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ABSTRACT ARTICLE
This study reports an empirical research of metacognitive skills and self-regulated learning INFORMATION
of prospective chemistry teachers through the implementation of metacognitive skill-based Received:
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teaching materials. This research involved 73 prospective chemistry teachers from Accepted:
Universitas Negeri Surabaya, Indonesia, who were studying solution chemistry matter. 23.05.2021
The metacognitive skills of prospective chemistry teachers were obtained by the essay tests,
in accordance with indicators of metacognitive skills and questionnaires to measure KEYWORDS:

prospective chemistry teacher” self-regulated learning. The data analysis use percentage,
n-gain, mean, standard deviation, and simple correlation Pearson Product Moment. The
results showed that (1) the majority of prospective chemistry teachers had metacognitive
skills and self-regulated learning in “high” and “very high,” category of and (2) a positive
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and significant correlation between metacognitive skills and self-regulated learning. In teaching materials.

summary, the implementation of metacognitive-based teaching materials improved the
metacognitive skills, build self-regulated learning, and metacognitive skills have a
significant correlation on self-regulated learning with positive correlation.

Introduction

Chemistry is a branch of science that studies the nature, structure, change, laws, and principles
that describes the changes, concepts, and theories that interpret these things (Effendy, 2006). One of the
important topics in chemistry is solution chemistry. The fundamental concepts in solution chemistry
are colligative properties of solutions, the equilibrium of acid-base solutions, pH, hydrolysis, buffer
solutions, and titration. Those concepts are usually taught in both basic chemistry in the first year and
analytical chemistry in the third year to prospective chemistry teachers. However, various research
findings have expressed difficulties with concepts related to the concept of acids and bases (Chaiyapha
et al., 2011; Metin, 2011) the concept of pH (Watters & Watters, 2006), and the concept of colligative
properties (Pinarbasi, 2009) in prospective chemistry teachers and learners. This shows that chemistry
learning that is usually carried out is still not optimally empowering learners' potential. This is partly
due to the lack of empowerment in learners' thinking because the majority of the perception of
chemistry learning is only memorizing the material (Sirhan, 2007).
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The development of 215t century science requires prospective chemistry teachers and learners to
be able to compete by developing knowledge and skills. Chemistry also has the main goal of acquiring
an organized bunch of knowledge and skills in solving problems. Problem-solving is a complex
cognitive activity involving number of processes and strategies (Funke, 2010). The problem-solving
skills can be achieved if the solver has relevant knowledge and principles in mind (Cooper & Sandi-
Urena, 2009). So, the success of prospective chemistry teachers and students in completing assignments
is very dependent on their awareness of what they know and how to apply them. Awareness will
encourage prospective chemistry teachers and learners to be sensitive and critical in controlling the
learning progress that they have achieved and will always evaluate themselves regarding their
strengths and limitations in achieving a certain understanding.

Individuals” knowledge to control their ability in arranging, monitoring, and re-examining their
understanding and action in solving a problem is closely related to metacognitive skills. Metacognitive
skills are an important goal and focus of education in Indonesia and even the world lately (Asyari, 2016;
Bakirci & Cepni, 2016) which are simply defined as thinking about own thinking of individuals (Jaleel
& Premachandran, 2016). Metacognition is one of the innovative skills in 21+t century learning and high-
level cognition processes that include thinking about knowledge and how to gain that knowledge
through a reflective process. In line with that opinion, Thomas (2012) believed that metacognition is the
key to following developments in 21st century science education. Garrett et al. (2007) reported that the
integration of metacognitive skills in learning chemistry will encourage students to explicitly carry out
learning activities that have been previously designed, evaluate their understanding, decide on the
learning process, and determine the ease of learning to improve their learning outcomes.

Metacognitive skills are one of the most important pedagogical skills in teacher preparation and
professional development programs to ensure that prospective chemistry teachers do the right learning
activities in the classroom. Prospective chemistry teachers are expected to continue and realize the goals
of national education, namely the intellectual life of the nation's children. Prospective chemistry teachers
who have good metacognitive skills can not only be successful in academy, but they are also believed
to be able to facilitate their future students in learning well (Jiang et al., 2016; Zhao et al., 2014). In
addition, future students with good metacognitive skills can only be raised by prospective chemistry
teachers with good metacognitive skills (Demirel et al., 2015). However, the results of the previous study
indicated that science teachers still have weak pedagogical practices and it is necessary to enhance
teachers’ skills in active teaching (Bawaneh, 2019).

To sum up, those metacognitive skills are a process. In other words, it is a continuous activity and
not an activity that only occurs for a moment, requiring learning efforts and exercises. Metacognitive
skills can be an interest generator by using cognitive processes to reflect on self-cognitive processes.
Metacognitive skills are very important because knowledge about cognitive processes can guide
prospective chemistry teachers in developing and choosing strategies to improve their own
performance. Metacognitive skills consist of planning, monitoring, evaluation (Hacker et al., 2009).
Thus, it can work together to shape prospective chemistry teachers into self-regulated learners.

Every teacher should have self-regulated learning. It is an active and constructive process in
which a person is capable to set goals for their learning and then try to monitor, regulate, and control
their cognition, motivation, and behavior, guided and limited by goals and their contextual features in
the environment (Boekaerts et al., 2000). Self-regulated learning is a learning activity carried out by a
person with his freedom in determining and managing his teaching materials, time, place, and utilizing
the necessary learning resources (Rajabi, 2012). Every person who commits to continue to higher
education is required to study more independently and not only rely on what thought in the class
(Santrock, 2002). In fact, quite number of prospective chemistry teachers have difficulty in fulfilling the
higher education requirements, including un-regulated self-learning to finish lecture assignments
(Hassel & Ridout, 2018). Peng (2012) also found that learning process in higher education requires self-
regulated learning process which give more emphasizes to action rather than thinking. This condition
occurs because prospective chemistry teachers are lack of the skills in how to understand thinking skills
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and thought processes. This resulted in the occurrence of instant learning so that in the long run, the
learning process becomes less meaningful.

In addition, prospective chemistry teachers should be capable to work on class assignments that
require planning and time management (Adebayo, 2015). This situation is in accordance with the
learning process standard in higher education which has several characteristics, such that the learning
achievements of graduates are achieved through a learning process that (a) adjust to the demands of the
ability to solve problems in the realm of their expertise, (b) concern with the internalization of material
properly and correctly, and (c) prioritize the development of independence in seeking and finding
knowledge (Ministry of Research, Technology and Higher Education Regulation, 2015). This situation
is strengthened by learning in the 21st century which must develop a vision of educating by
implementing independent character through a program of strengthening character education
(Presidential Regulation, 2017).

In summary, a person who has high self-regulated learning can manage their learning activities
beginning from the preparation, implementation, and evaluation stages. This is in line with the research
results that prospective chemistry teachers are required to have self-regulated learning, design their
own learning in accordance with the learning objectives, select strategies and implement learning plans,
monitor learning progress, and evaluate learning outcomes and compare with certain standards
(Kuiper, 2002).

Metacognitive Skills

Metacognitive skills are the skills to process thinking including planning, monitoring, and
evaluation skills. (Hacker et al., 2009). Metacognitive skills are required for pre-service teachers to
understand how the task was carried out (Rivers, 2001). Therefore, it is very necessary for solving
problems or assignments. A learning concept strengthening the metacognitive skills focuses on how
prospective chemistry teachers participate in designing what they want to learn, monitoring the
progress of their learning outcomes, and assessing what they have learned in solving problems. This is
in accordance with the keywords of work ability in the description of the Indonesian Qualification
Framework level 6 (undergraduate program) which are to apply, study, make designs, utilize science
and technology, and solve problems (Ministry of Education and Culture, 2014).

Metacognitive skills in learning chemistry are needed to solve chemical problems (Kipnis &
Hofstein, 2007). Cohors-Fresenborg and Kaune (2007) summarized the components of metacognitive
skills into 3 activities which are carried out in problem solving consisting of (1) Planning Process. In
this process, prospective chemistry teachers are required to predict what will be studied, how the
problem will be mastered and the impression of the problem being studied, and plan the right way to
solve a problem; (2) Monitoring process. In this process, prospective chemistry teachers need to ask
themselves with questions like “what do I do?”, ”What is the meaning of this problem?” and “How
should I solve it?”; (3) Evaluation process. In this process, prospective chemistry teachers make a
reflection to find out how knowledge has been mastered, and what actions or improvements must be
taken. Based on expert opinions and the results of these studies (Cohors-Fresenborg & Kaune, 2007;
Kipnis & Hofstein, 2007), metacognitive skills are such an essential part of the learning process.
Metacognitive skills are the basic potential skills that needs to be developed in prospective chemistry
teachers. Prospective chemistry teachers who have metacognitive skills are those who have the
knowledge and control of their thinking and learning activities in solving problems and understanding
the extent of their success in learning.

By using metacognitive skills, prospective chemistry teachers will be able to acknowledge their
best learning process, determine appropriate learning methods according to their own abilities, solve
problems in learning both related to the problems given by the instructor or problems that come up to
the learning process, and understand the extent of success that has been achieved in learning (Cooper
& Sandi-Urena, 2009; Rompayom et al., 2010).
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Metacognitive-Based Teaching Materials at Solution Chemistry

Basic chemistry courses are held for all chemistry, biology, physics, and mathematics students
at the Faculty of Mathematics and Natural Sciences, Universitas Negeri Surabaya. To meet the standards
of the learning process, it is necessary to develop teaching materials, one of which is the solution
material. In accordance with the characteristics of the Ministry of Research, Technology and Higher
Education No. 44 (2015), the development of teaching materials will enable lecturers to easily present
lecture materials. This is in accordance with the results of Nasrudin and Azizah’s (2010) that the
development of science teaching materials in junior high schools could improve the quality of learning.
Consequently, the results are strengthened by Azizah and Nasrudin’s (2018) that the implementation
of teaching materials in the group investigation cooperative model could empower students’ thinking
abilities in mastering concept learning.

Metacognitive-based teaching materials are required. This is based on the opinion that the
development of metacognitive skills is necessary for students in solving chemistry learning problems
(Rickey & Stacy, 2000; Schraw, 2001). To improve the quality of basic chemistry learning at the Faculty
of Mathematics and Natural Sciences, Surabaya State University, metacognitive-based teaching
materials have been developed, consisting of lesson plans, worksheets, and metacognitive assessments.
Teaching materials that have been developed and implemented in this study already have criteria both
in construct validity, content validity, and in accordance with metacognitive skills, namely, planning
skills, monitoring skills, and evaluation skills (Azizah & Nasrudin, 2016).

Self-Regulated Learning

Self-regulated learning is defined as the degree of metacognition, motivation, and behavior of
individuals in the learning process undertaken to achieve learning goals (Zimmerman, 2008;
Zimmerman & Martinez-Pons, 2001). According to Boekaerts and Cascallar (2006), self-regulated
learning occurs if a person can control and direct their cognitive processes and motivation to achieve
their learning goals. From the social-cognitive perspective that asserted by several experts (Boekaerts et
al., 2000; Pintrich, 2000). There are three parts for the processes of self-management in learning
independence and beliefs that get along with it, (1) forethought, which refers to the respective processes
that will influence and the initial beliefs before learning, including task analysis and self-motivation
beliefs; (2) performance or volitional control, which refers to the processes occur during learning that
affect concentration and performance, including self-control and self-observation; and (3) self-reflection,
which refers to the processes occur after learning and students’ reactions to the learning experience,
including self-judgment and self-reaction.

According to Santrock (2007), the potential within someone can be achieved by applying self-
regulated learning, not depending on others. Prospective chemistry teachers can actively participate in
determining what will be learned and how to learn it. Self-regulated learning can free up prospective
chemistry teachers in describing their ideas, interests, and talents. The need for prospective chemistry
teachers' self-regulated learning is supported by several researches (Boekarts et al., 2000; Moseki &
Schulze, 2010). Moseki and Schulze (2010) found that a person who had independent learning was often
high-achieving individuals. Likewise, Boekarts et al. (2000) stated that success in education is based on
a person’s level of independence.

Dependence of Self-Regulated Learning on Metacognitive Skills and Its Teaching
Materials

Metacognitive skills play an important role in shaping self-regulated learning (Peter, 2000;
Shannon, 2008). The teaching materials developed regarding metacognitive skill-based will lead
individuals to have a good self-regulated learning. A self-regulated learner tends to learn better; can
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monitor, evaluate, and manage their learning effectively; save time in completing their work; organize
learning and time efficiently; and obtain high scientific value (Hargis, 2000).

Referring to various data mentioned above, it is clear that there is a connection between
metacognitive skills and self-regulated learning. Metacognitive skills and self-regulated learning in
mastering concepts need to be developed by training from an early age. This internalized mindset will
carry over to life in society. But unfortunately, not many studies have revealed that how the connection
of metacognitive skills on the level of self-regulated learning of prospective chemistry teachers. This
study aims to understand more deeply the profile of the metacognitive skills and self-regulated learning
of prospective chemistry teachers through applying the metacognitive-based teaching materials in
mastering concepts. Further, it revealed how the statistically correlation between metacognitive skills
and self-regulated learning in understanding the concepts of solution chemistry use metacognitive skill-
based teaching materials.

Methods

General Background of Research

This type of research was pre-experimental. Research testing was conducted using a one-group
pretest-posttest design (Fraenkel & Wallen, 2009). Prior to the teaching intervention, pretests were
administered to determine metacognitive skills and self-regulated learning of prospective chemistry
teachers. Then, prospective chemistry teachers use metacognitive skill-based teaching materials at
solution chemistry matter in the learning process with a pattern of learning problem solving activities
through metacognitive skills include planning skills, monitoring skills, and evaluation skills. Finally, to
reveal the profile of metacognitive skills and learning independence in mastering the concept, a posttest
was given. Posttest is also used to determine the significance and direction of the relationship between
two variables (metacognitive skills and self-regulated learning) by using the Pearson Product Moment
method. The realization and implementation of metacognitive skill-based teaching materials in the
lecture process used the lecture lesson plans, student worksheets, metacognitive skills tests, and self-
regulated learning inventories.

Participants of Research

The target population of this study was all students in the 2018-2019 academic year at the
Department of Chemistry, Universitas Negeri Surabaya, Indonesia. The samples of the study consisted
of three parallel classes drawn from 73 prospective chemistry teachers who were studying solution
chemistry in a basic chemistry course at the Department of Chemistry. The sample was selected by using
the purposive sampling technique. This sample selection technique focused on the similarity of
characteristics, namely prospective chemistry teachers in the first year who were studying solution
chemistry in a basic chemistry course and has a relationship with the topic being studied.

Instrument and Procedures

The instruments used for metacognitive skills and self-regulated learning were essay tests and
questionnaires, respectively. The instruments have been developed in previous studies, that was,
metacognitive skill-based chemical concept mastery tests in the form of essays consisting of 12 items
about solution chemistry matter arranged by indicators of metacognitive skills, namely, goal-setting
(P1), identifying the known knowledge (P2), determining the learning strategies (P3), monitoring the
relevance of existing knowledge to the used learning strategies (M1), monitoring the achievement of
objectives in making conclusions (M2), and evaluating thought processes and outcomes (E). The
metacognitive skills-based chemical concept mastery tests have been validated with results of the
content and construct validity was shown to be very valid for all questions and had 0.88 reliability
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revealed in Cronbach’s alpha (Azizah & Nasrudin, 2016). In addition, this study also used self-regulated
learning (SRL) questionnaire with a 5-point Likert scale response format that had values ranging from
those were very appropriate (5), appropriate (4), hesitant (3), not appropriate (2), and very inappropriate
(1) onindicators of self-motivation belief, task analysis, self-control, self-observation, self-judgment, and
self-reaction. The indicators respectively have been validated with results of the content and construct
validity were shown to be very valid and had 0.93 reliability revealed in Cronbach’s alpha (Azizah et
al., 2014).

As already mentioned, this research was carried out in the Basic Chemistry Course, with the
learning materials consisting of the colligative properties of solution, equilibrium of acid-base solutions,
hydrolysis, common-ion effect, buffer solutions, solubility product constant, and titration. Classes were
taught directly by researchers because the researchers are developers of metacognition-based teaching
materials. So, they are able to implement these metacognition-based teaching materials better.

The pattern of learning activities in the classroom is carried out by applying metacognitive skills
including planning skills, monitoring skills, and evaluation skills using metacognitive skills-based
teaching materials with the following stages: (1) in planning skills, the lecturer presents
problems/phenomena that are often encountered in everyday life which are presented at the beginning
of the student worksheet. Furthermore, prospective chemistry teachers independently identify
problems in phenomena using known knowledge, set goals, and determined learning strategies to solve
problems, (2) in monitoring skills, prospective chemistry teachers discuss completing the task through
practicum activities in the laboratory or using various learning resources in order to find the truth of a
concept according to the problem/task given by the lecturer while monitoring the relevance of known
knowledge with the learning strategies. Furthermore, presenting the results of the discussion in front of
the class while monitoring the achievement of objectives in making conclusions, and (3) in the
evaluation skills, prospective chemistry teachers conduct self-evaluation of the processes and results of
thought that have been carried out.

Data Analysis

The data analysis technique used in this research was descriptive analysis. Qualitative
descriptive analysis was used to form a description of information based on certain categories. On the
other hand, quantitative descriptive analysis is the percentage, mean, standard deviation, used to
determine the increase in metacognitive abilities using descriptive analysis techniques with N-Gain
(Hake, 2002) between pretest and posttest on the metacognitive skills test.

The N-Gain formula refers to Hake (2002), which is:

% actual gain % posttestscore — % pretestscore

(@ = % potential gainx h 100 — % pretestscore

N-Gain analysis determines the category of improvement of student’s metacognitive skills,
categorized as follows: (1) “high gain” if g > 0.7, (2) “medium gain” if 0.3 < g <0.7, and (3) “low gain” if
g <0.3 (Hake, 2002).

To find out the student’s SRL, a descriptive analysis technique was used with the grouping of
SRL based on the calculation of the ideal mean and ideal standard deviation and categorized according
to Arikunto (2006), namely, (1) very high (X > M + 1.5 SD), (2) high (M + 0.5 SD < X <M + 1.5 SD), (3)
moderate (M - 0.5 SD <X <M + 0.5 SD), (4) low (M -1.55SD <X <M - 0.5 SD), and very low (X<M - 1.5
SD).

After the measurement for each item in the variable, the next step was to do hypothesis testing
began with the prerequisite tests to find out the data was normally distributed. The normality test was
carried out on variable metacognitive skills and variable self-regulated learning. The normality test used
the Kolmogorov-Smirnov test with the criteria for a significance value of p > 0.05. So, the data were
normally distributed. After making normality for each variable, the next step was analysis simple
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correlation Pearson Product Moment to test the presence/absence of a relationship and the direction of
the relationship between two or more variables. The relationship between metacognitive skills and self-
regulated learning of prospective chemistry teachers' at the use of metacognitive skills-based teaching
materials was analyzed by using regression analysis.

Findings

The achievement of metacognitive skills indicators is presented by research data which showed
that the most of the prospective chemistry teachers had metacognitive skills in the “high” and “very high”
categories of all indicators (Figure 1). However, there were still some prospective chemistry teachers who
had the skills under metacognitive category “medium” on indicators P2, P3, M1, M2, and E and “low”
on indicators M1 and E.

Figure 1

Profile of metacognitive skills in solution chemistry
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The results of this study are also supported by N-Gain results on all indicators of metacognitive
skills in the “high” category, except for the M1 indicator with the “medium” category (Table 1). This
means that learning activities can improve the indicators of metacognitive skills.

Table 1
The Average Initial Tests, Final Tests, and N-Gain of Each Metacognitive Skills Test Indicator

Indicators Average initial tests Average final tests N-Gain and criteria
P1 28.66 92.58 0.90 (High)
P2 25.00 78.32 0.71(High)
P3 21.24 82.84 0.78 (High)
M1 22.66 73.78 0.66 (Medium)
M2 19.24 78.87 0.74 (High)
E 13.66 74.90 0.71 (High)

The results in Figure 1 shows that there were still a number of prospective chemistry teachers who
had low ability in indicators of monitoring the relevance of the known knowledge to the learning
strategies used and also evaluating teaching processes and outcomes.
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Table 1 shows that the majority of prospective chemistry teachers had mastered the concept of
solution chemistry matter and most of the indicators of metacognitive skills had high N-Gain, which
means that prospective chemistry teachers has been able to improve metacognitive skills.

One of the most important findings of this study was the majority of prospective chemistry
teachers already had high and very high SRL in the indicators of self-motivation belief, task analysis,
self-observation, self-judgment, and self-reaction, as presented in Figure 2. The findings of the study left
few pre-service teachers who had low SRL in the indicators of self-motivation belief (0.94%), task
analysis (4.67%), self-control (4.67%), self-observation (3.74%), self-judgment (8.41%), and self-reaction
(0.94%). The self-control indicator indicates that the majority of prospective chemistry teachers had
moderate performance.

Figure 2

Profile of Self-Regulated Learning in Solution Chemistry
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The achievement of indicators from SRL as shown by the research findings (Figure 2) exhibited
that the majority of prospective chemistry teachers had “high” and “very high” SRL, although there were
a number of prospective chemistry teachers who had “low” SRL in all indicators and “very low” on the
self-control indicator.

The research hypotheses were tested through the Pearson Product Moment correlation analysis.
Before being analyzed through Pearson Product Moment correlation, the data were analyzed using the
normality test. The results of the normality test can be seen in Table 2.

Table 2
Test of Normality
Kolmogorov-Smirnov?
Statistic df Sig.
Metacognitive Skills .086 73 .200%
Self-Regulated Learning .098 73 079

a. Lilliefors Significance Correction
*. This is a lower bound of the true significance.
N 73

Based on the findings of the analysis in Table 2, it can be seen that the metacognitive skills data
was normally distributed with a significance value of 0.200 > 0.05, and the self-regulated learning data
was also normally distributed with a significance value of 0.079 > 0.05. Because the normal assumptions
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have been fulfilled, it is followed by hypothesis testing using the Pearson Product Moment correlation
analysis. The findings of the Pearson Product Moment correlation analysis can be seen in Table 3.

Table 3
Correlations
Metacognitive Skills Self-Regulated
Learning
Metacognitive Skills Pearson Correlation 1 232
Sig. (2-tailed) .039
N 73 73
Self-Regulated Pearson Correlation 232 1
Learning Sig. (2-tailed) .039
N 73 73

Based on the findings of hypothesis testing, it can be seen that there was a significant
relationship between metacognitive and self-regulated learning with a significance value of 0.039 <0.05.
This means that HO is rejected and the research hypothesis "there is a relationship between
metacognitive skills and self-regulated learning of prospective chemistry teachers on the use of
Metacognitive Skill-Based Teaching Materials in solution chemistry" is accepted. The result of Pearson
Correlation calculation shows that the correlation coefficient is 0.232. This means that there is a
relationship between metacognitive skills and self-regulated learning was positive and significant but
weak.

The results of the regression analysis related to the correlation between prospective chemistry
teachers’ metacognitive skills and self-regulated learning at the implementation of metacognitive skill-
based teaching materials can be seen in Table 4 and Table 5.

Table 4
Regression Coefficients of Correlation between Metacognitive Skills and Self-Regulated Learning on the Use of

Metacognitive-Based Teaching Materials

Model Unstandardized Standardized t Sig
Coefficient Coefficient
B Std. Error Beta
1 (Constant) 30.078 8.218 3.146 .202
Metacognitive skills .340 .075 401 4.560 .000

Table 5
Regression Related to the Correlation between Metacognitive Skills and Self-Regulated Learning Results on the

Use of Metacognitive-Based Teaching Materials

Model R R Square Adjusted R Square Std Error of the Estimate
1 4437 196 181 4.19364

Note. a. Predictors: (Constant), metacognitive skills

Table 4 shows that the regression equation is Y = 0.340X + 30.078. The regression coefficient of
0.340 shows that each metacognitive skill increases by 1 point, so self-regulated learning will increase
by 0.340 points. Other than that, t = 4.560 with a significance level of 0.000 <0.05, thus Ho is rejected, or
in other words, the variable metacognitive skills have a significant effect on self-regulated learning.
Table 5 shows that the reliability value is 0.196. Thus, it can be concluded that metacognitive skills have
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a contribution as much as 19.6% toward the increase of prospective chemistry teachers’ self-regulated
learning, and the remaining 80.4% is probably the contribution of the other factors, other than
metacognitive skills.

Discussion

The result of this study reveals some important point, first, implementation metacognitive skill-based
teaching materials could improve metacognitive skills. This finding suggests that practicing metacognitive skills
could make prospective chemistry teachers to be aware of learning, plan their learning, control the learning
process, and evaluate the extent of their own abilities and reflect on their learning, including assessing their
weaknesses and strengths. Secondly, the implementation of metacognitive skill-based teaching materials could
build self-regulated learning. It means knowledge of cognition and regulation of cognition have worked together
to shape prospective chemistry teachers into self-regulated learners. Thirdly, there was a positive and significant
relationship between metacognitive skills and self-regulated learning. It means that the higher the prospective
chemistry teachers' metacognitive skills, the higher the level of self-regulated learning and vice versa.

Metacognitive skills refer to higher-order thinking which involves active control in the cognitive process
of learning to solve a problem. In the context of learning, activities such as planning how to approach a given
learning task, monitoring comprehension, and evaluating progress at completing a task are natural
metacognitive. Metacognitive skills can be empowered through training using metacognitive skill-based
teaching materials in learning like the findings in this study which are described as follows. By using
Metacognitive Skill-Based Teaching Materials at Solution Chemistry, prospective chemistry teachers: 1) were
able to manage their learning by applying indicators of metacognitive skills through student worksheets. In
working on student worksheets, each prospective chemistry teacher should take several steps to reach a
conclusion. These stages are: (a) first, prospective chemistry teachers were given a problem/phenomenon that is
often encountered in everyday life which is presented at the beginning of the student worksheet. Prospective
chemistry teachers solved problems by identifying problems in phenomena by using known knowledge (P2),
then goal-setting (P1) and determined the learning strategies (P’3) to solve problems; (b) second, prospective
chemistry teachers solved problems using learning strategies and known knowledge through practice activities
or using other learning resources for finding the truth of a concept according to the problem/task given. At this
stage, prospective chemistry teachers monitored the relevance of existing knowledge to the used learning
strategies (M1), monitored the achievement of objectives in making conclusions (M2); and (c) third, prospective
chemistry teachers evaluated their thinking processes and outcomes (E); (2) By applying indicators of
metacognitive skills, prospective chemistry teachers could improve understanding of each solution chemistry
concept which was characterized by an increase in the mean post-test scores and most of the indicators of
metacognitive skills had high N-Gain, which means that prospective chemistry teachers have been able to
improve metacognitive skills.

This result is in line with previous research that reveals that giving exercise with effective metacognitive
skills developed metacognitive control so that it could improve student understanding (Zhao et al., 2014).
Metacognitive skills are important in learning and constitute a strong predictor of academic success (Dunning et
al., 2003). This finding is also reinforced constructivist theory which lecturers encouraged reflective and
autonomous thinking of students (Slavin, 2009). According to Anderson and Nashon (2006), metacognitive skills
can influence the construction of a student’s mastery of concepts.

The results of this study also found that there were still several prospective chemistry teachers who had
low ability in indicators of monitoring the relevance of the known knowledge to the learning strategies used and
also evaluating thought processes and outcomes. Those difficulties could not be avoided because the prospective
chemistry teachers were still in the training stage in empowering metacognitive skills through various
representations of chemical phenomena that were being studied, as stated by Rivers (2001). Nevertheless, most
of them already had high abilities and got very high on all indicators of metacognitive skills. This finding was
following Costa and Kallick (2001) who stated that metacognitive skills are the ability to know what is known
and unknown; the ability to determine plans and strategies to achieve the information needed; the ability to have
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awareness in taking steps and problem-solving strategies; and the ability to reflect and evaluate the productivity
of thought processes.

The study also found that there was a drastic increase in the self-regulated learning of prospective
chemistry teachers because they managed to build their own knowledge independently, which means that
learning activities were able to shape learning independence so that they could master the concepts as well. These
results are in line with Slavin’s (2009) idea that independent prospective chemistry teachers are the people
who have knowledge of effective learning strategies and when to use them. As performed by the prospective
chemistry teachers in this study, namely determined the learning strategies (P’3) to solve problems according to
the results of problem identification from phenomena in the worksheet.

These results also strengthen that self-regulated learning of prospective chemistry teachers is a form
of individual learning that depends on intrinsic learning motivation and self-motivation beliefs, autonomously
develops measurements (cognition, metacognition, and behavior), and monitors learning progress (Baumert,
2002; Pintrich, 2000). Likewise, student self-regulated learning showed individuals who often get high
achievements were students who had self-regulated learning (Boekarts et al., 2000).

Metacognitive skills correlate with self-regulated learning by positive correlation. Metacognitive skills
as the personal factor for a person to control and manage their learning is correlated for a person's self-regulated
learning. The variable metacognitive skills have a significant effect on self-regulated learning and have a
contribution as much as 19.6% toward the increase of a person's self-regulated learning. This result is in line with
previous research that reveals that both metacognitive skills and self-regulated learning include measuring the
degrees to which individuals are metacognitively, motivationally, and behaviourally active participants in their
own learning processes (Zimmerman, 2002). Previous studies have also shown that general academic averages
could predict levels of self-regulated learning (Rajabi, 2012) and the use of metacognitive skills was positively
correlated to academic achievement in various disciplines (Hakan, 2016) and metacognitive has an impact on
self-regulated learning (Sharaff et al., 2020).

Most prospective chemistry teachers already have self-motivation belief in completing their
assignments. This indicated by the courage of prospective chemistry teachers in setting goals and determining
learning strategies in solving problems/tasks was one of the findings in this study. These results are in accordance
with the results of Marcou and George (2005) in their study, stating that learning independence is closely related
to self-motivation belief. This condition was not much different from the high ability of student task analysis.
Moreover, the results of this study are in accordance with the opinion of Soylu et al. (2008), in which the
characteristics of being independent learners had the habit of making plans and goals. Goal setting and strategic
planning were the embodiments of task analysis (Boekarts et al., 2000).

The same thing also happened to the ability of self-control in making and implementing plans that have
been made. In addition, the ability of self-observation of prospective chemistry teachers in learning was shown
by recording information independently in the portfolio, checking each step in completing assignments, and
using pictures, diagrams, and graphs in learning, understanding, and monitoring work results. For example,
"When a lecturer gives a problem in the form of a phenomenon related to daily life related to solution chemistry,
namely about making ice cream and floating ponds, the ability of self-observation of prospective chemistry
teachers in learning was indicated by recording information what they know about the given phenomenon. The
prospective chemistry teachers immediately gathered facts related to these problems, including identifying the
principle of depression of freezing point in the process of making ice cream and the principle of decrease in
solution vapor pressure.” In this case, each prospective chemistry teacher was immediately enthusiastic about
collecting the known facts. So they were able to identify problems according to what they knew. This is in
accordance with the view of Boekarts et al. (2000) that in monitoring, students must have self-control and self-
observation to form a more personal self-awareness in increasing self-effectiveness. The results of this study are
in accordance with research results which stated that diaries or portfolios can be used to measure the self-
regulated learning of prospective chemistry teachers who monitor the development of processes (Schmitz &
Wiese, 2006).

The ability of selfjudgment and self-reaction was demonstrated by prospective chemistry teachers
in evaluation of themselves against the performance used in completing assignments, by examining the overall
understanding of the problem, calculations, units, and so on, and in assessing the suitability of learning outcomes
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with learning objectives. In addition, prospective chemistry teachers had been able to explain the cause-and-
effect attribution of the results achieved, which showed confidence that the used learning strategy has helped in
understanding the task completion and self-confidence with answers that complete its mission. The results of
this study are in line with the view of Arends and Kilcher (2010) that in decision-making, where students read
or review, correct errors or misunderstandings, and choose more appropriate learning strategies. This opinion
strengthens the understanding that a concept can occur based on the results of self-evaluation and self-reflection
(Wenning, 2006) and learning based on self-assessment will correctly produce meaningful knowledge (Kuiper,
2002).

Limitations of The Research

This study had a limitation, namely, the research only discusses the relationship between
metacognitive skills and self-regulated learning. Though metacognitive skills are very important to be
empowered in the education system because it can strengthen individuals” ability to think at a high
level and increase academic success (Flavell, 2004). In addition, metacognitive skills are a dimension of
knowledge that refers to increase awareness about thinking or cognitive and learning processes.
Thinking is a process that produces a new mental representation through the transformation of
information involving complex interactions between various mental processes, such as judgment,
abstraction, reasoning, imagination, and problem-solving. Therefore, further researches are expected to
be able to discuss the relationship between metacognitive skills and problem-solving or reasoning
processes to improve academic success.

Conclusion and Implications

The implementation of metacognitive skill-based teaching materials can improve the metacognitive
skills, build self-regulated learning of prospective chemistry teachers, and metacognitive skills have a significant
correlation on self-regulated learning with positive correlation. The majority of prospective chemistry teachers
had metacognitive skills and self-regulated learning with high and very high criteria in learning chemistry on
each indicator, including self-motivation beliefs, task analysis, self-control, self-observation, selfjudgment, and
self- reaction. The effectiveness of metacognitive skill-based teaching materials in developing metacognitive
skills and building self-regulated learning of prospective chemistry teachers majoring in chemistry had an
impact on the problem-solving process when students have metacognitive skills, enabling them to conduct
investigations and recognize process in the application of scientific knowledge.

Therefore, for further analysis and study regarding the formation of prospective chemistry
teachers’” SRL must initiate activities that can motivate and give them the opportunity to learn,
understand, and recognize information received in the classroom and in their daily lives. This will make
prospective chemistry teachers more independent in facing new situations. Lecturers must also function
as facilitators by providing opportunities for prospective chemistry teachers in trying to understand by
exploring and investigating themselves.
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