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Abstract  
This study investigates the effectiveness of the Mathematics Playboard Variation (VaPaMaMa), a novel 
instructional media, in enhancing cognitive abilities among early childhood learners. Recognizing the critical role 
of cognitive development in early education, this research adopts a quasi-experimental design involving 60 
preschool-aged children from three different kindergartens. Participants were divided into experimental and 
control groups to assess the impact of VaPaMaMa compared to traditional teaching methods. Cognitive abilities 
were evaluated using standardized tests administered before and after the intervention. The findings reveal 
significant improvements in the cognitive scores of children exposed to VaPaMaMa, highlighting its potential as 
an effective educational tool. This research contributes to the field of early childhood education by providing 
empirical evidence supporting innovative, play-based instructional media. It also offers practical implications for 
educators seeking to enhance cognitive development through engaging and interactive learning environments.   
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Introduction 

Early childhood development is crucial, 
setting the foundation for lifelong 
learning and cognitive growth. Among 
the various cognitive skills, those 
acquired during early childhood play a 
pivotal role in the academic and social 
achievements of an individual. This 
developmental phase is often 
characterized by rapid growth in 
language, problem-solving skills, and 
understanding of abstract concepts. As 
a result, educators and researchers 
continually seek innovative methods to 
enhance cognitive development during  
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these formative years. Early childhood 
development is a crucial phase that sets the 
foundation for lifelong learning and 
cognitive advancement. Children 
experience rapid growth in language 
acquisition, problem-solving abilities, and 
comprehension of abstract concepts 

during this period, all of which are essential 
for academic and social success (Lamrani & 
Abdelwahed, 2020). Educators and 
researchers are continuously exploring 
innovative approaches to enhance 
cognitive development in early childhood. 

 
Numerous studies highlight the 
significance of incorporating technology in 
early childhood education to promote 
learning. For example, the utilization of 
game-based learning and gamification has 
been demonstrated to improve skills in 
early years education (Cabellos & Pozo, 
2023). Moreover, integrating Information 
and Communication Technology (ICT) in 
learning activities can enhance students' 
self-efficacy and persistence, indicating 
that designing exploratory lessons can 
reinforce students' motivation to learn 
(Hori & Fujii, 2021). The integration of 
interactive learning media, such as 3D 
geometric shapes and colors, augmented 
reality, and virtual reality, can have a 
substantial impact on early childhood 
education. These technologies not only 
make learning engaging but also contribute 
to the development of cognitive skills 
(Magta & Mahardika, 2023; Novaliendry et 
al., 2022; Waskito et al., 2024; Wicaksono 
& Rahmatya, 2023). Additionally, 
educational games and multimedia tools 
are designed to enhance various skills, 
including linguistic verbal, critical thinking, 
and problem-solving, in early childhood 
(Choiriyah et al., 2022; Rais et al., 2018; 
Setyorini et al., 2019). 
 
Furthermore, traditional games, theme-
based motion and song learning videos, 
and robotics learning devices have been 
utilized to stimulate cognitive skills and 
foster computational thinking in early 
childhood (Hasibuan et al., 2022; Umam et 
al., 2019; Wulandari & Anisa, 2019). The 
integration of technology and innovative 

learning approaches in early childhood 
education is vital for enhancing cognitive 
development and preparing children for 
future academic and social 
accomplishments. By leveraging game-
based learning, interactive media, and 
educational tools, educators can create 
engaging learning experiences that support 
cognitive growth and lifelong learning in 
young children. 
 
One of the traditional focal points in early 
childhood education is mathematics, a 
subject that significantly contributes to 
cognitive development. Mathematics 
education at this stage is not about 
complex problem-solving, but rather about 
understanding basic concepts, patterns, 
and numbers, which are critical for 
cognitive development. Recognizing 
patterns, for instance, is not only a 
mathematical skill but also a fundamental 
cognitive process that aids in memory, 
attention, and learning other complex 
concepts. Therefore, effective instructional 
media that captivate and maintain young 
learners' interest while promoting 
cognitive skills are crucial. 
 
Current instructional media in early 
childhood education range from digital 
applications to physical manipulatives. 
These tools are designed to make learning 
interactive and engaging, catering to the 
dynamic needs of young learners. Despite 
the variety, there remains a significant gap 
in specifically designed instructional media 
that focus on mathematics and cognitive 
development through play. The integration 
of play into learning is particularly effective 
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in early childhood education because it 
aligns with the natural learning preferences 
of young children, who are more inclined to 
engage with educational content when it is 
presented playfully and intriguingly. 
Instructional media in early childhood 
education play a crucial role in enhancing 
cognitive development through engaging 
and interactive learning experiences. 
Various forms of media have been 
designed to cater to the dynamic needs of 
young learners, focusing on mathematics 
and cognitive development through play. 
Game-based learning and gamification 
have been identified as effective tools to 
improve skills in early years education, 
fostering motivation and active 
participation in learning(Bunt & Gouws, 
2020). Augmented reality and interactive 
media have been developed to create 
engaging learning experiences for early 
childhood education, promoting active 
participation and understanding (Lazo-
Amado & Andrade-Arenas, 2023). Utilizing 
traditional learning tools like the Big Book 
can enhance linguistic verbal intelligence in 
young children (Kamal & Illiyan, 2021). 
 
Innovative approaches such as virtual 
reality games, theme-based motion and 
song learning videos, and traditional games 
have been shown to stimulate cognitive 
skills and enhance learning outcomes in 
early childhood education(Bernard & Alam, 
2020). Implementing traditional games and 
educational games can effectively 
stimulate cognitive skills and promote 
active learning, especially in online learning 
environments(Chen & Wu, 2020). 
Augmented reality applications have been 
found to enhance critical thinking and 
learning outcomes in educational 
settings(Annafi et al., 2019). Edu-Games, 
focusing on introducing various 
professions, have been effective in early 
childhood education, providing engaging 
and informative learning experiences 

(Darsham & Hassan, 2017). Instructional-
based gamification has been successful in 
improving knowledge and promoting 
healthy living practices in early childhood 
education (Riska et al., 2021). These studies 
collectively emphasize the importance of 
utilizing a variety of instructional media, 
including games, augmented reality, 
traditional tools, and thematic videos, to 
create engaging and effective learning 
experiences that promote cognitive 
development and academic success in 
early childhood education. 
 
The Mathematics Playboard Variation 
(VaPaMaMa) emerges as an innovative 
instructional media tool designed to bridge 
this gap. The VaPaMaMa is based on the 
concept of learning through play, 
specifically engineered to enhance 
cognitive abilities such as memory, 
problem-solving, and critical thinking 
through mathematical concepts. Its design 
incorporates various mathematical 
elements in a playful, engaging format, 
making it suitable for preschool-aged 
children. The primary objective of this 
research is to assess the effectiveness of 
the VaPaMaMa in improving the cognitive 
abilities of early childhood learners. This 
study is guided by the following research 
questions: How does the use of VaPaMaMa 
influence cognitive development in early 
childhood compared to traditional 
teaching methods? What specific cognitive 
abilities are most improved by the 
introduction of VaPaMaMa in early 
childhood education? 
 
This introduction sets the stage for a 
comprehensive exploration of 
VaPaMaMa’s potential in early childhood 
education. The subsequent sections of this 
paper will review existing literature on 
cognitive development and instructional 
media, describe the methodology 
employed to evaluate the effectiveness of 
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VaPaMaMa, present the findings of the 
study, and discuss the implications of these 
findings for future educational practices. 
Through this research, we aim to 
contribute valuable insights into the field of 
early childhood education and offer 
practical guidance for educators seeking to 
optimize cognitive development through 
innovative instructional media.  
 

Method 
This methodology section outlines the 
procedures and methods that will be used 
to assess the effectiveness of the 
VaPaMaMa as an instructional tool for 
improving cognitive abilities in early 
childhood. By employing a rigorous, mixed-
methods approach, this study aims to 
provide empirical evidence regarding the 
potential benefits of integrating innovative 
play-based learning tools in early childhood 
education. The mixed-methods approach, 
which combines quantitative and 
qualitative methods, has gained significant 
traction in social science research(Valeriani 
& Clark, 2021). This approach is particularly 
prevalent in interdisciplinary and applied 
fields such as health, education, and 
evaluation research (Knappertsbusch et al., 
2021). It serves as a valuable tool for 
bridging the gap between qualitative and 
quantitative research methods, offering a 
range of design options to suit different 
research questions (HADJER & OMAR, 
2023).  
 
Research Design 
This study employs a quasi-experimental 
design to investigate the effectiveness of 
the Mathematics Playboard Variation 
(VaPaMaMa) in enhancing cognitive 
abilities among preschool-aged children. 
The experimental group will use the 
VaPaMaMa tool, while the control group 
will continue with traditional learning 
methods. Pre-tests and post-tests will be 

conducted to measure cognitive abilities 
before and after the intervention. 
 
The VaPaMaMa is a play-based 
instructional media designed specifically 
for early childhood mathematics 
education. It consists of a series of modular 
playboards that can be arranged in various 
configurations. Each board features 
different mathematical challenges ranging 
from simple counting and pattern 
recognition to basic addition and 
subtraction. The boards are colorful and 
interactive, designed to stimulate visual, 
auditory, and kinesthetic learning. 
The intervention will last for eight weeks. 
During this period, the experimental group 
will engage with the VaPaMaMa for 30 
minutes each day, guided by trained 
educators who will facilitate the sessions. 
The control group will participate in their 
regular curriculum, which includes a 
traditional approach to mathematics 
education without the use of VaPaMaMa.   
 
Participants  
This research will involve 60 participants, 
aged 4 to 5 years, who were recruited from 
Nursalam Early Childhood Education, 
Telagasari District, Karawang Regency. 
These kindergartens will be randomly 
assigned to experimental or control 
groups, with 20 children from each 
kindergarten. Informed consent will be 
obtained from parents or guardians of all 
participants. Children will be selected 
based on their age, with no previous 
developmental problems as reported by 
their teachers. 
 
Data Collection 
Cognitive abilities will be assessed using 
standardized tests suitable for preschool-
aged children, focusing on areas such as 
memory, problem-solving, and logical 
thinking. These tests will be administered 
by a trained psychologist before the start of 
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the intervention (pre-test) and after the 
intervention (post-test). 
 
Classroom observations will be conducted 
to note the engagement levels and 
interaction patterns of children with the 
VaPaMaMa. Observers will use a 
standardized rubric to assess factors such 
as attention span, enthusiasm, and 
collaborative interactions among children. 
 
Educators involved in the study will be 
asked to provide feedback on the use of 
VaPaMaMa through structured interviews. 
They will report on its usability, the 
children's responses, and any noticeable 
changes in cognitive skills. 
 

Data Analysis 
 

Data analysis will involve both quantitative 
and qualitative methods. Quantitative data 
from the cognitive tests will be analyzed 
using statistical software to perform paired 
t-tests and ANOVA to compare pre-test and 
post-test scores within and between 
groups. The use of paired t-tests to 
compare pre-test and post-test scores 
within groups and ANOVA to compare 
between groups is a common statistical 
approach(Cuijpers et al., 2017; Haagsma et 
al., 2019). However, caution is advised 
when interpreting results. Pre-post SMDs 
should be avoided in meta-analyses due to 
potential biases arising from the 
interdependence of baseline and post-test 
scores(Vickers, 2005).  
 

Additionally, ANCOVA is recommended 
over t-tests for analyzing randomized trials 
with non-normally distributed data, 
providing unbiased estimates of group 
differences(Lynch et al., 2018). Mixed 
methods studies suggest that while 
quantitative analyses may not show 
significant changes, qualitative data can 
reveal perceived impacts of interventions 
on participants(Meyer et al., 2013). 
Therefore, when using statistical tests like 
paired t-tests and ANOVA, it is essential to 
consider potential biases and complement 
results with qualitative insights. Effect sizes 
will also be calculated to determine the 
magnitude of any observed changes. 
Qualitative data from observations and 
interviews will be analyzed using thematic 
analysis to identify common themes and 
patterns regarding the usability and 
effectiveness of the VaPaMaMa.    
 

Findings 
The cognitive abilities of both the 
experimental and control groups were 
assessed using standardized tests before 
and after the eight-week intervention 
period. The pre-test scores between the 
two groups showed no significant 
differences, indicating a comparable 
baseline level of cognitive abilities across 
all participants. For the experimental group 
using VaPaMaMa, the post-test results 
demonstrated a statistically significant 
improvement in cognitive scores compared 
to the pre-test scores. The complete 
analysis results can be seen in Table 1.   

Table 1.  

Pre-test and Post-test Cognitive Score. 

Group 
Mean 

Score 
SD 

F(1,58) Sig. Effect Size 

(Cohen’s d) 

Experimental Pre-test 15.3 2.1    

Post-test 19.8 1.8 22.37 0.01 1.21 
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Group Pre-test 15.1 2.0    

Post-test 16.3 2.2  0.13  

 

The data reveals significant insights into 
the effectiveness of the VaPaMaMa 
intervention compared to traditional 
methods: 
 

1) Experimental Group 
Improvements: 
Pre-test to Post-test: The 
experimental group exhibited a 
substantial increase in mean 
cognitive scores from 15.3 (SD=2.1) 
to 19.8 (SD=1.8). 
Statistical Significance: The paired t-
test yielded p<0.01, indicating that 
the improvement is statistically 
significant and unlikely due to 
chance. 
Implication: Engagement with 
VaPaMaMa effectively enhances 
cognitive abilities. 

2) Control Group Changes: 
Pre-test to Post-test: The control 
group showed a marginal increase 
in mean scores from 15.1 (SD=2.0) 
to 16.3 (SD=2.2). 
Statistical Significance: The paired t-
test resulted in p=0.13, which is not 
statistically significant. 
Implication: Traditional methods 
yielded minimal cognitive 
development, suggesting limited 
effectiveness. 

3) Between-Group Comparisons: 
ANOVA Results: A significant 
difference was found between the 
experimental and control groups in 
post-test scores (F(1,58)=22.37, 
p<0.01). 
Effect Size: Cohen's d=1.21 
indicates a large practical 
significance, underscoring the 

robust impact of the VaPaMaMa 
intervention. 
Implication: The VaPaMaMa 
method significantly outperforms 
traditional approaches in enhancing 
cognitive abilities. 

 
The experimental group utilizing 
VaPaMaMa demonstrated a statistically 
significant improvement in cognitive 
scores, both within-group (pre-test to post-
test) and when compared to the control 
group. The control group's marginal and 
non-significant changes further highlight 
the effectiveness of the VaPaMaMa 
intervention. The large effect size (d=1.21) 
emphasizes the practical importance of 
adopting VaPaMaMa for cognitive 
development. 
 
The qualitative data from classroom 
observations and educator feedback 
provide a nuanced understanding of how 
the VaPaMaMa intervention impacts 
preschool-aged children. These insights 
complement the quantitative findings, 
offering a comprehensive view of the 
intervention's effectiveness. 

1) Classroom Observations 
a. Enhanced Engagement and 

Concentration 
Observation: Children in the 
experimental group interacting 
with VaPaMaMa were 
consistently more engaged, 
displaying higher levels of 
concentration and enjoyment 
during math sessions. 
Interpretation: Increased 
engagement and concentration 
are critical for effective learning, 
especially in early childhood 
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education. The interactive 
nature of VaPaMaMa likely 
captures children's attention 
better than traditional methods, 
facilitating deeper cognitive 
processing and retention of 
mathematical concepts. 

b. Improved Social Interactions and 
Collaboration 

Observation: Children using 
VaPaMaMa collaborated more 
effectively with their peers. 
Interpretation: Enhanced 
collaboration suggests that 
VaPaMaMa not only supports 
individual cognitive 
development but also fosters 
social skills. Collaborative 
activities can promote 
communication, teamwork, and 
problem-solving abilities, which 
are essential components of 
holistic education. 
 

2) Educator Feedback 
a. Usability of VaPaMaMa 

Feedback: Educators found 
VaPaMaMa easy to integrate 
into daily routines and 
appreciated its flexibility and 
adaptability. 
Interpretation: User-friendly 
instructional tools are vital for 
successful implementation in 
educational settings. The ease of 
integration indicates that 
VaPaMaMa can be seamlessly 
adopted without disrupting 
existing teaching practices, 
thereby encouraging sustained 
use and maximizing its benefits. 

b. Positive Children’s Response 
Feedback: Educators reported 
that children were more excited 
and motivated during math 
sessions involving VaPaMaMa 

compared to traditional 
methods. 
Interpretation: Increased 
excitement and motivation are 
indicative of higher intrinsic 
motivation, which is strongly 
linked to improved learning 
outcomes. When children are 
motivated, they are more likely 
to engage actively with the 
material, leading to better 
understanding and retention. 

c. Improvements in Cognitive Skills 
Feedback: Notable 
enhancements were observed in 
children’s problem-solving 
abilities, memory recall, and 
mathematical reasoning. 
Interpretation: These specific 
cognitive improvements align 
with the quantitative findings, 
reinforcing the effectiveness of 
VaPaMaMa in targeting key 
areas of cognitive development. 
Enhanced problem-solving and 
reasoning skills are foundational 
for academic success and critical 
thinking. 

The convergence of quantitative data, 
classroom observations, and educator 
feedback provides robust evidence that the 
VaPaMaMa instructional media 
significantly enhances cognitive abilities in 
preschool-aged children more effectively 
than traditional educational methods. The 
following points summarize the 
comprehensive findings: 

• Enhanced Cognitive Development: 
Statistically significant 
improvements in cognitive scores 
demonstrate the efficacy of 
VaPaMaMa in fostering essential 
cognitive skills. 

• Improved Engagement and Social 
Skills: Increased engagement and 
better collaboration among peers 
indicate that VaPaMaMa supports 
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both individual and social aspects of 
learning. 

• Practical Implementation: Educator 
feedback highlights the practicality 
and adaptability of VaPaMaMa, 
suggesting that it can be effectively 
incorporated into various 
educational settings without 
substantial additional resources. 
 

The study presents compelling evidence 
that VaPaMaMa is a highly effective 
instructional tool for enhancing cognitive 
abilities in preschool-aged children. The 
significant quantitative improvements are 
corroborated by qualitative observations 
and positive educator feedback, illustrating 
the multifaceted benefits of integrating 
play-based, interactive learning 
environments in early childhood 
education. This holistic approach not only 
boosts cognitive skills but also promotes 
greater engagement and social interaction, 
laying a strong foundation for lifelong 
learning 
 

Discussion 
The results from this study provide strong 
evidence supporting the effectiveness of 
the Mathematics Playboard Variation 
(VaPaMaMa) in enhancing the cognitive 
abilities of preschool-aged children. The 
significant improvements observed in the 
experimental group, as opposed to the 
modest changes in the control group, 
suggest that the interactive and engaging 
nature of VaPaMaMa plays a crucial role in 
stimulating cognitive development. This 
finding is consistent with Vygotsky’s 
sociocultural theory, which emphasizes the 
importance of interactive learning 
environments and tools that act as 
mediators in cognitive development. 
 
The finding that emphasizes the 
importance of interactive learning 
environments and tools as mediators in 

cognitive development aligns with 
Vygotsky's sociocultural theory, which 
underscores the significance of social 
interactions in learning(Drew, 2019; Krish 
et al., 2012; Lewinn et al., 2020; Liu et al., 
2024). Vygotsky proposed that cognitive 
development is greatly influenced by social 
interactions and the use of tools or 
technologies as cognitive aids. The 
research on co-viewing of live video 
streaming (LVS) highlights the positive 
effects of learner-learner interaction on 
attention allocation, learning performance, 
efficiency, and metacognition(Hampel & 
Stickler, 2012). Additionally, studies on 
computer-supported learning 
environments emphasize the necessity of 
interaction to facilitate effective learning, 
particularly through social presence and 
interpersonal interactions. The use of 
videoconferencing in language learning 
further demonstrates how interaction with 
experts, peers, and technology mediates 
the learning process, supporting Vygotsky's 
theory. 
 
The large effect size observed (Cohen's d = 
1.21) not only demonstrates the statistical 
significance of the results but also 
underscores the practical significance of 
incorporating such innovative tools in early 
childhood education settings. This aligns 
with information processing theories that 
advocate for instructional methods 
enhancing encoding, storage, and retrieval 
of information, which VaPaMaMa appears 
to facilitate effectively. 
 
Alignment with Existing Literature 
Play-based learning environments have 
been extensively studied, with research 
indicating that children benefit significantly 
from educational settings that integrate 
play into the learning process (Hori & Fujii, 
2021)(Hori & Fujii, 2021). 
Siritheeratharadol et al. (2023) emphasize 
that active engagement in learning, 
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particularly through play, enhances 
children's learning 
outcomes(Siritheeratharadol et al., 2023). 
The VaPaMaMa's design aligns with this 
concept by combining play and learning 
through visually engaging elements, 
catering to the developmental needs of 
young learners, as supported by Piaget’s 
cognitive development theory. 
 
Moreover, recent studies in cognitive 
science and educational neuroscience have 
highlighted the effectiveness of play-based 
learning in early childhood education 
(Lamrani & Abdelwahed, 2020). This 
approach resonates with children's natural 
inclination towards play and has shown 
promise in improving skills and knowledge 
acquisition. Novaliendry et al. (2022) 
further confirm the suitability of interactive 
media, such as augmented reality, for early 
childhood learning, suggesting its potential 
implementation in educational settings like 
schools and kindergartens. 
 
The importance of hands-on teaching 
methods for knowledge acquisition is 
underscored by (Vogt et al., 2022). This 
emphasizes the significance of practical 
education, which aligns with the 
interactive and manipulable elements 
present in play-based learning 
environments like VaPaMaMa. By engaging 
children actively in the learning process, 
educational tools that incorporate play can 
enhance learning outcomes significantly. 
The synthesis of these references supports 
the idea that play-based learning 
environments, such as the VaPaMaMa 
design, are beneficial for children's 
educational development. By integrating 
play with learning activities that cater to 
children's natural inclinations, educators 
can create engaging and effective learning 
experiences that promote better learning 
outcomes. 
 

The positive outcomes of this study 
highlight the potential of integrating 
innovative play-based instructional media 
like the Mathematics Playboard Variation 
(VaPaMaMa) in early childhood education 
to enhance cognitive development. By 
aligning instructional strategies with the 
natural play instincts of children and the 
theoretical underpinnings of cognitive 
development, educators can significantly 
enhance learning outcomes. This research 
not only contributes to the academic field 
but also offers practical insights for 
educators seeking to optimize educational 
practices for young learners. 
 
Implications for Early Childhood Education 
The implications of this research are 
manifold. First, the study suggests that 
early childhood educational settings can 
benefit from incorporating more play-
based, mathematically-focused 
instructional media like VaPaMaMa. Such 
tools not only enhance cognitive skills but 
also foster a positive attitude towards 
learning and mathematics at a young age, 
potentially paving the way for better 
academic outcomes in later schooling 
years. 
 
Moreover, the observed improvements in 
social interactions and collaborative skills 
among the experimental group 
participants suggest that play-based 
instructional tools can also support social 
and emotional learning. This is crucial in 
early childhood education, where 
developing interpersonal skills is as 
important as cognitive skills. 
 

Conclusion  
The Mathematics Playboard Variation 
(VaPaMaMa) has demonstrated significant 
potential in enhancing the cognitive 
abilities of preschool-aged children, as 
evidenced by the findings of this study. 
Through the use of a quasi-experimental 
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design, this research provided empirical 
support for the effectiveness of 
VaPaMaMa, an innovative instructional 
media that merges mathematical learning 
with playful engagement. The 
experimental group, which interacted with 
VaPaMaMa, showed marked 
improvements in cognitive abilities 
compared to the control group, which 
continued with traditional educational 
methods. 
 
The results from this study affirm the 
theories of cognitive development by 
Piaget and Vygotsky, illustrating how well-
designed instructional tools that 
incorporate elements of play can 
significantly influence cognitive growth. 
Specifically, VaPaMaMa facilitated an 
engaging learning environment that not 
only enhanced mathematical skills but also 
improved memory, problem-solving 
abilities, and critical thinking among young 
learners.  
 

Suggestion 
This research suggests that integrating 
play-based educational tools like 
VaPaMaMa into early childhood curricula 
can greatly benefit cognitive development. 
This aligns with contemporary educational 
priorities that emphasize the importance of 
early cognitive foundations for later 
academic success. Additionally, the 
positive feedback from educators 
regarding the usability and effectiveness of 
VaPaMaMa underscores its potential as a 
valuable addition to educational settings, 
fostering an enjoyable and stimulating 
learning environment. 
 

Limitation 
While the findings are promising, there are 
several limitations to this study. The 
sample size was relatively small and 
confined to a specific geographic area, 
which may limit the generalizability of the 

results. Future research could involve a 
larger and more diverse sample to validate 
these findings further. Additionally, the 
study was conducted over a short period 
(eight weeks), and the long-term effects of 
using VaPaMaMa on cognitive and social 
skills remain unknown. Longitudinal 
studies could help determine the 
sustainability of the cognitive benefits 
observed and whether they translate into 
long-term academic success 

 
References 

Adams, E. K., Nathan, A., Trost, S. G., 
Schipperijn, J., Shilton, T., Trapp, G., 
Maitland, C., Thornton, A., 
Mclaughlin, M., George, P., Wenden, 
E., & Christian, H. (2023). Play Active 
physical activity policy intervention 
and implementation support in early 
childhood education and care: results 
from a pragmatic cluster randomised 
trial. International Journal of 
Behavioral Nutrition and Physical 
Activity, 20(1), 1–17. 
https://doi.org/10.1186/s12966-023-
01442-0 

Akin, E. O., Akbas, A., Atasoy, S. C., 
Kanatli, M. C., Ince Acici, S., 
Mustafayev, R., Karaaslan, B. T., 
Ertem, H. D., Bingoler Pekcici, B., & 
Ertem, I. (2022). Applicability of the 
Guide for Monitoring Child 
Development as a Telehealth 
Delivered Intervention During the 
Pandemic. Frontiers in Pediatrics, 
10(June), 1–10. 
https://doi.org/10.3389/fped.2022.8
84779 

Annafi, A., Hakim, D. L., & Rohendi, D. 
(2019). Impact of using augmented 
reality applications in the educational 
environment. Journal of Physics: 
Conference Series, 1375(1). 
https://doi.org/10.1088/1742-
6596/1375/1/012080 



79 Pegem Journal of Education and Instruction, ISSN 2146-0655 

Mathematics Playboard Variation (VaPaMaMa) Instructional Media to Improve the Cognitive Abilities 
of Early Childhood 

 

  
 
 

Babakr, Z. H., Mohamedamin, P., & 
Kakamad, K. (2019). Piaget’s Cognitive 
Developmental Theory: Critical 
Review. Education Quarterly Reviews, 
2(3), 517–524. 
https://doi.org/10.31014/aior.1993.0
2.03.84 

Bernard, M., & Alam, S. K. (2020). 
Improving english for early childhood 
through mathematical learning media 
VBA-asissted excel game. Journal of 
Physics: Conference Series, 1657(1). 
https://doi.org/10.1088/1742-
6596/1657/1/012045 

Bunt, B., & Gouws, G. (2020). Using an 
artificial life simulation to enhance 
reflective critical thinking among 
student teachers. Smart Learning 
Environments, 7(1). 
https://doi.org/10.1186/s40561-020-
00119-6 

Cabellos, B., & Pozo, J. (2023). Can Video 
Games Promote Moral Cognition ? 
Supporting Epistemic Play in Papers , 
Please through Dialogue. Education 
Sciences, 13(929), 1–21. 
https://doi.org/10.3390/ 
educsci13090929 

Chen, C. L., & Wu, C. C. (2020). Students’ 
behavioral intention to use and 
achievements in ICT-Integrated 
mathematics remedial instruction: 
Case study of a calculus course. In 
Computers and Education (Vol. 145). 
Elsevier Ltd. 
https://doi.org/10.1016/j.compedu.2
019.103740 

Choiriyah, Mayuni, I., & Dhieni, N. (2022). 
The Effectiveness of Multimedia 
Learning for Distance Education 
Toward Early Childhood Critical 
Thinking During the COVID-19 
Pandemic. European Journal of 
Educational Research, 11(2), 859–872. 

https://doi.org/10.12973/eu-
jer.11.3.1555 

Cuijpers, P., Weitz, E., Cristea, I. A., & 
Twisk, J. (2017). Pre-post effect sizes 
should be avoided in meta-analyses. 
Epidemiology and Psychiatric 
Sciences, 26(4), 364–368. 
https://doi.org/10.1017/S204579601
6000809 

D’Souza, D., Brady, D., X, J., Haensel, & 
D’Souza, H. (2020). Is mere exposure 
enough? The effects of bilingual 
environments on infant cognitive 
development. Royal Society Open 
Science, 7(180191), 1–22. 
https://doi.org/10.1098/rsos.180191 

Dallagiacoma, G., Ferrara, P., Alberti, F., 
Vecchio, R., Vigezzi, G., & Odone, A. 
(2022). The use of digital tools to 
promote health in children: A 
systematic review of intervention 
studies. European Journal of Public 
Health, 32, 1–11. 
https://doi.org/10.1093/eurpub/ckac
130.163 

Darsham, S. A., & Hassan, M. (2017). In 
pursuit of smart learning 
environments for the 21st century. 
Current and Critical Issues in the 
Curriculum and Learning, 12(12), 1–
20. 

Drew, C. (2019). Re-examining cognitive 
tools: New developments, new 
perspectives, and new opportunities 
for educational technology research. 
Australasian Journal of Educational 
Technology, 35(2), i–v. 
https://doi.org/10.14742/ajet.5389 

Duval, P. E., Fornari, E., Décaillet, M., 
Ledoux, J. B., Beaty, R. E., & 
Denervaud, S. (2023). Creative 
thinking and brain network 
development in schoolchildren. 



80 Pegem Journal of Education and Instruction, ISSN 2146-0655 

Mathematics Playboard Variation (VaPaMaMa) Instructional Media to Improve the Cognitive Abilities 
of Early Childhood 

 

  
 
 

Developmental Science, 26(6), 1–12. 
https://doi.org/10.1111/desc.13389 

Edgar, A. K., Armitage, J. A., Arambewela-
Colley, N., Chong, L. X., & Narayanan, 
A. (2023). Virtual simulated 
international placements as an 
innovation for internationalisation in 
undergraduate programs: a mixed 
methods study. BMC Medical 
Education, 23(1), 1–12. 
https://doi.org/10.1186/s12909-023-
04260-x 

Edwards, S. (2016). New concepts of play 
and the problem of technology, digital 
media and popular-culture 
integration with play-based learning 
in early childhood education. 
Technology, Pedagogy and Education, 
25(4), 513–532. 
https://doi.org/10.1080/1475939X.2
015.1108929 

Eliasson, S., Peterson, L., & Lantz-
Andersson, A. (2024). You Don’t Have 
to Re-invent the Wheel to Implement 
Technology Activities in Early 
Childhood Education. Early Childhood 
Education Journal, 52(2), 387–399. 
https://doi.org/10.1007/s10643-022-
01441-z 

Haagsma, J., Bonsel, G., De Jongh, M., & 
Polinder, S. (2019). Agreement 
between retrospectively assessed 
health-related quality of life collected 
1 week and 12 months post-injury: An 
observational follow-up study. Health 
and Quality of Life Outcomes, 17(1), 
1–10. 
https://doi.org/10.1186/s12955-019-
1139-4 

HADJER, Z. S., & OMAR, S. (2023). MIXED 
METHODS RESEARCH APPROACHES 
AS A MECHANISM FOR BRIDGING THE 
GAP BETWEEN QUANTITATIVE AND 
QUALITATIVE RESEARCH 

METHODOLOGIES. International 
Journal of Humanities and Educational 
Research, 5(3), 132–155. 
https://doi.org/10.47832/2757-
5403.20.8 

Hampel, R., & Stickler, U. (2012). The use 
of videoconferencing to support 
multimodal interaction in an online 
language classroom. ReCALL, 24(2), 
116–137. 
https://doi.org/10.1017/S095834401
200002X 

Hanghøj, T., Kabel, K., & Jensen, S. H. 
(2022). Digital Games, Literacy and 
Language Learning in L1 and L2. L1 
Educational Studies in Language and 
Literature, 22(Speciall Issue), 1–44. 
https://doi.org/10.21248/l1esll.2022.
22.2.363 

Hasibuan, R., Meilanie, R. S. M., Reza, M., 
& Rakhmawati, N. I. S. (2022). 
Implementing a Traditional Game to 
Stimulate Cognitive Skills during 
Online Learning: Early Childhood 
Education. International Journal of 
Early Childhood Learning, 29(1), 25–
39. https://doi.org/10.18848/2327-
7939/CGP/v29i01/25-39 

Hori, R., & Fujii, M. (2021). Impact of 
using ict for learning purposes on self-
efficacy and persistence: evidence 
from pisa 2018. Sustainability 
(Switzerland), 13(11), 1–12. 
https://doi.org/10.3390/su13116463 

Ilgaz, H., Hassinger-Das, B., Hirsh-Pasek, 
K., & Golinkoff, R. M. (2018). Making 
the Case for Playful Learning. Springer 
International Handbooks of 
Education, Part F1626, 1245–1263. 
https://doi.org/10.1007/978-94-024-
0927-7_64 

Inuk, M., Erdawati, E., Sumadi, T., & 
Jarudin, J. (2021). The Effectiveness of 



81 Pegem Journal of Education and Instruction, ISSN 2146-0655 

Mathematics Playboard Variation (VaPaMaMa) Instructional Media to Improve the Cognitive Abilities 
of Early Childhood 

 

  
 
 

Instructional Media to Improve Early 
Childhood Creative Thinking Skills. 
Universal Journal of Educational 
Research, 9(6), 1291–1297. 
https://doi.org/10.13189/ujer.2021.0
90618 

Kamal, T., & Illiyan, A. (2021). School 
teachers’ perception and challenges 
towards online teaching during 
COVID-19 pandemic in India: An 
econometric analysis. Asian 
Association of Open Universities 
Journal, 16(3), 311–325. 
https://doi.org/10.1108/AAOUJ-10-
2021-0122 

Knappertsbusch, F., Langfeldt, B., & Kelle, 
U. (2021). Mixed-Methods and 
Multimethod Research. Soziologie - 
Sociology in the German-Speaking 
World, 261–272. 
https://doi.org/10.1515/9783110627
275-018 

Krish, P., Maros, M., & Stapa, S. H. (2012). 
Sociocultural factors and social 
presence in an online learning 
environment. GEMA Online Journal of 
Language Studies, 12(1), 201–213. 

Lamrani, R., & Abdelwahed, E. H. (2020). 
Game-based learning and 
gamification to improve skills in early 
years education. Computer Science 
and Information Systems, 17(1), 339–
356. 
https://doi.org/10.2298/CSIS1905110
43L 

Latorre-Cosculluela, C., Sierra-Sánchez, 
V., Rivera-Torres, P., & Liesa-Orú, M. 
(2023). Classrooms : Effects on 
Attitudes and Active Behaviour 
Towards Technology. Journal of 
Computing in Higher Education, 1991, 
1–17. 
https://doi.org/10.1007/s12528-023-
09357-2 

Lazo-Amado, M., & Andrade-Arenas, L. 
(2023). Designing a Mobile 
Application for Children with Dyslexia 
in Primary Education Using 
Augmented Reality. International 
Journal of Interactive Mobile 
Technologies (IJIM), 17(02), 76–100. 
https://doi.org/10.3991/ijim.v17i02.3
6869 

Lestariningsih, T., Kusbandono, H., Paksi, 
A. B., Afandi, Y., & Sumafta, I. B. 
(2023). Development of Game-based 
Learning Media for Early Childhood 
Animal Recognition. East Asian 
Journal of Multidisciplinary Research, 
2(8), 3507–3516. 
https://doi.org/10.55927/eajmr.v2i8.
5219 

Lewinn, K. Z., Bush, N. R., Batra, A., 
Tylavsky, F., & Rehkopf, D. (2020). 
Identification of Modifiable Social and 
Behavioral Factors Associated with 
Childhood Cognitive Performance. 
JAMA Pediatrics, 174(11), 1063–1072. 
https://doi.org/10.1001/jamapediatri
cs.2020.2904 

Liberman, L., & Dubovi, I. (2023). The 
effect of the modality principle to 
support learning with virtual reality: 
An eye-tracking and electrodermal 
activity study. Journal of Computer 
Assisted Learning, 39(2), 547–557. 
https://doi.org/10.1111/jcal.12763 

Liu, C., Wang, L., Pi, Z., & Yang, J. (2024). 
Interaction matters: Co-viewing 
facilitates learning from live video 
streaming for elementary students. 
Education and Information 
Technologies, 29(2), 2387–2411. 
https://doi.org/10.1007/s10639-023-
11920-4 

Lynch, L. I., Dauer, J. M., Babchuk, W. A., 
Heng-Moss, T., & Golick, D. (2018). In 
their own words: The significance of 



82 Pegem Journal of Education and Instruction, ISSN 2146-0655 

Mathematics Playboard Variation (VaPaMaMa) Instructional Media to Improve the Cognitive Abilities 
of Early Childhood 

 

  
 
 

participant perceptions in assessing 
entomology citizen science learning 
outcomes using a mixed methods 
approach. Insects, 9(1), 1–15. 
https://doi.org/10.3390/insects9010
016 

Magta, M., & Mahardika, E. K. (2023). 
The Design and Development of 
Learning Media “Circle Time 
Management” Based on Virtual 
Reality Games in an Innovative 
Pedagogical Perspective. Journal of 
Higher Education Theory and Practice, 
23(15), 180–191. 
https://doi.org/10.33423/jhetp.v23i1
5.6433 

Mclaughlin, M., Nathan, A., Thornton, A., 
Schipperijn, J., Trost, S. G., & Christian, 
H. (2023). Adaptations to scale-up an 
early childhood education and care 
physical activity intervention for real-
world availability — Play Active. 
International Journal of Behavioral 
Nutrition and Physical Activity, 20(1), 
1–10. 
https://doi.org/10.1186/s12966-023-
01457-7 

Meyer, T., Richter, S., & Raspe, H. (2013). 
Agreement between pre-post 
measures of change and transition 
ratings as well as then-tests. BMC 
Medical Research Methodology, 
13(1), 1–10. 
https://doi.org/10.1186/1471-2288-
13-52 

Moon, J., Do, J., Lee, D., & Choi, G. W. 
(2020). A conceptual framework for 
teaching computational thinking in 
personalized OERs. Smart Learning 
Environments, 7(1), 1–19. 
https://doi.org/10.1186/s40561-019-
0108-z 

Muir, R. A., Howard, S. J., & Kervin, L. 
(2023). Interventions and Approaches 

Targeting Early Self-Regulation or 
Executive Functioning in Preschools: A 
Systematic Review. In Educational 
Psychology Review (Vol. 35, Issue 1). 
Springer US. 
https://doi.org/10.1007/s10648-023-
09740-6 

Mumuni, T. (2017). Unpacking 
instructional strategies of early 
childhood teachers: Insights from 
teachers perspectives. Educational 
Research and Reviews, 12(24), 1199–
1207. 
https://doi.org/10.5897/err2017.337
0 

Novaliendry, D., Saltriadi, K. S., 
Mahyuddin, N., Sriwahyuni, T., & Ardi, 
N. (2022). Development of Interactive 
Media Based on Augmented Reality 
for Early Childhood Learning Around 
the Home. International Journal of 
Interactive Mobile Technologies, 
16(24), 4–20. 
https://doi.org/10.3991/ijim.v16i24.3
4501 

Rabindran, & Madanagopal, D. (2020). 
Piaget’s Theory and Stages of 
Cognitive Development- An Overview. 
Scholars Journal of Applied Medical 
Sciences, 8(9), 2152–2157. 
https://doi.org/10.36347/sjams.2020
.v08i09.034 

Rais, M., Aryani, F., Ahmar, A. S., Arfandi, 
H., & Ahmad, W. K. S. (2018). Learning 
Media Edu-Games “my Profession” as 
an Effort to Introduce Various Types of 
Profession in Early Childhood 
Education Students. Journal of 
Physics: Conference Series, 1028(1). 
https://doi.org/10.1088/1742-
6596/1028/1/012091 

Riska, N., Handini, M. C., Asmawi, M., & 
in, J. (2021). Instructional-based 
Gamification in Improving Knowledge 



83 Pegem Journal of Education and Instruction, ISSN 2146-0655 

Mathematics Playboard Variation (VaPaMaMa) Instructional Media to Improve the Cognitive Abilities 
of Early Childhood 

 

  
 
 

in Early Childhood. International 
Journal of Early Childhood Special 
Education, 13(2), 948–958. 
https://doi.org/10.9756/int-
jecse/v13i2.211138 

Scheidecker, G., Chaudhary, N., Keller, H., 
Mezzenzana, F., & Lancy, D. F. (2023). 
“Poor brain development” in the 
global South? Challenging the science 
of early childhood interventions. 
Ethos, 51(1), 3–26. 
https://doi.org/10.1111/etho.12379 

Setyorini, R., Saddhono, K., Ermanto, 
Wildan, M., & Kirom, S. (2019). The 
Effort of Implementing of the Big Book 
as A Media to Improve the Intelligence 
of Linguistic Verbals for Early 
Childhood. Journal of Physics: 
Conference Series, 1339(1). 
https://doi.org/10.1088/1742-
6596/1339/1/012087 

Siritheeratharadol, P., Tuntivivat, S., & 
Intarakamhang, U. (2023). Effects of a 
Transformative Learning Program for 
Developing Active Global Citizenship 
among Thai Students. European 
Journal of Educational Research, 
12(2), 749–758. 
https://doi.org/10.12973/eu-
jer.12.2.749 

Tuma, F., Majeed, H., Blebea, J., Nassar, 
A., Durchholz, W. C., & Schofield, S. 
(2022). The educational value of an 
audience response system use in an 
Iraqi medical school. BMC Medical 
Education, 22(1), 1–10. 
https://doi.org/10.1186/s12909-022-
03381-z 

Umam, M. U. K., Budiyanto, C., & 
Rahmawati, A. (2019). Literature 
review of robotics learning devices to 
facilitate the development of 
computational thinking in early 
childhood. In I. N.Y., R. M., & N. F. 

(Eds.), AIP Conference Proceedings 
(Vol. 2194). American Institute of 
Physics Inc. 
https://doi.org/10.1063/1.5139865 

Valeriani, M., & Clark, V. L. P. (2021). 
Research Methods in the Social 
Sciences: An A-Z of key concepts. In 
Oxford University Press. 
https://doi.org/10.1093/hepl/978019
8850298.003.0041 

van Oers, B. (2003). Learning resources in 
the context of play. promoting 
effective learning in early childhood. 
International Journal of 
Phytoremediation, 21(1), 7–26. 
https://doi.org/10.1080/1350293038
5209031 

Vasilopoulos, F., Jeffrey, H., Wu, Y., & 
Dumontheil, I. (2023). Multi-Level 
Meta-Analysis of Physical Activity 
Interventions During Childhood: 
Effects of Physical Activity on 
Cognition and Academic 
Achievement. In Educational 
Psychology Review (Vol. 35, Issue 2). 
Springer US. 
https://doi.org/10.1007/s10648-023-
09760-2 

Vickers, A. J. (2005). Parametric versus 
non-parametric statistics in the 
analysis of randomized trials with non-
normally distributed data. BMC 
Medical Research Methodology, 5, 1–
12. https://doi.org/10.1186/1471-
2288-5-35 

Waskito, Fortuna, A., Prasetya, F., 
Wulansari, R. E., Nabawi, R. A., & 
Luthfi, A. (2024). Integration of Mobile 
Augmented Reality Applications for 
Engineering Mechanics Learning with 
Interacting 3D Objects in Engineering 
Education. International Journal of 
Information and Education 
Technology, 14(3), 354–361. 



84 Pegem Journal of Education and Instruction, ISSN 2146-0655 

Mathematics Playboard Variation (VaPaMaMa) Instructional Media to Improve the Cognitive Abilities 
of Early Childhood 

 

  
 
 

https://doi.org/10.18178/ijiet.2024.1
4.3.2057 

Watanabe, N. (2017). Accelerated 
Cognitive Development—Piaget’s 
Conservation Concept. Journal of 
Educational and Developmental 
Psychology, 7(2), 68. 
https://doi.org/10.5539/jedp.v7n2p6
8 

Wicaksono, M. F., & Rahmatya, M. D. 
(2023). 3D Geometric Shape and 
Colors Interactive Learning Media 
using Raspberry Pi, OpenCV, and 
TensorFlow Lite. International Journal 
on Advanced Science, Engineering and 
Information Technology, 13(5), 1710–
1718. 
https://doi.org/10.18517/ijaseit.13.5.
18443 

Winstanley, M. A. (2023). Stages in 
Theory and Experiment. Fuzzy-
Structuralism and Piagetian Stages. 
Integrative Psychological and 
Behavioral Science, 57(1), 151–173. 
https://doi.org/10.1007/s12124-022-
09702-7 

Wulandari, R. T., & Anisa, N. (2019). 

Development of thematic-based 
motion and song learning videos to 
stimulate work: art of kindergarten 
teacher’s ability. Universal Journal of 
Educational Research, 7(12 A), 27–34. 
https://doi.org/10.13189/ujer.2019.0
71904 

Yan, Z., Traynor, V., Alananzeh, I., Drury, 
P., & Chang, H. C. (2023). The impact 
of montessori-based programmes on 
individuals with dementia living in 
residential aged care: A systematic 
review. Dementia, 22(6), 1259–1291. 
https://doi.org/10.1177/1471301223
1173817 

Zaretsky, V. K. (2021). One More Time on 
the Zone of Proximal Development. 
Cultural-Historical Psychology, 17(2), 
37–49. 
https://doi.org/10.17759/chp.202117
0204 

Zhang, J. (2022). The Influence of Piaget 
in the Field of Learning Science. Higher 
Education Studies, 12(3), 162. 
https://doi.org/10.5539/hes.v12n3p1
62 

 


