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Abstract

This study aims to examine the implementation of object-oriented programming
(OOP) instruction using a Problem-Based Learning (PBL) approach to enhance stu-
dents’ programming skills at SMKN 9 Malang. The research employed a Classroom
Action Research (CAR) design conducted through three iterative cycles to system-
atically improve the learning process. The first cycle focused on the planning stage,
in which learning objectives, instructional materials, and problem-oriented learning
strategies aligned with OOP concepts were developed. The second cycle involved
the implementation of the PBL approach, where students actively engaged in solv-
ing contextual programming problems requiring the application of object-oriented
principles. During this stage, observations were conducted to monitor student par-

ticipation, learning activities, and skill development, as well as to gather feedback
on instructional effectiveness. The third cycle emphasized reflection, in which learn-
ing outcomes were evaluated based on students’ performance and observational
data, followed by instructional refinements to enhance learning effectiveness. The
findings indicate that the implementation of OOP instruction through a PBL ap-
proach significantly improves students’ programming skills. Students demonstrated
a deeper understanding of OOP concepts, improved problem-solving abilities, and
stronger collaborative skills. This study contributes to the development of innova-
tive instructional practices in information and communication technology educa-
tion and provides practical guidance for teachers inimplementing student-centered
programming instruction.

Published: December 24, 2025

Introduction

The rapid advancement of information and communication technology requires vocational
high school (Sekolah Menengah Kejuruan/SMK) graduates to possess competencies that align
with the demands of the industrial sector, particularly in the field of programming (Aditama et
al,, 2025). One of the core competencies that must be mastered by students in the Software En-
gineering program is Object-Oriented Programming (OOP) (Lutz, 2025; Qu et al,, 2025). OOP
emphasizes not only syntactic proficiency but also a deep understanding of abstract concepts
such as encapsulation, inheritance, and polymorphism, which form the foundation of modern
software development. Therefore, OOP instruction must be designed effectively to comprehen-
sively enhance students’ programming skills.

SMKN 9 Malang, as one of the vocational high schools in Malang City, East Java, recognizes
the importance of strengthening students’ programming competencies to prepare them for the
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challenges of the digital workforce. However, programming instruction in vocational schools
continues to face several challenges. Conventional, teacher-centered instructional methods that
emphasize theoretical content delivery often make it difficult for students to apply OOP concepts
in real-world contexts. As a result, students tend to struggle with writing program code, debug-
ging, and developing programming solutions that address authentic problems (Retnoningsih et
al,, 2017). These conditions indicate the need for more contextual and practice-oriented instruc-
tional innovations.

One instructional approach considered relevant to addressing these challenges is Problem-
Based Learning (PBL). PBL emphasizes student-centered learning through the presentation of
authentic problems as triggers for learning (Kunwar, 2025). Through PBL, students are encour-
aged to actively identify problems, seek relevant information, design solutions, and reflect on
learning outcomes both independently and collaboratively (Nafiah & Suyanto, 2014). In the con-
text of object-oriented programming instruction, PBL enables students to connect OOP concepts
with real-world programming problems, thereby making learning more meaningful and appli-
cable.

Previous studies have demonstrated the effectiveness of PBL and project-based learning
models in improving programming competencies among vocational high school students. Rah-
man and Ekohariadi (2025) found that the development of the “Edupro” plugin based on Project-
Based Learning within the Moodle platform significantly improved object-oriented program-
ming competencies among eleventh-grade Software Engineering students. Similarly, Yanti and
Ekohariadi (2024) reported that the implementation of PBL-based e-learning significantly en-
hanced students’ problem-solving skills in OOP courses. Comparable findings were reported by
Swari et al. (2015), who concluded that PBL supported by job sheets effectively improved stu-
dents’ learning outcomes in web programming. Furthermore, studies by Ma'rifah et al. (2019)
and Nurhidayati et al. (2022) confirmed that PBL supported by student worksheets and e-mod-
ules positively contributed to improvements in learning outcomes, student engagement, and
learner autonomy in programming instruction.

Despite these positive findings, most existing studies have primarily focused on the devel-
opment of instructional media or learning tools, with relatively limited attention given to the
direct implementation of OOP classes using a PBL approach through Classroom Action Research
(CAR). In fact, CAR enables teachers to systematically reflect on instructional practices and im-
plement continuous improvements based on real classroom conditions. Therefore, further re-
search is needed to examine how the implementation of PBL in OOP classrooms can progres-
sively and systematically enhance students’ programming skills.

Based on this background, this study is entitled “The Effectiveness of Problem-Based Learn-
ing in Object-Oriented Programming Instruction: A Classroom Action Research Study” This re-
search aims to explore the implementation of PBL in OOP instruction at SMKN 9 Malang and to
analyze improvements in students’ programming skills, including conceptual understanding,
practical competence, and the development of soft skills such as collaboration and problem-solv-
ing. The findings of this study are expected to contribute theoretically to the development of
programming instructional models and to provide practical guidance for vocational school
teachers in improving the quality of problem-based programming instruction.

Methods
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This study employed a Classroom Action Research (CAR) approach conducted with stu-
dents of class XII RPL 2. The instructional content focused on Object-Oriented Programming
(00P), specifically on the topic of string data manipulation, including substring, concat, length,
replace, uppercase, and lowercase. The learning process was implemented using the Problem-
Based Learning (PBL) model as an effort to improve students’ programming skills.

Classroom Action Research is a research method aimed at improving the quality of teaching
and learning through iterative cycles consisting of planning, action, observation, and reflection
(Anshori, 2016; Prihantoro & Hidayat, 2019). In the planning stage, the researcher, who also
acted as the teacher, formulated specific learning objectives based on the targeted basic compe-
tencies. In addition, problem-based learning scenarios were designed to emphasize the applica-
tion of OOP concepts in string data manipulation. The problems were contextual in nature to
encourage students to think critically and to develop programming solutions independently or
collaboratively.

The action stage involved the implementation of PBL in the classroom. The teacher intro-
duced programming problems related to string data manipulation, after which students were
required to analyze the problems, design solutions, write OOP-based program code, and test the
programs they developed. During the learning process, observations were conducted to monitor
students’ engagement, problem-solving abilities, and skills in applying OOP concepts. Observa-
tional data were also used to identify learning obstacles encountered by students and served as
a basis for reflection and improvement in subsequent cycles (Cahya & Sucahyo, 2021).

The reflection stage was carried out by evaluating the learning outcomes based on obser-
vational data and the results of students’ programming skills assessments. Reflection aimed to
assess the effectiveness of the PBL implementation in improving object-oriented programming
skills and to determine necessary revisions for the next cycle. The CAR process was conducted
iteratively until optimal improvement in students’ programming skills was achieved.

The research instrument consisted of an OOP-based programming skills assessment rubric.
The assessment focused on three main indicators: (1) the ability to develop OOP-based programs
in accordance with string data manipulation tasks, (2) the ability to apply string data manipula-
tion following OOP principles using the Java programming language, and (3) the ability to use
combinations of string data types according to task instructions. Each indicator was assessed
using a scale of 1-3, where a score of 3 represented the highest level of achievement.

Students’ final programming skills scores were calculated using the following formula:
Final Score = Total Indicator Score x 4

The resulting scores were then categorized into levels of object-oriented programming pro-
ficiency: very good (91-100), good (81-90), fair (71-80), and poor (<70). Through this proce-
dure, improvements in students’ programming skills were systematically analyzed across each
CAR cycle.

Results

The results of the Classroom Action Research conducted with students of class XII RPL 2 at
SMKN 9 Malang indicate a consistent improvement in students’ object-oriented programming
(OO0P) skills after the implementation of the Problem-Based Learning (PBL) model. Program-
ming skills were assessed using three main indicators, as presented in Table 1: (1) the ability to
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develop OOP-based programs according to string data manipulation tasks, (2) the ability to ap-
ply string data manipulation in accordance with OOP principles using the Java programming
language, and (3) the ability to use combinations of string data types based on task instructions.

Table 1. Student Learning Mastery Data in PBL-Based OOP Learning

Cyclel  CyclelIl Cyclelll

No Indicator Score Assessment Criteria (F/%) (F/%) (F/%)
1 Developing OOP- 3 Able to develop OOP-based 1/ 15/ 20/
based programs ac- programs according to 64% 100% 100%
cording to string string data manipulation
data manipulation tasks accurately and neatly
2 Able to develop OOP-based 22 /- 21/- 16 / -

programs correctly, but
with less neat code struc-
ture
1 Able to develop OOP-based 13 /- 0/- 0/-
programs, but not yet
aligned with string data ma-

nipulation
2 Applying string data 3 Able to apply string data 15/ 10/ 17/
manipulation manipulation and OOP con-  42% 97% 100%
cepts correctly using Java
2 Able to apply string data 21/- 25 /- 19 /-

manipulation, but not fully
aligned with OOP concepts
in Java
1 Able to apply string data 0/- 1/- 0/-
manipulation, but incon-
sistent with OOP concepts
and Java structure

3 Using combinations 3 Able to use combinations of 16/ 7/ 11/
of string data types string data types according  44% 86% 100%
to task instructions
2 Able to use combinations of 20/ - 24 /- 25 /-

string data types, but not in
accordance with task in-
structions
1 Able to use combinations of 0/ - 5/- 0/-
string data types, but with
inaccurate application of
OOP and Java concepts

Based on Table 1, there is a clear improvement in students’ learning mastery across all in-
dicators in each cycle. In Cycle [, most students were still categorized at scores 1 and 2, indicating
that their understanding of OOP concepts and string manipulation was not yet optimal. After the
implementation of the Problem-Based Learning approach in Cycle II, the number of students
achieving a score of 3 increased significantly across all indicators. The most notable improve-
ment was observed in the indicators related to developing OOP-based programs and applying
string data manipulation.

In Cycle 111, all indicators reached 100% mastery, demonstrating that the implementation
of an object-oriented programming class using the PBL approach was effective in improving vo-
cational high school students’ programming skills. These findings suggest that PBL provides
meaningful learning experiences that support students in understanding OOP concepts,

68



Journal of Innovation and Teacher Professionalism, 4(1), 2026

enhancing problem-solving abilities, and applying programming knowledge in a systematic and
practical manner.

Discussion

The improvement in learning outcomes presented in Table 1 indicates that the implemen-
tation of the Problem Based Learning (PBL) model was effective in enhancing the object-ori-
ented programming skills of students in class XII RPL 2 at SMKN 9 Malang. In Cycle I, the rela-
tively low level of learning mastery was primarily caused by students’ limited initial understand-
ing of basic OOP concepts and string data manipulation, as well as their lack of experience in
solving contextual programming problems. Learning activities that were previously dominated
by theoretical explanations made it difficult for students to apply concepts in practical program-
ming tasks. This finding is consistent with Retnoningsih et al. (2017), who argue that theory-
oriented programming instruction often hinders students’ ability to implement concepts effec-
tively in real practice (Razali et al., 2025).

Based on the reflection results from Cycle I, instructional improvements in Cycle II focused
on presenting more contextual problems, providing relevant real-world case examples, and in-
creasing discussion and collaborative group activities. The PBL approach encouraged students
to actively analyze problems, design solutions, implement program code, and test the results of
their work. These learning conditions led to a significant improvement in students’ program-
ming skills, as reflected in the increased percentage of mastery across all assessment indicators.
This finding supports the results of Nafiah and Suyanto (2014), who reported that PBL effectively
enhances students’ critical thinking skills and learning outcomes.

In Cycle III, students demonstrated a higher level of independence and were able to com-
plete programming tasks more systematically (Fan et al.,, 2025). The achievement of 100% learn-
ing mastery across all indicators indicates that students were able to optimally integrate OOP
concepts with string data manipulation. This result aligns with previous studies by Rahman and
Ekohariadi (2025) as well as Yanti and Ekohariadi (2024), which emphasize that problem-based
and project-based learning approaches significantly improve object-oriented programming
competencies among vocational high school students.

Thus, Table 1 serves as empirical evidence that the implementation of object-oriented pro-
gramming classes using the Problem Based Learning model not only improves students’ tech-
nical programming skills but also contributes to the development of essential soft skills, such as
collaboration, communication, and problem-solving abilities. These competencies are highly rel-
evant to the demands of the information technology industry, which increasingly values critical
thinking and collaborative work skills.

Research Limitations

This study has several limitations that should be considered to properly interpret the scope
and findings of the research. First, the study was limited to the implementation of object-ori-
ented programming instruction using the Problem Based Learning approach at SMKN 9 Malang,
with participants drawn from only one class, namely class XII RPL 2. Therefore, the findings can-
not be generalized to all vocational high schools or other areas of expertise.

Second, the learning material examined in this study was restricted to string data manipu-
lation competencies within object-oriented programming using the Java programming language.
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Other programming topics, such as advanced data structures, database systems, or graphical
user interface development, were not included in the scope of this research.

Third, this study employed Classroom Action Research (CAR) conducted over three cycles,
consisting of planning, action, observation, and reflection stages. As a result, improvements in
students’ programming skills were measured based on short-term learning outcomes within
each cycle, and the long-term effects of implementing the PBL model were not examined.

Fourth, the indicators of research success were limited to improvements in students’ pro-
gramming skills as measured by learning mastery and task performance in OOP-based program-
ming activities. External factors such as students’ learning motivation, prior programming expe-
rience, and learning support outside the classroom were not analyzed in depth.

Despite these limitations, this study provides meaningful empirical insights into the effec-
tiveness of implementing Problem Based Learning in object-oriented programming instruction
to enhance vocational high school students’ programming skills.

Research Impact

The findings of this study have several important implications for vocational education, par-
ticularly in the teaching of object-oriented programming (OOP) at vocational high schools. First,
this research demonstrates that the implementation of the Problem Based Learning (PBL) model
has a positive impact on improving students’ programming skills in a structured and measurable
manner. The consistent increase in learning mastery across the three research cycles indicates
that PBL effectively supports students in understanding abstract OOP concepts and applying
them to practical programming tasks. This impact is particularly significant in vocational educa-
tion, where learning outcomes are closely aligned with industry-oriented competencies.

Second, this study contributes to pedagogical practice by providing empirical evidence that
PBL can be effectively implemented through Classroom Action Research (CAR). The cyclical pro-
cess of planning, action, observation, and reflection enables teachers to continuously refine in-
structional strategies based on real classroom conditions. As a result, this research encourages
teachers to adopt reflective and adaptive teaching practices when delivering complex technical
subjects such as programming.

Third, beyond technical competencies, the implementation of PBL in OOP instruction posi-
tively influences students’ soft skills development. Students were observed to demonstrate im-
proved collaboration, communication, problem-solving, and self-directed learning abilities
throughout the learning process. These skills are essential for students’ future careers in the
information technology sector, where teamwork and analytical thinking are as important as
technical proficiency.

Finally, at the institutional level, this research provides a practical reference for schools in
designing more contextual and student-centered programming instruction. The successful im-
plementation of PBL in this study can serve as a model for other vocational schools seeking to
enhance the quality of programming education and better align learning processes with the de-
mands of the digital workforce. Overall, the impact of this research extends beyond classroom
improvement, offering meaningful contributions to instructional innovation and vocational ed-
ucation development.
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Conclusion

Based on the findings of the Classroom Action Research conducted with students of class
XII RPL 2 at SMKN 9 Malang, it can be concluded that the implementation of object-oriented
programming instruction on string data manipulation through the Problem Based Learning
(PBL) model is effective in improving students’ programming skills. The learning process, which
was carried out progressively over three cycles, demonstrated a consistent improvement across
all assessment indicators, including students’ ability to develop OOP-based programs, apply
string data manipulation, and use combinations of string data types in accordance with OOP
principles. The PBL approach encouraged students to actively engage in problem-solving activ-
ities, discussions, and collaborative work, resulting in a deeper understanding of programming
concepts. The final results in Cycle III showed that all students achieved learning mastery with
a completion rate of 100%, confirming that PBL facilitates effective, contextual, and student-
centered learning in vocational programming education.

Based on these findings, future research is recommended to extend the application of the
Problem Based Learning model to other programming topics, such as data structures, database-
oriented programming, or graphical user interface development, in order to obtain a more com-
prehensive understanding of the effectiveness of PBL in programming instruction. Subsequent
studies may also involve multiple classes or schools to broaden the scope and enhance the gen-
eralizability of the results. In addition, future research is encouraged to integrate PBL with other
instructional models or supporting technologies, such as learning management systems or
online programming platforms, and to include instruments that measure affective aspects and
learning motivation. Such efforts would enable a more holistic and in-depth evaluation of the
impact of PBL on students’ learning outcomes.
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