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Abstract: Self-regulated learning is an effort to manage an individual’s learning. This research
aims to 1) determine the strategy of self-regulated learning (SRL) based on problem-solving
toward the learners’ learning outcomes and 2) determine the learning outcome improvement of
the learners in learning by using the SRL based-problem solving. This research is quantitative
research with quasi-experimental type and pretest-posttest control group design. The sampling
technique was purposive sampling. The research population covered all in Senior High School
(SMA 5) Yogyakarta. The samples were from the tenth graders of Mathematics and Science
Program 3 as the control group and Mathematics and Science Program 1 as the experimental
group. The data collection methods consisted of test and non-test. The analysis result were, the
hypothesis test showed that the applied strategy influenced the learners’ learning outcomes and
the learners’ learning outcomes had improvements with the N-gain average score of 0.590,
categorized moderate.
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INTRODUCTION

The success of an educational institution in promoting education to achieve the
national education goal depends on the classroom learning process. Anggo (2011)
argues that appropriate learning strategy implementation based on the learners’
characteristics could direct their thinking skills. Thus, an active, creative, and dynamic
learning process can occur to reach the optimum learning outcomes. It is also important
to encourage the learners’ skills in solving problems. Santrock (2007) revealed that the
learning process could bring a relatively permanent influence for both behavioral,
cognitive, and thinking skill aspects of learners. Therefore, appropriate learning
strategies need to be applied in order to support the development of students' thinking
skills

Lestari, et al. (2017) found that learning was not only about transferring
knowledge. Teaching should be a conscious effort of learners to learn. A conscious
learner could plan properly to reach excellent outcomes. Rerung, et al. (2017) revealed
that physics was not only a set of knowledge about facts, concepts, or principles but it
deals with the learning process that provides direct experience for the learners to
understand the surrounding nature scientifically. Thus, the physics learning process not
only brings students to know nature, but also encourages them to participate in planning
the learning process.

Self-regulated learning (SRL) is a learning strategy with metacognitive skill
indicators during its syntax promotion. Lee & Baylor, (2006) emphasize metacognition
as skills to recognize and monitor an individual's thinking. Thus, his metacognition
process will be different from other individuals based on his skills. Livingston (2003)
argues that cognitive process implementation could be realized by devising a plan by
controlling the metacognition in successful learning. SRL is an important factor in the
learning process and learning outcomes (Sulisworo, et al.,, 2020). Learners with
managing and controlling skills for learning are categorized to have metacognition
(Iskandar, 2014). Every individual will develop his monitoring stage in learning (Nahdi
& Juju, 2016). The learning process should lead to a final score to measure the material
understanding skills (Friskilia & Winata, 2018). Susanto (2013) argues that a successful
level should be stated in scores that are obtained from test results. The terms
metacognition, self-regulation, and autonomous learning frequently appear in
educational literature and are used interchangeably. Many studies about perception or
misperception due to the broader implementation have been done at various educational
levels. They aimed to explore the theoretical and empirical limitations of the three
constructions (Blakey & Spence, 1990; Tan, 2004). SRL is an alternative to be a
suitable learning strategy to improve the learners’ learning outcomes.

Chairani (2013) argues that if an individual encounters a mathematics problem,
he will think about how to solve the problem. The encouragement to solve problems
would trigger ideas to prepare and plan the strategies and to solve the problems. The
skill to develop is called self-regulation. It is an aspect of metacognition knowledge
(Qohar & Sumarmo, 2013). Students who have high metacognition try to learn things
that will become their learning activities easily and get high results, know and use
appropriate, efficient strategies, according to conditions in order to achieve learning
goals (Ayu, et al., 2014). In addition, problem-based learning will also raise students'
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ability to use their scientific concepts in answering problems by presenting supporting
evidence as reinforcement (Agusni, et al., 2017). Gagne (1985) argues if an individual
encounters a problem, he will not only solve the problems but also learn something new.
It can be understood that problem-based learning can not only train problem solving
skills, but also students can gain new knowledge.

According to Yanti, et al., (2017), the application of metacognition-based
learning in physics learning will make it easier for students to solve physics problems.
Zimmerman (1989) explains that self-regulation is an individual process to activate and
maintain cognition, behavior, and achievement-oriented systematic influence of
learners. Armelia & Ismail (2021) states that SRL encourages students to control
themselves and are given the freedom to express themselves, so that in doing learning
students can show their best abilities and do not feel forced. SRL is able to improve
students' ability to plan goals, plan strategies, manage behavior, and evaluate self-
improvement (Winiari, et al., 2019). When SRL is applied, learners can improve their
skills to remain honest, independent, and courageous. It also allows students to
experience new things to check their weaknesses and strengths in learning science.
Thus, their learning outcomes will be achieved.

Lin & Singh (2011) state that problem-solving does not refer to skills to identify
the applied principles in solving problems but also the skill to apply what is learned. It
is from the identification into the new situation with different representations or
features. Saputra, et al., 2019) state that teachers must be aware of appropriate problem-
solving approaches based on the learners’ needs. The eligible learners to solve problems
with a qualitative approach would understand the formulas. On the other hand, learners
with an excellent understanding of calculation should be encouraged to understand
something orally.

The problem-solving process cannot be separated from the problem-solving
stages. The adopted problem solving was IDEAL problem-solving based on Bransford
& Stein  (1993). This problem solving is established from the skills to identify
problems, determine the objectives, recheck, and learn from the problem solving
promoted based on scientific attitudes.

Adolphus, et al., (2013) found that learners with a low understanding of
scientific terms would perform lower in identifying the parameters to calculate and have
lower confidence. The logic of thinking that is less trained and the lack of involvement
in everyday experience also affects students' reasoning in understanding the lesson
(Himawan, et al., 2020). Harmonic vibration concept is contextual and closely related to
everyday life (Malik, et al., 2019). Sugara, et al. (2016) found many learners still had
difficulties understanding the concept of simple harmonic motion. Merhar, et al. (2009)
found that learners also had difficulties determining the direction changes from
oscillating objects. The results of Mahen & Nuryanti (2018) research show that as many
as 82.9% of research subjects are categorized as low in understanding the concept of
simple harmonic vibrations. Himawan & Winarti (2018) found that the standard of
material mastery depended on problem-solving skills. Therefore, integrating problem
solving related to everyday life is needed in teaching the concept of simple harmonic
vibrations, so that students better understand the concept.

Based on the observation of physics learning, Senior High School (SMA 5) 5
Yogyakarta had not been applied Learning SRL as the solution to improve the learners'
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metacognition skills. The achieved learning outcomes of the learners had not been as
expected especially about the material of simple harmonic motion. Many learners had
not accomplished the minimum mastery standards of simple harmonic motion. It was
due to many equations and materials to understand while the learners could not define
the initial problem-solving stage of the question exercise and connect the appropriate
equation for the questions. Rahayu & Hertanti (2020) revealed the necessity to find the
correlation between metacognitive awareness and problem-solving skills quantitatively,
especially in physics learning.

Based on the interview, the learners’ had difficulties understanding and connect
the presented data on the question sheet toward the applied equation to solve the
problems. The observation results of the learning activities showed that learners were
less active during the learning. They had not been habituated and could not determine
what strategies to apply to solve the problems. They tended to wait for the answers and
explanations of the teachers. They also could not find the solution first. This situation
made the teachers ignorant and did not retry or promote self-evaluation. It showed that
the ongoing learning activities had not facilitated the thinking skills in solving problems
and controlling their cognitive activities. It meant they had not met the self-regulation
criteria.

From the explanation, an SRL-based problem-solving strategy must be applied
in simple harmonic motion material. Thus, learners could improve their learning
outcomes and monitor their skills to determine the initial stage in solving physics
problems. Therefore, this research aims to find out the influence of SRL-based problem-
solving strategy to solve the simple harmonic motion toward the learners' learning
outcomes.

METHOD

Research Design & Procedures

This research is quasi-experimental. It took place in Senior High School (SMA
5) Yogyakarta in the even semester, the academic year 2019/2020. The research
procedure was initiated by providing a pretest to find out the initial skill of the learners.
The second stage was - treating the learners with a self-regulated learning strategy
starting from the orientation of learning objectives, self-control, motivation in solving
problems and evaluating learning outcomes. After that, the posttest was given to
determine whether they had improvements in understanding the physics materials or
not. The applied research design is a pretest-posttest control group design.

Population and Sample

The research population took all tenth graders of the Mathematics and Science
Program of Public Senior High School (SMA 5) Yogyakarta. The learners were
studying the simple harmonic motion material. The population consisted of all classes
that study simple harmonic motion, six classes. The total number of learners in the
classes was 216 individuals.

The applied sampling technique was nonprobability sampling with purposive
sampling technique. Two classes were selected as the sample. They were the tenth
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graders of Mathematics and Science program 3 as the control group and the learners
from Mathematics and Science program 1 as the experimental group. The procedure of
treating the groups is shown below.

Table 1. The Treatment Design
Groups Pre-Test Treatment  Post-test

Experimental

Group Y o Y2
Control
Group Vi 0. Y2

Data Collection and Instrument

The data collections were test and non-test techniques. The test technique was a
test method. The test instrument consisted of 10 question items. The questions were
essays. They were grouped into 2 packages. The researchers divided it into two
packages to lose the learners' burdens, to make them focus, and to assess objectively.
The A package consisted of 5 questions while the B package consisted of 5 questions
with skill achievement indicator adjustments. On the other hand, the applied technique
was observation. The observation interview used an observation sheet for the learners
and a self-regulation journal. The instruments were to obtain the learning process
reflection data.

Data Analysis

The researchers analyzed the learning outcome data of learners in solving
problems quantitatively, with descriptive and inferential statistics analysis assisted by
SPSS. The descriptive analysis consisted of an instrument test. It was a validity test with
the V-Aiken formula (Aiken, 1980). Then, the researchers conducted the required test.
The test consisted of a normality test with Shapiro Wilk and a homogeneity test with
Levene test assisted by SPSS 15.0. The researchers tested the hypotheses with Mann
Whitney test, assisted by SPSS 15.0. Fourth, the problem-solving skill improvements
were analyzed with the N-gain score.

RESULT AND DISCUSSION

The requirement test had a purpose to determine the statistics to analyze the
research data. If the data were normally distributed, then the researchers had to use the
parametric statistics method. However, if the data were not normally distributed, the
statistics method would be non-parametric. The requirement test consisted of normality
and homogeneity tests. The normality test took the pre-test scores of the problem-
solving skills from both groups with Shapiro Wilk. The test results are shown in Table
2.

Table 2. The Normality Test of Pretest Results of the Learners’ Problem-Solving Skills with
Shapiro Wilk

Groups Shapiro Wilk Df Sig.
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Experimental
Group 0.890 36 0.002

Control Group 0,912 36 0.007

The pretest score normality could be determined by comparing the result and the
significance, 0.05. If the result is higher than 0.05, the data are normally distributed and
vice versa. Table 2 shows the normality data test of the pretest results. The significance
score of the experimental group is 0.002 and the control group is 0.007. The scores are
lesser than 0.05, meaning that the pretest scores were not normally distributed. The test
results are shown in Table 3.

Table 3. The Normality Test of Post-test of the Learners’ Problem-Solving Skills with Shapiro

Wilk
Groups Shapiro Wilk Df Sig
Experimental 0,793 36 0
Group
Control Group 0,696 36 0

The same rule is also applied for the post-test normality data test. The posttest
obtains a result of significance score for experimental group is 0 and the control group
is 0. It meant both scores’ significances were not normally distributed because they
were lesser than the significant score, 0.05. The normality data test conclusion was
based on the comparison between the counted significance and the significance level,
0.05. Based on the statistics result with Shapiro Wilk, the pretest-posttest data in Table 2
and Table 3 have significances lower than 0.05. Thus, the data were not normally
distributed. Therefore, the hypothesis test used the non-parametric statistics test, the
Mann Whitney test (U-test).

Then, the next one was the homogeneity test of pretest-posttest of both groups
with Levene test. This test had the purpose to ensure both groups were from the
homogeneous sample. In this test, data with non-normal distribution can be used but the
data should be continuous. The Levene test of both groups’ pretests is shown in Table 4.

Table 4. The Homogeneity Data Test of both Groups’ Pretests with Levene Test
The Levene Test Df 1 Df 2 Sig.

3,591 1 70 0,062

Data is considered homogeneous if the significance based on the mean is 0.05. If
the significance-based mean higher than 0.05, the data variance of the pretest is
considered homogeneous and vice versa. Table 4 shows the homogeneity test results of
both groups’ pretests. They obtain a significance of 0.062, higher than 0.05. Thus, the
data are from both groups are homogeneous. Then, the homogeneity test results of both
groups’ posttest could be seen in Table 5.
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Table 5. The Homogeneity Test of both Groups’ Posttest Data with the Levene Test
The Posttest Results of both Groups
The Levene test Df1 Df 2 Sig.
1,723 1 70 0,194

The posttest data homogeneity can be determined from the comparison of the
calculation and the significance-based on mean, 0.05. If the significance score is higher
than 0.05, then the data variance of the posttest is homogeneous and vice versa. Table 5
shows the posttest data results of both groups obtain a significance of 0.194, higher than
0.05. Thus, it can be concluded the data are homogeneous.

The hypothesis test of this research used Mann Whitney since the normality test
proved the data were not normally distributed. Therefore, this research used the
independent sample test with two samples from experimental and control groups. In this
case, they were not correlated at all. The hypothesis of the posttest data for both groups
is shown in Table 6.

Table 6. The Hypothesis Test of both Groups’ Posttest with Mann Whitney test

Tests Learning Outcomes
Mann-Whitney U 333.500
Wilcoxon W 999.500
z -3.677
Asymp. Sig. (2-tailed) .001

The decision based on the statistics test is if the Zcount lower than the Ztable
and the significance is higher than 0.05, Ho is accepted while Ha is denied and vice
versa. Table 6 shows the hypothesis test of both groups’ posttest data obtained a Z score
of -3.677 (either positive or negative is not calculated). The direction of the Z count was
compared with the Ztable, -1.96. The Zscore and the significance score of the posttest
showed Zcount higher than Ztable (-3.677 > -1.96) and the significance (2-tailed) 0.001
or lesser than 0.05. Thus, Ho is denied and Ha is accepted. It means the self-regulated
learning-based problem solving influenced the learners’ learning outcomes.

The Influence Self-Regulated Learning Strategy based Problem Solving of the
Experimental Group

The experimental group's learning was done by providing problems related to
simple harmonic motion in the student worksheet. Here is the example of the presented
question in the worksheet for the third meeting (Figure 1).

2. Sebuah benda menempuh gerak harmonic sederhana dengan amplitude 4 dan periode
T. Tentukan :

a. Waktu minimum yang diperlukan benda agar simpangannya sama dengan
setengah amplitudonya

b. Simpangan ketika kecepatannya setengah dari kecepatan maksimumnya

Figure 1. The problem questions to solve by learners
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In the first stage, the learners identified the problems. The learning was begun
by the teacher's explanation about the material with PPT slides. The teacher-directed the
learners to share their opinion about the given main problems. After discussing and
analyzing the discussion topic, learners wrote what they knew about the presented
problem in the worksheet. This stage required students to find out and write what was
asked by the questions as the presented problems.

In the second stage, learners were guided to determine the objectives of the
problem solutions. This stage required the students to find and analyze the information
accurately. They also had to decide whether they would use it or not solve problems.
Learners could write the strategies of question problem solution correctly by writing the

deviation equationy = 4 sin (%r) It was the initial strategy to determine the next

solution based on the problems.

In the third stage, learners explored the possible strategies to solve problems.
The teacher-directed the learners to operate and to solve the questions based on the
arranged plan orderly and correctly. This stage emphasized inter-peer discussion to
develop personal thinking awareness about what strategy should be applied during the
situation. The learners could explore the question solution by operating the deviation
equation to obtain the t-period. It was to ensure the deviation was half of the amplitude.
Then, they had to find the deviation when the velocity was half of the maximum
velocity by writing the equation of v = v, cos 8. It obtained a result of 60° to determine
the final deviation magnitude. The Iearners answers could be seen in Figure 2
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Figure 2. The answers to the questions by the learners

In the fourth stage, the learners anticipated the results and acted out. The teacher
emphasized the discussed materials on the presented problems. It was to make them
understand, remember, and believe in their answers. The learners were asked to evaluate
their learning process while using the strategies or determining the problem solution.
They had to be careful in operating the equation and process the data based on the given
physics problems.

The fifth stage required the learners to be guided, to check again, and to learn
from the problem-solution process. The learners had a chance to conclude. It was their
emphasis on the question solution methods. They also obtained the correct answers. The
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learners reviewed the question by connecting to the previous materials given by the
teacher.

In the sixth stage, the learners created journals of self-regulation. They reviewed
the learning process by filling the journal and handed the journal to the teacher. The
teacher-directed the journal filling so that learners could review their learning outcomes
honestly. This journal was the medium for the learners to reflect on their learning
processes.

The journal allowed both learners and teachers to trace the conceptual
understanding and learning outcomes. The improvement of the learning outcomes could
be noticed because the learners were asked to reflect on the physics learning process
(Orsini, et al., 2015). The journal implementation for self-regulation was supported by
some previous studies. They found the influence of SRL with autonomous journal
filling toward the academic achievements for primary school and Junior high school
learners in China. SRL had the greatest effects on mathematics and physics science.
The performance and self-reflection phases were the keys to autonomous learning (Li,
et al., 2018). SRL could improve the learning outcomes and be suitable for exact
learning based on the previous findings (Tan, 2004; Winarti & Saputri, 2013).

The Influence of Learning Outcomes Improvement with Self-Regulated Learning-based
Problem-Solving of the Experimental Group

The different learning strategies stages for both groups caused differences in
learning outcome improvement in solving problems. The findings were also supported
by the learners' answers while the posttest and pretest. The posttest results of the
learners are shown in Figure 3.

4. Partikel bergerak selaras dengan kecepatan sudut  rad/s, amplitude 1 m. Saat mulai
bergerak Eiggag&a&partikel ini adalah 0,5 m dan kecepatannya adalahj:__@ ms.
berapakah sudut fase awal getar partikel?

Figure 3. The Posttest Question Items

In this first stage, both groups’ learners wrote what they knew from the question
about the angular velocity @, with a magnitude of « rad/s, amplitude 4 with 1 m, and

deviation ¥ with 0.5 m, and the particle velocity v with =v3 m/s.

In the second stage, the experimental group of learners chose the equation based
on what they knew from the question to determine the size of the angle. The
experimental group of learners wrote the deviation equation. It was
v = Asin (wt+ &) as the way to solve the question. On the other hand, the control
group determined the solution by writing the equation of ¢~ = w*(4* — %) to solve
the questions. The learners’ answers are shown in Figure 4.
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Figure 4. The learners’ answers (a) the experimental group (b) the control group

In the third stage, the learners solve problems by operating the obtained
equation. The research found some differences in the problem-solving skills of the
second stage could improve the next stage. The experimental group learners could
operate the data from the deviation equation y = Asin (wt+ &) excellently and
carefully. Therefore, learners of the experimental group could obtain the correct
solution and results from the phase angle of the initial phase angle of the particle
vibration. The control group learners operated the initial equation to find the initial
phase angle of the particle vibration and the deviation equation but they did it
incorrectly. These matters occurred in the analysis process.

In the fourth stage, teachers emphasized the experimental group learners to
check the recognized data and to operate the data into the applied equation. On the other
hand, for the control group, the teacher did not remind but warned the students to
encourage their learning process and to review their works.

The final stage of the experimental group learners was writing the final result
emphasis after operating the data into the equation. On the other hand, the control group
did not obtain any emphasis from the teacher. Thus, they did not write the conclusion
because they might forget to write or they did not find the solution. The learners’
learning outcome improvements were significant based on the N-Gain average score
(Table 7).

Table 7. The N-Gain Average Score Descriptions

Groups N N-Gain  Categories
Experimental
Group 36 0,5904 Moderate
Control
Group 36 0,3065 Moderate

The experimental group's N-gain is higher than the control group. It is 0.590
higher than 0.3065. Thus, the experimental group is categorized as moderate. The SRL-
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based problem solving was effective to improve the learning outcomes of the learners
than the discovery learning. Based on the indicators and stages of problem solving with
the self-regulated learning strategy used in physics learning, it is able to train learners’
in working on physics problems in a coherent and precise manner in accordance with
the correct problem solving flow. Learners’ are also trained to choose which method is
appropriate for problem solving in each of the problem models presented. This finding
was supported by previous studies that identified the outcome difference of SRL and
discovery learning implementations (Manlove & Lazonder, 2004).

CONCLUSION

The hypothesis test results of both groups’ posttest data obtained a greater
Zcount than the Ztable. Thus, self-regulated learning-based problem solving influenced
the learners' learning outcomes. The improvement was found based on the N-gain
average score, categorized moderate. So, self-regulated learning strategy based problem
solving can be applied in physics learning to support improvement learners' learning
outcomes. Further researchers can modify the strategi self-regulated learning based on
problem solving or create new strategies to improve learners' learning outcomes.
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