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Introduction

Abstract: This study was conducted in response to the limited development of early
childhood mathematical abilities, which is closely associated with the insufficient use
of interactive and explorative learning media. The present research focuses on
designing and evaluating an inquiry-oriented interactive wordwall game intended to
enhance young children's mathematical competencies. The study employed a Research
and Development framework using the ADDIE model, encompassing analysis, design,
development, implementation, and evaluation phases. The participants involved 15
kindergarten children aged 5-6 years, while data were collected through expert
validation, observation, questionnaires, and pre-test and post-test assessments. The
findings reveal that the developed media achieved a very high level of feasibility,
indicated by media and material validation scores of 96% and 92%, respectively.
Practicality testing also demonstrated a very positive response from teachers and
strong engagement from children. In terms of effectiveness, there was a substantial
improvement in mathematical ability, reflected by an increase in average scores from
60.1% to 97%, with an N-Gain score of 0.91 categorized as high. These results suggest
that combining interactive digital media with an inquiry-based approach can
meaningfully support children's conceptual understanding and engagement.
Therefore, the developed Wordwall-based learning media can be considered an
effective and innovative tool for improving early childhood mathematics learning.

Keywords: Early childhood education; Interactive digital media; Inquiry-based

learning; Mathematical skills; Wordwall

early age (Arum et al., 2023; Supriyanto, 2025; Syafriana
et al., 2025; Winarji et al., 2024).

Early Childhood Education (PAUD) is a strategic
foundation in building the quality of human resources
because at this stage there is rapid development in the
cognitive, social, and emotional aspects of children.
Theoretically, the early age period is known as the
golden age which greatly determines the success of
subsequent development, so appropriate, planned, and
meaningful stimulation is needed (Amiliya et al., 2021;
Aryani et al., 2020; Uce, 2017).

In the context of education policy in Indonesia, the
implementation of the Independent Curriculum
emphasizes child-centered, contextual, and oriented
learning to strengthen literacy and numeracy from an
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Constructivistically, Piaget asserts that children
build knowledge through active interaction with the
environment, while Vygotsky emphasizes the
importance of social interaction and scaffolding in the
zone of proximal development to optimize learning
(Aminah et al., 2025; Kurniati, 2025; Wahyuningsih et al.,
2024; Wathon, 2024). Thus, learning in PAUD needs to
be designed actively, exploratory, and based on direct
experience in order to be able to develop children's
thinking skills optimally.

One of the essential cognitive aspects of early
childhood education is early math skills that include the
introduction of the concepts of numbers, patterns,

Yanty, M. G., Rakimahwati, Mayar, F., & Yaswinda. (2026). Development of Interactive Wordwall Games Based on Inquiry into Children’s
Mathematical Abilities in Kindergarten. Jurnal Penelitian Pendidikan IPA, 12(4), 424-431. https:/ /doi.org/10.29303/jppipa.v12i4.14470


https://doi.org/10.29303/jppipa.v12i4.14470
https://doi.org/10.29303/jppipa.v12i4.14470

Jurnal Penelitian Pendidikan IPA (JPPIPA)

geometry, measurement, and simple problem-solving.
This ability plays an important role in forming a logical,
systematic, and critical mindset from an early age (Delfia
et al., 2019; Hayati et al,, 2023; Nopiana et al., 2025;
Papadakis et al., 2018; Sufa, 2022). However, various
studies show that mathematics learning in early
childhood still tends to be conventional, teacher-
centered, and has minimal use of interactive media, so it
is less able to stimulate children's active involvement
(Puspita, 2024; Wahyuningsih et al., 2024; Yuliantina,
2020; Zulminiati et al., 2023).

This condition has an impact on low learning
motivation and limited conceptual understanding of
children's mathematical material (Alotaibi, 2024;
Brezovszky et al.,, 2019; Chen et al,, 2020). Therefore,
learning innovations are needed that are able to
integrate approaches that are in accordance with the
characteristics of children's development and make
optimal use of technology.

The use of interactive digital media based on games
(digital game-based learning) is one of the effective
alternatives in improving the quality of mathematics
learning in early childhood. Empirically, game-based
learning media is able to increase children's motivation,
participation, and learning outcomes because it provides
a fun and meaningful learning experience (Elhefni et al.,
2023; Pan et al., 2022; Zunidar et al., 2025). Wordwall as
one of the digital learning platforms offers various
interactive features such as quizzes, matching, grouping,
and challenge-based games that suit the child's learning
characteristics (Al-Hassan et al., 2025; Dan et al., 2024;
Hussein et al., 2022).

In addition, the integration of inquiry approaches
in learning allows children to actively observe, question,
explore, and discover concepts independently, thus
improving conceptual understanding and critical
thinking skills (Chen et al., 2023; Karademir et al., 2020;
Putri et al., 2025; Susilawati et al., 2023). This approach
is in line with constructivist theory which emphasizes
that learning will be more effective if children are
directly involved in the process of knowledge discovery.

Although various studies have shown the
effectiveness of digital media and inquiry approaches
separately, studies that integrate the two in the context
of early childhood mathematics learning, particularly
through the Wordwall platform, are still relatively
limited, especially in the context of education in
Indonesia. The results of initial observations at Nurul
IImi Kindergarten, West Pasaman Regency, show that
the mathematical ability of children aged 5-6 years is
still in the low category, characterized by difficulties in
recognizing the concepts of numbers, patterns, and
simple geometry.

This is due to the use of monotonous learning
methods and the limitations of interesting and
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interactive learning media (Az-Zahra et al., 2025;
Kemala, 2023; Muliyadi et al.,, 2023; Munandar et al.,
2024; Susanti et al., 2024). The gap between curriculum
demands and learning practices in the field is a strong
reason for the need to develop innovative learning
media that can significantly improve the quality of
mathematics learning.

Based on this description, this research was
conducted with the aim of developing an inquiry-based
interactive Wordwall game that is valid, practical, and
effective in improving early childhood mathematics
skills. This research is important because it makes a
theoretical contribution to strengthening the integration
between constructivism approaches and digital learning
technology, as well as practical contributions in the form
of alternative innovative learning media that can be used
by PAUD educators.

In addition, this research also answers the actual
needs in the field related to children's low mathematical
ability and the limitations of learning media that support
active learning, so that it is expected to be able to
improve the quality of learning that is more meaningful,
interactive, and child-centered.

Method

Research Time and Location

This research was carried out at Nurul IImi
Kindergarten, West Pasaman Regency, West Sumatra.
The research activities take place in odd semesters of the
2025/2026 school year, namely from July to August
2025. The selection of the research location was based on
the results of initial observations which showed that the
mathematical ability of children aged 5-6 years is still
relatively low and the limited use of interactive learning
media in the learning process. This condition makes the
research location relevant as a context for the
development of innovative technology-based learning
media.

Research Methods
This research uses a Research and Development
(R&D) approach which aims to produce products in the
form of learning media and test the level of feasibility
and effectiveness. The development model used is
ADDIE (Analysis, Design, Development,
Implementation, Evaluation) because it has a systematic
and flexible structure in the development of technology-
based learning products. The ADDIE model also allows
evaluations to be carried out continuously at each stage
of development so that the resulting products are more
empirically tested.
The study subjects consisted of 15 children of group
B aged 5-6 years who were determined using the total
sampling technique, considering that the population
425
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was relatively small and the entire subject met the
characteristics of the study. In addition, this research
also involves expert validators consisting of material
experts, media experts, and linguists to assess the
quality of the products developed.

This procedure refers to the steps in the ADDIE
model research and development procedure as shown in

figure 1.
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Figure 1. Research procedure

Research Stages
The research procedure refers to the stages of the
ADDIE model which are described as follows:

Stages of Analysis

At this stage, an analysis of learning needs,
characteristics of students, and mathematics learning
conditions in the field was carried out. Data was
obtained through observation and interviews with
teachers to identify problems faced in early childhood
mathematics learning.

Planning Stage

This stage focuses on designing learning media in
the form of an interactive Wordwall game based on
inquiry. The activities carried out include the
preparation of indicators of children's mathematical
ability, the design of the game flow, and the
determination of material content that is in accordance
with the developmental characteristics of children aged
5-6 years.

Development Stage

At this stage, learning media products are made
and validated by experts. Validation includes aspects of
material feasibility, media display, and language use.
The validation results are used as a basis for revising and
improving the product before testing.

Implementation Stage
The products that have been developed are then
tested on a limited basis for children aged 5-6 years. At
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this stage, data collection related to the practicality of
media use is carried out through teacher response
questionnaires and observation of children's activities
during the learning process.

Evaluation Stage

The evaluation stage was carried out to assess the
effectiveness of media in improving children's
mathematical skills. The evaluation was carried out
through a comparison of pre-test and post-test results as
well as an analysis of the achievement of children's math
ability indicators.

Data Analysis

The data in this study were analyzed descriptively,
quantitatively, and qualitatively. The data from expert
validation and practicality were analyzed using
percentage techniques and categorized based on
product feasibility criteria. Effectiveness data were
analyzed using the N-Gain test to determine the level of
improvement in children's mathematical skills before
and after the use of learning media.

In addition, a paired sample t-test analysis was
carried out to test the significance of the difference
between pre-test and post-test scores. The entire data
analysis process is carried out with the help of Microsoft
Excel software to ensure the accuracy of calculations and
systematic data presentation. The results of this analysis
are used as a basis for drawing conclusions regarding
the level of validity, practicality, and effectiveness of the
developed learning media.

Result and Discussion

This research produced a product in the form of an
inquiry-based interactive Wordwall game developed
through the stages of the ADDIE model and tested from
the aspects of validity, practicality, and effectiveness in
improving early childhood mathematics skills. The
validation results showed that the developed media
obtained a very high score, namely 96% for the media
aspect and 92% for the material aspect, so it was
included in the very valid category.

Table 1. Develop Assessment Instrument

Validity Percentage (%) Feasibility Criteria
Media 96 very valid
Material 92 very valid

This high level of validity shows that media design,
content suitability, and language use have met the
principles of early childhood learning that are child-
centered and in accordance with their cognitive
development stages. This result is in line with previous
research which states that digital-based learning media
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designed according to children's characteristics can
improve the quality of material delivery and learning
effectiveness (Dan et al., 2024; Hussein et al., 2022;
Papadakis et al., 2018).

Table 2. Practicality Test of Wordwall Interactive Games

No  Total Score Max Score Percentage
1 27 28 96.42
2 27 28 96.42
Total 54 56

Average 96.42%
Categories Very Practical

From the practical aspect, the results of the study
showed that the media obtained a score of 96.42% with
a very practical category based on the teacher's response
and the results of observation of children's activities
during learning. Teachers consider that media is easy to
use, interesting, and able to increase children's active
involvement in the learning process. These findings
reinforce the results of the study (Savira et al., 2022) and
(Elhefni et al., 2023) which shows that the use of
Wordwall as an interactive learning medium can
increase student motivation and participation.

In addition, international studies also reveal that
digital game-based learning is able to create a more
engaging learning experience and increase students'
cognitive engagement (Alotaibi, 2024; Chen et al., 2020;
Pan et al., 2022). Thus, the practicality of this media is
not only seen from the ease of use, but also from its
ability to create an active and fun learning atmosphere.

15
10
TN
0
Subject
M Pre-test m Post-test

Figure 2. Large scale test pre-test post-test comparison

. Mean posttest—mean pretest
N — gain = u £ (1)

Max Skor—mean pretest

Table 3. N-gain Score
Descriptive Statistics
N Min Max Mean Hours of deviation
Ngain Score 15 67 1.00 9152 11759
Ngain Presses  1566.67 100.00 91.5238 11.75856
Valid (listwise) 15
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The results of the effectiveness test showed a
significant improvement in children's math skills after
the use of media, shown by an increase in the average
score from 60.1% in the pre-test to 97% in the post-test,
with an N-Gain value of 0.91 which was included in the
high category. This improvement shows that the
learning media developed is effective in improving the
understanding of basic mathematical concepts such as

numbers, patterns, geometry, grouping, and
measurement.
These results are consistent with research

Brezovszky et al. (2019) and Fadhila et al. (2025) which
states that game-based learning media is able to
significantly improve children's numeracy skills. In
addition, recent research also shows that the integration
of digital technology in mathematics learning has a
positive impact on improving children's learning
outcomes and thinking skills (Al-Hassan et al., 2025; Dan
et al., 2024; Hussein et al., 2022).

The results of the development of the interactive
game product "wordwall" which is based on the
investigation of early childhood mathematics skills are
shown in Figure 3. Theoretically, the effectiveness of this
media can be explained through a constructivist
approach that emphasizes that knowledge is actively
constructed by learners through hands-on experience.
The inquiry approach integrated in the Wordwall media
encourages children to observe, question, explore, and
discover concepts independently, thereby improving
conceptual understanding and thinking skills (Chen et
al., 2023; Karademir et al., 2020). This is in line with the
views of Piaget and Vygotsky who emphasize the
importance of active interaction and environmental
support in the child's learning process (Pan et al., 2022;
Rosidah et al., 2024).

Thus, the success of this media is not only
influenced by technological aspects, but also by the
suitability of the learning approach used. Furthermore,
the use of inquiry-based interactive Wordwall media
also has a positive impact on children's affective aspects,
such as increased motivation, interest in learning, and
confidence in understanding mathematics. Children no
longer view math as a difficult activity, but rather as a
fun and challenging activity.

These findings are supported by research (Haloho
et al. (2023) and Savira et al. (2022) which states that
interactive media can increase children's interest in
learning. In addition, international studies have also
shown that digital game-based learning can reduce
learning anxiety and increase positive attitudes towards
mathematics (Alotaibi, 2024; Behnamnia et al.,, 2023;
Chen et al., 2020).
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Flgure 3. Interactive game media content wordwall math kids

This shows that the media developed not only has
an impact on the cognitive aspect, but also on the
emotional and motivational aspects of children. Overall,
the results of this study confirm that the integration of
interactive digital media with an inquiry approach is an
effective and relevant strategy in early childhood
mathematics learning. These findings reinforce the
results of previous research that emphasized the
importance of technology-based learning innovations to
improve the quality of education (Al-Hassan et al., 2025;
Al Banna et al., 2025; Pan et al., 2022).

In addition, this research also makes an empirical
contribution to the development of Wordwall-based
learning media which is still limited in the context of
PAUD in Indonesia. Thus, the media developed can be

an alternative solution for educators in creating more
interactive, meaningful, and child-centered mathematics
learning.

Conclusion

The findings of this study indicate that the inquiry-
based interactive Wordwall game developed through
the ADDIE model demonstrates a high level of
feasibility in terms of validity, practicality, and
effectiveness. The media not only meets expert
validation standards but also proves to be easy to
implement and capable of fostering active participation
among children. Empirical results show a substantial
improvement in early childhood mathematical abilities,
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as reflected in the significant increase between pre-test
and post-test scores and supported by a high N-Gain
value. These outcomes confirm that the integration of
inquiry-based learning with interactive digital media
contributes  positively to children's conceptual
understanding and learning engagement. Consequently,
this media can serve as an effective alternative for
supporting meaningful, engaging, and child-centered
mathematics learning in early childhood education.
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