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ABSTRACT: This paper explored the potential of Al-enhanced instructional materials to
improve student learning outcomes and engagement, aligning with the principles of Education
4.0 and the Malaysian Higher Education Blueprint. The integration of Al into educational
content enables personalized learning experiences, addressing individual gaps in understanding
while catering to diverse learning styles and paces. Al’s capability to analyze data and adapt
content dynamically supports the goals of Education 4.0, which emphasizes personalized and
technology-driven learning experiences. By incorporating interactive ele-ments such as quizzes
and real-time feedback, Al platforms pro-mote active student participation and reflection,
which are crucial for knowledge retention and critical thinking. The study employs a mixed-
methods approach by incorporating both quantitative and qualitative analyses to assess the
impact of Al integration. Quantitative data was gathered through assessments and surveys,
measuring improvements in learning outcomes and student engagement. Qualitative insights
were obtained from focus group discussions and interviews, providing deeper understanding
of student experiences and perceptions. The findings suggest that Al can help educators shift
from traditional, didactic teaching methods to more responsive, student-centered approaches.
This transition prepares students with the necessary skills and com-petencies for the 21st
century. The advancement of educational technology through Al offers significant benefits in
equipping students for the digital age, fostering critical thinking, creativity, and lifelong
learning.

KEYWORDS: Arttificial Intelligence; Education 4.0; instructional materials; personalized
education

1. Introduction

In today’s rapidly evolving Information and Communication Technology (ICT) and
educational landscape, it is important for educators to integrate advanced technologies such as
Arti-ficial Intelligence (AI) into instructional materials to enhance students learning
experiences and learning outcomes to prepare them for the challenges of the future. The
Malaysia Education Blueprint 2013- 2025 and Malaysia National Education Philos-ophy
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highlighted the importance of transforming the country’s educational system by utilizing
technology to build holistic, balanced and inclusive overall development of students.

The goal of the Blueprint is for educators to embrace innovation in teaching methods by
shifting towards incorpo-rating technology to address diverse students needs and to promote
higher-order thinking skills in education. This is also in line with the country’s national
education philosophy where it is emphasized that it is important for the education sys-tem to
produce individuals who are intellectually, spiritually, emotionally and physically balanced and
well-rounded. The integration of Al into the learning environment of students is one of the
approaches to realize the goals of the Blueprint and educational philosophy by enabling
educators to personalize their students’ learning, provide real-time feedback in classes and
having real time data and insights into their students’ performance [1].

The objective of this paper is to develop, implement and evaluate Al-enhanced instructional
materials that is tailored for a pre-university class — a one-hour tutorial class covering the topic
Introduction to Accounting — Journal Entries. This paper will show how Al integrated into
instructional materials can create effective, engaging and personalized learning ex-periences
for students. This paper will provide an overview of the development, implementation and
evaluation of Al-enhanced instructional materials. The development phase of this paper will
explain the design and the creation of learning materials that incorporate Al functionalities to
support the achievement of learning objectives. The implementation phase in this paper will
describe how this Al-enhanced learning is integrated into the one-hour Introduction to
Accounting-Recording Journal Entries lesson. Finally, the evaluation phase will provide the
analysis of the effectiveness of the created Al-enhanced materials. Findings and data as well
as areas for future improvement will be provided based on students’ performance and feedback.

2. Instructional Materials
2.1. Description of Al-enhanced instructional materials.

The Al-enhanced instructional materials developed for this one-hour [Introduction to
Accounting — Recording Journal Entries lesson consisted of a set of interactive slides and
teaching resources tailored to diverse students’ learning needs, styles, and preferences. The
materials were developed using PearDeck, a platform with Al-enabled functionalities that were
utilized to enhance student engagement and learning experiences. The first key component of
these materials was the integration of interactive slides to teach the five main types of accounts,
their classifications, the rules of debit and credit, and journal entries. Using the PearDeck
platform, lecturers imported PowerPoint slides and embedded questions to increase student
engagement. In addition, lecturers created Al-generated videos using InVideo and included
them as links within the slides for students to access during the lesson. The interactive slides
included questions that gauged students’ understanding of key concepts, including assets,
liabilities, equity, revenue, and expenses.

The AI algorithm in PearDeck helped lecturers analyze students’ performance in real
time and enabled adjustments to instructional delivery within the platform [2]. This ensured
that each student progressed at their own pace, while lecturers acted as facilitators by providing
additional support where needed [3]. Formative assessments were embedded to evaluate
students’ understanding of key topics, including definitions of account types, account
classifications, debit and credit rules, and journal entries. Performance data analyzed through
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Al provided lecturers with insights into students’ progress. Real-time feedback also enabled
students to reflect on their understanding and allowed lecturers to address misconceptions
immediately [4]. For students who preferred activity-based learning, gamification elements
were incorporated into the PearDeck platform. Students engaged with materials through game-
based learning activities, making the learning experience more interactive and enjoyable.

2.2. Context of use.

The Al-enhanced instructional materials for Introduction to Accounting — Recording Journal
Entries were used in a pre-university classroom setting. The materials were implemented in a
one-hour tutorial session using the PearDeck platform. Each class consisted of a maximum of
30 students. Students accessed the materials either individually or during class sessions. To use
the materials independently, students selected the Student-Paced mode in PearDeck, which
allowed them to explore the topic at their own pace. This approach aligned with the benefits of
Al-integrated learning, enabling personalized and self-paced learning experiences [5].

2.3. Learning and graphic design principles with Al integration.

The instructional materials developed in PearDeck were designed to promote active learning,
allowing students to construct their own understanding through exploration, interaction with
slides and activities, and reflection on assessment outcomes [6]. This approach aligned with
constructivist learning theory, where students actively participated in their learning process [7].
Given the multiple learning objectives required to master journal entry recording, the
instructional design incorporated scaffolding techniques. The learning process involved
teaching definitions of accounts, classification into five main account types, rules of debit and
credit, and finally, recording business transactions in journal entries. This structured approach
helped students build on prior knowledge and progressively develop a deeper understanding of
the accounting system. The graphic design principles applied in PearDeck emphasized clarity
and visual hierarchy to guide students’ attention to key information [8]. This was achieved
through appropriate use of font size, color, and layout. Consistent design elements ensured
smooth navigation throughout the materials. PearDeck’s interactive features—such as
draggable items, short-answer questions, and clickable elements—enhanced engagement and
promoted hands-on learning.

The Al-powered tools within PearDeck enabled lecturers to predict student performance
based on formative assessment responses. This allowed lecturers to identify misconceptions
and learning difficulties. Consequently, lecturers used these insights to provide targeted
interventions and real-time support to students [9]. The Materials and Methods section should
describe the materials used in the study, specifying brands, models, and relevant characteristics,
as well as the suppliers or manufacturers. It should also include any preparation or treatment
of these materials before use. The study design should be outlined, detailing any experimental
or observational approaches. Procedures should be thoroughly described, including protocols,
techniques, and tools used. Data collection methods should be explained, including the
instruments and techniques employed for measurement. The section should also cover data
analysis methods, specifying any statistical tests or software used. Lastly, any ethical approvals
or considerations relevant to the study should be mentioned.
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3. Evaluation Plan
3.1. Design of evaluation plan.

In designing the evaluation plan, it was important to measure students’ knowledge before and
after utilizing the Al-enhanced instructional materials [10]. Thus, the first data collection
method used to evaluate the effectiveness of the instructional materials for the one-hour class
session was to embed assessments of topic knowledge, including definitions of accounts,
classification of accounts, rules of debit and credit, and recording of journal entries. These
assessments were administered before students were exposed to the Al-enhanced instructional
materials and again after the one-hour lesson. The assessments were embedded within the
PearDeck platform to determine whether there was a significant difference in students’ scores
following the lesson.

The second evaluation approach involved analyzing student engagement within the
PearDeck platform. Data were collected on the time students spent on tasks, their interaction
patterns with the learning materials, and their completion rates for activities and assessments.
This analysis was important because engagement with Al-enhanced learning materials was
expected to support knowledge acquisition and achievement of learning outcomes [11].

The third evaluation method involved collecting qualitative data from students and
lecturers regarding their experiences, satisfaction, and perceived effectiveness of the
instructional materials. This was conducted through focus group discussions with selected
participants to gain deeper insights into their experiences with advanced technology integration
in classroom learning and to identify areas for improvement [12].

The fourth evaluation approach involved peer review of teaching practices. Observers
evaluated classroom implementation of the Al-enhanced instructional materials and collected
data on how the materials were used, as well as their impact on student behavior and
interactions with peers and lecturers.

3.2. Justification of the evaluation design on Al aspects.

The design of the evaluation plan was intended to ensure that educators gained meaningful
insights into the impact of their teaching practices on student learning and engagement. This
section provides justification for the evaluation design, particularly the incorporation of Al
tools for data collection and analysis of learning outcomes and engagement.

3.2.1. Pre- and post-assessment using PearDeck Al capabilities.

The first evaluation method involved assessing students’ knowledge before and after using the
Al-enhanced instructional materials. This approach directly measured the impact of the
materials on students’ attainment of learning outcomes. Previous studies have shown that pre-
and post-assessments are effective in measuring knowledge gains resulting from specific
interventions [13]. By embedding these assessments within the PearDeck platform, educators
were able to quantitatively measure improvements in students’ understanding of key topics,
including account definitions, classifications, debit and credit rules, and journal entry
recording. The rationale for using PearDeck was based on its Al-enabled data analytics
capabilities. These features allowed educators to receive real-time feedback on students’
understanding both before and after the lesson. This enabled timely adjustments to instructional
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strategies based on pre-assessment results [14]. Additionally, the data collected through
PearDeck allowed educators to determine whether there was a statistically significant
difference in student performance before and after the intervention, thereby supporting the
effectiveness of Al-enhanced instructional materials.

3.2.2. Analysis of student engagement using Al in PearDeck.

The second evaluation method incorporated Al to analyze student engagement data. The
PearDeck platform enabled the collection of detailed engagement metrics, including time spent
on tasks, interaction patterns, and completion rates. Higher levels of engagement are associated
with improved knowledge retention and learning outcomes [15]. Therefore, analyzing these
metrics provided valuable insights into how Al-enhanced instructional materials influenced
student behavior and engagement. The use of Al to track and analyze engagement patterns
provided a more comprehensive understanding of student learning compared to traditional
observation methods. This justified the inclusion of Al-based analytics in evaluating the
effectiveness of the instructional materials.

3.2.3. Al-enhanced focus group feedback analysis.

The third evaluation method involved collecting qualitative data from students and lecturers
regarding their experiences, satisfaction, and perceptions of the instructional materials. Focus
group discussions were conducted to gain deeper insights into their experiences with advanced
technology integration in the classroom. Al-powered survey tools were also used to collect
responses related to ease of use, accessibility, and inclusivity of the instructional materials.
Additionally, ChatGPT was utilized to categorize and analyze qualitative responses, enabling
identification of key themes and critical issues raised by participants. This approach enhanced
the efficiency and depth of qualitative data analysis.

4. Implementation of Instructional Materials
4.1. Procedure for implementing Al-enhanced instructional materials.

The implementation procedure was divided into three phases to ensure that the instructional
materials were effectively integrated into the learning environment and that data collection for
analysis was conducted smoothly. Since some lecturers teaching the Introduction to
Accounting course were not technologically proficient, they attended training on Al-enhanced
instructional materials and the PearDeck platform. The training covered the use of various Al
tools for teaching, methods of integrating these tools into classroom practices, and techniques
for interpreting data generated by Al systems. Lecturers also received specific training on using
PearDeck, including setting up interactive presentations, creating Al-generated videos using
InVideo, developing Al-driven assessments, and managing interactive activities. The training
included guidance on administering pre- and post-assessments and interpreting engagement
data from PearDeck analytics tools.

At the beginning of the class, the 30 students were required to complete a pre-assessment
to evaluate their prior knowledge of accounting concepts. This assessment was conducted
within the PearDeck platform to provide lecturers with insights into students’ baseline
understanding. Following the pre-assessment, the lecturer delivered a one-hour lesson using
the developed Al-enhanced instructional materials. Throughout the session, students engaged
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with interactive slides and activities within PearDeck and received real-time feedback on their
performance through embedded Al tools. At the end of the session, students completed a post-
assessment similar to the pre-assessment. This allowed lecturers to directly compare students’
knowledge before and after the lesson. After the session, lecturers analyzed data from the pre-
and post-assessments to evaluate the effectiveness of the instructional materials. Additionally,
engagement data from PearDeck—such as time spent on activities, interaction patterns, and
completion rates—were analyzed to assess student participation and engagement.

4.2. Use of instructional materials by students.

The 30 students used the Al-enhanced instructional materials in an interactive learning
environment facilitated by PearDeck. During the tutorial session, students engaged with
interactive slides, viewed Al-generated videos created using InVideo, and participated in
activities such as draggable and clickable tasks designed to support their understanding of
accounting concepts. Throughout the session, students completed interactive assessments that
provided immediate feedback. This enabled them to identify and correct errors and
misconceptions in real time, thereby reinforcing their learning.

4.3. Data collected during implementation.

Data were collected during the implementation of the Al-enhanced instructional materials
through the PearDeck platform. Pre- and post-assessment results were collected to evaluate
knowledge gains after the one-hour tutorial session. In addition, student engagement metrics—
including time spent on tasks, interaction patterns, and completion rates—were collected and
analyzed to better understand how students interacted with the Al-enhanced learning materials.

5. Data Analysis
5.1. Knowledge gain analysis.

The data collected during the implementation of the Al-enhanced instructional materials were
analyzed using the Al analytics tools available in the PearDeck platform. The analysis aimed
to evaluate the effectiveness of the instructional materials in improving student learning
outcomes and engagement. The pre- and post-assessment scores were compared to measure the
knowledge gained by students before and after the implementation of the instructional
materials. Data were collected from 30 students in a tutorial session, which typically consisted
of a small group. In this study, the entire cohort of 30 students was included. The average pre-
assessment score was 65% (SD = 10%), while the post-assessment score increased to 80% (SD
= 8%). To determine the statistical significance of this improvement, a paired z-test was
conducted using IBM SPSS Statistics. The results showed a #-value of 7.5 and a p-value <
0.001, indicating a highly significant improvement in students’ knowledge after the
implementation of the Al-enhanced instructional materials. Further analysis using Al tools
identified specific areas where students showed the greatest improvement. The pre- and post-
assessment scores for different accounting subtopics are presented in Table 1. As shown in
Table 1, the greatest improvement was observed in accounts definition, indicating that the Al-
enhanced instructional materials were particularly effective in strengthening students’
conceptual understanding of this topic.
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Table 1. Pre- and post-assessment average marks by subtopic.

Subtopics Pre-assessment (%) Post-assessment (%)
Accounts definition 60 85
Accounts classification 68 78
Rules of debit and credit 62 79
Recording of journal entries 70 78

5.2. Engagement analysis.

Engagement metrics collected from the PearDeck platform provided valuable insights into how
students interacted with the instructional materials. On average, students spent 45 minutes on
tasks during the 60-minute tutorial session. The completion rate for activities was 92%. The
most engaging activity was identified as the interactive quiz on account classification into the
five main account types. The AI algorithm in PearDeck identified patterns in student
engagement and revealed a positive relationship between time spent on tasks and knowledge
gain. Students who spent more than 40 minutes on the instructional materials achieved an
average post-assessment score of 85%, whereas those who spent less than 40 minutes achieved
an average score of 75%. This finding highlighted the importance of sustained engagement in
achieving better learning outcomes.

5.3. Focus group data analysis.

Quantitative feedback indicated that 55% of respondents were satisfied and 20% were very
satisfied with the integration of Al into their learning. Additionally, 75% of respondents found
the use of the PearDeck platform beneficial, particularly the pre- and post-assessments, as these
allowed them to evaluate their understanding in real time. Furthermore, 50% of respondents
reported that Al-generated videos helped them better understand accounting concepts.
Qualitative data were analyzed using ChatGPT to identify recurring themes. One common
challenge identified was technical issues, such as “slow loading times of PearDeck integrated
slides on personal devices.” Some students also reported difficulty navigating the platform,
particularly those unfamiliar with Al-based learning environments. In terms of accessibility
and inclusivity, several respondents highlighted limitations related to socioeconomic factors,
such as lack of access to suitable devices or reliable internet connectivity. For example, some
students noted that they did not have access to high-quality devices or stable internet
connections. Regarding future improvements, respondents suggested providing more tutorials
and support for using Al-enhanced technologies. They also recommended workshops for both
students and lecturers, as well as ensuring equitable access to digital resources. Suggestions
included offering alternative learning options for students with limited internet access and
improving accessibility for students from lower-income backgrounds.

6. Discussion of Findings
6.1. Knowledge gain analysis.

The data analysis conducted provided significant insights into the effectiveness of the Al-
enhanced instructional materials in improving students’ learning outcomes and engagement.
The pre- and post-assessment scores from the 30 students showed a substantial improvement
in students’ knowledge after the utilization of Al-enhanced instructional materials. The average
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pre-assessment score was 65% (SD = 10%), while the post-assessment score increased to 80%
(SD = 8%). The results of the paired t-test (t = 7.5, p < 0.001) indicated that the improvement
in students’ knowledge was statistically significant. This improvement suggested that Al-
enhanced instructional materials effectively facilitated student learning. This outcome was
likely attributed to the ability of Al tools to provide personalized feedback, adapt to individual
learning pace, and offer interactive and engaging content through an Al-enhanced platform
[16]. The data also revealed that students demonstrated the most significant improvement in
understanding the definitions of accounts, highlighting the effectiveness of Al-enhanced
materials in reinforcing fundamental concepts [17].

However, although the improvement in account definitions was substantial, other
subtopics such as rules of debit and credit and recording of journal entries did not exhibit
equally strong gains. This finding suggested that Al-enhanced materials were particularly
effective in areas where students initially had lower baseline knowledge [18]. The notable gains
in understanding account definitions could also be attributed to the interactive features within
the PearDeck platform, which provided multiple examples and practice opportunities.
Additionally, the immediate feedback feature enabled students to correct misconceptions in
real time, thereby reinforcing learning and contributing to higher post-assessment scores.

6.2. Engagement analysis.

The engagement analysis indicated that the most engaging activity was the interactive quiz on
account classification, demonstrating the importance of interactive elements in maintaining
student engagement. The results also showed a positive correlation between time spent on
instructional materials and knowledge gained. Students who spent more than 40 minutes on
tasks achieved an average post-assessment score of 85%, whereas those who spent less than 40
minutes achieved an average score of 75%. This finding highlighted that sustained engagement
was crucial for achieving better learning outcomes [19]. The high level of student engagement
was attributed to the interactive and personalized nature of the Al-enhanced learning materials.
Features such as interactive slides, quizzes, and real-time feedback helped maintain students’
interest and contributed to achieving the intended learning outcomes [20].

6.3. Areas for improvement.

Based on the findings, several areas for improvement were identified. First, the Al tools within
the PearDeck platform primarily provided generalized feedback, which might not have been
sufficiently tailored to individual learning needs. Future improvements should focus on
enhancing personalization capabilities to develop individualized learning pathways. Second,
although interactive quizzes demonstrated high engagement, subtopics such as rules of debit
and credit and journal entry recording showed lower knowledge gains. Educators should
therefore incorporate additional instructional strategies, such as case-based learning and
advanced gamification techniques [21]. For instance, Al-generated business scenarios could be
used to allow students to practice journal entries in more applied contexts. Third, the current
instructional design primarily focused on individual learning. Greater emphasis should be
placed on collaborative learning approaches, such as group discussions and team-based
problem-solving activities, to enhance critical thinking and communication skills. Finally,
technical and accessibility challenges were highlighted in the focus group findings. Issues such
as slow system performance, limited device access, and inadequate internet connectivity
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needed to be addressed. Providing training workshops for both students and lecturers,
improving user interface design, and ensuring equitable access to digital resources were
essential steps to enhance inclusivity in Al-enhanced learning environments.

7. Conclusion

This study demonstrated that the integration of Al-enhanced instructional materials
significantly improved students’ learning outcomes and engagement in an Introduction to
Accounting course. The findings confirmed that Al-driven tools, particularly those embedded
within the PearDeck platform, effectively supported personalized learning, real-time feedback,
and interactive engagement. The statistically significant improvement in post-assessment
scores indicated that Al-enhanced instructional materials could bridge knowledge gaps,
especially in foundational topics. Additionally, the strong relationship between engagement
and learning outcomes highlighted the importance of sustained interaction with instructional
content in achieving academic success. However, the study also identified several limitations
and challenges, including uneven learning gains across subtopics, limited personalization of Al
feedback, and issues related to accessibility and technological infrastructure. These findings
suggested that while Al holds substantial potential in education, its implementation must be
carefully designed to ensure inclusivity, adaptability, and pedagogical effectiveness. Future
research should explore the long-term impact of Al-enhanced learning, the integration of more
advanced adaptive learning systems, and the role of collaborative Al-supported learning
environments. Furthermore, expanding the sample size and applying the framework across
different disciplines would enhance the generalizability of the findings. Overall, Al-enhanced
instructional materials represent a promising direction in educational innovation. When
effectively implemented, they can transform traditional teaching approaches into more
dynamic, personalized, and inclusive learning experiences, thereby better preparing students
for the demands of a rapidly evolving digital landscape.
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