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Abstract: In today's digital era, optimizing the use of technology in education has become a
primary focus for enhancing the quality of learning. One potential innovation in this area is the
use of interactive media in the teaching and learning process, which not only increases students'
interest but also deepens their understanding of concepts and mathematical skills. This study aims
to develop an interactive learning media based on Wordwall that can improve mathematical
connection abilities and visual thinking skills among junior high school students. This research is
a development study (R&D) following the ADDIE research method, which begins with the
analysis phase, followed by the design phase, the development phase, the implementation phase,
and concludes with the evaluation phase. The study was conducted in the even semester of the
2023/2024 academic year, involving eighth-grade students as research subjects. The research
instruments used include media validation sheets, student response questionnaires, and tests of
mathematical connection abilities and visual thinking skills. The results indicate that the
Wordwall-based learning media has very high validity, with a validation score of 95.2%. The tests
of mathematical connection abilities and visual thinking skills show that this media can improve
students' mathematical connection abilities at a moderate level, with an N-Gain value of 0.419,
and enhance visual thinking skills at a low level, with an N-Gain value of 0.241. Additionally,
this media was also rated as highly practical, with a practicality score of 88.8%. Overall, this
Wordwall-based learning media is valid, effective, and practical, making it recommended for use
in teaching to improve students' mathematical connection abilities and, to a lesser extent, their
visual thinking skills.

Keywords: interactive media, Wordwall, mathematical connections, visual thinking.

» INTRODUCTION

Mathematics is crucial in education since it closely relates to analytical and logical
reasoning (Moussa & Saali, 2022). This subject includes various topics, ranging from
simple to advanced concepts, which are integrated among one another and are significant
to achieve in-depth understanding (Khairunnisak et al., 2020). Mathematics learning
invites students to improve their critical and logical thinking (Liu et al., 2024), essential
in understanding mathematical concepts and solving problems in daily life (Pratiwi &
Widjajanti, 2020). The correlation among various concepts in mathematics, such as
theory and application, enables students to view a more comprehensive and in-depth
understanding of topics and makes them master the material comprehensively (Rafiepour
& Faramarzpour, 2023). Therefore, mathematical fluency not only provides knowledge
but also trains students’ way of thinking towards subjects and making rational decisions.

According to Dudung & Oktaviani (2020), the indicator of mathematical
connection is feasible in three aspects. The first aspect is the ability to connect different
mathematical concepts in one topic and among different topics. The second is correlating
different mathematical concepts with actual conditions apart from academic context, such
as daily life or other practical applications. The third is using mathematical concepts in
different contexts, such as science and technology, demonstrating flexibility and
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interdisciplinary thinking. These indicators are essential to ensure that students master the
theories and can apply them in different contexts to produce an in-depth understanding
and better problem-solving skills (Loka Son, 2022).

Mathematical connection has long become a significant issue in education (de
Gamboa, Badillo, & Font, 2023; Hatisaru, 2024). Mathematical connection is the ability
to correlate one concept with another, one concept with another subject, and also with
daily life (Azizah, Ulya, & Wanabuliandari, 2022; Purwanti, Mardiyana, & Indriati,
2021). This ability also uses data collection, analysis, and interpretation skills, such as in
statistics (Rahmanti, Hobri, & Oktavianingtyas, 2018). Mathematical connection is a
fundamental skill that represents several mathematical concepts applied to develop other
subjects and solutions in daily life (Loka Son, 2022). Students' ability to apply this skill
is significant during learning as it helps the subject develop mathematical skills faster
(Kenedi, Helsa, Ariani, & Zainil, 2019). Nevertheless, some students still need help
solving a particular problem that requires connecting mathematical concepts and other
subjects (de Gamboa, Badillo, & Font, 2023; Wahyuni, Rusdi, & Huda, 2021)

Apart from mathematical connection skills, visual thinking is also significant
(Albert, Mihai, & Mudure-lacob, 2022; U. Sholihah et al, 2019). Visual thinking is one
method of enabling students to learn mathematics more efficiently (Ummu Sholihah &
Asyhar, 2018; Sitompul, Surya, & Sinaga, 2020). This skill shows the ability to interpret,
process, visualize, or transform information from various graphs, images, or other forms
that help to communicate the information (Arini & Surya, 2017). Visual thinking includes
converting mathematical concepts into graphs, figures, diagrams, and vice versa (Hrp,
Surya, & Mulyono, 2021). Visual thinking also involves data representation in graphs and
diagrams, as in statistics (Jannah, 2018). This skill is fundamental for students while
learning mathematics, and it can become a significant asset and provide meaningful
insights into mathematical concepts (Sholihah, Nusantara, Sa’dijah, & Susanto, 2019).
Visual thinking stimulates the mental ability to use visual action, such as recognizing
similarities and differences between visual objects in written and oral form Apart from
the essential meaning of visual thinking for students, (Juandi & Priatna, 2018; Sholihah
& Maryono, 2020), research by Sholihah & Maryono (2020) shows that some students
still need to meet the visual thinking indicators.

Mathematical connection and visual thinking issues can be due to inadequate
learning media; for example, the learning only uses textbooks; thus, students cannot
interact or receive quick feedback on their mistakes and problems, which might hamper
the learning process (Azizah, Ulya, & Wanabuliandari, 2022). Therefore, students need
interactive learning media to solve these issues, enabling them to pay attention to the
material and actively interact during the lesson (Harsiwi & Arini, 2020). Interactive
learning media can reduce boredom and create a more attractive, practical, and fun
process (Novita & Harahap, 2020). Learning media is a two-way application/ software/
product with its users designed to offer interactive learning in 3D, graphics, audio, and
animation to create interaction (Atmazaki, Ramadhan, & Indriyani, 2023; Sahronih,
Purwanto, & Sumantri, 2020). Compared to conventional media, interactive media
enables teachers to use technology in learning, which aligns with world advancement and
makes the material more attractive and fun; students can achieve a more comprehensive
understanding, experience real-situ Proposal Skema Layanan Penerjemahan Gratis untuk
Dosen Universitasation learning, and have enthusiasm toward material presented in class
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(Rasmani et al., 2023). Media yang interaktif lebih efektif daripada media konvensional
Interactive media is more effective than conventional media (Damarwan & Khairudin,
2017) and can direct students to a more active learning activity (Yanti, Anggraini, &
Darwanto, 2019). Interactive media must encourage students to be more curious and
enjoy learning (Yanti, Anggraini, & Darwanto, 2019; Yunarti, Loviana, & Safaatin,
2022). Wordwall is an innovative learning media application for educators (Arsini,
Santosa, & Marsakawati, 2022). Wordwall consists of game templates that can create
interaction during the learning process (Amri & Sukmaningrum, 2023; Nenohai et al.,
2022). Wordwall is available online and accessible through the website; therefore,
students can access it through Android and computers without needing to install the
application. This media offers interactive games such as Word Search, Hangman (word
guessing) and Bingo (using words or phrases relevant to the learning topic which can
increase teacher engagement in the learning process, particularly in mathematics (Akbar
& Hadi, 2023). Wordwall enables teachers to create learning content rich in figures,
graphs, and other visual elements to help students understand visual thinking concepts
involving information processing and understanding through figures, diagrams, or other
visual representations, which is fundamental in mathematics (Nasution, 2020).

Several previous studies have learned about interactive learning media in the
context of mathematics education. For example, studies by Faatin & Rusnilawati (2022)
and llahi, Sudiana, Nindiasari, Sultan, & Tirtayasa (2022) show that interactive learning
media such as Wordwall can increase students' thinking skills and motivation,
consequently reducing mathematical anxiety. Another study by Nissa & Renoningtyas
(2021) also supports the effectiveness of Wordwall to increase students' interest and
participation in learning mathematics. Nevertheless, despite exploring the Wordwall
benefit in various aspects of learning mathematics, studies have yet to be focused on
evaluating the Wordwall effect on students’ mathematical connection and visual thinking.

The novelty of this research lies in its specific focus on Wordwall interactive media
to increase mathematical connection and visual thinking for junior high school students.
This research also fills the gap in the existing literature by investigating two significant
aspects of mathematical learning: mathematical connection and visual thinking. Although
several studies have investigated motivation, interest, and mathematical anxiety, there
have not been any reviews of Wordwall and its potential to develop these two essential
skills. Therefore, this research offers an in-depth and specific approach by filling in the
existing literature gap.

- METHOD
Participants

This research is developmental research, a process to develop or improve a product,
commonly known as Research and Design (R&D) using the A.D.D.l.E. model, which
consists of five stages: analysis, design, development, implementation and evaluation
(Rahman, Faisal, & Tho, 2023). This research took place in a private junior high school
in Batu City that consisted of 26 students in 8th grade during the event semester.

Research Design and Procedures
The five developmental stages using the A.D.D.I.E model are 1) analysis involving
the needs found in the field. The researcher conducted requirement analysis through
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observation; 2) the design stage, which shows the planning of Wordwall interactive
learning media design to increase mathematical connection and visual thinking of
students; 3) the developmental stage, where the researcher developed Wordwall
according to the material and objective to deliver in class. The media underwent a
validation process by one mathematics teacher and one mathematics education lecturer,
which became the revision base; 4) implementation stage: valid Wordwall media
underwent a test in a private junior high school at Batu city, East Java; 5) evaluation stage:
assessing the success and effectivity of the media in increasing mathematical connection
and visual thinking. This stage also assessed the validity and practicality of Wordwall in
the learning process.

Instrument

This research utilized test and non-test instruments: a student response
questionnaire and a test sheet. The test lasted 40 minutes in two meetings: pre-test and
post-test for Wordwall-based interactive media. The researchers developed pre-test and
post-test items validated by the validator. The test items were different sentences and
problems but included similar indicators and levels of difficulty. Each item of the test
represents more than one indicator of mathematical connection and visual thinking.
Problem 1 tested the mathematical connection skill with its indicator and the visual
thinking skill with the indicator of searching and observing. In contrast, number 2 tested
the mathematical connection skill with mathematical connection in real life and
mathematical connection in daily life and the visual thinking skill with an indicator of
imagining and narrating. At the same time, the student response questionnaire was used
for data collection purposes, providing a set of questions to respondents. This
questionnaire is an adaptation of valid research from Sudarsono (2021). The questionnaire
consisted of five aspects: media design, media application, ease of media, mathematical
connection skill, and visual thinking skill, all of which had three questions.

Data Analysis

The data analysis technique applied in this research was data validity and
practicality using the Likert scale, which transform qualitative to quantitative using
scoring. According to Wiyono, Baiduri, & Zukhrufurrohmah (2023) the Likert scale
consists of four categories: very valid/ very practical, valid/ practical, less valid/ less
practical, and invalid/ not practical. The data come in different categories based on the
percentage achieved from the media analysis being developed, as shown by the Likert
scale criteria in Table 1.

Table 1. Assessment criteria

Achievement percentage (%0) Validity Practicality
76% < P <100% Very valid Very practical
51% <P <7% Valid Practical
26% < P <50% Less valid Less practical
P <25% Invalid Impractical

Effectivity data analysis is feasible based on the mathematical connection and
visual thinking skills test results, which aligns with research by (Sudarsono, 2021) which
states that learning media effectiveness is the result of pre-test and post-test. Further, to
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identify the success rate of critical thinking and problem-solving skills, the research used
the n-Gain formula. The increase before and after using comic media refers to the n-Gain
formula. The effectiveness of comic media based on its categories refers to the n-Gain
result. According to Wiyono, Baiduri, & Zukhrufurrohmah (2023) N-Gain > 0.7 refers to
the high category, 0.3 < N-Gain <0.7 refers to the moderate, and N-Gain < 0.3 refers to
the low category.

= RESULT AND DISSCUSSION

This research and development produced a valid, practical, and compelling
interactive media: Wordwall. The analysis stage was based on observation at a private
junior high school in Batu City. The results of the analysis became a reference for
developing Wordwall as a learning media. The observation showed that 8th-grade
students did not use interactive learning media frequently, such as Wordwall; instead,
they used PPT, workbooks, and L.K.P.D., which was less attractive for students.
Additionally, researchers identified several students who needed help connecting
mathematical concepts and processing information based on visual forms such as
diagrams or tables. Therefore, researchers assume that developing interactive learning
media such as Wordwall can significantly increase students' mathematical connection and
visual thinking skills.

The second stage is the design of learning media. This stage started by selecting the
media, which was a Wordwall interactive game. The game used a "gameshow quiz"
template, which offers a fun way to test students' skills in a form similar to a television
quiz. The main feature of this game is multiple-choice problems, where the researchers
have added precise figures and items that can increase the students’ mathematical
connections and visual thinking skills. With the timer feature, the test creator can
determine the time limit for each question, which adds challenge and speed elements to
the game. The point and scoreboard scheme enables the test creator to give points for the
correct answer, time spent answering, and the student's ranking. Therefore, this game can
boost the students' engagement in learning. There are also bonus and double rounds as
variations and elements of the game for extra points and challenges.

The third stage was development, related to the media development process from
design and instrument production to assessing mathematical connections and visual
thinking skills. A mathematics education lecturer and a mathematics teacher would
validate the media and instruments. After validation, researchers revived the media based
on suggestions and comments before implementing it with students. Researchers
developed word wall-based media to help students' mathematical connection and visual
thinking skills using seven questions based on the indicators to assess. During the
development stage, media validation includes the media and content aspects. Media
validation involved two validators. The validation aims to ensure that the media design,
layout, and functionality meet the standard and are effectively applicable. In contrast,
content validation aims to ensure that the content is accurate, relevant, and aligned with
learning objectives. Media validation was done by testing the media and scoring it
according to the indicators provided in the questionnaire. The validators' suggestions
became the basis for revising the media before testing it on students. Validators also
measured the text readability. Researchers also completed the revision, as illustrated in
Figure 1.



o574

Jurnal Pendidikan MIPA, 25 (2), 2024, 569-581

Nilai (em) | Frekuensi

Nilai {cm) | Frekuensi
170
168

165

30of6 o2

@ (b)

Figure 1. Question page, (a) before and (b) after revision

In Figure 1, the question appears small due to its overlength display. After the
revision, the media underwent another validation. The final result from the validator's
assessment, which included presentation, engagement, facilitation of mathematical
connection skills, and facilitation of visual thinking skills, achieved 95.2%, indicating
that the question meets the Very Valid criteria.

Content validation resulted from assessing the content's accuracy, relevancy, and
suitability with learning objectives based on indicators provided in the questionnaire.
Validators suggested revising the material before students tested it, which included
adjusting the content for middle school students.

Based on the average assessment of two validators, The final result of this
assessment, which included aspects such as learning, content, ease of mathematical
connection skills, and facilitation of visual thinking skills, achieved a score of 95%, which
states that Wordwall media is available for test if it meets the valid criteria.

The fourth stage of this research is the implementation stage. During this phase, the
researchers conducted a thorough trial of the validated pre-test and post-test questions
with students. The questions met the validity criteria set by the validators with a score of
97.4%. This stage aims to assess the effectiveness and reliability of the test instruments,
ensure that the instruments accurately measure mathematical connection skills and visual
thinking, and provide valuable data for the research. Based on test result data, the
comparison of students who meet each indicator of mathematical connections is as in
Figure 2.

30
25
20
15
10
: B
0
Mathematical Mathematical Mathematical
connection w/ connection w/ connection w/
mathematics daily life other subjects

Figure 2 Pre-test and post-test comparison of mathematical connection indicators
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There was an insignificant improvement regarding the first and second indicators.
In contrast, the third indicator showed a significant increase because, during the pre-test,
no students met the criterion of 'mathematical connection with other disciplines' (in this
indicator, the researchers integrated mathematical connections with the science subject
on the topic of uniform linear motion). This finding indicates an improvement in
mathematical connection skills, consistent with the research by Juandi & Priatna (2018);
Junedi & Sari (2020) which state that interactive media can help enhance students'
mathematical connection abilities. Based on the test result, the number of students who
meet each indicator of visual thinking skill is as in Figure 3
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observing

Figure 3 Pre-test and post-test comparison of visual thinking indicators

Improvement is feasible regarding the first and second indicators, although it is not
significant. However, for the third indicator, students still needed to meet the criterion, as
during both the pre-test and post-test, students still needed to satisfy the 'narration'
criterion. This finding indicates an improvement in visual thinking skills, but not
significantly, consistent with the research by Sholihah & Maryono, (2020); Tegas &
Warmi (2019) which states that many students still need to meet the visual thinking
criteria.

The fifth stage is evaluation. At this stage, the researchers evaluated the Wordwall
media developed to enhance students' mathematical connections and visual thinking
skills. They analyzed the data obtained from students based on the results of pre-test and
post-test scores processed using N-Gain and student response guestionnaires.

Based on the effectiveness test of the Wordwall media for improving students’
mathematical connection skills, the results showed that the average pre-test score
increased from 15.667 to 20 in the post-test, with an N-Gain value of 0.419, which falls
into the moderate category. As for the mathematical connection skills indicators, the first
indicator, 'mathematical connection with mathematics,’ and the second indicator,
'mathematical connection with real life,' demonstrated significant improvement, with high
N-Gain values. However, the third indicator, 'mathematical connection with other
disciplines,” showed less significant improvement, thus falling into the low category.
These results indicate that Wordwall is effective in improving certain aspects of
mathematical connection skills, particularly mathematical connections with mathematics
and real-life applications, but less effective in improving connections with other
disciplines. Wordwall proves effective due to its capability to facilitate repetitive practice
and evaluation, which helps students strengthen connections between mathematical
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concepts. Through various interactive activities, students can relate mathematical
concepts to real-life situations or to other concepts within mathematics itself. The
flexibility provided by Wordwall also allows for more targeted teaching based on
individual student needs, making it easier for them to understand and connect various
mathematical concepts. Overall, Wordwall creates an environment that significantly
supports the development of mathematical connection skills.

Based on the effectiveness test of the Wordwall media for improving students'
visual thinking skills, the results showed that the average pre-test score increased from
6.667 to 11.33 in the post-test, with an N-Gain value of 0.241, which falls into the low
category. The first indicator of visual thinking skills is 'searching and observing," which
showed significant improvement with a high N-Gain value. However, the second
indicator, 'imagining,’ and the third indicator, 'narrating," demonstrated less significant
improvement, thus falling into the low category. These results indicate that Wordwall is
effective in enhancing specific visual thinking skills, particularly searching and
observing, but less effective in improving imagining and narrating skills. Wordwall
effectively improves visual thinking skills due to its ability to present material in an
interactive and engaging manner. Features such as quizzes and puzzles enable students to
visualize concepts more deeply. Additionally, Wordwall uses various visual
representations, such as images, diagrams, and graphs, which help students build
connections between the concepts being learned and relevant visual representations. The
flexibility in learning offered by Wordwall allows the material to be delivered according
to student's needs and learning styles, ultimately making the learning process more
effective. Repetitive activities and evaluations also help reinforce understanding and
improve students' visual thinking skills.

Based on the questionnaire responses from using the Wordwall media by 26
students, the testing results showed that the average percentage score across various
aspects reached 91.54%, which falls into the category of highly practical. The 'design’
aspect received a percentage of 92.26%, while the 'usability' aspect achieved 92.85%. The
‘ease of use' aspect showed a percentage of 90.17%. The 'mathematical connection skills'
and 'visual thinking skills' aspects had percentages of 90.77% and 91.66%, respectively.
These results indicate that the Wordwall media is in the "highly practical” category. This
finding is consistent with development research conducted by Azizah, Ulya, &
Wanabuliandari, 2022; Mulyana & Taufan (2020); Sudarsono (2021) which states that
interactive media such as Wordwall is efficient and can be measured based on responses
to the tested media.

= CONCLUSION

The conclusion of the development research of interactive Wordwall-based media
to enhance mathematical connection and visual thinking skills is that the results of the
product development for Wordwall-based learning media demonstrate the following:
question validation at 97.4% (Very Valid), media expert validation at 95.2% (Very
Valid), material expert validation at 95% (Very Valid), and student response
questionnaire validation at 88.8% (Very Valid). The N-Gain result for mathematical
connection skills scored 0.419, in the 'moderate’ category, while visual thinking skills
scored 0.241, placing it in the 'low' category. The Wordwall-based learning media is
categorized as 'highly practical’ with a percentage of 91.54%. Therefore, the Wordwall-
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based interactive media is valid, effective, and practical for teaching. Further, the
researchers expect that the results of this development research can become the
foundation for improving other mathematical skills, particularly in visual thinking, which
is still in the low category.
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