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Abstract: The reality shows that instructors and students are having difficulty implementing
online science education during the pandemic. The purpose of this study was to determine the
effect of collaborative flipped learning (CFL) strategy and socio-cognitive ability on
metacognitive skills and self-efficacy in primary school pre-service teachers who were currently
enrolled in a Basic Science course. This objective was motivated by the current state of education
and teaching, which necessitates the use of technology to facilitate learning activities. This study
employed a quasi-experimental design with a non-equivalent control group and a 2 x 2
MANOVA inferential statistical test. Prior to undertaking the inferential statistical test, we ran
assumption tests, specifically normality and homogeneity analyses. The analysis results showed
that there was a discrepancy in metacognitive skills between students in the experimental class
who were taught the CFL strategy and those who were instructed the conventional strategy,
indicated by an Fcalculated value of 11.299 and a significance value of 0.001. The analysis results
also showed that there was a significant difference in metacognitive skills between students with
high socio-cognitive ability and those with poor socio-cognitive ability, indicated by an Fcalculated
value of 39.9724 and a significance value of 0.000. It was also found that the interaction between
the learning strategy and socio-cognitive ability influenced students’ metacognitive skills. These
findings suggest that educators should consider cognitive and social factors while implementing
the collaborative flipped learning strategy to help students enhance their metacognitive skills.
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Introduction
At the moment, the science education system has
experienced a sea change. Due to the COVID-19
pandemic, the previous learning plan, which included a
variety of face-to-face interactions in the classroom and
practical activities in the laboratory, proved difficult to
implement. Learning activities have shifted from direct
or face-to-face (offline) to indirect (online). Although
online education is widely accepted as an efficient mode
of instruction in the modern era, science education still
needs to promote student inquiry and discovery. Online
science instruction must emphasize approaches that
engage students actively and collaboratively (Van

Aalderen-Smeets & Van der Molen, 2015). Students’
active participation in learning is critical for equipping
them with the competitiveness and motivation
necessary to succeed in the fast-paced digital era (Amin
& Rosmiaty, 2017).
Field observations indicate that instructors and
students struggle to apply online science learning,
particularly during the COVID-19 pandemic. This
challenge is caused by a lack of information about online
learning design. Educators face constraints in terms of
time and resources when it comes to designing online
learning. Inadequate confidence in coping with systemic
changes during a pandemic might stress educators and
impair their performance when designing online science
instruction (Bevins & Price, 2016). Furthermore,
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educators and students are already accustomed to
traditional classroom-based learning, making it
challenging for them to adapt to the educational
changes.
To shift the conventional learning paradigm, new
strategies that encourage students’ active participation
in the scientific process and are supported by
appropriate
technology
are
required.
The
implementation of proper learning strategies can have
an effect on students’ learning activities (Amin &
Adiansyah, 2018). Collaborative Flipped Learning (CFL)
is a new instructional strategy that aims to assist
instructors and students in developing independent
learning skills at home and in the classroom. CFL
instruction is delivered via online videos and homework
provided to students before meeting face-to-face in
physical classrooms. This is believed to be a more
successful and efficient method. Numerous studies have
demonstrated that using video in CFL learning is more
successful than using direct instruction (Clark & Mayer,
2012; Howland et al., 2014; Mayer, 2009). The current
generation is a millennial generation that enjoys
YouTube videos, and some have taken up the pastime of
recording videos and posting them to the YouTube
website as a YouTuber (Prensky, 2016).
Educators can simply access and produce
instructional videos. Instructions in learning videos can
also be used to assign homework to students. Students
can also be assigned to make videos about their task
outside of class. As a result, pupils have more time to
work independently. Through CFL learning, educators
and students can manage study time (Cole & Kritzer,
2009; Estes et al., 2014), engage actively and interactively
both outside and inside the classroom (Schwarzenberg
et al., 2018), and refine their responsibilities (O’Flaherty
& Phillips, 2015).
Collaborative Flipped Laerning (CFL), which is
based on social and constructivist behavioral theory,
assists educators and students in enhancing learning
activities, increasing motivation and self-regulation
(Akçayir & Akçayir, 2018). This is critical since most of
the theory provided via Flipped Classroom may be
supplemented by direct activities conducted in class due
to the increased time available. In science classes, the
flipped classroom approach has been shown to aid in the
development of stronger scientific conceptions (Ye et al.,
2018). Furthermore, students that engage in
collaborative work can hone their intelligence, abilities,
and perseverance in the classroom (Sumadi et al., 2017).
Combining these two strategies is expected to improve
higher-order thinking skills such as metacognitive skills.
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Socio-cognitive regulation and monitoring are
critical for the success of CFL learning. Numerous
studies have examined how collaborative learning
affects socio-cognitive control. Collaborative learning
behavior characterizes knowledge-building activities
resulting in sharing cognition (Van den Bossche et al.,
2006). A multiple regression analysis has revealed that
the interpersonal context (interdependence, task
cohesiveness, psychological security, and group
potential) influences the social aspect of collaborative
learning behavior, which in turn increases the attitude
toward sharing cognition. Team intelligence in group
learning is positively related to the primary component
of social cognition, namely information processing. To
be successful in learning, learners must develop a
variety of competencies and skills earned through social
interaction (Amin et al., 2017).
Additionally, current research on collaborative
learning has emphasized group structure and
composition, as well as group task regulation that affects
achievement and learning outcomes (Dillenbourg, 1999;
Sumadi et al., 2017). Some studies employ metacognitive
dynamics, motivation, and emotion to facilitate the
formation of shared knowledge (Khosa & Volet, 2014).
The researchers also linked socio-cognitive and
metacognitive elements to aspects of team regulation.
There are, however, few studies that examine how
several characteristics interact during the process of
developing shared knowledge, organizing, and
monitoring collaborative flipped classrooms to affect
metacognitive skills.

Method
The pre-test/post-test control group design was
utilized in this quasi-experimental investigation. The
study involved 60 students from the primary school
teacher education study program who were taking a
basic science course. They were divided into two parallel
classes. One parallel class served as an experimental
group that engaged in collaborative learning in a flipped
classroom setting. Meanwhile, the other class served as
a control group taught using conventional methods of
instruction. The intervention lasted six weeks, from
August to October 2021. The dependent variable in this
study was collaborative learning in a flipped classroom
setting vs in a traditional classroom. The independent
variable was metacognitive skills, while the moderator
variable was socio-cognitive ability.
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Figure 1: Research Design
The participants’ socio-cognitive aptitude was
assessed using a questionnaire with a graded scale. The
instrument was structured as a series of 50 statements.
The questionnaire statements were constructed based on
four socio-cognitive domains: cognitive regulation, selfregulation, emotional regulation, and social regulation.
The questionnaire used the Likert scale. It was derived
from a variety of previously produced theories and
instruments. Metacognitive skills were measured using
a modified version of Corebima’s (2017) higher-order
thinking test.
The study was done across eight meetings in the
odd semester and included a pre-test, treatment
sessions, and a post-test. The pre-test activity was
conducted during the first week, with students
completing the socio-cognitive questionnaire and
answering questions regarding metacognitive skills.
Following that, treatment was administered to both the
experimental and control groups.
The Kolmogorov-Smirnov test was performed to
determine whether the data were normally distributed.
The test was then followed with Levene’s test to

determine the degree of variance homogeneity between
treatment groups. The normality and homogeneity of
variance tests indicated whether the parametric test
could be employed. Finally, ANOVA was used to
conduct parametric testing with the assistance of SPSS.

Result and Discussion
The Results of the Assumption Tests
Prior to analyzing the data using the inferential
statistics, assumption tests were conducted. The data
analysis consisted of normality test, homogeneity of
variance test, and ANOVA test.
Normality Test Result
Normality test was conducted to examine whether
the research data were distributed normally. Normality
test was conducted using Shapiro-Wilk test, where data
distribution was claimed normal if the significance value
was bigger than 0.05.

Table 1: Normality Test Result
Variable
Treatment Group
Metacognitive skills
Socio-cognitive ability
Metacognitive Skills

Group

Shapiro-Wilk
Statistics

Sig.

Remarks.

Experimental
Control

0.963
0.967

0.366
0.463

Data distributed normally
Data distributed normally

High
Low

0.967
0.965

0.297
0.646

Data distributed normally
Data distributed normally

Normality test on the effect of Collaborative
Flipped Learning on metacognitive skills showed a
significance value of 0.366 for the experimental group
and 0.463 for the control group. These values are bigger
than the referred significance value of 0.05. Therefore, it
was claimed that the data were distributed normally.
Normality test on the effect of socio-cognitive
ability on metacognitive skills showed a significance
value of 0.297 for high socio-cognitive ability and 0.646
for low socio-cognitive ability. These values are bigger

than the referred significance value of 0.05. Therefore, it
was confirmed that the data were distributed normally.
Homogeneity of Variance Test Result
Homogeneity test was conducted to determine
whether the variance between treatment groups were
homogeneous or not. Levene’s test was run to examine
data homogeneity, where variance was claimed
homogeneous if the significance value was bigger than
0.05.
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Table 2: Homogeneity of Variance Test Result
Variables

Levene’s
Statistics

Sig.

Remarks

Treatment Groups
Metacognitive Skills

0.035

0.852

Homogeneous
variance

Socio-Cognitive
Metacognitive Skills

0.561

0.457

Homogeneous
variance

Table 3: Descriptive Statistics Analysis
Variable
Group
SocioCognitive
Metacogni- Experimental High
tive Skills
Low
Control
High
Low

Mean St.dev
65.45
56.00
59.15
55.10

3.14
2.83
4.49
4.89

Homogeneity test showed a significance value of
0.852 for Collaborative Flipped Learning on
metacognitive skills and 0.457 for socio-cognitive ability
on metacognitive skills. These values are bigger than the
referred significance value of 0.05. Therefore, it was
confirmed that the variance between treatment groups
was homogeneous. were distributed normally.

Descriptive statistics showed a mean score of 65.45
for the experimental group with high socio-cognitive
ability (standard deviation of 3.14), and 56.00 for the
experimental group with low socio-cognitive ability
(standard deviation of 2.83). The analysis further
showed a mean score of 59.15 (standard deviation of
4.49) for the control group and high socio-cognitive
ability and 55.10 (standard deviation of 4.89) for the
control group and low socio-cognitive ability.

Descriptive Statistics Analysis
A descriptive test was used to determine the overall
description of the research data, by examining the mean
and standard deviation of students’ metacognitive skills
based on the Collaborative Flipped Learning strategy
and socio-cognitive ability.

Hypothesis Testing
Hypothesis testing in this study was performed
using ANOVA. The hypothesis testing aimed to test the
effect of Collaborative Flipped Learning strategy and
socio-cognitive ability on metacognitive skills.

Table 4: ANOVA Test Result
Hypothesis
Learning strategy on metacognitive skills
Socio-cognitive ability on metacognitive skills
Interaction between learning strategy and socio-cognitive ability on metacognitive
skills

Effect of Flipped learning strategy on metacognitive skills
Hypothesis testing showed F-calculated of 11.299
and a significance value of 0.001 for the effect of
Collaborative Flipped Learning (CFL) strategy on
metacognitive skills. Since sig < 0.05, it was concluded
that Collaborative Flipped Learning (CFL) strategy had
a significant effect on metacognitive skills, or in other
words the alternative hypothesis was accepted. The
findings of this study are related to the active
engagement of students. The students studied selftaught material outside of class before engaging in faceto-face instruction or participating in constructivist
discussions in class with their classmates. Moreover,
they collaborated to plan and design a small experiment,
conduct the experiment, collect supporting evidence,
and communicate the results through reports.
According to some scholars, student-centered learning,
such as collaborative work and meaningful exchange of
ideas, can foster positive attitudes and improve higher
order thinking skills (Mathabathe & Potgieter, 2017).
Additional empirical data from collaborative flipped
learning corroborated the findings of this study. Flipped
learning has a significant impact on the affective domain
of science learning outcomes (González-Gómez et al.,
2016). In comparison to conventional instruction, flipped

F hit
11.299
39.724
6.356

Sig.
0.001
0.000
0.015

Remarks
Significant
Significant
Significant

learning (FL) promotes a more dynamic learning
environment. Research on the integration of FL strategy
into classroom instruction was also conducted by (Jong
et al., 2019). They found that FL which was integrated
with Inquiry (Flipped Issue-based Inquiry Ride) had a
positive influence on students’ academic achievement.
Metacognitive skills play a critical role in the
development of pupils’ thinking ability and cognitive
processes (Amin et al., 2020). Collaborative Flipped
Learning (CFL) enables students to assimilate content by
watching videos and participating in various classroom
activities such as discussions, collaborations, quizzes,
and projects (Kim et al., 2014). The Flipped Classroom
Strategy can provide students entire control over the
time and pace of their learning, allowing them to save
and review learning materials frequently, so increasing
the success of learning strategies (Alebous, 2021).
Effect of socio-cognitive ability on metacognitive skills
Hypothesis testing showed F-calculated of 39.724
and a significance value of 0.000 for the effect of sociocognitive ability on metacognitive skills. Since sig < 0.05,
it was concluded that socio-cognitive ability had a
significant effect on metacognitive skills, or in other
words the alternative hypothesis was accepted. An
1239
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analysis of the pretest and posttest mean metacognitive
scores revealed that students with strong socio-cognitive
(SC) ability fared much better than students with weak
SC abilities. Students with high SC were more proactive
and conscientious in their task completion. They
demonstrated greater emotional control and were more
receptive to completing learning tasks. They appeared to
be sincere in their desire to succeed. In conclusion, the
SC factor has a considerable effect on students’
metacognitive skills.
This finding is consistent with other prior research
demonstrating the positive influence of socio-cognitive
functioning components, such as emotional regulation,
self-regulation, and motivation, on academic
achievement (Edosa et al., 2018; Mega et al., 2014).
Modifications to one self-regulatory system can
influence the development of another (Blair, 2002). This
condition indicates that when learners regulate their
emotional states, they are better able to rule their
conduct to connect to others and to make use of their
cognitive knowledge to accomplish learning goals.
Learners who can manage their behavior are more
focused and in control of their learning process, which
influences their learning outcomes (Blair & Cybele
Raver, 2015). In other words, students who exhibit a high
level of sociocognitive behavior are more passionate
about completing their assigned activities than students
who exhibit a low level of SC. Socio-cognitive skills can
assist pupils in regulating their own reality, encoding
information, and fostering more positive interpersonal
relationships (Govindaraju, 2021).
Effect of the tnteraction between learning strategy and sociocognitive ability on metacognitive skills
The interaction effect of learning and sociocognitive ability on metacognitive skills was identified
by comparing the interactions between the group taught
Collaborative Flipped Learning (CFL) strategy and the
group taught Conventional learning (CL) and between
the group with high socio-cognitive ability and low
socio-cognitive ability. Statistical analysis showed Fcalculated of 6.356 and a significance value of 0.015,
which is less than 0.05. Therefore, it was concluded that
the interaction between Collaborative Flipped Learning
(CFL), Conventional learning (CL), high socio-cognitive
ability and low socio-cognitive ability had a significant
effect on students' metacognitive skills.
These findings corroborate recent studies by
Rorimpandey (2019) and Sukmawati et al. (2019), which
highlight the interaction effect of learning approaches
and behavioral variables such as self-efficacy and social
skills on conceptual understanding. Students who
participate in cooperative learning can increase
metacognitive skills, particularly in the monitoring
component (Pesout & Nietfeld, 2020). Additionally, this
study’s findings indicate that social contexts in the
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classroom and social environment influence the
development of students’ metacognitive skills,
particularly in terms of motivation. This bolsters the
notion that intrinsic motivation is a necessary
component of learning.
In essence, many people rely on metacognition in
order to engage in active learning (ALshammari, 2015).
The metacognitive approach enables students to assess
their learning progress and consequently provides
useful recommendations (Herrera et al., 2011). Sociocognitive information can influence how students
metacognitively evaluate their own assumptions, which
has an effect on the self-regulation process and on how
they perceive their competences (Schnaubert et al.,
2021).

Conclusion
Based on the findings and discussion above, some
conclusions. There was a substantial difference in
metacognitive skills between students taught with
Collaborative Flipped strategy (experimental group)
and those taught with conventional strategy (control
group); the experimental group achieved better than the
conventional group in terms of a metacognitive test.
Besides that, there was a significant difference in
metacognitive skills between students with high sociocognitive ability and those with low socio-cognitive
ability. Students with high socio-cognitive ability
performed better than students with low socio-cognitive
ability in terms of metacognitive skills. The interaction
between learning strategy (CFL or conventional) and
socio-cognitive ability (high or low) had an effect on
students’ metacognitive skills.
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