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ABSTRACT

Aim/Purpose The purpose of this study is to investigate the effectiveness of online problem-
based learning (PBL) in enhancing critical thinking among novice programmers
with varying levels of self-regulated learning (SRL). While PBL has been widely
studied in traditional settings, this study uniquely examines the integration of
online PBL with SRL to enhance critical thinking. This area remains underex-
plored in the field of programming education.

Background Problem-based learning (PBL) emphasizes learning behaviors that lead to criti-
cal thinking, problem-solving, communication, and collaborative skills, prepar-
ing students for professional academic skills.

Methodology A quasi-experimental design involving pre-test and post-test on the experi-
mental and control groups was used in this study. The experimental group used
online PBL, while the control group followed direct instruction. The sample
comprised 120 second-year Bachelor of Computer Science students from two
different higher education institutions. The participants were evenly divided be-
tween the experimental group (n = 60) and the control group (n = 60). Critical
thinking was measured using Yoon’s Critical Thinking Disposition instrument,
which evaluates students’ critical thinking.

Contribution This study contributes to the growing body of knowledge by highlighting the ef-
fectiveness of online PBL in learning and its potential to enhance the critical
thinking of students with diverse SRL levels.
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Online Problem-Based Learning

Findings

The results revealed that students in the experimental group scored significantly
better on the critical thinking test compared to the control group (F = 5.87, p <

.05), with mean scores of 101.98 and 97.85, respectively. These findings re-
vealed that the integration of online PBL with SRL fostered positive improve-
ments in students’ critical thinking.

Recommendations  Provide professional development for practitioners to effectively design, imple-
for Practitioners ment, and facilitate online PBL experiences.

Recommendations  The findings may encourage other researchers to apply the online problem-
for Researchers based learning approach in different courses and provide evidence that online
PBL can serve as a viable alternative to traditional direct instruction.

Impact on Society ~ Our study emphasized the importance of encouraging interdisciplinary collabo-
ration to create PBL tasks that mirror real-world challenges and prepare stu-
dents for professional practice.

Future Research Future work can experiment with online PBL to explore its potential in other
disciplines and educational contexts.

Keywords online problem-based learning, critical thinking, self-regulated learning

INTRODUCTION

Problem-based learning (PBL) is a widely adopted educational approach that enhances student en-
gagement by integrating theoretical knowledge into real-world problem solving. Rooted in collabora-
tive learning principles, PBL places students in small groups where they actively explore and solve
authentic problems under the guidance of a facilitator (Barrows, 1996). This student-centered
method encourages deeper understanding by promoting self-directed learning, critical thinking, and
teamwork. Over the years, PBL has been implemented across various disciplines, including medicine,
business, nursing, programming, and law (Choi et al., 2014; Hidayatullah & Setiawan, 2024; Wijnen et
al., 2017).

Self-directed learning encourages students to take ownership of their educational journey by plan-
ning, monitoring, and evaluating their progress, thereby fostering lifelong learning habits. Collabora-
tive learning in a contextualized setting fosters interaction among students as they work towards
shared goals, exchanging ideas and providing feedback to deepen their understanding of the subject
matter. PBL has been shown to boost students’ self-confidence and develop crucial skills such as crit-
ical thinking, problem-solving, and collaboration. By fostering constructive, self-directed, collabora-
tive, and contextual learning, PBL empowers students to connect prior knowledge with new con-
cepts, develop problem-solving skills, and take ownership of their learning process. Given its effec-
tiveness in enhancing academic and professional competencies, understanding its impact on student
learning remains an essential area of research (Hidayatullah & Setiawan, 2024).

In science learning, students’ critical thinking skills are reflected in their ability to analyze and re-
spond to real-wozld problems. Critical thinkers tend to be more proactive in problem-solving (Sti
Handoyo et al,, 2019) and demonstrate greater emotional regulation and self-awareness (Yao et al.,
2018). They actively clarify issues by asking insightful questions, considering multiple perspectives,
extracting key information, and formulating rational solutions. Additionally, they have the confidence
to express their ideas, critique different viewpoints, and draw well-reasoned conclusions. Critical
thinking is an ongoing process of logical reasoning that involves systematically analyzing concepts,
evaluating complex situations, and effectively utilizing information while assessing its sources
(Thomas & Lok, 2015). This skill is essential for learners as it enables them to deal with problems ef-
fectively and evaluate solutions critically based on their abilities and real-life experiences (Yusuf et al.,
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2024). Furthermore, the ability to think critically is crucial for learners because it is considered a dis-
tinguishing characteristic of an educated person and a requirement for being an active and involved
employee and citizen of the world (Facione, 2010).

Recently, the integration of PBL into online learning environments has gained momentum,
particularly in response to global educational shifts (Saif & Umar, 2021). Online PBL enhanced
students’ ability to navigate personalized learning paths, allowing them to manage their time and
engage in structured learning activities effectively (Alshaye et al., 2023; Hidayatullah & Setiawan,
2024). Online platforms facilitate self-regulated learning by providing guidance that encourages
students to follow an organized study plan, leading to improved academic performance. As an
essential learning strategy, self-regulated learning enables students to take control of their learning
process, fostering deeper engagement and knowledge acquisition (Hwang et al., 2021). The
combination of PBL and self-regulated learning supports independent problem-solving, enhances
reasoning skills, and strengthens motivation by allowing students to construct knowledge through
real-world applications actively (Rosdiana et al., 2018). In developing contexts, where access to
quality face-to-face instruction can be limited, online PBL offers a scalable and flexible alternative for
improving student outcomes, particularly in programming education.

While the impact of online PBL on critical thinking has been widely explored, limited attention has
been paid to how students’ self-regulated learning levels interact with instructional methods in shap-
ing learning outcomes. This gap may hinder educators’ ability to design effective strategies that en-
gage students in managing real-world programming challenges. To address this, our study investigates
the influence of online PBL on students’ critical thinking and examines how SRL levels affect their
learning outcomes in this environment. Accordingly, the following research questions are investi-
gated in this study:

RQ1: Is there any significant difference in students’ critical thinking who received online PBL
and those who received Direct Instruction?

RQ2: Is there any interaction effect between SRL levels and learning methods (PBL and DI) in
students’ critical thinking?

RQ23: Is there any significant difference in students’ critical thinking between high SRL and low
SRL students in Online PBL?

RQ4: What skills do students develop through online PBL, and how effectively does it enhance
their critical thinking in problem-solving?

To answer these questions, this study employed a sequential mixed-methods design, beginning with a
quantitative phase, followed by a qualitative phase. By integrating both approaches, the research pro-
vides a comprehensive perspective on the effectiveness of online PBL in learning environments (Fig-
ure 1). This design contributes to a deeper understanding of how online PBL enhances students’ crit-
ical thinking skills, particularly in relation to varying levels of self-regulated learning (SRL).

This study offers two key contributions. First, it examines the interplay between online PBL. and SRL
in the context of programming education, a connection that has received limited empirical attention.
Second, it extends theoretical insights from constructivism and self-regulated learning by applying
them in an online, problem-based instructional context, offering practical implications for curriculum
designers and educators.
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Figure 1. Overview of the study’s procedural framework
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THEORETICAL FOUNDATIONS AND KEY INSIGHTS

CRITICAL THINKING

Critical Thinking (CT) is an analytical process that involves evaluating one’s own thoughts to ar-
rive at rational and logical problem-solving (Rapti & Sapounidis, 2024). It requires the ability to clat-
ify issues, focus on solutions, and critically understand, analyze, and assess assumptions. While CT
includes various skills, it is also widely recognized as a complex and multifaceted concept. Several
scholars have attempted to define it, including Facione (1990), Paul (1990), and Watson and Glaser
(1980). Notably, El-Soufi (2019) highlighted that many academics consider critical thinking to en-
compass a range of dispositions, which are often regarded as more important than skills alone. One
widely accepted framework for understanding critical thinking dispositions is Facione & Facione’s
(1992), which emphasizes the attitudinal and affective components — such as open-mindedness and
persistence — that influence how individuals approach problems and make decisions. Based on this
model, the California Critical Thinking Disposition Inventory (CCTDI) was developed to measure
these dimensions. The CCTDI aligns closely with the conceptualization of CT dispositions and has
been validated for use with undergraduate students (Facione, 1990; Yeh, 2002). Multiple studies have
supported its reliability in educational contexts (El-Soufi, 2019; Facione & Facione, 2013; Jung et al.,
2017; Shin, Park et al., 2015). Building on the CCTDI, Yoon (2004) developed the Yoon’s Critical
Thinking Disposition (YCTD) specifically for undergraduate learners. The YCTD shares similar sub-
categories with the CCTDI and includes seven dimensions: prudence, systematicity, objectivity, intel-
lectual eagerness/ cutiosity, intellectual fairness, skepticism, and self-confidence (Shin, Patk et al.,
2015). Its validity and reliability have been affirmed in various studies (Kim, 2012; Yang et al., 2009;
Yoon, 2004, 2008).

This study focuses on the affective disposition dimension of critical thinking. Affective dispositions —
such as attitudes, habits of mind, and personal traits — play a crucial role in shaping students’ engage-
ment with problem-solving, particularly in programming education. These dispositions foster stu-
dents’ willingness to think critically, remain open to multiple solutions, and persist in the face of
complexity (Hu, 2011). As Davies (2015) argued, a complete understanding of critical thinking must
include dispositional elements. Therefore, this study emphasizes the affective aspect of CT using
Yoon’s Critical Thinking Disposition model.
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SELF-REGULATED LEARNING

Self-Regulated Learning (SRL) involves learners actively setting goals, monitoring, and controlling
their cognition, motivation, and behavior within the learning environment (Pintrich, 2000). Zimmer-
man (1989) explains that SRL encompasses metacognitive, motivational, and behavioral engagement,
enabling students to become more aware and in control of their own learning activities. It plays a vi-
tal role in blended learning by supporting active interaction between students and learning tasks
(Leong Lim et al., 2020). Traditionally, SRL has been measured using tools like the Self-Regulated
Learning Interview Scale (SRLIS) and the Motivated Strategies for Learning Questionnaire (MSLQ).
However, these instruments were designed for face-to-face learning and may not fully capture SRL in
online settings (Barnard et al., 2009; Lynch & Dembo, 2004; McManus, 2000; Schwam et al., 2021).
For example, McManus (2000) found that students with high SRL did not always perform better in
online courses when measured by the MSLQ. To overcome this limitation, Barnard et al. (2009) de-
veloped the Online Self-Regulated Learning Questionnaire (OSLQ)), which is a modified version of
Pintrich’s MSLQ made for online and blended learning environments (Handoko, 2017).

The OSLQ has been widely used in research to assess SRL in these contexts (Lee et al., 2020; Vilkova
& Shcheglova, 2021). Its validity was supported by confirmatory factor analysis, showing strong con-
struct validity (Barnard et al., 2009; Chang et al., 2015). Success in online learning depends greatly on
students’ ability to manage their time and regulate their own learning (Aldowah et al., 2020). Studies
show that students with strong SRL skills tend to perform better than those with weaker skills (Sudia
& Muhammad, 2020; Swafford, 2018; van Alten et al., 2021). Although SRL is widely recognized for
its benefits, Brandmo et al. (2020) highlight that SRL models and classroom assessments are rarely
integrated in practice, potentially limiting their effectiveness. Additionally, Dignath and Veenman
(2021) emphasize that explicit strategy instruction by teachers is often essential, not just passive mod-
eling, to support effective SRL development in students.

Despite the growing use of instruments like OSLQ to assess SRL in online settings, there is still lim-
ited research examining how SRL influences students’ learning outcomes, especially in programming
education and when combined with online PBL approaches. Moreover, the differences in SRL im-
pact across learners with varying self-regulation levels remain underexplored in such contexts.

PROBLEM-BASED LEARNING

Problem-Based Learning (PBL) is a student-centered approach that promotes active engagement,
research (Saif et al., 2024; Wijnia et al., 2024), and the integration of theory with practice to build es-
sential 21st-century skills (Bell, 2010). First introduced at McMaster University in the 1960s, PBL en-
courages learners to take responsibility for their own learning by solving real-world problems (Neville
& Norman, 2007; Savery, 2006). Schmidt (1983), a pioneer of PBL, explains that learning occurs
when students are actively engaged in solving problems. In programming education, this means pre-
senting students with open-ended problems that require them to explore, make hypotheses, and test
programming solutions. This process helps them understand programming concepts through experi-
ence rather than through direct instruction. PBL also emphasizes collaboration. Students work in
small groups to identify problems, generate hypotheses, search for relevant information, and present
solutions (Saif et al., 2024). This collaborative process encourages critical thinking (Fitriani et al.,
2021; Loyens et al., 2015; Sendag & Odabasi, 2009; Sudia & Muhammad, 2020) and helps students
become more independent and responsible for their learning (Inayah et al., 2021; Surya et al., 2018;
Ulger, 2018). Instructors act as facilitators, guiding the learning process rather than delivering content
directly (Saif & Umar, 2019). However, recent studies have raised concerns about the variability in
outcomes. For example, Erdem et al. (2025) noted that the success of PBL often depends on student
readiness and the quality of the facilitator. Similarly, Lee et al. (2020) found that while online PBL en-
hances engagement, some students struggle with the self-direction required for this approach.
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In this study, PBL was implemented in an online environment using a blended approach. Google
Meet was used for live group discussions, while Google Classroom supported asynchronous activi-
ties. Students were divided into small groups to work on assignments, explore problems using online
resources, and share findings. This approach allowed learners to apply programming concepts in a
meaningful and collaborative way. Table 1 shows the processes of this method, which is adapted
from the Seven-Step approach (Schmidt, 1983).

Table 1. Processes of problem-based learning

Step PBL processes

1 Explanation of new words and concepts should be the first activity to resolve any
problem.

Definition of the problem to the students.

3 Analyze the problem to produce the result; if students are not able to analyze the
problem correctly, the result will not be accurate.

4 Create a structure or flowchart to allow students to understand the program so that
it can be used to verify that what it displays is proper and effective.

5 Code and test the program: writing a program to determine the data, such as varia-
bles and numbers, whereas testing a program to ensure the best solution.

6 Evaluate and discuss the final solution.

However, despite the proven benefits of PBL in developing critical thinking and problem-solving
skills, limited research has explored how online PBL can be effectively applied in programming edu-
cation, especially in developing countries. Most existing studies focus on face-to-face PBL or general
online learning, without examining how PBL can be adapted to virtual environments using common
platforms like Google Meet and Google Classroom. This study aims to fill this gap by investigating
the effectiveness of online PBL in helping students understand programming concepts and improve
their learning outcomes.

METHODOLOGY

This study employed a sequential mixed-methods design, which proceeded with a quantitative phase
and was followed by a qualitative phase (Creswell, 2013). Regarding the quantitative phase, a quasi-
experimental design involving pre-tests and post-tests on the experimental and control groups was
used. The research attempts to compare the effects of two learning methods, Online Problem-Based
Learning (PBL) and Direct Instruction (DI) methods, on students’ critical thinking with two levels of
Self-Regulated Learning (SRL) as a moderator variable in the teaching and learning of basic program-
ming concepts, as illustrated in Table 2. The students’ critical thinking was measured based on the
pre-test and post-test scores obtained from Yoon’s Critical Thinking Disposition (YCTD).

Table 2. Pre-test and post-test experimental design

O Xy Os
O Xz O;
Where,
Oq: Pre-Test (Critical Thinking)
Os: Post-Test (Critical Thinking)
Xi: Experimental Group (PBL method)
Xa: Control Group (DI method)
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Participants were divided into two groups, comprising second-year programming students from two
colleges of computer science in different cities. In total, 143 students participated in this research,
which employed a 2 x 2 quasi-experimental study design; a minimum of 30 subjects was expected per
group. The recommended sample size in an experimental study is a minimum of 30 subjects per
group to establish the existence or nonexistence of a relationship (Gay et al., 2012). However, due to
student absences and incomplete responses, only 120 students were included in the final sample.
Therefore, the sample size was 120 students, and they were divided into two groups: the PBL group
and the DI group (60 students per group). The two colleges were randomly assigned to receive either
the PBL or the DI treatments. Each of these two treatment groups involved high-SRL and low-SRL
students. Thus, the final sample consisted of four subgroups (low-SRL DI, low-SRL PBL, high-SRL
DI, and high-SRL PBL), each with 30 students, fulfilling the minimum requirement for experimental
studies.

DATA COLLECTION

The assessment of critical thinking disposition before and after the experiment was carried out using
YCTD, according to which it is expressed in seven components: prudence, systematicity, objectivity,
intellectual eagerness/ curiosity, intellectual fairness, skepticism, and self-confidence (Jung et al., 2017;
Shin, Ma et al., 2015; Shin, Park et al., 2015). The questionnaire included 27 items on a 5-point rating
scale (from 1 — strongly disagree to 5 — strongly agree), such as “When I am questioned, I think twice
before giving my answer” and “I am handling complicated problems by my criteria.” The Cronbach’s
alpha values for the questionnaire in this study were: YCTD Pre-Test, 0.96, and YCTD Post-Test,
0.86.

The questionnaire on self-regulated learning was carried out before the experiment to evaluate the
students’ level of SRL. This questionnaire has six subscale constructs including “environment struc-
turing,” “goal setting,” “time management,” “help seeking,” “task strategies,” and “self-evaluation”
(Cobb, 2020; Tao et al., 2020), with 24 items and uses a 5-point Likert scale, which ranges from 1 (to-
tally disagree) to 5 (totally agree). Based on the group mean score for the overall OSLQ (3.49), stu-
dents’ SRL levels were classified as either high or low. Participants with scores above the mean were
categorized as having high SRL, while those with scores below the mean were classified as having
low SRL. Accordingly, mean scores of 3.49 or higher for SRL items were considered high; otherwise,
they were considered low. Cronbach’s alpha value for this questionnaire is 0.92, indicating that it is a
highly reliable questionnaire.

2 < 2 <

EXPERIMENTAL PROCEDURE

This research was conducted over a period of 10 weeks. The experimental group received the online
PBL method, while the control group was treated with the direct instruction method. Cloud compu-
ting tools, such as Google Meet and Google Classroom, were used in this research to support online
learning. The research procedures were implemented through three stages.

First stage: The questionnaires were sent via email and WhatsApp group to increase attention
in the first week. The OSLQ was sent to the students to categorize them as either low SRL
(LSRL) or high SRL (HSRL) learners, and the YCTD pre-test was sent to the students. In the
experimental group, the students were divided into small groups, with each group consisting of
3 to 4 LSRL students and 3 to 4 HSRL students. Meanwhile, the 60 students in the control
group worked individually. Topics related to web programming were delivered to both the con-
trol and experimental groups. The lecturers explained the main topics of the course (HTML and
JavaScript) by using Google Meet, and they introduced the learning methods.

Second stage: The intervention was conducted from week 2 until week 9; the experimental
group received the PBL method, whereas the control group was treated with the direct instruc-
tion method.

Third stage: The YCTD post-test was administered in week 10.
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Concerning the experimental group, the students were organized into eight smaller groups, each
comprising a mix of high- and low-self-regulated students. Each of these groups is composed of four
high-SRL students and three low-SRL students. The lecturer then gave an introductory lecture about
the main topics of the course, the study environment, and explained the processes of the PBL. model
using Google Meet. This group was allocated four hours of sessions per week (Figure 2).
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Figure 2. Experimental group procedures

For two weeks (8 hours), the lecturer provided a brief introduction to the topics and explained new
concepts and terms on the Google Meet platform. Then, the lecturer defined and analyzed the prob-
lem. He also explained the main concepts and some of the terms related to the problem, for example,
the concept of tags in HTML and how they are used to display content on a webpage, such as the
<img> tag. The lecturer then gave each group a class code to access Google Classroom (steps 1 and
2 from the PBL processes). In Google Classroom, the lecturer distributed tasks among the group and
assigned roles to each student (for example, a task for the Leader, a task for the Checker, a task for
the Recorder, etc.). This has provided the students with an opportunity to contribute to their learn-
ing. The lecturer posted the problem as a shareable file in each group (step 2). In Google Classroom,
each student wrote the solution as a flowchart, note, diagram, or shared a link, as illustrated, and the
lecturer monitored the students’ discussions, comments, and activities. He acted as a facilitator to
guide them in seeking information and developing an understanding of themselves through: (i) help
students with key points; (i) carry out mini summaries as needed; (iii) motivate the students to learn
how to use and access the given resources; (iv) encourage discussion between students; and (v) do
not answer their questions, but make them think more deeply to discover the solutions (see Figure 4).
Additionally, the students worked collaboratively through:

i. Working in a small group discussion enables distributed thinking.
1. Engage in group work to solve the problem.
iii. The Leader helps the lecturer to distribute the tasks and produces a short report explaining
how the work is divided.
iv. The Checker monitors the solutions and contributions.
v. The Recorder checks if there is consensus and writes the final version.
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vi. The Members provide alternative suggestions, keeping all of them from jumping to prema-
ture solutions.

These collaborative steps not only supported the learning process but also encouraged reflective
thinking, problem analysis, and decision making, thus greatly enhancing students’ critical thinking
abilities.

Finally, the group members chose the final solution, which was tested by the Recorder (steps 4 and

5). On Google Meet, each group presented a solution, and the lecturer discussed and evaluated their
solutions. Then, he provided a summary for the topic (step 0).

Before the intervention, the researchers provided the lecturers with lecturer protocols to guide their
teaching in the experimental study. Before this, permission to collect data was obtained from the ap-
propriate institutional authorities, and the lecturers agreed to participate in the study. A lecturer’s
protocol is a document that provides specific information about how and what to teach the course. It
includes details such as the course theme, learning resources, learning objectives, problems, exercises,
and the concepts students are expected to master. Additionally, it outlines the roles of both the lec-
turer and the students in the learning process. These protocols were designed to assist lecturers in ef-
fectively applying the relevant learning methods — online PBL and DI — in teaching the course. Lec-
turers received thorough training on the use of the protocols. This training emphasized the proper
application of online PBL and DI methodologies. To ensure fidelity in the experimental study, the
researchers used checklists to verify that both groups adhered to the provided protocols.

Furthermore, the interviews were conducted at the end of the course, after the treatment had been
completed, and the interviewers were then selected randomly from the PBL group. Before conduct-
ing the interviews, all participants provided their informed consent. Additionally, the researcher con-
tacted all participants a few days in advance to schedule a convenient time for the personal interview.
It was made clear to the participants that any sensitive or potentially harmful remarks they made
would be discussed anonymously in the text.

The researcher prepared the necessary support materials for the interview process, including a voice
recorder (which the researcher used on her mobile phone), a pen, and a notebook. Each interview
session was conducted between 20 and 30 minutes, allowing sufficient time for in-depth discussions
while maintaining participant focus (Ayton et al., 2023). The interview process was spread over four
days to accommodate participants’ schedules. This duration also allowed for flexibility, giving the in-
terviewer time to reflect on each session and make any necessary adjustments for subsequent inter-
views. After collecting data from the open-ended questions, the researcher transcribed the interview
results and ensured the validity of the gathered data. Each transcribed interview was saved in a sepa-
rate MS Word document. Two cycles of qualitative coding were initiated. In the first cycle, NVivo
coding was used, followed by thematic analysis in the second cycle. The qualitative findings observed
from the interview were used to support the quantitative data obtained from the experimental study.

RESULTS

The findings highlight key differences between the groups. The descriptive statistics showed that the
mean score of the critical thinking pre-test for the control group is 99.48 (SD: 9.19), whereas the ex-
perimental group exhibits a mean score of 89.18 (SD: 16.91). It can be concluded that the pre-
knowledge of both groups regarding the current study’s topic was heterogeneous, meaning that the
two groups had different levels of prior knowledge related to the subject being studied (Table 3). To
examine whether there is a significant statistical difference between pre-tests at p < 0.05, a t-test was
conducted. According to Gay et al. (2003), Hittleman and Simon (2002), and Johnson and Christen-
sen (2000), when non-equivalence exists between the experimental and control groups in the pre-test,
analysis of covariance (ANCOVA) can be employed to analyze post-test scores.
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Table 3. Descriptive statistics for the pre-tests and post-test

Groups N Pre-test Post-test
Mean SD Mean SD
Experimental Croup 60 89.18 16.91 98.17 16.32
Control Group 60 99.48 9.19 101.67 9.38
Total 120 99.92 13.37

Table 4 shows the overall differences in the critical thinking pre-test scores between the two groups
(experimental and control). Significant differences were observed, with [F:21.41, p:0.00]. Based on
this result, this means that the two groups are not equally homogeneous in their critical thinking.
Thus, it is vital to use the pre-test as the covariate in controlling for the existing knowledge that dif-
fers between the groups. Because these groups may vary on several different attributes, employing
ANCOVA helps to mitigate some of these differences (Pallant, 2013).

Table 4. t-test result

. Sig.

Fopsie | T 4o iled)
CT-Pre | Equal variances assumed 21.41 | .000 4.15 118 .000
Equal variances not assumed 4.15 91.04 .000

A one-way ANCOVA analysis was conducted to assess the effects of the two groups (experimental

and control) on students’ critical thinking. The analysis is meant to determine if there is a significant
difference in the dependent variable (student critical thinking) between the two different groups (ex-
perimental and control), while controlling for the pre-test.

To answer Question 1, the analysis results in Table 5 indicate a significant difference between the
two groups (experimental and control) in the students’ critical thinking. The experimental group, i.e.,
the PBL group, scored significantly better on the critical thinking test compared to the control group,
ie., the DI group [F: 5.87, p < 0.05], with means of 101.98 (SD 1.17) and 97.85 (SD 1.17), respec-
tively. The effect size (n% 0.05) indicates a small to medium effect according to Cohen’s (1988) guide-
lines, indicating that the relationship between the learning methods and critical thinking was small to
moderate in strength. The findings also suggested that the expetimental group performed better than
the control group in terms of the students’ critical thinking post-test scores, as shown in Table 3.

Table 5. One-way ANCOVA results of the two treatment groups

Groups N Mean SD Adjusted | Adjusted F Partial eta
mean SD squared
Control group 60 101.67 | 9.38 97.85 1.17 5.87 .05
Experimental group 60 98.17 | 16.32 101.98 1.17

In the experimental group, the mean score for the critical thinking post-test increased to 98.17, while
in the control group, it rose to 101.67. There is a difference of 8.98 for the experimental group and
2.18 for the control group. Accordingly, findings related to Research Question 1 (RQ1) are as fol-
lows: There is a significant difference in students’ critical thinking between those who received online
PBL and those who received Direct Instruction. This finding suggests that online PBL is more effec-
tive than traditional direct instruction in promoting students’ critical thinking, emphasizing the value
of active, student-centered approaches in programming education.
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Question 2 aimed to examine whether there is an interaction effect between the different groups (ex-
perimental and control) and SRL levels (high and low) on students’ critical thinking. Two-way AN-
COVA was conducted to investigate the interaction effects between learning methods and SRL levels
on the students’ critical thinking using the profile plots and a formal statistical test (Table 6).

Table 6. Two-way ANCOVA results of the
post-tests between learning methods and SRL levels

Groups SRL_level N Mean SD F Sig
Control Group High 30 98.67 1.56 3.21 .08
Low 30 96.69 1.55
Experimental Group High 32 105.65 1.55
Low 28 98.15 1.58

The results of the two-way ANCOVA revealed no interaction effects on the post-test scores between
learning methods and SRL levels [F: 3.21; p = 0.08]. Additionally, Figure 3, the profile plot, showed
that there is no significant interaction effect in terms of critical thinking between the learning meth-
ods and the SRL levels. The profile plot displayed parallel lines for high and low SRL, indicating that
there was no interaction effect between learning methods and SRL levels, despite some students with
different SRL levels perceiving the learning methods differently. In addition, high SRL students in
the online PBL group attained higher scores in critical thinking than their low SRL colleagues in the
same group, and the same result can be observed in the DI group. Furthermore, among the high SRL
students, those who received online PBL intervention scored better than their high SRL colleagues
who received DI treatment, and the same result was observed among the low SRL students. It can be
concluded that the high SRL students consistently achieve better results than the low SRL students.
Therefore, findings related to Research Question 2 are that there is no interaction between SRL lev-
els and learning methods (PBL and DI) on students’ critical thinking. This indicates that the influ-
ence of learning method on critical thinking was consistent across SRL levels, implying that PBL may
benefit both low- and high-SRL students. However, the extent of benefit may differ.
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104.00 7/
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Cavariates appearing in the modsl are evaluated at the following values: CT_Pre = 94.3333

Figure 3. Interaction effect plots for critical thinking
between learning methods and SRL levels
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The pairwise comparisons of critical thinking were conducted, as shown in Table 7, to identify
whether there is a significant difference in students’ critical thinking between high SRL and low SRL
students in Online PBL. The results of pairwise comparisons revealed a significant difference in
scores between the LSRL students and the HSRL students in the PBL group [F: 6.07; p = 0.01]. The
effect size (n* = 0.1) was considered a significant effect according to Cohen’s (1988) guidelines, indi-
cating that the relationship between the LSRL students and the HSRL students in the PBL group was
substantial. As mentioned above, the high SRL students in the online PBL group (mean: 105.65) at-
tained significantly higher scores than the low SRL students in the online PBL group (mean: 98.15).
Thus, the findings related to Research Question 3 indicate a significant difference in students’ critical
thinking between high-SRL and low-SRL students within the online PBL group. This suggests that
students with higher self-regulated learning (SRL) skills benefit more from online PBL in developing
critical thinking, highlighting the importance of fostering SRL in technology-enhanced learning envi-
ronments.

Table 7. Pairwise comparisons for critical thinking

SRL levels/ SRL levels/ Mean . Partial
df F Sig.
groups groups square ETA squared
HSRL in PBL LSRL in PBL. 1 744.48 6.07 0.01 0.10
HSRL in DI LSRL in DI 1 50.77 3.17 0.08 0.05
HSRL in PBL HSRL in DI 1 209.59 1.96 0.16 0.03
LSRL in PBL LSRL in DI 1 113.31 8.22 0.01 0.13

Figure 4 illustrates the students’ interaction in the PBL group within the online learning environment.
Students actively engage in solving problems to identify appropriate solutions. They collaborate with
their peers, working together to exchange ideas, share perspectives, and build collective knowledge.
Discussions play a pivotal role, as students discuss possible solutions, evaluate alternatives, and refine
their understanding of the problem. These activities are facilitated by Google Classroom, which
serves as a central platform for communication, resource sharing, and collaboration, thereby enabling
an interactive and student-centered learning experience.
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Figure 4. The interaction between students in an online PBL environment

Regarding the qualitative data, Figure 5 illustrates the thematic analysis phases employed in this study
to generate theme codes (Braun & Clarke, 2006). The thematic analysis was conducted to ensure the
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themes ate distinct and free from redundancy. This process involved several iterative phases to iden-
tify overlaps and refine the initial themes. Each theme has been carefully examined for uniqueness

and relevance, and to ensure that it covers a specific aspect of the data. It provided a comprehensive
representation of the data, supporting a clear and focused analysis. Figure 6 shows the final result for

the analysis.

themes.

Phase 3: Searching for
themes.

Phase 2: Generating
initial codes.

N

Phase 4: Reviewing

Phase 5: Defining and
naming themes.

Phase 1: Familiarization
with the data.

Figure 5. Thematic analysis phases
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The overall interview results clearly showed that the online PBL method empowers students to take
charge of their time and learning. They have to search for information, analyze it, and collaborate in
small groups to solve problems. Furthermore, this approach provides students with the opportunity
to actively construct their own knowledge and enhance their understanding of learning. It encourages
them to become critical thinkers, independent learners, and problem solvers, as stated by a partici-
pant:

As we know, online PBL requires students to analyze and synthesize information from multiple
sources and apply their knowledge and skills to solve problems, which helps them acquire criti-
cal thinking and problem-solving skills.

Another participant added:

I worked with my classmates in small groups. We searched, analyzed, and identified until we
found the solution. This helped us acquire or improve our critical thinking. During these ses-
sions, I felt an increase in acquiring knowledge.

In online PBL, students frequently engage in reflective practices, where they assess their progress, an-
alyze their problems, and consider what they have learned. This reflection is an integral part of the
learning process, as it encourages students to refine their critical thinking. As they work on these
problems, students become more independent learners. These skills gained from the PBL sessions
are valuable in other courses. PBL enhances their critical thinking, research, self-study, and problem-
solving abilities, which are essential in various subjects. So, it is like getting better at teamwork and
solving complex problems, which can be helpful in different situations.

In addition, we employed a word cloud to support the qualitative data. These keywords indicate a
positive perception towards online PBL and provide valuable insights into ways of learning through
online PBL. A word cloud is a visualization tool used to display the frequency of use of keywords in
interview responses. Figure 7 shows the word cloud of the participants’ interview responses about
online PBL.
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Figure 7. World cloud of online PBL participants’ interview

DISCUSSION AND CONCLUSION

Problem-based learning integrated with an online environment was used to improve students’ critical
thinking. This study analyzed the impact of online PBL on students’ critical thinking, comparing it to
direct instruction, with varying levels of self-regulated learning. The results provided clear evidence
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that online PBL significantly enhances critical thinking, particularly among students engaged in active
and collaborative learning. The significant difference in critical thinking scores between the experi-
mental and control groups highlights the effectiveness of PBL. This method fosters active engage-
ment, critical analysis, and real-world problem-solving, requiring students to identify relevant infor-
mation and collaborate on developing solutions. Such processes cultivate deeper thinking skills nec-
essary in both academic and practical contexts.

Additionally, online PBL’s collaborative nature encourages decision-making based on evidence and
logical reasoning. Students worked in groups, sharing ideas, evaluating arguments, and refining
solutions — key aspects of critical thinking development. In contrast, students in the direct instruction
group worked individually, limiting opportunities for shared reflection and debate. Moreover,
integrating online components with PBL appears to further enhance outcomes. The combination
leverages digital tools to increase access to resources, communication, and flexible collaboration
factors that optimize critical thinking beyond traditional PBL alone (Ritonga et al., 2021). This
implies that educational institutions should consider integrating online PBL in programming and
other technical subjects to better foster students” higher-order thinking skills. Educators may also
benefit from designing online learning environments that encourage collaborative exploration, which
is a key trigger for deep thinking.

These results are consistent with a study conducted by Kousar and Afzal (2021), which explained the
impact of PBL on critical thinking using a quasi-experimental design. The results of the study clearly
demonstrate that PBL has a positive effect on critical thinking. Notably, the intervention group that
experienced PBL showed significant improvement in their critical thinking. This result is equivalent
to many studies that found a positive impact of PBL intervention on the development of critical
thinking (Gholami et al., 2016; Martyn et al., 2014; Nargundkar et al., 2014; Son, 2020; Ulger, 2018).
Furthermore, Caroni (2021) revealed that an online PBL course can help students enhance their criti-
cal thinking and integrate knowledge.

Based on the findings of the two-way ANCOVA, the analysis of the research data revealed no inter-
action effect between students” SRL levels and learning methods on their critical thinking. This study
explained that students’ SRL levels did not significantly influence the impact of learning methods on
critical thinking, despite the fact that high SRL students in the PBL group obtained better scores in
critical thinking than those in the DI group. Conversely, as expected, there was a notable difference
in critical thinking between low SRL students in the PBL and DI groups. These results highlight that
the low SRL students exposed to the PBL group attained significantly higher critical thinking scores
than their counterparts in the DI group.

The explanation for this finding is that the presence of PBL with SRL may have fostered improve-
ment in students’ critical thinking. In this study, online PBL helped students construct their
knowledge by engaging in problem-solving activities. As a result, it fostered positive improvement in
their critical thinking (Sari & Juandi, 2023) and encouraged them to think critically in discussing is-
sues and finding solutions (Amin et al., 2020). These discussions were also supported by the qualita-
tive results that found an improvement in students’ skills during the treatment period, as stated by
the interviewees. Another explanation for this could be the use of an online PBL method in this
study; the students were presented with a problem to explore in their own learning. This would bene-
fit high SRL students, as they think critically when solving problems in a group using online learning,
compared to those who study individually via direct instruction (Gokhale, 1995; Huitt, 1998). In this
study, high SRL students were encouraged to share their ideas, construct their own understanding,
and think critically about facts based on current knowledge to find solutions. Therefore, the reason
for that could be due to this procedure. Additionally, the students in the PBL group worked collabo-
ratively in small groups, posting their comments and input related to the solution on the platform,
and then discussing them. This enhanced friendly discussion in the online environment and im-
proved the collaboration among students. Thus, collaborative learning with peers under PBL in
online learning strengthens students’ critical thinking, which aligns with Gokhale’s (1995) study.
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Another possible explanation for this result may be the greater responsibility that high SRL students
have in the learning process. The components of SRL that are present in high SRL students have fur-
ther enhanced their critical thinking, including time management, goal setting, task strategies, and
self-evaluation. Moreover, high SRL students — who are usually essential in thinking — had few diffi-
culties when solving the problems. In this study, high SRL students found the learning process easy
and understood the concepts well, enabling them to effectively apply these concepts in finding solu-
tions. Based on the characteristics of the high SRL students, the result was consistent with what had
been predicted. Additionally, among the low SRL students, those who received the PBL method out-
performed their low SRL peers who studied via the DI method. This is due to the high SRL students
in the PBL group working collaboratively in groups with low SRL. In this situation, they were able to
learn from high SRL students through the exchange of ideas and constructive criticisms. These low
SRL students benefited the most from participating in groups by providing reasoning and explana-
tions on how the solutions were developed and concluding with decisions on novel problems.

Theoretically, this study extends the existing literature on self-regulated learning and problem-based
learning by exploring their interaction in an online setting. While past studies have primarily exam-
ined PBL or SRL independently, this research contributes by integrating both within a cloud-based
environment. The results suggest that online PBL may offer a scaffold that helps even low-SRL stu-
dents improve their critical thinking skills, possibly compensating for their lack of internal regulation
through external structure and collaboration. This highlights the importance of designing digital
learning environments that incorporate cognitive support and promote active engagement, particu-
larly in developing country contexts, where resources and instructor availability may be limited. This
theoretical perspective aligns well with the practical design of this study, which incorporated scaffold-
ing as outlined in Jonassen’s (1999) model to support learners in the online PBL environment. In
particular, Jonassen’s model was employed to guide the implementation of PBL in the experimental
group, emphasizing scaffolding as a key element to support student learning. Scaffolding is often cus-
tomized to meet the individual needs of learners, aiming to enhance the development of critical
thinking in this context. In this study, low SRL students worked in PBL groups with high SRL stu-
dents, in which the high SRL students assisted the low SRL learners.

Additionally, many interviewees highlighted that online PBL is a highly effective learning approach
for developing critical thinking. By presenting them with real problems and engaging them in active
learning, collaboration, and guided inquity, it encourages their ability to think critically, analyze infor-
mation, and arrive at well-reasoned solutions. These qualitative findings align closely with the quanti-
tative results, providing further support for the effectiveness of online PBL. Interviewees also of-
fered valuable insights into the specific skills they developed through this method.

In conclusion, this study’s findings demonstrate that online PBL provides a comprehensive learning
experience that enhances critical thinking while fostering self-regulation and collaboration skills
among students. The integration of online tools has created a seamless, interactive environment that
supports both individual and team-based learning, suggesting that online PBL could setrve as a sus-
tainable model for improving critical thinking. These findings highlight the potential of online PBL
to enrich students’ critical thinking and prepare them for future professional roles. However, this
study is not without limitations. The short duration of the intervention may have limited the depth of
critical thinking and skill development that could have been observed over a longer period. Addition-
ally, the study was conducted within a single institution in a developing country, which may affect the
generalizability of the results. Potential instructor bias and the use of a non-randomized design also
warrant caution when interpreting the findings.

Since no prior research has investigated the effect of online PBL with varying levels of self-regulated
learning on students’ critical thinking in learning programming, this study contributes new knowledge
in this area. The results underscore the effectiveness of online PBL for students with diverse SRL
levels, particularly in improving critical thinking. Future studies should adopt a longitudinal approach
to evaluate the sustained impact of online PBL on students’ critical thinking and skill development
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over time. In addition to extending the duration, future research might explore the application of
online PBL across different disciplines or in hybrid learning contexts. As a practical next step, educa-
tors and institutions should consider offering professional development focused on designing effec-
tive online PBL environments. This includes training instructors on how to scaffold learning for low-
SRL students, foster peer collaboration, and integrate appropriate digital tools to support inquiry-
based learning. In summary, this study lays the foundation for further targeted research at the inter-
section of PBL, SRL, and technology-enhanced learning, particularly in resource-constrained educa-
tional settings.
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