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ABSTRACT

Self-regulation is pivotal for student success in the 21st-century learning
landscape, enabling learners to effectively manage their academic goals
and processes. This research investigates the impact of problem-based
blended learning on students' self-regulation skills. A quasi-experimental
design was employed, featuring a non-randomized control group. The
experimental group was exposed to problem-based blended learning,
while the control group experienced traditional face-to-face problem-
based learning. The study involved 65 students from SMA Negeri 1
Prambanan, with self-regulation assessed through a closed questionnaire
addressing nine key indicators. Data analysis revealed no significant
difference in self-regulation between the control and experimental

groups; however, the experimental group showed better outcomes. This
group's higher performance in self-regulation was attributed to the
flexible, interactive, and time-independent nature of blended learning,
which fosters better time management, environmental structuring, and
goal-setting among students. The findings underscore the potential of
problem-based blended learning to enhance students' self-regulatory
capacities, ultimately contributing to improved academic achievement
and the development of essential 21st-century skills.

This is an open access article under the CC-BY-SA license.

1. Introduction

Self-regulation plays a crucial role in 21st-century learning; It encompasses learners' beliefs about
their ability to engage in appropriate actions, thoughts, feelings, and behaviors to pursue valuable
academic goals [1]. In today's fast-paced and increasingly competitive academic environment, student
self-regulation has become crucial in determining success. Self-regulation is evident in the learning
process [2]. Self-regulation is important for monitoring and controlling studies to achieve the expected
goals in learning [3], [4]. Developing self-regulation skills is essential for students, enabling them to
engage in independent work and take charge of their motivation and educational pathway [5], [6].
Furthermore, self-regulation is linked to achieving desired learning outcomes and 21st-century skills,
emphasizing the importance of learner responsibility in the learning process [7], [8]. Self-regulation
is closely associated with developing various skills and competencies [9], [10]. Various studies have
shown that self-regulated learning plays a significant role in academic achievement in different
educational stages and is highly valued in the 21st-century workforce [11]-[15]. For instance, it has
been found that self-regulation positively influences students' 21st-century skills, such as a positive
attitude toward science and technology, critical thinking, and readiness for online learning [16]-[18].
Moreover, integrating self-regulation into the learning process is essential for developing professional
competence and self-actualization among students in modern educational environments [19], [20].
Students' self-regulation can be learned by implementing a learning model in the class. Problem-based
blended learning is a learning model that can be used to shape student self-regulation. Problem-based
blended learning is a model that combines problem-based learning with blended learning
(asynchronous and synchronous). Problem-based blended learning is a learning model that can be
attempted to shape student self-regulation. Problem-based blended learning is a model that combines
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problem-based learning with blended learning (asynchronous - synchronous). This is an effort to
overcome the obstacles of problem-based learning and integration with digital literacy [21].

Blended learning is carried out through e-learning intermediaries to achieve far more optimal
learning [22], [23]. Learning independence in blended learning can be seen in asynchronous times
when students carry out independent learning activities outside of learning hours. Students must
arrange how to study to understand the material, manage time, and determine the appropriate learning
environment. Without a teacher, students are responsible for deciding what, why, where, when, and
how learning should take place [11]. Effective blended learning can emerge because of the provision
in self-regulation [24], [25]. Blended learning requires the ability to self-manage to achieve academic
goals according to each student's pattern [24]-[26]. Stage Asynchronous can prepare students to
understand the concept knowledge from the learning material. Learners can bring knowledge,
conceptions, and habits that can influence their activities in the learning process [27], [28]. Thus,
students need to be aware of the importance of self-regulation to display far more optimal learning
outcomes [29]. To realize this, researchers conducted research using problem-based blended learning
to measure students' self-regulated abilities. This research reveals the role of problem-based blended
learning in student self-regulation. which later self-regulation can play a role in problem solving and
student achievement.

2. Method

2.1.Research type and design

This quasi-experimental study used a honrandomized control group design. The treatment design
was given problem-based learning using blended learning (problem-based blended learning) as an
experiment class and problem-based learning by face-to-face class as a control class. Blended learning
is carried out in three meetings. Self-regulated measurements were carried out at the 3rd meeting using
a closed questionnaire filled in by students with four answer choices (always, often, sometimes, and
never). The nine indicators for self-regulated measurements are (1) Self-evaluation; (2) Goal setting
and planning; (3) seeking information; (4) Keeping Records and monitoring; (5) Environmental
structuring; (6) Self-consequences; (7) Self-learning; (8) Seeking and assisting; (9) Reviewing records
[30], [31].

2.2. Population and Research Samples

The population in this study were students of class XI MIPA at SMA Negeri 1 Prambanan, which
consisted of 4 classes. The sampling technique uses purposive sampling with criteria for the average
score classes in the biology subjects at the end of the 2022/2023 odd semester assessment, which is
identical or almost the same. The samples used in this study were class XI MIPA 1 with 34 students
(experiment class) and XI MIPA 2 with 31 students (control class).

2.3. Data Analysis

Data analysis techniques consisted of analysis prerequisite tests: normality (Kolmogorov-
Smirnov) and homogeneity (Levene's test). The hypothesis testing used the Mann-Whitney U Test—
data tabulation on self-regulated aspects based on the categories listed in Table 1.

Table 1. Category of Self-Regulated

Interval Category
M < 61.03 Low

61.03 <X <77.80 Moderate
X >77.80 High

3. Results and Discussion

Self-requlated data from 65 students were analyzed by prerequisite tests for normality
(Kolmogorov-Smirnov) and homogeneity (Levene test) with a significant level of 5%. The results
show that the self-regulated data is not normally distributed but is homogeneous (Table 2).
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Table 2. The Result of Normality and Homogeneity Test

Kolmogorov-Smirnov Levene Statistic
Test - 3
Sig. Sig.
Self- Experiment .000 358
Regulated Control .000 '

Based on the prerequisite test results in Table 2, hypothesis testing was carried out non-
parametrically using the Mann-Whitney U-Test. The results of the Mann-Whitney u-test are presented
in Table 3.

Table 3. The Result of Mann-Whitney U-Test

Null Hypothesis Test Sig. Decision
The distribution of Self-Regulated the same Independent Samples 348 Retain the null
across categories of treatment class Mann-Whitney U Test ' hypothesis

Table 3 shows that self-regulation in the control and experimental classes showed no significant
difference in the mean. So, it can be stated that problem-based blended learning does not affect self-
regulation. However, despite no significant effect, the experimental class showed better results than
the control class. Based on the grouping of self-regulated categories (shown in Fig. 1) indicates a
difference in the percentage of self-regulated in the experimental, which is greater than in the control
class.

Hiah 9.68%
I N 14.71%

: 67.74%
T N 70.50%

22.58%
LOW N 14.71%

Control = Experiment

Fig. 1. Percentage Self-Regulated based on criteria

Fig. 1 shows that the experimental class has a more significant percentage in the medium and high
categories. These results are because the learning process using blended learning is not hampered by
time, place, and situations that allow for higher-quality interactions between teachers and students
[32]. A blended learning activity was implemented using "LMS Vigara Media Didik" SMA Negeri 1
Prambanan. Students feel a new atmosphere when discussing online. The discussion through "LMS
Vigara Media Didik" is a new, unique experience for students because the LMS has only been used
to collect assignments. Researchers provide variations of teaching materials presented in the LMS
through videos and images. Blended learning makes students not only focused on activities in class,
which are limited by time [33]. In this case, Blended learning helps students manage their time
learning [34], [35], through asynchronous activities. The student's ability in learning management can
trigger learning independence in students. Students can determine the appropriate place or
environment to carry out learning. The time specified is not limited to creating more exploration
related to the material presented. The learning environment and time management are essential for
students to pay attention to. A responsive, proactive, and conducive learning atmosphere can support
the continuity of the learning process [36], [37]. The ability of students to divert attention and time to
focus more on tasks tends to produce better learning [38]. Several self-regulated aspects have
percentage values above 60% (Fig. 2).

Based on Fig. 2, the lowest percentage of aspects in control and experimental classes is in the
aspect of Self-learning (no 7). Self-learning enhances the learning experience and creates valuable
skills [39], [40]. Self-learning is affected by several factors, including learning motivation, self-
confidence, experience, and intelligence [41]-[43]. The involvement of students in the learning
process can improve students' abilities, including the ability to gather information and write. Writing
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ability can be identified in the process of extracting information that is arranged into a paragraph [44].
The summary of the information obtained can help students understand the material better [45]. Lack
of self-confidence in writing and students' lack of knowledge regarding writing outlines, paraphrasing,
and summarizing inhibit students' writing [46]. Less mastery of the material makes students confused
about what they want to write [47]. Thus, students' readiness for problem-based blended learning is
lacking, and the learning process may not necessarily go according to plan or purpose. Meanwhile,
the highest aspect in control and experimental classes is environmental structuring (no 5, Fig. 2), or
setting the environment and learning atmosphere to be more comfortable. The learning environment
is essential because it will affect students' emotions, including interactions and attitudes closely related
to academic achievement [48]. A good learning environment must be built so that character is formed
and students can actively participate in learning [49]. A good learning environment can make it easier
for students to concentrate and increase comfort in the learning process [50]. Conversely, a bad
learning environment causes anxiety, tension, and boredom and frustrates students, hindering learning
[51]. Using the LMS and implementing problem-based blended learning helps students determine
their learning environment in asynchronous learning. Learning with LMS can create a flexible
learning environment for implementing active learning for individuals and groups [52]. Students can
interact with teachers and peers through online discussions by writing, reading, and responding to
material-related posts [53]-[55]. A mix of online and face-to-face discussion opportunities can allow
students to explore tentative ideas in a comfortable environment [56].

90%
80%

70%
60%
50%
40%
30%
20%
10%
0% 2 3 4 5 6 7 8 9

= Control 64.78% 64.92% 63.71% 79.23% 83% | 62% 52.82% 69.35% 63.71%
EExperiment 69.85% 67.83% 67.65% 79.78% 83% | 70% 60.29% 66.54% 71.81%

Fig. 2. Percentage of Self-regulated aspects

Students can determine learning plans during an asynchronous session on problem-based blended
learning. As in the Goal setting and planning aspect (aspect 2, Fig. 2), the experimental class has a
more significant percentage than the control class. Learning planning, such as determining strategies
and priorities, is an effective way to help students stay on track [57]. Learners who cannot assess
strategy and time priorities tend to be unorganized [58]. Selectively choosing time priorities for
learning can create effective learning patterns so that tasks and responsibilities can be realized to the
fullest [59], likewise in determining learning strategies contained in the Self-Consequences aspect
(aspect 6, Fig. 2). Success in the learning process is influenced by flexible strategies, such as knowing
when and how to use learning strategies [60], [61]. Students can learn successfully if they can self-
regulate and deeply process information in the learning process [62]. The involvement of students in
the learning process can be increased with the support of problem-based learning models [63] and
blended learning [64]. Through the problem-based learning model, students identify the characteristics
of the problems according to the experiences of students, so they tend to give more value [65].
Especially in problem-based blended learning, teachers can further encourage student involvement in
learning, starting with building student participation in asynchronous sessions.

The asynchronous activity begins with students watching the video presented in "LMS Vigara
Media Educate.” Then, students are directed to carry out online discussions that have been prepared.
Online discussions are carried out by analyzing complex problems, causes of problems, and solutions

that must be given [66]. This is in line with the syntax of the three problem-based learning models,
|
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namely student inquiry guidance, in which students investigate the topic of the problem and then
explore it to obtain relevant information [65]. The teacher is a facilitator and guides students
individually and in groups [67]. The role of the teacher in this investigation is in line with the aspect
of seeking social assistance (aspect 8, Fig. 2), in which students seek help from teachers and
classmates. The percentage of aspect 8 in the experimental class is lower than in the control class.
Investigation of problems in the experimental class is far more optimal because of asynchronous
activities. Asynchronous activities allow students to search for information to solve problems without
a time limit [68]. This aligns with seeking information (aspect 3, Fig. 2), where the experimental class
has a more significant percentage than the control class. In the control class, information seeking is
limited only to implementing learning in class, so students' exploration time is less, and students' focus
on problems is reduced. In problem-based blended learning, asynchronous activity can support the
students to prepare to join in class [35], [55], [69], [70] so activities in class are more effective.
Student's focus on the problems presented can be known through follow-up learning carried out by
students. The follow-up aligns with the fourth problem-based learning syntax: developing and
presenting the work after the discussion ends. In the Keeping Records and Monitoring aspect (aspect
4, Fig. 2), students synchronously work on material-related assignments (face to face in class) and
present in a presentation. The percentage of these aspects in the control and experimental classes is
not much different and is relatively high, above 70%. This indicates that the students were interested
in the learning activities design compiled. High interest in the learning process affects students'
understanding [71], [72]. This understanding makes it easier for students to carry out aspects of self-
evaluation or self-evaluation (aspect 1, Fig. 2) to review material that has been previously studied
[34], [54], [73]. If problem-based blended learning is often used in the biology learning process, it can
further encourage students to self-regulate in the learning process. Researchers believe it will
positively impact cognitive, affective, and psychomotor, including 21st-century skills.

4. Conclusion

Problem-based blended learning has not shown a significant effect on self-regulation. However,
based on the grouping of self-regulation categories, the experimental class has a more substantial
percentage than the control class. Problem-based blended learning helps students create independent
learning, demonstrated through asynchronous learning, which encourages students to determine the
learning environment, time priorities, and study planning and look for information related to the
problem to be analyzed. Asynchronous activities make synchronous activities more efficient. In the
future, problem-based blended learning must be used continuously to form self-regulation abilities.
The study suggests that the blended learning approach, which integrates asynchronous and
synchronous activities, enhances students' ability to manage their learning environments and time,
leading to more effective and independent learning experiences. These findings underscore the
potential of blended learning to foster critical 21st-century skills, such as self-regulation, critical
thinking, and adaptability, essential for academic success and professional competence.
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