 
absolute and relative frequencies. The main hypothesis was subsequently tested using a linear regression model 
with the formula “Score T2 ~ Group (Mila-Learn vs. Placebo) + Score T1 + School Grade”. Missing data in the ITT 
set were handled using multiple imputations (Proc MI, 10 imputations, default settings) with linear regression 
model variables as inputs of the imputation model. A hierarchical procedure was followed to determine the nature 
of the inference allowed by each secondary endpoint analysis. The secondary and exploratory hypotheses were 
tested using the same method, except that school grade was not included in the models, and the 95% confidence 
intervals and P values were obtained using bootstrap resampling (boot package, R = 100,00 replications). We 
chose school grade (instead of age) in the models due to a French-specific use in the school system. Children 
with learning impairment often repeat a school grade. Therefore, reading tests are based on norms realized by 
school grade rather than age, even if the two are correlated.

As said previously, the statistical plan was discussed with the French agency. It was hierarchical to maintain 
statistical power, meaning that we performed a limited number of statistical analyses and prioritized the primary 
variable. Under a hierarchical plan, when the primary variable (here word decoding) is not significant, secondary 
analyses are not performed and, if they are, one should consider these exploratory. The agency approved the 
exploratory analysis at T2 but not at T3. So, we did not show or perform any analysis at T3 other than the one on 
our primary variable. Similarly, some methodologists recommend regression models with statistical interaction 
to explore whether improvements are related to the intervention. That would be, in our case, regression models 
taking into account Group (Mila vs. Placebo) * Game mean duration. Regulatory agencies usually do not 
approve these models and are very conservative because the association between treatment and effect is not 
often linear, participants’ samples are often heterogeneous, meaning that some children under MILA may not 
improve significantly, and children under the placebo game continue to study reading at school and this may be 
beneficial for some of them. These assumptions are mitigated by randomization under direct comparison. That 
is why the agency recommended not to perform such analyses.

Role of the funding source
Researchers employed by one of the funders of the study participated in the study design, data interpretation, 
and writing of the report but did not participate in data collection or data curation.

Results
One hundred fifty-four patients were included in the study and were randomized into the experimental or 
control group. Before T1, two patients withdrew their consent, and hearing problems were detected in one 
patient. A total of 151 patients were included in the ITT analysis (see flow chart, Fig. 1). The PP sample included 
participants who completed the study without major deviation until T2 and played at least 500  min. Eight 
patients were excluded from the PP population because of major deviations in the T2 evaluation delay, and 33 
participants played less than half the time recommended (i.e., less than 500 min). Table 1 presents the baseline 
characteristics of both groups at baseline (T1) in the ITT and PP samples.

The primary outcome was improvement in pseudoword reading at 8 weeks of training (T2). The scores at 
baseline and T2 are shown in Table 2 (first line). The linear regressions did not reveal a significant difference 
between groups in the ITT sample (p = 0.39) or the PP sample (p = 0.21). In terms of safety, 39 adverse events 
(AEs) were declared for 29 children during the study. Adverse event declaration encompasses any medical 
condition or symptom occurring during the study (e.g., covid-19, car accident, otitis, headache). Each adverse 
event was assessed by the investigator to determine the intensity, cause/triggering factor, seriousness, actions, 
relation with the protocol. Only one AE was related to the study protocol and occurred in the placebo group 
(Table 3). The child presented with headache after using the touchscreen tablet.

We present the results of the PP analyses in the paper and the ITT analyses in the supplemental materials, 
Annex 1. Table 2 summarizes the secondary measures at baseline and after 8 months of training (T2) for the 
PP sample. Linear regression on 2-min word reading accuracy scores revealed that the participants improved 
significantly more with Mila-Learn than with the placebo. After 8 weeks, the improvement in accuracy was 5.05 
points greater on average than with the placebo (95% CI 0.2 1–10.3; p = 0.046). Linear regression on 2-min word 
reading speed scores revealed that the participants improved significantly more with Mila-Learn than with the 
placebo. After 8 weeks, the improvement in speed was 5.44 points greater on average than the improvement with 
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the placebo (95% CI 0.57–10.99; p = 0.037). With regard to phonological skills, we found a statistical tendency 
in favour of Mila-Learn (p = 0.1). The models revealed no significant difference in nonword spelling scores or 
self-esteem. Finally, the linear regressions on pseudoword readings 8 weeks after the end of training (T3) did not 
reveal a significant difference between the groups (p = 0.346).

Discussion
This study presents the results of a randomized controlled trial that measured the effect of 8 weeks of training 
with Mila-Learn on the reading ability of children with SLD-reading. To our knowledge, this is the first clinical 
trial to evaluate the effect of a digital medical device on SLD-reading. Overall, the study results revealed that 
Mila-Learn was safe to use, produced significant improvement in word reading, and demonstrated a trend in 
phonological awareness. Differences in nonword decoding, spelling, and self-esteem were not detected between 
the groups.

Our primary criterion was nonword decoding, which measures the ability to decode nonwords quickly and 
accurately by applying the rules of phonetics. Unexpectedly, the results revealed no differences between the 
groups in the ITT or PP analysis or after a 2-month follow-up. Nonword decoding is a measure that serves as an 
indicator of grapheme-phoneme conversion skills given that pseudowords cannot be memorized or recognized 
globally and must be phonetically decoded7. The test, EVALEO, is a commonly used tool in clinical practice 
with strong sensitivity that enables clinicians to distinguish dyslexic readers from readers without dyslexia. The 
scores can be divided into seven classes, with only one class revealing a pathological score. Changes in low scores 
are therefore difficult to objectively determine as the tool is mostly clinically oriented and has low sensitivity 
to change32. It is also possible that 8 weeks of training may be too short to reveal an effect or that rhythmic 

Variable

Baseline (T1) 8-weeks (T2) β EF 95% CI p

Mila-Learn Placebo Mila-Learn Placebo

ITT

Nonword decoding 13.3 (4.6) 12.6 (4.1) 13.9 (4.7) 13.8 (4.2) − 0.42 NR − 1.32;0.49 0.386

PP

Nonword decoding 13.0 (4.7) 12.1 (4.2) 13.6 (4.7) 13.6 (4.0) − 0.74 NR − 1.90;0.43 0.211

Phonological skills 11.7 (5.0) 11.9 (4.7) 13.5 (4.5) 12.4 (5.3) 1.25 NR − 0.18;2.79 0.100

2 min word reading

Accuracy 85.4 (27.0) 80.6 (34.1) 97.8 (30.3) 87.8 (31.1) 5.05 0.42 0.2 1;10.3 0.046

Speed 98.4 (25.7) 93.0 (31.8) 111.7 (28.0) 100.5 (31.0) 5.44 0.44 0.57;10.99 0.037

Nonword spelling 10.1 (4.2) 10.3 (4.8) 10.8 (4.8) 10.8 (4.7) 0.28 NR − 1.07;1.63 0.694

Self-esteem 31.9 (4.2) 29.9 (5.5) 33.4 (5.6) 32.9 (4.8) − 1.18 NR − 2.87;0.26 0.135

Table 2.  Study outcomes. ITT Intention-to-treat, PP Per protoco, EF Effect size (Cohen’s d) not reported (NR) 
for nonsignificant effects.

 

Characteristics

Intention-to-treat (ITT) Per protocol (PP)

Mila-Learn
N = 75

Placebo
N = 76

Mila-Learn
N = 48

Placebo
N = 45

Age (SD) [min–max] 9.4 (1.1) [7.3–11.4] 9.5 (1.3) [7.1–11.6] 9.3 (1.1) [7.3–11.3] 9.5 (1.3) [7.1–11.6]

School grade

2nd Grade (CE1) 12 16 9 11

3rd Grade (CE2) 17 15 13 9

4th Grade (CM1) 23 22 10 11

5th Grade (CM2) 23 23 16 14

Sex H/F 36/39 42/34 21/27 22/23

SESa

Medium to High 50 (67%) 61 (80%) 32 (67%) 43 (96%)

Low 25 (33%) 15 (20%) 16 (33%) 2 (4%)

Children with other NDDb: yes/no 12/63 22/54 7/41 12/33

Global training time (in hours) 11.0 (4.6) 10.7 (4.8) 13.6 (2.5) 13.7 (2.5)

Number of children with declared AE during the study 15 14 8 8

Adverse events due to protocol 0 1 0 0

Table 1.   Patient characteristics per group for the ITT and PP populations. aSES: Socio-economic status 
based on parents’ current professions. bNeurodevelopmental disorders (NDD) include other specific learning 
disorders, communication disorders, attention-deficit/hyperactivity disorder, autism spectrum disorder, and 
developmental coordination disorder.
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training alone is not sufficient to facilitate decoding and must be combined with grapheme-phoneme training5 
and attention skills training38.

SLD-reading manifests as severe and persistent difficulties in reading fluency and accuracy, typically 
characterized by slow, effortful reading and substantial inaccuracies1. Reading accuracy precedes the 
development of reading speed, with significant improvements in speed occurring once a foundational accuracy 
level (approximately 70%) is established39. Consequently, reading improvement is difficult to assess since it can 
be expressed in terms of accuracy, fluency, or both. Nevertheless, the analysis of word reading revealed significant 
benefits to both reading accuracy and speed for children with SLD-reading using Mila-Learn compared with 
the placebo. This result is in line with previous research that shows benefits for word reading after musical 
and rhythmic training compared with art classes1,24 and suggests that musical and rhythmic training remains 
relevant in digitalized settings. Moreover, in contrast to Flaugnacco et al.24, our sample included children with 
neurodevelopmental comorbidities such as speech and language disorders, attention-deficit/hyperactivity 
disorder, and developmental coordination disorders, which represent the majority of SLD presentations7. 
Notably, despite the improvement in reading accuracy, we found no effect on spelling or self-esteem, indicating 
that the learning impact on SLD remains significant.

Recent research in the neurosciences has revealed links among speech, language processing, and brain 
oscillation40. Stimulus–brain alignment results from auditory and motor tuning throughout language 
development and constitutes a natural model system of how neural oscillatory activities affect human 
cognition41,42. A temporal sampling of speech by neuroelectric oscillations that encode incoming information at 
different frequencies could explain the perceptual, rhythmic and phonological difficulties found in individuals 
with SLD-reading40. These may constitute a biomarker and another proxy of phonological/segmentation 
impairment. Specific oscillatory activities have been associated with both phonological processing and SLD-
reading39. Although speech and music have slightly different structured rhythms44, we considered whether an 
SG such as Mila-Learn could also affect brain oscillatory activity in children with SLD-reading. A study of 
kindergarten children at risk of SLD-reading is currently ongoing.

Despite the educative agenda, low cost, and accessibility of SGs, no SG, with the exception of the FDA-
approved Endeavor® for ADHD, has achieved clinical validation31. In this context, more research on Mila-Learn 
is needed. In addition to the positive effect on reading found in the current study, we need to understand the best 
use of Mila-Learn in clinical practice. Should it be used for children with SLD-reading on a waiting list, as an 
add-on intervention to conventional care, or as a drop-off for speech therapy to capitalize on the attractiveness 
of gaming to children to promote motivation?

In addition to the strengths of this study, such as randomization, the quality of the placebo game to maintain 
blinding, and the sample size, the main limitation of the findings is the lack of significant results in the ITT 
analysis, which was the primary analysis in the protocol. The choice of ITT over PP analysis was a regulatory 
requirement of the French authority to discuss approval in the future. ITT is the gold standard in drug trials, 
but we believe it is not as relevant for SGs. Indeed, drug approvals are based on both efficacy and tolerability, 
which are best captured by ITT. Nevertheless, the tolerability of SG was excellent. Therefore, the PP sample was 
more appropriate for exploratory analyses because it ensured that the participants were sufficiently exposed to 
the SG in both groups. Interestingly, in the field of education, Pasquelletto et al. reported enhanced reading skills 
in children using the video game “Skies of Manawak”, which trained attention and executive function. Their 
analysis included children who played at least 90% of the planned sessions with the game38. However, we are 
aware that PP samples might mitigate the effect of randomization. In our case, this eventuality appeared limited 
as baseline characteristics of the two PP group appeared similar, as well as the number of patients per groups 

Mila-Learn
N = 22

Placebo
N = 17

Total
N = 39

Adverse event intensity

Mild 18 (81.8%) 13 (76.5%) 31 (79.5%)

Moderate 4 (18.2%) 3 (17.6%) 7 (17.9%)

Severe 0 1 (5.9%) 1 (2.6%)

Adverse event triggering event

Intercurrent illness 15 (68.2%) 12 (70.6%) 27 (69.2%) [54.7; 83.7]

Due to protocol 0 (0%) 1 (5.9%) 1 (2.6%) [0.0; 7.5]

Not evaluable 7 (31.8%) 4 (23.5%) 11 (28.2%) [14.1; 42.3]

Adverse event severity

No 22 (100.0%) 17 (100.0%) 39 (100.0%)

Expected adverse event

No 22 (100.0%) 17 (100.0%) 39 (100.0%)

Relation between the adverse event and the serious game

Related 0 (0%) 1 (5.9%) 1 (2.6%)

Unrelated 22 (100.0%) 15 (88.2%) 37 (94.9%)

Not evaluable 0 (0%) 1 (5.9%) 1 (2.6%)

Table 3.  Description of adverse events-ITT.
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included in the PP (see Table S2 supplementary material). A second limitation is the lack of understanding of 
the mechanisms involved since our primary hypothesis on phonological awareness was not supported. In the 
future, it is necessary to address the inclusion of children with other neurodevelopmental disorders (NDD) and 
to assess processing speed and visual-attentional problems that are important in learning to read7. Although we 
included a placebo-serious game in the control group, we cannot exclude the possibility that Mila-Learn was 
more attractive to children with ADHD characteristics.

Recent recommendations regarding the care of children with dyslexia emphasize the need for personalized 
training based on the profile of each child. Further studies could involve the collection of more information 
about the children, such as their musical training, or comparisons of the impact of the training relative to the 
strengths or weaknesses of the children, such as their phonological or visual-attentional skills. However, the 
diverse profiles of the recruited children make our sample more representative of the diversity of children 
with SLD-reading. Finally, there is a need to assess the impact of the training on children in a more ecological 
manner. We did not assess the reading of short texts, which prevented us from evaluating the children’s reading 
comprehension.

In conclusion, this randomized controlled trial investigated the effects of musical training on reading 
ability in children with SLD-reading. Despite the primary outcome measure not yielding the expected results, 
the findings on the secondary analysis of the PP samples support the safety and beneficial effects of the Mila-
Learn digital medical device in terms of word-reading accuracy and speed. Further studies are warranted to 
identify evidence-based criteria for approval. Specifically, a second large RCT should be conducted to confirm 
the results for reading accuracy and speed and the promising results regarding phonological awareness. It is also 
necessary to evaluate children’s reading comprehension and ensure an increase in the use of the training device. 
In addition, the device could be improved to target other abilities affected by SLD-reading, such as spelling. 
Given that rhythmic difficulties can be found in other neurodevelopmental disorders, the use of Mila-Learn 
could be explored for individuals with other NDDs, such as ADHD or language disorders.

Data availability
The data that support the findings of this study are not openly available due to reasons of sensitivity (vulnerable 
participants) and are available from the corresponding author upon reasonable request.
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