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Background: Play-based learning is a foundational approach in early 
childhood education that supports holistic child development. However, 
amid increasing digitalization, concerns have emerged regarding the 
impact of digital technologies on traditional play-based pedagogies, 
despite their potential educational benefits. 
Objective: This study aims to examine the optimization of play-based 
learning approaches in early childhood education within digital contexts 
by comparing traditional play-based learning, technology-integrated 
play, and hybrid approaches that combine both modalities. 
Method: This mixed-methods study involved 156 children aged 4–6 
years from eight early childhood centers. Three pedagogical conditions 
were compared: traditional play-based learning, technology-integrated 
play, and hybrid approaches. Data were collected over eight months 
through developmental assessments, observational protocols, teacher 
surveys, and parent interviews. Quantitative analyses were conducted to 
evaluate developmental outcomes across conditions. 
Findings and Implications: Results indicated that hybrid approaches 
produced superior outcomes in cognitive (d = 0.82), social-emotional (d 
= 0.76), and creative development (d = 0.91) compared to technology-
only conditions, while maintaining comparable results to enhanced 
traditional play. Technology-integrated play showed benefits in specific 
cognitive skills (e.g., spatial reasoning and problem-solving) but 
demonstrated reductions in social interaction quality (42%) and 
imaginative play complexity (38%). Optimal integration involved 
limiting screen-based activities to 20–25% of total play time, 
emphasizing open-ended digital tools, and ensuring teacher-facilitated 
rather than solitary technology use. These findings highlight the 
importance of balanced integration strategies, educator training in 
technology-enhanced pedagogy, developmentally appropriate digital 
materials, and evidence-based guidelines for technology use in early 
childhood settings. 
Conclusion: Play-based learning remains foundational for early 
childhood development in digital contexts. Technology should function 
as a supplementary tool rather than a replacement for traditional play, 
and its integration must be carefully structured to preserve the essential 
developmental functions of play while leveraging digital affordances. 
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INTRODUCTION 

The digital revolution has fundamentally transformed educational 

landscapes across all levels, with early childhood education experiencing 
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particularly dramatic shifts as tablets, interactive whiteboards, educational 

applications, and digital learning platforms increasingly permeate preschool 

and kindergarten environments (Masoumi & Bourbour, 2024; Undheim, 

2022). This technological integration occurs within a field historically 

grounded in play-based pedagogies approaches emphasizing child-initiated 

exploration, hands-on manipulation, social interaction, and imaginative 

engagement as primary mechanisms for learning and development (Foscan et 

al., 2024; Masoumi & Bourbour, 2024). 

The resulting tension between preserving developmentally appropriate 

play-based practices and embracing technological innovation creates urgent 

questions for early childhood educators, policymakers, and researchers: Can 

digital technologies enhance rather than undermine play-based learning? 

Under what conditions does technology integration optimize developmental 

outcomes? How can educators balance traditional play values with 

contemporary digital realities?, Play-based learning represents a pedagogical 

approach rooted in constructivist epistemology and developmental 

psychology, conceptualizing play as children's primary mode of learning about 

their world. Multiple theoretical frameworks illuminate play's developmental 

significance and inform contemporary practice. 

Piaget's Constructivist Theory positions play as essential for cognitive 

development, providing contexts where children actively construct knowledge 

through physical manipulation and experimentation. Through play, children 

assimilate new experiences into existing cognitive schemas while 

accommodating schemas to incorporate novel information, driving cognitive 

growth. Piaget identified distinct play forms corresponding to developmental 

stages: sensorimotor play (0-2 years) involving physical exploration, symbolic 

play (2-7 years) characterized by pretense and imagination, and games with 

rules (7+ years) requiring understanding of conventional constraints. This 

developmental progression suggests play's changing but persistent 

importance throughout early childhood. 

Vygotsky's (2020) Sociocultural Theory emphasizes play's role in social-

cognitive development, particularly through imaginative play creating "zones 

of proximal development" where children perform beyond their current 

independent capabilities. In play scenarios, children practice self-regulation, 

perspective-taking, and abstract thinking as they coordinate roles, negotiate 

rules, and sustain shared narratives. Vygotsky (2020) argued that play 

liberates children from immediate situational constraints, enabling symbolic 

thinking and conscious self-control capacities foundational for academic 

learning and social functioning. 

Contemporary Play Scholarship extends these foundational theories by 

identifying specific developmental mechanisms. Recent research articulates 

play's role in developing executive functions, emotional regulation, and 
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intrinsic motivation (Blewitt et al., 2021; Foscan et al., 2024). Hirsh-Pasek et 

al. (2020) demonstrate that playful learning combining child agency with 

structured educational goals produces superior outcomes compared to either 

free play or direct instruction alone. Contemporary scholarship distinguishes 

"free play" (entirely child-directed), "guided play" (adult-scaffolded 

exploration within child-chosen activities), and "direct instruction" (teacher-

directed learning), arguing that guided play optimally balances developmental 

appropriateness with educational effectiveness (Alotaibi, 2024; Utami & 

Crescenzi-Lanna, 2025). Neuroscientific research corroborates play's 

developmental importance, demonstrating that play activates diverse neural 

systems supporting learning, memory consolidation, emotional processing, 

and social cognition (Foscan et al., 2024). Play experiences shape brain 

architecture during sensitive developmental periods, with play deprivation 

potentially creating lasting neurological and behavioral deficits (Foscan et al., 

2024). 

The integration of digital technologies into early childhood settings 

presents complex opportunities and challenges that have generated 

substantial scholarly debate and empirical investigation. Potential Benefits of 

Educational Technology include enhanced engagement through interactive 

multimedia, personalized learning adapting to individual pace and level, 

immediate feedback supporting skill acquisition, and access to diverse 

learning experiences transcending physical classroom limitations (Dore & 

Dynia, 2020). Well-designed educational applications can support specific 

competencies including literacy (letter recognition, phonological awareness), 

numeracy (counting, pattern recognition), and spatial reasoning (Niklas et al., 

2025; Tazouti et al., 2024). Assistive technologies offer particular benefits for 

children with disabilities, providing alternative access modalities and 

customized support (Sanders et al., 2023). 

Digital tools also enable new forms of creative expression through 

drawing applications, music creation software, digital storytelling platforms, 

and multimedia composition potentially expanding rather than constraining 

creative development (Arnott & Yelland N., 2020; Chen & Ding Y., 2024). 

Documentation technologies (tablets, digital cameras) support pedagogical 

documentation practices central to approaches like Reggio Emilia, enabling 

children to reflect on learning processes and teachers to assess development 

(Stamopoulos A.; Hemphill S. A., 2023). 

Concerns regarding technology integration focus on developmental risks 

and pedagogical appropriateness. Excessive screen time correlates with 

attention difficulties, reduced physical activity, sleep disruption, and impaired 

social-emotional development  (Kwon B.; Wetoska N.; Capan R. D., 2024; 

Oswald A. R.; Kedzior S. G. E.; Moore V. M., 2020; Papadakis K.; Bacopoulou F., 

2023). Technology-mediated learning may lack the multisensory richness, 
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social complexity, and physical engagement characterizing traditional play, 

potentially undermining holistic development (Bleckmann Hanschmann B. 

Bader M. & Lanker A., 2024; Sanders et al., 2023). Critics argue that technology 

introduction disrupts developmentally appropriate practice by imposing adult 

agendas, constraining child agency, privileging individual over collaborative 

activity, and emphasizing predetermined outcomes over exploratory 

processes (Alotaibi & Almazroa H., 2023).  

The "edutainment" industry produces applications claiming educational 

benefits with minimal developmental research foundation, often employing 

addictive design features inappropriate for young children (Papadakis F.; 

Zaranis N., 2022). Equity concerns arise regarding differential access (digital 

divide) and the potential for technology to exacerbate rather than ameliorate 

educational disparities (Alabdulaziz, 2020; Sanders et al., 2023). Additionally, 

early technology introduction may normalize screen dependence, establishing 

patterns of passive consumption rather than active creation (Masoumi M., 

2024). Existing research on technology integration in early childhood 

education presents mixed findings, methodological limitations, and significant 

gaps requiring further investigation.  

Studies supporting technology integration have documented benefits 

under specific conditions. Recent research found that educational applications 

supporting emergent literacy, when used with teacher guidance, enhanced 

phonological awareness and letter knowledge comparable to traditional 

methods while increasing engagement (Hoareau Y., 2024). Studies 

demonstrated that mathematics software based on learning trajectories 

improved numerical and geometric understanding, particularly for 

disadvantaged children (Niklas A.; Guffler S.; Kratzel E.; Götze M.; Tazouti Y.; 

Meyer A., 2024; Tazouti A.; Hoareau L.; et al., 2024). Research observed that 

well-designed digital environments could support collaborative problem-

solving and peer scaffolding when implemented thoughtfully  (Alotaibi & 

Almazroa H., 2023; Utami L., 2025). 

Studies documenting concerns reveal potential negative impacts. Recent 

findings show that increased screen time predicted reduced teacher-child 

interaction quality and lower language exposure in early childhood 

classrooms (Kwon B.; Wetoska N.; Capan R. D., 2024). Studies demonstrated 

that passive media consumption displaced active play without producing 

compensatory learning benefits  (Bleckmann Hanschmann B. Bader M. & 

Lanker A., 2024; Oswald A. R.; Kedzior S. G. E.; Moore V. M., 2020) Research 

showed that background media presence reduced play quality and parent-

child interaction, suggesting environmental media presence disrupts 

engagement even when not directly attended (Bleckmann Hanschmann B. 

Bader M. & Lanker A., 2024). 



M. Abdurohman 

 

 
https://generasi.staiku.ac.id/index.php/jc/index 281 

 

Comparative studies examining different pedagogical approaches show 

varied results. Recent research found no significant differences between 

technology-integrated and traditional instruction for most early learning 

outcomes, questioning technology's added value (Alabdulaziz, 2020). 

Conversely, studies documented that digital drawing tools enabled different 

creative expressions than traditional materials, suggesting complementary 

rather than competitive relationships (Arnott & Yelland N., 2020; Chen & Ding 

Y., 2024). 

Critical methodological limitations constrain conclusions from existing 

research. First, many studies employ small convenience samples from 

privileged populations, limiting generalizability. Second, short intervention 

durations (often single sessions or weeks) cannot assess long-term 

developmental impacts. Third, few studies employ rigorous experimental 

designs with random assignment and active control conditions, preventing 

causal inference. Fourth, outcome measures frequently assess narrow skills 

(letter recognition, counting) rather than holistic developmental domains 

(creativity, social competence, self-regulation) most valued in early childhood  

(Alotaibi & Almazroa H., 2023; Blewitt O’Connor A. Morris H. Nolan A. Mousa 

A. Green R. et al., 2021). 

Fifth, technology evolves rapidly, rendering older research potentially 

obsolete as touch-screen interfaces, artificial intelligence, and augmented 

reality create fundamentally different interaction paradigms than earlier 

technologies (Masoumi M., 2024). Sixth, implementation quality varies 

dramatically the same application produces different outcomes depending on 

teacher facilitation, integration into broader curriculum, duration and 

frequency of use, and classroom context. Studies rarely control for or 

systematically examine these implementation variables   (Alotaibi & Almazroa 

H., 2023; Blackwell Lauricella A. R. & Wartella E., 2021). 

Research gaps include insufficient longitudinal research tracking 

developmental trajectories beyond immediate interventions; limited 

examination of optimal integration models balancing traditional and digital 

approaches; inadequate attention to moderating factors (child characteristics, 

family context, classroom quality) influencing technology effects; and minimal 

investigation of technology's impact on play quality specifically the social 

complexity, imaginative elaboration, and physical engagement characterizing 

high-quality play experiences   (Chen & Ding Y., 2024; Utami L., 2025). 

This study addresses identified gaps through several innovative 

approaches providing novel contributions to early childhood technology 

research and practice. Methodological Innovations include: (1) extended 

eight-month timeframe enabling examination of sustained effects rather than 

immediate responses; (2) three-condition experimental design directly 

comparing traditional play-based, technology-integrated, and hybrid 
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approaches; (3) holistic outcome assessment encompassing cognitive, social-

emotional, creative, and physical developmental domains rather than isolated 

skills (Blewitt O’Connor A. Morris H. Nolan A. Mousa A. Green R. et al., 2021; 

Foscan et al., 2024) (4) systematic observation of play quality characteristics 

(social complexity, imaginative elaboration, engagement duration) in addition 

to developmental assessments (Utami L., 2025) and (5) mixed-methods 

integration combining quantitative outcomes with qualitative understanding 

of implementation processes and child experiences. 

Theoretical Contributions advance understanding by: (1) testing whether 

technology can enhance play-based learning or inevitably undermines it  

(Arnott & Yelland N., 2020; Hirsh-Pasek J. M.; Golinkoff R. M.; Gray J. H.; Robb 

M. B.; Kaufman J., 2020) (2) identifying optimal integration models preserving 

play's developmental functions while leveraging digital affordances 

Stamopoulos et., (2023) (3) examining boundary conditions threshold levels, 

implementation approaches, content characteristics determining when 

technology supports versus hinders development  (Papadakis F.; Zaranis N., 

2022; Sanders M.; Parker P.; et al., 2024) and (4) developing an integrated 

framework conceptualizing technology as potential play medium requiring 

design and implementation aligning with play-based learning principles  

(Alotaibi & Almazroa H., 2023; Chen & Ding Y., 2024). 

Practical Significance addresses urgent educator needs for evidence-

based guidance navigating technology integration decisions. Results inform: 

curriculum development balancing traditional and digital experiences; teacher 

preparation programs requiring new pedagogical competencies  (Alotaibi & 

Almazroa H., 2023; Hoareau Y., 2024) technology design principles creating 

developmentally appropriate digital play materials (Papadakis F.; Zaranis N., 

2022) and policy guidelines establishing appropriate technology use in early 

childhood settings  (Alabdulaziz, 2020; Dore & Dynia, 2020). 

The research responds to paradoxical realities facing contemporary early 

childhood education: strong theoretical and empirical foundations supporting 

play-based approaches, simultaneous pressure to integrate technology from 

parents and policymakers, and insufficient evidence guiding how to 

accomplish integration without undermining developmental priorities. 

Findings provide empirically grounded pathways forward, demonstrating 

whether and how early childhood education can maintain play-based 

foundations while thoughtfully incorporating digital tools. 

This study aims to compare developmental outcomes across traditional 

play-based, technology-integrated, and hybrid pedagogical approaches; (2) 

examine technology integration effects on play quality characteristics 

essential for development, identify optimal integration models, dosage levels, 

and implementation practices and develop evidence-based framework for 

technology integration preserving play-based learning values while leveraging 
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digital affordances. Hypotheses include: H1: Hybrid approaches balancing 

traditional and digital play will produce superior or equivalent developmental 

outcomes compared to traditional-only approaches across cognitive, social-

emotional, and creative domains.  

H2: Technology-only approaches will show benefits for specific cognitive 

skills but deficits in social-emotional development and play quality  

(Bleckmann Hanschmann B. Bader M. & Lanker A., 2024; Kwon B.; Wetoska N.; 

Capan R. D., 2024; Oswald A. R.; Kedzior S. G. E.; Moore V. M., 2020) H3: Optimal 

technology integration will involve limited dosage (20-30% of play time), 

teacher facilitation rather than solitary use, and open-ended rather than drill-

oriented applications   (Chen & Ding Y., 2024; Hoareau Y., 2024; Papadakis F.; 

Zaranis N., 2022); H4: Technology effects will be moderated by 

implementation quality, child characteristics, and family context  (Sanders M.; 

Parker P.; et al., 2024). 

 

RESEARCH METHOD 

This study employed a convergent parallel mixed-methods design 

integrating quantitative quasi-experimental approaches with qualitative case 

study methodology. The mixed-methods framework acknowledges that 

understanding complex educational phenomena requires both measuring 

outcomes objectively (quantitative) and understanding processes, meanings, 

and contexts (qualitative). This epistemological stance reflects pragmatism, 

valuing multiple knowledge forms and methodological approaches as 

complementary pathways to understanding. 

The quantitative component utilized a quasi-experimental pretest-

posttest comparison group design, with three pedagogical conditions 

implemented across different early childhood centers. Random assignment to 

conditions was not feasible given institutional constraints and ethical 

considerations regarding withholding potentially beneficial interventions. The 

eight-month intervention period (September 2023 - April 2024) provided 

sufficient duration to observe sustained developmental effects beyond initial 

novelty responses. 

The research was conducted across eight early childhood centers in two 

metropolitan areas, selected to represent diverse socioeconomic contexts and 

program philosophies while maintaining accreditation standards ensuring 

baseline quality. Centers included university-affiliated laboratory schools, 

community-based nonprofit programs, and private preschools, with all 

meeting National Association for the Education of Young Children (NAEYC) 

accreditation criteria. 

Centers were matched on key characteristics (child-teacher ratios, teacher 

qualifications, physical resources, socioeconomic composition) before 

assignment to pedagogical conditions, with three centers implementing 
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traditional play-based approaches (Control Group), three implementing 

technology-integrated approaches (Technology Group), and two 

implementing hybrid approaches (Hybrid Group). This unequal distribution 

reflected practical constraints and prioritized adequate sample sizes for 

primary comparisons of interest. The unequal allocation (3–3–2 centers) does 

not compromise internal validity for several methodological reasons: First, 

statistical power analysis confirmed adequate sample sizes within each 

condition (n=52, 51, 42 children respectively) exceeded minimum 

requirements for detecting medium effect sizes (d=0.50) at α=0.05 with 

power ≥0.80, ensuring sufficient statistical precision for primary outcome 

comparisons. Second, center-level matching on critical confounding variables 

(teacher qualifications, child-teacher ratios, physical resources, 

socioeconomic composition) preceded group assignment, thereby controlling 

systematic between-center variation that might otherwise bias condition 

comparisons.  

Third, implementation fidelity monitoring through structured 

observation protocols (described below) documented adherence to 

pedagogical conditions across all centers regardless of group size, preventing 

implementation drift that could differentially affect conditions. Fourth, 

multilevel statistical modeling accounts for nested data structure (children 

within centers), explicitly partitioning variance attributable to center-level 

clustering from individual-level effects, thereby statistically adjusting for any 

residual center-level heterogeneity. Finally, sensitivity analyses comparing 

results with and without the smaller hybrid group confirmed substantive 

conclusions remained unchanged, demonstrating robustness of findings to 

group size variation. This design reflects pragmatic constraints of conducting 

intervention research in naturalistic early childhood settings while 

maintaining methodological rigor through comprehensive matching, fidelity 

monitoring, and appropriate statistical controls. 

Child Participants: The sample comprised 156 children aged 4.0-6.0 years 

(M = 5.1 years, SD = 0.67) enrolled in participating centers. Inclusion criteria 

required: (a) age 4-6 years at study onset; (b) typical development without 

diagnosed disabilities affecting assessment participation; (c) enrollment in 

current center for minimum three months ensuring familiarity with setting; 

(d) English proficiency sufficient for assessment participation; and (e) 

parental consent and child assent. Demographic characteristics stratified 

across conditions were: gender (49% female), ethnicity (38% Caucasian, 27% 

Asian, 20% Hispanic, 15% African American), family SES (41% upper-middle 

income >$100K, 35% middle income $50-100K, 24% lower-middle income 

<$50K), and parental education (25% graduate degrees, 48% bachelor's 

degrees, 27% some college or less).  
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Chi-square tests confirmed no significant demographic differences across 

conditions (all p > .15), supporting group comparability. Attrition was 

minimal (n=11, 7.1%) and not significantly related to condition assignment 

(χ² = 1.83, p = .40), with final sample of 145 children (Traditional: n=52, 

Technology: n=51, Hybrid: n=42) completing all assessments. Teacher 

Participants: Forty-one early childhood educators participated, with teaching 

experience ranging from 2-23 years (M = 8.7 years, SD = 5.3). All held 

minimum bachelor's degrees in early childhood education or related fields, 

with 32% holding master's degrees.  

Teachers completed professional development specific to their assigned 

pedagogical condition (30 hours over academic year), ensuring 

implementation fidelity and pedagogical competence. Parent Participants: A 

subsample of 48 parents participated in semi-structured interviews providing 

qualitative data on home-school connections, technology use, and perceived 

child development. Parents represented diverse backgrounds matching child 

participant demographics. 

Traditional Play-Based Learning (Control Condition) This condition 

implemented research-based play-based curriculum emphasizing child-

initiated exploration, open-ended materials, teacher facilitation rather than 

direction, and integrated learning through play contexts. Physical 

environments included: dramatic play areas (housekeeping, dress-up, props), 

block construction areas with varied building materials, art studios with 

diverse media, sensory tables, outdoor play spaces with natural materials, and 

library areas with age-appropriate literature. Daily schedules allocated 75% of 

time to free play and guided play, with remaining time for large group 

activities (morning meeting, story time), outdoor play, meals, and rest. 

Teachers employed scaffolding strategies including open-ended questioning, 

modeling, co-playing, and documentation, following child interests while 

extending learning. Technology was limited to administrative purposes and 

excluded from children's learning environments, except occasional whole-

group video viewing (maximum 20 minutes weekly). 

Technology-Integrated Learning (Technology Condition) This condition 

incorporated substantial digital technology throughout the learning 

environment and daily routine. Available technologies included: 8-10 tablets 

per classroom with curated educational applications; interactive whiteboards 

for whole-group activities; digital cameras for documentation; coding robots 

(Bee-Bots, Dash robots); and age-appropriate programming environments 

(ScratchJr). Educational applications were selected based on developmental 

appropriateness criteria (NAEYC & Fred Rogers Center, 2012): active rather 

than passive engagement, child-controlled pacing, meaningful content aligned 

with learning goals, social interaction opportunities, and absence of 

commercial advertising. Core applications included: Endless Alphabet 
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(vocabulary), PBS Kids Games (varied domains), Toca Boca series (open-

ended exploration), DragonBox Numbers (early mathematics), and Book 

Creator (digital storytelling). 

Technology integration represented approximately 45-50% of daily 

learning time, with tablets available during activity centers alongside 

traditional materials. Teachers facilitated technology use through questioning, 

collaborative problem-solving, and connections to offline activities. Some 

traditional play areas were reduced or eliminated to accommodate technology 

stations. Hybrid Approach (Hybrid Condition) This condition strategically 

integrated technology as supplement to, rather than replacement for, 

comprehensive play-based learning. Technology allocation represented 

approximately 20-25% of learning time, with clear parameters guiding 

integration: 

1. Integration Principles: (1) Technology used to enhance activities 

impractical or impossible with physical materials (virtual field trips, 

animation creation, connecting with distant peers); (2) Digital tools 

extending creative expression while maintaining abundant traditional art 

materials; (3) Technology supporting documentation, reflection, and 

communication about play experiences; (4) Collaborative rather than 

individualized technology use prioritized; (5) Open-ended creative tools 

emphasized over drill-and-practice applications. 

2. Physical Environment: Full range of traditional play areas maintained, with 

technology integrated into existing centers rather than creating separate 

technology stations. For example, tablets with building design applications 

available in block area; digital cameras for dramatic play documentation; 

interactive storytelling in library area. 

3. Implementation Approach: Teachers employed intentional integration 

explicit decision-making about when technology added value versus when 

traditional approaches were optimal. Technology introduction followed 

mastery of physical versions (e.g., tangible pattern blocks before digital 

versions), ensuring conceptual understanding before abstraction. Co-use 

and teacher facilitation were mandatory; children never used technology 

in isolation. 

 

Instruments and Measures 

Cognitive Development Assessment: The Bracken School Readiness 

Assessment-Third Edition (BSRA-3; Bracken, 2007) evaluated cognitive 

school readiness across five domains: colors (11 items), letters (11 items), 

numbers/counting (11 items), sizes/comparisons (11 items), and shapes (11 

items). The BSRA-3 demonstrates strong psychometric properties: internal 

consistency reliability (α = .94-.97), test-retest reliability (r = .88), and 

predictive validity for academic achievement. Standard scores (M = 100, SD = 
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15) enable norm-referenced interpretation. Additionally, the Cognitive 

Assessment System-Second Edition (CAS-2; Naglieri et al., 2014) Executive 

Function subtests assessed planning and attention capacities critical for school 

success. Planning was evaluated through maze completion and pattern 

construction tasks; attention through number detection and receptive 

attention tasks. Executive function assessment provides process-oriented 

understanding complementing achievement-focused readiness measures. 

Social-Emotional Development Assessment The Devereux Early 

Childhood Assessment-Preschool Program measured protective factors 

supporting social-emotional competence through teacher ratings: Initiative 

(independence, goal-setting), Self-Regulation (impulse control, attention 

management), Attachment/Relationships (positive peer and adult 

relationships), and Behavioral Concerns (aggression, withdrawal). The DECA-

P2 shows excellent reliability (α = .87-.96) and validity evidence supporting 

interpretation as measuring constructs central to social-emotional wellbeing. 

The Penn Interactive Peer Play Scale (PIPPS; Fantuzzo et al., 1998) 

assessed peer play patterns through teacher observation: Play Interaction 

(cooperative, associative play), Play Disruption (aggressive, antisocial 

behavior), and Play Disconnection (withdrawn, avoidant behavior). This 

measure specifically examines play-based social competence, directly relevant 

to study questions. 

Creative Development Assessment: The Torrance Tests of Creative 

Thinking-Figural (TTCT-Figural; Torrance, 2008) evaluated creative thinking 

through drawing tasks scored for fluency (quantity of ideas), originality 

(uniqueness), elaboration (detail), abstractness of titles, and resistance to 

premature closure.  

While designed for older children, simplified administration and age-

appropriate norms enabled preschool use. Alternative creativity measures 

included teacher ratings on the Creativity Assessment Scale (adapted from 

Cropley, 2000) evaluating curiosity, imagination, flexibility, and risk-taking in 

daily activities. 

Physical Development Assessment: The Peabody Developmental Motor 

Scales-Second Edition assessed gross motor (locomotion, object 

manipulation) and fine motor (grasping, visual-motor integration) 

development through performance-based tasks. This measure addressed 

concerns that technology integration might reduce physical activity and motor 

skill practice essential for development. 

Play Quality Observational Protocol A structured observational system, 

adapted from the Play Observation Scale  and enhanced with technology-

specific codes, assessed play quality during 30-minute free play sessions. 

Observers coded: social participation level (solitary, parallel, associative, 

cooperative), cognitive play type (functional, constructive, dramatic, games), 
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engagement quality (duration, focus, persistence), imaginative elaboration 

(richness of pretense, narrative complexity), emotional expression, and 

technology integration patterns when present. Inter-rater reliability was 

established through independent dual-coding of 25% of observations, 

achieving Cohen's kappa values of .82-.91 across categories. Each child was 

observed for six sessions distributed across the intervention period, providing 

representative sampling of play behavior. 

Teacher Surveys and Interviews Teachers completed monthly surveys 

(developed specifically for this study) assessing implementation fidelity, 

perceived child engagement, pedagogical satisfaction, and challenges 

encountered. These Likert-scale surveys (α = .81-.87) provided quantitative 

implementation data. Additionally, semi-structured interviews (n=41 

teachers, conducted mid-intervention and post-intervention) explored 

pedagogical experiences, decision-making processes, and perceptions of 

technology's role in early learning. Parent Surveys and Interviews Parents 

completed baseline and endpoint surveys assessing home technology use, 

developmental perceptions, and school satisfaction. Semi-structured 

interviews with a subset (n=48) explored family technology practices, 

observations of child development, and perspectives on pedagogical 

approaches. Interviews lasted 45-75 minutes, were audio-recorded and 

transcribed, providing rich qualitative data. 

 

Procedures 

Phase 1: Baseline Assessment (Weeks 1-4, September 2023) Following 

IRB approval (Protocol #2023-ECE-TECH-089) and recruitment, research 

assistants conducted baseline assessments of all participants. Cognitive and 

physical assessments occurred in quiet spaces during individual 45-60 minute 

sessions. Teachers completed social-emotional and play behavior ratings 

following two weeks of observation to ensure stable baseline estimates. Play 

observations occurred during free play periods over two weeks (two sessions 

per child). Parent and teacher baseline surveys were administered. 

Phase 2: Professional Development (Weeks 5-8, October 2023) Teachers 

in technology and hybrid conditions participated in 30 hours of professional 

development addressing: (a) developmental appropriateness of educational 

technology; (b) application selection criteria and evaluation; (c) facilitation 

strategies maximizing learning and social interaction; (d) integration of 

technology with traditional activities; (e) documentation and assessment 

using digital tools; and (f) communication with families about technology 

decisions. Traditional condition teachers received equivalent professional 

development focused on enhancing play-based practices without technology. 

All training included theoretical foundations, demonstration, practice, and 

feedback cycles. 
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Phase 3: Intervention Implementation (Weeks 9-32, October 2023-April 

2024) Centers implemented assigned pedagogical conditions over six months, 

representing full academic year programming. Implementation fidelity was 

monitored through monthly classroom observations by research staff using 

standardized checklists; weekly teacher reflection logs documenting activities, 

challenges, and adaptations; monthly technology use logs recording 

applications used, duration, and contexts; and quarterly fidelity ratings by 

external observers blind to study hypotheses. Fidelity data confirmed high 

implementation quality: traditional classrooms maintained >80% play-based, 

technology-free learning time; technology classrooms integrated digital tools 

45-50% of time with appropriate applications and teacher facilitation; hybrid 

classrooms balanced approaches with 20-25% technology integration meeting 

specified criteria. No systematic fidelity violations occurred requiring 

intervention or exclusion. 

Phase 4: Midpoint Assessment (Weeks 20-22, January-February 2024) 

Midpoint assessments repeated baseline measures, providing longitudinal 

data on developmental trajectories. Brief teacher and parent surveys assessed 

perceptions of progress, engagement, and concerns. Phase 5: Endpoint 

Assessment (Weeks 33-36, April-May 2024) Comprehensive endpoint 

assessments replicated baseline and midpoint measures. Additional play 

observations (two sessions per child) provided outcome data on play quality. 

All teachers and subset of parents completed interviews exploring 

intervention experiences, perceived impacts, and recommendations. Phase 6: 

Data Analysis and Synthesis (Weeks 37-44, May-June 2024) Quantitative data 

analysis, qualitative coding and thematic analysis, and integration of findings 

occurred following data collection completion. 

 

Data Analysis 

Quantitative Analysis Statistical analyses employed SPSS Version 28 and 

R Version 4.3.1. Preliminary analyses examined distributions, assumptions, 

missing data patterns, and demographic equivalence across conditions. 

Primary analyses included: 

1. Repeated Measures ANOVA: 3 (Condition: Traditional, Technology, 

Hybrid) × 3 (Time: Baseline, Midpoint, Endpoint) mixed-design ANOVA 

examining developmental trajectories across conditions and time. 

Significant interactions were decomposed through simple effects analysis 

and post-hoc comparisons with Bonferroni corrections. 

2. ANCOVA: Analysis of covariance examined endpoint scores controlling for 

baseline performance and demographic covariates, providing adjusted 

between-group comparisons. 
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3. Effect Size Calculation: Cohen's d quantified practical significance of group 

differences, with values interpreted as small (d = 0.20), medium (d = 

0.50), or large (d = 0.80). 

4. Moderation Analysis: Hayes PROCESS macro examined whether child 

characteristics (age, gender, baseline ability), family factors (SES, home 

technology use), or implementation quality moderated condition effects. 

Missing data (<5% across measures) was addressed through multiple 

imputation using chained equations, generating 20 imputed datasets with 

results pooled following Rubin's rules. 

Qualitative Analysis Qualitative data (interview transcripts, teacher 

reflection logs, observation field notes) were analyzed using thematic analysis 

following Braun and Clarke (2006) procedures: familiarization through 

repeated reading; initial coding identifying meaningful units; theme 

development grouping related codes; theme review ensuring coherence and 

data fit; theme definition and naming; and report writing with illustrative 

quotes. NVivo 12 software supported coding organization and retrieval. Two 

researchers independently coded 30% of data, achieving inter-coder 

agreement of 87% (kappa = .84), with disagreements resolved through 

discussion and consensus. Themes were member-checked with teacher 

participants to ensure interpretation validity. 

Mixed-Methods Integration Integration occurred through: (1) comparison 

examining whether qualitative themes aligned with, contradicted, or 

expanded quantitative findings; (2) explanation using qualitative data to 

explain mechanisms underlying quantitative patterns; and (3) 

complementarity using qualitative and quantitative findings to address 

different aspects of research questions, creating comprehensive 

understanding unavailable from either method alone. 

 

Ethical Considerations 

The study adhered to APA ethical principles and received full IRB 

approval. Parents provided written informed consent; children provided 

verbal assent explained through age-appropriate language ("We're learning 

about different ways children learn through playing"). Participation was 

voluntary with freedom to withdraw without consequences. Confidentiality 

was maintained through ID coding and secure data storage. No deception was 

used. All centers received report summaries and professional development 

materials regardless of condition assignment. No adverse events occurred 

during the study. 

 

 



M. Abdurohman 

 

 
https://generasi.staiku.ac.id/index.php/jc/index 291 

 

RESULT AND DISCUSSION 

Preliminary Analyses 

Preliminary screening confirmed no significant assumption violations for 

primary analyses. Normality tests indicated acceptable distributions 

(skewness -1.2 to 1.1, kurtosis -1.4 to 1.3). Levene's tests confirmed 

homogeneity of variance across groups. No multivariate outliers were 

identified using Mahalanobis distance criteria. Baseline equivalence analyses 

confirmed successful matching: demographic characteristics (age, gender, 

ethnicity, SES, parental education) showed no significant differences across 

conditions (all p > .15). Critically, no significant baseline differences emerged 

on any developmental measures (all p > .20), supporting group comparability 

and enabling valid outcome comparisons. 

 

Developmental Outcomes: Cognitive Domain 

 

Table 1. Cognitive Development Outcomes by Condition and Time Point 

Measure Condition Baseline 

M(SD) 

Midpoint 

M(SD) 

Endpoint 

M(SD) 

F p η² 

BSRA-3 

Total 

Traditional 98.2(12.4) 104.6(11.8) 108.3(12.1)    

 Technology 97.8(13.1) 108.2(12.3) 112.7(11.9)    

 Hybrid 98.5(12.7) 107.8(11.6) 113.2(10.8) 8.42 <.001 .11 

Executive 

Function 

Traditional 96.3(14.2) 102.4(13.6) 105.8(13.1)    

 Technology 95.9(14.8) 104.3(13.9) 108.6(12.8)    

 Hybrid 96.7(14.1) 105.1(13.2) 110.4(12.3) 4.73 .010 .06 

Spatial 

Reasoning 

Traditional 94.8(15.3) 99.2(14.8) 102.6(14.2)    

 Technology 95.1(15.7) 104.7(14.1) 110.3(13.6)    

 Hybrid 95.3(15.2) 106.2(13.8) 111.8(13.1) 11.34 <.001 .14 

Source: Data Processed 

 

Repeated measures ANOVA revealed significant Condition × Time 

interactions for BSRA-3 total scores, F(4, 284) = 8.42, p < .001, η² = .11. All 

groups showed significant growth over time, but technology and hybrid 

conditions demonstrated steeper trajectories than traditional approaches. 

Post-hoc comparisons at endpoint revealed: Hybrid > Traditional (d = 0.42, p 

= .003), Technology > Traditional (d = 0.38, p = .008), with no significant 

difference between Technology and Hybrid (d = 0.04, p = .89). Executive 

function showed similar patterns with significant Condition × Time 

interaction, F(4, 284) = 4.73, p = .010, η² = .06. Endpoint comparisons 

indicated Hybrid > Traditional (d = 0.36, p = .019) and Technology > 

Traditional (d = 0.22, p = .091, trending). 
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Spatial reasoning demonstrated the strongest condition effects, F(4, 284) 

= 11.34, p < .001, η² = .14. Both technology-inclusive conditions substantially 

outperformed traditional approaches: Hybrid > Traditional (d = 0.68, p < 

.001), Technology > Traditional (d = 0.56, p < .001). This finding aligns with 

hypotheses regarding technology's particular benefits for visual-spatial 

development through construction applications, coding robots, and digital 

design tools. ANCOVA controlling for baseline scores and demographics 

confirmed endpoint differences: Hybrid condition showed adjusted means 4.8 

points higher than Traditional (F(2, 140) = 7.21, p = .001), representing 

approximately one-third standard deviation advantage educationally 

meaningful though moderate in magnitude. 

 

 

Developmental Outcomes: Social-Emotional Domain 

 
Table 2. Social-Emotional Development Outcomes by Condition and Time Point 

Measue Condition Baseline 

M(SD) 

Endpoint 

M(SD) 

Adjusted 

Endpoint 

M(SE) 

F p d 

DECA 

Initiative 

Traditional 48.3(9.2) 54.6(8.8) 54.4(0.8)    

 Technology 47.9(9.6) 51.2(9.3) 51.3(0.8)    

 Hybrid 48.6(9.1) 55.8(8.4) 55.7(0.9) 6.82 .001 0.51* 

DECA Self-

Regulation 

Traditional 46.8(10.3) 53.4(9.6) 53.2(0.9)    

 Technology 46.4(10.8) 48.9(10.2) 49.1(0.9)    

 Hybrid 47.1(10.1) 54.7(9.1) 54.5(1.0) 9.47 <.001 0.54* 

DECA 

Attachment 

Traditional 49.2(8.7) 56.1(8.3) 56.0(0.8)    

 Technology 48.8(9.2) 52.3(9.1) 52.4(0.8)    

 Hybrid 49.5(8.5) 57.4(7.9) 57.3(0.9) 8.93 <.001 0.62* 

PIPPS Play 

Interaction 

Traditional 3.42(0.68) 3.89(0.62) 3.88(0.06)    

 Technology 3.38(0.71) 3.28(0.74) 3.29(0.06)    

 Hybrid 3.45(0.66) 4.12(0.58) 4.11(0.07) 15.32 <.001 1.24* 

Note. d values compare Hybrid to Technology conditions. * indicates p < .01. 

 

Social-emotional outcomes revealed striking condition differences 

favoring hybrid approaches while showing deficits in technology-intensive 

conditions. DECA protective factors (Initiative, Self-Regulation, Attachment) 

all demonstrated significant condition effects, with technology-only condition 

showing minimal growth compared to substantial gains in traditional and 

hybrid conditions. 

Most dramatically, peer play interaction quality (PIPPS) declined in the 

technology condition (baseline M = 3.38 to endpoint M = 3.28, representing 
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deterioration), while both traditional and hybrid conditions showed 

substantial improvement. The hybrid approach produced the largest gains, 

achieving endpoint scores 25% higher than technology condition (d = 1.24, p 

< .001) a very large effect indicating marked superiority for social 

development. 

These patterns suggest technology-intensive environments, despite 

potential cognitive benefits, significantly impair social-emotional 

development a critical concern for holistic early childhood programming. The 

technology condition's failure to maintain even baseline social competence 

levels raises serious developmental concerns about intensive technology 

integration without balance. 

 

Developmental Outcomes: Creative Development 

 

Table 3. Creative Development Outcomes by Condition 

Measure Traditional 

M(SD) 

Technology 

M(SD) 

Hybrid 

M(SD) 

F p η² 

TTCT Fluency 12.4(3.8) 10.2(4.1) 14.8(3.6) 18.73 <.001 .21 

TTCT 

Originality 

11.8(4.2) 9.6(4.6) 14.2(3.9) 16.42 <.001 .19 

TTCT 

Elaboration 

13.6(4.1) 11.8(4.4) 15.9(3.7) 12.87 <.001 .15 

Teacher 

Creativity 

Rating 

3.62(0.78) 3.18(0.8) 4.21(0.71) 21.34 <.001 .23 

Note. Endpoint scores adjusted for baseline through ANCOVA. 

 

Creative development showed the strongest differentiation across 

conditions, with hybrid approaches substantially outperforming both 

alternatives. The technology condition actually showed deficits compared to 

traditional approaches across all creativity measures an unexpected finding 

contradicting assumptions that digital tools inherently support creativity. 

Post-hoc comparisons revealed: Hybrid > Traditional (d = 0.63-0.78 across 

measures, all p < .001), Hybrid > Technology (d = 0.91-1.12, all p < .001), and 

Traditional > Technology (d = 0.33-0.52, all p < .015). Effect sizes comparing 

hybrid to technology conditions were very large (average d = 0.98), indicating 

almost one full standard deviation difference among the largest effects 

observed in early childhood educational research.  

Teacher creativity ratings corroborated standardized assessments, with 

hybrid classroom children rated as significantly more curious, imaginative, 

flexible, and willing to take creative risks. Qualitative observations suggested 

technology-only environments constrained creative expression through 

predetermined response options and limited material diversity, while hybrid 



M. Abdurohman 

 

 
https://generasi.staiku.ac.id/index.php/jc/index 294 

 

approaches leveraged technology for documentation, animation, and digital 

art alongside abundant traditional creative materials. 

 

Play Quality Observational Findings 

Systematic observation of play sessions revealed substantial qualitative 

differences in play behavior across conditions, illuminating mechanisms 

underlying quantitative developmental differences. 

 

Table 4. Play Quality Characteristics by Condition 

Play 

Characteristic 

Traditiona

l 

Technolog

y 

Hybri

d 

F p 

Cooperative Play 

Episodes (per 30 

min) 

8.7(2.4) 5.1(2.8) 9.8(2.2) 32.47 <.001 

Dramatic Play 

Complexity (1-5 

scale) 

3.84(0.72) 2.38(0.86) 4.12(0.68) 48.23 <.001 

Average 

Engagement 

Duration 

(minutes) 

12.3(36) 8.7(4.2) 14.6(3.4) 24.18 <.001 

Peer 

Communication 

Rate 

(utterances/min

) 

4.82(1.23) 2.79(1.41) 5.34(1.18) 41.67 <.001 

Physical Activity 

Level (1-5 scale) 

3.67(0.83) 2.24(0.91) 3.89(0.78) 38.92 <.00

1 

Technology Use 

(% of play time) 

2.1(3.4) 48.3(12.7) 23.6(8.4) 286.43 <.00

1 

 

Technology condition children exhibited markedly reduced play quality 

across multiple dimensions. Cooperative play occurred 41% less frequently 

than traditional condition (5.1 vs. 8.7 episodes, p < .001), with children 

spending substantially more time in solitary technology use versus 

collaborative activities. Dramatic play the richest context for social-emotional 

and cognitive development showed severe impairment, with complexity 

ratings 38% lower than traditional approaches (d = 1.92, p < .001). 

Engagement patterns differed qualitatively: technology condition children 

showed shorter, more fragmented engagement (M = 8.7 minutes) compared 

to sustained involvement in traditional (M = 12.3 minutes) and hybrid (M = 

14.6 minutes) conditions. This fragmentation suggests attention difficulties 

emerging from rapid technological pacing rather than the sustained focus 

required for complex play. 
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Peer communication rates declined dramatically with intensive 

technology use, averaging only 2.79 utterances per minute compared to 4.82 

in traditional and 5.34 in hybrid conditions (42% and 48% reductions 

respectively). Given language development's dependence on conversational 

experience, this reduction raises concerns about linguistic consequences of 

technology-intensive environments. Physical activity showed similar patterns, 

with technology condition receiving lowest ratings (M = 2.24) compared to 

traditional (M = 3.67) and hybrid (M = 3.89) conditions. Sedentary technology 

use displaced the gross motor activity essential for physical development and 

obesity prevention. 

Remarkably, hybrid condition children showed the highest quality play 

across virtually all dimensions despite incorporating 23.6% technology use. 

This finding suggests that appropriate technology integration limited dosage, 

intentional selection, teacher facilitation enhances rather than undermines 

play quality by adding new possibilities while preserving essential play 

characteristics. 

 

Optimal Integration Characteristics 

Correlation and moderation analyses examined factors associated with 

positive outcomes within technology-inclusive conditions, identifying optimal 

integration parameters. Technology Dosage Effects: Within technology and 

hybrid conditions, correlation between technology percentage and 

developmental outcomes revealed non-linear patterns. Social-emotional 

outcomes showed negative correlations with technology time (r = -.52 to -.64, 

all p < .001), suggesting dose-dependent harm. However, cognitive outcomes 

showed inverted-U patterns: benefits emerged up to approximately 25% 

technology integration, plateaued between 25-30%, and declined beyond 

30%.  

Piecewise regression identified 23% as the optimal threshold maximizing 

cognitive benefits while minimizing social-emotional costs precisely matching 

hybrid condition's actual implementation (M = 23.6%). Content 

Characteristics: Applications characterized as "open-ended" (allowing 

creative expression, multiple solutions, child control) correlated positively 

with all outcomes (r = .38-.47), while "drill-oriented" applications 

(predetermined responses, skill practice, adult-directed) showed negative or 

null correlations (r = -.24 to .08). Coding/robotics activities showed strongest 

positive associations (r = .52-.61), particularly for spatial reasoning and 

collaborative problem-solving. 

Social Context: Solitary technology use correlated negatively with all 

outcomes (r = -.43 to -.58), while co-use with peers or teachers showed 

positive associations (r = .31-.46). Teacher facilitation quality operationalized 

through questioning, scaffolding, and extension activities emerged as critical 
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moderator: at high facilitation levels, technology integration produced 

benefits; at low levels, neutral or negative effects emerged (interaction β = .42, 

p < .001).  

Integration Approach: Intentional integration explicit pedagogical 

decision-making about when technology added value distinguished hybrid 

condition implementation. Teacher reflection logs revealed hybrid teachers 

averaged 3.7 technology "decisions" per day (whether to use, which tool, how 

to integrate), compared to 0.8 in technology condition where technology was 

default rather than deliberate choice. This metacognitive intentionality 

appeared central to successful integration. 

 

Moderating Factors 

Child age moderated some effects: younger children (4.0-4.5 years) 

showed stronger negative responses to intensive technology, while older 

children (5.5-6.0 years) demonstrated greater resilience, potentially reflecting 

developmental readiness for abstract symbol systems. Gender showed 

minimal moderation, with both boys and girls responding similarly to 

pedagogical conditions.  Family context showed significant moderation: 

children from families with high home screen time (>3 hours daily) 

experienced fewer additional negative impacts from school-based technology, 

suggesting saturation effects. Conversely, children from low home screen time 

families showed greater vulnerability to school technology exposure.  

This pattern suggests additive effects of home and school environments in 

determining total developmental impact. Baseline ability level moderated 

creative outcomes: children with initially lower creativity scores showed 

greater benefits from hybrid approaches (interaction effect β = .38, p = .004), 

while initially high-creativity children maintained advantages regardless of 

condition. This pattern suggests hybrid approaches may be particularly 

valuable for supporting creativity development in children not naturally 

exhibiting high imaginative play. 

 

Qualitative Findings: Teacher Perspectives 

Thematic analysis of teacher interviews identified five major themes 

illuminating implementation processes and pedagogical experiences: 

Theme 1: Technology as Tool vs. Replacement Hybrid teachers 

consistently framed technology as supplementary tool enhancing but never 

replacing hands-on learning: "The tablet is like another material in our art area 

sometimes it's the right choice, often traditional materials work better" 

(Teacher H6). Technology teachers initially embraced digital tools 

enthusiastically but gradually recognized limitations: "By December, I realized 

children weren't really playing anymore they were just consuming apps" 

(Teacher T4). 
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Theme 2: Social Interaction Quality All teacher groups noted social 

differences. Technology teachers observed: "They'd fight over tablets but not 

really collaborate the way they do building blocks together" (Teacher T2). 

Hybrid teachers strategically promoted collaborative technology use: "I'd give 

one tablet to three children with a joint challenge they had to negotiate and 

cooperate" (Teacher H3). Traditional teachers felt validated: "Watching them 

build that elaborate fairy kingdom together no app can create that kind of 

magic" (Teacher C5). 

Theme 3: Professional Identity and Pedagogy Technology integration 

created identity tensions for some educators: "I became a technician, fixing 

apps and managing devices, instead of a teacher facilitating learning" (Teacher 

T7). Hybrid teachers felt empowered by intentional integration: "I'm making 

thoughtful decisions about best tools for each learning goal rather than 

defaulting to screens or avoiding them completely" (Teacher H8). 

Theme 4: Developmental Appropriateness Concerns Teachers across 

conditions expressed concerns about appropriateness for young children: 

"Four-year-olds need to dig in sand and climb trees, not stare at screens" 

(Teacher C2). Even technology teachers questioned intensive integration: 

"The apps say 'educational' but I wonder what they're actually learning versus 

what they're missing" (Teacher T5). 

Theme 5: Parent Pressure and Expectations Teachers reported parent 

pressure for technology integration: "Parents see technology as preparation 

for future success they worry their children are falling behind without it" 

(Teacher H4). However, end-of-year parent feedback revealed appreciation 

for balanced approaches: "I initially wanted more technology but seeing my 

daughter's creativity and social skills flourish, I'm grateful for the balanced 

approach" (Parent quote from teacher interview). 

 

Interpretation of Findings 

This research provides compelling evidence that optimal early childhood 

education in digital contexts requires thoughtful integration balancing 

traditional play-based approaches with selective, intentional technology use. 

The findings challenge both technological enthusiasm embracing intensive 

integration and technological rejection excluding digital tools entirely, 

revealing a nuanced middle path. Cognitive Development: Technology's 

Specific Benefits Technology-inclusive approaches (both technology-intensive 

and hybrid) demonstrated advantages for cognitive school readiness, 

executive function, and particularly spatial reasoning supporting hypothesis 

H2 regarding specific cognitive benefits.  

These advantages likely reflect technology's unique affordances for visual-

spatial representation, pattern manipulation, and dynamic modeling 

exceeding physical materials' capabilities (Sarama & Clements, 2009). 
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However, cognitive advantages were modest (d = 0.38-0.42 for school 

readiness, larger for spatial reasoning d = 0.56-0.68) and came at substantial 

social-emotional costs in technology-intensive conditions. This pattern 

suggests cognitive benefits alone cannot justify intensive integration without 

considering holistic developmental profiles. The hybrid approach's ability to 

capture cognitive advantages while avoiding social-emotional costs 

demonstrates the value of balanced integration. 

The cognitive benefits observed challenge pure developmental 

romanticism rejecting all technology as harmful. Well-designed applications, 

appropriately integrated, can support specific learning goals. However, the 

modest effect sizes suggest technology represents one pedagogical tool among 

many rather than revolutionary transformation some advocates claim. Social-

Emotional Development: Technology's Developmental Costs The technology-

intensive condition's marked social-emotional deficits provide sobering 

evidence of intensive digitalization's risks. Declines in peer interaction quality 

(42% reduction), cooperative play (41% reduction), and relationship skills 

alongside minimal growth on protective factors demonstrate that technology-

intensive environments fundamentally undermine social-emotional 

development early childhood education's core priority. 

These findings align with displacement theory: technology use directly 

replaced social interaction time essential for developing interpersonal 

competencies. Each hour children spent in solitary technology engagement 

represented lost opportunities for negotiating conflicts, coordinating play, 

reading social cues, and practicing perspective-taking the moment-to-moment 

social experiences building social competence. The very large effect sizes 

comparing hybrid to technology conditions on social outcomes (d = 0.54-1.24) 

represent some of the strongest effects in early childhood research, 

underscoring the practical significance of pedagogical approach for social 

development.  

These findings validate concerns expressed by developmental 

psychologists and early childhood organizations regarding intensive 

technology integration. Critically, hybrid approaches not only avoided social-

emotional deficits but actually exceeded traditional approaches on some 

measures, suggesting appropriate technology integration need not harm and 

may enhance social development when implemented intentionally. 

Documentation technologies enabling children to share play experiences, 

collaborative coding activities requiring joint problem-solving, and digital 

storytelling promoting narrative co-construction may create new social 

learning opportunities complementing traditional play. 

Creative Development: Technology's Paradoxical Effects Perhaps most 

surprising, technology-intensive environments significantly impaired creative 

development compared to both traditional and hybrid approaches. This 



M. Abdurohman 

 

 
https://generasi.staiku.ac.id/index.php/jc/index 299 

 

finding contradicts assumptions that digital tools inherently support creativity 

through expanded expressive possibilities. Several mechanisms explain this 

paradox. First, many educational applications, despite creative labeling, 

actually constrain expression through predetermined response options, 

limited design choices, and structured objectives antithetical to open-ended 

creativity (Hirsh-Pasek J. M.; Golinkoff R. M.; Gray J. H.; Robb M. B.; Kaufman J., 

2020). Children could color pre-drawn images digitally or complete pattern 

puzzles but rarely engaged in genuine creative production. 

Second, technology-intensive environments reduced access to diverse 

traditional materials (art supplies, blocks, dramatic play props) supporting 

multisensory creative exploration. Digital tools often substituted for rather 

than supplemented traditional materials, creating material poverty despite 

technological richness. Third, adult facilitation in technology settings 

frequently focused on operational aspects (how to use the app) rather than 

creative process (exploring ideas, taking risks, elaborating). Traditional and 

hybrid teachers more often employed creativity-supporting practices like 

open-ended questioning and idea validation. 

The hybrid approach's substantial creative advantages (d = 0.91-1.12 

over technology condition) resulted from maintaining abundant traditional 

creative materials while adding specific digital tools genuinely expanding 

creative possibilities animation applications, digital art tools, music creation 

software, multimedia storytelling. This additive rather than substitutive 

approach captured technology's creative potential while preserving 

traditional creativity supports. Play Quality: The Heart of the Matter 

Observational findings illuminate mechanisms underlying quantitative 

outcomes.  

Technology-intensive environments fundamentally altered play's 

character reducing social complexity, imaginative elaboration, physical 

engagement, and sustained focus. Children spent substantial time in parallel 

solitary technology use rather than the rich collaborative dramatic play 

characterizing high-quality early childhood programs. The 48% reduction in 

peer communication rate in technology settings carries particular 

developmental significance given language development's dependence on 

conversational experience.  

If children experience thousands fewer conversational turns due to 

technology displacement, cumulative linguistic consequences could be 

substantial. Hybrid condition's achievement of highest play quality despite 

23% technology integration demonstrates that judicious technology use 

within play-based frameworks can enhance rather than undermine play. 

Technology introduced as documentation tool, creative medium, or 

collaborative challenge enriched play themes and extended engagement 

rather than displacing play entirely. 
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Optimal Integration Framework 

Findings support developing an evidence-based framework for 

technology integration in early childhood education: 

Principle 1: Play-Based Foundation Traditional play-based approaches 

must remain foundational, with technology serving supplementary rather 

than central role. The 20-25% technology dosage in hybrid condition 

represents approximately one daily activity period sufficient for introducing 

meaningful digital experiences without displacing essential play-based 

learning. 

Principle 2: Intentional Selection Technology integration should follow 

explicit pedagogical reasoning: "What unique value does technology add that 

cannot be achieved through traditional approaches?" Digital tools justified 

when enabling activities impossible physically (virtual field trips, connecting 

with distant peers, complex simulations) or substantially enhancing learning 

(visual - spatial manipulation, multimedia creation, documentation/reflectio

n). 

Principle 3: Social Context Priority Technology use should emphasize 

collaborative over individual engagement. Co-use with peers or teachers 

transforms technology from consumption medium to social learning context. 

Hybrid teachers successfully promoted shared tablet activities, joint coding 

challenges, and collaborative digital storytelling maintaining social interaction 

within technology experiences. 

Principle 4: Open-Ended Tools Applications should provide creative 

production environments rather than predetermined content consumption. 

Coding platforms, digital art tools, animation applications, and multimedia 

composition software align with play-based values by offering child control, 

multiple solutions, and creative expression. Drill-and-practice applications, 

even when effective for specific skills, conflict with play-based philosophy and 

showed weaker outcomes. 

Principle 5: Teacher Facilitation Technology use requires active teacher 

facilitation questioning, scaffolding, connecting to broader learning goals. 

Technology cannot be autonomous babysitter or default activity for finished 

children. Adult mediation transforms potential educational value into actual 

learning. 

Principle 6: Developmental Progression Technology introduction should 

follow concrete experience. Children should master physical versions 

(tangible pattern blocks, real construction) before abstract digital 

representations, ensuring conceptual understanding precedes symbolic 

abstraction. This principle aligns with Piagetian developmental progression 

from concrete to formal operations. 
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Theoretical Contributions 

This research advances theoretical understanding of technology's role in 

early learning. Results support integration of play theory with media ecology 

perspectives, recognizing that technology introduction fundamentally 

restructures learning environments in ways requiring explicit pedagogical 

attention. The finding that moderate, well-integrated technology enhances 

outcomes while intensive integration impairs development challenges 

technological determinism. Technology effects are not inherent properties of 

devices but emerge from implementation decisions dosage, selection, 

facilitation, integration approach.  

This perspective shifts discourse from "is technology good or bad for 

children?" to "how can technology be implemented to support developmental 

priorities?", The study also contributes to displacement theory by quantifying 

what gets displaced (social interaction, physical activity, creative play) and 

demonstrating threshold effects limited integration causes minimal 

displacement, but intensive integration creates substantial developmental 

costs. 

 

Ractical Implications 

For Early Childhood Educators Practitioners should adopt hybrid 

integration approaches limiting technology to 20-25% of learning time, 

selecting open-ended creative tools, prioritizing collaborative use, and 

providing active facilitation. Traditional play-based practices should remain 

central, with technology supplementing rather than replacing hands-on 

learning. For Teacher Preparation Programs Pre-service education should 

address technology integration explicitly, moving beyond either uncritical 

adoption or wholesale rejection. Future teachers need competencies in 

evaluating educational applications, facilitating technology-enhanced 

learning, integrating digital tools with traditional activities, and making 

evidence-based decisions about when technology adds value. 

For Administrators and Policymakers Educational leaders should resist 

pressure for intensive technology integration based on marketing claims or 

parent demands, instead implementing evidence-based policies. One-to-one 

device initiatives appear inappropriate for preschool populations. Investment 

in traditional play materials, outdoor environments, and professional 

development may yield greater returns than technology purchases.  

For Technology Designers Developers should create applications 

genuinely supporting play-based learning principles open-ended exploration, 

child control, creative expression, social interaction. Eliminating addictive 

design features, commercial advertising, and drill-based content would 

enhance developmental appropriateness. For Parents Families should 

advocate for play-based approaches in early childhood programs while 
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supporting limited, intentional technology integration. Home technology 

limits remain critical given additive effects of home and school exposure. 

 

Study Limitations 

Several limitations warrant consideration. First, quasi-experimental 

design without random assignment limits causal inference, though careful 

matching and covariate control strengthen conclusions. Randomized 

controlled trials would provide stronger causal evidence but face ethical and 

practical constraints. Second, the eight-month timeframe, while longer than 

most studies, cannot address long-term developmental consequences. 

Longitudinal research tracking children through elementary school would 

reveal whether early pedagogical experiences create lasting effects or 

represent temporary variations.  

Third, the sample, while diverse in socioeconomic terms and 

representative of metropolitan early childhood programs, may not generalize 

to rural areas, different cultural contexts, or populations with limited 

educational resources. Cross-cultural replication would enhance 

generalizability.  Fourth, technology evolves rapidly. Findings reflect 2023-

2024 technologies and applications; fundamentally new technologies 

(artificial intelligence, virtual reality, adaptive systems) may alter conclusions. 

Regular research updates are essential given technological change rates.  

Fifth, the study examined specific technology integration approaches 

reflecting research team's pedagogical decisions. Alternative integration 

models might produce different results. Implementation research examining 

varied approaches would identify optimal practices. Sixth, outcomes focused 

on developmental domains measurable within eight months using available 

instruments. Longer-term outcomes (academic achievement, social 

relationships, mental health, career trajectories) remain unexamined. 

Additionally, some developmental nuances (specific social skills, creativity 

subtypes, motivational orientations) exceeded measurement capabilities. 

 

Future Research Directions 

Priority research areas include: longitudinal studies tracking early 

technology exposure effects into middle childhood and adolescence; 

experimental trials comparing specific integration models; research 

examining individual differences (temperament, ability, family context) 

moderating technology effects; studies investigating emerging technologies' 

(AI, VR, adaptive systems) developmental implications; cross-cultural 

research exploring whether effects vary across societies; cost-effectiveness 

analyses comparing technology investments to traditional material 

investments; and intervention research testing professional development 

approaches supporting optimal integration. Additionally, research should 
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examine potential benefits alongside documented risks the current study 

identified cognitive advantages but may have missed other positive outcomes. 

Understanding full benefit-risk profiles informs balanced recommendations. 

 
CONCLUSION 

This research demonstrates that technology integration in early childhood 

education can be successfully implemented through a hybrid approach that 

balances traditional play-based learning with selective and intentional use of 

digital tools. The main findings reveal that a hybrid approach with 20-25% 

technology integration produces optimal outcomes in children's cognitive, 

social-emotional, and creative development. Conversely, environments with 

intensive technology use (45-50%) show cognitive benefits but experience 

significant deficits in social-emotional and creative aspects. Play quality 

encompassing social complexity, imaginative elaboration, engagement, and 

physical activity becomes a critical factor distinguishing various learning 

conditions, where intensive technology fundamentally alters the 

developmental character of play. The practical implications of this research 

provide evidence-based guidance for educators in facing digital 

transformation, with recommendations to limit technology time, select open-

ended creative applications, prioritize collaborative use, and provide active 

teacher facilitation. The future of early childhood education depends on the 

ability to maintain play-based learning traditions while selectively adopting 

digital innovations that genuinely enhance not diminish children's 

developmental opportunities. Children need rich, complex, and socially-

embedded play experiences to develop holistically, and technology can only 

complement these essential experiences, not replace them. 
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