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ABSTRACT

The fast progress of Information Technology (IT) requires modifications to educational methods, particularly in
secondary education where Science, Technology, English and Mathematics (STEM) subjects are taught. The
implementation of STEM approaches that requires hands-on and critical thinking leads to the necessity of
improving innovative technology especially in the Fundamentals of Computer Science course. However, few
studies have focused the issues arising that may lead to the inability to convey data measurement concepts
effectively within the curriculum and classroom setting. To discover the issues and challenges, a Nominal Group
Technique was utilised to uncover the key issues related to data measurements. Five experts that have educational
backgrounds related to the subject was chosen to gather information and views about the arising issue and
findings discovered 11 key issues. After conducting online sessions with five experts in Computer Science
Education, we identified many significant obstacles. These concerns include struggles with applying formulas
for file sizes, difficulty with unit conversions, and the necessity for more effective visual aids. The findings also
indicated lack of interactive learning materials that aligns with the current Fundamental of Computer Science
curriculum, therefore limiting the resources at hand needed to convey information effectively and in an engaging
way. This study highlights the need for developing a better learning material and solution to make complex
concepts easier to understand. With the findings at hand, future research can investigate and develop more
effective and interactive applications that are in line with the curriculum and new digital era.

Keywords: Nominal Group Technique, Data Measurement, Fundamental of Computer Science, STEM
education.

INTRODUCTION

The rapid evolution of information technology has influenced the need for updating educational practices and
curriculum design. Its influence on the Internet and several technological innovations has caused changes in
sectors like social, economic, and educational contexts [1]. It has shifted the educational approach to more
interactive technology-integrated teaching methods, with an emphasis on critical thinking and problem-solving
skills among students [2]. Revisioning the curriculum using technology related theories was therefore found to
be of vital importance in enhancing students' digital competence and practices [3]. [4] states that the digital age
and the rapid growth in information technology has called for an overhaul of educational content so that it fits
the new age.

Technology-based and more interactive methods of teaching and learning are becoming increasingly necessary
in this advanced era of secondary education that is concerned with introductory courses such as Fundamentals
of Computer Science that form the basis of the advanced IT concept study for the students. One of the subjects
in the Science, Technology, Engineering, and Mathematics (STEM) subjects is Fundamentals of Computer
Science which is a very significant tool in making the students assessed as those who have the skills and
knowledge necessary to survive in the technology-oriented world. Computer Science is a crucial subject in the
senior secondary school curriculum aimed at equipping students with computer knowledge and its applications
in today's ICT-driven economy [5]. The need to introduce and reinforce computer science basics in every grade
of elementary, middle school, and high school is underlined to ensure learners are ready for the advanced syllabus

[6].
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Despite its significance, the effectiveness of the Fundamentals of Computer Science teaching and learning
approaches, specifically in data measurement concepts, remains underexplored. Previous research related to the
Fundamentals of Computer Science has only concentrated on topics such as algorithms and data representation.
[7] pursued the study to teach algorithms through the means of multimedia technology, thus boosting the
engagement of learners and increasing their understanding of information technology and multimedia in the
computer science course. [8] carried out a study that addressed the student's problem with data representation by
using multimedia as the main part of the taught material. This way, students might learn the material more
engagingly and effectively via active participation. In this regard, both researchers ([7],[9]) highlighted the need
for visualizing and using multimedia as the main tactics to guarantee that students are engaged and understand
computer science.

Even though a variety of studies have been conducted on fundamental computer science themes such as
algorithms and data representation, the spotlight has not been thrown on data measurement concepts as such.
This represents a knowledge gap, hence a need for further research and development of targeted educational
tools and approaches to address the challenges and enhance the learning experience related to data measurement
concepts.

Therefore, this study aims to fill in the gap in the data measurement curriculum of Fundamental of Computer
Science through the Nominal Group Technique (NGT) that entails expert opinions on the barriers and learning
issues linked to data measurement topics within the Fundamental of Computer Science curriculum. Drawing on
the findings of educational experts, this undertaking will aim at pinpointing and tackling the problems faced by
people that affect the pupils' grasp and involvement in concepts related to data measurement in computer science.

LITERATURE REVIEW
A. Importance of STEM Education

The creation of a robust Science, Technology, Engineering, and Mathematics (STEM) education system in
Malaysia is crucial for preparing a skilled workforce capable of excelling in future industries, as emphasized in
various research studies. The Malaysian Ministry of Education has acknowledged the importance of enhancing
the quality and innovation in STEM education to align with global advancements in science and technology [10].
The guidelines for STEM education in Malaysia outline seven criteria used in designing learning modules to
foster a comprehensive and engaging learning experience for students. These criteria include student
involvement in inquiry and exploration, encouraging hands-on and investigative activities; student involvement
in productive teamwork, promoting collaborative learning and teamwork skills; understanding and application
of STEM content, ensuring that students can comprehend and apply STEM concepts effectively; opportunities
for improvement, allowing students to refine their answers or products through iterative processes; application
of design process skKills, involving students in practical design and problem-solving; variety in solutions and
justifications, encouraging diverse solutions and requiring students to justify their approaches; and sensitivity to
real-world issues, enhancing students' awareness and sensitivity to real-world problems and issues [11],[12]).

The Fundamentals of Computer Science is one of the subjects within the STEM framework that addresses key
topics such as computational thinking, data representation, algorithms, and coding. This subject aligns with the
broader objectives of STEM education by developing students' technical skills and problem-solving abilities,
which are essential for future technological advancements.

By prioritizing cognitive development in STEM education and career pathways, Malaysia aims to ensure
continuous support for the nation’s economic development with a competent workforce [13]. To strengthen
Malaysia's position in the Global Innovation Index and advance the objectives of the National Science,
Technology, and Innovation Policy (NSTIP) 2021-2030, educational administrators are encouraged to promote
teachers' engagement in innovative work behavior activities [14]. This focus on innovative work behavior
activities aims to leverage teachers' competencies and strengths to cultivate a technologically proficient society
in line with the country’s aspirations for technological advancement.

The Malaysia Education Blueprint 2013-2025 emphasizes the need for STEM education to produce a workforce
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proficient in technology and information fields. However, student engagement in STEM subjects remains a
significant issue due to ineffective and unattractive learning tools. The complexity of these subjects requires
innovative educational tools that can make learning more interactive and accessible. There is also a pressing
need to ensure that the content of educational modules is valid and aligns with national educational goals, which
can be achieved through expert evaluations and the incorporation of visualization and multimedia elements [15].

B. Fundamentals of Computer Science

Fundamentals of Computer Science have been incorporated into STEM education in schools since 2017. The
purpose of the Fundamental of Computer Science subject is to equip students with knowledge and computational
thinking skills essential for understanding basic Computer Science concepts, including coding and algorithms.
STEM education encourages students to be creative, innovative, dynamic, and ethical in their approach to
Information and Communication Technology (ICT) [16].The objectives of the subject are to compile, analyse,
and present data or ideas logically and systematically, identify, detect, and correct errors in algorithms and
programs using logical and computational thinking, solve complex problems through computational thinking
with computer-based solutions and apply computer knowledge and skills in an ethical, practical, and responsible
manner. The Fundamentals of Computer Science curriculum for Form 1 students covers four essential topics:
basic concepts of computational thinking, data representation, algorithms, and coding instructions. The data
representation and data measurement section include instructions on unit conversions and the various formats
used for audio and images. It comprises methods for determining the sizes of audio and image files and
identifying different types of bit depth and sample sizes. Teachers are provided with a standard curriculum
document and textbook as teaching aids to guide their instruction. To gain better understanding of Computer
Science and programming concepts, teachers and students’ involvement play a crucial role. Apart from the
teacher and students’ involvement, the choice of learning materials are crucial.[17]

However, research on the effectiveness of the materials provided to teach this subject in Malaysia remains
limited. Therefore, this study focuses on evaluating the issues related to the fundamentals of computer science
subject. The current learning approach is predominantly instructor-centered, emphasizing direct instruction over
student engagement. With rapid advancements in educational technology, instructor-centered methods are
becoming less relevant. The integration of Information and Communication Technology (ICT) in teaching and
learning processes is becoming increasingly crucial [18]. Instead, student-centered classrooms and interactive
teaching methods are increasingly preferred as it not only activates students' activities but also direct them toward
communication and discussion, promoting engagement among students and between students and teachers [19].
To align with these trends, the teaching approach for teaching Fundamentals of Computer Science must be
updated. Given that Fundamental of Computer Science is a STEM subject, integrating STEM guidelines into the
learning strategy is essential. This research will focus on identifying issues related to the topic of data
measurement in data representation as a guideline to create solutions that can overcome the identified challenges.

C. Teaching Aids

The landscape of education has undergone significant changes, particularly with the integration of technology
into the teaching process. Traditional teaching methods have often struggled to keep students engaged, especially
in subjects requiring the understanding of complex and abstract concepts. Research indicates that conventional
lecture-based teaching methods can sometimes fail to captivate learners and provide an enjoyable language
acquisition experience [20]. For instance, the use of conventional methods to teach topics like algorithms and
the evolution of the Internet has proven to be insufficient in maintaining student interest and ensuring effective
learning. Studies have highlighted the importance of utilizing multimedia elements such as animations, graphics,
audio, video, and interactive tools to diversify teaching methods and enhance student engagement ([7],[9]).

Engagement is a critical factor in education, and the lack of it can lead to lower retention rates and reduce interest
in the subject matter. The complexity of certain subjects further worsens this issue, making it challenging for
students to grasp intricate concepts through traditional approaches alone. However, there has been a growing
recognition of the need for innovative solutions, such as augmented reality applications, which can provide
interactive and immersive learning experiences. These tools not only help in visualizing complex topics but also
make abstract concepts more tangible and understandable [9].
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In Malaysia educational setting, the challenges that arises related to the need of bridging the digital divide and
ensuring equitable access to quality education for all students, those who are in the rural area. The traditional
methods of teaching computer science topics, such as data measurement, often fail to engage students and make
the learning process a boring one and less effective. Previous studies have recognized the importance of
incorporating technology into teaching to enhance learning outcomes such as the development of the mobile
application to teach algorithms has shown significant success in improving student engagement and learning
experiences by integrating multimedia elements and offering flexible learning environments [7] Given these
challenges, there is a pressing need to investigate issues related to the fundamentals of computer science subjects,
particularly focusing on data measurement. By addressing these specific challenges, a more effective and
engaging solution can be developed to improve teaching methods and learning outcomes in this area.

Research Aim

This study aims to explore the main issues related to the difficulties in understanding the data measurement topic
in a computer science course. Therefore, this study focuses on two main objectives:

1. Identify the issues related to the inability to understand data measurement concepts among students based
on experts' opinions.

2. Validate the item proposed related to the issues based on the consensus and opinion of experts.

METHODOLOGY

The Nominal Group Technique (NGT) technique is the main research tool in this study. Five professionals in the
field of Computer Science Education participated in the study. Researchers conducted the NGT sessions online
using Google Meet as it was not practical to carry out the session in person due to geographical issues. A group
discussion was conducted with a duration of one and a half hours. To gain the views and issues of data
measurement topics within the Fundamentals of Computer Science curriculum based on expert opinion, the
researcher assembled experts and used the brainstorming session based on the NGT technique. The researcher
employed the NGT approach to execute a targeted computation at the session’'s conclusion, resulting in data that
addressed the study's objectives.

A. Sampling

The study involved 5 experts who specialize in computer science education. All the experts are chosen to have
at least 5 years of experience related to computer science education and have experience in teaching the data
measurement topic within the Fundamental of the Computer Science curriculum

Table 1: Experts were chosen from the computer education field

Expert Position Field Experience

Expert 1 Teacher Information Technology and 18 years
Computer Science

Expert 2 Teacher Information Technology and 15 years
Computer Science

Expert 3 Teacher Information Technology and 20 years
Computer Science

Expert 4 Teacher Computer Science 8 wears

Expert 5 Teacher Information Technology and 21 years

Computer Science

The number of experts specified is adequate to guarantee that the sample utilized is specialized and does not
need a substantial quantity. The Nominal Group Technique (NGT) can be applied with either a small cohort or a
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big group ([21], (29]). For example, a study by [22] applied 45 nurse educators through a virtual workshop while
another study by [23] only involved four study groups that consisted of seven participants to gather public patient
views on artificial intelligence in healthcare. Alternatively, it can be subdivided into smaller clusters to enhance
efficient communication based on the requirements of the research. [24] suggests that the sample size should
range from 7 to 10 individuals, however, [25] suggest a range of 5 to 9 is enough for implementing the NGT
process.

B. Nominal Group Technique Steps

NGT, or Nominal Group Technique, is a systematic approach used to establish a consensus among a group of
individuals over a certain subject. The notion was initially developed as a method for engaging in social planning
scenarios, as defined by [26]. These situations encompass exploratory research, public engagement, the
involvement of multidisciplinary experts, and the evaluation of suggestions. Since then, it has been employed in
other group settings, including empirical studies in the field of social science. ([27], [28], [29], [ 30]) are among
the researchers who have employed it in the field of education. However, this approach is commonly used in
medical sectors.

The Nominal Group Technique (NGT) is a carefully organized procedure that unfolds in four discrete stages. In
the first stage, participants have to generate spontaneous thoughts in response to a question asked and these
thoughts are shared and listed in a round-robin fashion, without engaging in any discussion. This process allows
participants to engage equally and provide their opinions, ensuring a fair and inclusive process [31]. In the third
stage, each concept is explained, and similar ideas are categorized. Finally, participants cast their votes to
establish the order of importance for the ideas generated. To promote genuine outcomes and active participation,
participants cast their votes anonymously to prioritize ideas [32]. This method allows for fair and unbiased
decision-making by ensuring that each participant's input is considered equally without the influence of personal
biases or external pressures [32]. NGT ensures lasting documentation of the group’s procedure and results by
transcribing all recommendations and authorized modifications onto flipchart sheets. Presenting these
documents is a commendable approach to educating individuals who were absent for all or a portion of a
gathering, and it also enables groups to resume their discussions from the point they ended in the preceding
meeting ([29], [33]). For this research, the researcher followed the NGT steps and employed NGT-Plus software
to list down issues regarding data measurement topics according to experts' opinions and compute the votes.

FINDINGS

Using the nominal group technique, a discussion was held via Google Meet with five experts to brainstorm the
issues regarding data measurement topics in the fundamentals of computer science subject. A set of questions
were given to the expert for them to read and were asked to provide their opinion. During the discussion, each
expert took turns providing their opinions regarding the issues in understanding the data measurement topic.
Each idea was listed on the NGT-Plus Software. After that, each issue listed was discussed thoroughly and
categorized. The results of the discussion listed 11 crucial issues.

Issues In

Understanding
Data Measurement
Topic Based On

Expert’s View

Fig 1: Issues In Understanding Data Measurement Topic

Experts stated that many of these students have problems using formulas to calculate the file size of audio and
images. Sometimes, concepts are just not clearly understood, and instruction with usually existing resources
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cannot bridge the gap between theory and application. They also agreed that students faced challenges in doing
unit conversions accurately. These challenges often arise from lack of understanding of the underlying principles
and inadequate practice opportunity. In this respect, effective instructional strategies are called for in trying to
solve these challenges to improve students' proficiency in unit conversions. Another concern raised was the need
for visual aids in understanding the complex concepts of measurement data. According to experts, the problem
usually faced by students is relating such abstract terminologies with their practical use and application. They
said that the visual aids would provide concrete examples and illustrations, thereby making these concepts more
inclusive and easier to relate to. A few other factors that had added to this impact on the students' ability to
engage and learn the complex concepts were the lack of interactive resources, including apps, software,
educational games, etc. Moreover, the problem worsens due to the high cost of development and learning to
design innovative technology, in addition to the misalignment with the national curriculum, which provides
impetus for seeking more affordable interactive tools that align with the national curriculum. In the final
consideration, a balanced approach should be maintained between the complexity and simplicity of learning
materials. Those with extreme complexity can lead to withdrawal, and those that are extremely simple are sure
to cause procrastination in student interest and motivation. Effective instructional design should strive to create
materials that are appropriately challenging and engaging.

To validate the findings and reach a consensus on the next steps, the NGT approach using NGT-Plus software
was used. The results are as follows.

Table 2: NGT-Plus Analysis

Total Rank  Voter

Items / Elements V1 V2 V} V4 V5 itemscore %  Priority Consensus
Stodents struggle to apply formulas for calculating audio file
sizes

33 3 3 2 14 93.33 2 Suitable

Stodents struggle to apply formulas for calculating image
file sizes 33 3 3 2 14 93.33 2 Suitable

Students cannot visvally grasp the relationship between
terms and their use in formulas. 13 3 3 3 15 100 1 Suitable

Students struggle with unit conversions. 13 2 1 3 12 30 3 Suitable
Lack of interactive educational materials, such as apps,

software, and educational games, to help students understand

complex concepts 33 3 3 3 15 100 1 Suitable

Existing reference materials, like textbocks, are poorly
organized, making concept delivery difficult. 313 2 3 2 13 36.67 3 Suitable

High costs for acquiring or licensing quality interactive
materials can be prohibitive for schools or teachers 13 2 3 3 14 93.33 2 Suitable

Some interactive materials do not align with the national
curriculum or meet specific educational needs 33 3 3 3 15 100 1 Suitable

Some leamning materials for data measurement topics are too

complex, causing students to lose interest 23 2 31 13 13 86.67 3 Suitable
Learning materials for data measurement topics can be too

simple and fail to maintain students’ inferest and motivation 3 3 2 1 2 1 7333 3 Suitable
Students find data measurement topice unappealing if the 3 3 3 31 3 15 100 1 Suitable

leamning materials are not user-friendlv.

The findings depict the aggregate agreement and assessment ratings for the model. This analysis has determined
that all concentrations of model constructs are within the optimal range. The results of these investigations
indicate that the proportion should currently be above 70%. All the items are above 70% expert consensus,
according to the study of expert approval data. Findings from studies such as ([29],[34], [35]) provide support
for this idea. Researchers can thus conclude that the model's essential components are practical and well-received
by the intended users. Instead of going through the tedious rounds of expert judgment that the Delphi method
requires, time can be saved by using the modified NGT strategy.

Based on the analysis using the NGT approach, highlighted several critical issues in teaching data measurement
concepts in computer science. Experts identified key areas of concern, including students' difficulties with
applying formulas for calculating audio and image file sizes, challenges with unit conversions, and the need for
effective visual aids. Additionally, the lack of interactive educational materials and the misalignment of some
resources with the national curriculum were significant issues.

DISCUSSION AND FUTURE DIRECTIONS

Based on expert consensus, the main issues regarding understanding the concepts of data measurements revolve
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around students' difficulties with applying formulas for calculating audio and image file sizes, challenges with
unit conversions, and the need for effective visual aids. Additionally, the lack of interactive educational materials
and the misalignment of some resources with the national curriculum were significant issues.

Therefore, based on these findings, there is a need to develop interactive learning materials that can enhance
understanding related to data measurement topics, hence proving the need to develop more learning materials
that fit the current education setting in this new digital era. The application of interactive learning materials, such
as augmented reality and interactive multimedia, are essential tools for enhancing students' understanding of
complex concepts. The incorporation of various interactive elements such as videos, animations, and simulations
help students visualize abstract concepts effectively, thus leading to improved comprehension ([36], [37] [38]]
39]). Through the use and development of interactive learning materials, educational content will not only be
delivered effectively, but also foster critical thinking skills, autonomy, and collaboration among students
([40],[41]). These development and use of interactive learning materials can cater to different learning styles,
provide immediate feedback, and offer opportunities for personalized learning experiences [42]. Moreover,
interactive learning materials have been found to enhance student motivation, improve retention of information,
and increase overall learning effectiveness ([42],[43]).

Additionally, findings also show the need for visual representation to help improve learning outcomes. This
finding is consistent with [44] that states visual aids, including pictures, models, charts, and videos, contribute
to making learning more realistic, accurate, and dynamic, thereby aiding in information retention and enhancing
the memorability of lessons. The implementation of visual representation also encourages the learning process
especially in understanding complex topics. A study conducted by [45], discovered that the integration video
increased the eased teaching and learning Hypertext Markup Languages in classroom setting. Besides that, the
integration of animation in a programming course can increase students’ skill, understanding and learning
outcome [46] Therefore, to suit the learning materials according to the latest technology, visual learning materials
should be developed so that students can access them anytime, anywhere, hence the need to create a mobile
learning application. Visual learners, in particular, benefit from online platforms offering a variety of visual aids,
interactivity, and flexibility, leading to more effective learning experiences [47].

Another issue is related to the alignment of learning materials with the current curriculum of Fundamental of
Computer Science, highlighting the need for improvements regarding learning materials that are more current
and aligned with the curriculum. Therefore, future research on the development and usability of interactive
learning materials should consider the curriculum and the involvement of experts' opinions and consensus in the
design and development phase. By involving end users, the usability of the product will be validated, and a more
effective learning material can be developed.

Current solutions that address the issues for Fundamentals of the Computer Science curriculum in Malaysia
through interactive learning materials are studies conducted by [7] and [15] that focus on the algorithm topic
through the development of a mobile application. Another research by [8], also addresses the lack of interactive
learning material related to data representation through the development of courseware. However, very few have
focused on the issues and challenges related to data measurement topic. Hence, this research provides a clear
understanding of the issues in relation to this topic. By understanding the current issues and challenges of
understanding data measurement topic, effective ideas and solutions can be designed. Therefore, to address these
challenges effectively, future work should concentrate on developing comprehensive and engaging interactive
learning materials that incorporates visual, interactive and multimedia elements specifically designed to enhance
understanding and proficiency in this topic, thereby providing learners with a more immersive and supportive
educational experience that can cater to the needs of STEM education.

CONCLUSIONS

By using the nominal group technique, researchers were able to identify several key issues related to the data
measurement topic. Among the issues are the difficulty of applying formulas correctly, changing unit conversions
and the lack of interactive educational learning materials. The recent materials that are in the market or provided
have found to be insufficient and lack interactive elements and not aligned with the current curriculum of
Fundamental of Computer Science in Malaysia. Therefore, there is a crucial need for more creations, designs
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and development of interactive learning materials that can effectively help to assist students and educators,
teaching and learning process. Through the design and development of interactive learning materials, students
are engaged, motivated and understand better by providing a more accessible and relatable learning material for
complex topics. This finding will help address the current issues and assist in developing better learning materials
that are more relatable to the current technologies nowadays, align with the STEM approach, hence potentially,
improve students understanding of the data measurement concept.
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