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Abstract 
This research is motivated by the crucial role of mathematics in human development and the 

significant challenges faced in mathematics education. The research problem is the low quality of 

mathematics learning outcomes and the need to improve PSA and self-regulation among students. 

The study aimed to improve students' Problem-Solving Ability (PSA) by implementing Problem-

Based Learning (PBL) based on their level of self-regulation. The research design is quantitative 

quasi-experimental research using a 2 x 2 factorial-level design. The population is 430 seventh-

grade students from 1st State High School 1 Langke Rembong. Data analysis using a two-way 

ANOVA. The results showed that PBL had a positive impact on PSA. In addition, the interaction 

between learning models and self-regulation significantly affects PSA. These findings have 

implications for classroom practice, proving the importance of applying PBL to improve PSA and 

the need to develop student self-regulation. The research also highlights the importance of 

collaboration between PBL and conventional teaching to improve student learning outcomes in 

mathematics. 
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Introduction  

 Mathematics plays a vital part in human development (Yadav, 2019). Mathematics 

is a scientific discipline that forms logical and critical thinking, abstract thinking skills, and 

the ability to count (Cresswell & Speelman, 2020). Thanheiser explains the meaning of 

mathematics in three frames, namely: 1) mathematics as abstract knowledge or ideas 

organized into systems and structures and a set of methods for reasoning; 2) mathematics 

as contextual knowledge for understanding the world; and 3) mathematics as a human 

action, part of a self-identity (Thanheiser, 2023). Therefore, mathematics learning aims to 

enable humans to understand mathematical concepts, think logically, analytically, and 

creatively in finding solutions to mathematical problems, and communicate mathematical 

concepts, methods, and reasoning to others (NCTM, 2000). Polya presents four problem-

solving phases: understanding the problem, creating strategies, implementing strategies, 

and drawing conclusions (Polya, 1973). 

In addition, self-regulation affects problem-solving. Self-regulation is a person's 

effort to manage learning goals, improve strategies, achieve learning goals, and increase 

learning motivation (Zimmerman & Kitsantas, 2014). Self-regulation can improve 
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students' motivation and metacognition and help them find new ideas to achieve academic 

achievement (Hidajat, 2023). Self-regulation also plays an active role in unstructured 

problem-solving in PBL (Ge et al., 2016). The application of PBL is based on its ability to 

enhance cognitive abilities, stimulate cognitive independence, increase motivation for 

independent learning, and promote interdisciplinary connections, fostering a more 

profound understanding and application of practical knowledge (Garanina, 2020). In 

addition, applying PBL encourages students to enhance higher-order thinking, active 

engagement, real-world connections, and interdisciplinary learning by being based on 

unstructured problems (Rehmat et al., 2022). Thus, the successful application of PBL is 

determined mainly by the student's responsibility for the learning task by maintaining 

motivation, setting goals, monitoring progress, and actively engaging in self-evaluation 

(English & Kitsantas, 2013). 

However, the quality of learning outcomes is still inferior, and significant effort is 

required until most learning outcomes can achieve internationally accepted best practices 

(Schoepp, 2019), especially in problem-solving. Students experience difficulties solving 

math problems due to an inability to understand basic mathematics (Karimah et al., 2018), 

(Amalina & Vidákovich, 2023). Students' low mathematical PSA tends to lead to cognitive 

problems, such as computation (calculation), fact retrieval, number notions (quantity 

processing, quantity-number linkages, numerical relationships, and visual-spatial short-

term storage (Haberstroh & Schulte-Körne, 2022). Students experience difficulties in 

solving math problems caused by several factors, including students' innate cognitive 

abilities, processes and procedures used to solve math problems, and external factors such 

as teacher intervention and contextual material (Waswa & Al-kassab, 2023; Chirimbana et 

al., 2022). Ineffective problem-solving is also caused by factors (Plotnik & Kouyoumdjian, 

2010), such as: 1) students tend to make decisions in problem-solving without looking at 

the overall complexity of the problem; 2) students tend to be satisfied with existing 

problem-solving solutions or get stuck in a routine without thinking of other, more optimal 

solutions; 3) Students tend to make decisions in problem-solving based on explanations 

that come first in their minds (direct answers) without making confirming, careful analysis 

of situations beyond direct responses. Therefore, students should develop alternative ideas 

rather than utilizing the first idea as a solution; 4) Students tend to be unable to see 

problems from new angles. The initial perception in structuring a problem often determines 

the approach students use to solve the problem. Incorrect structuring of the problem is a 
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major cause of the inability to resolve the problem correctly; 5) Students tend to solve 

problems based on personal beliefs, without looking at a problem objectively with all 

accurate information and using objective reasoning to reach a reasonable decision.  

Some researchers have previously examined various problem-solving improvement 

strategies, such as reducing mathematical anxiety (Samuel & Warner, 2021), the 

application of Learning Cycle 7E, and self-regulation (Mulyono & Noor, 2016), included 

in online learning (Hendarwati et al., 2021). Applying an inquiry learning model combined 

with an advanced organizer can improve problem-solving skills (Gunawan et al., 2020). 

Various analyses of PSA have been examined, such as in integer matter (Sipayung & 

Anzelina, 2019) and trigonometry in terms of self-regulation (Fahrudin et al., 2019). 

Departing from the above problems, researchers try implementing a PBL model 

and self-regulation in learning. In PBL, students become the center of learning by finding 

solutions to real problems (Wulandari & Shofiyah, 2018). Therefore, teacher competence 

determines the quality of learning (Yang & Kaiser, 2022) so that students can understand 

mathematical material and improve their study skills (Septian et al., 2021). Implementation 

Experiments using syntax-type PBL It is divided into the following five stages: 1) 

organizing students into problem-solving scenarios; 2) organizing students into 

collaborative learning groups; 3) facilitating independent and group inquiry; 4) creating 

and presenting projects; and 5) assessing the analysis and evaluation of the problem-

solving process (Arends, 2008). Implementing experiments using this syntax is based on 

previous findings that the ability to understand Mathematics concepts is positively 

influenced by using PBL tools (Boye & Agyei, 2023). 

This study has substantial differences from previous studies. This research focuses 

on how the application of PBL improves mathematical problem-solving skills based on 

student learning independence with a focus on quadrilateral and triangular material. This 

research is essential because the PBL model involves student activeness in solving 

problems and requires robust self-regulation to support student activeness in developing 

the skills needed for lifelong learning. This study also compared differences in PSA caused 

by treatment in each self-regulation and did not compare high and low levels in each group 

of learning models because they were rated high and low, which is not worth appealing. 

This study aims to improve students' PSA by applying PBL models based on their level of 

self-regulation. 
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Method 

This study is a quasi-experimental quantitative research type with a factorial design 

at level 2 x 2. The study was a posttest-only control group design (Candiasa, 2019). 

Table 1. Matrix treatment by level 2x2 

 B 
 (A) 

A1 A2 

B1 A1B1 A2B1 

B2 A1B2 A2B2 

Information:  

A : Learning Models 

B : Self-Regulation 

A1 : PBL class 

A2 : Conventional Class 

B1 : High Self-Regulation 

B2 : Low Self-Regulation 

A1B1 : group of students with high self-regulation in PBL classes 

A1B2 : group of students with low self-regulation in PBL classes 

A2B1 : group of students with high self-regulation in conventional classes 

A2B2 : group of students with low self-regulation in conventional classes 

 

This study involved 430 grade VII students at 1st State High School 1 Langke 

Rembong, Manggarai Regency, East Nusa Tenggara spread across 12 classes and had class 

equality based on one-way ANOVA analysis. Determination of research samples from the 

treatment group using random sampling techniques. As a result, two classes were 

designated as experimental groups, namely class VIIA (36 students) and class VIIC (35 

students); while two classes in the control group, namely class VIID (36 students) and 

class VIIE (35 students), so that a total of 71 students were obtained in each group. Each 

treatment group is divided into two more groups of students: high self-regulation as the 

upper group and low self-regulation as the lower group. The determination of this category 

sample departs from Roscoe's thinking that experimental research samples are needed to 

take a sample of 15-30 respondents per group (Borg et al., 2007). On that basis, the 

determination of the upper group is carried out by taking 33% of all students based on the 

order of grades from the largest. In comparison, the bottom group is determined by taking 

33% of all students based on the order of grades from the smallest. The results were 

obtained by 24 students in each treatment group.  

This research procedure uses the following stages: 1) Initial activities, including 

selection of research populations, data collection of general mathematics test results for 

odd semesters of the 2021-2022 academic year, testing equality of ability between classes, 
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determining treatment classes, preparing research instruments, such as math PSA 

description questions, self-regulation questionnaires, preparing lesson implementation 

plans, student worksheets and evaluation rubrics, and tests. Experiment with research 

instruments, apply instrument validation, and discuss with the experimental teacher. 2) 

Experimental activities and data collection: Experiments are conducted by local 

mathematics subject teachers, test conduct, and research data collection. 3) The final stage 

includes checking the result sheet, tabulating data, conducting prerequisite tests, testing 

research hypotheses, and making research reports. 

The experiment procedure uses the PBL model in the experimental class and 

continues to use the earlier learning model in the control class. The meeting time allocation 

is 12 meetings with details of line and angle material meetings for 6 lesson hours and 

quadrilateral and triangular material for six lessons adjusted to mathematics lesson hours. 

Implementing this experiment controls the changes in students' attitudes very tightly. 

Internal validity control like this can be done by the way the researcher does not directly go 

into the field to supply learning in the classroom but gives mathematics teachers in the 

school concerned to carry out learning.  

Validity and reliability testing is carried out on problem-solving instruments and 

self-regulation instruments. The problem-solving instrument uses a description test with a 

total of six questions. The self-regulation instrument is in the form of a questionnaire with 

a total of 40 statements. The items of this instrument have passed content validity tests by 

experts, internal consistency tests of the grains, and reliability tests. Content validity 

testing is analyzed using the Aiken formula. Internal consistency testing of items uses the 

product moment correlation formula, while reliability measurement is performed using 

Cronbach's alpha formula. 

The test results show that the six items of the PSA instrument are classified as valid 

in terms of content validity, and the results of internal consistency testing items are 

classified as reliable. Meanwhile, in the instrument statement items, 40 statements are valid 

from the aspect of content validity, and only 30 statements are classified as valid from the 

aspect of testing the internal consistency of the items. The reliability test results show that 

this instrument is classified as reliable. 
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Table 2. Results of reliability statistics 

 Cronbach's Alpha N of Items 

Self-Regulation .829 30 

PSA .733 6 

 

Data analysis using descriptive analysis, normality prerequisite testing 

(Kolmogorov-Smirnov test), and homogeneity testing of variance between data groups 

(Levene Statistic test). Hypothesis testing using Two-way ANOVA (α:0.05). 

Results and Discussion  

The results of the descriptive analysis of research data are attached to Table 3. 

Table 3. Description of the PSA data 

 A1 A1B1 A1B2 A2 A2B1 A2B2 

N Valid 48 24 24 48 24 24 

Mean 79,58 90,42 68,75 72,81 68,54 77,08 

Median 80,00 90,00 70,00 70,00 70,00 75,00 

Mode 100 100 70 70 70 55a 

Std. Deviation 15,534 8,836 13,043 14,025 12,290 14,590 

Range 55 30 45 55 55 45 

Minimum 45 70 45 45 45 55 

Maximum 100 100 90 100 100 100 

Mean Category Extremely high High Enough High Enough High 

 

Data on PSA obtained a score range of 0 - 100, an ideal average of 50, and an ideal 

standard deviation of 16.67. based on the ideal standard deviation and ideal average, the 

average PSA of the PBL student group is 79.58 and is classified in the high PSA category. 

The average PSA of the conventional student group is 72.81, which is classified as high 

PSA. The average PSA of students with high self-regulation in PBL classes was 90.42 and 

classified as PSA was extremely high. The average PSA of students with low self-

regulation in PBL classes was 68.75 and classified as sufficient PSA. The average PSA of 

students with high self-regulation in conventional classes was 68.54 and classified as 

sufficient PSA. The average PSA of students with low self-regulation in conventional 

classes was 77.08, classified as high PSA. 

The results of the Kolmogorov-Smirnov test and Levene's test can be presented in 

Table 4 and Table 5. 
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Table 4. Results of tests of normality kolmogorov-smirnov 

Learning Models Statistics df Sig.  

Residual for PSA Problem-Based Learning ,110 48 ,196  

Conventional Learning ,080 48 ,200*  

 High Self-Regulation ,098 48 ,200*  

 Less Self-Regulation ,086 48 ,200*  

Table 4 presents the > α sig values for all data groups, meaning problem-solving 

capability data is typically distributed within each data group. 

Table 5. Results of group variance homogeneity of variance analysis 

F df1 df2 Sig. 

1,930 3 92 ,130 

 

Table 5 presents the significant Levene, a statistic value of 0.130 (p>α), which 

means all data groups have homogeneous variance. Based on the fulfillment of the 

prerequisite test, the hypothesis test of the main effect and interaction was conducted. The 

research hypothesis was analyzed with a two-way ANOVA analysis. The results of the 

statistical analysis can be presented in Table 6. 

Table 6. Results of a Two-Way ANOVA 

Difference Test 

Influence Mean Difference Fvalue Sig. 

Learning Models 6,771* 7,190 ,009 

Learning Models*Self-Regulation  35,781 ,000 

Advanced Test with Tukey Test 

Learning models in students with high self-regulation 21,875* 46,587 ,000 

Learning models in students with less self-regulation 8,333* 4,352 ,043 

 

The two-way ANOVA main effect analysis results obtained a value of F = 7.190, p 

= 0.009 (p < 0.05), with a mean difference of 6.771*. These results prove that the 

application of PBL models influences PSA. The results of the interaction effect analysis 

obtained a value of F = 35.781, p = 0.000 (p < 0.05). These results prove that the 

interaction between learning models and self-regulation influences PSA. More explicitly, 

the interaction model of the two independent variables is depicted in the following model 

interaction profile.  
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Figure 1. Model interaction profile 

 

A simple effect test was conducted to determine the interaction between 

independent variables. The simple main effect analysis results on very independent 

students obtained a value of F = 46.587, p = 0.000, with a mean difference of 21.875*. 

These results prove that students who learn through PBL models can solve problems better 

than those who learn through conventional classroom learning. Conversely, the simple 

main effect analysis results on less independent students obtained a value of F = 4.352, p = 

0.043, with a mean difference of 8.333*. These results prove that students who learn 

through PBL models are less able to solve problems than students who learn through 

conventional classroom learning. 

The results of the main-effect analysis show that the application of the model of 

PBL influences students' ability to solve problems. Theoretically, influence is more likely 

due to PBL, which integrates contextual problems into learning so students can find 

solutions to complex and unstructured real-life problems (Seibert, 2021). This result is one 

of the reasons why students are delighted and motivated to understand and internalize their 

knowledge (Hung & Tsai, 2020). In the environment of PBL, students learn to shape their 

knowledge meaningfully through questioning, active learning, sharing, and reflection 

(English & Kitsantas, 2013). Therefore, students are expected to actively seek out and 

understand the learning material themselves with the support of the facilitator. The teacher 

provides direction and guidance throughout the learning process and remains the leading 

player in learning (Kladchuen & Srisomphan, 2021). Things differ in applying the jigsaw-

type cooperative learning model, where students share knowledge and information in 

groups for all students to become experts in a particular part of the material (Sudin et al., 

2021). 



 MATHEMA JOURNAL E- ISSN 2686-5823  

  Volume 6 (2), 2024 

499 

Empirically, the implementation of the model of PBL, which can strengthen student 

motivation (Khatimah & Sugiman, 2019), has an impact on improving learning outcomes 

when compared to learning outcomes with previous approaches (Hendriana et al., 2018; 

Duchi et al., 2023), especially on problem-solving capabilities (Nasution, 2018; Sani & 

Malau, 2017). Intervention with PBL models affects improving mathematics learning 

outcomes (Hidajat, 2023). Professional knowledge, learning engagement, and reflective 

abilities are enhanced through the use of PBL methods (Erdogan & Senemoglu, 2017). 

The results of the interaction effect analysis show that the interaction of learning 

models and self-regulation influences PSA. Theoretically, this interaction is caused by the 

characteristics of self-regulation that affect the effectiveness of the application of learning 

models because the role of teachers in learning is only as a designer, organizer, and 

facilitator (Supriatna et al., 2019). Students are more able to interpret problems and 

identify problem-solving strategies to increase self-regulation (Nurlaily et al., 2019). 

Independent students can manage their learning patterns creatively and form thinking 

patterns to solve problems (Zimmerman & Campillo, 2003). Positive self-regulation builds 

students' sense of responsibility to learn independently. This sense of responsibility gives 

confidence to the student and motivates him to solve problems (Abdillah et al., 2023). Self-

regulation can grow and develop when students have (1) a capacity component (i.e., the 

ability to demonstrate self-regulation), (2) a goal representation component (i.e., 

maintaining goals to strive for), and (3) a motivational component (i.e., sufficient 

motivation to strive for this goal) (Gunzenhauser & Saalbach, 2020). Self-regulation can 

increase student motivation (Tanti et al., 2020), thus impacting problem-solving 

capabilities.  

This interaction reinforces previous findings that the PBL model has the best 

impact on increasing competence, self-regulation, and problem-solving (Perels et al., 2005). 

PSA has good stability over time, and there is an increase in self-regulation when applied 

to PBL models. PBL positively affects student independence by building knowledge and 

developing PSA (Ali et al., 2023). 

The analysis of the simple main effect on students who are very independent shows 

that students who learn with PBL models are better able to solve problems than students 

who learn with conventional learning. In theory, the characteristics of the PBL model 

affect the development of self-regulation. Some of the fundamental reasons include: 1) 

PBL models encourage students to explore alone or in groups in problem-solving (Duchi et 
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al., 2023); 2) the PBL model can develop students' metacognitive skills and gain a higher 

awareness of their self-regulation (Zimmerman, 2002); 3) engagement of relevant and 

contextual issues keeps students motivated to learn (Yew & Goh, 2016). Empirically, the 

PBL model positively affects self-regulation (Tjalla & Sofiah, 2015). Thus, students who 

learn through PBL models can solve problems better than those who learn through 

conventional classroom learning. 

The analysis results of the simple main effect on less independent students are that 

Students who learn through PBL models are less able to solve problems than students who 

learn through conventional classroom learning. Theoretically, the cause of this difference 

is that PBL models require higher-order thinking skills (Anggraeni et al., 2023). Less 

independent students tend to be less skilled at honing critical thinking skills (Sani & Malau, 

2017). Empirically, self-regulation can improve PSA. However, increased self-regulation 

did not have an overall impact on all students after treatment. Students have difficulty 

adapting to PBL as they are less independent (Sahyar Sahyar et al., 2017). Students have 

difficulty finding the intent of the case (problem), and students' self-regulation skills have 

not been sufficiently practiced for independent concept discovery. PBL learners are 

apprehensive about the new learning format and worried about succeeding (Seibert, 2021). 

Conclusion and Suggestion 

The results of this study have presented significant findings in mathematics 

learning. PBL has a positive impact on PSA. In addition, the interaction between learning 

models and self-regulation significantly affects PSA. Highly independent students show 

better PSA when learning through PBL, while less independent students show lower PSA. 

These findings have important implications for classroom instructional practices. 

Teachers can consider using PBL models as an effective learning strategy in improving 

students' PSA. In addition, it is essential to develop student self-regulation through a 

supportive approach and supply additional support for students. This research also 

illustrates the importance of collaboration in applying PBL models and conventional 

learning to improve student learning outcomes. This research can be a foundation for 

further research and application of best practices in mathematics learning in the future. 
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