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Abstract: This study investigates the integration of computational thinking (CT) principles with
adaptive curricula to enhance problem-solving skills in undergraduate programming education.
Traditional programming curricula often emphasize syntax and basic concepts, neglecting critical
problem-solving strategies. The adaptive curriculum framework used in this study combines CT skills
such as decomposition, pattern recognition, abstraction, and algorithmic thinking with personalized
learning experiences. A mixed-method approach, combining qualitative and quantitative research, was
employed to assess the effectiveness of this integrated approach. The results show significant
improvements in students' problem-solving abilities, conceptual understanding, and engagement
compared to a control group following a traditional curriculum. Students in the experimental group,
which received the adaptive curriculum, demonstrated better performance in applying algorithms and
debugging code. Additionally, students expressed higher levels of engagement and motivation,
suggesting that the personalized learning environment fostered greater academic involvement. The
study highlights the importance of integrating CT principles with adaptive learning frameworks to
create a more inclusive and effective learning environment that accommodates diverse learning needs.
The findings suggest that adaptive curricula can bridge gaps in traditional education by providing
personalized support and ensuring that students progress at their own pace. This approach is especially
beneficial for programming education, where both conceptual understanding and practical problem-
solving skills are critical for success. Future research should explore the long-term impact of adaptive
learning frameworks and investigate how these technologies can be integrated with traditional teaching
methods to maximize their effectiveness.

Keywords: Computational thinking; Adaptive learning; Programming education; Problem-solving
skills; Curriculum design.

1. Introduction

Undergraduate programming education faces several significant challenges, particulatly
when it comes to developing problem-solving skills. Many students struggle with debugging,
understanding programming fundamentals, and applying abstract concepts. These challenges
often result in higher dropout rates among programming students [1], [2]. The abstract nature
of programming, combined with the intensive learning required, makes it difficult for
students to grasp key concepts, leading to disengagement and lack of progress [2], [3].
Traditional methods, which focus more on theory and syntax, often do not adequately
address these difficulties or engage students effectively. Studies on digital learning
environments also indicate that strengthening digital literacy and technology-based learning
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ecosystems can improve students’ engagement and capacity to solve computational problems
[, [5]

Problem-solving is a critical skill in programming, involving the ability to develop
algorithms and debug code efficiently. However, many educational approaches place too
much emphasis on syntax and less on problem-solving strategies [3], [6]. The lack of focus
on problem-solving leaves students ill-prepared for tackling complex programming tasks.
One promising approach to addressing this gap is the integration of computational thinking
(CT), which includes decomposition, pattern recognition, and algorithmic thinking. By
teaching problem-solving strategies explicitly and incorporating CT principles, educators can
significantly enhance students' ability to address programming challenges [7], [8]. Petsonalized
learning frameworks and adaptive instructional models have also been shown to support the
development of computational thinking and improve students’ cognitive engagement in
programming courses [9], [10].

Moreover, traditional curricula often fail to accommodate the diverse cognitive abilities
and learning needs of students. This rigidity can lead to students having to retake courses,
delaying their academic progression [10], [11]. Rigid teaching methods may not be flexible
enough to engage students effectively, causing frustration and disengagement, particularly for
those with different learning profiles [12]. To address these issues, adaptive curricula that
personalize learning to the cognitive characteristics of students have been shown to improve
learning outcomes and engagement [7], [9]. In addition, interactive and technology-supported
learning approaches such as gamification and hybrid learning models have been reported to
increase student motivation, participation, and learning performance in digital education
contexts [13], [14].

Integrating computational thinking principles into programming curricula offers a
potential solution to these challenges. Computational thinking skills, such as decomposition,
pattern recognition, abstraction, and algorithmic thinking, are essential for effective problem-
solving in programming [8], [10]. These skills help students break down complex problems
into manageable parts, identify patterns, and design algorithms to solve them. By
incorporating these principles into an adaptive curriculum framework, it is possible to create
a more engaging and effective learning environment that caters to diverse learning needs [§],
[15]. In addition, the integration of technology-supported learning and digital literacy
frameworks can further enhance the effectiveness of computational thinking instruction in
modern educational environments [5].

The goal of this study is to explore the integration of computational thinking principles
with adaptive curriculum frameworks to enhance problem-solving skills in undergraduate
programming education. This approach seeks to provide a more personalized learning
experience that takes into account the cognitive abilities and learning contexts of individual
students. By focusing on the development of computational thinking skills and utilizing
adaptive learning strategies, the study aims to improve students' ability to solve programming
problems and increase their overall engagement with the subject [7], [10]. Previous research
also suggests that adaptive and technology-enhanced learning environments can significantly
improve student engagement and participation in digital learning contexts [14].

Ultimately, this study aims to address the limitations of traditional programming
curricula by providing a more flexible, engaging, and personalized learning experience. By
integrating computational thinking and adaptive frameworks, students will be better equipped
to tackle programming challenges, leading to improved problem-solving skills, increased
academic success, and greater overall engagement in programming courses [10], [15].
Furthermore, the adoption of adaptive digital learning ecosystems and innovative educational
technologies may support the development of more resilient and effective learning systems
in higher education [5], [10].

2. Literature Review

Computational Thinking in Programming Education

Computational thinking (CT) plays a critical role in programming education by providing
a structured approach to problem-solving, system design, and understanding human behavior
using key computer science concepts. CT involves breaking down complex problems into
manageable patts, recognizing patterns, and creating algorithms to solve them. This process
is not only fundamental to programming but also extends to various other disciplines, making
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CT an essential skill for success in a technology-driven society. As such, CT is increasingly
being incorporated into educational curricula at all levels, from K-12 to higher education, to
ensure that students are equipped with the necessary skills to navigate and thrive in the digital
age [17]. The integration of digital literacy and technology-supported learning frameworks has
also been recognized as an important component in strengthening students” computational
and analytical capabilities in modern education systems [5].

Various educational frameworks, including CDIO (Conceive, Design, Implement,
Operate), Scratch, and game-based learning, are being employed to teach CT. These
frameworks emphasize the integration of theoretical knowledge with practical, hands-on
learning experiences, which help make CT more accessible and engaging for students [18],
[19]. By blending theory with practice, these frameworks not only improve students'
understanding of computational thinking but also foster deeper engagement in programming
education. In addition, the integration of interactive and technology-enhanced learning
models has been shown to improve student engagement and participation in digital learning
environments [4], [14]. This approach encourages students to apply their CT skills in real-
wortld contexts, ultimately enhancing their problem-solving abilities and preparing them for
the demands of a technology-driven world.

Adaptive Curriculum Frameworks

Adaptive curricula are designed to meet the unique learning needs of individual students
by offering personalized learning experiences. These systems utilize advanced tools such as
intelligent tutoring systems, Al chatbots, and machine learning to create customized learning
paths based on each student's cognitive abilities and progress [20]. Adaptive learning
environments dynamically adjust instructional materials and learning activities to match the
learner’s progress and understanding. As a result, adaptive learning systems have been widely
recognized as an effective approach for improving student-centered learning experiences in
modern digital education systems [5].

Adaptive learning systems are proven to significantly enhance academic performance,
motivation, and engagement by providing immediate feedback and adjusting the pace of
learning to align with the student's needs [21]. By continuously analyzing learner interactions
and performance data, these systems can recommend personalized learning activities that
strengthen conceptual understanding and problem-solving skills. This approach helps
maintain student interest by offering tailored challenges that promote continuous
development, ensuring that students can move forward at a comfortable yet challenging pace
[22]. In addition, adaptive digital learning environments that integrate interactive technologies
have also been shown to increase student engagement and participation in modern education
contexts [14].

Despite the benefits, the implementation of adaptive learning systems faces several
challenges. Key obstacles include faculty buy-in, the need for robust technical infrastructure,
and ensuring equitable access to advanced learning technologies [23]. These challenges can
hinder the widespread adoption of adaptive learning tools in educational institutions.
Institutional readiness, technological infrastructure, and adequate training for educators are
critical factors in ensuring the successful implementation of adaptive learning systems.
Furthermore, integrating advanced digital technologies into learning ecosystems requires
careful planning to ensure both accessibility and sustainability of educational innovations [10].

Challenges in Undergraduate Programming Education

Undergraduate programming education is frequently challenged by several factors that
impede students' success. Key issues include difficulties in problem-solving, debugging,
grasping programming fundamentals, and sustaining motivation throughout the course [2],
[24]. These challenges are exacerbated by the abstract nature of programming concepts, which
can overwhelm students, particularly those with limited exposure to the subject. Moreover,
many traditional programming curricula focus primarily on syntax and technical skills, while
neglecting the development of essential problem-solving abilities. As a result, students are
often unprepared to apply theoretical knowledge to practical, real-world programming
challenges [12]. Studies on digital learning environments also indicate that improving digital
literacy and integrating technology-supported learning ecosystems can help students better
understand complex computational concepts [5].

Furthermore, traditional educational models frequently fail to accommodate the diverse
cognitive abilities and learning styles of students, leading to disengagement and frustration.
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The rigidity of these curricula does not cater to the varying needs of learners, causing some
students to fall behind. In addition, the lack of personalized learning strategies often limits
students’ opportunities to develop computational thinking and analytical skills in
programming courses. To address these issues, there is a growing need for more flexible and
adaptive leatning approaches that tailor instruction to individual students' needs. Adaptive
learning frameworks have shown promise in improving student engagement and performance
by providing personalized support and learning paths [25]. In modern educational
environments, integrating interactive and technology-enhanced learning models has also been
shown to significantly improve student motivation, engagement, and patticipation in digital
learning settings [4], [14]. These approaches are particularly valuable in addressing the
challenges faced by students in programming education.

Adaptive Curricula as a Solution to Educational Challenges

Adaptive learning systems present a promising solution to the challenges faced in
undergraduate programming education. These systems personalize the learning experience by
providing tailored feedback, scaffolding, and problem-solving tasks that meet the unique
needs of each student. Studies have shown that adaptive learning strategies, such as guided
discovery and adaptive sequencing of learning tasks, significantly enhance problem-solving
skills and improve student engagement [21], [24]. By offering a more individualized approach,
adaptive curricula allow students to progress at their own pace, reinforcing key programming
concepts and building critical problem-solving abilities [25]. Furthermore, these systems help
address gaps in traditional curricula, such as the lack of personalized feedback and support
for students who struggle with foundational concepts [26], [27]. In addition, the development
of adaptive digital learning ecosystems supported by emerging technologies has further
strengthened the effectiveness of personalized learning environments in higher education
[16].

Empirical evidence supports the effectiveness of adaptive learning strategies in
enhancing students' problem-solving skills and overall academic performance. Studies
indicate that students in adaptive learning environments perform significantly better in
problem-solving tasks, demonstrating enhanced analytical thinking and application of
programming concepts [7], [28]. The adaptive learning process, which adjusts to the student's
level of understanding, ensures that learning is optimized and that students are continuously
challenged at the right level. This fosters a deeper understanding of programming and
strengthens students' ability to apply what they have learned to complex problems [21], [22].
Furthermore, the integration of adaptive learning systems with game-based elements, such as
those used in platforms like Scratch, has proven effective in engaging students and improving
their problem-solving abilities in a more interactive and enjoyable way [20]. Research on
technology-enhanced learning environments also indicates that gamification and digital
learning platforms can significantly improve learner motivation and engagement in modern
educational contexts [14].

Gaps in the Literature

Despite the promising results of adaptive learning systems, significant gaps remain in the
literature that need to be addressed. While existing studies highlight the benefits of adaptive
learning, more comprehensive research is required to explore the long-term effects of these
systems across diverse educational contexts. There is a need to better understand how
adaptive learning can be applied in various disciplines and environments to assess its sustained
impact on student outcomes [19], [29]. Additionally, further studies should investigate how
adaptive learning systems can be integrated with traditional teaching methods to optimize
their effectiveness. Combining adaptive learning with existing instructional models could help
overcome barriers related to implementation, such as faculty buy-in, infrastructure limitations,
and the adaptation of course materials [30]. Previous studies also emphasize the importance
of developing robust technological infrastructures and institutional readiness to successfully
integrate adaptive learning technologies within higher education environments [24].

Another important area for future research is the scalability and accessibility of adaptive
learning technologies. As these systems grow in popularity, it is crucial to ensure that they are
accessible to all students, regardless of their socio-economic background or the resources
available to them. This includes investigating ways to make adaptive learning technologies
affordable and ensuring equitable access to these systems, particularly in underfunded
educational institutions [24], [25]. Furthermore, the development of inclusive digital learning
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ecosystems supported by emerging technologies has become an important focus in recent
educational research, particularly in ensuring that digital learning platforms can support
diverse learners and learning contexts [14], [16]. Exploring these areas will help address
existing challenges and ensure that adaptive learning can be implemented in a way that
benefits a diverse range of students, creating a more inclusive and effective educational
experience.

3. Proposed Method

This study employs a mixed-method approach, combining qualitative and quantitative
research to evaluate the impact of integrating computational thinking (CT) principles with
adaptive curriculum frameworks in undergraduate programming education. The research
includes a quasi-experimental design with a control and experimental group, where the
experimental group receives the adaptive curriculum. Data is collected through pre- and post-
test assessments, student surveys, and classroom observations to measure improvements in
problem-solving skills, engagement, and conceptual understanding. Quantitative analysis uses
statistical methods like paired t-tests and ANOVA to assess the effectiveness of the
intervention, while qualitative analysis involves thematic analysis of student feedback and
learning experiences. This approach allows for a comprehensive evaluation of both the
academic outcomes and student experiences with the adaptive learning tools.

Figure 1. Flowchart structure.

Research Design

This study employs a mixed-method approach, integrating both qualitative and
quantitative research methodologies to provide a comprehensive analysis of the effectiveness
of integrating computational thinking (CT) principles with adaptive cutriculum framewotrks
in programming education. The use of a mixed-method approach allows for a robust
understanding of both the numerical impact on student outcomes (quantitative) and the in-
depth exploration of student experiences and feedback (qualitative). This approach is well-
suited for educational research as it combines the strengths of both data types to offer a
richer, more nuanced understanding of the research problem.
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Curriculum Design

The curriculum design for this study integrates computational thinking principles with
adaptive frameworks to enhance students' problem-solving skills in programming education.
The CT framework focuses on key principles such as decomposition, pattern recognition,
abstraction, and algorithmic thinking, which are essential for students to develop strong
programming problem-solving skills. These principles are then combined with adaptive
learning strategies that personalize the learning expetience based on each student's progress
and cognitive needs. The adaptive framework utilizes tools like intelligent tutoring systems
and Al chatbots to tailor instructional activities to students' individual learning styles and
abilities. This blended approach ensures that students receive targeted support, allowing for
a more flexible and engaging learning experience.

Learning Interventions

The study adopts a quasi-experimental design to assess the effectiveness of the integrated
curriculum. This design includes a control group and an experimental group, with the
experimental group receiving the intervention of the adaptive curriculum framework
incorporating computational thinking principles. The quasi-experimental design is suitable for
this context as it allows for comparisons between groups in real-world classroom settings,
where random assignment is not feasible. Interventions are implemented across diverse
learning contexts, which include varying classroom environments, teaching methodologies,
and student backgrounds, ensuring that the study captures a wide range of student
experiences and learning outcomes. The learning interventions focus on delivering
personalized, scaffolded problem-solving tasks and using adaptive learning tools to support
each student's unique learning needs.

Participants

The sample population for this study consists of undergraduate programming students
enrolled in a university-level computer science course. Participants are selected based on their
enrollment in introductory programming courses, which are typically characterized by a broad
range of prior knowledge and varying levels of experience with programming concepts. This
diversity provides a suitable context for evaluating the impact of adaptive curricula on
students with different learning needs. The sample size is determined using power analysis to
ensure adequate statistical power for detecting significant effects of the intervention. All
participants provide informed consent, and ethical considerations are strictly adhered to
throughout the study.

Data Collection

Data collection for this study involves multiple methods to capture both the quantitative
and qualitative aspects of student learning. Pre- and post-test assessments are used to measure
improvements in students' problem-solving skills and conceptual undetstanding of
programming topics. These assessments are designed to evaluate both basic programming
knowledge and the application of problem-solving strategies in real-world scenarios. In
addition to the assessments, student surveys are conducted to gather data on students'
perceptions of the learning experience, including their engagement and motivation levels.
Classroom observations are also employed to assess the level of student interaction with the
curriculum and their engagement with the adaptive learning tools. These data collection
methods ensure that the study captures a holistic view of student progress and experiences.

Quantitative Analysis

Quantitative data analysis involves using statistical methods to assess the improvements
in problem-solving skills and engagement among participants. Paired t-tests are employed to
compare pre- and post-test scores within each group, allowing for the measurement of
changes in problem-solving abilities over the course of the intervention. Additionally, analysis
of variance (ANOVA) is used to compare the differences in performance between the
experimental and control groups, providing insight into the effectiveness of the adaptive
curriculum framework relative to traditional teaching methods. Statistical software such as
SPSS or R is used to perform these analyses, ensuring the reliability and accuracy of the results.
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Qualitative Analysis

Qualitative data analysis involves a thematic analysis of student feedback and learning
experiences. Student surveys and classroom observations provide rich, descriptive data on
how students engage with the adaptive learning tools and curriculum. Open-ended survey
responses are coded and categorized to identify recurring themes related to student
perceptions of the curriculum's effectiveness, their motivation, and their problem-solving
strategies. Classroom observations are also analyzed to understand how students interact with
the adaptive tools and collaborate with peers. This qualitative analysis complements the
quantitative findings, offering deeper insights into the nuances of student learning and
engagement. The combination of these qualitative insights with quantitative data allows for a
comprehensive understanding of the impact of the integrated curriculum on student
outcomes.

4. Results and Discussion

The study found that integrating computational thinking (CT) principles into an adaptive
curriculum significantly improved students' problem-solving skills, conceptual understanding,
and engagement. The experimental group, which used the adaptive curriculum, showed
marked progress in decomposing complex problems, identifying patterns, and applying
algorithms, compared to the control group following a traditional curriculum. The adaptive
approach also addressed diverse learning needs by personalizing tasks and feedback, allowing
students to progress at their own pace and stay engaged. In contrast to traditional
programming courses that focus mainly on syntax and theory, the adaptive curriculum
enhanced problem-solving abilities and better equipped students to tackle real-world
programming challenges, demonstrating its superiority in fostering deeper learning and critical
thinking.

Results

The results of the study indicated notable improvements in students' problem-solving
skills, conceptual understanding, and engagement after the implementation of the adaptive
curriculum framework. The pre- and post-test assessments revealed that the experimental
group, which received the adaptive curriculum integrating computational thinking principles,
showed significant progress in problem-solving tasks. These students demonstrated improved
ability to decompose problems, identify patterns, and develop algorithms, leading to better
debugging and programming skills. Additionally, survey responses from the experimental
group indicated higher levels of engagement and motivation, suggesting that the personalized
and adaptive learning environment successfully maintained student interest throughout the
course.

. Pre-Test Average
80 e Post-Test Average

2

Average Scores
]

]

Experimental Group Contrel Group
Group

Figure 2. Pre-and Post-Test Results Comparison.

Here is a bar chart comparing the average scores of the experimental and control groups
for pre- and post-test assessments. The data shows significant improvements in the problem-
solving skills of the experimental group, which received the adaptive curriculum, compared
to the control group that followed a traditional curriculum. The experimental group's post-
test score significantly increased from 55 to 85, while the control group's score only rose from
53 to 70, indicating the positive impact of the adaptive curriculum.
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Furthermore, the data collected from classroom observations confirmed these findings,
as students in the experimental group were observed to engage more actively in discussions
and collaborative problem-solving tasks. The control group, which followed a traditional
curriculum, did not exhibit the same level of improvement, particularly in terms of
engagement and application of computational thinking principles. This discrepancy highlights
the effectiveness of the adaptive curriculum framework in fostering deeper learning and
problem-solving abilities compared to traditional methods.

Discussion

The integration of computational thinking (CT) principles into the adaptive curriculum
played a critical role in enhancing students' problem-solving abilities. By emphasizing key CT
skills such as decomposition, pattern recognition, and algorithmic thinking, students were
able to break down complex programming challenges into manageable parts, making it easier
for them to approach and solve problems systematically. These principles provided students
with a structured approach to problem-solving, which is essential in programming. As a result,
students were not only able to understand programming concepts better but also applied
them more effectively in real-world scenarios. The personalized nature of the curriculum,
which tailored the level of difficulty to each student’s cognitive abilities, ensured that the
learning experience was optimally challenging and engaging, promoting higher-order thinking
and analytical skills.

The adaptive curriculum framework also proved effective in accommodating diverse
learning needs. Traditional programming courses often fail to address the varying cognitive
abilities and learning styles of students, which can lead to disengagement or frustration,
particularly among those who struggle with foundational programming concepts. However,
the adaptive approach allowed students to progress at their own pace, with personalized
scaffolding and feedback that met their individual needs. This flexibility helped bridge the gap
for students who might have struggled in a traditional, one-size-fits-all curriculum.
Additionally, students who demonstrated proficiency in the subject were provided with more
advanced tasks, ensuring that they were continuously challenged. This ability to tailor
instruction to individual needs significantly enhanced both engagement and academic
performance.

In comparison to traditional programming curricula, the findings of this study
underscore the superiority of adaptive learning frameworks. Traditional curricula often focus
on teaching programming syntax and theoretical knowledge, with less emphasis on problem-
solving strategies or real-world application. While these foundational aspects are important,
they do not fully equip students with the practical problem-solving skills needed in the field
of programming. In contrast, the adaptive curriculum not only reinforced programming
fundamentals but also integrated CT principles and personalized learning strategies that
promoted the development of essential problem-solving skills. This approach allowed
students to not only learn programming but also think critically and solve problems
effectively, a key component of successful programming education.

5. Comparison

The comparison between the adaptive curriculum approach and traditional uniform
curricula highlights several key differences in terms of student engagement, problem-solving
ability, and overall learning outcomes. Traditional curricula often focus on a rigid, one-size-
fits-all approach, where the pace and content delivery are fixed for all students, regardless of
their individual learning needs or cognitive abilities. This can result in students who struggle
with foundational concepts falling behind, while more advanced learners may become
disengaged due to a lack of challenge. In contrast, the adaptive curriculum framework
implemented in this study provides personalized learning experiences, tailoring the content,
pace, and difficulty to each student's needs. This flexibility allows for a more inclusive learning
environment, where students can progress at their own pace and receive targeted support
based on their individual strengths and weaknesses.

One of the key strengths of adaptive learning is its ability to foster better learning
outcomes by offering personalized feedback and scaffolding. In traditional curricula, students
often receive generalized feedback, which may not address their specific challenges or provide
the depth of understanding necessary to overcome obstacles. Adaptive learning systems,
however, provide immediate, targeted feedback that helps students identify and correct
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mistakes in real-time. This not only enhances students' problem-solving abilities but also
encourages active engagement with the material. As students receive feedback tailored to their
progress, they are more likely to remain motivated and persist through challenging concepts,
leading to improved learning outcomes. This personalized approach has been shown to
significantly improve academic performance, especially in subjects like programming, where
hands-on application and problem-solving are key to success.

The integration of computational thinking (CT) principles in the adaptive curriculum
contributed significantly to stronger learning outcomes compared to traditional methods.
Traditional programming courses often emphasize syntax and basic programming knowledge,
without placing enough focus on the cognitive skills required for effective problem-solving.
Computational thinking, which includes principles such as decomposition, pattern
recognition, abstraction, and algorithmic thinking, provides students with a structured
framework to approach complex problems. By integrating CT into the curriculum, students
were not only able to better understand programming concepts but were also equipped with
the tools to solve real-world problems more effectively. This approach, which fosters critical
thinking and analytical skills, resulted in deeper learning and better retention of programming
concepts. The ability to think computationally gave students a distinct advantage over those
in traditional curricula, where problem-solving was often taught in a more abstract and less
structured manner.

6. Conclusions

This study demonstrates that integrating computational thinking principles with adaptive
curricula significantly enhances problem-solving skills, conceptual understanding, and student
engagement in undergraduate programming education. The key findings indicate that
students who participated in the adaptive curriculum framework showed marked
improvements in their ability to decompose problems, recognize patterns, and apply
algorithms effectively. These students were also more engaged and motivated compared to
those in traditional curricula. The integration of computational thinking not only improved
students' technical skills but also fostered critical thinking and a deeper understanding of
programming concepts.

The importance of integrating computational thinking with adaptive curricula lies in its
ability to cater to the diverse learning needs of students. By personalizing the learning
experience, adaptive curricula provide targeted feedback and scatfolding that help students
progress at their own pace, making the learning process more inclusive and effective. This
personalized approach ensures that students are consistently challenged without feeling
overwhelmed, which is especially important in subjects like programming that require both
conceptual understanding and practical application.

Based on the findings, it is recommended that adaptive curricula be implemented in
diverse undergraduate programming courses to accommodate the varied cognitive abilities
and learning styles of students. The use of computational thinking principles in these curricula
should be prioritized to help students develop the problem-solving skills necessary for success
in programming and beyond. Educators and institutions should consider integrating adaptive
learning technologies, such as intelligent tutoring systems and Al chatbots, to provide
personalized learning experiences and enhance student outcomes.

Future research should focus on exploring the long-term impact of adaptive learning
frameworks across different educational contexts. While this study demonstrates the
effectiveness of adaptive curricula in enhancing student engagement and performance, further
investigation is needed to understand how these frameworks can be scaled and sustained over
time. Future studies should also explore the integration of adaptive learning with traditional
teaching methods to maximize their potential and address challenges related to
implementation, such as infrastructure and faculty adaptation.
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