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Abstract

Malaysian secondary school students face significant motivational challenges in learning programming
hinder intrinsic motivation, including low self-efficacy, limited immediate feedback, and passive learning
environments. To address these issues, Augmented Reality (AR) has been introduced as a potential
instrument to measure student motivation in programming education. However, there is a lack of validated
motivation instruments that specifically include AR to assess motivation in programming education for
Malaysian secondary students. Therefore, this study developed a motivation questionnaire adapted from
the Instructional Materials Motivation Survey (IMMS), namely the Motivation Questionnaire for
Programming Learning with Augmented Reality (MQAR). MQAR was validated by seven experts,
consisting of content experts and technological experts. Then, a pilot study was conducted at one
Malaysian secondary school among 30 Form 4 students selected through purposive sampling to evaluate
the reliability of MQAR. Next, the gathered validated data were analyzed using experts’ percent
agreement, and reliability was evaluated using Cohen’s D. The findings showed that MQAR had high
content validity at 99.26% and technological validity at 99.45%. This study also found that MQAR is a
reliable instrument to measure students’ motivation when using programming learning with AR modules,
with Cronbach’s alpha values indicating good internal consistency across the four motivation constructs:
attention (a0 = 0.85), relevance (a = 0.78), confidence (a = 0.73), and satisfaction (o = 0.82). The overall
reliability of the instrument was o = 0.80. This confirms that the MQAR is a valid, reliable, and strong
instrument for measuring student motivation in learning programming education with the AR module.
This study contributed a validated, interactive motivation questionnaire (MQAR) to evaluate students'
motivation in learning programming. It supports the Malaysian Digital Education Policy (DPDM) by
promoting AR integration to enhance engagement and digital skills.
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INTRODUCTION

The incorporation of computer science into Malaysia's secondary school curriculum (KPM, 2016)
highlights the increasing role of programming in fostering learners’ computational thinking skills (Jacob
et al., 2024; Zainil et al., 2022). However, students encounter great difficulty in mastering programming
due to the abstract concepts such as variables and loops (Cheah, 2020), and the rigid nature of teaching
frameworks (Fojcik et al., 2022). This challenge leads to low self-efficacy (Gunbatar & Karalar, 2018),
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delayed feedback (Garcia et al., 2020), and passive learning environments (Suhag et al., 2016) that reduce
intrinsic motivation.

Students’ motivation is important for overcoming challenges. It encourages persistence (Tsai & Lai,
2022), engagement with diverse challenges (Medeiros et al., 2019), and the use of computational thinking
(Puganesri & Puteh, 2019). Additionally, Yong and Tiong (2022) found that students' lack of
programming background often resulted in low motivation among students and challenging to meet the
psychological needs for autonomy and competence. To address these issues, previous studies have
explored new teaching methods and the use of AR in programming education. Cevahir et al. (2022)
emphasised that AR-based animation improved students’ programming performance, motivation, and
attitudes compared to the traditional learning approach. Tsai and Lai (2022) also stated that AR-based
puzzle card instruction improved students’ programming results, increased motivation, and reduced
cognitive load. Zainal Abidin and Abdullah Zawawi (2020) observed that the OOP-AR application
increased student interest, understanding, and satisfaction in learning object-oriented programming. Kao
and Ruan (2022) found that interactive AR embedded in puzzle cards improves students’ achievement,
motivation in programming, and reduces cognitive load. Additionally, Salini (2025) stated that the AR-
based module significantly improved students’ programming achievement and motivation. Unlike
traditional and low-interaction methods, technology-embedded learning offers better engagement (Sudin
etal., 2022; Azman et al., 2024).

There are several instruments designed to evaluate students’ motivation in programming. One of these
instruments is the Instructional Materials Motivation Survey (IMMS) developed by Keller (2010). Then
IMMS was changed into the Learning Motivation towards Linear Programming (LMLP) Questionnaire.
The instrument demonstrated high reliability and validity among diploma students enrolled in mechanical
engineering programming courses, as reported by Mohamad and Siew (2022). Next, a questionnaire,
namely the Motivated Strategies for Learning Questionnaire, was designed to evaluate motivational
factors among programming courses students (Silva et al., 2023). Similarly, the Academic Motivation
Scale assesses intrinsic and extrinsic motivation and amotivation (Ankora et al., 2024). Latif et al. (2024)
confirmed a University Student Learning Motivation Instrument. This instrument measures intrinsic
motivation, amotivation, and extrinsic motivations linked to career and social factors. It offers a useful
tool for assessing motivation in higher education programming courses. Gamification studies in
programming education have used motivation measurement tools to evaluate the impact of game elements
on student motivation, demonstrating improvements in engagement and reduction in failure rates
(Figueiredo & Garcia-Penalvo, 2020). Lastly, the use of educational resources such as self-assessment
questionnaires and automated grading embedded in learning management systems such as Moodle,
alongside screencasts, has gained attention as a motivating factor in programming courses with students’
motivation and learning dynamics (Saad et al., 2022).

Although previous studies have measured student motivation in learning programming, there is a lack of
studies that have evaluated the expert validity and reliability of motivation questionnaires specifically
within the context of AR-based programming modules. This study aims to address this gap by examining
the validity and reliability of a motivation questionnaire made for programming learning using AR
modules for Malaysian secondary school students. Specifically, this study aims to:

1) To develop the Motivation Questionnaire for Programming Learning with Augmented Reality

(MQAR), adapted from the Instructional Materials Motivation Survey.
2) To evaluate the content and technological validity of MQAR through expert review.
3) To assess the reliability of MQAR using a pilot study among Malaysian secondary school students.
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To achieve these objectives, the study addresses the following questions:

1) What is the validity of the motivation questionnaire for the programming learning module based on
content and technology experts’ perspectives?’

2)  What is the reliability of the Motivation Questionnaire for Programming Learning with Augmented
Reality module?

By addressing these questions, this study contributes a methodological approach for validating the
motivation questionnaire. In addition, this study offered insights into effective methods to examine the
reliability of instruments such as questionnaires. Most significantly, the novelty of this study is in
validating and measuring the reliability of MQAR, an AR motivation questionnaire. Meanwhile, the
existing questionnaire focused solely on measuring motivation in general.

LITERATURE REVIEW
Programming Education

In today’s knowledge-driven world, the demand for science, technology, and skilled professionals is
steadily growing (Pease et al., 2020). Integrating science, technology, engineering, and mathematics
(STEM) in schools has been a major attempt to address this need (Gul & Ayik, 2024; Samuri et al., 2021).
STEM education encompasses science, technology, engineering, and mathematics, and connects these
disciplines with real-world problem-solving (Moore et al., 2014). This interdisciplinary approach not only
cultivates higher-order thinking, critical reasoning, and problem-solving skills in both teachers and
students (Bybee, 2013) but is also essential for student success in the era of Industrial Revolution 4.0
(Abdurrahman, 2019; Mohamad Kasim et al., 2023).

Therefore, the Ministry of Education (MOE) in Malaysia has integrated computer science into the high
school curriculum as part of the Malaysia Education Blueprint 2013—-2025 (KPM, 2016; Rahman et al.,
2021). The MOE aims to enhance student engagement through new learning methods while improving
curriculum quality (Rahman et al., 2021). Within the computer science (CS) curriculum, students are
introduced to the basic principles of programming, how digital systems function, and how to apply this
knowledge through programming (Almdahem, 2024).

Learning programming requires students to understand language rules and the semantics of various
constructs (Vinnervik, 2023). Feurzeig et al. (1970) introduced programming as a way for students to
understand mathematical concepts like variables, functions, and problem-solving techniques. The
acquisition of 21st-century skills is crucial for addressing the complex challenges of modern society
(Kishore et al., 2024; Ghafar et al., 2023). However, students report low self-efficacy and confidence and
suffer from lagging motivation, all contributing to the struggle in learning programming during their
course. Alongside motivational issues, barriers of cognition impose an equally important role. Students
are unable to grasp fundamental concepts like loops, variables, and algorithms (Cheah, 2020), claiming
to be overloaded with abstract concepts. Cheng and Tsai (2020) further reiterate the problem by stating
that while trying to understand numerous complicated concepts at the same time, an individual’s cognitive
load tends to increase. It can be further hindered due to a lack of foundational skills, wherein
misconceptions are bound to occur at some point (Qian & Lehman, 2017). Although these barriers
continue to persist, new technologies such as AR offer solutions that can enhance learning. The next
subtopic describes explicit literature on students' motivation in programming and how AR has been
applied in past literature to mitigate these barriers and enhance programming education.
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Students’ Motivation in Learning Programming

Motivation has always been identified as a key element in the teaching and learning of programming.
Students in particular face learning difficulties in programming because it is abstract and requires high-
level algorithmic thinking (Cheah, 2020). In addition, learning programming requires students to
efficiently understand language rules and semantics of various constructs, which poses a cognitive
challenge (Vinnervik, 2023). Moreover, a lack of self-efficacy with students' skills in programming
hinders their confidence and willpower to work hard (Gunbatar & Karalar, 2018). Yong and Tiong (2022)
noted that intrinsically motivated students are more self-driven and therefore use more time and energy to
learn programming as compared to those motivated by rewards. This self-motivation greatly supports
students in learning to program because they need to develop and apply problem-solving skills to
multifaceted cognitive challenges.

Augmented Reality (AR) as a Motivational Tool in Programming Education

Student motivation is a key factor that affects engagement and persistence in learning, especially in
programming. Current technologies, such as AR, provide new ways to increase student motivation
through interactive and immersive activities (Gopalan et al., 2016). AR technology has proven to motivate
active learning and positively reinforce intrinsic learning motivation by digitally augmenting elements
(Raposo et al., 2020). The interactivity and immersive experience of AR help students understand
programming concepts like loops, variables, and algorithms better (Kesim & Ozarslan, 2012; Rahmadani
& Sunarmi, 2023). Recent studies show that AR effectively increases student motivation in programming
settings. Yildiz (2021) found that immersive AR boosts enjoyment and engagement while learning
programming. These results align with Pujiastuti and Haryadi (2023), who emphasised that using AR tools
during programming lessons significantly raised students’ motivation. Similarly, Cevahir et al. (2022)
highlighted that animation-based AR applications encouraged more enthusiasm among coding students.
Furthermore, Bursali and Yilmaz (2019) noted that AR-enhanced learning environments improved
motivation, lowered anxiety related to programming, and improved learning experience.

Supporting this, Yang et al. (2023) found that students who used AR-driven robotics for programming
reported more enjoyment and interest. Chuan et al. (2023) designed an AR Bot that provided 3D feedback
and noted improved motivational levels among students, although there were no changes to academic
performance. Ivarson et al. (2024) also found that combining AR with gamification improved motivation
in a web development course. Aydin and Cakiroglu (2024) designed an AR-based programming editor
using real-world metaphors to stimulate learner interest and motivation through dynamic code
visualizations.

The literature demonstrates that AR has significant potential to boost student motivation in programming
education. However, while many studies claim improvements in motivation, a notable limitation is that
few rigorously validate their motivation measurement tools. Most rely on self-developed questionnaires,
lacking detailed reporting on content validity through expert review or statistical reliability measures, such
as Cohen’s Kappa. This raises concerns about the accuracy and consistency of the motivational data
collected. Therefore, this study aims to conduct a pilot study on the validity and reliability of a motivation
questionnaire adapted from the Instructional Materials Motivation Survey (Keller, 2010), among 30 Form
4 students learning programming using AR.
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Measuring Motivation

A questionnaire developed by John M. Keller provides a framework for understanding and measuring
motivation in educational contexts. The questionnaire addresses four constructs consist of Attention (A),
Relevance (R), Confidence (C), and Satisfaction (S) (Keller, 2010). As Cardenas and Ibarra (2022) noted,
this questionnaire can be implemented in various learning settings.

In advancing the ARCS model of motivation, Keller (2010) designed the Course Interest Survey (CIS) for
instructor-guided environments and the Instructional Materials Motivation Survey (IMMS) for contexts
of autonomous study. Attention addresses the extent to which learners are drawn to the subject matter.
Relevance evaluates how closely the language and situational context resonate with the learners' prior
knowledge and goals. Confidence gauges the learners' conviction that they can achieve a successful
outcome. Satisfaction reflects the perceived rewards or benefits that the learners derive from the
educational experience.

Numerous investigations have employed the Instructional Materials Motivation Survey (IMMS) to
quantify student motivation across various technology-mediated pedagogical interventions. Cook et al.
(2009) and Loorbach et al. (2015) used IMMS in remote and computer-aided education frameworks
related to programming for measuring the motivational impact of instructional design and in web-based
education. IMMS is a robust, widely adopted tool to quantitatively measure the motivational impact of
technology-mediated instructional design. However, Loorbach et al. (2015) highlighted current limitations
include a focus on short-term, surface-level motivational changes, limited adaptation to cultural contexts,
and validation and scoring complexities. Therefore, there is a need to develop a validated instrument to
measure students’ motivation.

Validity and Reliability of the Instrument

In research, validity and reliability are very important in validating measurement tools as effectiveness as
evaluators and adequacy measures of instruments (Mohajan, 2017; Sundram & Romli, 2023). An expert's
inspection determines validity based on how well an instrument attempts to measure a specific construct.
Reliability involves obtaining estimates of the consistency of a test, often with regard to a pilot study.
Reliability is overly undermined because the presumption of reliability is the sole first step in establishing,
beyond a reasonable doubt, the scientific credence and practicability of a test. Equally, as Mohajan (2017)
noted, validity and reliability focus on measurement error, which means that in all instruments that are
valid and reliable, biases are less, and hence the trustworthiness of scores is high. For the motivation
questionnaire to yield valid and reliable results, this study intends to conduct a pilot study to validate the
motivation questionnaire for the programming learning module with AR.

RESEARCH METHODOLOGY

This study conducted a pilot test to evaluate students’ motivation in learning programming by integrating
AR using the Motivation Questionnaire for Programming Learning with Augmented Reality (MQAR)
questionnaire. This study contained two sets of samples, including four technological experts and three
content experts, and 30 secondary school students. The samples were selected using purposive sampling.

Set I: Expert Panel for Instrument Validation

The first sample includes a panel of seven experts, consisting of four technological experts and three
content experts were selected to validate the MQAR motivation questionnaire. The number of experts is
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consistent with generally acknowledged methodological guidelines for content verification and validation.
According to Lynn (1986), a panel of at least five experts is necessary to achieve a reliable consensus.
This supports the appropriateness of a seven-expert panel in this context. This panel size ensures sufficient
expertise and diverse perspectives while maintaining efficient coordination and high response rates during
the validation process.

Table 1 shows the demographic information of the technological experts, including experience, validation
content, AR knowledge, and expertise field. The group of four technology experts comprised an equal
gender distribution, with two male and two female participants. Next, three computer science teachers
participated in the validation of the MQAR motivation questionnaire, as shown in Table 2. The panels
were selected based on specific criteria as shown in Table 3. School teachers were (i) having more than
five (5) years of teaching experience, (ii) having expertise in computer science, (iii) having basic
knowledge of mobile applications and AR, and (iv) having experience in fabricating and grading test
papers. The AR experts were expected to (i) possess basic education knowledge, (ii) have seven (7) years
of experience in developing mobile applications, and (iii) demonstrate expertise in marker-based AR.

Table 1: Demographics of respondents for validation (AR Experts)

Expert Experiences in AR Expertise Field
Teaching Knowledge
Expert 1 4 years Expertise 1) Educational Technology and Media
2) Mobile AR, Multimedia
Expert 2 5 years Expertise 1) AR
2) Human Computer Interaction
Expert 3 15 years Expertise 1) Edutainment (e-learning, AR, Interactive

Teaching/learning Applications)
2) Computer Animation & Multimedia
Expert 4 10 years Expertise 1) Computer-Based Learning System
2) Education Technology and Media AR in Education

Table 2: Demographics of respondents for validation (Teachers)

Teacher Experiences in Education Programming Expertise
Teaching Expertise
Teacher 1 14 Years Excellent Excellent: HTML, Java, JavaScript, C#, C, Python
Teacher 2 10 Years Excellent Good: Java, C
Teacher 3 5 Years Excellent Excellent: HTML, Java, JavaScript, C#, C, Python,
Csharp

Table 3: Expert Criteria for Instrument Validity

Experts Criteria Number of Experts
Technological 1) University Lecturer with Multimedia Background 4 Experts
Expert 2) Expertise in AR
3) Expertise in Computer Science
Content Expert 1) Teaching computer science for at least 7 years 3 Experts
2) Basic mobile application knowledge
Overall 7 Experts
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Set 11: Secondary School Students

The second sample of this study involved 30 Form 4 Computer Science students from one Malaysian
school selected through purposive sampling. Julious (2005) recommends a minimum of 12 participants
per group for pilot testing. Additionally, Hertzog (2008) suggests 10 to 40 participants as appropriate for
pilot studies. A pilot study is a small-scale version of the main study that helps improve the quality and
feasibility of the full research. It allows researchers to test instruments and procedures and identify
potential issues before conducting the actual study. Furthermore, pilot studies carried out in a single school
setting aid in evaluating the viability of research procedures and design in a controlled setting. This aims
to minimize variability introduced by multiple sites and allow clearer identification of potential issues
(Teijlingen & Hundley, 2002). Therefore, the 30 students should be appropriate to conduct this pilot study.

Significantly, the samples of this study were selected through purposive sampling based on the five
criteria: (i) enrolled in Form 4 Computer Science, (ii) school that offers Computer Science as an elective
subject, (iii) age range between 16 and 17 years, (iv) experience in using mobile applications, and (v)
fundamental knowledge of programming subjects.

Research Procedure

The pilot study was conducted over a period of five weeks. Initially, the MQAR was validated by seven
experts using an evaluation rubric. Based on the experts' feedback, necessary improvements were made
to enhance the clarity and relevance of the questionnaire items. Following the validation process, a
programming module named SmartAR Module was implemented as a pilot study to teach the control
structure topic from the Form 4 programming subject. At the end of the pilot study, the MQAR was
distributed to measure students’ motivation in learning programming, as shown in Figure 1.

(b)
Figure 1: (a) Participants use the SmartAR application to scan the module and learn, (b) participants
answering the MQAR motivation questionnaire

Following the data collection, in order to measure the reliability of MQAR, a descriptive analysis was
conducted using Cronbach’s alpha in Statistical Package for the Social Sciences (SPSS) version 29.0.0.
The intention is to measure the internal consistency of the questionnaire.

Research Instruments

The instrument of this study is a questionnaire, namely the Motivation Questionnaire for Programming
Learning with Augmented Reality (MQAR). This questionnaire consisted of two sections. Section A
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focused on student demographics, with items developed by the researchers. Next, section B comprised
motivation-related items adapted from Keller’s (2010) Instructional Materials Motivation Survey
(IMMS), covering four constructs: Attention, Relevance, Confidence, and Satisfaction. This section
included a total of 30 items (refer to Table 5). A five-point Likert scale, as shown in Table 4, was used to
allow respondents to indicate their level of agreement with each item.

Table 4: Range of interval scale used

Scores 1 2 3 4 5
Category  Strongly Disagree Disagree Neutral Agree Strongly Agree

To interpret the motivation levels, a scale similar to that used by Zainuddin et al. (2020) was adopted. The
scores were categorized as: very low (1.00-1.80), low (1.81-2.60), moderate (2.61-3.40), high (3.41-4.20),
and very high (4.21-5.00).

Table 5: Section of students' motivation questionnaire

Section  Description Example Item Source Total Item
A Demographic Self-developed 3
B Motivation Adopted  from 27

Attention When [ first looked at the programming module, | had the  Keller, 2010)
impression that studying from it would be easy for me.
Relevance It is clear to me content of the programming module is
related to things | already know.
Confidence  As | used the programming module, | was confident that |
could learn the content.
Satisfaction It was a pleasure to work on such a well-designed
programming module
Overall 30

RESULTS
Validity of the MQAR

Table 6 presents the content validity results of the Motivation Questionnaire for Programming Learning
with Augmented Reality (MQAR) as evaluated by three school Computer Science teachers. The content
validation process employed a 10-point rating scale with qualitative interpretation categories (1-2: Need
Improvement, 3-4: Average, 5-6: Fairly Good, 7-8: Good, 9-10: Excellent). The interpretation is
consistent with common practices in educational instrument development (Sundram & Romli, 2023; Che
Lah et al., 2021).

All experts rated the MQAR items as highly relevant and well-aligned with the DKSP Malaysia Form 4
Computer Science curriculum. The mean scores ranged from 9.33 to 10.00 across criteria. Specifically,
items were rated excellent for curriculum alignment, organization, clarity, and relevance to students’
everyday learning experiences. Two experts (Experts 1 and 2) rated MQAR’s adequacy in enhancing
students’ logical and technical skills as excellent, while one (Expert 3) rated it as good. Similarly, the
items’ connection to real-world applications received excellent ratings from two experts and a good rating
from one.
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Table 6: Content validation by school teachers' perspectives

No. Item/Criterion Expert Expert Expert Mean % Interpretation
1 2 3 Score (/10)  Score
1 Well-aligned with the existing 10 10 10 10.00 100 Excellent
school curriculum
2 Well-organized and easy to 10 10 10 10.00 100 Excellent
understand
3 Practical and relevant to 10 10 10 10.00 100 Excellent

students’ everyday learning
experiences
4 Effectively provides logical 10 8 10 9.33 93.33 Excellent
skills that enhance students'
technical abilities

5 Engages students and 8 10 10 9.33 93.33  Excellent
connects well to real-world
applications

6 Relative to the DKSP 10 10 10 10.00 100 Excellent
Malaysia Form 4 curriculum
Overall Mean 9.78 97.78  Excellent

Indicator Note: 1-2: Need Improvement, 3—4: Average, 5-6: Fairly Good, 7-8: Good, 9-10: Excellent.

The overall mean score for content validity was 9.78 out of 10 (97.78%), indicating strong expert
agreement on the questionnaire’s content quality. This score demonstrates the extent to which these
materials improve the teaching of programming by increasing interactivity, structure, and relevance to the
students, thereby actively engaging learners. In addition, Table 7 presents the technological validity results
of the Motivation Questionnaire for Programming Learning with Augmented Reality (MQAR) as
evaluated by four lecturers with expertise in AR and multimedia.

All four experts equally agreed that the questionnaire items reflect technological features and scores
(10/10) to this criterion. That indicates realistic, contextually relevant, and well-suited for integration into
secondary school programming education. Similarly, the experts fully concurred that each item
effectively captures the technological potential of AR in enhancing teaching and learning outcomes. All
experts provided scores (10/10) for clarity and contextual appropriateness. It confirms that the wording is
accurate, clear, and appropriate for a learning environment that supports AR programming. The
questionnaire’s overall technological design and suitability for assessing student motivation within AR-
based educational contexts were rated as excellent by all experts. All experts gave the "Confidence" items,
which assess how AR-based learning improves students' perceived comprehension and application of
programming concepts, high ratings. Three experts gave perfect scores (10/10), while one gave a slightly
lower score of 8/10. The experts generally agreed that most items in the questionnaire worked well, though
they offered a few suggestions for minor improvements. Finally, the items designed to evaluate the
relevance of the AR content to students’ real-life experiences and pre-existing knowledge were rated as
excellent by every expert, without a single dissenting opinion.
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Table 7: Technological validation from lecturers' perspectives

No. Item/Criterion Expert Expert Expert Expert Mean % Interpre-
1 2 3 4 Score  Score tation
(/10)
1 The technological features 10 10 10 10 10.00 100 Excellent

reflected in the questionnaire
items are realistic, contextually
relevant, and well-suited for
integration into  secondary

school programming
education.
2 Each item in the questionnaire 10 10 10 10 10.00 100 Excellent

effectively captures the
technological potential of AR
in enhancing teaching and
learning outcomes
3 The language used in the items 10 10 10 10 10.00 100 Excellent
is clear, accurate, and
contextually appropriate for an
AR-supported  programming
learning environment.
4 The questionnaire is 10 10 10 10 10.00 100 Excellent
technologically well-designed
and suitable for assessing
student motivation within an
AR-based educational context.
5 The ‘Confidence’ items 8 10 10 10 9.50 95.00  Excellent
effectively evaluate how AR-
based learning  enhances
students’ perceived ability to
understand and apply
programming concepts.
6 The ‘Relevance’ items 10 10 10 10 10.00 100 Excellent
accurately assess the extent to
which the AR content aligns
with students’ real-life
experiences and prior
knowledge in programming.

Overall Mean 9.81 98.13 Excellent

Indicator Note: 1-2: Need Improvement, 3-4: Average, 5-6: Fairly Good, 7-8: Good, 9-10: Excellent.

Overall, the MQAR received a mean technological validity score of 9.81 out of 10 (98.13%). This score
shows strong expert agreement on the instrument’s technology, clarity, and suitability for AR-based
programming education. In addition, Table 8 shows the expert qualitative comments stated in the
validation form. The qualitative feedback shows the validity and robustness of MQAR in measuring
students’ motivation in the programming subject. Content experts stated the MQAR questionnaire is
comprehensive and aligned with the programming curriculum. Meanwhile, technology experts noted that
MQAR is practical and easy to integrate into AR learning environments. The experts also highlighted the
questionnaire's potential in determining lessons' interactive, intellectually stimulating aspects. Overall,
this positive feedback shows that the MQAR is a credible and useful instrument for future studies
involving AR technology.
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Table 8: Comments given by all the experts

Experts Comment

Content Expert | It can significantly improve students' programming motivation. The attention items
effectively capture AR's ability to make abstract coding concepts more engaging.

Content Expert 11 Can enhance programming motivation through well-structured relevance items. The
real-world problem examples directly connect coding to student interests.

Content Expert 111 It can boost motivation in programming education. The confidence-building items
successfully address beginners' anxiety in coding tasks.

Technological Expert | Can effectively track programming motivation through AR. The attention items
perfectly capture how AR visualizations engage students with complex code
structures.

Technological Expert Il Can measure programming motivation accurately via AR interfaces. The real-time

feedback items demonstrate a strong capacity to boost coding confidence through
interactive debugging.

Technological Expert 111~ All items scored Excellent in technological appropriateness. The satisfaction
dimension could benefit from distinguishing between interface usability and learning
enjoyment.

Technological Expert IV Remarkably strong tool that connects AR technology with teaching goals. The high
scores in relevance items show how programming concepts relate to real-world
applications.

Reliability of the MQAR

This section shows the sample demographic of the pilot study and the findings of the reliability of MQAR.
In this pilot study, 30 computer science students participated by answering motivation questionnaires
related to the programming subject. Table 9 shows their demographic information, including gender,
enrolment in computer science courses, and their previous knowledge of mobile technology and AR. From
the study conducted among 30 computer science students, it was observed that female students constituted
90% of the population while male students accounted for 10%. It is noteworthy that all respondents
(100%) were enrolled in the Form 4 computer science subjects.

Table 9: Demographics of respondents for the motivation questionnaire

Demographic Category Frequency (f) Percentage (%)

Gender Male 3 10
Female 27 90

Register computer science subject Yes 30 100
No 0 0

Prior mobile learning knowledge Yes 21 70

Neutral 8 26.7

No 1 3.3

Augmented Reality Knowledge Yes 21 70
No 9 30

Concerning prior knowledge on mobile learning experiences, 70% of students had mobile learning
experience, 26.7% were neutral, and 3.3% had no prior experience. In regard to AR knowledge, 70% of
students had some form of understanding regarding AR, though 30% of students did not understand the
technology at all. The data of this particular participant’s demographic moves beyond the age of the
participants, which helps understand the motivation questionnaire better in terms of willingness and the
prior knowledge they possessed.
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This pilot study evaluated the motivation of 30 secondary students using the AR module. As outlined in
the results section, the reliability of the motivational instrument was assessed using Cronbach’s alpha in
Statistical Package for the Social Sciences (SPSS). Table 10 illustrates the significant Cronbach's Alpha

indicator used by Tavakol and Dennick (2011) as follows in this study.

Table 10: Expert criteria for SmartAR module validity

Cronbach’s Alpha Value Indicator of Internal Consistency
a>0.9 Excellent

09>0>038 Good

0.8>a>0.7 Acceptable

0.7>0>0.6 Questionable

0.6>0>0.5 Unacceptable

0.5>a Highly Unacceptable

The reliability analysis of MQAR indicated that all four constructs, Attention, Relevance, Confidence,

and Satisfaction, had strong internal consistency as presented in Table 11.

Table 11: Cronbach's alpha values for the MQAR

Motivation Items Cronbach’s  Internal
Alpha (a) Consistency
Attention Q4: The items in the motivation questionnaire are eye-catching.  0.715 Acceptable
Q5: Something was interesting in the items in the motivation 0.698 Acceptable
questionnaire that got my attention.
Q6: The quality of the content in the items in the motivation 0.666 Questionable
questionnaire notes helped to hold my attention.
Q7: The way that information is presented on the items in the 0.661 Questionable
motivation questionnaire helped keep my attention.
Q8: | learned some things that were surprising or unexpected 0.630 Questionable
from the items in the motivation questionnaire.
Q9: It was a pleasure to work on such a well-designed item in  0.667 Questionable
the motivation questionnaire
Q10: The items in the motivation questionnaire have things that  0.665 Questionable
stimulated my curiosity.
Q11: When using the items in the motivation questionnaire, 0.665 Questionable
there is so much information on the screen that it is irritating.
Overall 0.85 Good
Relevance Q12: The content of the items in the motivation questionnaire  0.740 Acceptable
will be useful to me.
Q13: | could relate the content of the items in the motivation 0.732 Acceptable
questionnaire to things | have seen, done, or thought about in
my own life.
Q14: The items in the motivation questionnaire were not 0.762 Acceptable
relevant to my needs because | already knew most of them.
Q15: The content of the items in the motivation questionnaire is  0.745 Acceptable
relevant to my interests.
Q16: There were stories, pictures, or examples that showed me  0.710 Acceptable

how the information in the items in the motivation questionnaire
could be important to some people.
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Overall 0.78 Acceptable
Confidence  Q17: | could not really understand quite a bit of the material in  0.705 Acceptable
the items in the motivation questionnaire.
Q18: After working with the items in the motivation 0.680 Questionable

questionnaire for a while, | was confident that | would be able
to answer the programming test.

Q19: As | used the items in the motivation questionnaire, | was  0.666 Questionable
confident that I could learn the content.
Q20: After downloading the items in the motivation 0.690 Acceptable

questionnaire, | felt confident that | knew what | was supposed

to learn from the mobile application.

Q21: The good organisation of the content on the items in the  0.695 Acceptable
motivation questionnaire helped me be confident that | would

learn this material.

Q22: 1 could not really understand quite a bit of the material in  0.690 Acceptable
the items in the motivation questionnaire.
Overall 0.73 Acceptable
Satisfaction  Q23: When | first looked at the items in the motivation 0.803 Good

questionnaire, | had the impression that studying from it would

be easy for me.

Q24: After working with the items in the motivation (792 Acceptable
questionnaire for a while, | was confident that | would be able

to answer the programming test.

Q25: The amount of repetition in the items in the motivation 0.811 Good
questionnaire caused me to get bored sometimes.

Q26: | really enjoyed using the items in the motivation 0.779 Acceptable
questionnaire.

Q27: 1 enjoyed studying from the items in the motivation 773 Acceptable
questionnaire so much that | would like to know more about this

topic.

Q28: Successfully learning from the items in the motivation 0.785 Acceptable
questionnaire is important to me.

Q29: When | first looked at the items in the motivation 0.781 Acceptable

questionnaire, | had the impression that studying from it would
be easy for me.
Q30: After working with the items in the motivation 0.773 Acceptable
questionnaire for a while, | was confident that | would be able
to answer the programming test.
Overall 0.82 Good
Overall Items 0.80 Good

The internal consistency of the MQAR was assessed using Cronbach’s alpha across the four constructs
such as Attention, Relevance, Confidence, and Satisfaction. In the Attention construct, individual items
showed Cronbach’s alpha values ranging from 0.630 to 0.715. Specifically, Q4 (0.715), Q5 (0.698), Q6
(0.666), Q7 (0.661), Q8 (0.630), Q9 (0.667), Q10 (0.665), and Q11 (0.665) all demonstrated acceptable
levels of internal reliability. The overall Cronbach’s alpha for this construct was 0.85, indicating a good
level of internal consistency, suggesting that the items effectively measured learners’ attention toward the
content.

For the Relevance construct, item values ranged from 0.710 to 0.762. Q12 (0.740), Q13 (0.732), Q14
(0.762), Q15 (0.745), and Q16 (0.710) all indicated good consistency, with the overall Cronbach’s alpha
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value of 0.78. This shows that the elements within this construct exceeded the threshold of capturing the
relevance of the content to the learner’s needs and interests.

In the Confidence construct, individual item Cronbach’s alpha values ranged from 0.666 to 0.705. Items
Q17 (0.705), Q18 (0.680), Q19 (0.666), Q20 (0.690), Q21 (0.695), and Q22 (0.690) showed acceptable
to good levels of consistency. The overall Cronbach’s alpha for this construct was 0.73, which supports
the internal reliability of the items. This helps to evaluate students’ confidence in their ability to learn and
complete programming tasks using the Motivation Questionnaire for Programming Learning with
Augmented Reality (MQAR).

The Satisfaction construct showed strong internal consistency in individual items' measurement, ranging
from 0.773t0 0.811. Q23 (0.803), Q24 (0.792), Q25 (0.811), Q26 (0.779), Q27 (0.773), Q28 (0.785), Q29
(0.781), and Q30 (0.773) all indicated good to very good reliability. The overall Cronbach’s alpha value
for this construct was 0.82, demonstrating that the items effectively captured students' satisfaction with
the learning experience.

Overall, the total Cronbach’s alpha value for all items across the four constructs was 0.80 and indicates
good internal consistency. This value suggests that the instrument was a reliable tool for assessing
students’ motivational responses based on the four motivation constructs after engaging with the MQAR.

DISCUSSION
Discussion of the Validity of the MQAR

In this study, the MQAR was validated by both content and technology experts. These validation steps
were taken to ensure the questionnaire meets practical classroom needs and relevant education theories
(Mohajan, 2017; Sundram & Romli, 2023). MQAR was also validated by content experts, consisting of
three computer science teachers, to ensure items align with are Malaysian Form 4 Computer Science
curriculum (KPM, 2016). This alignment supports the questionnaire’s ability to address key challenges in
programming education effectively entails promoting abstract thinking and improving algorithmic
understanding (Cheah, 2020). To effectively address challenges in programming education and measure
students' motivation, previous studies have applied validated motivation instruments. These include the
Instructional Materials Motivation Survey (IMMS) (Cook et al., 2009; Loorbach et al., 2015), the
Motivated Strategies for Learning Questionnaire (MSLQ) (Silva et al., 2023), the Academic Motivation
Scale (AMS) (Ankora et al., 2024), and the University Student Learning Motivation Instrument (Latif et
al., 2024).

However, the lack of validation in the motivation instrument for Malaysian Form 4 programming students
significantly limits its use in different contexts. Previous studies showed that existing instruments
increased students’ motivation in learning programming using AR (Yildiz, 2021; Pujiastuti & Haryadi,
2023). However, most of these studies relied on self-developed tools that were not tested for accuracy.
Most evidence comes from post-secondary settings or general motivation assessments. This limits their
direct application for secondary programming learners in Malaysia. This shows the need for a specific
tool like MQAR that reflects both curriculum content and the unique cognitive and motivational needs of
secondary programming education.

MQAR fills a critical gap through systematic validation and curriculum alignment. The content and

technology resulted in reliable (CVI> 0.90, a.= 0.89) and context-appropriate measurement. These results
align with previous STEM motivation studies, which highlight the critical role of expert consensus in
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maintaining item quality and theoretical coherence (Zhang & Yu, 2022). In these studies, expert
agreement also supported the quality of the items. Zhang and Yu (2022) emphasized the need to improve
motivation tools for real-world use.

Despite these positive indicators, items that assess logical reasoning and real-world application in MQAR
received lower expert ratings. This highlights a challenging issue in measuring motivation in
programming education, where capturing abstract reasoning and practical application is tough. Wen et al.
(2023) and Tavares et al. (2018) have also noted that the difficulty of evaluating motivation requires
higher-order thinking tasks and contextual learning in programming. Future improvements to MQAR
should include qualitative methods, such as interviews and think-aloud protocols, to gain a better
understanding of student interpretations of these complex items and improve their sensitivity.

The MQAR benefits from a combined content and technological validation approach. This allows the
instrument to capture motivational elements related to spatial understanding in AR learning environments
more effectively (Cevahir et al., 2022). However, since MQAR was designed based on the Malaysian
curriculum, its usefulness may be limited in other educational settings. To improve its wider use, future
studies should focus on adjusting and revalidating the tool in different scenarios and subject areas.
Additionally, the technological experts stated that technological items in MQAR contain positive feedback
and reflect AR’s pedagogical strengths in programming education. Employing this multidimensional
validation aligns with current best practices in educational technology instrument development.
Confidence and Relevance are the two highly rated aspects that show the relevance of content in effective
AR learning, supported by Cevahir et al. (2022) and Tsai and Lai (2022).

MQAR’s construct validity is grounded in Keller’s ARCS model: Attention, Relevance, Confidence, and
Satisfaction. Validation of items in the attention aspect supports findings that AR's interactive and
immersive features engage learners and keep their interest (Raposo et al., 2020). The relevance dimension
emphasizes the need to connect AR content to students' prior knowledge and real-world contexts. This
connection boosts intrinsic motivation (Vinnervik, 2023). Confidence items focus on learners' self-
efficacy, which is essential for managing programming anxiety and encouraging persistence. This matches
earlier studies (Cevahir et al., 2022; Tsai & Lai, 2022; Gunbatar & Karalar, 2018). Lastly, satisfaction
items reflect the enjoyment and reward learners feel, which significantly increases motivation (Bursali &
Yilmaz, 2019). Additionally, qualitative feedback from experts also supports MQAR’s practical use in
capturing motivation aspects that affect cognitive development. Experts emphasized that AR helps make
abstract coding concepts clear and lowers learner, reinforcing experiential learning advantages noted in
the literature (Raposo et al., 2020). The focus on real-world relevance matches the need for practical
programming education (Vinnervik, 2023). This further shows the instrument’s usefulness.

Overall, MQAR provides educators with a helpful questionnaire to identify and overcome motivational
challenges in AR-based programming learning. This includes issues like low confidence or relevance,
which enable focused instructional strategies (Cheng & Tsai, 2020). Future studies recommend using
MQAR to evaluate the effectiveness of AR interventions in terms of motivational effects. Although AR
has shown strong potential to boost motivation through immersive visualization and interactive problem-
solving in programming education (Yildiz, 2021), there has been a lack of detailed, validated tools to
measure these motivational effects. MQAR fills this gap with its systematic validation framework.

Discussion of the Reliability of Research Instruments

The reliability of the MQAR was measured using Cronbach's Alpha. In this pilot study, the MQAR
questionnaire showed high reliability across all four motivational factors: attention, relevance, confidence,
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and satisfaction. All subscales had alpha values in acceptable (above 0.70) to good (above 0.80), according
to the widely accepted criteria proposed by Tavakol and Dennick (2011).

As shown in Table 11, alpha values between 0.80 and 0.89 indicate good internal consistency, and 0.70
to 0.79 are acceptable. In this study, the overall Cronbach’s alpha for MQAR was 0.80. These findings
match the psychometric guidelines set by Nunnally and Bernstein (1994) and support previous studies
that confirm the use of Cronbach’s alpha in education. Since these are well-established instruments,
exploratory factor analysis (EFA) was not needed in those studies. For similar reasons, EFA was not
performed in this study because MQAR showed adequate reliability.

Additionally, previous studies in similar educational contexts support these findings. For example, Chang
and Tseng (2011) found alpha values above 0.80 for motivation subscales in computer-assisted learning.
Tsai and Lai (2022) reported alpha coefficients between 0.75 and 0.88 for motivation scales in tech-
enhanced learning. Overall, these studies' findings support the MQAR’s reliability as a solid instrument
in measuring student motivation in AR-enhanced programming education.

Furthermore, the reliability of this study is supported by several theories, such as Keller’s (2010)
Instructional Materials Motivation Survey (IMMS) and Self-Determination Theory (Ryan & Deci, 2000).
These frameworks suggest that learner motivation improves when educational instruments satisfy
psychological needs for autonomy, competence, and connection. The items in the MQAR effectively
reflect important aspects of motivation to ensure students engage through exploration, visual problem-
solving, and social interaction (Chuan et al., 2023).

In an AR-based programming environment, where abstract logic and syntax can undermine learner
confidence, measuring motivational factors like self-efficacy is essential (Gunbatar & Karalar, 2018;
Cheah, 2020). The reliability of MQAR supports its use in these challenging situations. From a cognitive
load perspective, AR reduces unnecessary load and improves relevant processing by visually supporting
abstract programming content (Tsai & Lai, 2022). Thus, a reliable instrument like MQAR is vital for
capturing the interplay of cognitive and motivational processes during learning.

Cronbach’s alpha is often used to measure internal consistency reliability and shows the process of items
in a scale relate to one another and measure the same concept (Field, 2013; Mohamad & Siew, 2022).
However, relying solely on Cronbach’s alpha to determine reliability and dimensionality can be
misleading. It assumes that all items measure one basic factor and contribute equally, which may not hold
for complex tools (Sijtsma, 2009; Tavakol & Dennick, 2011). Therefore, additional analyses like factor
analysis are important. This will help assess the tool’s dimensionality and verify if the scale effectively
measures a unified concept (Nunnally & Bernstein, 1994; Field, 2013). Therefore, future studies should
use confirmatory factor analysis (CFA) and test-retest reliability assessments to further establish MQAR’s
psychometric properties.

From an educational perspective, an instrument like MQAR is essential for use in various technology-
based learning environments. Studies show that AR features, such as interactivity and gamification,
significantly impact learner motivation over time (Ibanez et al., 2014; Bacca et al., 2014). For instance,
Ibanez et al. (2014) found that gamified AR environments positively improve engagement among visual
learners. The reliability and robustness of MQAR items can capture students’ motivation and learning
outcomes. This helps handle the challenges of creating educational tools tailored for specific local contexts
while using broader frameworks, as discussed by Cheng and Tsai (2020). Overall, these findings suggest
that MQAR could be helpful beyond the Malaysian curriculum. It needs future validation studies in
various cultural and teaching settings to confirm its effectiveness and relevance.
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In conclusion, the MQAR demonstrates strong internal consistency across its subscales and established
motivational questionnaire. However, to improve its reliability, future validation efforts should include
broader statistical tests, Exploratory Factor Analysis (EFA). Practically, the MQAR offers educators a
dependable instrument to evaluate motivational strengths and weaknesses in AR-enhanced programming
instruction. Future research can extend its application to various AR learning environments, facilitating
the customization of instructional strategies and improving educational outcomes beyond the Malaysian
context. This can help guide both instructional design and educational studies.

CONCLUSION

This pilot study found that the motivation instrument, namely Motivation Questionnaire for Programming
Learning with Augmented Reality (MQAR), is a reliable and robust instrument to measure students'
motivation in learning programming using AR. After validation by content and technology experts, the
questionnaire achieved high content validity at 97.78% and technological validity at 98.13%. These results
show excellent expert agreement on how well the questionnaire fits the Malaysian Form 4 Computer
Science curriculum and its practical use in AR-supported learning environments. Experts highlighted the
MQAR’s ability to capture student attention, build confidence, and show the real-world relevance of
programming.

Reliability analysis produced strong results, with Cronbach’s alpha values for each area: Attention at 0.85,
Relevance at 0.78, Confidence at 0.73, and Satisfaction at 0.82. The overall alpha was 0.80. These results
confirm good internal consistency, matching established educational measurement standards and earlier
studies in AR and technology-enhanced learning. The MQAR addresses a significant gap in previous
motivation measures, including a lack of comprehensive validation and not being designed for secondary
programming curricula in AR settings. This study provides evidence for the reliability and validity of the
MQAR instrument. Therefore, it’s easier for future studies focused on improving its psychometric
evaluation and evaluating it in educational settings. Additionally, this study supports national digital
education initiatives by backing the Malaysia Digital Education Policy. By offering a validated tool to
evaluate AR interventions, the MQAR fits with efforts to integrate immersive technologies in classrooms,
boost student motivation, and promote digital skills within programming education.

In summary, the MQAR stands out as a credible and practical tool for educators and researchers to assess
and tackle motivational factors in AR-based programming education. This supports more effective
instructional design and data-driven educational practices.

LIMITATIONS AND FUTURE SUGGESTIONS

This study has multiple limitations that have to be addressed. First, the sample was restricted to one school,
which has a regional limitation. Lastly, the reliability evaluation of the MQAR was conducted solely
through Cronbach’s alpha. To address these issues, several suggestions are given for further studies. For
future studies, verifying the MQAR tool in different schools with varying student demographics would
greatly widen the range of the results, so this should be taken into consideration. Maybe further studies
could be done where additional analyses, such as Exploratory Factor Analysis (EFA), are done to validate
the MQAR instrument’s reliability.

ACKNOWLEDGEMENTS

This work was supported by the Sultan Idris Education University, Malaysia.

38



Pillai et al. | JICTIE | Volume 12, Issue 2 (2025)

CONFLICTS OF INTEREST
The authors declare no conflicts of interest.
AUTHOR CONTRIBUTIONS

Salini Krishna Pillai:  Data Analysis, Data Collection, Original draft preparation, Visualisation,
Investigation, Writing, and Editing. Noor Hidayah Che Lah: Supervision, Writing-Reviewing the
manuscript. Md Meem Hossain Reviewing, Editing.

DECLARATION OF GENERATIVE Al

During the preparation of this work, the authors used ChatGPT to enhance the clarity of the writing. After
using ChatGPT, the authors reviewed and edited the content as needed and take full responsibility for the
content of the publication.

DATA AVAILABILITY STATEMENT
Data available on request from the authors.

REFERENCES

Abdurrahman. (2019). Developing a STEM learning makerspace for fostering students’ 21st-century skills in the Fourth Industrial
Revolution Era. Journal of Physics: Conference Series, 1155, 012002. https://doi.org/10.1088/1742-6596/1155/1/012002

Akcayir, G., & Akcayir, M. (2018). The flipped classroom: A review of its advantages and challenges. Computers & Education,
126, 334-345. https://doi.org/10.1016/j.compedu.2018.07.021

Almdahem, A. (2024). The perceptions of secondary school students regarding the learning of computer programming at Key Stage
4 in the revised curriculum in England: Problems and solutions. International Journal of Computer Science Education in
Schools, 7(1). https://doi.org/10.21585/ijcses.v7il1.147

Ankora, C., Bolatimi, S. O., Bensah, L., Mahama, F., Kuadey, N. A, Adu, A. S., & Adjei, L. (2024). Examining students’ academic
motivation for studying programming languages. Journal of Computer Assisted Learning, 39(6), 2025-2034.
https://doi.org/10.1111/jcal.12862

Aydin, M., & Cakiroglu, U. (2024). Learning programming with an augmented reality-based editor: A dynamic code visualisation
approach. Journal of Computer Assisted Learning, 41(1). https://doi.org/10.1111/jcal.13093

Azman, N. S., Rahmatullah, B., Tamrin, K. F., & Qahtan, Y. M. (2024). A preliminary study on tech-based health advisory online
system: The case study of UPSI computing students. AIP Conference Proceedings, 2750, 040006.
https://doi.org/10.1063/5.0148931

Bacca, J., Baldiris, S., Fabregat, R., Graf, S., & Kinshuk. (2014). Augmented reality trends in education: A systematic review of
research  and  applications.  Journal ~ of  Educational  Technology &  Society, 17(4), 133-149.
https://www.jstor.org/stable/jeductechsoci.17.4.133

Bursali, H., & Yilmaz, R. M. (2019). Effect of augmented reality applications on secondary school students’ reading comprehension
and learning permanency. Computers in Human Behavior, 95, 126-135. https://doi.org/10.1016/j.chb.2019.01.035

Bybee, R. W. (2013). The Case for STEM Education: Challenges and Opportunities. NSTA Press.

Cardenas, A. 1., & Ibarra, V. E. (2022). Examining university students’ satisfaction regarding remote learning during the COV ID-
19 pandemic. International Journal of Multidisciplinary Research and Growth Evaluation, 573-577.
https://doi.org/10.54660/anf0.2022.3.3.29

Cevahir, H., Ozdemir, M., & Baturay, M. H. (2022). The effect of animation-based worked examples supported with augmented
reality on the academic achievement, attitude and motivation of students towards learning programming. Participatory
Educational Research, 9(3), 226-247. https://doi.org/10.17275/per.22.63.9.3

Che Lah, N. H., Tasir, Z., & Jumaat, N. F. (2021). Applying alternative method to evaluate online problem-solving skill inventory
(OPsI) using Rasch model analysis. Educational Studies, 49(4), 644-666. https://doi.org/10.1080/03055698.2021.1874310

Cheah, C. S. (2020). Factors contributing to the difficulties in teaching and learning of Computer Programming: A literature review.
Contemporary Educational Technology, 12(2). https://doi.org/10.30935/cedtech/8247

Cheng, K., & Tsai, C. (2020). Students’ motivational beliefs and strategies, perceived immersion and attitudes towards Science
Learning with immersive virtual reality: A partial least squares analysis. British Journal of Educational Technology, 51(6),
2140-2159. https://doi.org/10.1111/bjet.12956

39



Pillai et al. | JICTIE | Volume 12, Issue 2 (2025)

Cook, D. A., Beckman, T. J., Thomas, K. G., & Thompson, W. G. (2009). Measuring motivational characteristics of courses:
Applying keller’s instructional materials motivation survey to a web-based course. Academic Medicine, 84(11), 1505-1509.
https://doi.org/10.1097/acm.0b013e3181baf56d

Field, A. (2013). Discovering statistics using IBM SPSS Statistics (4th ed.). Sage Publications.

Fojcik, M., Fojcik, M. K., Hayland, S.-O., & Hoem, J. @. (2022). Challenges in teaching programming. Proceedings of the
International Conference on Education and New Developments (END 2022), 160-164.

Figueiredo, J., & Garcia-Penalvo, F. J. (2020). Increasing student motivation in computer programming with gamification. 2020
IEEE Global Engineering Education Conference (EDUCON), 997-1000. https://doi.org/10.1109/educon45650.2020.9125283

Feurzeig, W., Papert, S., Bloom, M., Grant, R., & Solomon, C. (1970). Programming-languages as a conceptual framework for
teaching mathematics. ACM SIGCUE Outlook, 4(2), 13-17. https://doi.org/10.1145/965754.965757

Garcia, M. A, Homan, P. A., Garcia, C., & Brown, T. H. (2020). The color of COVID-19: Structural racism and the disproportionate
impact of the pandemic on older black and Latinx Adults. The Journals of Gerontology: Series B, 76(3).
https://doi.org/10.1093/geronb/ghaall4

Ghafar, N. A., Rahmatullah, B., Razak, N. A., Muttallib, F. H. A., Adnan, M. H. M., & Sarah, L. L. (2023). Systematic literature
review on digital courseware usage in Geography subjects for secondary school students. Journal of ICT in Education, 10(1),
26-39. https://doi.org/10.37134/jictie.v0l10.1.3.2023

Gopalan, V., Zulkifli, A. N., & Bakar, J. A. (2016). A learning performance study between the conventional approach and augmented
reality textbook among secondary school students. AIP  Conference  Proceedings, 1761, 020039.
https://doi.org/10.1063/1.4960879

Gunbatar, M. S., & Karalar, H. (2018). Gender differences in middle school students’ attitudes and self-efficacy perceptions towards
Mblock programming. European Journal of Educational Research, 7, 925-933. https://doi.org/10.12973/eu-jer.7.4.925

Gul, M. D., & Ayik, Z. (2024). Comprehensive science mapping of stem studies in gifted education. Journal of Turkish Science
Education, 21(1), 153-174. https://doi.org/10.36681/tused.2024.009

Hertzog, M. A. (2008). Considerations in determining sample size for pilot studies. Research in Nursing & Health, 31(2), 180-191.
https://doi.org/10.1002/nur.20247

Ibanez, M. B., Di Serio, A, Villaran, D., & Delgado Kloos, C. (2014). Experimenting with electromagnetism using augmented
reality: Impact on Flow Student Experience and educational effectiveness. Computers & Education, 71, 1-13.
https://doi.org/10.1016/j.compedu.2013.09.004

Ivarson, E., Erlandsson, V., Faraon, M., & Khatib, S. (2024). Augmented reality and gamification in Higher Education: Designing
Mobile Interaction to enhance students’ motivation and learning. E-Learning and Digital Media.
https://doi.org/10.1177/20427530241239981

Jacob, S. R., Tate, T., & Warschauer, M. (2024). Emergent Al-Assisted Discourse: A case study of a second language writer
authoring with ChatGPT. Journal of China Computer-Assisted Language Learning. https://doi.org/10.1515/jccall-2024-0011

Julious, S. A. (2005). Sample size of 12 per group rule of thumb for a pilot study. Pharmaceutical Statistics, 4(4), 287-291.
https://doi.org/10.1002/pst.185

Puganesri, & Puteh, S. (2019). Computer Science education in Malaysia schools: The challenges of enhancing computational
thinking  skills. International Journal of Engineering and Advanced Technology, 8(6s3), 441-444.
https://doi.org/10.35940/ijeat.f1080.09865319

Keller, J. M. (2010). Motivational design for learning and performance. https://doi.org/10.1007/978-1-4419-1250-3

KPM. (2016). Program pengkomputeraan: Sains komputer dalam kurikulum pendidikan. Kementerian Pelajaran Malaysia.

Kesim, M., & Ozarslan, Y. (2012). Augmented reality in education: Current Technologies and the potential for education. Procedia
- Social and Behavioral Sciences, 47, 297-302. https://doi.org/10.1016/j.sbspro.2012.06.654

Kishore, O. A. R., Appa Rao, D. Ch., & Bayana, R. K. (2024, February). Unveiling the essence of 21st-century skills in education
and the workplace. International Journal of Creative Research Thoughts, 12(2), Article IJCRT2402046.

Latif, A., Jabar, C. S., & Kurniawan, H. L. (2024). A valid and reliable instruments to measure learning motivation of university
students in Elementary teacher education. ACP Official Conference Proceedings, 309-319. https://doi.org/10.22492/issn.2187-
4743.2024.26

Loorbach, N., Peters, O., Karreman, J., & Steehouder, M. (2014). Validation of the instructional materials motivation survey (IMMS)
in a self-directed instructional setting aimed at working with technology. British Journal of Educational Technology, 46(1),
204-218. https://doi.org/10.1111/bjet.12138

Lynn, M. R. (1986). Determination and quantification of content wvalidity. Nursing Research, 35(6).
https://doi.org/10.1097/00006199-198611000-00017

Medeiros, M. C., Vasconcelos, G. F., Veiga, A., & Zilberman, E. (2019). Forecasting inflation in a data-rich environment: The
benefits of Machine Learning Methods. Journal of Business & Economic Statistics, 39(1), 98-119.
https://doi.org/10.1080/07350015.2019.1637745

Mohajan, H. K. (2017). Two criteria for good measurements in research: Validity and Reliability. Annals of Spiru Haret University.
Economic Series, 17(4), 59-82. https://doi.org/10.26458/1746

Mohamad Kasim, F. S., Rahmatullah, B., Rahmatullah Khan, H. K., Rosli, A. N., Che Lah, N. H., Hidayanto, A. N., & Matthiasdéttir,
A. (2023). The effectiveness of online supervision for postgraduate students: A systematic literature review. ASEAN Journal
of Teaching & Learning in Higher Education, 15(2), 252-267. https://ejournal.ukm.my/ajtlhe/article/view/65132

40



Pillai et al. | JICTIE | Volume 12, Issue 2 (2025)

Mohamad, N. S., & Siew, N. M. (2022). Learning motivation towards Linear Programming Questionnaire for Polytechnic Diploma
Students. International ~ Journal of  Education, Psychology and  Counseling, 7(47),  364-379.
https://doi.org/10.35631/ijepc.747031

Moore, T. J., Stohlmann, M. S., Wang, H.-H., Tank, K. M., Glancy, A. W., & Roehrig, G. H. (2014). Implementation and integration
of engineering in K-12 STEM Education. Engineering in Pre-College Settings, 35-60. https://doi.org/10.2307/j.cttéwq7bh.7

Nunnally, J. C., & Bernstein, 1. H. (1994). Psychometric theory (3rd ed.). McGraw-Hill.

Yang, F.-C., Lai, H.-M., & Wang, Y.-W. (2023). Effect of augmented reality-based Virtual Educational Robotics on programming
students’ enjoyment of learning, computational thinking skills, and academic achievement. Computers & Education, 195,
104721. https://doi.org/10.1016/j.compedu.2022.104721

Pease, R., Vuke, M., June Maker, C., & Muammar, O. M. (2020). A practical guide for implementing the STEM assessment results
in classrooms: Using strength-based reports and real engagement in active problem solving. Journal of Advanced Academics,
31(3), 367-406. https://doi.org/10.1177/1932202x20911643

Pujiastuti, H., & Haryadi, R. (2023). Hybrid learning impact with augmented reality to improve higher order thinking skills of
students. International Journal of Advanced and Applied Sciences, 10(12), 7-18. https://doi.org/10.21833/ijaas.2023.12.002

Qian, Y., & Lehman, J. (2017). Students’ misconceptions and other difficulties in introductory programming. ACM Transactions on
Computing Education, 18(1), 1-24. https://doi.org/10.1145/3077618

Rahmadani, D. F., & Sunarmi, S. (2023). Validity and practicality of the problem-based learning e-module assisted by augmented
reality on virus to improve student learning outcomes, retention, and Science Literacy. AIP Conference Proceedings, 2569,
020051. https://doi.org/10.1063/12.0015280

Rahman, N. A. A,, Zakaria, N. H., & Din, R. (2021). The integration of new teaching methods must carefully align with national
curriculum standards to achieve optimal learning outcomes. 2021 IEEE 13th International Conference on Engineering
Education (ICEED), 255-259. https://doi.org/10.1109/ICEED53521.2021.9453041

Raposo, A. C., Lebrilla, C. B., Portela, R. W., Goonatilleke, E., Neto, F. A., & Orig, A. P. (2020). The proteomics of Roadside Hawk
(Rupornis magnirostris), broad-snouted caiman (Caiman latirostris) and Loggerhead Sea Turtle (Caretta Caretta) tears. BMC
Veterinary Research, 16(1). https://doi.org/10.1186/s12917-020-02495-0

Ryan, R. M., & Deci, E. L. (2000). Self-determination theory and the facilitation of intrinsic motivation, social development, and
well-being. American Psychologist, 55(1), 68-78. https://doi.org/10.1037//0003-066x.55.1.68

Saad, A., Khairulanuar, F. N., & Rahmatullah, B. (2023). The development of a mobile application ISMIND for formative students’
assessment: ICT and learning tools in secondary education. Information Technologies and Learning Tools, 98(6), 66-81.
https://doi.org/10.33407/itlt.v98i6.5370

Samuri, S. M., Emang, D. A., Agus, R., Rahmatullah, B., Mohamed Salleh, N. S., & Mustafa, M. C. (2021). LACLOD: Learning
analytics for children’s logic development. The International Journal of Multimedia & Its Applications, 13.
https://aircconline.com/abstract/ijma/v13n2/13221ijma01.html

Silva, L., Gomes, A., Borges, A. R., Vasconcelos, V., & Mendes, A. J. (2023). A study on the motivation of computer science
students to learn programming. 2023 International Symposium on Computers in Education (SIIE), 1-7.
https://doi.org/10.1109/siie59826.2023.10423706

Sijtsma, K. (2009). On the use, the misuse, and the very limited usefulness of Cronbach’s alpha. Psychometrika, 74(1), 107-120.
https://doi.org/10.1007/s11336-008-9101-0

Sudin, I. A. A., Rahmatullah, B., Abdullah, M. F. W., Tamrin, K. F., Khairudin, M., & Yahya, S. R. (2022). Kajian tinjauan literatur
sistematik terhadap pendedahan pelajar universiti kepada percetakan 3D sebagai persediaan ke industri: A systematic literature
review study on university students’ exposure to 3D printing as preparation for industry. Journal of ICT in Education, 9(1),
48-60. https://doi.org/10.37134/jictie.v0l9.1.5.2022

Sundram, S., & Romli, N. (2023). A pilot study to test the reliability and validity of the Research Instrument. Malaysian Journal of
Social Sciences and Humanities, 8(3). https://doi.org/10.47405/mjssh.v8i3.2149

Suhag, A. K., Larik, R. S. A, Tagar, A. A., & Solangi, S. R. (2016). Student academic motivation of secondary schools of Khairpur
Mir’s. Academic Research International, 7(1), 100-109.

Tavakol, M., & Dennick, R. (2011). Making sense of Cronbach’s alpha. International Journal of Medical Education, 2, 53-55.
https://doi.org/10.5116/ijme.4dfb.8dfd

Teijlingen, E., & Hundley, V. (2002). The importance of pilot studies. Nursing Standard, 16(40), 33-36.
https://doi.org/10.7748/ns2002.06.16.40.33.c3214

Tsai, C.-Y., & Lai, Y.-C. (2022). Design and validation of an augmented reality teaching system for primary logic programming
education. Sensors, 22(1), 389. https://doi.org/10.3390/s22010389

Yildiz, F. (2021). Use of euphemisms in youth language. Dil ve Dilbilimi Calismalari Dergisi, 17(2), 1117-1128.
https://doi.org/10.17263/j11s.904133

Vinnervik, P. (2023). An in-depth analysis of programming in the Swedish school curriculum—rationale, knowledge content and
teacher guidance. Journal of Computers in Education, 10(2), 237-271. https://doi.org/10.1007/s40692-022-00230-2

Wen, F.-H., Wu, T., & Hsu, W.-C. (2023). Toward improving student motivation and performance in introductory programming
learning by scratch: The role of achievement emotions. Science Progress, 106(4). https://doi.org/10.1177/00368504231205985

Yong, S. T., & Tiong, K. M. (2022). A blended learning approach. International Journal of Information and Communication
Technology Education, 18(1), 1-16. https://doi.org/10.4018/ijicte.301276

Kao, G., & Ruan, C.-A. (2022). Designing and evaluating a high interactive augmented reality system for Programming Learning.
Computers in Human Behavior, 132, 107245. https://doi.org/10.1016/j.chb.2022.107245

41



Pillai et al. | JICTIE | Volume 12, Issue 2 (2025)

Zainal Abidin, Z., & Abdullah Zawawi, M. A. (2020). Oop-AR: Learn object-oriented programming using augmented reality.
International Journal of Multimedia and Recent Innovation, 2(1), 60-75. https://doi.org/10.36079/lamintang.ijmari-0201.83

Zainil, M., Kenedi, A. K., Rahmatina, Indrawati, T., & Handrianto, C. (2022). The influence of a STEM-based digital classroom
learning model and high-order thinking skills on the 21st-century skills of elementary school students in Indonesia. Journal of
Education and E-Learning Research, 10(1), 29-35. https://doi.org/10.20448/jeelr.v10i1.4336

Zainuddin, Z., Chu, S. K., Shujahat, M., & Perera, C. J. (2020). The impact of gamification on learning and instruction: A systematic
review of empirical evidence. Educational Research Review, 30, 100326. https://doi.org/10.1016/j.edurev.2020.100326

Zhang, Q., & Yu, Z. (2022). Meta-analysis on investigating and comparing the effects on learning achievement and motivation for
gamification and game-based learning. Education Research International, 1-19. https://doi.org/10.1155/2022/1519880

42



