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Abstract

Past studies have found that there are constraints on teachers in developing teaching and learning (TnL) resources to
implement STEM education in the classroom. Based on this issue, this research has developed a platform containing
a variety of STEM TnL resource materials that focus on the field of Discrete Mathematics learning. This field of study
is an area of learning in KSSM Mathematics for form four students. It encompasses three titles, namely Logical
Reasoning, Operations on Sets, and Network in Graph Theory. Discrete Mathematics was the focus in the development
of this platform as it is often considered difficult for students to understand. Additionally, as teachers find it challenging
to find suitable learning materials to get students to be more interested. The wide range of TnL STEM source materials
contained in this platform makes it easier for teachers to choose and apply them in TnL. The ADDIE model was used
as the development model for this platform. This model is among the most systematic and effective development
models, consisting of five phases, i.e. analysis, design, and development, implementation, and evaluation. The platform
was developed using an interactive multimedia medium that makes learning fun for students.
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INTRODUCTION

STEM education is an education system that integrates four subjects, which are Science, Technology,
Engineering and Mathematics. Currently, STEM education implemented in a country is in accordance with
its own education system [1]. In the context of Malaysia’s education, there is a wide variety of initiatives
taken by Education Ministry of Malaysia (KPM) to implement STEM education. One of the initiatives is
the use of STEM TnL resource materials that can help teachers to implement STEM education in school. This
will indirectly provide opportunities and exposures for students to facilitate the process of learning the topics covered
by their teachers.

KPM always aspires to strengthen the concept of STEM, and this can be achieved by introducing
the utilisation of Information and Communication Technology (ICT) [2]. Interactive multimedia medium is
often used by researchers in the preparation of STEM resource materials for TnL such as modules [3, 4, 5,
6]. Multimedia is the combination of a myriad of communication methods, including audios, texts, videos,
animation and pictures which function as presenting information. The word interactive refers to the way
how users can interact with the multimedia. The usage of interactive multimedia can also be adjusted
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according to the level of students’ knowledge, skills and mindset [7].

Discrete Mathematics is one of the topics covered in Form 4 Mathematics’ syllabus in Standard
Secondary School Curriculum (KSSM). The syllabus includes three topics, namely Logical Reasoning and
Operations on Sets as well as a newly added topic known as Network in Graph Theory. Discrete
Mathematics is a series of mathematical knowledge that can train abstract thinking and logical thinking,
training students to be capable of resolving problems critically and rationally [8,9]. However, students seem
to be lacking of interest in this subject [8]. The use of STEM TnL resource materials that feature
interactive multimedia is deemed to provide a fun experience and can attract students to learn. This
is because the implementation of TnL STEM does enable in-depth learning in the real-world
context [10]. Rusli et al. [11] claims that the use of interactive multimedia among teachers will not only
arouse interest among students to stay active in the learning journey, this will also enable the students to
stay focused on understanding the content of the subjects taught. Based on the past studies, the introduction
of interactive multimedia to the world of learning can in fact improve students’ achievements in academics,
also creating a more innovative learning environment for them [12].

Hence, this study aims to develop a platform that collects sufficient STEM TnL resource materials,
which focus on the KSSM syllabus of Form 4 Discrete Mathematics.

PROBLEM STATEMENT

According to the study conducted by Sugiharni [8], it was found teachers encounter some issues in looking
for TnL methods and resource materials that can gauge student understanding in Discrete Mathematics.
Based on this statement, a study to analyse the needs for the platform development of STEM TnL resource
materials in Form 4 Discrete Mathematics learning was conducted on 41 teachers who teach Form 4
mathematics. Based on the analysis of the questionnaire, the study findings are as follows:

Platform Development Needs Analysis
Figure 1 shows the needs analysis data for the platform development of STEM TnL resource materials in

the field of Discrete Mathematics learning. It was found that 90.2% teachers acknowledged that there is a
need to develop this platform but the remaining 9.8% stated otherwise.
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Figure 1 Needs analysis data for the platform development of STEM TnL resource materials
in the field of Discrete Mathematics learning

Topic Requirements
Figure 2 shows the data analysis of topic requirements in this platform. These three topics are covered under
the field of Discrete Mathematics learning in the Form 4 Mathematics DSKP. It was found that 91.9%

teachers opted for the Network in Graph Theory topic, 75.7% of the teachers chose the Logical Reasoning
topic and there are 73% teachers who chose the topic of Set Operations. Based on the data, it is found that
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there is a need for the platform development of STEM TnL resource materials that involve those three topics
due to the high percentage values.

Logical Reasoning 28 (75.7%)
Operations on Sets 27 (73%)
Network in Graph af 34 (91.9%)
Theory
0 10 20 30 40

Figure 2 Data analysis of topic requirements in the platform

RESEARCH QUESTION
This study was conducted to address the following research questions:

What is the platform development design of the STEM TnL resource materials?

RESEARCH METHODOLOGY

This study employs Design and Development Research (DDR) methodology by using the model of
Analysis, Design, Development, Implementation, Evaluation or ADDIE as the development model. The
ADDIE model has been widely used many past research to develop interactive multimedia for TnL materials
[13, 14]. In this research, the design of ADDIE model that is used for developing DiskretSTEM Platform is
shown in Figure 3.

Analysis of the use of STEM resource materials for TnL,
readiness of the use of interactive multimedia medium,

Analysis —»| title identification and learning of strategy
L
Design | 5| STEM Element, Theory and Model Learning, Critical
Thinking Skills and Problem Solving
2
Development Initial Product Expert Validity
v v
Actual Research Implementation Prototype Revison
Revision —> Evaluation —>| Final Product |

Figure 3 ADDIE model
(Source: Abdurrahman et al. [40])
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Analysis

The analysis phase gives an overview related to the platform that has been developed. According to [15],
there are six things that must be determined in this phase, which are objective, users, content, methods,
platform and software.

i. Objective

Form 4 students will understand the topics covered in Discrete Mathematics in the real-world context.
ii. User

The platform is targeted for Form 4 Mathematics teacher and Form 4 students.

iii. Content

Based on the problem statement, the survey regarding the need of platform development involves Form 4
Mathematics teachers. The analysis is conducted for the use of the existing STEM resource materials for
TnL and also those prepared by the teachers themselves. The STEM materials for TnL available on the
platform are developed based on the the topics from the syllabus of DiskretSTEM Mathematics that are
chosen by teachers. These topics fulfill the requirement in accordance with the learning strategy listed in
the questionnaire regarding the needs of introducing certain topics.

iv. Method

The possible methods used are tutorials, enforcement exercises, simulation, quiz and many more. The
learning methods include inquiry approach, problem-based learning and project-based learning.
v. Platform

The platform uses interactive multimedia medium. The analysis about the readiness of teachers to use
interactive multimedia medium is carried out. This platform is used online. Nevertheless, for those classes
that have no internet access, the platform can also be stand-alone. Thus, it can be accessed using private
computers, laptops and mobile devices.

vi. Software
The development of the platform utilises the software invented by iSpring Suite. Complementary to this,

Adobe Photoshop software can be used to edit pictures or images, whereas Audacity software is used for
recording and editing sound effects. Meanwhile, PowerDirector software can be used for editing videos.

Design

This phase is for sketching, including flowcharts, interfaces and storyboards.

i. Flow chart

Flowcharts are the brief descriptions of navigation or sequence of the activities [15]. The platform contains
nine STEM activities of TnL that involve three topics in Discrete Mathematics, namely Logical Reasoning,
Operations on Sets and Network in Graph Theory as well as another activity that covers these three topics.

Figure 4 illustrates the navigation map of platform. There is also a sharing site for teachers to share TnL
resources on the same topics.
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‘Sah atau Tidak ‘Susun dan ‘Simulasi Siri
[ Sah’ Kira’ [ Litar’
[ ‘Kunci Rahsia’ ‘Kenali Saya’ ‘Sistem Jadual’

Home Page Teachers’ Sharing Site
Logical Operations on Network In Graph Combination
Reasoning Sets Theory
| ‘Sama tapi | ‘Hindari
Tidak Serupa’ ‘Rumah Impian’ Corona’ ‘3dalam 1’

Figure 4 Navigation map of platform
ii. Interface
Interface is appearance of the design on each screen display. Figure 5.1 and Figure 5.2 show the home page

interface and teachers’ sharing site on the platform which are both sketched using Stylus Pen that is found
in Autodesk SketchBook application on smartphones.

PENGENALAN

Logo Platform

DiskretSTEM
/1\

Figure 5.1 Home page sketch

Kembali

Figure 5.2 Teachers’ sharing site sketch
iii. Story board

Story board is provided to analyse the design and structure to illustrate a clear overview of the display of
the platform based on the flowcharts constructed. Multimedia elements such as texts, graphics, animations,
audios and videos in the activities are added, matching with the topics and STEM elements. This is to ensure
that there are interactions between users and the platform built so as to achieve the intended usage of the
platform.

Development

In this phase, the project on the platform is developed in accordance with the sketch of flow charts, interfaces
and story board which have been planned in the design phase.
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i. Platform Development

The storyboard completed is now ready to be launched in the form of interactive multimedia. Figure 6 shows
that the actual display of the home page and teachers’ sharing site on the platform.

LAMAN PERKONGSIAN GURU ini disediakan untuk guru-guru yang ingin berkongsibahan sumber
PdP STEM atau aktiviti-aktiviti STEM berkaitan bidang. pembelajaran Matematik Diskret yang
meliputi tiga tajuk iaitu Penaakulan Logik, Operasi Set dan Rangkaan dalam Teori Graf,
Perkongsian ini diharapkan dapat dimanafaatkan oleh guru*dan murid dalam menerapkan
Pendidikan STEM dalam PdP khasnya bagi bidang pembelajaran Matematik Diskret.

DiskretSTE

Guru-guru boleh melayari pautan berikut atau mengimbas kod QR yang disediakan untuk

‘DiskretSTEM’ merupakan gabungan dari perkataan ‘Diskret’ dan ‘STEM'. ‘Diskret' mewakili bicang perkongsian bahan tersebut. TERIMA KASIH CIKGU:

pembelajaran Matematik Diskret yang merupakan salah satu bidang pémbelajaran dala
Kurikulum Standard Sekolah Menengah (KSSM) Matematik tingkatan 4. Manakala ‘STEW meruju
kepada pengintegrasian Sains, Teknologi, Kejuruteraan dan Matematik (STEM) dalam pengajara

dan pembelajaran (PdP).
Platform DiskretSTEM merupakan sebuah platform yang mengumpulkan 10 bahan sumber P [ e b/

STEM bagi tiga tajuk dalam bidang pembelajaran Matematik Diskret iaitu Penaakulan Logik
Operasi Set dan Rangkaian dalam Teori Graf.

https:/ibit ly/perkongsianbahanSTEM PlatformDiskretSTEM

LAMAN PERKONGSIAN GUR

Figure 6 Actual display of home page and teachers’ sharing site

Next, Figure 7 depicts the display of the activities that are comprised of the STEM TnL resource materials,
namely Network in Graph Theory.

FANGKA

LENGKAPKAN GRAF MUDAH INI BERPANDUKAN JADUAL YANG DIBERI.
BULATAN HITAM' MEWAKILI SUBJEK DAN ‘GARISAN PUTIH" MEWAKIL! NAMA'

TERUSKAN

KLIK DI SINI
UNTUK RUJUKAN

Kiik pada bahagian warna

PELAJAR

MEKANIK TANAH
(M)

KALKULUS (K)

TERUSKAN ALGEBRA (A) STRUKTUR (RS)

B cnamam 'BERDASARKAN JADUAL DAN GRAF MUDAH . SENARAIKAN NAMA PELAJAR NENGIKUT SUBJEK

Jimmy AINUL FAHRI ERFAN FATINI AWAL LAM

Figure 7 Display of activities for the topic, Network in the Graph Theory
ii. Expert Validity

This phase also aims to have a closer look at the platform developed from various aspects, including how
well it works, whether it is capable of attracting students’ attraction and whether it meets the requirements
including the use of TnL resource materials that consist of STEM elements, involving critical thinking and
problem solving skills. Therefore, the validation of the platform’s content is obtained according to the expert
criteria. The experts involved are in the field of STEM, ICT and Mathematics. After this, improvements are
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to be made on the platform after receiving the reply from the experts regarding the result of the evaluation
for the content.

Implementation

This phase is crucial in ensuring the objective of the platform development can be achieved. In this phase,
implementation of the platform is manipulated based on the perception of Form 4 Mathematics teachers
and the interview with the Form 4 students.

Evaluation

The evaluation phase is the final phase in ADDIE model. In evaluation phase, the findings obtained from
implementation phase are analysed. The result from this analysis then provides answer to the problems
encountered during the research.

CONCLUSION

A total of 14 experts consisting of DSKP drafters, senior lecturers in Mathematics who are involved in
STEM, senior lecturers in ICT, and excellent teachers have been appointed to request for expert consensus
in determining the validity of the platform content. From the evaluation outcomes, it was found that the
platform fulfils the objectives and is tailored to the target group. Besides, the experts also acknowledged
the use of learning models and STEM integration in this platform. Also, the use of interactive multimedia
in this platform has received good validation from all the experts.

The development of this platform is expected to solve the issues among teachers in looking for TnL
methods and resource materials to teach some topics in the field of Discrete Mathematics learning. The
integration of STEM in the content and the use of interactive multimedia are expected to provide
understanding and generate interest to study the topics in this field.
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