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ABSTRACT
The purpose of this study is to ascertain the contribution of mathematical problem-solving abilities
to self-regulated learning. This research is ex post facto research. The sample taken in this study
using the cluster random sampling technique was taken randomly from two classes with a total of
51 students. Data on problem-solving abilities and self-regulated learning were collected using
instruments in the form of problem-solving ability tests and self-regulated learning attitude scales.
Path analysis techniques were used to analyze the data. The results of the research show that
problem-solving abilities contribute significantly to students' self-regulated learning, and the large
contribution of problem-solving abilities to students' self-regulated learning is 94.47%. Based on
these findings, it can be concluded that to increase student self-regulated learning, problem-solving
abilities must be improved. Apart from that, problem-solving abilities contribute significantly to
self-regulated learning, both directly and indirectly, and these two variables have a very strong

influence.
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PRELIMINARY

Mathematics is a lesson that is needed today because, by studying mathematics,
individuals are expected to be able to know the world more realistically and be able to
solve complex problems. Apart from that, by using mathematics, a person can become an
independent, creative individual and can also become a competent individual. Ansari
explains that "mathematics learning aims to develop skills and make individuals more
independent in collaborating, carrying out self-assessment (reflection), and encouraging
individuals to build their own knowledge" (Ansari, 2009). So the hope of the world of
education is that using mathematics can form quality human resources, in the sense that by
learning mathematics, individuals are expected to be able to think logically and act more
rationally, and using mathematics can make individuals good problem solvers, even though

the problems that arise are not just mathematical problems.
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The main priority in learning mathematics in secondary schools is that students are
required to be capable of resolving issues, argue logically, reason, explain, utilize sources
of information, collaborate, draw conclusions from various situations, have conceptual and
procedural understanding, and become independent learners (Sari, 2020). There are many
ways that educators can use to improve mathematics learning outcomes in schools,
including by implementing learning models, using relevant media, and so on. This is in
line with the research results of Sari N et al. that, to make mathematics learning more
exciting for junior high school children, they can combine mathematics with culture, which
is called ethnomathematics (Sari et al., 2023). Apart from that, for junior high school
students, it is important to apply learning by looking at the student's mindset (learning
trajectory) so that students can learn more comfortably and have fun (Sari et al., 2024). In
line with that, Sari also explores students' didactic situations in solving problems; this is
needed in order to find out the obstacles experienced by students during the learning
process (Sari, 2023). The application of methods like this is in line with the independent
learning curriculum that is being implemented in schools.

Mathematics is one of the subjects that is important for students to master;
however, students’ mathematics learning outcomes are still far from educators'
expectations. This can be seen from the results of the researcher's initial observations by
providing descriptive questions using the material that has been studied, and the results are
still far from expectations. According to Endang Wahyu Widayati, there are still many
students who think mathematics is difficult because previously students were afraid and
not enthusiastic about learning, so they ended up being lazy about studying mathematics
(Widayati, 2022). The reality shows that students’ mathematics results are still very low.
This condition is not in line with expectations, namely that the minimum completeness for
each subject is 75% (Mandur et al., 2016).

There are several factors that influence mathematics learning outcomes at school,
including within the student (ability) and from the environment (Khotimah, 2020). Apart
from ability factors, there are other internal factors that contribute to learning outcomes,
including: level of intelligence, learning motivation, interests, attitudes, study habits,
perseverance, and both physical and psychological health (Mandur et al., 2016). According
to Sari et al. , one of the factors behind students' low mathematics achievement at school is
students' low problem-solving abilities (Sari et al., 2022). Apart from problem-solving
abilities, students also need to learn independence within themselves. The higher the level

of learning independence, the higher the student's learning outcomes, and vice versa
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(Handayani & Hidayat, 2019). So it can be said that one of the factors contributing to low
mathematics learning outcomes is students' self-regulated learning attitudes.

According to Dianna Sulistyani, self-regulated learning can be used as a factor
that can influence students' mathematical problem-solving abilities (Sulistyani et al., 2020).
If students' self-regulated learning is high, then students' problem-solving abilities are
good, but if students' self-regulated learning is low, then their problem-solving abilities are
poor. This shows that students' ability to solve problems makes them more independent in
their learning. If students do not have the ability to solve problems, they will memorize
more and have to repeat lesson material so that learning in class does not go as desired.

Thus, problem-solving abilities and self-regulated learning are really needed by
students to face current global challenges. Research results related to the causes of Low
proficiency in solving mathematical puzzles includes: 1) The majority of students find it
difficult to work on problems that diverge from the teacher's sample questions. 2) Story
questions are difficult for most pupils to comprehend. 3) The majority of pupils struggle to
answer application or problem-solving questions. 4) Pupils respond to questions without
applying standard techniques for solving problems (Andayani & Lathifah, 2019; Sari et al.,
2022; Zulfah, 2018). Several studies related to the low students' self-regulated learning in
junior high school include research by Rambe and Surya at Imelda Middle School in
Medan (Rambe & Surya, 2017); Runisah conducted research on class VIII students in
Indramayu, West Java (Runisah, 2018); and research by Sulistiyaningsih et al. at
Purwokerto Middle School. This research shows that student self-regulated learning is still
low, and researchers apply various methods to foster student independence in learning
(Sulistiyaningsih et al., 2014).

Furthermore, Dianna Sulistyani stated that students' ability to solve problems and
their capacity for self-regulated learning are related (Sulistyani et al., 2020). Then, Ansori
and Pratiwi found in their research that there was an influence of self-regulated learning on
students' problem-solving abilities (Ansori & Herdiman, 2019; Jayanti & Widyaninggar,
2019). The results of this research indicate that self-regulated learning influences students'
problem-solving abilities. So, in theory, these two variables have a very strong relationship
and influence. It can also be said that mathematical problem-solving abilities contribute to
self-regulated learning and vice versa. However, so far, there has been no research
regarding the magnitude of the contribution of these two variables. Therefore, research
regarding the contribution of these variables needs to be carried out so that it can provide

relevant contributions or input for the variables studied, and this is novelty in this research.
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The focus of the study in this research is how big the contribution of mathematical
problem-solving abilities is to the self-regulated learning of Khairul Imam Middle School

students in Medan.

METHODS

This study is ex post facto research, meaning after the fact. According to Sukardi,
the aim of this method is to identify the factors that permit alterations in behavior,
symptoms, or phenomena brought on by an incident, behavior that results in modifications
to the independent variables that have occurred overall (Sugiyono, 2019). This method is
also research to explain or discover how the variables in the research are related or
influential, but also why the symptoms or behavior occur. Thus, ex post facto in this
research is to find or explain the variables of problem-solving ability and self-regulated
learning that influence or contribute, where the researcher does not control these two
variables or these two variables are inherently not manipulated, meaning that the classes
used as samples do not exist. special treatment. This research was conducted at Khairul
Imam Middle School in Medan City with a sample of 51 students taken using the cluster
random sampling technique, a random sampling technique where the selection refers to
groups, not individuals..

The instruments used in this research were a problem-solving ability test with five
descriptive questions and a self-regulated learning attitude scale with 30 statements. The
indicators used for the problem-solving ability test instrument refer Napitupulu namely that
there are 3 problem-solving processes, including: 1) creating a mathematical model of an
everyday situation or problem; 2) selecting and applying a suitable strategy; and 3)
explaining or interpreting the results according to the original problem and checking the
correctness of the results or answers (Sari et al., 2022). Meanwhile, the self regulated
learning scale instrument refers to Sumarmo (2004) with indicators 1) Takes the initiative
in learning, 2) Can diagnose learning needs, 3) Can organise and control learning, 4)
Continuous motivation and behaviour, 5) Can view difficulties as a challenge, 6) Can
search for and utilise relevant learning resources, 7) Can choose and apply strategies in
learning, 8) Can evaluate the learning process and learning outcomes, and 9) Confidence
about himself.

Path analysis is the data analysis method used in this study, which is carried out to
determine how much the relationship between the current variables' route coefficient

indicates as the contribution's magnitude.




Nilam Sari, Heryanto, Lorena Peranginangin, Renatal Halomoan Lumban Tobing

The steps in this research for testing path analysis are:
1. Formulate hypotheses and structural equations.
2. Using the regression coefficient as a base, get the path coefficient..
a. Draw a path diagram.
b. Calculating correlation and regression coefficients with SPSS
3. Calculate path coefficients individually.
The test hypothesis is formulated as follows:
H, =pyx>0
H, =pyx=0
Calculating significant values using SPSS with the following basis for decision-making:
« If the probability value a <sig, then Ho is accepted and Ha is rejected, meaning it is
not significant.
o If the probability value o > sig, then Ho is rejected and Ha is accepted, meaning it is
significant.
4. Draw conclusions
The final step of the research is to conclude the final results obtained from this
research, whether or not the hypothesis is validated, and how big the contribution of the
dependent variable is.

For more details on this research procedure, you can see the following picture:

Formulate hypotheses and structural equations
Y=p,X+p&

Problem-Solving Ability Test and

Data collection self-regulated learning Scale

v

Data Analysis

Calculates path coefficients
based on regression

Calculate path coefficients
individually

Draw a conclusion

Figure 1. Research Procedure
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RESULT AND DISCUSSION
The aim of this research is to see how big the contribution of mathematical
problem-solving abilities is to the self-regulated learning of Khairul Imam Middle School
students in Medan. Research data was obtained from problem-solving ability tests and self-
regulated learning scales. The data was processed using the SPSS program, along with a
series of other data processing tasks carried out in this research.
The steps taken in testing path analysis are described as follows:
1. Formulate hypotheses and structural equations
Research hypothesis: problem-solving abilities contribute significantly to student self-R
regulated learning

Structure: Y = p, X + p,&

2. Using the regression coefficient as a base, get the path coefficient.
a. Draw a path diagram
Correlation and regression analysis is the basis for calculating path coefficients where
the problem constellation can be seen in the following path diagram.

&

l pye

X » Y
PYX

Figure 2. Relationship between Structure X and Y
Caption :
X = problem-solving ability
Y = self-regulated learning
pYye = contribution of other factors
& = other factors
pYyXx = contribution of problem-solving abilities to self-regulated learning
b. Calculating correlation and regression coefficients with SPSS
Test the significance of the correlation coefficient using the Pearson correlation
coefficient. The results of correlation testing with SPSS can be seen in table 1.
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Table 1. Correlation Coefficient Significance Test Results

Problem-Solving Self-Regulated

Ability Learning
Problem-Solving  Pearson 1 972"
Ability Sig. (2-tailed) 000
N 51 51
Self-Regulated Pearson 972" 1
Learning Sig. (2-tailed) .000
N 51 51

From the results of the correlation coefficient significance test, a sig (2-tailed)
value of 0.000 was obtained, so consequently, it may be said that the correlation coefficient
between self-regulated learning and problem-solving ability is significant.

Next, regression tests and path analysis were carried out. Test the significance of
the regression using the F test (ANOVA) and the path coefficient significance test using
path analysis. Using SPSS software, the following tables show the test results.

Table 2. Model Summary

893

Adjuste Change Statistics

R d R Std. Error of R Square F Sig. F

Model R Square Square the Estimate Change Change dfl df2 Change

1 972% 944 943 2.59821 944 823.680 1 49 .000

Table 3. Regression Significance Test Results

Sum of Mean
Model Squares df Square F Sig.
1 Regression 5560.393 1 5560.393 823.680 .000%
Residual 330.783 49 6.751
Total 5891.176 50

From the table above, a regression significance value of 0.00 is obtained, meaning
that the regression coefficient between self-regulated learning and problem-solving ability
is significant.

3. Using the regression coefficient as a base, get the path coefficient.
Calculating path analysis with SPSS, the path coefficient menu is shown in the output

coefficient, which is known as the Beta value
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Table 4. Path Coefficient Test Results

Standardize

Unstandardized d
Coefficients Coefficients
Model B Std. Error  Beta t Sig.
1 (Constant) 2238 2431 .920 .362
Problem Solving 28.7
Ability .965 .034 972 00 .000

From the 3 tables of test results with SPSS shown above, to analyze the path
coefficients are shown in table 4 with hypothesis testing carried out individually. This is
the formulation of the research hypothesis that will be investigated.

H, =pyx>0
H, = pyx=0
Hypothesis in sentence form:
Ha: Problem-solving abilities contribute significantly to student self-regulated learning
Ho: Problem-solving abilities do not contribute significantly to student self-regulated
learning

From Table 4 above, the problem-solving variable has a significant value of 0.000.
Subsequently, the sig value is less than the probability value of 0.000 < 0.05 when
compared to the likelihood of 0.05, indicating that it is significant and rejecting Ho and
accepting Ha. So problem-solving abilities contribute significantly to students self-
regulated learning. From table 4, it can be seen that the contribution of problem-solving
abilities to self-regulated learning is (0.972)2 = 94.47%.
Discussion

Research findings show that problem-solving abilities as measured by self-
regulated learning have a positive and significant contribution to the level of self-regulated
learning. The contribution of problem-solving ability to direct self-regulated learning was
94.47%, and the remaining 5.6% was the contribution of other variables that were not
studied. The contribution is quite large, and the results of these findings show that the level
of independence in mathematics learning achieved by students is determined by their
problem-solving abilities. Therefore, to optimize self-regulated learning, efforts must be
made to improve problem-solving abilities first.

According to Polya, in the problem-solving ability indicator, there are 4 stages,
namely: 1) comprehending the issue; 2) formulating a plan of action 3) carrying out the
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strategy for solving problems, and 4) reviewing (Chabibah et al., 2019). If students are able
to carry out these four stages in solving the problem, they can It is ensured that students
will not experience difficulties and can learn more independently.So, to increase self-
regulated learning, problem-solving abilities must be improved. The findings of this
research are strengthened by the opinion of Sari N et al. , who stated that by implementing
problem-based learning that makes students independent in learning, it can improve
students' problem-solving abilities (Sari et al., 2022).

Apart from that, several other studies related to the positive influence of students'
self-regulated learning can improve students' problem-solving abilities (Beljeur et al.,
2023; Jayanti & Widyaninggar, 2019; Nurdiati et al., 2024). Furthermore, from several
previous studies that have been carried out by researchers, if students are adept at solving
problems using stages according to indicators of problem-solving ability, then these
students no longer need a teacher because they are able to self-regulate learning and find
their own solutions to the problems given, and students like these people on average have
high learning abilities. Thus, a teacher's function is crucial to the process of teaching and
learning in the classroom; it is not teacher-centered learning that is desired, but student-
centered learning. A teacher not only acts as a scaffolder but also as a facilitator if students
experience difficulties in solving the problems given.

Problem-solving abilities are also a goal of mathematics learning. In accordance
with the Ministry of National Education, the objectives of mathematics learning are: (1)
understanding mathematical concepts; (2) applying logic to data that exhibits patterns and
qualities; (3) problem-solving techniques; (4) conveying students' concepts through
symbols, diagrams, or tables to elucidate issues; and (5) adopting a mindset that recognizes
the usefulness of mathematics in everyday life (Depdiknas, 2006). It is clear that problem-
solving ability is very important and a necessity, especially in the era of globalization and
free trade. Problem-solving ability is very important for success in this era.

Students who have good problem-solving skills try to build their self-regulated
learning so that their mathematics learning achievement becomes high. So, it is clear that
problem-solving abilities contribute to students' self-regulated learning, especially at
Khairul Imam Middle School in Medan.

The results of this research are in line with the results of previous research
regarding contributions, namely the contribution of the ability to understand concepts to
problem-solving abilities (Sudane & Saadjad, 2021). Apart from that, Krisma's research is

entitled Contribution of reasoning abilities and self-efficacy to students' problem-solving
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abilities (Krisma & Abadi, 2023). Research related to contributions has also been carried
out in every aspect of life, for example, in relation to culture, with the title Contribution of
local culture to environmental literacy: a case study at pandam gadang middle school, west
sumatra (Ilhami, 2019). So research related to contributions is very broad in scope; in
every field of science, research related to these contributions can be carried out. Thus, the
researcher limited this research only to the problem-solving abilities and independent

learning of Khairul Imam Middle School students in Medan.

CONCLUSION

Based on these findings, it can be concluded that problem-solving abilities as
measured by self-regulated learning have a positive and significant contribution to the level
of student self-regulated learning. Thus, the level of self-regulated learning is influenced
by problem-solving abilities. The contribution of problem-solving abilities, which directly
contribute to self-regulated learning, is 94.4%. Based on the research findings, it can be
concluded that the research hypothesis, which states that "problem-solving abilities
contribute significantly to self-regulated learning,"” is acceptable. This means that problem-
solving abilities contribute to self-regulated learning. Therefore, to increase students' self-
regulated learning, it is first necessary to improve their problem-solving abilities. These
findings also show that problem-solving abilities are related to and influence students’ self-
regulated learning.

The results of the research that has been carried out can be input for further
research regarding investigations related to the contribution of other abilities to learning
outcomes or other factors in the learning process. For example, research can be carried out

with the title The contribution of reasoning abilities to student learning outcomes
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