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The impact of music training on inhibition control, phonological
processing, and motor skills in kindergarteners: a randomized
control trial
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ABSTRACT
This study explores how music training impacts the development of
inhibition control, phonological processing, and gross and fine motor
skills in preschoolers. In a randomized controlled trial, 160
kindergarteners in a music programme, a motor programme, or a control
group were examined. Children in the two experimental conditions took
part in 19 weekly 40-minute sessions. At pretest and post-test, inhibition
control and phonological processing were measured with two subtests
from the NEPSY-II. Gross and fine motricity were assessed with the BOT-2
Short Form. Post-test results showed that children in the music condition
improved significantly on automatic response inhibition. Phonological
processing skills did not differ significantly between the two experimental
conditions, but the music condition produced significant improvements
over control. These findings corroborate previous evidence that music
training contributes substantially to develop executive function and
phonological awareness in preschoolers.
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Introduction

It is widely believed that kindergarteners learn best when they can explore, discover, and play (Hart &
Risley, 1995). Hence, appropriately guided preschool activities that allow children to do so would
encourage their overall development. When children acquire knowledge through play, they learn
spontaneously. Research has also established that music training is an effective approach to this
end (Peretz, 2018). The research identified below indicates that four- to six-year-old preschoolers
who did musical activities showed improvements in inhibition control, phonological processing,
and motor skills.

Inhibition control

Since 2011, several studies have assessed how music training contributes to develop executive func-
tion, including inhibition control. Inhibition control is the ability to deliberately inhibit dominant,
automatic, or prepotent responses when necessary (Miyake et al., 2000).

In attempts to further understand the impact of music training on inhibition control, researchers
have compared it to other types of training, such as visual arts (Jaschke, Honing, & Scherder, 2018;
Moreno et al., 2011), cognitive-motor (Lego™) (Bugos & DeMarie, 2017), dance (Linnavalli, Putkinen,
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Lipsanen, Huotilainen, & Tervaniemi, 2018), and sports (Frischen, Schwarzer, & Degé, 2019; Habibi,
Damasio, Ilari, Elliott Sachs, & Damasio, 2018). However, the results are mixed. Some found no signifi-
cant between-group differences after training (Habibi et al., 2018; Linnavalli et al., 2018). Unfortu-
nately, some of the studies that reported improved inhibitory control or higher brain activity for
the music group failed to include a control group, which precludes drawing conclusions about cog-
nitive maturation (Bugos & DeMarie, 2017; Moreno et al., 2011). Another study neglected to perform
measures before the experiment to ensure group matching at baseline (Habibi et al., 2018).

Music calls on a complex skill set. Recently, researchers have been untangling the aspects of music
training that show promise for inhibitory control. Frischen et al. (2019) investigated the differential
effects of pitch-based compared to rhythm-based music training on executive function in 76
German preschoolers. Results indicated that only rhythm training enhanced inhibition control. The
sustained effect of gains observed after music training have also attracted attention. Shen, Lin, Liu,
Fang, and Liu (2019) found that the significantly higher scores on inhibition control for 30 preschool
children compared to controls after 12 weeks of daily musical training were still present 12 weeks
after the programme ended.

This handful of studies on the contribution of music training to develop inhibition control in pre-
schoolers compared training programmes, programme duration (from two weeks to over two years,
from bidaily to weekly), and measures (e.g. brain imaging, cognitive tasks). So far, no clear consensus
has been reached. Some of the methods have been questioned, including the absence of an active
comparison or a no-treatment control group, small sample size, or no pretesting, all of which raise
doubts about the findings. Further research is therefore needed to clarify the relationship between
music training and inhibition control.

Phonological skills

Phonological skills refer to the ability to discriminate, manipulate, analyze, and compare phonemes
and syllables in words. There is abundant research on the relationships between music training and
the development of phonological skills, both of which involve auditory perception and memory
(Kraus & Chandrasekaran, 2010)

Studies that focus on phonological skills have considered two types of training as independent
variables: music training and a combination of music and phonological training. For example, two
studies compared music training to phonological training and an active control group that practiced
sports (Degé & Schwarzer’s, 2011; Patscheke, Degé, & Schwarzer, 2016). In both cases, significantly
higher results were obtained for the music and phonological groups compared to the active
control group. However, no significant differences were found between the music and phonological
groups, indicating that even though music training does not explicitly focus on language skills, it does
have a measurable impact. Moritz, Yampolsky, Papadelis, Thomson, and Wolf (2013) compared music
and phonological training conditions with a focus on intervention frequency, but with no control
group. The music group received daily 45-minute interventions and improved significantly on a
greater array of phonological skills compared to the phonological group, which received weekly
35-minute interventions. In addition to the absence of a control group, the small sample sizes of
these three studies limit the results generalization.

Other studies have looked at combined music and phonological skills training and compared it
to phonological training alone and no training (Herrera, Lorenzo, Defior, Fernandez-Smith, &
Costa-Giomi, 2011; Kempert et al., 2016). Here, the results diverge. Kempert et al. (2016) found
no significant impact of music training, whereas Herrera et al. (2011) reported significantly
better performance on a rhyme oddity task for the combined group. In this case, there were
noticeable differences in the intervention duration and frequency: 20 minutes weekly for 16
weeks in Kempert et al. (2016) and two one-hour sessions per week for two years in Herrera
et al. (2011). These findings point to promising new research avenues when considering these
variables, as evidenced by Moritz et al. (2013).
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Because music elicits a complex set of skills, the research on the differential effects of pitch-based
music training compared to rhythm-based music training has extended to phonological abilities.
Patscheke, Degé, and Schwarzer (2019) compared pitch-based and rhythm-based training to an
active control group (sports) and found that, after 16 weeks of 20-minute sessions thrice weekly,
only children in the pitch condition showed significant improvement on larger-unit phonological
skills (syllables and rhymes). Children in the rhythm condition showed only marginal improvement
in phonological awareness skills, with no significant differences from the sports group.

In sum, the literature shows that children who take music training perform better on phonological
processing than children who do sports training or no training at all. Furthermore, music training pro-
duces similar results to phonological training alone for some phonological skills, even though music
training does not explicitly target these skills. However, some studies did not use random sampling
(Herrera et al., 2011; Kempert et al., 2016; Moritz et al., 2013) or a control group, or they examined
small samples. Therefore, further research is needed to determine the real effects of music training
on kindergartners.

Gross and fine motor skills

Pioneering studies dating from 2001 established the foundations of the research on music and
motor skill development (Deli, Bakle, & Zachopoulou, 2006; Derri, Tsapakidou, Zachopoulou, &
Kioumourtzoglou, 2001; Zachopoulou, Tsapakidou, & Derri, 2004; Zachopoulou, Derri, Chatzopou-
los, & Ellinoudis, 2003). Among other things, they demonstrated that music and movement train-
ing had significant impacts on the development of various motor skills, including basic abilities
such as jumping and dynamic balance (Zachopoulou et al., 2004), locomotor skills, including
running, skipping, galloping, and sliding (Deli et al., 2006; Derri et al., 2001), and rhythmic
ability, defined as the ability to synchronize bodily movements to a given rhythm (Zachopoulou
et al., 2003). However, the generalization of the results is limited: some studies failed to include an
active control group that received training other than music- or movement-based (Derri et al.,
2001; Zachopoulou et al., 2003) or a passive control group with no intervention (Zachopoulou
et al., 2004).

Only three studies since 2011 have compared a music and movement curriculum to a control con-
dition with no training (Elisana et al., 2012; Jordan-DeCarbo & Galliford, 2011; Venetsanou, Donti, &
Koutsouba, 2014). All three studies reported significantly higher scores on the rhythmic ability for
the music group, regardless of frequency or duration. In an experimental study, Jordan-DeCarbo
and Galliford (2011) observed the effects of music training in 92 American three- to five-year-olds,
mostly of Hispanic origin, after 20 weeks of daily 30-minute intervention blocks. Although the
music group improved on rhythmic ability, the two groups performed similarly on other tasks
(motor flow, motor coordination, expression, and overall musicality). Elisana et al. (2012) observed
positive effects of music training in 90 five- and six-year-olds after six weeks of twice weekly 45-
minute sessions. Interestingly, girls scored significantly higher than boys at pre-test and post-test,
for both groups. Venetsanou et al. (2014) also observed the positive effects of music training in 70
four- to six-year-olds after 20 weeks of 45-minute sessions twice weekly.

In sum, these studies are optimistic about the benefits of music training for the development of
motor and phonological skills. Yet the results are less sanguine on inhibition control development.
However, these studies include methodological limitations that reduce the strength of the results.
More rigorous research designs are needed to confirm the positive effects of music training on inhi-
bition control and on phonological and motor skills.

The present study

This study used a randomized controlled trial design to achieve the following objectives:
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. Assess the effects of a music condition (C1) on the development of inhibition control, phonological
processing, and gross and fine motor skills in 160 French Canadian kindergarteners (5 and 6 years
old)

. Compare the effects of the music condition (C1) to those of a motor condition (C2) and a no-inter-
vention condition (C3-Control) on the same dependent variables in the same population.

Materials and methods

Ethical compliance and recruiting

In compliance with the ethical rules of X University, the X School Board and the administration and 10
teachers of X school agreed to participate in this study. To ensure a rigorous protocol, the adminis-
tration, teachers, and parents were not informed of the research hypotheses. A total of 177 parents
completed and signed an informed consent form and filled out a questionnaire on sociodemographic
status and family history. Children with parents whose job involved music, physical activity, or early
intervention (n = 1) and children with a diagnosed developmental disorder that was documented by
the parents (n = 2) were excluded from the study.

Population

The original sample comprised 174 children: 92 girls and 81 boys. All participants attended the
same school and had similar socioeconomic status: annual family income was $76,000 to
$90,000 (middle class). Participants were randomly and equally assigned to one of the three con-
ditions (n = 58 each). Some children (n = 14, 4 girls/10 boys, Mage = 5.4 years, SD = .33) were
removed from the study for various reasons (no assessment, moving, removal by parents). The
final sample comprises 50 children in the music condition (25 girls, Mage = 5.5 years, SD = 0.31/25
boys, Mage = 5.6 years, SD = 0.3), 52 in the motor condition (29 girls, Mage = 5.5 years, SD = 0.5)/
(23 boys, Mage = 5.5 years, SD = 0.23), and 58 in the control group (33 girls, Mage = 5.4 years, SD =
0.27)/(25 boys, Mage = 5.5 years, SD = 0.32).

Procedure

An experimental design was used as follows: pre-test (T1) – experiment – post-test (T2). Prior to study
assessments, a team of music education and neuropsychology experts trained the research assistants
(RAs). None of the RAs were informed of the research hypotheses or the experimental protocol.
Assessments were conducted at the school in classrooms that the children were familiar with. All chil-
dren were assessed individually for two 30-minute sessions each at T1 and T2.

Pilot programme

Before the experiment, the early childhood educator (ECE) in charge of the experiment conducted a
pilot programme with other children at the same kindergarten to ensure equivalent conditions for
the music and motor interventions as well as their relevance to overall child development.

Experiment

The experiment was run for 19 weeks. The music (C1) and motor (C2) conditions included four ran-
domized groups each: GMus1 (n = 13), GMus2 (n = 13), GMus3 (n = 11), GMus4 (n = 13), GMot1 (n =
13), GMot2 (n = 14), GMot3 (n = 14), and GMot4 (n = 12). Groups GMus1, GMus2, GMot1, and GMot2
attended the programme on Mondays, and groups GMus3, GMus4, GMot3, and GMot4 on Thursdays.
Sessions lasted 40 minutes. Groups alternated weekly between morning and afternoon sessions.
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The ECE was responsible for the music (C1) and motor (C2) conditions. One session each of the
music (C1) and motor (C2) conditions was filmed and analyzed every two weeks by a music education
specialist, a motor ability and sports education counsellor specialized in preschool education, and an
education specialist, who provided the ECE with constructive feedback. The aim was to ensure equiv-
alent and comparable content and interventions between the two conditions (e.g. activity duration,
transitions, pedagogical approach).

programmes

The music (C1) and motor (C2) conditions comprised six themes: (1) fall, (2) forest, (3) holiday festival,
(4) trip around the world, (5) imaginary world, and (6) circus. Each theme was covered for two to four
weeks, for a total of 19 weeks. All the themes were structured equivalently for the two conditions,
with comparable progressive learning. The programme content targeted the development of
socio-emotional, cognitive, language, and motor skills in kindergarteners.

Music condition (C1)

All the music activities were inspired by the American Music Play Program (Gagné, 2013) and by the
fundamental principles of Orff’s active music engagement approach. In this perspective, rhythm is a
primary element of music, and along with language and movement, it serves as a starting point for all
music education (Comeau, 1995).

Two doctoral students in music education developed the music activities under the supervision of
an expert in the field. Over the year, they made some minor adjustments to the programme to align
with the learning progress of the children in the experimental group.

Motor condition (C2)

The motor activities drew on the basic notions and teaching applications of motor skills as defined by
Deitz, Kartin, and Kopp (2007): as children mature, they develop their physical abilities and motor
functioning through free and guided play.

A team of eight university students in kinesiology, supervised by a master’s student and a pro-
fessor of kinesiology, developed the activities in collaboration. They also made some adjustments
to the activities over the year as the students advanced through the programme, and to accommo-
date the available spaces and facilities.

Control condition (C3)

At the mid-point and end of the experimental protocol, the ECE did some creative activities with the
children in the control group to comply with the ethical guidelines and to thank them for taking part
in the project.

Measuring Instruments

NEPSY-II
The Developmental NEuroPSYchological Assessment, Second Edition (Korkman, Kirk, & Kemp, 2007)
was used to assess inhibition control and phonological processing. The NEPSY-II was standardized in
conjunction with several validity measures, including the Wechsler Intelligence Scale for Children –
Fourth Edition (WISC–IV; Wechsler, 2003).

More specifically, the Inhibition-Inhibition (INI) task assesses the ability to inhibit automatic
responses in favour of new responses. In five- and six-year-olds, the internal consistency of this
subtest is r = .80 and the test-retest reliability correlation is r = .79. The Phonological Processing
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subtest assesses phonological awareness. In five- and six-year-olds, the internal consistency coeffi-
cient is r≥ .80 and the test-retest reliability correlation is r = .88.

BOT-2 (Short Form)
The Bruininks-Oseretsky Test of Motor Proficiency, Second Edition (BOT-2; Bruininks & Bruininks,
2005) is an individually administered measure of fine and gross motor skills in children and youth
aged 4–21 years. The Short Form used in this study contains 14 combined tasks that cover the
four motor composites. The BOT-2 has excellent psychometric properties, with the internal consist-
ency of a≥ .80, test-retest reliability of r≥ .80, and interjudge agreement of r > .90. The content val-
idity is also excellent, supported by the Rasch measurement of the items (Deitz et al., 2007).

Results

NEPSY-II

Repeated measures analysis of variance (ANOVA) with participant as a random factor was used to
compare conditions, measuring times, condition days, sex, laterality, and extracurricular music and
motor activities (or not) in terms of scaled NEPSY-II scores.

At 0.05 significance level, results showed no significant differences in the effects of sex, laterality,
or extracurricular practice (or not) of music or motor activities. The effect of condition day tested
without control condition showed no significant differences.

The INI task results revealed significant differences between conditions (Table 1: F(2,157) = 3.66;
p = 0.03). This effect is included in the condition*time interaction, which is significant at the 0.05
significance level and was therefore interpreted separately across measuring times (p <.0001). At
post-test, the music condition (C1) obtains significantly higher results than the control (C3) and
motor condition (C2) (Table 2). Moreover, significant differences are seen between measuring
times for the three conditions at post-test (Table 1: F(1,161) = 90.82; p <.0001).

Table 1. Type III Tests of Fixed Effects for the NEPSY-II.

Source Num DF DF Den F Value P value
INI

Conditions 2 157 3.66 0.0279
Time 1 161 90.82 <.0001
Condition*Time 2 161 9.35 0.0001
Sex 1 157 0.93 0.3362
Laterality 1 157 0.10 0.7487
Music activities 1 157 0.35 0.5534
Motor activities 1 157 2.60 0.1087
Phonological
Conditions 2 156 5.38 0.0055
Time 1 161 40.10 <.0001
Condition*Time 2 160 1.95 0.1454
Sex 1 157 0.32 0.5742
Laterality 1 19.1 0.42 0.5236
Music activities 1 143 3.41 0.0669
Motor activities 1 157 2,96 0.0871

Table 2. Bonferroni grouping for the Condition*Time least square means slice (Alpha=0.05) for the NESPSY-II INI and the
Phonological Processing Task INI PP.

Source Time Estimate Estimate

Music (C1) T2 11.7496 A 8.4129 A
Motor (C2) T2 9.4434 B 7.7097 A
Control (C3) T2 9.8808 B 7.3872 B

Note: LS-means with letter B are not significantly different.
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Significant differences between conditions are observed for phonological processing (Table 1: F
(2,156) = 5.38; p = 0.006). Significantly higher calibrated scores are seen for the music (C1) over the
control condition (C3), but not significantly higher than for the motor condition (C2) (Table 2). Differ-
ences between measuring times are also significant (Table 1: F(1,161) = 40.10; p <.0001).

BOT-2 (Short Form)

Repeated measures ANOVA with the participant as a random factor was used to compare conditions,
measuring times, condition days, sex, laterality, and extracurricular practice (or not) of music and
sports activities with respect to the BOT-2 percentiles. The condition*time interaction was again
included to determine between-group changes with time. Variance component correlation structures
were used to model dependencies between measuring times. To improve the model fit, a hetero-
geneous variance term was used for each status of extracurricular music practice.

At the 0.05 significance level, the results show no significant differences in terms of sex, laterality,
or extracurricular music or sports practice. Again, the effect of condition day (tested in a no-control
condition model) shows no significant differences.

However, Table 3 shows significant differences between measuring times (F(1,156) = 907.72;
p < .0001). The measuring time effect being included in the condition*time interaction, it is also sig-
nificant at the 0.05 significance level and was again interpreted separately for each condition
(p < .0001). Results show higher post-test results for all three conditions (Table 4).

Discussion and conclusion

The objectives of this randomized controlled study were to determine and compare the effects of a
music condition, a motor condition, and a no-intervention condition on the development of inhi-
bition control, phonological processing, and gross and fine motor skills in kindergartners. The
results revealed three main findings. First, music training in kindergarten improved the development
of inhibition control over motor training and no special training. Second, although both the music
and motor programmes targeted the development of phonological processing, children in the

Table 4. Bonferroni grouping for the Condition*Time least square means slice
(Alpha=0.05) for the BOT-2.

Source Time Estimate

Music (C1) T2 67.3692 B
T1 27.2177 B

Motor (C2) T2 74.2361 B
T1 19.4967 B

Control (C3) T2 64.7023 B
T1 26.9427 B

Note: LS-means with letter B are not significantly different.

Table 3. Type III Tests of Fixed Effects for the BOT-2.

Source Num DF DF Den F Value P value

BOT-2
Conditions 2 157 0.09 0.9118
Time 1 156 907.72 <.0001
Condition*Time 2 156 13.01 <.0001
Sex 1 157 0.79 0.3764
Laterality 1 152 0.19 0.6671
Music activities 1 76 0.09 0.7610
Motor activities 1 156 0.34 0.5590
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music programme scored higher on this ability. Finally, no significant differences in motor develop-
ment were found between any of the three conditions.

These findings support the hypothesis that group music activities, which allow young children to
acquire knowledge through play and spontaneous learning, have a significant effect on the develop-
ment of inhibition control. Except for Linnavalli et al. (2018), all the reviewed studies obtained positive
effects of music training on this executive function. The present study borrowed its approach from
Jaschke, Honing, and Scherder (2018), and perhaps not surprisingly, obtained similar results. It is
well known that inhibitory control in children may be a reaction to contextual cues as much as an
innate capacity. Given that music training stimulates attention and helps children develop concen-
tration, our results could be interpreted as constructive responses to the cues provided in the
music programme. Inhibition control has many implications for children’s development, not least aca-
demic and social outcomes.

In agreement with the prior research, our results indicate that music training improves phono-
logical processing in kindergartners. It appears that activities involving intonation tasks, singing
parts, and listening exercises can facilitate the recognition that words are made up of a variety
of sound units. In addition, children in the motor condition also improved on phonological proces-
sing skills. Therefore, active engagement in music and/or motor activities would foster the devel-
opment of cognitive functions, including language. This could be partly explained by the fact that
some motor activities, such as movement and dance, promote rhythmic skills. In fact, the literature
shows that rhythmic perception is correlated with syllabic segmentation (Degé & Schwarzer’s, 2011;
Patscheke et al., 2016, 2019). The similar results in the present study could be due to certain com-
ponents of the motor condition that may have influenced the development of phonological
processes.

Finally, no significant differences were found in the development of motor skills across the three
conditions. It is arguable that a music condition that includes fine and gross motor activities would be
equivalent to a motor programme in terms of motor skills development, as long as the activity inten-
sity is comparable. This provides a plausible interpretation for our results on motor skills. Moreover,
other studies have obtained comparable results (Elisana et al., 2012; Jordan-DeCarbo & Galliford,
2011; Venetsanou et al., 2014). However, the similar results obtained for the control condition are puz-
zling. They may be attributable to the higher number of children in this condition. They may also be
due to the randomization of our controlled trial design.

Although we attempted to maximize the internal and external validity of this study, some limit-
ations should be considered. The main issues are the ECE’s training in motor skills, the schedules
for the experimental conditions, and the behavioural problems of some children in the motor con-
dition. In addition, despite the carefully thought out study design, the preschool setting meant
that unexpected situations might arise that could not be completely controlled.

In summary, this study shows that music training in kindergarten can contribute substantially to
the development of inhibition control and phonological processing. The results call for more
studies to further explore the potential of learning transfer from music to other cognitive areas.
In this sense, the preschool period remains relatively understudied. In practical terms, although
the importance of music and motor education for young children has been emphasized in the
research, schools tend to prioritize one or the other. The value of both types of training needs
to be better understood to inform policy makers’ decisions about programmes for overall child
development.

Future studies could also more deeply investigate the effects of music training on executive func-
tion. The evidence is scant on how music fosters mental flexibility in kindergarteners. It would also be
useful to examine which musical elements contribute more to the development of phonological pro-
cessing. Although the knowledge on intonation tasks has advanced, the role of rhythmic elements
has received less attention. Therefore, specific research protocols could be designed to untangle
the direct contributions of music and movement to motor development.
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