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research approach, a mixed-methods design was applied to assess the performance of 15 children  systainable Development Goals (SDGs);
aged 3 to 6 years, divided into experimental and control groups. The experimental group
participated in Al-supported activities using tools such as Genially, Educaplay, and Wordwall,
whereas the control group employed traditional methods. Quantitative data from pre-and post-
tests, as well as qualitative observations, revealed that Al-enhanced sessions improved motivation,
pronunciation, and engagement, particularly among children aged 5 and 6 years old. Although . .
statistical tests showed no significant differences between groups, the intervention demonstrated ~ Article History:
pedagogical effectiveness by increasing interest and participation. The novelty of this work lies in

Learning in Music.

applying generative Al in early music education to personalize learning and reduce inequality, Received: 11 March 2025
aligning with several Sustainable Development Goals (SDGs 3, 4, 9, and 10). The findings offer Revised: 17 July 2025
valuable insights into designing inclusive educational experiences through the integration of ICT

and Al, highlighting the need to enhance teacher training in emerging digital pedagogies and  Accepted: 08 August 2025
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1- Introduction

Language acquisition begins in infancy and is significantly enriched during preschool education [1] when
educators play a fundamental role in fostering communication skills. Music is a powerful and engaging tool for
enhancing speech and language development. However, many teachers lack formal music training [2], often feeling
unqualified or reluctant to incorporate music into their teaching practices. This project aims to empower educators
with practical music resources and ICT tools [3], enabling them to integrate music effectively into language
development activities.
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The relationship between music and language is deeply rooted in shared elements such as rhythm, intonation, and
auditory discrimination. From early childhood, humans demonstrate sensitivity to sound, which underpins linguistic and
musical learning [4]. Music stimulates multiple areas of the brain, creating a multisensory experience that enhances
phonological awareness, supports interventions for language disorders, and improves pronunciation and vocabulary
acquisition. For example, rhythmic activities and nursery rhymes can develop speech organs, foster emotional bonds,
and promote social interaction.

Play is another essential aspect of preschool education. Together with music, the play offers a dynamic and enjoyable
approach to learning, effectively engaging children in the curriculum's objectives. ICT tools further enrich [5] this
process by fostering computational thinking, creativity, and autonomy. With their interactive features [6] and engaging
animations, they capture children's attention and improve motivation, making learning more effective and enjoyable.
This study is significant, as teaching is not based solely on the acquisition of technical skills but also on social,
expressive, and inclusive skills [7].

Despite the abundance of musical resources available, many are too complex for young children. This project
addresses this gap by compiling a collection of simple, ICT-supported musical activities tailored to preschool teachers
[8]. These resources focus on rhythm, movement, auditory discrimination, and children's songs, providing an accessible
introduction to music while stimulating cognitive and linguistic development [9]. In this way, the current digital divide,
where not all students have access to Al tools due to economic, linguistic, or geographical barriers, can be bridged to
some extent, bringing teachers closer to the simple use of some resources [10].

The ultimate goal of the project is not to create professional musicians but to train individuals who are sensitive to
the educational potential of music [11]. Music contributes to social bonding, the acquisition of values, artistic sensitivity,
and well-being. Research suggests that incorporating music into early education [12] enhances interaction, attention,
and socialization, thereby promoting holistic development. Although we are faced with current models based on deep
learning, which handle large volumes of data and require advanced software, prioritizing objective quantification
without addressing the cultural background of students, we want to bring technological resources to teachers in any
context so that they can be leveraged [13].

Teachers require training in Al-mediated resources, as these are very current technologies that we are faced with.
There is evidence of insufficient technological training for teachers, and although the importance of training in this area
is recognized, many teachers feel unable to address it in their music classes [14]. Music education is an opportunity [15]
that opens doors to the comprehensive and inclusive development of children, taking into account diverse cultural
contexts. The effective integration of ICT, multimedia applications, and Al in the training of future educators can
significantly enhance educational quality and prepare students to navigate the challenges of an evolving digital world
[16].

There is still a long way to go in terms of integrating Al into music teaching and learning processes [17], but starting
to generate experiences that bring children closer to it can be a significant contribution to preschoolers who will be the
adults of our society tomorrow. Hybrid, adaptive, and creative models could be created that integrate Al [18], promoting
personalization and access to music education for all.

To achieve these objectives, a mixed-methods study was conducted using a quasi-experimental, exploratory-
descriptive design. The study investigates the impact of a teaching strategy that integrates music and ICT on the language
development of preschool children. The central research question is: How does the integration of music through ICT
influence language development in preschool children?

This article is structured as follows: the first section reviews the relevant literature on music and language
development, highlighting the benefits of ICT integration. The second section outlines the methodology and resources
used to evaluate the proposed teaching strategy. The third section presents the research findings and statistical results,
demonstrating the effectiveness of the approach. The final section discusses the implications of the findings, offering
conclusions and recommendations for future educational practices.

Recognizing the value of music in the comprehensive development of children, this project advocates for its
integration into early education. Equipping teachers with the knowledge and resources to use music as a language
development tool can foster inclusive, equitable, and enriching learning experiences for all children. This work
contributes to achieving sustainable and impactful educational outcomes through the synergy of music, play, and
technology.

2- Background and Related Works

Language development during early childhood is crucial for laying the foundation of communication and cognitive
growth. Researchers and educators emphasize the importance of this stage, as oral language acquisition has a significant
impact on future academic success and social interaction [19]. In this context, music has emerged as a versatile and
effective tool for language development, owing to its multisensory and cognitive stimulation [20].
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2-1-Music Education and Language Development

The relationship between music and language is supported by shared characteristics such as rhythm, melody, and
intonation, which are critical for phonological awareness and verbal expression [21]. Research indicates that engaging
in musical activities can enhance speech articulation, vocabulary, and linguistic processing in young children.
Furthermore, structured musical interventions have effectively addressed language disorders, such as dyslexia, through
rhythm-based activities [22].

Preschool education relies heavily on play-based methods to enhance learning, making the integration of music a
natural and impactful strategy. Teachers, however, often face challenges such as a lack of musical training or confidence
in using their singing voice, which limits the potential of this resource. Addressing this gap requires equipping educators
with practical tools and strategies to incorporate music into their teaching practices [9] seamlessly.

2-2- Artificial Intelligence in Music Education

Recent advances in artificial intelligence (Al) have opened new pathways for integrating technology into
education. Generative Al tools [23], such as those used in this study, offer personalized and interactive learning
experiences that cater to diverse student needs [24]. By automating the creation of musical content and providing
dynamic feedback, these tools enhance cognitive engagement and accessibility, thereby improving the overall user
experience.

Al'srole in fostering inclusivity aligns with the Sustainable Development Goals (SDGs), particularly SDG 4 (Quality
Education), SDG 9 (Innovation and Infrastructure), and SDG 10 (Reduced Inequalities). Studies have demonstrated that
Al-based platforms promote equitable access to education by adapting learning content to individual capabilities and
supporting students with special needs [25].

2-3-ICT and Musical Pedagogy

Information and Communication Technologies (ICT) complement Al by providing platforms for interactive musical
activities. Tools like Genially, Wordwall, and Educaplay allow educators to design engaging learning modules [26],
from rhythm exercises to instrument recognition games. These technologies captivate children's attention and enhance
their ability to internalize abstract concepts through visual and auditory stimuli [27].

The integration of ICT and Al into music education has been found to significantly boost motivation, memory
retention, and creativity among preschool students. Studies also emphasize the importance of incorporating physical
interaction with instruments alongside digital resources to create a holistic and practical learning environment.

2-4- Implications for Teacher Training

Teacher training must be prioritized to fully realize the potential of Al and ICT in early childhood music education.
Research highlights the need for continuous professional development to familiarize educators with digital tools and
innovative teaching methodologies [28]. Training programs that combine theoretical knowledge with hands-on practice
enable teachers to implement technology-enhanced music education strategies confidently.

This study builds on the existing literature by examining the intersection of music education, artificial intelligence
(Al), and language development. Through a mixed-methods approach, it evaluates the impact of generative Al on
preschoolers' linguistic and musical skills, offering insights into the transformative potential of technology in fostering
inclusive and sustainable education.

3- Material and Methods

This study employs a mixed-methods approach, integrating qualitative and quantitative techniques to examine the
impact of ICT-mediated music education on the language development of preschool children. The methodology
compares an experimental group exposed to generative Al-supported activities with a control group that engages in
traditional teaching practices. The study's design aims to evaluate outcomes in concept assimilation, pronunciation, and
engagement in musical learning.

3-1- Context and Rationale

Conventional music education often emphasizes rote memorization and repetitive exercises, limiting creativity and
individualized learning opportunities. This research introduces an innovative teaching framework tailored to children's
unigue needs by integrating generative Al. Al-generated resources [29], such as custom melodies and interactive
activities, enrich the educational process, fostering inclusivity and enhancing cognitive, emotional, and creative
development. The approach draws from action research principles, ensuring a continuous cycle of planning, action,
observation, and reflection.
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3-2-Participants

Fifteen preschool children aged 3 to 6 from a private educational center participated in the study. They were randomly
divided into an experimental group (ICT-based activities) and a control group (traditional methods). For eight weeks,
each group participated in weekly 60-minute sessions focused on identical musical topics but with different instructional
approaches.

3-3-Resources

To create an engaging and inclusive learning environment, the following resources were used: 1) Digital tools:
Platforms such as Genially, Educaplay, and Wordwall supported the design of interactive activities, while YouTube
provided animated educational content. 2) Musical instruments: Xylophones, tambourines, and claves enabled active
participation and sound exploration. 3) Educational songs: Short, thematic songs enrich vocabulary and improve
rhythmic skills. 4) Visual aids: Colorful illustrations of musical instruments and symbols supported the visualization of
concepts. 5) Assessment tools: A Likert-type questionnaire measured progress in musical concepts and pronunciation,
while structured observations captured qualitative data on participation and motivation. The instruments were validated
by the researchers, with the support of two experts in the field, to ensure consistency with theoretical frameworks and
to make relevant adjustments to ensure conceptual reliability.

3-4-Procedure

1) Planning: A diagnostic test was developed to assess baseline knowledge of musical concepts. Based on the results,
personalized teaching sequences were designed, integrating Al-generated activities for the experimental group.

2) Action: Weekly sessions involved distinct methodologies. Experimental Group: Engaged with Al tools for
melody creation, rhythm exercises, and interactive quizzes. Control Group: Utilized visual aids, hands-on
interaction with instruments, and teacher-led activities. Both groups addressed the same musical themes,
including instrument recognition, rhythmic patterns, and note intonation.

3) Observation: Researchers systematically monitored children's responses, documenting qualitative insights
through a checklist. Observations highlighted differences in engagement, participation, and learning progression
between groups.

4) Reflection: Data from pre- and post-intervention assessments were analyzed, informing discussions on the
effectiveness of the methodology. Statistical tests, including the Shapiro-Wilk and Mann-Whitney U tests,
ensured a rigorous evaluation of the results.

Figure 1 presents a diagram illustrating the methodological procedure used in Action Research.

« Define Problem + Collect Data

* Set Objetives « Implement Strategies * Record Reactions « Evaluate Impact

« Design Methods « Engage Participants * Analyze Information « Reflect on Process
==

Figure 1. Diagram of the Methodological Procedure in Action Research

4- Results

The study assessed the impact of a teaching strategy that integrates technology and musical concepts on the language
development of children aged 3 to 6 years. The effectiveness of the implemented activities, as well as student
participation and progress, was assessed through the collection and analysis of both quantitative and qualitative data.
Below are the most relevant findings, which provide a detailed overview of the intervention's effects on motivation,
linguistic performance, and overall interest in learning.
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4-1-Educational Interventions

The interventions addressed gaps in foundational musical concepts while fostering cognitive, practical, and affective
engagement with music education. Structured activities, innovative methodologies, and continuous evaluation created a
dynamic and interactive learning environment. This section outlines the components of the interventions, beginning with
a diagnostic test to assess baseline knowledge and guide the personalization of teaching strategies. The diagnostic test
results served as a benchmark for designing targeted pedagogical approaches to improve students' competencies. The
following subsections detail the dimensions and subcategories of the interventions, illustrating the comprehensive
approach taken to achieve the study's objectives.

4-2-Diagnostic Test

The pre-test was administered to assess students' prior knowledge of fundamental musical concepts before the
intervention. This initial evaluation identified existing skills and competencies, enabling the customization of teaching
activities to meet individual needs. Additionally, the pre-test provided a baseline for measuring progress throughout the
study, allowing for an objective comparison of knowledge before and after the intervention. Table 1 outlines the
dimensions and subcategories evaluated in the research.

Table 1. Dimensions and Subcategories of Research

Dimensions Subcategories
Discrimination of sound qualities Producing loud and soft sounds using a musical instrument.
Recognition of musical instruments Identifying and naming wind, percussion, and string instruments.
The intonation of musical notes Intoning the notes of the C Major scale in the correct order.
Recognition of the Staff and Treble Clef Identifying and naming the Staff and Treble Clef using images.
Visual Recognition of musical figures Naming and identifying whole, half, quarter, and eighth notes and rests.

4-3-Didactic Strategy

Following the diagnostic test, the teaching strategies were implemented, beginning with the introduction of
generative artificial intelligence (Al) as a tool for inclusive musical learning. Data was collected throughout the
intervention, and the results are presented below. Figure 2 presents a timeline illustrating the sequence of musical
learning intervention, detailing the stages and activities implemented throughout the study. To relate the didactic strategy
and the timeline of the musical learning intervention sequence, we can propose a mathematical model that captures the
relationship between the intervention activities (independent variables) and the learning outcomes (dependent variables).
The learning outcome L can be modeled in Equation 1:

L=fo+ By TL1(Ai xTi) + B, T8 (Ai » Ei) + B;C+€ 1)

where: Intervention Activities (Ai): Each week's activity (string instruments, wind instruments) contributes to the
learning outcome. 5, 5, B, B3, show coefficients representing the impact of each factor. Time Spent (Ti): The duration
of each activity influences the learning outcome. Tool Effectiveness (Ei): The effectiveness of the tools used (Genially,
Educaplay) enhances the impact of the activities. Control Group Factor (C) accounts for differences between the
experimental and control groups. Error Term (€) Represents unobserved factors affecting the learning outcome. For the
experimental group, C=1, the effectiveness of tools like Genially and Educaplay (Ei) is maximized. For the control
group, C = 0 and traditional methods are used, reflecting the effectiveness of non-digital tools (physical instruments,
drawings).

This equation provides a framework for quantifying the impact of the didactic strategy and intervention timeline on
learning outcomes, enabling statistical analysis of the results presented in Table 2.

Table 2. Descriptive Statistics of Pre-Test Results

Dimensions Media Standard Dev.
Discrimination of sound qualities 5 0.0
Recognition of musical instruments 4.4 15
The intonation of musical notes of the C Major scale 3.7 1.7
Recognition of the Staff and the Treble Clef 3.8 15
Visual Recognition of musical figures 3.8 1.6

Page | 205



Emerging Science Journal | Vol. 9, Special Issue, 2025
Figure 2 presents a syllabus for a music course divided into eight weeks. Each week covers a specific topic related
to music theory and practice. The weekly content is as follows:
Week 1: String Instruments — Fuchsia color, with a string instrument icon.
Week 2: Wind Instruments — Purple color, with a wind instrument icon.
Week 3: Percussion Instruments — Dark blue color, with a drum icon.
Week 4: The Staff and Treble Clef — Blue color, with a treble clef icon.
Week 5: Musical Figures — Turquoise color, with a musical note icon.
Week 6: Rhythm and Vocalization — Light blue color, with a voice icon.
Week 7: The C Major Scale — Green color, with a keyboard or notes icon.

Week 8: Sound Qualities — Light green color, with a musical note icon.

L oo i-suing nsrmons
T Vima e
ek pocuesom o
oo e st revs et
e e
oo R o Vocazaion—
oo
e e

Figure 2. Chronology of the Musical Learning Intervention Sequence

Week 1: String Instruments
Experimental Group:

In the first session, students were introduced to Genially, a virtual tool designed for interactive musical learning. The
teacher provided a detailed explanation of how to access and navigate the platform, highlighting its key features. As it
was the students’ first encounter with this tool, the session included a guided exploration of its basic functions. The
teacher demonstrated how to use Genially to create musical activities, offering step-by-step instructions. During the
lesson on string instruments, students were expected to read and analyze the presented concepts. Although they could
name and describe how some instruments are played, the session revealed that many still needed to develop a deeper
understanding of the string family.

Figure 3 illustrates students interacting with illustrative images and real instruments, thereby reinforcing both visual
recognition and practical familiarity with string instruments.

Figure 3. Learning stringed musical instruments through pictures
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In Figure 4, students are shown watching a video about string instruments. After two viewings, they were asked to
recall and name at least three instruments. They then engaged with an interactive game on Genially via their mobile
devices. The figure includes screenshots of both the video and the quiz.

Control Group:

Students began by viewing illustrations of 10 string instruments, accompanied by the teacher’s detailed explanations.
Additionally, they had the opportunity to observe and handle real instruments such as a guitar, violin, and piano, which
helped reinforce their understanding. Each student was encouraged to recall and verbalize the instrument names,
promoting oral expression and memory.

Figure 4. Using generative Al for learning wind instruments

Week 2: Wind Instruments

Experimental Group:

The session began with a video titled Wind Instruments, introducing the names, characteristics, and sounds of this
instrument family. As seen in Figure 4, the video was replayed with pauses to foster group discussion and identification
of each instrument. Students then completed an interactive story-based quiz on Genially using tablets and smartphones.
This digital approach promoted active engagement, allowing students to identify and understand how wind instruments
are played.

Control Group:

The lesson began with drawings of ten wind instruments paired with the teacher’s explanation. Students also had the
opportunity to observe a flute and a clarinet in person. Afterward, each child repeated the names of the instruments they
remembered. The session concluded with an evaluation activity where students shared three wind instrument names
with their peers.

Figure 5 illustrates their participation, showing students interacting with visuals and real instruments to consolidate
their understanding.

Figure 5. Learning wind musical instruments through images
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Week 3: Percussion Instruments
Experimental Group:

Students watched an educational video on percussion instruments twice, pausing to identify key elements. They then
completed an interactive quiz on Genially, using digital devices to identify at least three instruments. This activity
enhanced motivation and reinforced learning.

Figure 6 shows students watching the video and playing the interactive game, both of which facilitated knowledge
retention and engagement.

Figure 6. Using generative Al for learning percussion musical instruments

Control Group:

The session involved viewing illustrated percussion instruments, followed by a hands-on experience with a
tambourine, xylophone, and maracas. Students then shared and named the instruments they remembered.

As shown in Figure 7, the combination of images and real instrument interaction helped dynamically reinforce the
content.

Figure 7. Learning percussion musical instruments

Week 4: The Staff and the Treble Clef
Experimental Group:

Students watched an animated video on the pentagram and treble clef. They then participated in a group discussion,

correctly identifying each element. Using mobile phones, they played a memory game on Educaplay to reinforce
learning.

ﬂ ™

Figure 8. Using generative Al to learn the Pentagram and the Treble Clef
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Figure 8 shows these digital resources, while Figure 9 displays students drawing the treble clef on paper and the
classroom board, promoting visual memory and motor skills.

Figure 9. Learning the Pentagram and the Treble Clef through images and drawings
Week 5: Musical Figures
Experimental Group:

Students watched a video explaining musical figures such as whole, half, quarter, and eighth notes, along with their

corresponding rests. They then discussed the content as a group and used digital quizzes on Genially and Wordwall for
review.

Figure 10 shows the digital tools used for reinforcement and evaluation.

Video Youtube

Figure 10. Using generative Al for learning musical figures
Control Group:

The class focused on drawing musical figures, supported by the teacher’s explanations. Students identified the figures
aloud and then played a card-based game to reinforce their knowledge.

Figure 11 illustrates their participation using drawings and interactive card activities.

Figure 11. Learning musical figures through drawings and cards
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Week 6: Rhythm and Vocalization
Experimental Group:

Students watched an interactive video titled | Have a Dog, which taught rhythm through clapping and vocalization.
They repeated the exercise and then practiced autonomously. A digital roulette game on Wordwall was used for
evaluation.

Figure 12 includes screenshots of the video and the game, showing high engagement.

0:04

Figure 12. Using generative Al to learn a rhythm and language exercise

Control Group:

Using images and teacher guidance, students clapped along with the words of the | Have a Dog exercise. They later
performed the routine individually.

Figure 13 presents their group and individual practice, reinforcing rhythm through voice and movement.

Figure 13. Learning rhythmic exercises through drawings and clapping

Week 7: The C Major Scale
Experimental Group:

Students watched a video introducing the C Major scale, followed by group and individual singing exercises that
focused on note intervals. They also played a virtual piano app to reinforce pitch recognition.

Figure 14 shows children using xylophones and digital tools to sing and play scale notes.

Figure 14. Using generative Al to learn musical notes in the C Major scale
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Control Group:

Students sang along with the teacher using colored circles to represent each note. They then jumped on floor circles
labeled with notes and played the scale on a xylophone.

Figure 15 illustrates their multisensory learning experience, which combines visual, auditory, and kinesthetic
strategies.

Figure 15. Learning musical notes and the C Major scale.
Week 8: Sound Qualities
Experimental Group:

Students learned about pitch by watching the "The Piano" video and practicing high and low sounds with their voices.
They then used a digital piano to further explore these sounds.

Figure 16 displays screenshots of the video and interactive Genially game, supporting the understanding of pitch.

Figure 16. Using generative Al to learn sound qualities such as intensity and pitch
Control Group:

Children explored pitch using voice and guitar sounds, supported by a visual analogy of a tree (representing high
pitch) and a flower (representing low pitch). They later used classroom instruments, such as the xylophone and piano,
for reinforcement.

Figure 17 presents the activity and the use of visual aids and real instruments for practical learning.

Figure 17. Post-test presentation with experimental group and control group
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Post-Test:

At the end of week eight, a post-test was administered to assess students’ understanding and pronunciation across all
covered topics.

The results of the descriptive statistics of the pre-test in Table 2 reflect the children's initial level of musical
knowledge and skills in the dimensions assessed:

1) Discrimination of sound qualities (M = 5.0, SD = 0.0): shows perfect and uniform performance in the
discrimination of sound qualities. All participants correctly identified high and low sounds, suggesting that this
ability is well-developed in the group and does not present variability.

2) Recognition of musical instruments (M = 4.4, SD = 1.5): The mean indicates a solid level of recognition of
musical instruments, although the standard deviation evidences some scatter in the results. This result suggests
that some children excel in this area, while others may need reinforcement.

3) The intonation of musical notes (C Major) (M = 3.7, SD = 1.7): This dimension shows the lowest mean and the
most significant variability. The data indicate that children have difficulty intoning musical notes correctly,
representing a key area for intervention and improvement.

4) Recognition of the Staff and the Treble Clef (M = 3.8, SD = 1.5): Performance on this dimension is moderate,
with some children achieving solid recognition while others show less understanding. This outcome reflects a
basic initial understanding of these musical concepts.

5) Visual recognition of musical figures (M = 3.8, SD = 1.6): Similar to the previous dimension, the results indicate
a moderate level with considerable variability. Some children recognize musical figures well, but others may
need additional activities to consolidate this knowledge.

Thus, the Discrimination of sound qualities dimension is the most solid and uniform among participants, while The
intonation of musical notes (C Major) represents the 1)most significant challenge, with lower performance and more
dispersed results. This outcome suggests the need for specific activities, such as intonation exercises and instrument
practice, to strengthen skills in these less-developed areas.

4-4- Statistical Analysis

Quantitative data from pre- and post-tests revealed the following: Pre-test findings showed that both groups
demonstrated moderate proficiency in musical concepts, with notable variability in intonation and visual recognition of
musical figures.

Post-test Findings: The experimental group demonstrated higher motivation and engagement, which can be attributed
to the interactive and personalized nature of ICT-based activities.

Statistical tests (e.g., Shapiro-Wilk and Mann-Whitney U) confirmed that while both instructional approaches were
practical, the ICT-mediated methodology fostered tremendous enthusiasm and participation among children. The dataset
with the data is available for replication in the Mendeley open repository [30].

The results indicate that the students did not face significant difficulties in discriminating sound qualities or
recognizing musical instruments, suggesting a high level of homogeneity among the participants. However, the
intonation of musical notes in the C Major scale emerged as an area of concern, with the lowest mean score (3.7) and
the highest variability (SD = 1.7). This study highlights a clear opportunity to strengthen this particular skill.

Similarly, other dimensions—such as the recognition of musical instruments, the staff and treble clef, and the visual
identification of musical figures—yielded moderate mean scores ranging from 3.8 to 4.4, with standard deviations
between 1.5 and 1.6. These results indicate some variability and dispersion in performance across these areas.

Notably, the data reveal limited mastery in two key areas: intonation skills and the visual recognition of musical
figures and the staff. A Shapiro-Wilk normality test was conducted to further analyze the data distribution, with the
results presented in Table 3.

Table 3. Shapiro-W normality tests

Statistical W Sig.
Control 0.882995 0.240076
Pre-test
Experimental 0.732794 0.008359
Control 0.813590 0.055675
Pos-Test
Experimental 0.884268 0.246076
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The Shapiro-Wilk normality test indicates that in the Pre-test, the Control group presents data with a normal
distribution (p = 0.240), while the Experimental group does not meet this condition (p = 0.008). On the other hand, in
the Post-test, both groups (Control and Experimental) show significance values greater than 0.05 (p = 0.056 and p =
0.246, respectively), suggesting that the data follow a normal distribution. These results are essential to determine the
choice of statistical tests, and it is necessary to opt for non-parametric tests in the pre-test of the experimental group due
to the lack of normality. Therefore, we have decided to apply a Mann-Whitney U test.

Figure 18 shows the Statistical W (blue bars) and Significance (Sig.) values (orange line) for the Control and
Experimental groups at the pre-test and post-test stages.

1.00 0.30
HE Statistical W
—— Sig.
0.95 1 F0.25
0.90 1 F0.20
=
= .
7 0-857 -0.15 2
=
]
ul
0.80 1 F0.10
0.75 1 F 0.05
0.70 - - 0.00

Figure 18. Comparison of Statistical W and Significance (Sig.) Values in Pre-Test and Post-Test for Control and
Experimental Groups

Values for both groups are generally close to 1, indicating that the data do not deviate significantly from a normal
distribution. In the pre-test, the experimental group showed a lower value (0.7328) compared to the control group
(0.8830), indicating a more significant deviation from normality in the experimental group.

In the post-test, the values of both groups are closer (Control: 0.8136, Experimental: 0.8843), showing less variability
between them. Significance values (p-value) determine whether the data are typically distributed.

In the pre-test, the Control group has a p-value of 0.2401 (>0.05), indicating that the data are not significantly
different from a normal distribution. In contrast, the Experimental group has a p-value of 0.0084 (<0.05), suggesting a
significant deviation from normality.

In the post-test, both groups have p-values greater than 0.05 (Control: 0.0557, Experimental: 0.2461), indicating that
the data are consistent with a normal distribution at this stage.

The experimental group exhibits a more significant deviation from normality in the pre-test but shows a significant
improvement in the post-test, reaching values comparable to those of the control group. This study may reflect a positive
effect of the intervention, as evidenced by the normalization of the data in the Experimental group at the post-test.

Table 4. Mann-Whitney U Test

Statistic U p Value
Pre-test 225 0.7947
Pos-Test 175 0.3625

As shown in Table 4, the results of the Mann-Whitney U test for both the pre-test and post-test reveal no significant
differences between the Control group (which utilized concrete materials) and the Experimental group (which employed
ICTs). In both cases, the p-values exceeded 0.05 (0.7947 for the pre-test and 0.3625 for the post-test), leading to the
retention of the null hypothesis (H, ). This study suggests that the type of material used—concrete or digital—did not
significantly influence the outcomes at either evaluation stage.
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In conclusion, concrete materials and information and communication technologies (ICTs) proved effective in
supporting the musical teaching-learning process, each offering unique benefits. These findings highlight the versatility
of both approaches in enhancing musical education.

5- Discussion

Integrating generative artificial intelligence (Al) in education has demonstrated significant potential to enhance
learning across various domains, including music, particularly in inclusive contexts [31]. This study focused on the
application of Al in musical learning [32] for preschool children, emphasizing its impact on language development
and the acquisition of musical skills. The findings align with prior research, underscoring the value of educational
technology, specifically Al, as a tool for personalizing learning and fostering inclusion for students with diverse
abilities. This discussion examines the most relevant findings of the study, focusing on personalized learning,
gamification, educational inclusion, implications for educator training, and the potential of generative Al in child
development. These themes reflect the transformative impact of Al on children's learning and highlight
opportunities for future research.

5-1-Personalization of Learning Through Al

Generative Al has proven effective in personalizing learning experiences by adapting to the unique needs of each
student. Consistent with previous studies, personalization has been shown to enhance student motivation and
engagement. In our study, interactive ICT tools powered by Al, such as Genially and Educaplay, created a dynamic and
tailored learning environment. These tools significantly improved children's motivation and facilitated the development
of musical and linguistic skills, demonstrating the potential of Al to cater to individual learning styles and paces.

Therefore, several studies have demonstrated that attention processes, working memory, and cognitive flexibility
undergo rapid development between the ages of 4 and 7, which may enhance the effectiveness of educational
interventions during this critical period [33].

Generative Al has demonstrated its effectiveness in personalizing learning experiences [34] by adapting to the
specific needs of each student. Consistent with previous research, personalization enhances student motivation and
engagement. In our study, Al-powered interactive ICT tools—such as Genially and Educaplay—fostered a dynamic and
tailored learning environment. The integration of these tools not only significantly increased children's motivation but
also facilitated the development of both musical and linguistic skills, highlighting AI’s potential to accommodate diverse
learning styles and paces. Notably, the educational content incorporated features such as interactive questioning, virtual
assistants, and adaptive materials that provided immediate, real-time feedback.

5-2-Gamification and Interactivity in Musical Learning

Gamification powered by artificial intelligence (Al) plays a crucial role [35] in maintaining children's interest and
facilitating the understanding of abstract concepts. In line with previous research, our findings demonstrate that Al-
driven gamified activities effectively capture children’s attention and promote learning through repetition and active
participation. This approach not only supported the acquisition of complex musical concepts, such as instrument
identification but also enhanced pronunciation and intonation skills, demonstrating the versatility of Al in educational
settings. Moreover, gamification serves as an inclusive tool by allowing students with varying levels of musical ability
to progress at their own pace. In this regard, designing interactive activities that accommodate different learning styles
(auditory, visual, and kinesthetic) is essential to creating a musically meaningful and accessible learning environment
for all students [36].

5-3-Inclusion of Children with Diverse Needs

A key strength of Al in education is its ability to support inclusive learning environments for children with disabilities
or special educational needs. Research confirms that Al fosters greater inclusion and personalization. In our study,
interactive musical activities enabled all children to participate actively, regardless of their initial abilities. Interactive
devices also boosted engagement and self-confidence, highlighting Al's potential to create equitable learning
opportunities for diverse learners.

5-4- Limitations and Recommendations for Future Research

While the results of this study are promising, certain limitations must be acknowledged, including the small sample
size and the single-institution context. Future research should involve more extensive and diverse samples across
multiple educational settings. Additionally, longitudinal studies are necessary to evaluate the long-term effects of
generative Al on children's musical and linguistic development, thereby ensuring the sustainability and effectiveness of
these technologies over time.
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5-5-The Role of the Teacher in the Integration of Generative Al

The successful integration of Al in education heavily depends on teacher training and adaptability. As emphasized
by Ayeni et al. [31], continuous professional development is crucial for educators to leverage the potential of digital
tools fully. In this study, teacher training using Al-driven platforms was critical to the intervention's success. Future
research should explore how educator preparedness influences the implementation of Al and its impact on learning
outcomes.

5-6- The Potential of Generative Al in Child Development

Generative Al, when effectively integrated into education, has a profound positive impact on children's language and
musical skill development. Beyond individualizing learning, Al creates inclusive and participatory environments that
encourage active student engagement. However, further research is needed to optimize the implementation and
evaluation of these tools, ensuring they are accessible and effective for all students, regardless of their initial abilities or
backgrounds.

6- Conclusions

The study demonstrated that integrating generative artificial intelligence (Al) into inclusive musical learning for
preschool children has a positive impact on the development of both musical and linguistic skills. The findings support
the hypothesis that technology, particularly artificial intelligence (Al), can be a powerful tool to enhance learning by
facilitating the acquisition of musical concepts and improving pronunciation. ICT tools, such as Genially, Educaplay,
and Wordwall, have successfully created a dynamic, motivating, and adaptive learning environment tailored to students'
needs. However, the study also revealed certain limitations, such as the small sample size and the short duration of the
intervention, which highlight the need for further research to explore the long-term effects of these technologies. Below,
the main conclusions are outlined.

Generative Al has emerged as a key factor in fostering musical and linguistic development in preschool children.
The active interaction enabled by technological tools, such as Genially and Educaplay, significantly improved children's
ability to identify musical instruments, enhance pronunciation, and retain key concepts. These tools provided a
multimodal learning experience, combining visual and auditory elements to make abstract concepts more accessible and
engaging.

Combining digital tools and hands-on interaction with physical instruments, such as the recorder, enriched the
learning experience. This approach allowed children to explore the physical and sound characteristics of instruments,
reinforcing theoretical knowledge through practical application. Integrating visual resources and direct interaction
fostered curiosity, participation, and a deeper understanding of musical concepts.

The implementation of pre-test and post-test assessments provided a clear comparison of children's knowledge before
and after the intervention. Using representative images of musical concepts, the study measured children's ability to
identify and name these concepts, revealing significant improvements in pronunciation and understanding. The
experimental group, which interacted with ICT tools and generative Al, showed particularly notable progress,
underscoring the effectiveness of these technologies in enhancing learning outcomes.

The study highlights the importance of training preschool teachers using interactive musical technologies, including
generative artificial intelligence (Al). The effective integration of these tools supports musical concept learning and
strengthens essential linguistic skills, thereby contributing to children’s holistic development. Continuous professional
development for educators is crucial to maximizing the potential of digital tools and ensuring their successful
implementation in the classroom.

Despite its promising results, the study has several limitations, including a small sample size and a short intervention
duration. These constraints highlight the need for further research to validate the findings and investigate the long-term
effects of generative Al on musical and linguistic learning.

6-1- Future Work

Conduct studies with more extensive and more diverse samples to validate the findings across different educational
contexts and populations. Implement long-term evaluations to assess the sustained impact of generative Al on children's
musical and linguistic development. Investigate the effectiveness of Al-driven tools for children with special educational
needs, such as hearing or language impairments. Develop and evaluate training programs for educators to enhance their
proficiency in using Al and digital tools in the classroom. Explore the potential of hybrid learning environments that
combine Al-driven platforms with traditional teaching methods to optimize learning outcomes. Create innovative, Al-
based educational resources that cater to diverse learning styles and needs, ensuring accessibility and inclusivity. By
addressing these areas, future research can further harness the potential of generative Al to transform early childhood
education, making it more engaging, inclusive, and effective.

Page | 215



Emerging Science Journal | Vol. 9, Special Issue, 2025

7- Declarations
7-1- Author Contributions

Conceptualization, P.A.-V., M.R.-C., M.Ch.-C., and J.J.-G.; methodology, P.A.-V., M.R.-C., M.Ch.-C., and J.J.-
G.; software, P.A.-V.; validation, P.A.-V., M.Ch.-C., and J.J.-G.; formal analysis, P.A.-V., M.R.-C., M.Ch.-C., and J.J.-
G.; investigation, P.A.-V., M.R.-C., M.Ch.-C., and J.J.-G.; resources, P.A.-V.; data curation, P.A.-V. and L.S.-U.;
writing—original draft preparation, P.A.-V., M.R.-C., M.Ch.-C,, L.S.-U., and J.J.-G.; writing—review and editing,
P.A.-V., M. R.-C,, M.Ch.-C., L.S.-U., and J.J.-G.; visualization, P.A.-V. and J.J.-G.; supervision, P.A.-V. and J.J.-G;
project administration, P.A.-V.; funding acquisition, P.A.-V. All authors have read and agreed to the published version
of the manuscript.

7-2-Data Availability Statement

The data presented in this study are available at https://doi.org/10.17632/2kyksx8hty.2.
7-3-Funding

Universidad de Las Américas-Ecuador funded this research as part of internal project 489. A.XIV.24.
7-4- Institutional Review Board Statement

The research was conducted using non-invasive methods that posed no risk to participants, and therefore, formal
approval from a research ethics committee was not required. All participants were informed about the study's purpose,
and their participation was voluntary. The confidentiality and anonymity of the collected data were strictly maintained
throughout the study.

7-5- Informed Consent Statement

All participants were fully informed about the study's objectives and voluntarily agreed to participate in the study.

7-6- Conflicts of Interest

The authors declare that there is no conflict of interests regarding the publication of this manuscript. In addition, the
ethical issues, including plagiarism, informed consent, misconduct, data fabrication and/or falsification, double
publication and/or submission, and redundancies have been completely observed by the authors.

8- References

[1] Anum, A., Susanti, R., & Syakur, A. (2024). Indonesian Language Acquisition of 0-2-Year-Old Children: A Study of
Psycholinguistic Perspective. Journal Corner of Education, Linguistics, and Literature, 3(3), 296-308. doi:10.54012/jcell.v3i3.274.

[2] Storsve, G. (2024). Formal, informal, and non-formal learning as analytic categories for research in music education. International
Journal of Music Education, 02557614241250035. doi:10.1177/02557614241250035.

[3] Forster, A., & Schnell, N. (2024). Designing accessible digital musical instruments for special educational needs schools—A
social-ecological ~ design  framework. International Journal of Child-Computer Interaction, 41, 100666.
doi:10.1016/j.ijcci.2024.100666.

[4] Sandrina, M. (2021). Fostering Meaningful and Creative Connections in Higher Education: Contributions from Music Education.
European Scientific Journal, 17(26), 27. doi:10.19044/esj.2021.v17n26p27.

[5] Pérez-Jorge, D., Gonzélez-Herrera, A. I., Alonso-Rodriguez, 1., & Rodriguez-Jiménez, M. del C. (2024). Challenges and
Opportunities in Inclusive Education with ICT: Teachers’ Perspectives in the Canary Islands during the COVID-19 Pandemic.
Education Sciences, 14(3), 283. doi:10.3390/educsci14030283.

[6] Sun, Y., Chen, J., & Sundar, S. S. (2024). Chatbot ads with a human touch: A test of anthropomorphism, interactivity, and
narrativity. Journal of Business Research, 172, 114403. doi:10.1016/j.jbusres.2023.114403.

[7] Calandri, E., Mastrokoukou, S., Marchisio, C., Monchietto, A., & Graziano, F. (2025). Teacher Emotional Competence for
Inclusive Education: A Systematic Review. Behavioral Sciences, 15(3), 359. doi:10.3390/bs15030359.

[8] Dobrota, S., & Sodina, D. (2025). The Role of Musical Activities in the Overall Development of Preschool Children — The
Perspective of Preschool Teachers. Nova Prisutnost, 23(1), 141-153. do0i:10.31192/np.23.1.9.

[9] Bedoya Leiva, O. F., & Figueroa-Polanco, P. A. (2025). Revision sistematica de programas de entrenamiento cognitivo basados
en IA: algoritmos, poblaciones y dominios cognitivos estimulados. Revista EIA, 22(43), 1800. doi:10.24050/reia.v22i43.1800.

[10] Ma, Y., & Wang, C. (2025). Empowering music education with technology: a bibliometric perspective. Humanities and Social
Sciences Communications, 12(1), 1-14. doi:10.1057/s41599-025-04616-2.

Page | 216


https://doi.org/10.17632/2kyksx8hty.2

Emerging Science Journal | Vol. 9, Special Issue, 2025

[11] Xiong, Z. (2025). Exploring the potential and challenges of applying multiple intelligences theory in Chinese music education.
Teaching and Teacher Education, 160, 105031. doi:10.1016/j.tate.2025.105031.

[12] Veloso, A. L., & Foletto, C. (2025). Introducing a Sound-based Music Education in early childhood: the role of sonic and musical
tools in the development of teleomusicality. Music Education Research, 27(1), 54—72. doi:10.1080/14613808.2024.2447239.

[13] Ghafar, Z. N., Neamat, K. B., & Sidiqg, S. W. (2025). The Impact of Experience, Motivation, and Technology on EFL Teachers'
Creativity. Journal of Digital Learning and Distance Education, 3(8), 1199-1210.

[14] Dan, X. (2025). Social robot assisted music course based on speech sensing and deep learning algorithms. Entertainment
Computing, 52, 100814. doi:10.1016/j.entcom.2024.100814.

[15] Cheng, L. (2025). The impact of generative Al on school music education: Challenges and recommendations. Arts Education
Policy Review, 126(4), 255-262. doi:10.1080/10632913.2025.2451373.

[16] Gustafsson, A., Oberg, C., & Shams, P. (2025). Enhancing the Phygital Customer Experience in the Digital World. Service
Innovation and Management: Digitalization, Service Infusion and Customer Experience, 113-126. doi:10.1007/978-3-031-
76560-5_9.

[17] Yin, L., & Guo, R. (2025). An Artificial Intelligence-Based Interactive Learning Environment for Music Education in China:
Traditional Chinese Music and Its Contemporary Development as a Way to Increase Cultural Capital. European Journal of
Education, 60(1), 12858. doi:10.1111/ejed.12858.

[18] Mulenga, R., & Shilongo, H. (2024). Hybrid and Blended Learning Models: Innovations, Challenges, and Future Directions in
Education. Acta Pedagogia Asiana, 4(1), 1-13. doi:10.53623/apga.v4i1.495.

[19] Lapsomboonkamol, S., Songkram, N., Thamsuwan, P., & Songkram, N. (2022). The Mediating Effect of Knowledge Integration
on the Relationship between Capability and Innovative Behaviour. Emerging Science Journal, 6(special issue), 92-107.
doi:10.28991/esj-2022-sied-07.

[20] Embarek-Hernandez, M., Glieita-Rodriguez, J., & Molina-Rueda, F. (2022). Multisensory stimulation to promote feeding and
psychomotor development in preterm infants: A systematic review. Pediatrics and Neonatology, 63(5), 452-461.
doi:10.1016/j.pedneo.2022.07.001.

[21] Nitin, R., Gustavson, D. E., Aaron, A. S., Boorom, O. A, Bush, C. T., Wiens, N., Vaughan, C., Persici, V., Blain, S. D., Soman,
U., Hambrick, D. Z., Camarata, S. M., McAuley, J. D., & Gordon, R. L. (2023). Exploring individual differences in musical
rhythm and grammar skills in school-aged children with typically developing language. Scientific Reports, 13(1), 2201.
doi:10.1038/541598-022-21902-0.

[22] Mayer-Benarous, H., Benarous, X., Vonthron, F., & Cohen, D. (2021). Music Therapy for Children With Autistic Spectrum
Disorder and/or Other Neurodevelopmental Disorders: A Systematic Review. Frontiers in Psychiatry, 12, 643234.
doi:10.3389/fpsyt.2021.643234.

[23] Acosta-Vargas, P., Salvador-Acosta, B., Novillo-Villegas, S., Sarantis, D., & Salvador-Ullauri, L. (2024). Generative Artificial
Intelligence and Web Accessibility: Towards an Inclusive and Sustainable Future. Emerging Science Journal, 8(4), 1602—-1621.
doi:10.28991/ESJ-2024-08-04-021.

[24] Ruiz-Rojas, L. I., Acosta-Vargas, P., De-Moreta-Llovet, J., & Gonzalez-Rodriguez, M. (2023). Empowering Education with
Generative Artificial Intelligence Tools: Approach with an Instructional Design Matrix. Sustainability (Switzerland), 15(15),
11524. do0i:10.3390/su151511524.

[25] Fotaris, P., Mastoras, T., & Lameras, P. (2023). Designing Educational Escape Rooms With Generative Al: A Framework and
ChatGPT Prompt Engineering Guide. Proceedings of the European Conference on Games-based Learning, 180-189.
doi:10.34190/ecgbl.17.1.1870.

[26] Ngoan, P. T., & Duc, N. M. (2024). An investigation on the application of Kahoot, Quizziz, Blooket & Educaplay in grammatical
Instruction. Global Journal of Arts Humanity and Social Sciences, 4(9), 714-724. doi:10.5281/zenodo.13839333.

[27] Talamini, F., Blain, S., Ginzburg, J., Houix, O., Bouchet, P., Grassi, M., Tillmann, B., & Caclin, A. (2022). Auditory and visual
short-term memory: influence of material type, contour, and musical expertise. Psychological Research, 86(2), 421-442.
doi:10.1007/s00426-021-01519-0.

[28] Li, Q., Li, Z., & Han, J. (2021). A hybrid learning pedagogy for surmounting the challenges of the COVID-19 pandemic in the
performing arts education. Education and Information Technologies, 26(6), 7635-7655. doi:10.1007/s10639-021-10612-1.

[29] Kong, X. (2025). Deep Learning in Music Generation: A Comprehensive Investigation of Models, Challenges and Future
Directions. ITM Web of Conferences, 70, 04027. doi:10.1051/itmconf/20257004027.

[30] Acosta-Vargas, Patricia; Chacon-Castro, Marcos; Roldan-Cardona, Margarita ; Jadan-Guerrero, J. (2025). (Dataset) Music
Learning with Al for Inclusive Early Educatio. Mendeley Data, V1. doi:10.17632/z5kryrzdt3.1.

Page | 217



Emerging Science Journal | Vol. 9, Special Issue, 2025
[31] Ayeni, O. O., Al Hamad, N. M., Chisom, O. N., Osawaru, B., & Adewusi, O. E. (2024). Al in education: A review of personalized
learning and educational technology. GSC Advanced Research and Reviews, 18(2), 261-271. doi:10.30574/gscarr.2024.18.2.0062.

[32] Barenboim, G., Debbio, L. Del, Hirn, J., & Sanz, V. (2024). Exploring how a generative Al interprets music. Neural Computing
and Applications, 36(27), 17007-17022. doi:10.1007/s00521-024-09956-9.

[33] Jiang, W., Han, B., & Cui, Y. (2025). Influence of music educators on students’ involvement in learning the theory of musical
art. Acta Psychologica, 253(104722). doi:10.1016/j.actpsy.2025.104722.

[34] Cela, E., Vedishchev, A., Fonkam, M., Eappen, P., Potluri, R. M., & Vajjhala, N. R. (2025). Integrating Generative Al in
Education: Themes, Challenges, and Future Directions. Generative Artificial Intelligence: Exploring the Power and Potential of
Generative Al, 149-167. doi:10.1007/978-3-031-76710-4_8.

[35] Rana, S., & Chicone, R. (2025). Gamification and Immersive Learning with Al. In Fortifying the Future. Springer, Cham,
Switzerland. doi:10.1007/978-3-031-81780-9_3.

[36] Forster, A., & Schnell, N. (2025). Accessible guitar playing: Exploring participatory design of digital musical instruments in a
special educational needs school. International Journal of Human Computer Studies, 196, 103435. doi:10.1016/j.ijhcs.2024.103435.

Page | 218



