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Mathematical divergent thinking ability is one of the important skills
of the 21st century that plays a role in developing students' problem-
solving abilities. However, the results of pre-research indicate that
students still have difficulty in linking mathematical concepts to real
situations and consider mathematics as a difficult subject. This
condition indicates the need for innovative, interactive, and interesting
learning media to stimulate students' divergent thinking abilities. This
study aims to develop a web-based interactive learning media
Wordwall that is feasible, interesting, and effective in improving
students' mathematical divergent thinking abilities in arithmetic and
geometric sequences. This study uses a Research and Development
(R&D) approach with the ADDIE model which includes the stages of
analysis, design, development, implementation, and evaluation. The
research subjects were grade X students of SMA Ma'arif NU 5
Purbolinggo. Data were collected through interviews, questionnaires,
and tests with a One Group Pretest-Posttest design. Data analysis was
carried out descriptively quantitatively through feasibility,
attractiveness, and effectiveness tests with N-Gain calculations. The
results of the study showed that the developed media was declared
feasible with an assessment of 90.17% from material experts, 97.2%
from test experts, and 90.625% from media experts, with a validation
of the media's feasibility reaching 96.42%. Student responses reached
92% with a very interesting category, and the N-Gain analysis of the
posttest results showed an increase in the average score of students
compared to the pretest with an N-Gain value of 0.53 in the small
group test and 0.62 in the large group in the "Medium" category. This
study recommends the Wordwall web as an innovative learning
medium to foster creativity and improve divergent thinking skills.
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Introduction

Mathematical divergent thinking is a crucial 21st-century skill emphasized by various
international educational institutions, such as the OECD (2023) through the Programme for
International Student Assessment (PISA). This skill is necessary for students to think flexibly,
find multiple solutions to a single problem, and apply mathematical concepts in real-life
contexts (Rahmawati et al., 2021). According to Runco, divergent thinking involves thinking
fluently to generate many unique and detailed ideas (Rawlings et al., 2025). Divergent thinking
is a diverse method of thinking by applying various approaches to achieve results from various
options to create or formulate new, more effective ways (Izzati et al., 2021). Divergent thinking
is the ability to generate various alternative solutions to a problem, where students are able to
put forward many ideas from various perspectives. This ability does not only focus on one
particular method, but encourages students to find various strategies, solution steps, and logical
reasons that support the validity of the resulting answer (Prayitno, 2016).

If mathematical divergent thinking skills are low, students will have difficulty
understanding the material and facing various challenges in solving mathematical problems
(Akuba et al., 2020). However, the results of the 2022 PISA survey showed that Indonesian
students' mathematical abilities are still relatively low, ranking 71st out of 81 countries with an
average score of 379, far below the OECD average of 472 (OECD, 2023). This condition
indicates that mathematics learning in Indonesia has not fully developed students' creative and
divergent thinking skills in solving problems that require high-level reasoning (Fitriati & Lisa,
2015; Hasanah & Abdussakir, 2024).

Similar problems are also seen in the national context. The results of national assessments
and various local studies indicate that many students have difficulty understanding
mathematical concepts in depth because learning is still teacher-centered, results-oriented, and
lacks innovation in interactive learning media (Febriyanti & Pratiwi, 2019). Based on the results
of pre-research at SMA Ma'arif NU 5 Purbolinggo, it was found that students still have
difficulty connecting mathematical concepts to real situations and are less able to generate
diverse solution ideas. This indicates low mathematical divergent thinking abilities among
students. The following are the results of the pre-test data at SMA Ma'arif NU 5 Purbolinggo:

Table 1. Pre-Test Results of Students' Divergent Thinking Skills at SMA Ma'arif NU 5 Purbolinggo

Item Amount
Number of Students 45
Average 50
Standard Deviation 24,49
Highest Student Score 80
Lowest Student Score 35

The following is the percentage of indicators of students' divergent thinking abilities:
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Figure 1. Percentage of Students' Mathematical Divergent Thinking Ability Indicators

Based on these data, it can be seen that students are still very lacking in originality
(providing solutions to different mathematical problems) and elaboration (solving by providing
detailed explanations of appropriate alternative answers). Only 15% of the 45 students
demonstrated originality, and only 20% of the 45 students demonstrated elaboration. This
indicates that students still have difficulty understanding the material presented.

Several previous studies have developed digital-based media to improve learning
outcomes, such as Wafiqni & Putri (2021), which used the Wordwall application and
demonstrated effective learning achievement with a percentage of 80.35%. Another study by
Sudarsono & Mulyani (2021) showed that the development of interactive game learning media
based on the Wordwall application in mathematics lessons has been declared a valid, effective,
and practical learning medium. However, these studies focused more on improving motivation
or cognitive learning outcomes and did not specifically measure mathematical divergent
thinking skills, which require students' creative thinking. Thus, there is a research gap in the
application of interactive Wordwall media to develop students' divergent thinking skills in
mathematics.

Wordwalls are educational media available on websites and used for assessment in the
learning process (Permana & Kasriman, 2022). Wordwalls provide quizzes, puzzles, and games
to interact with the learning material (Listiana et al., 2023). Research conducted found that the
use of wordwalls can substantially improve science education achievement and learning
enthusiasm, as well as create an engaging and enjoyable learning environment for students.

The novelty of this research lies in the development of a web-based interactive learning
media, Wordwall, which focuses on fostering students' mathematical divergent thinking skills
in arithmetic and geometric sequences. This media is designed following the ADDIE (Analysis,
Design, Development, Implementation, Evaluation) development model to produce valid,
practical, and effective products for use in digital-based mathematics learning. Support from
Piaget's constructivism theory serves as the foundation for this research, which emphasizes the
importance of active and interactive learning experiences to build students' conceptual
understanding (Nugraha & Herdiana, 2024).

The focus of this research is to develop interactive web-based learning media wordwall
on the material of arithmetic and geometric sequences, determine the feasibility and
attractiveness of the developed wordwall learning media, and analyze the effectiveness of
interactive web-based learning media Wordwall in improving the mathematical divergent
thinking ability of high school students. This research is expected to contribute to the innovation
of digital technology-based mathematics learning media and become a strategic alternative to
foster creative thinking and technology-based student learning outcomes. Based on the
description, the hypothesis of this research is that interactive web-based learning media
wordwall is effective in improving students' mathematical divergent thinking ability.
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Method
Types of research

This research is a research and development (R&D) aimed at producing a product in the
form of a web-based interactive learning media Wordwall to improve students' mathematical
divergent thinking skills. This research approach is quantitative descriptive supported by
qualitative data from observations, interviews, and student responses. The product trial design
uses the One Group Pretest-Posttest Design model to determine the media's effectiveness in
improving students' mathematical divergent thinking skills. The development model used is the
ADDIE model, which consists of five stages: analysis, design, development, implementation,
and evaluation. This model was chosen because it provides systematic and flexible steps to
produce valid, practical, and effective learning media.

Analisis
(Analysis)

N

-
Implementasi Evaluasi PCI encanaan
(Implementation) ( Evaluation) (Desxgn)

Pengembangan
(Development)

Figure 2. ADDIE Procedure Image

Population and Sample

Population is a general area consisting of objects or individuals who have characteristics
and traits that have been determined by researchers to be analyzed, from which conclusions will
be drawn (Mardiana et al., 2024). The population in this study was all grade X students of SMA
Ma'arif NU 5 Purbolinggo in the 2024/2025 academic year. The location was selected
purposively because the results of the pre-research showed low mathematical divergent
thinking skills in the school. The sample is part of the population to be analyzed or part of the
characteristics possessed by the population. The research sample consisted of two classes, each
class consisting of 20-30 students..

Instrument

The research instrument was used to collect data related to the feasibility, attractiveness,
and effectiveness of the Wordwall web-based interactive learning media on students'
mathematical divergent thinking abilities. The Expert Validation Sheet was used to assess the
feasibility of the learning media from three aspects, namely Material experts, assessing the
suitability of content, conceptual accuracy, and material integration with indicators of divergent
thinking abilities; Media experts assessing the interface appearance, interactivity, ease of
navigation, and design quality, and test experts assessing the suitability of the test items with
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indicators of mathematical divergent thinking abilities with assessments carried out using a
Likert scale of 1-4.

The Student Response Questionnaire was designed to determine the level of
attractiveness of learning media based on students' perceptions after using Wordwall with
aspects assessed including ease of use, visual appearance, clarity of instructions, relevance of
content, and learning motivation using a Likert scale of 1-4. The Mathematical Divergent
Thinking Ability Test was given in the form of a pretest and posttest using a One Group Pretest—
Posttest design. The results were analyzed using the N-Gain formula to see the increase in
students' abilities after using the media. The divergent thinking ability test was compiled based
on four main indicators according to Munandar (2009), namely:

Table 2. Divergent Thinking Ability Indicators

Aspect Indicator
Fluency Finding a variety of answers/ideas in the same
and relevant way.
Flexibility Finding various different ways/methods of

solving problems with the same answer and being
logical in finding answers and relevant.

Originality Provide solutions to mathematical problem
solving that are different from other subjects and
use new, unique and relevant perspectives.

Elaboration Complete by providing detailed explanations of
appropriate alternative answers.

Prior to use, all instruments were validated by experts to ensure content and construct
suitability. The reliability of the questionnaires and tests was analyzed using Cronbach's Alpha,
while the validity of the items was calculated using Pearson Product Moment correlation.

Data collection

The data collection techniques in this study were adapted to each stage of the ADDIE
(Analysis, Design, Development, Implementation, Evaluation) development model. In the
Analysis stage, interviews and initial observations were conducted with educators and students
in grade X of SMA Ma'arif Nu 5 Purbolinggo to identify mathematics learning problems,
students' difficulties in linking concepts to real life, and the need for appropriate learning media.
The design stage obtained data through curriculum studies and basic competency analysis to
determine the material for arithmetic and geometric sequences, as well as the preparation of
research instruments in the form of validation sheets, response questionnaires, and
mathematical divergent thinking ability tests which became the basis for media design. In the
development stage, data were collected through validation by material, media, and test experts
to assess product feasibility, with each validator providing scores and suggestions for
improvement using a Likert-based questionnaire from 1-4 which was used to revise the product.
The implementation stage includes product trials on two scales: a small group trial involving
10 students to assess attractiveness and ease of use, and a large group trial involving 20 students
to test effectiveness, with data collected through response questionnaires and pretest-posttest
tests. The evaluation stage obtains data from questionnaire results, expert validation, and tests
that are analyzed to determine the level of feasibility, attractiveness, and effectiveness, with
feedback used to improve the final product.
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Data Analysis

The research data was analyzed quantitatively and qualitatively. Quantitative analysis
was used to calculate expert validation results, student responses, and improvements in
divergent thinking skills using percentage formulas and N-Gain calculations. Quantitatively,
expert validation data was analyzed using the feasibility percentage formula:

Score obtained
Percentage = - X 100%
Maximum score

The analysis results were then categorized based on feasibility criteria (Very Feasible,
Feasible, Fairly Feasible, and Not Feasible). Furthermore, data from the student response
questionnaire was analyzed in the same manner to determine the level of attractiveness and ease
of use of the media.

To determine the effectiveness of media in improving students' mathematical divergent
thinking abilities, a normalized gain test (Normalized Gain or N-Gain) was used, which is

formulated as:

) Posttest Score — Pretest Score
N — Gain =

Maximum score — Pretest Score

The N-Gain value was then interpreted based on Hake's categories: high (> 0.7), medium
(0.3 < g <0.7), and low (< 0.3). This analysis aimed to measure the improvement in
mathematical divergent thinking skills after learning using Wordwall media.

Qualitative data, including expert comments, student responses, and observation results,
were analyzed descriptively through the stages of reduction, presentation, and conclusion
drawing. This analysis process aimed to obtain a more in-depth picture of the quality of the
developed learning media. The results of this analysis were used in an integrated manner to
assess the feasibility, attractiveness, and effectiveness of the Wordwall-based learning media.

Research Findings

This research resulted in a product in the form of a Wordwall web-based interactive
learning media designed to improve students' mathematical divergent thinking skills in
arithmetic and geometric sequences. The development process followed the ADDIE model,
which includes the stages of analysis, design, development, implementation, and evaluation.
Each stage produced empirical data supporting the feasibility and effectiveness of the media.

The expert validation results show that the developed learning media meets the eligibility
criteria very well. Validation by material experts obtained a percentage of 90.17% with a very
feasible category, indicating that the content and suitability of the material with the curriculum
are appropriate. Validation by media experts obtained a percentage of 90.625%, indicating that
the display, navigation, and interactivity of the media are considered attractive and easy to use.
Meanwhile, validation by divergent thinking test instrument experts obtained a result of 97.2%,
indicating that the assessment instrument is relevant and able to measure students' mathematical
divergent thinking abilities. In the questionnaire validation, the total media eligibility score was
96.42% with the criteria of "very interesting".

The following are the validation results for the development of interactive learning media
before and after revision:
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Table 3. Comparison of learning media development before and after revision

Validation Before Revision After Revision
Material Manakah rumus
Expert barisan aritmatika
yang tepat?
< 4dari9 [>
Have been helped and given
| explanations on each symbol
Change the color to make it visible and
provide information so that it is clear
Question
Test
Expert

It has been corrected and 1 question

There are provisions for creating questions includes 4 indicators in it

and 1 question must cover 4 indicators
according to mathematical divergent thinking
abilities.

Add questions not just 2 questions Questions have been added, total
questions are now 6

g{ediat Ketuk satu untuk membuka pa—— i Aiccl‘rd;z:;'m o ° o
Xper
- 10606

Materi " Soal Post Test Barisan Kelas...

Aiféady ﬁkeci and usiﬁg 3 ;cemplatés

Only use | template, add other templates to
make it interesting for students

The results of limited trials and field trials showed that the Wordwall media received a
positive response from students. The average percentage of student questionnaire responses in
the small group obtained a score of 92.25%, categorized as "Very Interesting." The large group
obtained a score of 92%, categorized as "Very Interesting." Students assessed this media as
being able to increase learning motivation, facilitate understanding of the material, and provide
a more enjoyable learning experience. Game-based learning activities in Wordwall make
students more active and challenged to think creatively. These results align with research which
states that the use of web-based Wordwall can increase student engagement and learning
outcomes.

The effectiveness of the learning media was measured using a One Group Pretest-Posttest
design. The analysis results showed an increase in students' mathematical divergent thinking
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skills after using the Wordwall media. The average N-Gain value above is in the moderate
category, which means that this media is effective in improving students' divergent thinking
skills. Students are able to generate more solution ideas, demonstrate strategic flexibility, and
display originality in solving mathematical problems. This finding is supported by Piaget's
constructivism theory which states that active and interactive learning experiences can
strengthen students' concept formation and creative thinking. Thus, the research hypothesis is
accepted, because the interactive web-based learning media Wordwall is proven to be effective
in improving students' mathematical divergent thinking skills.

Discussion

The results of the study indicate that the interactive web-based learning media Wordwall
is feasible, engaging, and effective in improving students' mathematical divergent thinking
skills in arithmetic and geometric sequences. These findings confirm that the use of interactive
digital media provides a more meaningful learning experience because it combines visual,
audio, and game-based elements that can foster student motivation and active engagement.

Theoretically, the results of this study support Piaget's constructivist perspective, which
emphasizes that knowledge is constructed through active interactions between students and
their environment. Through interactive activities on the Wordwall, students are encouraged to
think flexibly, generate multiple ideas, and find varied solutions to math problems. This aligns
with Guilford's divergent thinking theory, which emphasizes four key indicators: fluency,
flexibility, originality, and elaboration.

Empirically, the results of this study align with those of Wafigni & Putri (2021), which
showed that the use of Wordwalls improved learning achievement with an effectiveness of
80.35%. Similarly, Sudarsono & Mulyani (2021) found that interactive game media based on
Wordwalls is valid, practical, and effective for use in mathematics learning. These findings
confirm that Wordwalls play a positive role in improving learning outcomes and student
motivation. However, this study provides a new contribution by focusing on measuring
mathematical divergent thinking skills, not just cognitive learning outcomes.

The improvement in students' mathematical divergent thinking skills (average N-Gain =
0.53; Moderate category) indicates that this media can stimulate creative thinking processes.
Through game-based activities, students are encouraged to explore various problem-solving
strategies, broaden their perspectives on mathematical problems, and develop original ideas.
These results align with Rahmawati et al. (2021) findings that learning that facilitates
independent exploration can foster students' creativity and flexibility of thinking.

Furthermore, the average percentage of student questionnaire responses in the small
group obtained a score of 92.25%, with the criteria "Very Interesting." The large group obtained
a score of 92%, with the criteria "Very Interesting." This indicates that Wordwall is able to
create a fun learning atmosphere and foster curiosity. These results support the findings of
Febriyanti & Pratiwi (2019), who emphasized that digital-based interactive media can increase
learning motivation due to its participatory and contextual nature.

In general, the results of this study align with various studies that emphasize the
effectiveness of interactive media on mathematics learning outcomes and creative thinking
skills. However, several other research findings show conflicting results. For example, found
that the use of interactive digital media has not shown significant improvements in higher-order
thinking skills due to a lack of teacher support and limited internet access. This suggests that
the effectiveness of digital-based media, including Wordwall, is highly dependent on teacher
preparedness and the learning resources available at the school.
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Furthermore, stated that interactive media tends to have a greater impact on motivation
than creative thinking skills when not accompanied by reflective activities and in-depth
discussions. This difference suggests that while Wordwall media is effective in stimulating
students' ideas and creativity, optimal results still depend on the learning implementation
strategies used by educators.

Conclusion

Based on the results of the research and data analysis, it can be concluded that the
interactive web-based learning media Wordwall is declared feasible, interesting, and effective
to improve the mathematical divergent thinking ability of high school students. In terms of
feasibility, the validation results of material experts (90.17%), media experts (90.625%), and
test experts (97.2%) and a questionnaire of 96.42% indicate a very feasible category, so that the
media meets the standards of content, appearance, and suitability of learning instruments. In
terms of attractiveness, student responses reached 92.25% for small groups and 92% for large
groups with the category of "Very Interesting". Wordwall media is considered capable of
increasing enthusiasm, curiosity, and motivation to learn students through interactive activities.
In terms of effectiveness, the results of the N-Gain test of 0.53 in small groups and 0.62 in large
groups indicate an increase in mathematical divergent thinking abilities in the Medium
category, thus, wordwall media is proven to be able to support learning that is oriented towards
the development of mathematical divergent thinking abilities.

Implementasi wordwall media in mathematics learning has been proven to help students
think more creatively, engagingly, enjoyably, flexibly, and openly to various solutions in
developing divergent thinking skills, as well as encouraging teachers to innovate by utilizing
digital technology in learning. The main success factor lies in the active involvement of students
during learning and easy access to web-based media. However, the media's effectiveness can
be reduced if the internet connection is unstable or if educators do not guide reflection activities
after playing learning games.

The limitations of this study are that the effectiveness testing was only conducted in one
school and one grade level, so the generalizability of the results is still limited, the mathematical
divergent thinking ability test instrument only focuses on four main indicators without
considering differences in individual learning styles, and the use of media still depends on the
availability of devices and adequate internet network. Therefore, it is recommended for future
researchers to develop Wordwall-based media for other materials or different levels by
involving more samples to make the results more general. It is also recommended to integrate
Wordwall media with a project-based or collaborative learning approach so that students'
divergent thinking activities are more honed in depth. Thus, this study not only produces a
feasible and interesting learning product, but also provides a new direction for the development
of digital media oriented towards improving divergent thinking skills in 2Ist-century
mathematics learning.
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