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The aim of this study was to examine the relationship between sound animation of

visual artworks and the development of rhythmic sensitivity and perception in
preschool children. The study employed a qualitative action research design
conducted in a kindergarten setting in Slovenia and involved 36 preschool
children. Data were collected through observation, interviews, and analysis of
children’s visual and musical products, and were analysed using thematic analysis.
The results indicate that multisensory and interdisciplinary activities contribute to
the development of rhythmic perception, creative expression, and the transfer of
rhythm between visual and auditory modalities. The findings emphasise the
importance of integrating music and visual arts in early childhood education.
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INTRODUCTION

The development of rhythmic sensitivity and perception in early childhood represents
an important aspect of children’s holistic development, as it involves the integration of
perceptual, motor, and cognitive processes. Music plays a significant role in children’s
overall development, influencing emotional, social, and cognitive domains, while
musical abilities develop progressively and are shaped by various environmental and
individual factors (Sicherl Kafol, 2001, 2015; Marenti¢ PoZarnik, 2020).

Rhythmic perception is closely related to movement, auditory perception, and creative
expression, and its development is particularly effective when supported through active
and experiential learning approaches. Previous research emphasises the importance of
integrating different sensory modalities in early childhood education, as multisensory
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learning enables children to construct deeper and more meaningful understanding
through the interaction of auditory, visual, and kinaesthetic experiences (AZman, 2012;
Rutar, 2013; Bati¢, 2016; Barakat et al., 2025; Huang & Huang, 2026).

In this context, interdisciplinary integration of music and visual arts has been
recognised as an important pedagogical approach that supports creativity, expression,
and the transfer of knowledge across different domains (Birsa, 2016, 2018; Kopaéin &
Birsa, 2022a, 2022b; Baloh & Birsa, 2022, 2023; Karademir, 2024; Laure & Habe,
2024; Dake et al., 2026). Such integration allows children to explore relationships
between sound, movement, and visual elements, thereby strengthening their ability to
perceive and express rthythmic structures in diverse ways.

Sound animation of visual artworks represents a specific didactic approach in which
children interpret visual stimuli through musical means. This process enables the
transformation of visual elements into rhythmic and auditory expressions, fostering
creative thinking and enhancing children’s sensitivity to rhythm and structure. Research
in visual literacy and multimodal learning further supports the importance of connecting
visual and auditory domains in order to promote holistic understanding and expression
(Berger, 2016; Butina, 1984; Medved Udovi¢, 2004; Suhadi et al., 2024).

Recent studies have further highlighted the importance of multisensory and
interdisciplinary approaches in early childhood education, particularly in fostering
creativity, perception, and integrative learning processes (Antic et al., 2025; Kopacin &
Birsa, 2022; Baloh et al., 2022; Barakat et al., 2025; Huang & Huang, 2026). Despite
these advancements, the relationship between sound animation of visual artworks and
the development of rhythmic sensitivity and perception in preschool children remains
underexplored. Therefore, the aim of this study was to examine the relationship between
sound animation of visual artworks and the development of rhythmic sensitivity and
perception in preschool children.

Multisensory and Interdisciplinary Integration

Changes in contemporary society and scientific insights, supported by the development
of modern technologies (Birsa et al., 2022; Kopaéin & Birsa, 2022), increasingly
highlight the need to connect related or even overlapping content across different
subject areas. Such an approach is grounded in the didactic principle of effectiveness
and rationality, which calls for meaningful integration of learning content in order to
ensure deeper understanding, more durable knowledge, and increased motivation for
learning. Recent curricular reforms (Anti¢, Bah Berglez, et al., 2025; Antic¢, Birsa, et al.,
2025) have further emphasised the need to develop concepts that support lifelong
learning and the development of competencies required in a knowledge-based society.
Within this framework, interdisciplinary integration is recognised as an important
didactic approach that enables a holistic treatment of learning content.

The emphasis on aligning learning objectives, achievement standards, and content is
particularly evident in arts education. Research (Birsa, 2016; Birsa & Kopacin, 2023b;
Dake et al., 2026; Drake & Burns, 2004; Huber, 2025; Kopacin & Birsa, 2022a) shows
that the inclusion of interdisciplinary connections is closely associated with the
successful acquisition of new knowledge, skills, and abilities, and promotes creativity
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and active engagement of children, already in the preschool period. Nevertheless,
educators in practice often face challenges in planning and implementing
interdisciplinary integration, especially when selecting appropriate content, methods,
and modes of connection that effectively motivate children and support their creative
expression. Therefore, systematic professional development of educators is essential,
including a deeper understanding of the concept of interdisciplinary integration, the
ability to recognise appropriate moments for its application, and the selection of
methods that foster children’s creative thinking and action (Birsa, 2018; Kopacin &
Birsa, 2022b; Stemberger, 2013; Tacol, 2007).

One didactic approach that can support educators in more effective planning and
implementation of interdisciplinary integration is multisensory learning. Multisensory
learning is based on the simultaneous engagement of different sensory modalities,
whereby children receive and process information through multiple perceptual channels
at the same time. Research in developmental psychology and didactics (Abram, 2020;
Baloh et al., 2022; Jelovéan et al., 2020; Marenti¢ Pozarnik, 2020; Rutar, 2013)
emphasises that learning in early childhood is most effective when children encounter
learning content through a combination of listening, observing, movement, and active
participation. Such an approach enables deeper understanding, better retention, and
greater motivation for exploring new artistic content, while also taking into account
individual differences in children’s learning styles (Azman, 2012; Berlanga et al., 2024;
Chen & Li, 2024; Marenti¢ Pozarnik, 2020; Tolba & Youssef, 2024).

Multisensory learning is closely linked to interdisciplinary integration, as the latter
naturally enables the inclusion of diverse sensory experiences and supports holistic
engagement with learning content. This is particularly evident in the arts, including
music and visual arts. In early childhood education, multisensory learning in music, for
example, is realised through the natural integration of musical activities such as
performing, listening, and creating with content from other artistic domains. During
musical development, children are encouraged to seek connections between different
phenomena, forms, and perceptions, leading to spontaneous, imaginative, and creative
responses to various artistic challenges (Bati¢, 2016; Kress, 2009; Podobnik, 2009;
Sicherl Kafol, 2001, 2015; Starc, 2015). It is crucial, however, that interdisciplinary
integration preserves the autonomy of each artistic domain involved, as only in this way
can integration be based on meaningful content and sound didactic principles (Kopacin
& Birsa, 2022b; Tacol, 2002).

Musical concepts such as high and low pitches, strong and weak accents, and dynamics
can be meaningfully connected with related concepts in visual arts. For instance,
understanding musical contrasts can support the perception of visual concepts related to
colour theory, size, spatial arrangement, and the quality of visual elements. A
particularly important connecting concept between music and visual arts is rhythm,
which represents a central element of musical expression while also being clearly
recognisable in visual structures, repetitions, sequences, and relationships. Using
rhythm as an integrating concept enables the development of rhythmic sensitivity and
perception and strengthens children’s awareness of rhythmic patterns present in both
music and visual arts (Butina, 1984; Derri et al., 2001; Karlavaris & Berce Golob, 1991;
Kopacin & Birsa, 2022b; Laure & Habe, 2024; Williams, 2018).
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Such multisensory and interdisciplinary integration enriches children’s holistic creative
expression by encouraging the transfer of perceptions and experiences across different
expressive media and contributing to a deeper understanding of artistic concepts. At the
same time, it creates a stimulating learning environment in which children do not only
hear rhythm, but also see and perform it (see Figure 1), experience it physically, and
create it (see Figure 2). This represents an important foundation for the further
development of rhythmic sensitivity and perception in early childhood.

In early childhood education, the use of various perceptual stimuli plays an important
role in multisensory and interdisciplinary learning, with visual stimuli proving to be
particularly effective (Baloh & Birsa, 2023; Weiser, 1998). These enable children to
recognise and understand visual information and to connect it with auditory perception
when learning musical, visual, and other content. Research shows (Baloh & Birsa,
2023; Cosenza, 2006; Eisner, 1998; Li & Frishman, 2023) that the simultaneous use of
visual and auditory channels allows for more comprehensive information processing,
contributes to better understanding and retention, and increases motivation for learning
and creative activity. A thoughtful selection of visual stimuli, aligned with learning
objectives and content, can significantly influence the quality of artistic expression,
particularly when such stimuli evoke emotional responses and enable children to
experiment with different musical and visual symbols (Baloh & Birsa, 2023; Cosenza,
2006; Weiser, 1998; Will, 2019).

Visual stimuli play an important role in understanding and interpreting musical
concepts, as they help children to visualise abstract elements such as loudness, tempo,
dynamics, and rhythm. However, visual elements alone are often insufficient for
understanding more complex musical content; their integration with auditory stimuli has
proven to be the most effective, as it enables clearer interpretation of musical structures
and relationships (Cho et al., 2020; Cosenza, 2006; Li & Frishman, 2023; Roam, 2009).
Similarly, visual perception plays a crucial role in visual arts, as children develop
aesthetic sensitivity and an understanding of visual concepts through observing images
and visual elements. Visual perception is not merely passive observation, but an active
process in which children interpret visual stimuli based on their own experiences,
emotions, and representations, shaping their creative expression (Baloh & Birsa, 2023;
Berger, 2016; Butina, 1984; Karlavaris & Berce Golob, 1991; Tacol, 2003).

The integration of musical and visual perception enables children to develop a holistic
understanding of artistic concepts, as rthythmic, dynamic, and structural principles can
be recognised and expressed both in sound and in visual form. This interplay between
visual and auditory perception fosters creativity, individual interpretation of art, and
deeper understanding of musical and visual content. Therefore, careful planning of
multisensory learning situations that support meaningful integration of both artistic
domains is essential in pedagogical practice, already in early childhood education
(Cosenza, 2006; Kopacin & Birsa, 2022; Sicherl Kafol, 2015). If visual stimuli are not
thoughtfully integrated into the learning process, they may hinder rather than support
understanding and creativity, leading to superficial engagement with content or limiting
children’s exploratory and expressive activity. Consequently, deliberate planning of
multisensory teaching approaches is a necessary condition for high-quality
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interdisciplinary integration of music and visual arts in early childhood education
(Baloh & Birsa, 2023; Birsa, 2022; Medved Udovi¢, 2004; Tacol, 2007).

Figure 1 Figure 2
Performing a two-beat rhythm using body Sound interpretation based on a visual
percussion with the support of visual stimuli stimulus from an artwork

Development of Rhythmic Sensitivity and Perception in Preschool Children from a
Multisensory Learning Perspective

The development of rhythmic sensitivity begins in the earliest stages of a child’s life,
when infants perceive changes in tempo, accents, and rhythmic structure and respond to
them. This early sensitivity to rhythm indicates an innate predisposition for perceiving
temporal and structural patterns, which further develops depending on the quality and
diversity of musical experiences in the child’s environment. In the preschool period,
multisensory learning plays an important role in this process, as it enables children to
perceive rhythm not only through hearing, but also through movement, visual stimuli,
and their own creative activity (Baloh & Birsa, 2023; Moritz et al., 2013; Nguyen et al.,
2023).

Multisensory strategies that simultaneously incorporate auditory, motor, and visual
stimuli allow for a deeper experience of rhythm and contribute to a more effective
development of rhythmic sensitivity and perception. Rhythmic activities such as
clapping, tapping, moving to music, using body percussion, and working with visual
rhythmic patterns enable children to experience rhythm directly through movement and
vision. In this way, rhythm becomes a concrete experience, which is particularly
important in the preschool period for understanding abstract musical and visual
concepts (Chen & Li, 2024; Kopacdin & Birsa, 2022b; Moritz et al., 2013; Sallat &
Jentschke, 2015).

In visual arts, children perceive rhythm through the repetition of shapes, colours, lines,
patterns, and spatial relationships, thereby developing a visual understanding of the
structural and organisational principles of visual space. Multisensory approaches that
integrate musical and visual perception enable children to transfer rhythmic structures
from the visual to the auditory domain or vice versa, for example when visually
representing musical rhythm, dynamics, or tempo. This strengthens their ability to
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perceive rhythmic patterns both in sound and in visual artworks and contributes to a
holistic understanding of artistic concepts (Butina, 1984; Gaiger, 2018; Karlavaris &
Berce Golob, 1991; Kennedy, 2007, Kopacin & Birsa, 2022; Levin et al., 2019;
Rajbhandari, 2024; Zirovnik, 2015).

The development of rhythmic sensitivity and perception within multisensory learning
contexts also significantly influences language development and cognitive abilities, as
rhythmic sensitivity supports the recognition and understanding of sound patterns that
form the basis of phonological awareness and language development (Moritz et al.,
2013). When rhythmic activities are carried out alongside movement and visual stimuli,
cognitive processes such as attention, working memory, and logical thinking are further
strengthened, enabling more effective and long-lasting learning (Baloh & Birsa, 2023;
Huang & Huang, 2026; Huber, 2025; Li & Frishman, 2023; Nguyen et al., 2023;
Weiser, 1998; Williams, 2018).

Research indicates (Huber, 2025; Laure & Habe, 2024; Miendlarzewska & Trost, 2014;
Zirovnik, 2015) that multisensory rhythm-based activities simultaneously engage
various perceptual and motor processes, contributing to more effective learning, the
development of self-regulation, and support for later academic achievement. An
important extension of multisensory and interdisciplinary approaches to the
development of rhythmic sensitivity and perception is sound animation of visual
artworks, which involves the use of various sound stimuli such as music, environmental
sounds, and purposefully created sound effects produced with body percussion,
improvised instruments, or Orff instruments.

In contemporary preschool pedagogy, this approach has proven to be an effective way
of fostering children’s imagination, creative expression, and the integration of musical
and visual experiences (Baloh & Birsa, 2022; Cosenza, 2006; Kopacin & Birsa, 2022).
Sound animation of visual artworks is based on active listening and sound creation,
through which children develop the ability to perceive, discriminate, and interpret
auditory stimuli and meaningfully connect them with visual and motor elements
(Gaiger, 2018; Kennedy, 2007; Levin et al., 2019; Oblak, 2007; Rajbhandari, 2024;
Sallat & Jentschke, 2015). The cited studies confirm that integrating visual rhythms and
sound elements in artistic activities significantly contributes to children’s active
engagement and increased motivation to participate in artistic processes.

It is essential that children are given opportunities for open exploration without
restricting the creative process with predetermined solutions, as creativity represents a
fundamental principle of both visual and musical arts in early childhood. When children
attempt to express a perceived sound through a visual sign, movement, or word, they
develop the ability to transfer meaning across different expressive media, which
contributes to the development of abstract thinking, creativity, and rhythmic sensitivity
and perception. Early and systematic encouragement of rhythmic sensitivity and
perception within such learning environments provides a solid foundation for the
holistic development of preschool children. The integration of musical and visual
perception within multisensory learning contexts thus substantiates the relevance of
interdisciplinary arts-based approaches in contemporary early childhood educational
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practice (Derri et al., 2001; Gaiger, 2018; Levin et al., 2019; Miendlarzewska & Trost,
2014; Sallat & Jentschke, 2015; Vrli¢, 2001; Zirovnik, 2015).

Problem Statement

Artistic activities in the preschool period make a significant contribution to children’s
holistic development, as they stimulate perceptual, motor, cognitive, and socio-
emotional processes. The development of rhythmic sensitivity and perception represents
an important developmental domain, as it enables children to understand rhythmic
structures that are present across all forms of artistic expression. Research (Derri et al.,
2001; Kennedy, 2007; Miendlarzewska & Trost, 2014; Moritz et al., 2013; Sallat &
Jentschke, 2015; Williams, 2018; Zirovnik, 2015) confirms that rhythmic perception is
associated with the interaction of multiple perceptual processes and can be effectively
fostered through multisensory and interdisciplinary approaches, particularly through the
inclusion of visual stimuli. Despite the growing interest in such approaches, there is still
a lack of empirical studies that systematically examine the relationship between sound
animation of visual artworks and the development of rhythmic sensitivity and
perception in preschool children. The purpose of this study was therefore to explore the
relationship between sound animation of visual artworks and the development of
rhythmic sensitivity and perception within music activities in the preschool period. The
study focused on examining the didactic potential of interdisciplinary integration of
music and visual arts, as well as the role of visual stimuli in supporting children’s
rhythmic perception and expression.

Aim of the Study

The objective of the study was to gain insight into effective multisensory approaches to
developing rhythmic sensitivity and perception and, based on the findings, to formulate
scientifically grounded recommendations for pedagogical practice in kindergarten.

Research Questions

Based on the purpose and objectives of the study, the following research questions were
formulated:

RQI: How is sound animation of visual artworks, as a multisensory and
interdisciplinary approach, related to the development of rhythmic sensitivity and
perception in preschool children?

RQ2: What role do the selection and use of visual stimuli play in fostering rhythmic
sensitivity, perception, and children’s expressive responses within sound animation of
visual artworks in kindergarten?

METHOD

The study employed a qualitative action research design. Data were collected following
established qualitative research procedures (Krmac & Cenci¢, 2022) and analysed using
qualitative methods of categorization and interpretation (Krmac & Cenci¢, 2023).

Participants

The study involved a group of 19 preschool children aged 4 to 6 years, including 9 boys
and 10 girls, attending a selected public kindergarten in the Coastal-Karst region. The
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children participated in activities focused on the sound animation of visual artworks as
part of the regular educational process. The mean age of the children at the time of the
study was 4.62 years (+ 0.81). The mean age of the participating preschool educators
was 41.30 years ( 11.34), and their average length of professional experience working
with preschool children was 25.40 years (£ 9.72).

Ethical Approval and Informed Consent

The study was conducted in accordance with ethical principles governing research in
education and in compliance with the applicable legislation of the Republic of Slovenia.
Prior to the implementation of the study, approval was obtained from the kindergarten
management to conduct the research within the institutional setting. Parents or legal
guardians of all participating children were informed in advance about the purpose,
procedures, and aims of the study and provided written informed consent for their
children’s participation. Children’s participation was voluntary, and anonymity and
confidentiality were ensured throughout all stages of the research process. No invasive
or potentially harmful research procedures were used. The study did not interfere with
the regular educational activities of the kindergarten, and all activities were
developmentally appropriate and aligned with the children’s needs.

Data Collection

Data collection was conducted within a qualitative action research study carried out in a
natural kindergarten setting between March and May 2025. Children participated
through active involvement in multisensory and interdisciplinary music—visual arts
activities based on the sound animation of visual artworks. The procedure was aligned
with the aims of the study, which were to examine the relationship between sound
animation of visual artworks and the development of rhythmic sensitivity and
perception in preschool children, as well as the role of visual stimuli in fostering
rhythmic perception and expression.

The action research was implemented in four consecutive phases, enabling ongoing
planning, implementation, observation, and reflection on pedagogical activities. The
phases included: (1) the introduction of basic rhythmic structures through experiential
and playful activities, (2) the integration of rhythm with speech and movement, (3) the
exploration of rhythm using musical tubes and visual stimuli, and (4) children’s
independent visual art creation followed by the sound animation of their own artworks.
This phased approach enabled continuous adaptation of activities based on children’s
responses and supported a systematic examination of the development of rhythmic
sensitivity and perception in the context of multisensory and interdisciplinary
integration of music and visual arts (Krmac & Cencié¢, 2022; Vogrinc & Devetak,
2007).

Data were collected through systematic observation of children’s activities, analysis of
their visual and musical products, and semi-structured interviews with educators.
Observation focused on children’s behavioural responses, modes of perception,
rhythmic expression, collaboration, and creative engagement, and was conducted using
a pre-designed observation checklist with clearly defined criteria related to rhythm
perception, repetition and creation of rhythmic patterns, use of movement and
instruments, and responses to visual stimuli.
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Children’s artistic products were analysed as indicators of their understanding and
interpretation of rhythmic structures, with particular attention to repetition, sequencing,
contrast, and dynamics across visual and auditory modalities, as well as to the
relationships between visual stimuli and children’s rhythmic expression.

Semi-structured interviews with educators were conducted after each phase in the form
of informal yet goal-oriented conversations. The interviews focused on educators’
observations of children’s responses, the effectiveness of multisensory approaches, the
role of visual stimuli, and perceived changes in children’s rhythmic sensitivity,
perception, and expression. Responses were recorded verbatim.

The use of multiple data sources enabled triangulation (observation, product analysis,
and interviews), contributing to greater reliability and a deeper understanding of the
phenomenon under investigation (Krmac & Cenci¢, 2023; Vogrinc & Devetak, 2007)..

Iustrative examples of children’s activities and artistic processes are provided in
Figures 3—7.

Figure 3
Performing a rhythmic sequence using
musical tubes with visual support

Figure 4
Learning a new counting rthyme

Figure 6 Figure 7

Figure 5 N Independent visual art ~ Sound animation of
Sound animation of artworks by . . . , .
) . creation of rhythmic children’s own visual
visual artists
sequences artworks

Data Analysis

Data analysis was based on a qualitative research approach using thematic analysis,
which enables the systematic identification, organisation, and interpretation of patterns
of meaning within qualitative data (Braun & Clarke, 2021). The analysis aimed to
identify rhythmic patterns associated with the development of rhythmic sensitivity and
perception within multisensory and interdisciplinary activities. In the first phase, open
(content-based) coding was conducted, during which meaning units related to rhythmic
perception, repetition and creation of rhythmic structures, responses to visual and
auditory stimuli, and children’s levels of engagement were identified in observational
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records, interviews, and children’s visual and musical expressions. This was followed
by axial coding, in which related codes were grouped into broader thematic categories,
enabling a more comprehensive interpretation of the development of rhythmic
sensitivity and perception across the different phases of the action research, in line with
the procedures of thematic analysis (Braun & Clarke, 2021).

In analysing children’s visual and musical expressions, particular attention was paid to
the presence of rhythmic structures, organisational features, creativity, and the ability to
transfer rhythm between visual and auditory modes of expression. Interview data were
treated as a complementary source for understanding the didactic aspects of the artistic
activities and were analytically linked to findings from observations and artefact
analysis. By comparing and integrating coded data from multiple sources, triangulation
was ensured, thereby enhancing the credibility and trustworthiness of the
interpretations.

FINDINGS

RQ1: Modes of Perceiving and Recreating Rhythm in the Sound Animation of
Visual Artworks

The results of the thematic analysis indicate that, during activities involving the sound
animation of visual artworks, children perceived and recreated rhythm in multiple ways,
with visual and auditory stimuli complementing one another. Based on the thematic
analysis of observation records, analyses of children’s visual and musical expressions,
and semi-structured interviews, content codes and thematic categories were identified
that describe different modes of perceiving and recreating rhythm in the context of
sound animation of visual artworks. Table 1 presents the relationships between the
identified forms of rhythmic perception, the corresponding codes, and the thematic
categories developed through the processes of open and axial coding.

Table 1
Modes of rhythm perception and reproduction in the sound animation of visual artworks

Mode of Rhythm Identified Content Thematic Characteristics of Observed
Perception / Codes (Open Coding)  Categories (Axial ~Rhythmic Children’s
Expression Coding) Reproduction Responses
Perceiving repetitions Repetition of shapes; Recognition of Repetitive thythmic ~ Confident

and sequences in a sequence of elements;  basic rhythmic patterns; stable tempo performance;
visual composition visual thythm structures focused attention
Linking colours and ~ Colour as accent; size ~ Visual-auditory Accented and Active

shapes with rhythmic  as sound intensity mapping unaccented beats; experimentation

accents

dynamic contrasts

Transferring spatial

Distance between

Spatial-rhythmic

Changes in tempo;

Development of

arrangement into elements; density of reasoning longer/shorter rhythmic
rhythm composition durations awareness
Structured rhythmic ~ Rhythm planning; Planned rhythmic  Clear rhythmic Precision;
reproduction repetitive pattern; expression sequences; persistence
stability coordinated tempo
Improvised rhythmic ~ Spontaneity; Free rhythmic Variable tempo; Creativity;
expression experimentation; exploration improvisation intrinsic
variations motivation
Group rhythmic Imitation; coordination Social dimension of Simultaneous playing; Increased
coordination with others; echoing rhythm group rhythm collaboration
Peer learning Modelling by older Learning through  Imitation of thythmic  Greater self-
peers; observing peers  observation patterns confidence
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Across observation records, analyses of children’s products, and interview data,
meaning units were identified that related to the perception of repetition, sequences,
contrasts, and spatial relationships within visual compositions, which children
subsequently transferred into sonic and movement-based expression. Interdisciplinary
integration of music and visual arts was realised through the deliberate interweaving of
movement, sound, playing musical instruments, and the selection of visual elements,
enabling children to engage in diverse forms of rhythmic expression.

The concluding activity proved to be particularly effective, as children musically
interpreted their own visual artworks using musical tubes (see Figure 7). During this
activity, each child presented their collage and proposed a mode of sound interpretation,
drawing on colours, shapes, repetitions, and the spatial arrangement of visual elements.

Analysis of the visual and musical expressions showed that children frequently
associated visual characteristics of the artworks with rhythmic accents, sound
sequences, dynamics, and tempo. Among some children, more structured and carefully
planned rhythmic solutions were identified, based on clear recognition of recurring
elements or relationships within the visual composition. These children transferred
rhythm from the visual artwork into the sonic domain through clearly defined rhythmic
sequences and a stable tempo.

Other children produced more spontaneous and improvised rhythmic patterns; however,
these were also grounded in perceived visual characteristics, such as contrasts,
dispersion, or rhythmically arranged elements within the composition. In the analysis,
these differences were identified as distinct modes of rhythm recreation linked to
individual expressive strategies.

Observational data indicate a high level of children’s engagement in the activities.
Children actively participated in group work, proposed their own ideas, and persisted in
carrying out rhythmic tasks. Increased willingness to participate was also observed
among children who typically take less initiative in group activities. Their engagement
was reflected in more frequent expression of ideas, participation in group music-
making, and self-initiated exploration of sound solutions.

Data from the semi-structured interviews with educators complement the findings from
observation and analysis of artistic products. Educators reported that visual support,
particularly for younger children, facilitated easier following of rhythmic sequences and
greater accuracy in rhythmic performance. The echo method and the gradual increase in
task complexity contributed, according to their observations, to the progressive
development of children’s self-confidence and ability to coordinate with others. They
particularly emphasised the importance of peer learning, as older children often acted as
role models, which was reflected in more synchronised group rhythmic performance.

RQ2: The Use of Visual Stimuli in the Perception and Recreation of Rhythmic
Structures

Analysis of the empirical data showed that visual stimuli within activities of sound
animation of visual artworks played a significant role in shaping how children
perceived, understood, and recreated rhythmic structures. Table 2 presents the
relationships between the types of visual stimuli used, the identified content codes, and
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the thematic categories that emerged through the processes of open and axial coding.
Visual stimuli functioned as points of orientation for children when perceiving
sequences, accents, and repetitions, and as a basis for transferring perceived structures
into sonic and movement-based expression.

Table 2
Types of visual stimuli, content codes, and thematic categories in the perception and

reproduction of thythmic structures
Type of Visual Identified Content Codes
Stimulus (Open Coding)

Observed Children’s
Responses

Thematic
Categories
(Axial Coding)
Basic rhythmic

Modes of Rhythmic
Reproduction

Coloured circles  recognition of accents; Even rhythmic High engagement,

differentiation of beats;  perception performance, stable precision, sustained
visual orientation tempo, repetition of persistence
patterns
Pictorial musical ~ following sequences; Structured Coordinated group Greater reliability,
notation linking image and sound; rhythmic performance, adherence easier memorisation
group coordination reproduction to rhythmic structure
Rhythmic symbols rhythmic sequencing; Rhythm in Speech-movement and Increased motivation,
of counting-out speech—rhythm support;  speech and musical performance of active participation
rhymes repetition movement rhythm
Reproductions of  perception of contrasts;  Developing Structured or Development of
artworks spatial thythm; visual rhythmic improvised observation skills,
(Vasarely, Riley)  complexity perception interpretations creativity, independence
Children’s own transfer of thythm; Integration of ~ Rhythmic sequences, High intrinsic
artworks personal interpretation;  visual and dynamics, and tempo ~ motivation, self-
self-initiative auditory based on individual confidence
expression design

From the table, it can be observed that different types of visual stimuli were associated
with distinct modes of perceiving and recreating rhythmic structures. Content codes
identified during the open coding phase were integrated through axial coding into
thematic categories reflecting stages of rhythmic perception development, ranging from
basic rhythmic orientation to the integration of visual and auditory expression. The
results indicate that simpler visual stimuli more frequently led to stable and repeatable
rhythmic performance, whereas more complex visual stimuli encouraged observation,
interpretation, and creative exploration of rhythmic relationships.

Observational findings show that coloured circles and pictorial musical notations of
varying sizes and colours enabled children to quickly distinguish between stressed and
unstressed beats and to more easily understand a steady pulse. In the coding process,
these responses were associated with categories such as clear orientation, stable
rhythmic performance, and greater accuracy. Symbols of rhyme-based rhythmic
patterns supported children in following sequences and remembering the progression of
rhythmic structures, while colour coordination between visual stimuli and musical tubes
further facilitated group playing and synchronisation (see Figures 4 and 5).

The use of reproductions of artworks represented a more demanding type of visual
stimulus. When engaging with artworks by Victor Vasarely and Bridget Riley, children
initially found it more difficult to identify rhythmic regularities. However, through
shared analysis, guidance, and support using simpler visual elements, they gradually
developed the ability to observe repetitions, contrasts, and spatial relationships. In the
analysis, these responses were identified as part of a process of gradually constructing
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an understanding of more complex rhythmic structures. It proved important that
children were able to propose their own modes of interpreting visual stimuli, which was
associated with greater creativity, autonomy, and active engagement in the activities.
Particularly striking were instances of spontaneous rhythmic response, in which
children, upon viewing an artwork, independently began to play instruments
rhythmically, indicating an internalised connection between visual perception and
rhythmic expression. In several cases, children’s visual artworks were directly based on
the selected visual stimulus. Some produced structured compositions with clearly
organised elements (see Figure 8), while others opted for more free and improvised
solutions (see Figure 9).

Data from the semi-structured interviews with educators complement the findings from
observation and analysis of children’s products. Educators reported that the presence of
visual support was associated with improved rhythmic tracking, greater persistence, and
more durable retention of rhythmic patterns. They also observed that children
maintained a selected rhythm for longer periods and performed more accurately when
visual stimuli were used. Older children transitioned more quickly from visual to
auditory perception and interpreted rhythmic structures more independently, whereas
younger children required more demonstrations and support and frequently modelled
their behaviour on older peers.

Figure 9
A structured composition by a preschool A free and improvised composition of a
child with clearly arranged elements rhythmic sequence by a preschool child

DISCUSSION

Sound Animation of Visual Artworks as a Multisensory Path to the Development
of Rhythmic Sensitivity and Perception

The results of the study confirm that sound animation of visual artworks, as a
multisensory and interdisciplinary didactic approach, is closely related to the
development of rhythmic sensitivity and perception in preschool children. The thematic
analysis (see Table RV1) showed that, through the intentional integration of visual and
auditory stimuli, children developed diverse ways of perceiving, interpreting, and
recreating rhythmic structures. Visual elements of artworks served as a starting point for
identifying repetitions, sequences, and contrasts, which children subsequently
transferred into sonic, movement-based, and musical expression. These findings suggest
that visual stimuli function not only as supportive elements, but as central mediators in
the construction of rhythmic understanding. These processes confirm that learning
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rhythm is more effective when embedded in activities that enable children to actively
co-construct meaning rather than engage only in passive listening or repetition, as also
noted by several authors (Kopacin & Birsa, 2022b; Miendlarzewska & Trost, 2014;
Rajbhandari, 2024; Sallat & Jentschke, 2015). In this respect, the present findings are
consistent with previous research, while further extending it by demonstrating how
these processes unfold specifically through the sound animation of visual artworks.

The multisensory nature of the activities enabled children not only to hear rhythm, but
also to see it, experience it bodily, and actively shape it. Such holistic experiences were
associated with deeper understanding and internalisation of rhythmic structures, which
is consistent with research emphasising the importance of the simultaneous engagement
of multiple sensory pathways in the development of musical abilities (Bati¢, 2016;
Kress, 2009; Levin et al., 2019; Miendlarzewska & Trost, 2014; Starc, 2015). These
results further indicate that multisensory engagement supports not only perception but
also the transformation of sensory input into creative output. Our findings align with
contemporary studies highlighting the importance of learning environments in which
children deepen their learning experiences through active perception, experimentation,
creative use of diverse expressive media, and reflection during the preschool period
(Jelov¢an et al., 2020; Kopaéin & Birsa, 2022b; Pazur et al., 2024). At the same time,
the present study contributes to this body of research by providing empirical evidence
of how such environments support the transfer of rhythmic structures across modalities.

The results further confirm that the development of rhythmic sensitivity is closely
linked to the child’s active role in the learning process. Children were given
opportunities to explore, experiment, and make creative decisions regarding the sound-
based interpretation of visual artworks, which was reflected in a wide range of rhythmic
solutions, from more structured to more improvised forms. These findings indicate that
children do not simply reproduce rhythmic patterns but actively construct them based
on their individual perception and interpretation (Maharida & Nur, 2025). This diversity
indicates that multisensory and interdisciplinary approaches do not lead to uniform
responses, but instead support individual learning pathways, in line with findings that
stress the importance of differentiation and individualisation in early learning (Baloh &
Birsa, 2023; Kennedy, 2007; Kress, 2009; Sallat & Jentschke, 2015; Zhang et al., 2005).
Thus, the findings not only confirm existing theoretical perspectives but also illustrate
their practical manifestation in an authentic educational setting.

An important aspect of the findings is the motivational dimension of the activities. The
playful and inquiry-oriented design of the activities, grounded in children’s interests and
their own visual artworks, was associated with higher intrinsic motivation and a greater
willingness to participate. This is supported by observational data and educators’
statements and is consistent with studies emphasising the importance of autonomy,
choice, and meaningfulness for motivation in learning. Moreover, multisensory and
problem-based learning approaches have been shown to be associated with higher levels
of engagement and persistence in learning activities (Baloh & Birsa, 2022; Berlanga et
al., 2024; Birsa & Kopacin, 2023a, 2023b; Cho et al., 2020; Huang & Huang, 2026;
Huber, 2025; Li & Frishman, 2023; Suhadi et al., 2024; Tolba & Youssef, 2024). The
present findings reinforce these conclusions by demonstrating that motivation is closely
linked to opportunities for creative interpretation and personal expression.
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The role of visual support proved to be particularly significant, as it was associated with
easier understanding of rhythmic relationships and sequences, especially among
younger children. The results (see Table RV1) indicate that the echo method, gradual
progression of task difficulty, and clear visual scaffolding created a learning
environment in which children gradually developed accuracy, self-confidence, and
collaborative skills. These findings are consistent with theoretical perspectives on the
importance of structured support and guided learning in early childhood, as well as with
more recent contributions emphasising the role of thoughtfully designed learning
environments in supporting the development of children’s perceptual and cognitive
abilities (Banda et al., 2025; Bati¢, 2016; Dake et al., 2026; Huang & Huang, 2026;
Kopacin & Birsa, 2022b; Pazur et al., 2024; Starc, 2015). In addition, the results suggest
that visual scaffolding plays a key role in bridging perceptual and expressive domains.
Based on the interpretation of the results and their integration into existing theoretical
and empirical knowledge, it can be concluded that sound animation of visual artworks
represents an effective multisensory and interdisciplinary approach that supports the
development of rhythmic sensitivity, perception, and creative expression in preschool
children.

Didactic Significance of the Selection and Use of Visual Stimuli in the Development
of Rhythmic Perception

The results of the study related to RQ2 confirm that both the selection and the manner
of using visual stimuli are closely associated with the development of rhythmic
sensitivity, perception, and expression in preschool children within the framework of
sound animation of visual artworks. Visual stimuli proved to be an important didactic
tool, as they enable children to concretise otherwise abstract rhythmic concepts and to
establish meaningful connections between visual perception, movement, sound, and
visual artistic expression. This finding highlights the role of visual stimuli as a
mediating tool that facilitates the transition from perception to expression. Such
connections are also emphasised in numerous theoretical frameworks that highlight the
importance of visual support in understanding and structuring artistic concepts in early
childhood (Baloh & Birsa, 2023; Birsa & Kopacin, 2023a, 2023b; Gaiger, 2018;
Kennedy, 2007; Levin et al., 2019; Li & Frishman, 2023; Rajbhandari, 2024; Weiser,
1998).

The study showed that different types of visual stimuli enable different levels of
learning structure: simpler visual stimuli supported basic orientation in rhythmic
sequences and more stable rhythmic performance, whereas more complex stimuli
encouraged deeper observation, comparison, analysis, and interpretation of rhythmic
relationships. This differentiation suggests that the complexity of visual stimuli directly
influences the level of cognitive and perceptual engagement. This confirms the didactic
value of gradually increasing the complexity of visual stimuli in accordance with
children’s developmental capacities. The findings are consistent with studies indicating
that the simultaneous use of visual and auditory stimuli supports the development of
creativity, divergent thinking, and more effective transfer of knowledge across learning
domains (Baloh & Birsa, 2023; Bati¢, 2016; Kress, 2009; Li & Frishman, 2023;
Palmiero et al., 2022; Said-Metwaly et al., 2024; Starc, 2015). In this sense, the present
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study provides further empirical support for the role of multimodal learning
environments in enhancing complex cognitive processes.

An important aspect revealed by RQ?2 is the role of creative freedom and the child’s
active role in interpreting visual stimuli. Allowing children to independently propose
ways of sound-based interpretation was associated with the development of creativity,
intrinsic motivation, and autonomy, which is also supported by other studies (Asmus,
2021; Baloh & Birsa, 2023; Barnes, 2015; Gaiger, 2018; Huang & Huang, 2026;
Kennedy, 2007; Levin et al., 2019; Miendlarzewska & Trost, 2014; Pazur et al., 2024;
Rajbhandari, 2024; Sallat & Jentschke, 2015). The findings therefore suggest that
autonomy in interpretation is a key factor linking perception, creativity, and motivation.
The relationship between visual stimuli and rhythmic expression is therefore not evident
only at the level of understanding rhythm, but also in the broader development of
artistic thinking, expressive abilities, and children’s self-confidence.

It can be concluded that the thoughtful selection and didactically grounded use of visual
stimuli within multisensory and interdisciplinary approaches create richer learning
experiences and effectively support the development of rhythmic sensitivity and
perception in early childhood, while also further substantiating sound animation of
visual artworks as a contemporary, didactically meaningful, and developmentally
appropriate approach in preschool education.

Practical implications for educators

The findings of the study indicate that sound animation of visual artworks represents a
didactically effective approach to fostering rhythmic perception and expression in early
childhood. It enables educators to design activities based on the integration of visual
and auditory stimuli and on children’s active participation in the learning process. In
this context, the thoughtful selection of visual stimuli, adapted to children’s
developmental level and the complexity of rhythmic tasks, plays a crucial role. The
results highlight the importance of a structured yet open learning environment that
encourages exploration, autonomous decision-making, and creative interpretation of
rhythmic content. The educator’s role is reflected primarily in guiding the process,
gradually increasing task complexity, and providing appropriate support, particularly
for younger children. Such an approach supports intrinsic motivation, precision in
rhythmic performance, and children’s holistic artistic development.

Original scientific contribution

The study provides an original scientific contribution by offering insight into the
didactic potential of sound animation of visual artworks as a multisensory and
interdisciplinary approach in early childhood education. Its originality lies in the
empirical analysis of how children perceive, reproduce, and transfer rhythmic structures
between visual and auditory modalities within an authentic educational setting. Through
the use of thematic analysis, the study extends current understanding of the role of
visual stimuli in the development of rhythmic perception and substantiates sound
animation of visual artworks as a developmentally appropriate and didactically
meaningful approach that supports children’s holistic artistic development.
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CONCLUSION

The study was designed to examine how multisensory and interdisciplinary approaches
to the development of rhythmic sensitivity and perception are implemented in preschool
settings, with particular attention given to sound animation of visual artworks as a
didactic starting point. The findings confirm that activities based on the simultaneous
integration of sound, visual stimuli, movement, and creative engagement create
conditions for a deeper perception and understanding of rhythmic relationships. Within
such learning environments, children experienced rhythm holistically, which enabled a
gradual transition from perception to active reproduction and personal interpretation of
rhythmic structures.

The results indicate that sound animation of visual artworks as a multisensory and
interdisciplinary approach is closely associated with the development of rhythmic
sensitivity and perception in preschool children. When musically interpreting their own
visual artworks, children frequently drew on visible characteristics such as repetition,
spatial arrangement, contrast, and relationships, translating them meaningfully into
rhythmic accents, sequences, and dynamic sound qualities. This transfer between
expressive modes facilitated the concretisation of abstract rhythmic concepts and
supported their internalisation. The activities were also associated with higher levels of
engagement, creative initiative, and collaboration, including among children who
typically assume a less active role in group activities.

The findings further demonstrate that both the selection and the manner of using visual
stimuli are directly related to children’s perception, retention, and reproduction of
rhythmic structures. Simpler visual stimuli enabled clearer orientation within rhythmic
sequences and more stable rhythmic performance, particularly among younger children,
whereas more complex stimuli required increased joint analysis, modelling, and gradual
introduction. Through these processes, children developed more refined observation
skills, comparative thinking, and independent interpretation of rhythmic relationships.
Preschool educators emphasised that the presence of visual support was associated with
greater persistence, improved concentration, and more durable retention of rhythmic
patterns, indicating a strong connection between visual perception and rhythmic
expression.

Based on these findings, broader consideration can be given to the didactic potential of
sound animation of visual artworks in early childhood education. The study contributes
to a deeper understanding of multisensory and interdisciplinary approaches to
developing rhythmic sensitivity and perception and offers insight into the processes
through which children transform visual stimuli into auditory and rhythmic solutions. In
doing so, it also highlights the development of creativity, social skills, and self-
confidence within authentic learning contexts. Future research could expand the sample,
include comparative groups, or adopt a longitudinal design to further explore
differences among types of visual stimuli and their relationship to rhythmic
development. Such findings would contribute further to the evidence-based
development of contemporary pedagogical approaches in early childhood education.
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