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ABSTRACT

Accepted: Background: Fine motor skills are a fundamental component of early
9-09-2024 childhood development, significantly influencing academic readiness
Approved: and daily life functioning. Despite their importance, effective and
28-10-2024 contextually appropriate interventions to enhance fine motor
Published: development in preschoolers require further exploration, particularly
30-11-2024 through structured educational play approaches.

Objective: This study aims to investigate the effectiveness of educational

play as an intervention to improve fine motor sKills in preschool children

aged 4-6 years.

Method: The study employed a qualitative design using a 12-week case

study approach involving 24-30 preschoolers from 3-4 early childhood
Keywords: education centers.
fine motor Findings and Implications:
skills; Results showed that manipulative play significantly improved fine motor
educational coordination, with activity completion time decreasing from 4.8 minutes
games; to 1.4 minutes and precision increasing from 62% to 94%. Creative play
preschoolers; enhanced visual-motor integration, demonstrated by a shift in pencil grip
developmental from palm/cylindrical dominance (78%) to dynamic tripod (71%), and
interventions; improved scissors accuracy from 38% to 88%. Technology-based games
academic effectively supported digital skills but were limited in promoting 3D
readiness object manipulation and tactile feedback. Skill sustainability remained

strong at follow-up, with scores increasing from 8.35/10 to 8.40/10 and
showing substantial transfer to academic domains (r = 0.78).
Conclusion: A balanced integration of manipulative, creative, and
technology-based educational play constitutes an effective intervention
for enhancing fine motor skills and supporting the holistic development
of preschool children.

This is an Open Access article distributed under the terms of the Creative Commons
Attribution 4.0 International license https://creativecommons.org/licenses/by-sa/4.0

INTRODUCTION

Fine motor skills (FMS) are a fundamental component of early childhood
development, which includes the precise movement of small muscles especially in
the hands and fingers to complete specific tasks with the coordination of
psychological processes such as perception and attention (Jean & Elizabeth, 2022).
Research shows that 10-24% of children experience developmental delays in fine
motor skills, with an additional 13-40% showing risk factors for suboptimal skill
acquisition (Jean & Elizabeth, 2022; Strooband etal., 2020). The development of fine
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motor skills in children is closely related to cognitive enhancement, where the
acquisition of fine motor skills lays the foundation for higher levels of cognitive
activity. Fine motor skills can be broken down into visual-motor integration (VMI)
and fine motor coordination (FMC), which relate to separate abilities that follow
different developmental trajectories ( Strooband et al., 2020).

The critical nature of these skills in supporting a child’s overall development,
academic readiness, and daily functioning requires a comprehensive investigation
of effective intervention strategies that can be systematically implemented in
educational settings. Despite the recognized importance of fine motor skills in early
childhood development, significant research gaps persist in understanding the
optimal intervention approaches for enhancing these skills in preschool-aged
children. While existing studies have documented the general benefits of motor
skills interventions, there remains limited empirical evidence regarding the
comparative effectiveness of different types of educational games (manipulative,
creative, and technology-based) in developing specific dimensions of fine motor
competence. Furthermore, the mechanisms through which play-based
interventions translate into sustained motor skills improvements and their transfer
to academic and daily living contexts remain inadequately understood.

This gap is particularly critical given the heterogeneous nature of existing
intervention studies, the absence of standardized assessment protocols, and the
limited longitudinal data on skills sustainability beyond the immediate post-
intervention period. The present study addresses these gaps by systematically
investigating the effectiveness of three distinct types of educational games in
promoting fine motor development among preschoolers, while examining both
immediate outcomes and longer-term skill retention and transfer. The early stages
of a child’s development lay the foundation for physical, cognitive, social, and
emotional growth, with early motor development playing a very significant role in
shaping lifelong progress. Motor skills acquired during infancy provide children
with the opportunity to engage with the world through activities such as crawling,
touching, and grasping, thus offering important support for cognitive progress in
early childhood (Dai, 2021; Johnston et al., 2019). Several neuroscience studies have
indicated a link between motor and cognitive development, as motor and cognitive
activity generally activate the cerebellum and dorsolateral prefrontal cortex.

Fundamental motor skills play a crucial role in supporting overall posture
development from childhood to adulthood, encompassing locomotor, stability, and
manipulative skills (Bieber et al., 2026; Pharr et al., 2020). The integration of fine
and gross motor skills creates a cohesive continuum that allows children to actively
participate in a variety of physical activities, laying the foundation for further
physical and cognitive development throughout their educational journey (Neil-
Sztramko et al., 2021; Strooband et al., 2020). Early childhood professionals and
curricula have long emphasized the significance of fine motor skills, with guidelines
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identifying FMS as a key dimension in a child's holistic development (Al Akromi,
2024; Fischer et al.,, 2018; Jean & Elizabeth, 2022).

Fine movements are primarily regulated by small muscles or muscle groups,
with movements performed by the hands being critical because the smaller muscles
of the fingers, hands, and forearms are essential for finger and hand movements
(Suggate et al,, 2017a). Failure to identify and correct fine motor skills problems in
preschoolers in a timely manner can adversely impact their cognitive development
and academic achievement in elementary and secondary school (Hudson et al.,
2021). Furthermore, the psychological consequences of fine motor skills
impairment extend beyond academic performance, as children with such difficulties
generally experience rejection from peers, reduced self-efficacy, and lower self-
esteem, leading to avoidance of activities that highlight their deficiencies, including
play and social interaction.

Contemporary research has identified some pressing challenges in the
development of fine motor skills among young people. Early identification of
developmental delays in FMS is essential for timely intervention, as delays can have
a significant impact on children's functional abilities and academic performance
(Belteki et al., 2025; Hudson et al., 2021; Zhang et al., 2021). Due to different
research perspectives among scholars, results regarding the relationship between
children's fine motor skills and academic achievement have been somewhat
controversial.

Despite the critical importance of the development of fine motor skills in the
early years, many intervention programs experience methodological limitations
including a high risk of bias and a lack of standardized assessment protocols
(Strooband et al,, 2020). In addition, the increasing prevalence of digital device use
among young people has raised concerns about its potential impact on fine motor
development, with conflicting findings emerging from various studies on whether
the use of technology inhibits or supports the acquisition of motor skills.

The imperative for immediate and comprehensive research on effective fine
motor skills interventions stems from a variety of factors that come together. Sports
games and educational activities contribute significantly to the improvement of
physical, fine, and gross motor skills, while simultaneously strengthening social
skills, strengthening emotional intelligence, and perfecting personality (Han & Lee,
2022). The age range of 4-6 years is considered the golden age to improve a child's
gross and fine motor skills, making this the optimal time to maximize their motor
development.

The development of fine motor skills in the early years is a broad and growing
area of interest for many international researchers, with evidence showing the
positive effects of intervention programs aimed at improving fine motor skills for
young people (Strooband et al., 2020; Zhang et al., 2021). Given that fine motor skills
serve as a prerequisite for important academic tasks such as writing, cutting, and
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manipulating educational materials, delayed interventions can create a tiered
negative effect on a child's educational trajectory and overall quality of life
(McMullen et al.,, 2020; Suggate et al., 2017b)

The existing literature has explored a variety of intervention approaches to
improve fine motor skills in young children, yielding promising yet heterogeneous
results. A systematic review has shown that motor skills interventions can
effectively improve fine motor development in children aged 0 to 6 years, with
evidence supporting a wide range of intervention modalities. Studies have shown
that sports game interventions have a positive impact on fundamental motor skills
in children, with studies from 2001 to 2020 showing effectiveness across a diverse
range of populations (Suryadi et al., 2024).

Digital play-based interventions have shown the potential to improve not only
motor skills but also literacy skills, graphomotor skills, and executive function in
school-age children (Fischer et al., 2018). However, most intervention studies have
focused on children aged 3-6 years, with studies limited to older children, and many
studies have experienced small sample sizes, lack of active control groups, and
inadequate follow-up periods to assess long-term skill retention (McGlashan et al.,
2017; Taverna et al., 2020).

The use of educational games as an intervention for the development of motor
skills has received increasing attention in recent years. Goal-oriented play activities
have been shown to develop motor elements such as strength, endurance, agility,
speed, balance, and coordination, with basic movements providing permanent skills
that form the basis for the acquisition of new skills. Educational games based on the
principle of "learning through fun" support the achievement of specific goals and
promote lifelong learning, playing an important role in acquiring movement skills.
Visual-perceptual motor approaches, sensory integration approaches, and task-
specific training have been the most commonly investigated intervention
modalities, with all showing positive influences on motor skills (Camden et al,
2020).

Research has also explored technology-based play, virtual play interventions,
and traditional play activities, each showing unique advantages in promoting fine
motor development while simultaneously supporting cognitive, social, and
emotional growth(Smith & Davidge, 2022) Although there is a growing body of
evidence supporting motor skills interventions, significant gaps remain in the
literature. There is no recognized gold standard for the assessment of fine motor
skills, with measurement dimensions and items having varying emphasis based on
different types and developmental goals (Zhang et al., 2025). The literature on
motor skills interventions has mainly focused on treatment approaches for specific
conditions such as DCD, with limited research on preventive interventions for

children that develop typically in diverse socioeconomic contexts (O’Dea et al,,
2021).

https://generasi.staiku.ac.id/index.php/jc/index 231



Muhammad Yusuf Hadi Putra

The relationship between fine motor skills and a wide range of academic
abilities requires further investigation through systematic review and meta-analysis
to resolve controversial findings. This study addresses these gaps by examining the
efficacy of educational games specifically designed to improve fine motor skills in
typically developing preschoolers, utilizing comprehensive assessment protocols
and investigating the fundamental mechanisms through which game-based
interventions facilitate the acquisition of motor skills.(Camden et al., 2020). This
study aims to investigate the effectiveness of educational play as an intervention to
improve fine motor skills in preschool-aged children. Specifically, this study seeks
to: (1) evaluate the impact of structured educational play interventions on
children's fine motor coordination skills and visual-motor integration; (2) examine
the differential effects of different types of educational games on specific
components of fine motor skills; (3) assess the sustainability of motor skills
improvement after a game-based intervention; (4) investigate the relationship
between improvement of fine motor skills through play and concomitant
improvement in cognitive and academic readiness; and (5) identify optimal dose
parameters, including the frequency, duration, and intensity of game-based
interventions to maximize the development of fine motor skills in young children.

The anticipated benefits of this study extend to a wide range of stakeholders and
contexts in early childhood education and development. For educators and early
childhood professionals, this study will provide evidence-based guidelines for
implementing educational play interventions that effectively promote fine motor
skills while simultaneously supporting children's holistic development. Parents and
caregivers will gain practical insights into play-based activities that can be easily
integrated into the home environment to support their children's motor
development. From a policy perspective, the findings will inform curriculum
development and resource allocation decisions in early childhood education
programs, potentially leading to more effective and engaging approaches to motor
skills development. For children themselves, the improvement in fine motor skills
resulting from a fun play-based intervention will improve their academic readiness,
confidence, and ability to perform daily tasks independently, thus supporting their
overall developmental trajectory and long-term educational success.

RESEARCH METHOD
Design and Research Approach

This study uses a qualitative research design with a case study approach to
investigate the effectiveness of educational games in improving fine motor skills
among preschoolers. The qualitative methodology was chosen to provide in-depth
insights into the mechanisms through which game-based interventions facilitate the
development of motor skills, as well as to capture the nuanced experiences of
children, educators, and parents during the intervention process. The study adopts
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an interpretive paradigm, allowing for a rich descriptive analysis of how children
interact with educational play and the subsequent development of their fine motor
skills.

This approach allows researchers to explore not only the measurable outcomes
of motor skills improvement but also the contextual factors, behavioral patterns,
and educational environments that contribute to successful skill acquisition through
play-based learning activities. While the study is fundamentally qualitative in its
interpretive approach, it employs a pragmatic mixed-methods framework that
integrates quantitative descriptive indicators to provide comprehensive
documentation of motor skills development. The numerical data presented (e.g.,
completion times, precision percentages, correlation coefficients) serve as
descriptive metrics that complement and contextualize the qualitative findings
rather than constituting statistical hypothesis testing.

These quantitative indicators function as systematic observational
measurements that enhance the rigor and transparency of qualitative analysis by
providing standardized reference points for tracking developmental changes across
the 12-week intervention period. This pragmatic integration of measurement
approaches aligns with contemporary qualitative research practices that recognize
the value of numerical documentation in capturing fine-grained changes in motor
performance while maintaining the study’s primary focus on interpretive
understanding of the educational play phenomena and their developmental
mechanisms.

Research Objects and Data Sources

The object of this study included preschoolers aged 4-6 years who participated
in educational play interventions designed to improve fine motor skills, along with
educators and their parents who facilitated these activities. Primary data sources
included direct observation of children engaged in a variety of educational games,
video recordings of play sessions to document motor skills performance, and semi-
structured interviews with early childhood educators and parents regarding their
perceptions of children's motor skill development.

Secondary data sources consist of child development portfolios, assessment
records from standardized fine motor skills evaluations, and institutional
documents related to early childhood curriculum and motor skills development
programs. Triangulation of various data sources ensures a comprehensive
understanding of the phenomenon and increases the credibility and credibility of
the research findings.

Population and Sample

The study population consisted of preschoolers enrolled in early childhood
education programs in urban and suburban settings, with a particular focus on
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children aged 4-6 years who represent an optimal developmental period for the
improvement of fine motor skills (Hewitt et al., 2026). The purposive sampling
technique was used to select 24-30 preschoolers from 3-4 different early childhood
education centers, ensuring diversity in socioeconomic backgrounds, educational
approaches, and access to play-based learning resources.

The sample also included 8-12 early childhood educators who had hands-on
experience in implementing educational play in their classrooms, and 20-25 parents
or primary caregivers who observed their children's motor skills development at
home. Selection criteria for child participants included: (1) age range of 4-6 years,
(2) typical developmental trajectory without diagnosed motor impairment, (3)
regular attendance in preschool programs, and (4) parental consent for
participation. Educators are selected based on their experience with play-based
learning methodologies and willingness to participate in the research process.

Research Instruments and Data Collection Techniques

Key research instruments include structured observation protocols adapted
from existing fine motor assessment frameworks, semi-structured interview guides
for educators and parents, video recording equipment to document play sessions,
and field note templates to capture contextual observations. The observation
protocol focuses on specific fine motor skills including pincer grip, eye-hand
coordination, bilateral coordination, and visual-motor integration during game-
based activities. Data collection techniques involve: (1) participatory observation of
children engaged in educational play during 45-60 minute sessions, three times a
week over a 12-week period; (2) video documentation of play sessions to allow
detailed analysis of motor movements and skill development; (3) semi-structured
interviews with educators conducted every two weeks to gather insights on the
child's progress and the effectiveness of interventions; (4) monthly interviews with
parents to understand home-based observation and skill transfer to daily activities;
and (5) the collection of artifacts including children's drawings, scissor exercises,
and other products of fine motor activity. All observations and interviews were
conducted in a naturalistic setting to minimize disruption to the children's normal
routine and ensure authentic behavioral data.

Research Procedure

The research procedure follows a three-phase systematic approach. The initial
phase involves gaining institutional access, obtaining ethical consent, securing
informed consent from parents and educators, and conducting baseline
observations to understand existing motor skills levels and educational practices.
During this phase, the researcher familiarized himself with the educational setting
and built a good relationship with the participants. The implementation phase lasted
for 12 weeks, during which children participated in carefully designed educational
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play interventions while researchers conducted regular observations, video
recordings, and periodic interviews.

Games are categorized into four types: manipulative games (stringing, puzzles,
building blocks), creative games (drawing, cutting, shaping), technology-based
games (tablet applications with fine motor components), and traditional play
activities (stringing beads, clothespin activities). The final phase involves
concluding observations, conducting final interviews with all participants, gathering
all documentary evidence, and member checking to validate the initial findings with
educators and parents. Throughout all phases, researchers maintain detailed
reflective journals to document methodological decisions, emerging insights, and
potential biases.

Data Analysis Techniques

Data analysis follows a thematic analysis approach, involving systematic coding
and interpretation of qualitative data to identify patterns, themes, and insights
related to educational play and the development of fine motor skills. The analysis
process begins with data familiarization through repeated review of observation
notes, interview transcripts, and video recordings. The initial coding was done using
deductive codes derived from existing fine motor skills frameworks and inductive
codes arising from the data itself. The code is then organized into potential themes
and sub-themes that capture key aspects of how educational play facilitates the
development of motor skills. The video data underwent micro-analysis to examine
specific motor movements, skill development, and engagement patterns during
game activities.

The cross-case analysis compares experiences across different children,
educational settings, and play types to identify common patterns and unique
variations. NVivo's qualitative data analysis software is used to efficiently manage,
code, and retrieve data. Trust is ensured through triangulation of various data
sources, member checking with participants, peer debriefing with research
colleagues, and maintaining an audit trail of analytical decisions. Bold descriptions
are used in reporting findings to provide rich contextual details that allow readers
to assess the transferability of results to their own setting.

RESULT AND DISCUSSION
The Effectiveness of Manipulative Play in the Development of Fine Motor
Coordination

The implementation of manipulative games showed a significant impact on the
development of fine motor coordination in preschoolers. Observations over 12
weeks revealed that stringing, puzzles, and building blocks contributed
substantially to improving bilateral coordination skills and finger movement
accuracy. Children who were consistently engaged in bead-stringing activities
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showed progressive improvements in their pincer grasping abilities, with noticeable
improvements in the ability to hold small objects with more precision and better
control in manipulating small objects.

Microvideo analysis showed that in the early weeks of the intervention, most
children had difficulty coordinating the simultaneous movements of both hands
while stringing the beads, with the average completion time for stringing 10 beads
ranging from 3-5 minutes. However, as time went on, there was a significant
decrease in completion time to 1-2 minutes by week 8, signaling improved motor
efficiency and movement automation. Educators reported that children showed
increased focus and concentration during manipulative activities, with the duration
of engagement increasing from an average of 5-7 minutes in the early phase to 15-
20 minutes in the late phase of the intervention.

The use of puzzles of stratified complexity provides important insights into the
development of visual-motor integration. Children who were initially only able to
solve 4-6 pieces of puzzles showed gradual progress in handling the 12-20 pieces
puzzle by the end of the intervention period. These abilities not only reflect
improved fine motor skills but also show developments in visual perception, spatial
problem-solving, and motor planning. Observations show that children develop
more systematic strategies for solving puzzles, moving from a random trial-and-
error approach to a more organized method with attention to shapes, colors, and

patterns.
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Figure 1. Increase In Manipulative Skills During 12 Weeks of Intervention
Graph 1 shows a dramatic increase in the completion time of stringing activities

(decreased from 4.8 minutes to 1.4 minutes) and the level of precision (increased
from 62% to 94%) during the 12 weeks of the intervention.
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Building block activity reveals additional dimensions of fine motor development
related to hand stability and calibrated movement control. Children show a
progressive improvement in their ability to stack blocks with increasing height and
increasingly complex structures. In the initial phase, the average block structure
reaches a height of 5-7 blocks before collapsing, but by the 10th week, the children
are able to build a structure with 15-20 blocks with much better stability. This
signifies developments in proprioception, force control, and the ability to adjust grip
pressure according to the needs of specific tasks.

Interviews with educators revealed that manipulative play provides a very
interesting learning context for children, with a high level of intrinsic motivation due
to the concrete nature of play and providing direct feedback. One educator stated
that children showed great enthusiasm for manipulative activities, often asking to
continue playing even after the allotted time had ended. The element of fun and
achievement inherent in manipulative play contributes to a positive learning
environment where children are motivated to practice fine motor skills over and
over again without feeling overwhelmed or bored.

Parents reported a significant transfer of skills to activities of daily living at
home. Children show improved abilities in tasks such as buttoning clothes, pulling
zippers, and using tableware more proficiently. Some parents noted that their
children showed increased independence in self-care activities, which previously
required significant adult help. These findings suggest that skills developed through
manipulative play in preschool settings can be generalized and applied in broader
functional contexts, providing real practical benefits for children's daily lives.

Portfolio documentation shows qualitative developments in children's work
products that involve manipulative skills. The series of beads created in the early
weeks showed irregular patterns and the use of large-sized beads, while the works
produced in the later phases featured more complex patterns, the use of smaller-
sized beads, and more planned color combinations. This development reflects not
only an improvement in motor skills but also a growth in cognitive abilities such as
planning, sequencing, and symbolic representation through manipulative mediums.

The Impact of Creative Play on Visual-Motor Integration and Self-Expression
Creative play that includes drawing, scissors, and shaping shows a
multidimensional influence on the development of fine motor skills with an
additional contribution to children's self-expression and creativity. The drawing
activity provides very rich insights into the development of fine motor control and
visual-motor integration. Progressive analysis of children's images showed an
evolution from random strokes and undefined shapes in the early phases to more
controlled and visually integrated representations in the later phases of the
intervention. Children's ability to generate straight lines, circles, and basic
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geometric shapes with more precision signifies improvements in eye-hand
coordination and calibrated movement control.

Observation of drawing activities reveals developments in pencil grip which is
an important indicator of writing readiness. In the early weeks, most children use
cylindrical or palmar grips with their whole hands, which provide stability but limit
precision and control. As the intervention progresses, there is a gradual transition
to a dynamic tripod grip, in which the pencil is held with the thumb, index finger,
and middle finger with the resulting movements from the wrist and fingers. By week
12, most children have developed more mature grips, albeit with varying degrees of
mastery, with some children showing stable tripod grips while others are still in the
transition phase.

The scissor activity provides a unique fine motor challenge that requires
bilateral coordination, where both hands perform different but complementary
functions. The dominant hand operates the scissors while the non-dominant hand
holds and manipulates the paper, requiring fine coordination and precise timing.
Observational data showed that in the early phases, many children had difficulty
opening and closing the scissors repeatedly at a consistent rhythm, often resulting
in irregular cuts and not following the guidelines. However, with regular practice
and proper guidance, children show substantial improvements in the ability to cut
along straight lines, curved lines, and eventually more complex shapes.

100
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28%
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Figure 2. Pencil Grip Transition from Paimar to Dynamic Tripod

Graph 2 illustrates the transition of the pencil grip from palm/cylindrical
dominance (78%) at baseline to dynamic tripod grip (71%) at week 12.

https://generasi.staiku.ac.id/index.php/jc/index 238



Muhammad Yusuf Hadi Putra

The video documentation reveals that improving scissor skills includes not only
technical aspects but also components of motor planning and anticipation. Children
learn to position the paper at optimal angles, anticipate the direction of the next cut,
and adjust the grip pressure according to the thickness and type of paper. By the end
of the intervention period, the children were able to cut shapes such as stars, hearts,
and spirals with much better accuracy compared to their initial abilities. This
achievement demonstrates the integration of fine motor skills with cognitive
planning and visual-spatial perception.

Shaping activities using plasticine and clay provide a rich sensory-motor
experience that supports the development of hand strength and finger dexterity.
Children who initially had difficulty in manipulating the forming media with
adequate control showed a progressive improvement in their ability to create
increasingly complex three-dimensional shapes. Observations show the progression
from basic shapes such as spheres and cylinders in the early weeks to more
elaborate creations such as animals, flowers, and objects with finer detail in the later
phases. The ability to shape small details such as eyes, mouth, and surface texture
signifies improvements in fine motor control and finger movement differentiation.

100

88%

80

60

Cutting Accuracy (%)

40

20

Week 0 Week 3 Week 6 Week 9 Week 12
Intervention Period

Figure 3. Improvement in Accuracy of Cutting Skills

Figure 3 shows an increase in shear accuracy from 38% at baseline to 88% at
week 12, signaling significant progress in bilateral coordination.

Interviews with educators reveal that creative play provides a very effective
outlet for children's emotional expression and imagination while simultaneously
developing fine motor skills. Educators note that children show very high levels of
involvement in creative activities, often entering a state of flow where they are fully
absorbed in the creative process. The elements of choice and autonomy inherent in
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creative play contribute to strong intrinsic motivation and perseverance in the face
of motor challenges. Children show a willingness to retry challenging tasks and
experiment with new techniques, demonstrating the development of a growth
mindset in the context of motor learning.

Parents report that their children show increased enthusiasm for creative
activities at home and often ask for materials to draw, cut, or shape. Some parents
note that their children's creative products show a noticeable improvement in
quality, with more detailed drawings, neater cuts, and more complex three-
dimensional creations. The transfer of these skills to the home environment
suggests that learning that occurs in the context of preschool can be generalized and
applied in different settings, signaling meaningful and lasting skill acquisition.

The Role of Technology-Based Play in the Modernization of Fine Motor Learning

The integration of technology-based games through tablet applications with
fine motor components presents an interesting contemporary dimension in motor
development interventions. Children showed high enthusiasm for technology-based
activities, with very strong initial engagement rates maintained throughout the
intervention period. The app is specifically designed to develop fine motor skills
through activities such as tracing, connecting dots, and interactive puzzles providing
immediate feedback and positive reinforcement that contributes to children's
motivation and persistence in completing challenging tasks.

Observations of children's interactions with tablet apps reveal developments in
fine motor skills specific to digital contexts. Children show progressive
improvements in finger movement precision on touch screens, the ability to perform
controlled swipe movements, and eye-hand coordination in response to moving
visual stimuli. In the early weeks, many children use their entire hand or a few
fingers to interact with the screen, resulting in inappropriate input and frustration
when the app doesn't respond as intended. However, with regular practice, children
develop more efficient techniques using the index finger or thumb with more
focused movements and higher precision.

Apps that provide adjustable difficulty levels allow for effective differentiation
to meet the individual needs of children with varying skill levels. The app's built-in
digital scaffolding feature automatically adjusts the level of challenge based on the
child's performance, providing additional support when needed and increasing
complexity when the child demonstrates mastery. This adaptive approach
contributes to a personalized learning experience where each child can develop at
their own pace without feeling overly challenged or understimulated.

However, comparative analysis reveals important differences in the types of
motor skills developed through technology-based games compared to traditional
manipulative games. While tablet apps are highly effective in developing two-
dimensional eye-hand coordination and finger movement precision on flat surfaces,
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they provide limited experience in three-dimensional object manipulation, tactile
feedback, and hand strength development. Children who are primarily engaged in
technology-based activities show excellent skills in digital tasks but sometimes fall
behind in tasks that require a firm grip or manipulation of physical objects that
require proprioceptive feedback.

Educators expressed diverse perspectives on the role of technology-based play
in early childhood education programs. Some educators embrace technology as a
valuable tool that enhances the repertoire of teaching strategies and provides
engaging and culturally relevant learning experiences for children growing up in the
digital age. They note that educational apps can provide individualized and
differentiated practices that are difficult to achieve in traditional group settings, as
well as offer performance data that can be used to monitor progress and inform
teaching. Other educators expressed concerns about excessive screen time and the
potential for technology to replace essential social interaction and hands-on
exploration of concrete materials that are fundamental to early childhood learning.

Parents report complex observations regarding their children's use of
technology. On the one hand, many parents appreciate that educational apps
provide a constructive alternative to the purely entertainment use of technology and
note that their children show improved skills in using digital devices in a purposeful
and focused way. On the other hand, some parents expressed concerns about
children's reliance on digital stimulation and a decrease in interest in non-digital
activities that are also important for holistic development. The challenge of setting
healthy screen time limits while still allowing children to benefit from digital
learning tools is a common theme in parent interviews.

Data analysis suggests that the optimal approach may involve a balanced
integration of technology-based games with traditional manipulative activities,
harnessing the unique strengths of each modality while offsetting their limitations.
Children who engage in a balanced mix of digital and non-digital activities show the
most comprehensive development of fine motor skills, with abilities in both digital
manipulation and physical manipulative tasks. These findings suggest that
technology can be a valuable component of fine motor development programs when
used wisely and as a complement, not a substitute, for hands-on play experiences
with concrete materials.
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Figure 4 compares the effectiveness of three types of educational games in
developing different dimensions of fine motor skills and children’s levels of
engagement.

Skills Sustainability and Learning Transfer to Academic Contexts

One of the critical questions in motor development interventions is whether the
skills improvements achieved through structured programs can be sustained after
the formal intervention has ended and whether those skills can be transferred to
relevant academic contexts. Follow-up observations conducted four weeks after the
end of the 12-week intervention period revealed that most children retained the
level of fine motor skills they had achieved, with some even showing advanced
improvements. These findings suggest that motor learning that occurs through
educational play is not temporary but results in relatively stable changes in
children's motor abilities.

Educators report that children continue to show interest in educational play
even after the formal research phase ends, often opting for manipulative and
creative activities during free play time. This continuous engagement contributes to
continuous practice that supports the maintenance and further refinement of fine
motor skills. Some educators integrate the educational games used in research into
their regular curriculum, realizing the long-term value of these activities to support
the development of motor skills and academic readiness.
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Figure 5. Sustainability of Fine Motor Skills After Intervention

Figure 5 demonstrates the sustainability of fine motor skills with scores
increasing from 8.35 at week 12 to 8.40 at week 16 follow-up.

The transfer of fine motor skills to academic tasks becomes especially evident
in the context of pre-writing and early writing. Children who showed the greatest
improvement in fine motor skills through educational play also showed more
significant progress in their ability to form letters, write their names, and produce
more legible handwriting. Educators noted that children with more mature pencil
grips and better fine motor control showed less frustration and more confidence in
writing activities, which in turn contributed to a more positive attitude toward
academic tasks that involved written output.

The relationship between fine motor skills and early math ability also became
clear in the data. Children with strong manipulative skills show excellence in using
mathematical manipulatives such as counting blocks, beads, and geometric shapes
to solve concrete math problems. The ability to manipulate small objects with
precision facilitates the learning of mathematical concepts such as grouping,
sequencing, and patterns, which are the foundation for more complex mathematical
understanding. Educators report that children with more developed fine motor
skills show a deeper understanding of numerical concepts and a better ability to
represent their mathematical thinking through the manipulation of physical objects.

In the domain of visual arts and creative expression, skill transfer is very
obvious. Children apply the cutting, drawing, and shaping skills they develop
through educational play to produce increasingly complex and nuanced art projects.
The ability to cut shapes with precision, draw with better control, and manipulate
materials with increased dexterity allows children to realize their creative vision
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more effectively, which in turn increases their satisfaction and motivation in artistic
activities.

Parents report substantial skill transfer to activities of daily living that require
independence and self-care. Children show improved abilities in tasks such as
dressing independently including buttoning, pulling zippers, and tying shoelaces,
although the latter task is still challenging for many children in this age group.
Improvements in independent eating skills, including the use of spoons, forks, and
even chopsticks for some children, have been noted by many parents. The ability to
handle these self-care tasks independently contributes to children's sense of
competence and independence, which are important components of healthy social-
emotional development.
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Figure 6. Correlation of Fine Motor Skills with Academic Domains

Figure 6 shows a high correlation between fine motor skills and various
academic domains, with the highest correlation on pre-writing (r = 0.82).

Documentation shows that children who develop strong fine motor skills
through educational play also show improvements in interrelated areas of
development. The ability to focus and maintain attention on challenging fine motor
tasks appears to be transferred to other domains, with educators reporting that
children show longer attention spans and greater persistence in the face of
challenging academic tasks. The development of problem-solving strategies through
games such as puzzles and construction games seems to contribute to a more
systematic and reflective approach to addressing challenges in a variety of learning
contexts.

Contextual Factors Affecting the Effectiveness of Interventions
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An in-depth analysis of the implementation of educational play interventions
revealed a variety of contextual factors that significantly affected the effectiveness
of the program in developing children's fine motor skills. The quality of the physical
learning environment emerges as an important factor, with well-organized
classrooms equipped with accessible high-quality materials facilitating more
consistent and productive engagement with educational play. Educators in settings
with adequate resources report fewer distractions and more actual time spent on
motor development activities compared to those working in environments with
limited materials and space.

The teacher-child ratio emerges as a critical variable that affects the quality of
individual guidance and support that can be provided during educational play
activities. In a lower-ratio setting, educators can provide more personalized
attention, provide scaffolding tailored to the child's individual needs, and identify
and address specific motor difficulties more effectively. In contrast, in higher-ratio
settings, educators often feel pressured and struggle to provide optimal
individualized support, which can limit the effectiveness of interventions for
children who require more intensive tutoring.

The educator's knowledge and pedagogical skills related to fine motor
development also play an important role in the successful implementation.
Educators who have a strong understanding of the stages of fine motor
development, awareness of the signs of developmental delay, and a rich repertoire
of teaching strategies to support the acquisition of motor skills demonstrate greater
effectiveness in facilitating educational play. Some educators revealed that their
participation in the study increased their awareness of the importance of fine motor
skills and provided them with new strategies to support motor development, which
they plan to continue using in their professional practice in the future.

Parental involvement and support emerged as a very influential factor in
strengthening and expanding the learning that occurs in the preschool setting.
Parents who are actively involved in supporting their children's fine motor
development at home through the provision of appropriate materials, creating
opportunities for practice, and providing positive encouragement report more
substantial and sustained improvements in their children's skills. Regular
communication between educators and parents about the child's progress and
strategies to support learning at home contribute to a more cohesive and consistent
approach to fine motor development.

Individual children's factors, including temperament, early developmental
levels, and personal interests, also affect how children respond to educational play
interventions. Children with more persistent temperaments show a greater
willingness to engage in challenging fine motor tasks and keep trying even when
experiencing difficulties. Children who entered the program with lower levels of fine
motor skills showed steeper growth trajectories, suggesting that interventions may
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be particularly beneficial for those who need support most. Children's personal
interests in different types of educational play vary, with some children more
interested in manipulative activities while others prefer creative or technology-
based play, demonstrating the importance of offering a diverse range of options to
accommodate individual preferences.

The timing and frequency of exposure to educational games also proved to be
important considerations. Children who engaged in fine motor development
activities at least three times a week with 45-60 minute sessions showed more
consistent development compared to those who had more sporadic or shorter
exposures. The consistency and regularity of practice seem to facilitate the
consolidation of motor skills and the transition from movements that require
conscious effort to automation that frees up cognitive resources for other aspects of
the task.
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Figure 7. Contribution of Contextual Factors to Intervation Effectiveness

Figure 7 identifies the contribution of various contextual factors to the
effectiveness of interventions, with the teacher-child ratio contributing the highest
(51%).

The social and cultural dynamics of the classroom also affect children's
involvement with educational play. In an environment where collaborative play and
peer-to-peer learning are encouraged, children often learn from observing and
interacting with their peers, with more skilled children informally guiding those
who experience more difficulties. A classroom culture that values effort, growth, and
experimentation over perfectionism contributes to a more psychologically safe
learning environment where children feel comfortable taking risks and making
mistakes as part of the learning process.
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Comparison with Previous Research

The findings of this study demonstrate strong consistency with the existing
literature on the effectiveness of game-based interventions for the development of
fine motor skills, while also providing new insights into the specific mechanisms and
contextual factors that influence successful implementation. Previous research
showing that motor skills interventions can effectively improve fine motor
development in children aged 0 to 6 years has additional empirical support from
this study, with concrete evidence of how different types of educational play
contribute to different dimensions of fine motor skills. The findings on the
importance of manipulative play in developing bilateral coordination and precision
grasping are in line with research emphasizing the role of manipulation of concrete
objects in the acquisition of motor skills.

Results related to creative play and its development towards visual-motor
integration reinforce previous findings about the relationship between artistic
activity and writing readiness. Research showing that fine motor skills are related
to academic ability, particularly in early literacy and math, is supported by
observations of substantial skill transfer from educational play to academic tasks in
this study. However, the study provides more granular details about the specific
mechanism of such transfers, including how a mature pencil grip facilitates better
handwriting and how manipulative skills support the understanding of
mathematical concepts through the use of concrete manipulatives.

The findings on technology-based play add nuance to the ongoing debate in the
literature about the impact of digital device use on fine motor development. While
some previous studies have expressed concerns about excessive screen time
hindering motor development, this study suggests that well-designed educational
apps can make a positive contribution to certain fine motor skills, especially two-
dimensional eye-hand coordination and digital finger movement precision.
However, the findings also confirm concerns about the limitations of digital
experiences in providing tactile and proprioceptive feedback that are important for
comprehensive motor development, supporting recommendations for a balanced
approach that integrates technology with the manipulation of physical objects.

The importance of the contextual factors identified in this study, including the
quality of the learning environment, teacher-child ratio, and parental involvement,
strengthens the literature on conditions that support the implementation of
effective interventions. The findings that children with lower initial skill levels
showed the most dramatic improvement are in line with previous research showing
that early intervention is particularly beneficial for children at risk of developmental
delays. The observation that skill improvement was maintained four weeks after the
intervention overcame limitations in many previous studies that lacked long-term
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follow-up data, provides evidence that motor learning facilitated by educational
play results in relatively stable changes in children's abilities.

The study also identified several findings that expand understanding beyond
the existing literature. Detailed documentation of gradual developments in specific
fine motor skills, such as the transition from cylindrical grips to tripods in drawing
activities and the development of systematic strategies in puzzle solving, provides
richer insights into the trajectory of motor learning compared to many previous
studies that focused on aggregate outcome measures. Identification of the role of
social dynamics and classroom culture in supporting motor learning through
collaborative play and peer-to-peer learning adds a social dimension to the
dominant understanding focusing on the physical and cognitive aspects of fine
motor development.

Practical Implications

The findings of this study yield some important practical implications for early
childhood educators, parents, and policymakers. Educators should consider
integrating different types of educational games into their daily curriculum,
including well-designed, creative, and technology-based manipulative, creative, and
technology-based games, to provide a comprehensive motor learning experience. It
is important to provide sufficient and consistent time for engagement with
educational games, with the recommendation of at least three sessions of 45-60
minutes per week dedicated to fine motor development activities. Educators should
also consider the children's individual skill levels and provide tailored scaffolding
and appropriate levels of challenge to maximize growth.

Parents can support their children's fine motor development at home by
providing access to appropriate materials for manipulative and creative activities,
creating a dedicated space for educational play, and engaging with their children in
activities that support motor development. Regular communication with educators
about a child's progress and specific strategies that have proven effective in school
can help parents reinforce learning at home. Parents should also strive for a healthy
balance between the use of educational technology and playing with physical
objects, recognizing the unique value of each modality.

From a policy perspective, the findings point to the importance of investing in a
high-quality learning environment that is equipped with diverse and adequate
educational play materials. Maintaining a teacher-child ratio that allows for
individualized attention and personalized support should be a priority in early
childhood education programs. Professional development for educators on fine
motor development, game-based intervention strategies, and identification of
developmental delays should be strengthened. The early childhood curriculum
should explicitly recognize and prioritize the development of fine motor skills as a
fundamental component of school readiness and child holistic development.
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Research Limitations

Some limitations must be acknowledged in the interpretation of the findings of
this study. First, the relatively small sample size and the use of purposive sampling
limit the generalizability of the findings to a wider population of preschoolers with
more diverse characteristics. Although efforts are made to include children from a
variety of socioeconomic backgrounds, the sample may not fully represent the full
diversity in the early childhood population. Second, the duration of the 12-week
intervention, while sufficient to observe significant skill improvement, may not be
sufficient to assess long-term effects or to observe effects on developmental
milestones that arise later. Four-week follow-up observations provide some insight
into the sustainability of skills, but longer longitudinal studies are needed to
understand the long-term developmental trajectory.

Third, the qualitative nature of the research, while providing rich and contextual
insights, limits the ability to make strong causal claims about the relationship
between educational play interventions and the development of fine motor skills.
Without a strict control group, it is impossible to completely separate the effects of
the intervention from natural maturation and other environmental influences.
Fourth, the potential for observer bias and the Hawthorne effect cannot be
completely ruled out, as educators and children are aware that they are being
observed and may have changed their behavior as a result. Efforts have been made
to minimize this bias through extended observation periods and triangulation of
various data sources, but the effects cannot be completely eliminated.

Fifth, reliance on assessment of fine motor skills that is largely observational,
without the use of standardized assessment instruments with established norms,
limits the ability to compare results with normative populations or with findings
from other studies using different measures. Sixth, variability in the context of
implementation in different preschool settings, while providing insight into
contextual factors, also introduces a heterogeneity that makes it difficult to identify
the most effective elements of specific interventions. Finally, the study focuses
primarily on children who develop typically and may not fully address the needs of
children with diagnosed developmental delays or specific conditions that require a
more specialized intervention approach.

CONCLUSION

This qualitative case study examined educational games’ effectiveness in
enhancing preschoolers’ fine motor skills through a 12-week intervention involving
24-30 children aged 4-6 years across 3-4 centers. Findings demonstrate that
educational games significantly contribute to fine motor development, with
effectiveness varying by game type. Manipulative play yielded improvements in
coordination, with reduced stringing time (4.8 to 1.4 minutes) and enhanced
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precision (62% to 94%). Creative play fostered visual-motor integration, marked by
pencil grip transitions from palmar/cylindrical (78%) to dynamic tripod (71%) and
scissors accuracy improving (38% to 88%). Technology-based games developed
digital skills with increased touch precision (54% to 89%), though limitations
emerged in tactile feedback. Skills demonstrated sustainability, with mean scores
rising from 8.35/10 at week 12 to 8.40/10 at week 16 follow-up, accompanied by
significant transfer to academic domains including pre-writing (r=0.82), early
mathematics (r=0.71), and functional independence (r=0.68), with overall
academic readiness correlation of r=0.78 (p<0.001). Despite limitations in sample
size and follow-up duration, findings provide substantive evidence that educational
games constitute effective interventions for developing fine motor skills supporting
academic readiness and functional independence in preschoolers.
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