Vol. 2, No. 1, February 2026, pp. 9~19

100t
% Indonesian Journal of Creative STEAM Education (IJC_STEAM)
==  ISSN: 3123-3937

The Development of a STEAM-Based Smart Math Application for
Interactive and Enjoyable Mathematics Learning in the Digital Era

Ashar Hidayah
Madrasah Aliyah Negeri 1 Soppeng, Soppeng Regency, South Sulawesi

Avrticle Info ABSTRACT
Purpose of the study: This study aims to develop the STEAM-based

Article history: Smart Math App as an innovative, interactive, and enjoyable
Received January 16, 2026 mathematics learning tool to enhance students' motivation and learning
Revised Februaty 17, 2026 outcomes in the digital era.
Accepted February 26, 2026 Methodology: The study used the 4D development model (Define,
OnlineFirst February 28, 2026 Design, Develop, Disseminate) to create and validate the application.
The software Flip PDF Professional was used to develop the app, and it
was tested on 32 students of class X1.2 at MAN 1 Soppeng. The study
also involved expert validation for content and media aspects.
Main Findings: The pretest score averaged 61.25 (low), while the
posttest score increased to 83.16 (high). Students' responses to the app
were highly positive, with an average score of 3.45. The application
significantly improved student engagement and learning outcomes.
Novelty/Originality of this study: The STEAM-based Smart Math App
Keywords: integrates multimedia and interactive elements for mathematics learning,
Smart Math Application offering a fresh approach to overcoming traditional learning challenges.
Interactive Learning This study contributes to the advancement of educational technology,
Digital learning improving mathematics learning by integrating STEAM principles for a
STEAM-based applications more engaging and effective learning experience.
Mathematics learning media This is an open access article under the CC BY license

Corresponding Author:

Ashar Hidayah

MAN 1 Soppeng, South Sulawesi
Email: asharhidayah538@gmail.com

1. INTRODUCTION

Education is an essential foundation for shaping a well-rounded individual, encompassing the
development of cognitive, affective, and psychomotor aspects of students. As a systematically
planned process, education aims not only to transfer knowledge but also to form attitudes, morals,
and skills required for societal life [1]. According to the National Education System Law No. 20 of
2003, education is intended to create a learning environment that allows individuals to develop their
potential in various aspects, including spiritual strength, self-control, and intellectual and emotional
intelligence. In this context, mathematics plays a very important role. Mathematics not only serves
as a tool for problem-solving and analyzing situations but also as a means to develop logical,
systematic, and creative thinking skills that are essential for individuals in daily life [2];[3].
Mathematics helps individuals develop critical and analytical thinking abilities required in many
fields, including science, technology, economics, and engineering[4];[5]. However, despite the
importance of mathematics in fostering critical thinking, many students find this subject difficult
and unappealing[5];[6]. This presents a major challenge in education, particularly in mathematics
learning, which is often considered difficult and boring.
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Mathematics learning requires high levels of reasoning due to its connection with abstract
concepts. As a result, understanding mathematics requires perseverance, focus, and strong
motivation from students. However, in reality, many students struggle to understand abstract
mathematical concepts, especially when taught monotonously or in a non-contextual manner[7];
[8]. This can lead to decreased student motivation, resulting in poor mathematics performance.
According to PISA (Programme for International Student Assessment) data released by the OECD
in 2022, Indonesia ranked 70th out of 81 countries in mathematical literacy, with an average score
of only 366 [9]. In contrast, Singapore ranked first with a score of 575. This data reflects the low
mathematical proficiency of Indonesian students, with around 82% of students failing to achieve
basic mathematical competency.

Low-performing students High-performing students
(scoring below Level 2) (scoring at Level 5 or above)
Indonesia ‘
Mathematics
OECD average n
Indonesia ‘
Reading
OECD average
Indonesia ‘
Science
OECD average
0% 25% 50% 75% 100%

Figure 1. Percentage of Indonesian Students' Math Performance

A similar phenomenon was also observed at MAN 1 Soppeng, where initial observations revealed
that most students had not met the Minimum Completeness Criteria (KKM) for mathematics. The
average score of class XI students was 58.6, while the KKM was set at 72. Additionally, students showed
a lack of active participation in the learning process, indicating problems with the teaching methods
used. Based on these findings, it was determined that monotonous and non-interactive teaching methods
were one of the reasons for students' poor understanding of the material being taught. To address this
issue, one solution that can be applied is to develop a technology-based mathematics learning application
that is engaging and interactive [10]. For example, the Smart Math Apps application, developed using
Flip PDF Professional software, can serve as an innovative alternative to improve the quality of
mathematics learning. This application allows for the creation of more dynamic mathematics learning
materials by adding various interactive media elements, such as videos, images, audio, animations, and
hyperlinks. By utilizing this technology, mathematics learning can be delivered in a more engaging,
enjoyable, and flexible way, which can increase students' motivation to learn.

However, in addition to interactivity and the diversity of learning media, it is important to
integrate a more holistic approach to mathematics learning. One approach that can be applied is the
STEAM (Science, Technology, Engineering, Arts, and Mathematics) approach [11];. The STEAM
approach integrates five distinct disciplines—science, technology, engineering, arts, and mathematics—
into one interconnected learning experience [12]; [13]. This approach provides an opportunity to
develop students' skills more comprehensively, emphasizing creativity, collaboration, and the practical
application of mathematical concepts in everyday life [13]. Applying the STEAM approach to
mathematics learning can help students not only understand mathematical theories deeply but also apply
their mathematical knowledge in broader contexts, such as in projects involving technology and the arts
[14]; [15]. For instance, in the development of the STEAM-based Smart Math Apps application, students
can learn not only mathematical concepts but also how to use technology and the arts to create engaging
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and interactive learning media. In this way, mathematics learning becomes more contextual and relevant
to the needs of the times, as well as more enjoyable and challenging for students [16]; [17]; [18].

The development of a STEAM-based Smart Math application is an important innovation in the
field of education, particularly in mathematics learning. One of the aspects that distinguish this
application from conventional teaching methods is the integration of five disciplines into a
comprehensive learning package. This application allows students to understand mathematics not just
as numbers and formulas, but as a tool for solving real-world problems involving various fields. Through
the STEAM approach, this application can provide a more holistic and enjoyable learning experience,
where students are encouraged to explore their creativity, solve problems innovatively, and collaborate.
The urgency of developing this application is also clear, given the low level of mathematical
understanding among students in Indonesia, as reflected in the PISA results. By integrating digital
technology and the STEAM approach, this application can provide a solution to improve students'
motivation and understanding of mathematics. This application not only offers an interactive and
enjoyable learning experience but also helps students develop essential skills in the digital era, such as
critical thinking, creativity, and collaboration.

Furthermore, the development of this application is also relevant to the need for digital
transformation in education. In this digital era, learning is no longer limited to traditional classroom
settings; it can take place anytime and anywhere using digital devices. Therefore, the STEAM-based
Smart Math application is expected to be an effective alternative in overcoming the limitations of
educational access and improving the quality of mathematics learning across Indonesia. Thus, the
development of this application is not only an innovation in mathematics learning but also an effort to
advance education in Indonesia in the digital era.

2. RESEARCH METHOD

The type of research used is development research (R & D). According to Borg and Gall,
Educational Research and Development (R&D) is a process used to develop and validate educational
products [19]. The development of educational products/teaching devices requires development models
that are appropriate for the education system. In this case, the product being developed by the researcher
is an application called the Smart Math Application based on STEAM, which serves as an interactive
and enjoyable mathematics learning media in the digital era. The development model used is the 4D
(Four-D) model, which consists of four stages: define, design, develop, and disseminate [20].

Figure 2. Stages of the 4D Development Model

Table 1. 4D Description
Stages Discription
Difine This stage explains the requirements and collects information related to the things that
will be developed in the product to be created. This stage includes initial-final analysis,
learner analysis, task analysis, concept analysis, and specific instructional objectives.
Design At this stage, media selection, format selection, and initial design can be carried out.
Develop At this stage, researchers create products according to the designs that have been made,
which are then validated by experts and tested on students.
Disseminate At this stage, the product can be distributed to the wider community beyond the scope
of development itself

The research was conducted at MAN 1 Soppeng, located at Jalan Kayangan No. 162 Soppeng,
South Sulawesi. The test subjects consisted of 32 students from class X1.2 and two experts (subject
matter expert and media expert) for expert validation. The data collection techniques used were
observation, learning outcome tests, student response questionnaires, and interviews. The instruments
used in this study were a test of understanding of mathematics material (Trigonometry) and student
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responses to the application of STEAM-based Smart Math Apps. The test comprehension and student
response data were analyzed quantitatively, while data in the form of criticism, suggestions, and
responses from students and experts regarding STEAM-based Smart Math Apps were analyzed
qualitatively.

3. RESULTS AND DISCUSSION

The results and discussion were obtained based on inventions during the research and
development process using the Four-D (4D) model. This article focuses on describing the process or
steps in the 4-D model (define, design, develop, and disseminate) used for the development of STEAM-
based Smart Math Apps media.

Result

3.1. Define

The needs analysis stage is the foundation for the development of learning tools, particularly
mathematics learning media for trigonometry material at MAN 1 Soppeng. This stage involves gathering
information and determining the crucial needs for the next development steps. Based on interviews with
mathematics teachers, data was obtained that the lecture and discussion methods predominantly used in
learning were still ineffective for complex trigonometry learning, resulting in low student understanding
and motivation. Learning resources such as books and worksheets were still limited, with the internet
becoming an important alternative, although students' digital literacy needed to be improved. The use
of PowerPoint as the main learning medium is not interactive enough, so variety is needed to avoid
boredom. The majority of students have smartphones and internet access, but they do not make optimal
use of them for learning. Facilities such as computer labs, Smart TVs, and LCDs have limited access,
even though free Wi-Fi is available and supports learning. These findings indicate the need to optimize
the use of technology as a learning medium and to develop students' digital literacy.

Based on student analysis, many 11th grade students have not mastered the basic concepts of
trigonometry, which has an impact on their low learning achievement. Therefore, this study focuses on
the development of STEAM-based Smart Math to support mathematics learning, especially
trigonometry. This application is designed to facilitate access to material, offer interactive and attractive
features, and is expected to be an innovative solution that improves understanding and motivation to
learn. The concept analysis ensures the identification of in-depth trigonometry competencies, including
understanding definitions, formulas, and their applications, as well as their relationship with other
mathematical concepts to develop systematic learning.

3.2. Design

At this stage, the design process begins with the selection of media, format, and product design.
The media developed in this study is STEAM-based Smart Math Apps for trigonometry material. This
application utilizes images, audio, video, and simulations to explain trigonometry concepts in a more
visual and dynamic way, which can make it easier for students to understand material that is sometimes
considered abstract. The selection of learning formats is crucial to achieving the desired objectives,
including strategies, approaches, methods, and learning resources. This study applies the Discovery
Learning model, which encourages active knowledge discovery through exploration, supported by group
discussion, assignments, question and answer sessions, and presentations to enhance interaction and
collaboration. The media used include interactive applications (videos, images, quizzes, online forums),
Student Worksheets (LKPD), and Quizizz, all of which can be accessed flexibly via computers or
smartphones. The learning resources used refer to the independent curriculum, including student and
teacher handbooks, with the hope that the combination of these media and resources can improve
comprehensive understanding and critical and creative thinking skills, so that mathematics learning
becomes more interactive, flexible, effective, and meaningful.

In the initial design stage of the application, the researcher identified and organized all the
information to be presented in the application. This includes collecting materials, developing text,
images, videos, and other multimedia elements relevant to the purpose of the application. The content
must be developed with the target audience in mind, so that the material presented is not only informative
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but also interesting and easy to understand. The initial design of the application includes a home page,
main menu, application instructions, attendance, learning objectives, materials, sample questions,
literacy, quizzes, and a question section.
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Figure 3. STEAM-based Smart Math Apps design

3.3. Develop

The develop stage in the 4-D development model is the stage where learning media is developed or
created based on the design that has been prepared in the previous stage. At this stage, it begins with
the creation of an application in table 2 below:

Table 2. Application creation process

Applications Description
. Import PDF is used to import PDF files that have been created into the
ssomenn b application
g EditPages Edit Pages is used to edit or design the appearance of the book by editing the

pages according to the desired appearance.

Apply Changes is used to change the file format according to user preferences.

- HTMLS5 Version is used to convert or present digital book files in a responsive,
5] HTMLS Version interactive, and compatible manner.
: Flip is used to change the appearance of text in digital books in terms of
s Flip position, direction, and presentation style.
D None is used to convert digital books to the Android version.
None
2= Slide A s_lide that functions to select the desired appearance or shape of a slide in a
digital book
— Upload Online is used to publish edited documents or data.
ipinasd Omilne
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Figure 4. Smart Math Apps based on STEAM

The STEAM-based Smart Math Application offers a variety of interactive features for learning
trigonometry. The cover page is attractively designed with the title, relevant images, author's name, and
a “start” icon to motivate users. The Main Menu serves as a comprehensive navigation center, providing
access to the User Guide. The Guide feature provides complete and structured guidance for users, both
teachers and students, to optimally utilize the application in learning trigonometry in grade XI. The
attendance feature records student attendance with the options “present, sick, permission”. The learning
objectives feature guides students on the competencies to be achieved. The Material feature presents
trigonometry concepts in depth with application examples and visualizations. The Example Questions
feature presents various practical questions that not only test basic trigonometry concepts (such as sine,
cosine, and tangent) but also relate them to applications in everyday life. The literacy feature contains
reading materials and supporting videos. The quiz serves as a tool for evaluating understanding with
questions and instant feedback, supporting active learning and collaboration. The ask a question feature
facilitates communication with teachers or friends through various platforms, creating a supportive
learning environment. After the application was created, it was then validated by experts, both subject
matter experts and media experts.

a. Subject Matter Expert Validation Results

The trigonometry material in STEAM-based Smart Math Apps was assessed by subject matter
experts to determine the suitability of the trigonometry material created in the application. There were
two aspects that were assessed, namely the learning design aspect and the linguistic aspect. The
following are the results of the assessment of trigonometry comparison material by subject matter
experts:

Table 3. Expert material test results

No Assessment Aspect Assessment Score Percentage (%) Category
1 Learning Design 31 86,11 Valid
2 Language 10 83,33 Valid
Average 84,72 Valid

There are nine statements used to assess the learning design aspects in the STEAM-based Smart
Math Apps application. From the analysis, a total score of 29 was obtained, which is equivalent to a
percentage of 86.11%. This result shows that the learning design in the application is valid. The
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feasibility of the linguistic aspect was assessed based on three statements, and the evaluation results
showed a total score of 10, which is equivalent to a percentage of 83.33% and is valid. Based on the
results of the learning design and linguistic aspects, it can be concluded that the average assessment of
subject matter experts is 84.72%, which is valid.

b. Media Expert Validation Results

Media assessment was conducted to determine the feasibility of the appearance and performance
of the trigonometry comparison material application that was developed. There were two aspects that
were assessed, namely the software engineering aspect and the visual communication aspect. The
following are the results of the media expert assessment that has been carried out:

Table 4. Media Expert Validation Results

No Assessment Aspect  Assessment Score  Percentage (%) Category

1 Software Engineering 24 85,71 Valid

2 Visual Communication 32 88,89 Valid
Average 87,3 Valid

There are seven statements assessed in the software engineering aspect for the application, with
a total score of 24 and a percentage of 85.71%. The software engineering aspect of this application is
classified as valid. There are nine statements in the visual communication aspect, with an average score
of 32 and a percentage of 88.89%, which is classified as valid. Based on the results of the software
engineering and visual communication aspects, it can be concluded that the average assessment of
subject matter experts is 87.3%, which is in the valid category.

c. Application Trial Results

The results of subject matter experts and media experts in the valid category indicate that STEAM-
based Smart Math Apps can be trialed on students. The application was tested on 32 students in class
X1.2. To see the effectiveness of the application, a pretest was conducted, followed by treatment
(providing material using the application), and then a final test.

The pretest was conducted to determine the students' abilities before implementing the STEAM-
based Smart Math Apps. Students were given 15 multiple-choice questions in the pretest. The average
result of the students' pretest was 61.25, which is categorized as low. This was followed by the treatment
or application of the STEAM-based Smart Math Apps in the learning process for trigonometry material.
After being given the treatment with the application, the students took a posttest or final test to determine
the effect of using the STEAM-based Smart Math Apps. The posttest results showed an average of
83.16, which is categorized as high.

Hasil Pretest dan Posttest

40 i
30 y
20
10
0

Pretest Posttest

Figure 7. Diagram of Pretest and Posttest results
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Student mathematics learning based on Figure 7 shows that the pretest results of students with an average
of 61.25 were in the low category, but increased after the application of Smart Math Apps, with a posttest
average of 83.16 in the high category. From these results, it can be concluded that the application of
Smart Math Apps is very effective in teaching trigonometry.

d. Student Response

In the trial of STEAM-based Smart Math Apps learning media, 32 students responded to 15
statements measuring their responses. The trial results showed an average score of 3.45. This figure,
well above the threshold value of 2.5, indicates that student responses to Smart Math Apps were very
positive. The closer the score is to 4, the more positive the response, indicating that this learning
innovation was very well received by students.

This positive response reflects that the use of STEAM-based Smart Math Apps has succeeded in
making all students feel that the material is easier to understand, more interesting, and enjoyable to learn.
This confirms the effectiveness of STEAM-based Smart Math Apps as an innovative medium that can
increase student engagement and motivation to learn, while also facilitating the process of understanding
mathematical concepts that were previously considered difficult.

Discussion

The development of the STEAM-based Smart Math Application for mathematics learning,
specifically trigonometry, using the 4D development model (define, design, develop, disseminate) is an
innovative step in addressing the challenges of mathematics education in Indonesia. Several studies,
such as those by [16]; [17] emphasize the importance of integrating STEAM into learning media to
enhance student engagement and understanding. STEAM, which combines Science, Technology,
Engineering, Arts, and Mathematics, provides a multidisciplinary approach that facilitates the
development of critical thinking, creativity, and collaboration skills in students [21]; [22]; [23]; [24]. In
this context, the developed application aims to make mathematics material more interactive and
enjoyable through the use of media such as videos, images, and simulations, designed to help students
better understand complex trigonometric concepts in a visual and dynamic way [11]; [15]; [16].

The research conducted at MAN 1 Soppeng shows that the implementation of the STEAM-
based Smart Math Application successfully increased student motivation and understanding of
trigonometry material. Based on the trial results, the application not only improved student performance
in pretest and posttest but also received positive responses from students regarding the interactivity and
effectiveness of the application. By integrating technology and the STEAM approach, this application
provides a more flexible, creative, and relevant learning experience in line with the demands of the
digital age [25]; [26];[27]. The findings of this study highlight the importance of developing technology-
based learning media that supports mathematics education in the digital era [28]; [29]; [30] as also found
in studies by [11]; [15], which stress the benefits of the STEAM approach in improving the quality of
learning at various educational levels.

4, CONCLUSION

The development of the STEAM-based Smart Math Application for mathematics learning,
specifically trigonometry, has proven to be effective in enhancing students' understanding and
motivation at MAN 1 Soppeng. By applying the 4D development model this application has successfully
addressed the challenges in mathematics learning, which is often perceived as abstract and boring by
students. The integration of the STEAM approach in this application provides a more interactive and
enjoyable learning experience, while helping students relate mathematical concepts to real-life
situations. The trial results show a significant improvement in student performance, as well as positive
feedback regarding the effectiveness and interactivity of the application. Therefore, this application
serves as an innovative solution to improve the quality of mathematics education in the digital era.

Based on the results of this study, it is recommended that the development of the STEAM-based
Smart Math Application be expanded and applied in other schools with adjustments to the relevant
curriculum. Additionally, further training for educators should be conducted to ensure the optimal use
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of this application in teaching. Further research is also needed to test the effectiveness of this application
in broader mathematics learning contexts and explore the potential integration of STEAM in other
subjects. The development of this application could also include new, varied, and more in-depth features
to enhance the quality of learning and provide a more holistic and comprehensive educational
experience.
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