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ABSTRACT

This action research investigates the effectiveness of a CDIO-based
learning module using the Sphero robot to enhance algorithmic
understanding and problem-solving skills among Semester 1 students
enrolled in Programming Fundamental (SFC 10403) at Kolej Komuniti
Gopeng. Eighteen students completed identical pre-test and post-test
Likert-scale questionnaires assessing algorithmic comprehension and
problem-solving ability, while structured teacher observation checklists
tracked engagement and participation. Post-intervention means scores
increased substantially from approximately 2.17-2.44 in pre-test to 3.78-
4.33 in post-test, indicating significant gains. This study addresses a
research gap in the integration of CDIO pedagogy with educational robotics
at the community college level, an area underexplored in existing literature.
The findings suggest that combining CDIO with robotics offers a powerful,
hands-on approach for strengthening programming pedagogy and
aligning TVET curriculum design with Industry 4.0 skills demands, making
it a valuable model for broader adoption in STEM and TVET education.

1.0 Introduction

Problem-solving is a crucial skill in the field of information technology, especially in
programming courses. However, students at community colleges often face difficulties in
grasping fundamental concepts such as algorithms and programming logic. This difficulty is not
unique to our institution. Empirical evidence shows that novice programmers frequently struggle
with algorithmic thinking, decomposition, and abstraction, the core components of computational
thinking. For instance, Malik et al. (2021) observed high failure and dropout rates in introductory
programming courses, attributing it partly to inadequate emphasis on algorithmic thinking over
syntax and semantics. Research by Just et al. (2025) and Kurniawan et al. (2022) both agree that
inexperienced programmers usually pick up syntactical difficulties fast but struggle with logical
reasoning and abstract design throughout the course. These results highlight a structural
pedagogical problem whereby prioritizing syntax over the concurrent development of algorithmic
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thinking leads to enduring learning obstacles, especially for students enrolled in non-university
settings. These skills become even more critical because they involve the ability to analyse
problems, design logical solutions, and systematically implement them.

It has been observed that students face difficulty in understanding and applying algorithm
concepts during learning. The focus of the study is on resolving the current issue of determining
the reason why students write code without first developing algorithms. Students fail to realize
the relevance and importance of algorithms in the programming development process. This is a
significant issue since the Programming Life Cycle (PLC), which consists of seven phases, requires
algorithms as one of its fundamental elements, and algorithm creation is one of the required
steps.

This action research was conducted for the subject of SFC10403 - Programming
Fundamentals at Kolej Komuniti Gopeng, one of the core subjects in this course. To solve these
issues and inspire students to gain a more thorough understanding and practical learning
experience, the instructor employs Design Implement Experience (CDIO standard 5), Integrated
Learning Experiences (CDIO standard 7), and Active Learning (CDIO standard 8) techniques.
Sphero robots were used to tackle algorithmic problems as part of a CDIO-based learning module.

In the Conceive phase, students were introduced to problems requiring Sphero to
complete a task (e.g., form simple shapes, navigating a maze, etc). In the Design phase, students
planned their logic through flowcharts and pseudocode. The Implement phase involved coding
using the Sphero Edu platform. In the Operate phase, students tested their programs physically
using the robot and made improvements. Each lesson focuses on helping students to first
understand the concept, then apply it to solve problems logically using Sphero. Data were
analyzed descriptively using questionnaire scores and student observations.

This study aims to investigate the effectiveness of using Sphero as a mediator in a CDIO-
based approach to strengthen students’ problem-solving skills in algorithm Llearning. The
objectives of the study are as follows:

i. To evaluate the effectiveness of using the Sphero robot as a mediator in CDIO-based
algorithm learning.

ii. To identify changes in students’ problem-solving skills after engaging in programming
activities using the CDIO approach.

Literature review

The two primary themes of this study are (i) the application of CDIO pedagogy in
engineering education and programming technology, and (ii) the use of educational robotics, such
as Sphero, to enhance student engagement and develop algorithmic understanding.

Educational Robotics and Understanding Algorithms

Extensive research has been conducted on effective teaching and learning strategies for
novice computer programmers. A central subject in this research is the development of
computational thinking skills, which are deemed to be essential for problem-solving in
programming. Computational thinking, a key approach to problem solving that requires logical,
algorithmic processes alongside reasoning abilities. According to Mulder (2025), computational
thinking encompasses four key principles: decomposition, pattern recognition, abstraction, and
algorithmic thinking.

In the context of nurturing these concepts, a study by Sukirman et al. (2022) supports the
use of active learning approaches through visual block-based programming, which has
contributed to the improvement of students’ mastery of basic programming concepts in novice
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education settings. Wang et al. (2021) found that integrating a range of techniques and strategies
in programming lessons significantly boosted students' motivation to learn by promoting a more
dynamic, effective, and successful learning environment. One such innovative strategy is robot-
supported learning, which has gained popularity for cultivating computational thinking.

The use of robotic learning tools has garnered increasing attention among educational
researchers. A study by Ouyang et al. (2024) found that robotics interventions in education led to
positive improvements in student performance and attitudes in learning. Educational robotics,
such as Sphero, have emerged as powerful tools for making programming accessible and
engaging. Serving as auxiliary technology, they enable instructors to deliver lessons in a more
interactive and meaningful way. The use of Sphero engaged students, particularly new ones, and
improve comprehension of fundamental programming principles (Nnass et al. ,2023). Sphero
functions not only as a learning tool but also as a catalyst for idea exploration, logical design,
and hands-on programming implementation.

It has been scientifically demonstrated that educational robots like Sphero improve both
physical interaction and visual learning experiences. A pilot study by Mariadass et al. (2020)
showed a post-test improvement of approximately 22% compared to a control group using
traditional methods, and students reported higher motivation and better focus when learning
with Sphero. Nnass et al. (2023) also stated, besides making syntax simpler, Sphero helps
students visualize loops, conditionals, and algorithms through interactive exercises, which fosters
computational thinking and problem-solving abilities. Sphero's interactive and physical features
are applicable to a variety of learning styles and help to demystify programming for novices,
making it a more welcoming and inspiring environment.

These findings underscore the potential of robotics to transform abstract programming
concepts into tangible, interactive experiences, a key premise of this research. This study bridges
these gaps by applying the complete CDIO cycle with Sphero robots, offering a novel approach to
teaching algorithms in technical education.

CDIO Pedagogy in Programming Education

The CDIO framework is recognized as an effective strategy to help students develop
understanding progressively through experience and tangible outcomes. This approach not only
emphasizes technical understanding, but also integrates competencies such as collaboration,
communication, and innovation, in accordance with international engineering education
standards (Wikipedia, 2024).

Kamarudin (2022) provides a complementary perspective, illustrating how CDIO-based
integrated curriculum models foster teamwork, communication, and critical thinking through
real-world projects. A study by Wang (2019) states that the application of CDIO-based paradigm
greatly increased students' programming skills and interest, shown by better course results and
encouraging comments. This demonstrates how the CDIO framework has a significant impact on
teaching methods that successfully improve students' technical competency, critical thinking,
teamwork, and interest through project-based, real-world learning.

According to research by Bravo et al. (2017), engineering students' collaborative learning
and project management and creativity skills were enhanced using robotics through the CDIO
initiative. A study later by Abdulla et al. (2019) stated that computer science students' practical
abilities and inventiveness significantly improved when CDIO oriented classrooms and Outcome
Based Education (OBE) were dynamically integrated. Findings by Yuan et al. (2024) also stated
that significant gains in computer science students' practical abilities and inventiveness were also
demonstrated by programming courses that used OBE and CDIO-based instructional design. This
demonstrates that incorporating robotics into the CDIO framework, particularly in conjunction
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with OBE, greatly improves students' capacity for collaborative learning, creativity, and practical
abilities in both computer science and engineering settings.

Kamarudin (2022) extends this discourse by introducing three integrated curriculum
models (IntraICM, InterIC, and 3IC) based on CDIO, implemented within Malaysia’s Department
of Polytechnic and Community College Education (DPCCE). These models emphasize
interdisciplinary collaboration and industry engagement, demonstrating improved Llearning
outcomes and reduced student workload, which align with the experiential learning goals of this
study. Hashim et al. (2023) developed learning modules designed using mBot to implement
problem-based learning using Bloom's taxonomy paradigm. Students were subsequently able to
experience real-time outputs from the codes they wrote, bridging the gap between abstract code
and tangible applications, aligning with CDIO’s emphasis on implementing and operating real
systems.

Overall, the key research gap identified is the lack of focused action research
systematically applies the full CDIO approach using Sphero robots in the teaching and learning
of algorithms at technical higher education institutions such as community colleges. Existing
studies tend to focus on only one phase of the CDIO framework or are conducted are conducted
at the primary or secondary education levels. While CDIO and robotics have been studied
individually, their integrated application in programming education, particularly at the community
college level, remains underexplored. Therefore, this study is significant in empirically evaluating
how intermediary tools such as the Sphero robot can support the effectiveness of the CDIO
approach in holistically and comprehensively enhancing students’ problem-solving skills within
programming courses.

Methodology

The purpose of this action research project was to assess how well the CDIO pedagogical
intervention using Sphero enhanced students' comprehension of algorithms and problem-solving
abilities. It also allows the lecturer to identify learning issues directly and improve instructional
practices through continuous reflection. The study used a relatively small sample (n = 18) that
was purposefully selected from a single cohort, which may have limited the statistical power
available for advanced inferential tests and the generalizability of the results. Thus, according to
Faber et al. (2014), small sample action research is suitable to be use for pilot-level or exploratory
educational interventions as it provides rich contextual insights.

Data were collected using two main instruments, which is pre- and post-tests and an
observation checklist. The questionnaires used in pre- and post-tests evaluated students'
comprehension of algorithms and their capacity for problem-solving. The observation checklist is
used to document student engagement and behaviour.

Pre- and Post-Test Instrument

To enhance the rigor of the study, both the pre- and post-test questionnaires underwent
expert review for content validity, involving input from two academics specializing in
programming pedagogy. This instrument utilizes a 5-point Likert scale (1 = Strongly Disagree to
5 = Strongly Agree) to measure students’ understanding of algorithm concepts and their problem-
solving skills. Each participant responded to the same set of items before (pre-test) and after
(post-test) the intervention through the CDIO module involving Sphero programming, allowing
for analysis of individual score changes.

The use of this scale aligns with measurement methodologies commonly applied in
educational research on algorithms, such as studies assessing attitudes toward algorithm-based
education using a 5-point Likert scale and analysed through descriptive statistics. The Likert scale
is recognized as a valid and widely used psychometric measurement tool in educational literature.
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The instrument used in this study consists of 10 statements divided into two main
subscales. The first subscale assesses Algorithm Understanding, which includes items Q1, Q3, Q4,
@5, and Q7. The second subscale evaluates Problem-Solving Skills, comprising items Q2, Q6, Q8,
Q9, and Q10. Each item is rated using the Likert scale with a minimum score of 1 and a maximum
of 5. Data were analysed descriptively, involving the calculation of the mean and standard
deviation for each item in both subscales.

Table 3.1: Likert-Scale Questionnaire to Measuring Algorithmic Understanding & Problem-Solving Ability
Item Behavioral Indicator

1 I understand what an algorithm is and its importance in programming.

2 I am able to break down a problem into smaller, manageable steps.

3 I can design a sequence of steps (algorithm) to solve simple problems.

4 I can identify the correct order of operations in a given algorithm.

5 I find it easy to translate a real-world problem into a logical set of instructions.

6 I am confident in debugging (identifying and fixing) errors in algorithms or code.

7 I can use flowcharts or pseudocode to represent algorithms clearly.

8 I am able to solve new programming challenges by applying what I have learned about algorithms.

9 I feel confident explaining my problem-solving approach to others.

10 I believe my problem-solving skills have improved through learning programming.
3.2 Observation Checklist Instrument

The teacher observation checklist in this study was created in accordance with the
principles of the Baker Rodrigo Ocumpaugh Monitoring Protocol (BROMP), a well-known and
validated framework for classroom observations that evaluates student interaction, affect, and
engagement in technologically advanced learning environments (Ocumpaugh et al. (2015).
BROMP prioritizes the use of precise behavioural markers, systematic, momentary time sampling,
and real-time coding of observable emotional, social, and engagement states.

This instrument was used by lecturers as a structured observation form to assess student
behaviour and participation during teaching sessions involving Sphero. Each student is evaluated
across ten behavioural indicators using a scale ranging from Weak (1) to Consistent (4). The types
of indicators include active participation, initiative in Sphero programming, application of logic,
collaboration, persistence, adherence to the CDIO guidelines, and proper use of equipment as
shown in Table 3.2. This study used ten behavioural indicators assessed by 4-point scale which
allowed lecturers to record observations quantitatively and consistently during each session. To
ensure more accurate results, the observable actions were listed as recommendations.

Table 3.2: Checklist for Observation Indicators
Behavioral Indicator Observable Action/Description
Active participation in group discussions Exchanges thoughts, answers inquiries, and interacts with peers
Demonstrates initiative during Sphero tasks Leads or offers to code or manage Sphero.
Practices logical thinking / articulates solution steps Explains algorithmic reasoning and makes logical suggestions.
Collaborates effectively in group work Cooperates, shares resources, and helps others.
Seeking help when facing difficulties Asking for assistance when facing problems
Shows perseverance in solving problems Demonstrates persistence in resolving issues
Clearly explain the steps of the solution Clearly outline the steps involved in the solution.
Follows the CDIO framework in task implementation Follows the CDIO framework when performing tasks.
Uses Sphero and equipment safely Safely makes use of Sphero and equipment
Displays increased confidence and independence in action Shows greater self-assurance and self-reliance in action.
3.2 Research Procedure

This study was conducted in three main phases. In the pre-intervention phase, all students
completed an initial assessment (pre-test) using a Likert-scale instrument to assess their baseline
understanding and skills. Next, during the implementation phase of the CDIO sessions with
Sphero, the lecturer carried out structured observations based on a behavioural checklist
throughout the activities. In the post-intervention phase, all students completed a final test (post-
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test) using the same Likert scale, and lecturer observations continued at the end of each main
session using the same checklist.

Data analysis involved the use of descriptive statistics to compare pre- and post-test scores
to evaluate the effectiveness of the intervention. In addition, the observation data were analysed
quantitatively through average score calculations and descriptively based on behavioural
observation notes. Both instruments were designed to provide a comprehensive quantitative and
qualitative overview of the impact of the CDIO intervention using Sphero on students’
understanding of algorithms and their problem-solving skills.

Discussion of analysis and findings

It is anticipated that the Sphero-based CDIO module would not only increase students'
motivation and self-assurance but also improve their understanding of algorithmic concepts while
enhancing their problem-solving and computational thinking skills.

Pre- and Post-Test

According to the study data, following the use of the Sphero robot as an intervention, the
average scores of all 18 students increased across each of the 10 items measured on the Likert
scale. The two primary focuses of this intervention were students’ problem-solving abilities and
their comprehension of algorithm concepts.

Based on the pre-test data, the average scores for all 10 items ranged from 2.17 to 2.44,
with standard deviations between 0.383 and 0.511. This indicates that students’ understanding
of algorithm concepts and their problem-solving skills were still at a low to moderate level before
the intervention was conducted. For example, item Pre_Q1, which measures overall understanding
of algorithms, recorded a mean score of 2.44 with a standard deviation of 0.511, while item
Pre_Q7, related to specific skills, recorded a lower mean of 2.17 with a standard deviation of
0.383. These findings reflect those students were still in the early stages of understanding and
lacked confidence in completing tasks involving algorithmic concepts.

Pre- and Post-Test Mean Score of Intervention Effectiveness

m Pre-Test m Post-Test

o1 Q2 Q3 04 05 Q6 Q7 Qa8 Q9 010

Figure 4.1: Pre — and Post-Test Mean Score of Intervention Effectiveness
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Students responses to statements such as "I can solve new programming challenges" (@8)
"I am confident in debugging” (@6)" and "I can break down a problem into smaller steps" (Q2)
showed significant improvements following their experience with the Sphero learning activities.
These results are consistent with earlier studies indicating that the application of robotics, like
Sphero, provides chances for instantaneous introspection and practical testing (Mariadass et
al.,2020). Through a visual trial-and-error process that is easier for students to understand, this
method improves algorithmic logic and problem-solving abilities.
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4.2 Observation Checklist

Through the observation checklist, the lecturer documented significant improvement in
several student behavior indicators throughout the implementation of the module. Every one of
the ten behavioural indicators on the post-activity teacher observation checklist recorded means
scores above 3.0. These observational findings align with the findings from the pre- and post-
intervention tests, which indicate that the CDIO approach, combined with the use of Sphero,
effectively supports active participation, student collaboration, and engagement in project-based
learning.

The observation revealed some noteworthy results, such as the highest scores for
teamwork, resilience in problem-solving, and active participation in group discussions, which
demonstrate great collaboration and tenacity. The highest scores were 3.39 for "Shows
perseverance in solving problems," "Collaborates effectively in group work," and "Active
participation in group discussions."

Mean Scores for Teacher Observation Indicators (Post-Intervention)
Displays increased confidence and independence in action | 3.33
Uses Sphero and equipment safely 3.11
Follows the CDIO framework in task implementation | 3.22
Clearly explain the steps of the solution f 3.22
Shows perseverance in solving problems 3.39
Seeking help when facing difficulties | 3.06
Collaborates effectively in group work | 3.39
Practices logical thinking / articulates solution steps 3.28
Demonstrates initiative during Sphero tasks [ 3.22
Active participation in group discussions [ 3.39
00 05 10 15 20 25 30 35 40
Mean Score (1-4 Scale)
Figure 4.2 Post-Intervention for Mean Scores for Teacher Observation Indicators

As demonstrated by indicators for initiative and logical thinking that also scored higher
than 3.2, students demonstrated proactive actions during tasks and actively engaged in analytical
reasoning. Furthermore, the mean score for "Displays increased confidence and independence in
action" was 3.33, suggesting that students’ self-efficacy had improved after the intervention. Even
though "Seeking help when facing difficulties" had the lowest mean score (3.06), it was still above
the "sometimes" cutoff, indicating a healthy balance between handling issues independently and
seeking assistance when necessary.

Empowering Students' Problem-Solving Skills through 53 IJTVET (Vol 6, No. 2, 2025)

The post-test shows that pupils indicate overall positive outcomes, with all mean scores at
or above 3.78 on a 5-point scale. While numerous items, including @5, Q7, and Q8, achieved the
maximum mean of 4.00, Q1 had the highest score of 4.33. This indicates that students rated
themselves between "agree" and "strongly agree" on statements assessing their confidence in
problem-solving and their comprehension of algorithms after completing the Sphero-CDIO
module.
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Interpretation and Implications

The consistently high post-intervention scores from both instrument scores demonstrates
how well the CDIO-based Sphero robotics module in promoting student participation, teamwork,
and critical thinking. These findings are consistent with earlier research showing that robotics-
enhanced learning can enhance social and affective competencies like initiative, communication,
and self-confidence in addition to cognitive abilities. It supports those of Nnass et al. (2023), who
emphasized the importance of experiential learning in cultivating higher-order thinking abilities.

Similarly, Kamarudin (2022) confirmed CDIQO’s capability in guiding students through
systematic and collaborative problem-solving. This was validated by the uniform improvements
in scores observed in this study. Furthermore, Sukirman et al. (2022) stressed the importance of
interactive and visual methods to teach algorithm concepts. Sphero provided a tangible, physical
platform for students to test and perceive abstract concepts such as loops and conditions,
reaffirming the value of interactivity in programming education.

In addition, Nnass et al. (2023) found that Sphero enhances student motivation and
engagement, an effect also seen in this study, with students giving positive feedback and showed
consistent improvement. This underscores the role of motivation as a key factor in learning
effectiveness. This is partly because robotic kits help development of computational thinking
through the tradition of tangible hands-on learning. Importantly, this study addresses a gap in
existing literature concerning the integration of CDIO with Sphero in technical education.

However, it is important to acknowledge possible confounding factors that may have
influenced these outcomes, including the novelty effect of using Sphero as an interactive learning
tool and the lecturer’s facilitation style, which could enhance engagement independently of the
intervention’s design. Furthermore, as the present study involved a homogenous cohort from a
single community college, the results may vary across different student demographics, such as
gender, prior programming experience, and digital literacy levels. Future research should
therefore explore these demographic variables to better understand how the intervention’s
effectiveness may differ among diverse TVET student populations.

Overall, the combined use of CDIO and Sphero not only improved student understanding
but also offered a more engaging and effective learning experience. The consistent progress
across students indicates this approach is adaptable and scalable for broader implementation
across different courses or educational settings.

Recommendations

Several recommendations can be made to further enhance this research approach. Firstly,
robotics tools like Sphero should be integrated as a regular instructional strategy in foundational
programming courses. Its visual and hands-on nature assist students, especially those with
weaker academic backgrounds, bridge gaps in understanding abstract concepts like loops and
conditions.

Future research should include a larger sample size, randomized samples and include a
control group to lessen any training bias that may improve statistical robustness and external
validity. The instruments used were also subjective, relying on the Likert scale and observations
checklists. Therefore, it is recommended that future studies incorporate more objective
assessment tools, such as code analysis or real programming tasks, to obtain a more accurate
representation of students’ skills.

Additionally, this study did not investigate the long-term knowledge retention. Itis advised
to conduct follow-up assessments to assess how well students can remember algorithm principles
over an extended length of time.
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Furthermore, alternative assessment tools such as algorithm design rubrics, student
reflection journals, and mini presentations should be implemented. These allow students to
analyse their work and understand problem-solving processes in greater depth. The ability to
articulate logic and explain solutions is essential in the technical workforce and should be
emphasized early. Therefore, CDIO-based training with interactive tools like Sphero should be
viewed not just as a teaching aid, but as strategic, long-term approach for nurturing confident,
competent, and industry-ready graduate.

From a broader TVET curriculum design perspective, the findings of this study underscore
the value of embedding experiential, robotics-enhanced learning within programming and
problem-solving modules to strengthen industry-relevant competencies. Integrating the CDIO
approach with interactive tools like Sphero not only enriches student engagement but also
ensures the development of critical thinking, collaboration, and technical proficiency in authentic
contexts. Such alignment supports the production of holistic TVET graduates who can analyse
problems, design solutions, and operate systems effectively meeting the skill demands of
Industry 4.0 and future technological advancements.

6.0 Conclusion and Future Research

This study confirms that integrating the CDIO approach with the use of the Sphero robot
in basic programming courses can effectively enhance students' problem-solving skills. The
consistent improvement in scores and positive feedback reflect the approach’s success in helping
students understand abstract concepts like algorithms through structured, visual, and practical
learning. The study enriches the literature by showcasing the effectiveness of the CDIO model in
technical education contexts like Community Colleges and opens the door to broader
implementation of innovative learning strategies in vocational and technical education.
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