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Abstract: This study examines the effect of the integration of computational thinking and
multimedia pre-training principles on programming problem-solving skills in learning
applications for matriculation students. Using a qualitative approach, interviews were
conducted with five participants to identify the factors that influence low achievement in
learning programming. Findings show that uninteresting learning materials and lack of
interaction with lecturers are the main challenges. However, the use of computational thinking
helps students in deciphering problems and organizing the solution process more
systematically. These findings show the great potential of pre-training multimedia applications
in increasing student engagement and achievement in learning programming.
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1. Introduction

In the rapidly growing digital age, the need for programming skills and computational thinking
is becoming increasingly important (George-Reyes et al., 2021). Programming is not only the
basis for the development of modern technology, but also shapes how individuals solve
problems in a more systematic and efficient way (Sambe et al., 2021). However, low
achievement in programming among students remains a significant issue (Sobral & Oliveira,
2021). Many students have difficulty mastering these skills, which in turn negatively affects
their overall performance in computer science courses.

In this context, CT and multimedia pre-training principles appear as potential approaches to
overcome this challenge. CT refers to the thought process that involves formulating a problem
and solving it in a way that can be implemented by a computer (Wing, 2017). It covers concepts
such as abstraction, decomposition, pattern recognition, and algorithms. Meanwhile, the
principle of multimedia pre-training involves the preparation of learning materials in the names
and characteristics to introduce important concepts before students begin deeper learning in
multimedia lesson (Mayer, 2009). According to Laura-Ochoa & Bedregal-Alpaca (2022) CT
is a potential approaches to improves student performance and motivation in programming
courses. While Mayer (2017) states that multimedia pre-training principles can help manage
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essential processing in computer-based multimedia instructional materials for better academic
learning.

This study aims to investigate the effect of the integration of CT and multimedia pre-training
principles in the application of programming learning on matriculation students' problem-
solving skills. There are several factors that have been identified as contributing to low
achievement in programming problem solving skills among matriculated students. These
factors include a lack of basic understanding of programming concepts, lack of exposure to
effective problem solving techniques, and the absence of suitable and interesting learning
materials (Cheah, 2020).

The first objective of this study is to identify the factors that contribute to low achievement in
programming problem solving skills among matriculation students through the integration of
CT and multimedia pre-training principles in learning applications. In an effort to achieve this
objective, this study will examine the academic background of the students, the teaching
methods used, as well as the quality and effectiveness of the available learning materials. The
data collected will be analyzed to identify the main patterns and factors that affect student
performance in programming.

The second objective of this study is to analyze the level of involvement of matriculation
students in programming learning activities after the introduction of CT principles and
multimedia pre-training in learning applications. Student engagement is an important aspect of
the learning process, as it is closely related to motivation, willingness to learn, and the ability
to retain learned information (Amin Husni et al., 2022). This study will use qualitative methods
to assess the level of student engagement, including classroom observations, interviews with
students and teachers, as well as analysis of student learning journals.

There are several reasons that motivate this study. First, low student engagement in
programming learning activities is often associated with a lack of interest and motivation (Cao
et al., 2022). Students may feel that programming is a difficult subject and not relevant to their
daily life (Figueiredo & Garcia-Penalvo, 2021). By introducing CT and multimedia pre-
training, it is hoped that students can see the connection between programming and real-world
situations, further increasing their interest and motivation.

Second, low achievement in programming is often due to ineffective teaching approaches
(Sobral & Oliveira, 2021). Traditional teacher-centered teaching methods may not be sufficient
to meet the needs of students with diverse learning styles (Ghafar, 2023). The integration of
CT and multimedia pre-training can provide a more student-centered approach, allowing them
to learn at their own pace and in their own way. This can help improve their understanding of
programming concepts and improve their problem solving skills.

Third, the absence of interesting and effective learning materials is also a factor that contributes
to low achievement in programming (Da Silva Garcia et al., 2021). Learning materials that use
various forms of media can help attract students' interest and increase their involvement in the
learning process (Tagiyuddin et al., 2022). The principle of multimedia pre-training allows
students to gain early exposure to important concepts before they engage in more complex
learning activities. This can help them build a solid foundation and facilitate their
understanding of more difficult concepts.
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In this study, data will be collected through various qualitative methods, including interviews,
observations, and document analysis. Interviews will be conducted with students and lecturers
to obtain their views on the effectiveness of CT and multimedia pre-training in learning
programming. Class observations will be conducted to assess the level of student involvement
in learning activities. Document analysis will involve studying the learning materials used and
student performance in tests and assignments.

In conclusion, this study is expected to provide a deeper understanding of the factors that
contribute to low achievement in programming among matriculation students, as well as the
effectiveness of CT and multimedia pre-training in improving their engagement and
performance. By identifying and analyzing these factors, it is hoped that more effective
teaching strategies can be developed to help matriculation students master programming skills
and achieve their full potential in this field.

Significance and Contribution

This study has several significant and important contributions to various parties including the
government, community, industry, as well as the addition of new knowledge in the field of
programming education. This study can help the government in formulating and implementing
more effective education policies, especially in the field of computer science and information
technology. By identifying the factors that contribute to low achievement in programming, the
government can take proactive steps to improve the quality of education at the matriculation
level. This includes the introduction of a more appropriate curriculum, the provision of quality
teaching materials, as well as training for teachers to integrate CT and multimedia pre-training
principles in their teaching (Zha et al., 2020).

This study also benefits the education community, especially among students and teachers.
Students can enjoy a more interesting and effective learning experience, which in turn can
increase their interest and motivation in the field of programming (Efecan et al., 2021).
Teachers can use the findings of this study to improve their teaching methods, further helping
students achieve better performance. Indirectly, this will produce a generation that is more
tech-savvy and ready to face the challenges of the digital age.

The information and communication technology industry will benefit from this study through
the production of more quality graduates ready to work in this growing field. Graduates who
have good problem solving skills and are able to apply CT will be valuable assets to technology
companies (Rosita et al., 2020). This will also increase the competitiveness of the country's
industry at the global level.

This study contributes to the addition of new knowledge in the field of programming education
by providing empirical data on the effectiveness of CT and multimedia pre-training. The
findings from this study can be used as a reference for future studies as well as help academics
and researchers in developing more innovative and effective teaching theories and models.
Overall, this study not only benefits students and teachers, but also contributes to improving
the quality of education and the development of the country's information technology industry.

Scope of the Research

The scope of this study includes 18-year-old matriculated students who follow the Four
Semester System majoring in Science and taking Computer Science subjects. The justification
for the selection of this scope is because students in this category are currently in a critical
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phase in their education, where they are preparing to continue their studies at the university
level in fields related to science and technology.

The selection of matriculation students is appropriate because they are going through a period
of intensive and in-depth learning, which requires strong problem-solving skills as well as
mastery of important programming concepts. The Four Semester System provides sufficient
time for students to master CT and the principles of multimedia pre-training, and enables a
more comprehensive assessment of the impact of these two approaches on their learning.

By focusing on students majoring in Science who take Computer Science subjects, this study
can provide a more specific and relevant view on how the proposed learning approach can help
improve student achievement and involvement in the field of programming.

Article Structuring

This article will be organized according to an orderly structure, starting with an introduction
that introduces the title of the study, followed by a methodological section that explains the
research methods used. Next, the results of the study will be presented together with data
analysis. This article will end with discussion, conclusions, and recommendations for future
research.

2. Literature Review

Programming education plays an important role in providing students with the problem-solving
and creative thinking skills needed in this digital age. In this context, the integration of CT and
multimedia pre-training principles has emerged as a promising approach to improve
programming learning, especially among matriculation students (Mohmad Fuzi & Wan
Yahaya, 2024). This study aims to examine the effect of this integration on programming
problem solving skills among matriculation students.

Basic concepts in programming and the importance of problem-solving skills become focal
points in the programming education literature. Programming is not just about writing code,
but also involves the skills to identify problems, formulate appropriate algorithms, and solve
problems systematically (Sambe et al., 2021). These skills are important in preparing students
to face increasingly complex technological challenges.

CTrefers to a structured and systematic thinking process in solving problems using computer
concepts (Bilbao et al., 2021). This thinking includes the use of abstraction, problem
decomposition, pattern identification, and the use of algorithms, all of which provide a solid
foundation for learning to program. In an educational context, this approach helps change the
way students understand and solve problems with a more organized approach. The principles
of multimedia pre-training, on the other hand, bring elements of early exposure to the concepts
to be learned (Mayer, 2021). Media such as video, animation, and interactive simulations can
reinforce understanding and prepare students before they engage in deeper learning activities
(Laksmi et al., 2021). The use of this media not only increases understanding, but can also
increase student motivation (Katona et al., 2023) in learning programming.

Cognitive Theory of Multimedia Learning (CTML) introduced by Richard Mayer is a relevant
theory in this context. This theory emphasizes the importance of delivering information through
media that combines visual and auditory aspects, by associating new information with existing
information in short-term memory (Keshavarz et al., 2022). By using CTML principles in
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learning programming, the teaching process can be more effective by increasing the depth of
understanding and retention of student information.

Previous studies have shown that CT can have a positive impact in improving students'
programming problem-solving skills (Ma et al., 2021). The multimedia pre-training principles
used, based on CTML, also have a positive impact on students' understanding of multimedia
learning materials (Kaye, 2019). However, the need for further studies remains to investigate
the actual impact of the integration of CTand multimedia pre-training principles, based on
CTML on the overall academic performance of students, especially at the matriculation level.

Factors such as cognitive abilities (Shi & Qu, 2021), motivation (Howard et al., 2021), and
learning experience (Araya et al., 2022) also play an important role in determining student
achievement in programming. This study focuses on how these factors can affect the
effectiveness of the teaching approach used at the matriculation level. Teaching models that
are effective in improving programming skills also need attention. These models not only
involve effective delivery techniques, but also appropriate evaluation strategies to measure
student achievement in learning programming.

In the context of teaching programming at the matriculation level, there is an urgent need to
identify specific challenges and needs in ensuring effective learning. The integration of CTand
multimedia pre-training principles, underpinned by CTML, is expected to overcome these
challenges by providing a more dynamic and relevant approach to learning programming.
Related previous studies are important to provide a solid and relevant theoretical foundation
for the research approach used in this study. By including an appropriate theoretical framework,
including the CTML theory, and linking previous studies with the research objectives, this
study is expected to provide a more robust and consistent guide in understanding the issues
involved in learning programming at the matriculation level.

3. Methodology

This study uses qualitative research methods and involves interviews with five participants.
The research design used is 'Basic Qualitative Inquiry'. This design was chosen because it
allows the researcher to explore a complex and deep phenomenon, as well as understand the
subjective experiences and views of the participants in a detailed context (Cresswell, 2014). In
accordance with the objective of the study to identify the factors that influence low
performance in programming problem solving skills among matriculation students, the
qualitative approach allows for a deeper exposure to these aspects.

This study uses interviews as the main method to collect data. Structured interviews were used
to obtain participants’ views on their experiences in learning programming after the
introduction of CT and multimedia pre-training. Informal observation is also done to strengthen
the understanding of the learning context that takes place.

The rationale for choosing this method is because interviews allow the researcher to gain an
in-depth view of the participants’ experiences and perceptions of the integration of CT and
multimedia pre-training in learning programming. This approach is in line with the objective
of the study to analyze the level of student engagement and the factors that affect their
achievement.
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Sampling in this study uses the purposive sampling method, where participants are selected
based on characteristics relevant to the study (Chua, 2011), such as experience in programming
and involvement in learning. The target population is 18-year-old matriculation students taking
computer science subjects. A sample size of five people was chosen to ensure diversity in their
perspectives and experiences in the context under study.

Data analysis technigues involve manual coding and thematic analysis using Microsoft Word.
This approach was chosen because it allowed the researcher to detect emerging interview
patterns and identify key themes related to this study. Coding helps in categorizing the data
according to themes that have been set before, while thematic analysis helps in developing a
deep understanding of the issues arising from the data.

This study has considered research ethics by ensuring permission and consent from participants
before conducting interviews. Safety, confidentiality, and the interests of participants are also
prioritized in every research process. The certainty of the data is guaranteed through the process
of data triangulation, where the use of various data sources such as interviews and observations
helps to strengthen the reliability of the data. The use of manual methods in coding and thematic
analysis also ensures the validity of the data analysis process.

Overall, the qualitative research method used in this study allows researchers to deepen the
experiences and subjective views of matriculation students in the context of programming
learning. By using an appropriate approach for data collection and analysis, this study is
expected to provide a deeper and more relevant insight into the issues being studied.

4. Findings

In this study, the main findings related to the use of CT and multimedia pre-training principles
in improving programming problem solving skills among matriculation students were
identified through interviews conducted with five participants. This study focuses on how these
two elements can help increase student engagement and performance in learning programming.

1) Lack of Interactive and Interesting Learning Materials
The first participant emphasized that the learning materials used in class were less
interactive and only in the form of notes. This makes it difficult for students to feel motivated
and fully engaged in learning programming. This situation reflects the need for more
interesting and interactive materials that can stimulate students' interest.

2) Inadequate Learning Materials
The second participant stated that the learning materials provided were not sufficient to help
them understand the concepts in solving programming problems. The lack of comprehensive
material makes it difficult for students to achieve a deep understanding of the subject.

3) Uninteresting Learning Materials
The third participant repeated a similar sentiment by emphasizing that the digital learning
materials provided were still in the form of notes and were not interesting. Although digital,
the material lacks interactive elements that can improve their learning experience.

4) Lack of Guidance Outside the Classroom
The fourth participant complained about the lack of time allocated by the lecturer for out-
of-class discussion sessions. Students feel that they need more guidance and opportunities
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to ask questions outside of formal class time to truly understand and master programming
concepts.

5) No Specific Techniques
The fifth participant felt that there were no specific techniques taught to master solving
programming problems. They just follow the sample questions and answers given by the
lecturer without understanding the techniques underlying the problem solving.

6) Use of Computational Thinking
When asked about how CT helps in learning programming, all participants admitted that it
does help. CT allows them to more easily identify inputs, processes, and outputs in
programming problems. They are also able to decompose problems into smaller components
and solve them separately. This is very helpful in understanding and solving more complex
problems.

7) Engagement in Learning Activities
The first participants reported active involvement in the programming challenges and
exercises provided by the learning application. The app offers a variety of interesting and
challenging challenges, keeping students interested and engaged. The second participant
stated that the app's friendly user interface made it easy for them to access and navigate
various programming exercises, allowing for a more flexible learning schedule.

8) Learning App Features
A third participant appreciated the customizable learning path features and topic marking in
the app, which allowed them to tailor the learning experience to their interests and goals.
The fourth participant liked the interactive tutorials and hands-on features in the application,
which made learning programming concepts more interesting and practical. The fifth
participant highlighted the benefits of the offline mode in the application, allowing them to
download challenges and learning materials ahead of time and continue learning even
without Internet access.

9) Challenges in Using CT and Multimedia Pre-training

There are several challenges identified by the participants in using CT and multimedia pre-
training in learning programming. The first participant stated that too much information in
learning applications can be confusing, and that they need to understand CT before they
can apply it in problem solving. The second participant faced challenges in understanding
how to develop CT concepts for students with different skill levels. A third participant felt
that balancing the theoretical aspects of CT with the practical skills of programming can be
challenging.

The fourth participant stated that they need to use the application repeatedly to master
programming concepts, which can be time-consuming and require a high level of
commitment. The fifth participant suggested that the application should provide a mark or
score to track their progress, which could help in measuring development and self-
motivation.

10) Findings and Implications
Findings from this study show that the integration of CT and multimedia pre-training in
programming learning applications has great potential to improve programming problem-
solving skills among matriculation students. However, there are several challenges that need
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to be overcome to ensure the full effectiveness of this approach. Learning materials need to
be more interactive and interesting to increase student engagement. In addition, lecturers
need to provide more out-of-class guidance to help students understand difficult concepts.
Learning applications also need to provide features that can track student progress to
improve their motivation and understanding.

This study emphasizes the importance of using CT and multimedia pre-training in learning
programming and identifies factors that need to be improved to achieve better results among
matriculation students. This finding is expected to provide guidance to educators and
learning application developers in an effort to improve the effectiveness of learning
programming.

Main Results and Observations

Based on the findings in this study, there are several main results and observations that can be
formulated. Qualitative analysis through interviews with five participants shows various
aspects that affect the performance and involvement of students in learning programming using
applications that integrate CT and multimedia pre-training.

1)

Lack of Interactive and Interesting Learning Materials
Theme: Non-Interactive and Uninteresting Learning Materials

Coding dan Theme:

Coding Theme
Learning materials in the form of notes Non-Interactive Learning Materials
Uninteresting Uninteresting Learning Materials

2)

Description:

The first and third participants complained that the learning material they used was only in
the form of notes and not interesting, even though it was in digital form. This reflects the
need for more interactive and engaging materials to stimulate students’ interest and increase
their engagement in learning programming.

Inadequate Learning Materials
Theme: Lack of Comprehensive Learning Materials

Coding dan Theme:

Coding Theme

Inadequate learning materials Lack of Comprehensive Learning Materials

3)

Description:

The second participant stated that the learning materials provided were not sufficient to help
them understand the concepts in solving programming problems. This shows the need for
more comprehensive learning materials to help students achieve a deep level of
understanding.

Lack of Out-of-Class Guidance
Theme: Lack of Out-of-Class Guidance
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Coding dan Theme:
Coding Theme
Lack of Out-of-Class Guidance Lack of Out-of-Class Guidance

Description:

The fourth participant complained about the lack of time allotted by the lecturer for out-of-
class discussion sessions. Students need more guidance and opportunities to ask questions
outside of formal class time to truly understand and master programming concepts.

The fourth participant complained about the lack of time allotted by the lecturer for out-of-
class discussion sessions. Students need more guidance and opportunities to ask questions
outside of formal class time to truly understand and master programming concepts.

4) No Specific Techniques
Theme: No specific techniques

Coding dan Theme:
Coding Theme
No specific techniques Lack of Specific Techniques in Problem Solving

Description:

The fifth participant stated that there are no specific techniques taught to master solving
programming problems. They just follow the sample questions and answers given by the
lecturer without understanding the techniques underlying the problem solving.

5) Use of Computational Thinking
Theme: Computational Thinking Helps Learning

Coding dan Theme:

Coding Theme
Identifying the inputs, processes, and outputs Computational Thinking Aids Learning
Breaking problems down into smaller components Computational Thinking Aids Learning
Organizing programming problems systematically Computational Thinking Helps Learning
Need to understand before being able to apply Computational Thinking Helps Learning

Description:

All participants acknowledged that computational thinking helps in learning programming.
Computational thinking allows them to more easily identify inputs, processes, and outputs
in programming problems, as well as break problems into smaller components and solve
them separately. However, the fifth participant stated that they need to understand
computational thinking before being able to apply it in problem solving.

6) Involvement in Learning Activities
Theme: Active Engagement in Learning Applications

Coding and Theme:

Coding Theme
Active in programming challenges Active Engagement in Learning Applications
User-friendly interface Active Engagement in Learning Applications
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Customizable learning path Active Engagement in Learning Applications

Interactive tutorials and hands-on Active Engagement in Learning Applications

Offline Mode Active Active Engagement in Learning Applications
Description:

The first, second, third, fourth, and fifth participants reported active engagement in the
programming challenges and exercises provided by the learning application. A friendly user
interface and flexibility in learning schedules help them stay engaged. Customizable
learning paths and interactive tutorials and hands-on features improve their learning
experience. Offline mode allows students to continue learning even without internet access.

7) Challenges in Using Computational Thinking and Multimedia Pre-Training
Theme: Challenges in Computational Thinking and Multimedia Pre-Training

Coding dan Theme:

Coding Theme

Too much information Challenges in Computational Thinking and Multimedia Pre-
training

Concept scaffolding for various skill levels  Challenges in Computational Thinking and Multimedia Pre-
training

Balancing the theoretical and practical Challenges in Computational Thinking and Multimedia Pre-
aspects training

Repeated application use Challenges in Computational Thinking and Multimedia Pre-
training

Pre-Exercise score system requirements Challenges in Computational Thinking and Multimedia Pre-
training

Description:

Participants identified several challenges in using computational thinking and multimedia
pre-training in learning programming. There is too much information that can be confusing,
and participants need to understand computational thinking before they can apply it.
Scaffolding concepts for students with varying skill levels is also a challenge. Balancing the
theoretical and practical aspects and the need to use the application repeatedly also add to
the difficulty. A fifth participant suggested the need for a scoring system to track their
progress.

Findings from this study show that the integration of computational thinking and multimedia
pre-training in programming learning applications has great potential to improve
programming problem-solving skills among matriculation students. However, there are
several challenges that need to be overcome, including the lack of interactive and engaging
learning materials, the lack of out-of-class guidance, and the need for specific techniques in
problem solving. Additionally, it is important to ensure that computational thinking and
multimedia pre-training are delivered in a way that is accessible to students of various skill
levels and abilities. This finding is expected to provide guidance to educators and learning
application developers in an effort to improve the effectiveness of learning programming.

Model Name: Model of Computational Thinking and Multimedia Pre-training
Integration in Programming Problem Solving Learning for Matriculation Students
Based on the objectives of this study, a model was developed to describe the relationship
between the identified factors, student engagement, and learning effectiveness.
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Model Components:

This model has three main interrelated components, which are the factors contributing to low
achievement, the level of student engagement, and learning outcomes in the application of
programming problem solving.

1) Factors Contributing to Low Achievement:
a) Uninteresting Learning Materials:
Less interactive (Coding: Uninteresting Learning Materials)
Notes only (Participant 1, 3)

b) Inadequate Learning Materials:
Not enough to understand the concept (Coding: Inadequate Learning Materials)
There is no specific technique (Participant 2, 5)

c) Limited Interaction with Lecturers:
No time for discussion outside of class (Coding: Limited Interaction with Lecturer)
Participant 4

2) Level of Student Involvement:
a) Active Involvement:
Interesting programming challenges and exercises (Coding: Active Engagement)
Offline mode that facilitates learning (Participant 1, 5)

b) Learning Path Suitability:
Adaptable learning path (Coding: Learning Path Adaptability)
Marking topics according to interests and learning goals (Participant 3)

c) Practical Learning Experience:
An interactive tutorial that provides a practical learning experience (Coding: Practical
Learning Experience) Participant 4

3) Learning Outcomes:
a) Understanding and Application of Computational Thinking:
Facilitating identification of inputs, processes, and outputs of programming problems
(Coding: Computational Thinking)
Decomposing a problem into smaller problems (Participant 1, 2)
Help organize problems systematically (Participant 4)
Help solve programming problems (Participant 5)

b) Challenges in Computational Thinking and Multimedia Applications:
Too much information in an application (Coding: Application Challenge)
Understand the concept of computational thinking first (Participant 1)
Balancing theoretical and practical aspects (Participant 3)

Repeated application use (Participant 4)
Requirements for progress scores (Participant 5)
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Model Description:

Interactive and
Interesting
Learning
Materials

Computational
Thinking Aids
Learning

comprehensive
Learning
Materials

Computation

Thinking and

Pre-training
Model

Active
Engagement in
Learning
Applications

Out-of-Class
Guidance

Challenges in
Computational
Thinking and

Multimedia Pre-

training

Spesific
Technique in
Problem Solving

Figure 1: Model of Computational Thinking and Multimedia Pre-training Integration in Programming
Problem Solving Learning for Matriculation Students

This model shows how factors contributing to low achievement affect the level of student
involvement in learning programming and subsequently learning outcomes. The integration of
computational thinking and multimedia pre-training in programming learning applications can
improve matriculation students' problem-solving skills, but there are challenges that need to be
overcome to achieve maximum effectiveness. This model can be a guide for educators and
application developers in an effort to improve programming learning approaches.

6. Conclusion

This study aims to examine the effects of the integration of computational thinking (CT) and
multimedia pre-training principles on programming problem-solving skills in learning
applications for matriculation students. The following is a summary of the main findings, a
discussion of the findings, as well as the contribution of this study to the field of study.

Analysis of findings from interviews with five matriculation participants has identified several
important factors that influence low achievement in programming problem-solving skills.
These factors include uninteresting learning materials, lack of adequate learning materials, and
limited interaction with lecturers outside of class time. However, through learning applications
that provide interesting and interactive challenges and customizable learning paths, students
can be actively involved in learning programming.

The main findings show that less interactive and uninteresting learning materials are one of the
main factors contributing to low achievement among students. This is in line with the literature
that suggests that interesting learning materials such as videos, animations, and interactive
simulations can increase student motivation and understanding (Mayer, 2021; Laksmi et al.,
2021). For example, one of the participants stated that the current learning materials are less
interesting and only consist of notes.
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The use of computational thinking in learning programming is also proven to help students
break down problems into smaller parts and organize the solution process systematically.
However, there are challenges in understanding the concept of computational thinking and
balancing between theory and practical application, which can affect the impact of its use. This
study found that the use of computational thinking helps students in solving programming
problems more systematically. This supports previous studies that show that CT can improve
students' problem-solving skills (Bilbao et al., 2021; Ma et al., 2021). The use of CT allows
students to break down problems into smaller problems and solve them one by one, which is a
more structured and effective approach.

This finding is directly related to the objective of the study to identify factors that contribute to
low achievement in programming problem-solving skills among matriculation students, as well
as analyze their level of involvement in programming learning activities after the introduction
of computational thinking and multimedia pre-training in learning applications. In particular,
the integration of computational thinking and multimedia pre-training in learning applications
is able to improve the student's learning experience by providing interesting and interactive
learning materials and enabling the adaptation of learning paths according to individual
interests and goals. However, the need for more interesting learning materials and more careful
planning in conveying the concept of computational thinking is an important aspect that needs
to be paid attention to.

This study has outlined some key findings that highlight the importance of the integration of
computational thinking (CT) and multimedia pre-training principles in improving
programming problem-solving skills among matriculation students. Through the interviews
conducted, several key themes were identified, including the need for more interesting learning
materials, the effectiveness of using CT, and challenges in balancing theory and practical
application. However, this study also found that there are challenges in balancing between
theory and practical application of computational thinking. Study participants faced difficulties
in balancing theoretical aspects with practical programming skills, indicating the need for a
more dynamic and relevant teaching approach. This reflects the relevance of the Cognitive
Theory of Multimedia Learning (CTML) which emphasizes the importance of delivering
information through media that combines visual and auditory aspects (Keshavarz et al., 2022).

This study contributes to the field of study by providing empirical evidence about the positive
effects of the integration of computational thinking and multimedia pre-training principles in
learning programming. By supporting CTML theory and relating previous studies to the
findings of this study, it provides stronger guidance for educators and researchers in improving
teaching approaches and programming learning materials. This study also underlines the need
for a more interactive and relevant teaching approach, which can increase student engagement
and performance in learning programming.

In conclusion, this study has achieved the objective to identify factors that contribute to low
achievement and to analyze the level of student involvement in programming learning activities
after the introduction of CT and multimedia pre-training principles. The themes identified show
that the integration of this approach has the potential to have a positive impact on the learning
process of matriculation students, thus contributing to their increased performance and
engagement in programming learning, especially for matriculation students who face
challenges in learning.
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