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While empirical debates persist regarding the developmental impacts 

of screen time on early childhood, the pedagogical potential of 

touchscreen interfaces as positive motor stimulators remains under-

explored. This study investigated the optimization of early childhood 

fine motor skills including finger flexibility, hand-eye coordination, 

and movement control through a structured touchscreen finger-

painting intervention. Adopting a two-cycle action research 

framework, the intervention was deployed among 20 children aged 4 

to 5 years. Data were gathered using a triangulated approach 

comprising systematic observation, practitioner interviews, and 

artifact documentation. Quantitative analysis revealed a significant 

developmental shift, where the percentage of children reaching high-

level mastery of Developing as Expected and Very Well Developed 

increased from 65% in Cycle I to 80% in Cycle II. Beyond statistical 

gains, the qualitative insights demonstrated that the interactive haptic 

and visual feedback of the touchscreen interface significantly 

enhanced spatial control and visual-motor coordination. The primary 

contribution of this study lies in redefining digital interaction, 

demonstrating that touchscreen finger painting serves as an active 

pedagogical scaffolding tool rather than a medium for passive 

consumption. 

 

Keywords: Fine Motor Skills, Early Childhood Education, 

Touchscreen Finger Painting, Haptic Interaction, Visual-Motor 

Integration 

 

 
 

 This is an open access article under the CC BY-SA 4.0 license. 

 

DOI: 10.58418/ijeqqr.v5i1.204 
 

How to cite this article: 
Mualifah, S., Syarifudin, A., & 

Rouf, A. M. (2026). Digitizing the 

Canvas: Enhancing Early 

Childhood Fine Motor Skills 

through Touchscreen Finger 

Painting. International Journal of 

Educational Qualitative 

Quantitative Research, 5(1), 92–

104. 

https://doi.org/10.58418/ijeqqr.v5i1.

204 

 

 

 

Read online: 
 

 

 

 

 

 

 
Scan this QR code with your smart 

phone or mobile device to read 

online. 

Corresponding Author: 

Siti Mualifah 

Universitas Muhammadiyah Cirebon, Indonesia 

Email: sitimualifah819@gmail.com 

 
1. INTRODUCTION 

In the contemporary digital era, the ubiquity of touchscreen devices has fundamentally altered the 

experiential landscape of early childhood education (C. Liu & Hwang, 2023; Samuelsson et al., 2022; 

Taheryan & Song, 2026). While substantial scholarly attention has focused on the cognitive and socio-

emotional ramifications of device usage among young children (Alam et al., 2023; Panjeti-Madan & 

Ranganathan, 2023), the physiological impacts (Shanmugasundaram & Tamilarasu, 2023; Syarifudin & 

Muttaqin, 2025), particularly on manual dexterity (Operto et al., 2023), remain intensely debated 

(Clemente-Suárez et al., 2024). Priftis & Panagiotakos (2023) and Wang et al. (2024) argue that excessive 

screen time exacerbates sedentary behaviors and compromises physical development. However, this 

polarizing view often overlooks the potential of interactive touchscreens to serve as dynamic pedagogical 

tools. Rather than restricting digital interaction entirely, current educational research emphasizes the need 

to design meaningful digital activities that can actively scaffold physical growth (C.-H. Chen et al., 2023; 

T. Liu et al., 2025; Masoumi et al., 2024). Therefore, investigating how structured touchscreen activities 

can be leveraged for physical enhancement represents a critical inquiry in modern early childhood 

pedagogy. 

https://journal.qqrcenter.com/index.php/ijeqqr
https://creativecommons.org/licenses/by-sa/4.0/
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Fine motor skills, which involve the precise coordination of small muscles in the fingers and hands in 

tandem with visual tracking, constitute a foundational cornerstone for early childhood autonomy (Shorouk 

et al., 2025; Viviani et al., 2025). These skills underpin essential daily practices and academic functions, 

including writing, drawing, cutting, and handling educational utensils (Lelong et al., 2021; Sutapa et al., 

2021). Mastery of these micro-movements fosters self-confidence and independence, effectively preparing 

young learners for subsequent formal schooling environments. From a developmental standpoint, fine 

motor proficiency requires a sophisticated integration of haptic feedback, finger flexibility, and hand-eye 

coordination (J. Gao et al., 2024; Lo & Wang, 2024). When these components are insufficiently stimulated, 

children frequently experience long-term challenges in spatial control and manual precision, which can 

ultimately hinder their academic performance and practical life skills.   

Pedagogues have traditionally utilized finger painting as a prominent sensory-motor intervention to 

address fine motor deficits (Marta & Shofwan, 2025). By applying pigments directly with their fingers onto 

physical surfaces, children naturally strengthen digital muscles, improve manual flexibility, and refine 

visual-motor integration through playful exploration (Lo & Wang, 2024). Despite its documented efficacy, 

conventional finger painting presents logistical limitations in modern classrooms, including significant 

preparation demands, clean-up constraints, and a lack of adaptive feedback for individual learners. 

According to Sepp et al. (2024), Shorouk et al. (2025) and Goizueta et al. (2025), the digitization through 

touchscreen applications offers an innovative alternative. Touchscreen finger painting preserves the core 

visual-motor dynamics of traditional art while introducing immediate digital feedback, high-contrast visual 

stimuli, and error-free modification options such as undo actions, which can significantly reduce frustration 

and optimize engagement during motor training.   

Prior to conducting the main intervention, the researchers carried out a preliminary classroom 

observation to identify existing challenges in fine motor development among preschool children and to 

assess the utilization of digital learning media in classroom practice. The preliminary study was conducted 

in one early childhood education classroom involving a diagnostic cohort of 20 children aged 4–5 years. 

Classroom observations and teacher interviews revealed that, although touchscreen devices and digital 

applications were occasionally available for learning activities, their use was primarily directed toward 

entertainment or cognitive exercises rather than activities specifically designed to stimulate fine motor 

development. According to a literature study by C. Liu & Hwang (2023), this developmental lag is often 

exacerbated by conventional pedagogical approaches that fail to address the evolving digital habits of 

modern learners. A critical review of the literature reveals that while previous studies have thoroughly 

explored motor stimulation, significant research gaps remain. For instance, investigations by Wuang et al. 

(2022) focused exclusively on conventional tactile media. Similarly, studies by Nam et al. (2021) as well 

as Crandall & Karadoğan (2021) highlighted the benefits of creative play and innovative media but failed 

to isolate the specific haptic mechanisms of capacitive screens. Furthermore, even explorations such as 

those by Taherian Kalati & Kim (2022) and F. Wang et al. (2021) predominantly examined the cognitive 

or literacy outcomes of digital tools, leaving the precise physical-motor affordances of touchscreen art 

largely unaddressed. Consequently, there is a distinct lack of empirical evidence regarding how digital 

interactions systematically translate into manual dexterity.   

To address this empirical and theoretical void, this study implemented a structured touchscreen finger-

painting intervention within a two-cycle action research framework. The primary objective was to evaluate 

the efficacy of this digital intervention in enhancing finger flexibility, visual-motor coordination, and hand 

movement control among young children. The primary contribution of this research lies in its empirical 

bridge between digital play and physical development, redefining the role of mobile devices in early 

education. By proving that capacitive screen interactions can actively scaffold small muscle groups, this 

study shifts the academic paradigm away from viewing touchscreens as purely passive entertainment tools 

towards recognizing them as active instruments for physical pedagogy. 

 
2. METHOD 

This study employed an action-oriented pedagogical research design adapted from the classic cyclical 

framework, which integrates planning, action, observation, and reflection stages (Usman & Mahmud, 

2024). The choice of this design was driven by the pragmatic need to systematically optimize the 

instructional environment and observe behavioral changes in real-time. Instead of treating technology as a 

passive distraction, this iterative framework allowed for the continuous refinement of digital artistic tasks 

based on the immediate physical limitations demonstrated by the children in each cycle. 

The intervention was executed during the second semester of the 2024/2025 academic year within a 

suburban early childhood center located in the Indramayu Regency, Indonesia. The participant cohort 

comprised a purposeful sample of 20 young learners, consisting of children aged 4 to 5 years enrolled in 

Group A. Baseline diagnostics indicated that this cohort exhibited persistent developmental lags in physical 

dexterity, particularly regarding insufficient hand-eye coordination, unstable finger pressure control, and 



 

 

IJE-QQR  ► 94 

 

IJE-QQR, Vol. 5, No. 1, 2026   

general spatial inaccuracy during manual tasks. Ethical protocols were strictly maintained, with formal 

institutional consent secured alongside written parental approvals prior to the commencement of the study. 

The intervention discarded conventional paper-based pigments and utilized a digitised canvas 

environment. The hardware configuration consisted of 10.1-inch Android tablet computers featuring 

capacitive multi-touchscreen interfaces with a display resolution of 1920 by 1200 pixels. The physical 

interaction relied entirely on direct haptic engagement where children used their index fingers as the 

primary drawing instrument. 

The software environment utilized a specialized digital painting application featuring high-contrast 

vector canvases, adjustable brush tracking speeds, and an immediate visual feedback loop. The instructional 

protocols were integrated into the daily lesson plans, locally recognized as Rencana Pelaksanaan 

Pembelajaran Harian. Each session lasted 30 minutes, structured into three distinct phases: a 5-minute 

teacher demonstration of the digital canvas, a 20-minute autonomous touchscreen finger painting activity, 

and a 5-minute reflection session where children interacted with the undo and redo functionalities to 

evaluate their errors. 

To ensure methodological rigor, data collection involved a triangulated approach encompassing 

systematic observation, semi-structured practitioner interviews, and digital artifact documentation. 

Systematic observations were carried out continuously by the classroom teacher acting as the primary 

practitioner and an external observer utilizing standardized scoring rubrics. Semi-structured interviews 

were conducted at the end of each cycle with the early childhood educators to extract qualitative insights 

regarding student frustration levels and behavioral adaptation. Digital artifact documentation captured the 

progression of the children drawings by saving chronological screenshot sequences to analyze spatial 

boundary control over time. 

The evaluation of manual dexterity was mapped across five core behavioral indicators derived from 

international early childhood physical development standards. Student performance was converted from 

the national early childhood grading tiers into a universal four-point ordinal rubric. The tiers were 

operationalized as Level 1 (Uninitiated/BB), Level 2 (Emerging/MB), Level 3 (Proficient/BSH), and Level 

4 (Advanced/BSB). The structural breakdown of these parameters is detailed in Table 1. Digital dexterity 

adapted from Makhafola et al. (2025);  Visual-motor integration adapted from Zhang et al. (2023); Haptic 

pressure regulation adapted from J. Chen et al. (2023);  Kinesics accuracy adapted from Arifah et al. (2022); 

Spatial boundary control adapted from (Pérez-Fabello & Campos, 2023). 

 

Table 1. Operational Matrix for Fine Motor Skill Assessment 

No Behavioral Indicator Target Assessment Aspect 

1 Digital Dexterity The physical ability to execute isolated index finger 

movements on the capacitive screen surface. 

2 Visual-Motor Integration The capacity to coordinate visual tracking with active hand 

trajectories during digital drawing. 

3 Haptic Pressure Regulation The ability to sustain consistent finger contact and control 

sliding friction against the glass interface. 

4 Kinesics Accuracy The ability to follow geometric and structural drawing 

directions provided by the educator. 

5 Spatial Boundary Control The capacity to restrict finger painting movements within 

designated digital margins and shapes. 

 

The collected data were scrutinized through a quantitative descriptive analysis technique. The 

statistical progression was determined by calculating the percentage of children who successfully attained 

the upper-tier developmental benchmarks, specifically the combined frequencies of the Proficient (Level 

3) and Advanced (Level 4) categories within each action cycle. In line with international action research 

criteria, the pedagogical intervention was deemed highly successful if a minimum classical threshold of 

75% of the participant cohort reached these top two performance tiers by the conclusion of the final cycle. 

 
3. RESULTS 
3.1. Baseline Diagnostic of Children Manual Dexterity 

Prior to the implementation of the structured touchscreen intervention, a rigorous baseline diagnostic 

was conducted over a one-week observation period to evaluate the initial fine motor proficiency of the 20 

participating children. This pre-intervention assessment was essential to map the cohort initial physical 

capabilities against the universal four-point grading scale established in the methodology. The initial 

diagnostic evaluations paint a clear picture of substantial developmental challenges, with a striking majority 

of the students failing to demonstrate independent manual stability during everyday classroom activities. 

When analyzed through the specific parameters of early childhood physical development, the descriptive 

data revealed that the cohort functioned almost entirely within the lower performance echelons, specifically 

Level 1 (Uninitiated) and Level 2 (Emerging).  
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To quantify this initial developmental status, a granular calculation of the baseline scores indicated 

that 70% of the children, representing 14 individuals, were classified at Level 1 (Uninitiated) regarding 

their overall manual control. The remaining 30% of the cohort, which equals 6 children, were hovering at 

Level 2 (Emerging), while zero participants achieved the higher competencies of Level 3 (Proficient) or 

Level 4 (Advanced). This skewness in data highlights a significant physical synchronization deficit across 

all five tracked behavioral indicators, creating an empirical justification for an immediate pedagogical 

intervention. 

A qualitative breakdown of the specific behavioral indicators provides deeper insight into these 

physical limitations. In the domain of Haptic Pressure Regulation, the children exhibited two extreme, 

uncalibrated mechanical behaviors. One group of children applied excessive downward pressure when 

holding traditional drawing tools, which led to immediate muscular fatigue and regular tearing of the 

physical paper canvas. Conversely, another group of children demonstrated an unstable, hyper-flexed finger 

posture that generated faint, fragmented strokes due to an inability to maintain continuous surface contact. 

This structural instability directly undermined their performance in Spatial Boundary Control. During 

conventional coloring tasks, fewer than 30% of the participants could successfully restrict their hand 

trajectories within designated physical margins, resulting in significant overshooting and spatial 

disorganization. 

Furthermore, the diagnostic phase revealed a pronounced disconnect in Visual-Motor Integration. 

When instructed to trace geometric profiles, the children frequently moved their hands without maintaining 

simultaneous visual tracking, causing a distinct loss of kinesics accuracy. The classroom educators noted 

that this physical lag was heavily reinforced by the existing educational media, which relied primarily on 

static worksheets and repetitive coloring tasks. These traditional materials failed to provide immediate 

feedback loops, meaning that when a child made a spatial error, there was no responsive mechanism to 

stimulate an immediate cognitive or physical self-correction. Consequently, the children easily lost focus, 

grew highly frustrated, and frequently abandoned their tasks before completion. These consolidated 

baseline diagnostics confirm that the children fine motor skills were severely underdeveloped, underlining 

an urgent requirement to replace conventional tools with an active pedagogical scaffolding system capable 

of providing dynamic, real-time physical calibration. 

 

3.2. Quantitative Behavioral Progression Across Action Cycles 

The systemic implementation of the touchscreen finger painting intervention yielded a progressive 

and measurable upward trajectory in the children manual dexterity over the two successive action cycles. 

The quantitative data gathered through systematic observation matrices demonstrated that the digital canvas 

successfully accelerated the physical adaptation of the participant cohort. To maintain analytical 

consistency, the success of the intervention was evaluated based on the number of children who successfully 

transitioned into the upper developmental tiers, which combined the frequencies of Level 3 (Proficient) and 

Level 4 (Advanced). 

During Cycle I, the introduction of capacitive touchscreen tasks initiated a noticeable shift in how the 

children controlled their small muscle groups. The quantitative analysis from the first cycle revealed that 

65% of the cohort, representing 13 out of the 20 participating children, successfully reached the combined 

mastery benchmarks of Proficient and Advanced. At this stage, the class mean score stabilized at 2.93, 

indicating that the majority of the students had moved away from the baseline limitations. 

However, a critical evaluation of the remaining 35% of the cohort, which equals 7 children, uncovered 

persistent physical bottlenecks. These students remained at Level 2 (Emerging) due to an inability to 

regulate sliding friction against the glass surface, which frequently caused their fingers to overshoot the 

digital boundaries. This finding indicated that while the interactive digital media was highly engaging, a 

uniform instructional delivery was insufficient for children with lower initial coordination levels. 

To address the specific motor deficits identified at the conclusion of the first cycle, targeted 

pedagogical modifications were introduced in Cycle II. The classroom practitioner minimized whole-class 

lectures and shifted toward individualized physical scaffolding, which included gentle hand-guided 

physical tracking for the 7 struggling children during the tablet sessions. Additionally, the digital drawings 

were modified to include high-contrast geometric borders to maximize visual guidance. 

As a direct consequence of these instructional adjustments, Cycle II generated a significant empirical 

surge in manual coordination. The final quantitative assessment revealed that the proportion of children 

achieving high-level mastery increased to 80%, representing 16 out of the 20 participants. This statistical 

leap meant the cohort successfully surpassed the pre-established 75% classical success threshold. The 

remaining 4 children, representing 20% of the sample, advanced securely from Level 1 to Level 2, showing 

marked improvements in their task completion rates even though they did not reach full proficiency within 

the study timeline. This comprehensive progression confirms that the iterative action research framework 

allowed the technological tool to act as an adaptive physical scaffold, systematically transforming digital 

interface interaction into refined manual accuracy. 
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3.3. Granular Analysis of Fine Motor Indicators 

To uncover the precise mechanical impacts of the technological interposition, the quantitative data 

were disaggregated into five discrete behavioral indicators. This granular approach isolates how specific 

dimensions of manual dexterity evolved from the initial baseline phase through the micro-developmental 

stages of Cycle I and Cycle II. Table 2 presents the longitudinal tracking of the cohort mean scores, which 

provides empirical evidence of the distinct developmental trajectories across the different motor domains. 

 

Table 2. Longitudinal Evolution and Net Gains of Fine Motor Indicators 

No Behavioral Indicator Baseline Mean Cycle I Mean Cycle II Mean Net Gain 

1 Digital Dexterity 1.85 2.80 3.55 +1.70 

2 Visual-Motor Integration 2.00 2.95 3.60 +1.60 

3 Haptic Pressure Regulation 1.50 2.65 3.30 +1.80 

4 Kinesics Accuracy 2.10 3.00 3.45 +1.35 

5 Spatial Boundary Control 1.60 2.75 3.40 +1.80 

 

The empirical configuration illustrated in Table 2 reveals an asymmetrical growth pattern among the 

tracked physical competencies. The most prominent statistical acceleration was captured within two 

specific parameters, namely Haptic Pressure Regulation and Spatial Boundary Control, both of which 

registered an identical net gain of +1.80 points. Haptic Pressure Regulation rose from a critically low 

baseline mean of 1.50 to a highly proficient Cycle II mean of 3.30. Parallel to this, Spatial Boundary Control 

advanced from 1.60 to 3.40. This synchronous growth indicates that the frictionless properties of the 

capacitive glass interface coupled with the immediate visual containment of the vector software acted as an 

accelerated physical calibration mechanism, allowing the young learners to master perimeter awareness and 

surface contact simultaneously. 

In contrast, Digital Dexterity and Visual-Motor Integration demonstrated steady, intermediate growth 

patterns. Digital Dexterity, which measures the children isolated index finger movements, achieved a 

substantial net gain of +1.70, moving from a baseline score of 1.85 to a terminal score of 3.55. Visual-

Motor Integration followed closely with a net increase of +1.60, culminating in the highest absolute mean 

score of 3.60 at the end of Cycle II. These high terminal values prove that the continuous act of visual 

tracking synchronized with active hand trajectories on a luminous screen effectively stabilized the 

fundamental ocular-motor pathways of the children. 

Conversely, Kinesics Accuracy yielded the lowest developmental net gain, recording an increase of 

only +1.35 points. Although this indicator started with the highest baseline mean of 2.10 and climbed to a 

respectable 3.45 in Cycle II, its slower rate of growth reveals an important pedagogical insight. While the 

interactive touchscreen interface excelled at reinforcing spontaneous physiological mechanics like sliding, 

tapping, and boundary adherence, it was less aggressive in accelerating the children cognitive ability to 

conform precisely to rigid geometric guidelines. This minor variation suggests that while digital finger 

painting heavily reinforces physical dexterity and visual integration, the mastery of structural shape 

replication remains highly dependent on external instructional guidance rather than the technological 

medium alone. The consolidated data in Table 2 confirm that the intervention successfully elevated all five 

operational indicators past the threshold of basic proficiency, proving the multi-dimensional efficacy of the 

digital canvas. 

 

4. DISCUSSION 

4.1. Haptic Affordances and The Mechanics of Touchscreen Scaffolding 

The primary empirical breakthrough of this study demonstrates that interactive touchscreen finger 

painting significantly optimizes early childhood fine motor skills, a finding that challenges traditional 

assumptions regarding the absolute necessity of physical mediums in early childhood physical 

development. The findings can be interpreted through the lens of affordance theory (Chong & Proctor, 

2020), which posits that the physical characteristics of an interface shape the action possibilities available 

to users and, consequently, influence how they interact with it. 

Conventional art platforms offer tactile affordances characterized by variable surface friction, uneven 

pigment thickness, and high resistance. While these physical attributes are beneficial for advanced motor 

control, the baseline diagnostics demonstrated that these complex variables easily overwhelmed the 

underdeveloped muscle groups of young children. This physical overload aligns with the observations of 

Agustinawati & Suparno (2025), who noted that traditional tactile media often cause premature muscular 

fatigue due to unpredictable mechanical drag.   

The capacitive touchscreen alters this interaction by providing a smooth, uniform, and highly 

responsive surface that enables consistent touch input. Nam et al. (2021) and Brucker et al. (2021) reported 

that capacitive touchscreens provide accurate and stable touch detection, while recent reviews emphasize 

that the educational benefits of touchscreen technologies depend on well-designed digital activities and 
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appropriate adult guidance rather than the technology alone (Taherian Kalati & Kim, 2022). Consequently, 

the predictable, low-friction interaction afforded by capacitive touchscreens may reduce unnecessary 

variability during touch input, allowing children to devote greater attention to controlled finger movements 

and task execution. 

This structural stabilization provides a plausible explanation for the substantial improvement in haptic 

pressure regulation observed in the present study. From a biomechanical perspective, precise manual 

control depends on the regulation of fingertip forces and the mechanical interaction between the finger and 

the contacted surface (Delhaye et al., 2021). Unlike conventional painting media, which involve variable 

surface resistance and changing frictional conditions, capacitive touchscreens provide a smooth and 

mechanically consistent interaction surface  (Nam et al., 2021). This stable contact environment may reduce 

variability in finger–surface interaction, allowing children to allocate greater attention to controlling finger 

trajectories and touch pressure during task execution. 

This structural stabilization provides a plausible explanation for the substantial improvement in haptic 

pressure regulation observed in the present study. Consistent with contemporary theories of sensorimotor 

control, accurate movement depends on continuous integration of sensory feedback with motor commands 

to refine internal models of action (Almani et al., 2026; Lam et al., 2026). Compared with conventional art 

materials, capacitive touchscreens provide a smooth and mechanically consistent interaction surface, 

reducing variability in finger–surface contact and enabling more stable touch input. Such predictable 

interaction conditions may facilitate more precise regulation of finger pressure and movement trajectories 

during repeated touch-based tasks. 

This finding extends the traditional view that finger painting promotes sensory and fine motor 

development by demonstrating that similar developmental benefits can also be achieved through well-

designed touchscreen environments. Rather than diminishing opportunities for motor practice, the digital 

canvas provides a consistent touch interface that may facilitate more precise finger control and movement 

regulation during artistic activities (Clark et al., 2021; Taherian Kalati & Kim, 2022). 

Recent studies acknowledge that touchscreen interaction provides a sensorimotor experience that 

differs from traditional art materials, as digital interfaces offer distinct affordances and interaction patterns 

compared with physical media (Ziemer et al., 2021). Although physical materials remain valuable for rich 

multisensory exploration, systematic reviews indicate that touchscreen environments can effectively 

support young children's learning when activities are developmentally appropriate and accompanied by 

pedagogical scaffolding (Taherian Kalati & Kim, 2022). For children with emerging fine motor skills, the 

consistent interaction characteristics of capacitive touchscreens may reduce unnecessary variability during 

task execution, allowing greater attention to be directed toward finger control and movement accuracy. 

These findings suggest that digital media should not be viewed as replacements for traditional art 

experiences but as complementary tools that can provide developmentally appropriate support during early 

stages of fine motor learning (Clark et al., 2021). 

By providing a predictable and developmentally appropriate interaction environment, touchscreen 

technology can serve as a supportive platform for early fine motor practice. Systematic reviews indicate 

that digital learning environments are most effective when their physical and pedagogical demands are 

aligned with children's developmental abilities and supported through guided interaction  (Guellai et al., 

2022; Skene et al., 2022). Rather than replacing traditional art materials, touchscreen-based activities may 

complement them by offering consistent opportunities for repeated hand–eye coordination and controlled 

finger movements before children engage with more variable physical media. These findings extend 

traditional perspectives on early childhood motor development by suggesting that interactive digital 

technologies can function as developmentally appropriate tools for supporting fine motor learning. 

 

4.2. Visual-Motor Integration and Spatial Boundary Control in Digital Mediums 

The striking quantitative terminal mean score of 3.60 achieved in Visual-Motor Integration, coupled 

with the maximal net gain of +1.80 in Spatial Boundary Control, demands a critical socio-cognitive 

evaluation. Visual–motor integration depends on the continuous coordination of visual perception with 

motor execution through ongoing sensory feedback. Contemporary research demonstrates that real-time 

visual feedback facilitates online movement correction and improves movement accuracy during 

visuomotor tasks (Lam et al., 2026; Márquez et al., 2024). In contrast to conventional drawing media, 

touchscreen interfaces provide direct and consistent interaction between finger movements and visual 

responses, enabling children to receive immediate visual consequences of their actions (Ziemer et al., 2021). 

Such characteristics may support more efficient calibration of movement trajectories and spatial boundary 

control during repeated drawing activities, thereby facilitating the development of visual–motor integration 

in young learners. 

This interactive feedback loop provides a robust explanation for the rapid acceleration of spatial 

accuracy observed across the intervention cycles. According to contemporary neuro-physiological evidence 

of visuomotor integration (Marano et al., 2025), early manual and graphic control is deeply contingent upon 

immediate sensory feedback; if this feedback loop is delayed or ambiguous, the motor learning cycle breaks 
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down. The touchscreen application effectively bypasses these constraints by providing a continuous flow 

of non-delayed visual feedback. When a child's finger moves across the glass, the screen generates a high-

contrast digital line in real time, allowing for immediate visual tracking. Recent empirical data confirms 

that this immediate digital response serves as an active calibration mechanism, directly helping children 

adjust their manual speed and trajectory on the fly (Operto et al., 2023). This real-time adjustment explains 

the massive growth in Spatial Boundary Control. When a child's finger threatens to overshoot a digital 

margin, the sudden change in pixel color at the boundary acts as an immediate visual signal. This clear 

visual marker prompts the child to make an instant physical adjustment, effectively preventing the spatial 

disorganization that typically occurs when children use unguided crayons on paper.  

Furthermore, this digital perimeter alignment significantly reduces the cognitive load associated with 

early drawing tasks. In conventional coloring exercises, an accidental line drawn outside the boundaries 

results in a permanent error. This uncorrectable error often creates a high-friction frustration loop that 

disrupts concentration, an obstacle highlighted by Martzog & Suggate (2022) as a primary cause of low 

task completion rates in young children. The digital canvas removes this emotional and cognitive barrier 

by employing smart-vector borders that automatically confine digital paint within designated shapes. Such 

automated boundaries function as a form of digital scaffolding, allowing children to focus on essential 

motor planning and hand control rather than on maintaining perfect spatial accuracy. This interpretation is 

consistent with Sysoev et al. (2022), who demonstrated that automatic scaffolding in children's digital 

learning environments reduces task complexity while supporting autonomous engagement and learning. 

Moreover, reducing unnecessary cognitive demands enables children to devote greater attentional resources 

to fine motor coordination and visual-motor integration, supporting the broader evidence on executive 

function development in digital environments reported by Veraksa et al. (2022). 

This empirical success requires a modern re-evaluation of classical early childhood art theories. While 

Nisa & Purnomo (2026) emphasized that unstructured artistic play is vital for confidence, early frameworks 

rarely considered how structured software interactions could actively guide physical development. This 

study addresses that gap by proving that digital boundaries do not restrict artistic expression. Instead, they 

serve as a dynamic training grid that accelerates physical coordination. This structured digital interaction is 

supported by the work of Newell & Rovegno (2021) as well as C. Gao et al. (2024), who demonstrated that 

innovative educational tools can optimize motor development by keeping children deeply engaged. 

However, this study extends those findings by showing that the visual feedback of the touchscreen 

serves as a powerful corrective tool. As F. Wang et al. (2021) argue, interactive media provides a distinct 

learning advantage over passive media because it responds directly to the physical inputs of the child. When 

a child finger changes direction on the glass, the digital canvas updates instantly, reinforcing the connection 

between the intent of the child and the physical outcome. This highly responsive loop ensures that the child 

remains focused and motivated throughout the drawing task. By turning error correction into a positive, 

interactive game, the touchscreen framework successfully transforms boundary control from a source of 

frustration into an engaging learning experience, providing early childhood educators with a powerful tool 

for accelerating visual-motor integration. 

 

4.3. The Psychological Scaffolding: Error Reduction and Sustained Engagement 

The dramatic developmental surge documented during Cycle II, where the classical mastery rate 

successfully reached 80%, cannot be attributed solely to biomechanical calibration. Instead, this 

quantitative milestone must be evaluated through the psychological dynamics of digital interaction, 

particularly how the interface alters the emotional response of a child to failure. In conventional motor 

training, errors are physically permanent, which often leads to immediate frustration loops. Vygotsky 

emphasized that effective pedagogical scaffolding must operate within the zone of proximal development 

(Wibowo et al., 2025) by mitigating excessive emotional friction that hinders task persistence. 

Barr & Kirkorian (2023) expand on this by stating that guided digital interaction can protect young 

learners from the cognitive overload associated with early learning failures. The touchscreen finger painting 

environment achieves this emotional mitigation by utilizing specific software mechanisms, such as 

immediate undo and redo functions. Tenenbaum & Van Herwegen (2024) notes that such digital design 

features fundamentally redefine the conceptual nature of mistakes, transforming an uncorrectable failure 

into a temporary, easily modifiable action that encourages continuous trial and error. 

By eliminating the physical permanence of errors, the digital canvas systematically dismantles the 

frustration cycles that typically cause early childhood students to abandon fine motor tasks. Booton et al. 

(2023), Yeung & Ng (2023), and Ukenova & Bekmanova (2023) argue that for digital tools to be truly 

educational, they must foster active, minds-on engagement rather than passive entertainment. The non-

threatening nature of the digital canvas encourages children to engage in continuous exploration without 

the fear of ruining their work. When a child finger slips outside a designated margin, the ability to wipe out 

the mistake with a single tap prevents the accumulation of task-induced anxiety. 

According to Self-Determination Theory (Chiu, 2022; Wu et al., 2022), a sense of competence is a 

vital driver of intrinsic motivation. Hwang & Kang (2023) and Liao et al. (2024) observe that interactive 

app feedback loops that reward effort rather than penalize errors reinforce this sense of competence. By 
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giving young learners immediate mastery over their errors, the interface supports their perceived 

competence, which directly explains why the children maintained high levels of focus throughout the 30-

minute autonomous drawing sessions. 

This psychological safety net directly facilitates the physical repetition necessary for long-term motor 

skill acquisition. Muscular memory and neuro-pedagogical adaptation rely heavily on sustained task 

engagement, as repetitive neural activation accelerates the myelination of motor pathways. Outhwaite & 

Van Herwegen (2023) and Evans et al. (2024) observed that interactive educational applications optimize 

learning efficiency by reducing cognitive fatigue and emotional friction. 

When children are freed from the stress of permanent mistakes, they allocate more mental energy 

toward controlling their hand movements and visual tracking, an optimization pattern supported by the 

early childhood tech integration frameworks of Paul et al. (2023) and Howard et al. (2026). Hollenstein & 

Vogt (2024) and Wilson et al. (2024) point out that structured, guided play environments allow children to 

discover physical boundaries naturally. The constant interaction loop between the intent of the child, the 

instant digital correction, and the positive visual reinforcement creates a highly productive learning 

environment where physical practice becomes enjoyable rather than stressful. 

These insights significantly extend the local frameworks established by Mallawaarachchi et al. (2023) 

as well as Amaefule et al. (2023) regarding the implementation of innovative media in early childhood 

pedagogy. While their earlier studies successfully identified that creative play increases general student 

interest, they did not isolate the specific psychological mechanisms through which user interface design 

influences physical stamina. This study addresses that gap by proving that the specific features of digital 

applications act as an emotional stabilizer. 

Loudoun et al. (2023) and Scott et al. (2023) notes that technological play frameworks must account 

for how children negotiate control within digital spaces. The interactive tablet layout provides a safe space 

for experimentation, which helps children build the resilience needed to tackle complex motor challenges. 

By blending emotional reassurance with instant visual feedback, the touchscreen interposition successfully 

transforms physical coordination from a rigid classroom requirement into an engaging, self-directed 

learning journey, offering a powerful blueprint for modern early childhood technology integration. 

 

4.4. Pedagogical Implications, Limitations, and Future Research Trajectories 

The empirical evidence established in this study carries significant pedagogical implications for 

modern early childhood curricula, specifically regarding the structural optimization of digital technology. 

For decades, early childhood educational policies have been dominated by generalized anxieties 

surrounding screen time, often leading to restrictive rules that alienate young learners from digital 

advancements. This research provides a workable framework to counter this defensive posture, 

demonstrating that capacitive mobile interfaces can be systematically transformed from passive 

entertainment tools into active instruments for physical development. Early childhood educators should 

utilize these insights to redesign digital play activities, shifting the instructional focus from entertainment 

to deliberate visual-motor training. By structuring application interactions around clear spatial constraints 

and immediate error-correction mechanisms, teachers can effectively scaffold fine motor development, 

aligning classroom practices with the meaningful technology integration models advocated by Paul et al. 

(2023) and Wilson et al. (2024). 

Despite the clear developmental gains recorded across the intervention phases, several distinct 

limitations must be acknowledged to contextualize the findings. First, the action research design was bound 

to a small sample size of 20 children within a single educational institution, a constraint that limits the 

immediate statistical generalizability of the quantitative outcomes to broader, more diverse populations. 

Second, as noted by Muilwijk & Lazonder (2023), the methodological nature of action research prioritizes 

localized problem-solving over strict experimental control, meaning that external developmental variables 

outside the classroom setting were not fully isolated. Furthermore, the uniform glass substrate of capacitive 

tablets introduces a notable material constraint because it lacks the rich haptic resistances provided by 

traditional artistic media such as clay, sand, or oil pastels. Recent reviews on haptic interaction similarly 

conclude that conventional touchscreens cannot reproduce the force, texture, and tactile feedback necessary 

for developing fine finger strength and dexterous object manipulation (Tong et al., 2023; van Wegen et al., 

2023). 

These identified limitations highlight several important avenues for future research trajectories within 

early childhood physical pedagogy. Subsequent investigations should transition from localized action 

studies toward large-scale randomized controlled trials to validate the efficacy of touchscreen motor 

scaffolding across diverse socio-economic cohorts. Longitudinal research tracking is also highly necessary 

to determine whether the manual dexterity skills acquired through digital interfaces are permanently 

retained and successfully transferred to conventional paper tasks such as handwriting and scissor handling. 

Moreover, future researchers should explore hybrid pedagogical ecosystems that systematically blend 

physical tactile materials with digital applications, perhaps through the use of tangible user interfaces and 

smart stylus tools. By investigating these multi-dimensional technological configurations, the educational 



 

 

IJE-QQR  ► 100 

 

IJE-QQR, Vol. 5, No. 1, 2026   

community can continue to build a more balanced, scientifically grounded approach to early childhood 

technology integration that supports both cognitive and physical growth. 

 
5. CONCLUSION 

This study demonstrates that structured touchscreen finger painting serves as a highly effective 

pedagogical intervention to optimize early childhood fine motor skills. The iterative action research 

framework confirmed a robust upward trajectory in manual dexterity, where the classical mastery rate 

encompassing the combined universal competencies of Level 3 (Proficient) and Level 4 (Advanced) 

advanced significantly from 65% in Cycle I to 80% by the conclusion of Cycle II. This physical progression 

was characterized by substantial granular improvements in haptic pressure regulation and spatial boundary 

control. The empirical evidence proves that the smooth glass substrate of capacitive tablets coupled with 

real-time vector visual feedback can systematically calibrate micro-muscular coordination in young 

learners. 

Beyond the statistical outcomes, the core contribution of this research lies in its theoretical reframing 

of early childhood digital interactions. By demonstrating that the uniform surface texture and immediate 

feedback loops of touchscreen devices minimize physical fatigue and cognitive frustration, this study 

successfully shifts the academic paradigm away from viewing mobile devices as purely passive distractions. 

Instead, it validates interactive technology as an active instrument for physical pedagogy that can safely 

scaffold manual precision and hand-eye coordination before children transition to high-resistance 

traditional learning tools. 

In conclusion, digitizing the canvas opens up innovative, clean, and highly adaptive pathways for 

modern early childhood curricula, provided that technology is integrated with deliberate physical goals 

rather than as mere passive entertainment. Early childhood institutions should confidently incorporate 

structured touchscreen art sessions into their physical development programs. Future research trajectories 

must now expand upon these findings by utilizing larger randomized controlled groups and exploring 

hybrid educational ecosystems that harmoniously combine digital touch interfaces with traditional tactile 

materials to ensure comprehensive, long-term physical growth. 
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