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ABSTRACT

This study aims to examine the effectiveness of the Connecting, Organizing, Reflecting, and Extending (CORE) learning model
integrated with Problem Based Learning (PBL) in improving the mathematical problem-solving abilities of PGSD students. A
quasi-experimental method with a non-equivalent control group pretest—posttest design was employed. The participants consisted
of 62 fourth-semester PGSD students at Universitas Muhammadiyah Sumatera Utara in the 2024/2025 academic year, divided into
an experimental group (n=32) and a control group (n=30). Research instruments included a mathematical problem-solving test,
observation sheets, and reflective journals. Data analysis revealed a significant difference between the two groups, with the
experimental group achieving a higher mean score (82.53) than the control group (71.67), supported by a t-value of 5.742 (p<0.001).
The N-gain results indicated a moderate improvement in the experimental group (0.58), exceeding that of the control group (0.31).
Students in the experimental class demonstrated better performance across all problem-solving indicators, particularly in
rechecking the solution process and results. Qualitative findings further showed improvements in conceptual understanding,
strategic thinking, confidence, and collaboration. Overall, integrating CORE and PBL creates meaningful learning experiences and
effectively enhances students’ mathematical problem-solving competence.
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1. INTRODUCTION

Mathematics plays a fundamental role in shaping systematic, analytical, and critical thinking in students of
the Elementary School Teacher Education Program (PGSD) as future educators. Mastery of mathematical
concepts and problem-solving abilities are essential competencies that PGSD students must possess to
prepare them to become competent teachers in teaching mathematics at the elementary school level
(Arifuddin, 2020; Fina Tazkiya, 2023). The ability to solve mathematical problems is not only an important
component of the mathematics curriculum but also a crucial prerequisite for facing the complexities of
problems in the world of education and everyday life in the era of globalization (Anugraheni, 2020; Irvan
et al., 2024; Siregar et al., 2020)

Based on preliminary studies and empirical observations, the mathematical problem-solving abilities
of PGSD students are still not optimal. Several recent studies indicate a gap between expectations and
reality regarding the mathematical problem-solving abilities of PGSD students (Jesi Alexander Alim et al.,
2024). Hadi & Marzuki (2021) revealed that most PGSD students have difficulty identifying problems,
formulating solution strategies, and applying mathematical concepts in the context of non-routine problem-
solving. In line with that, Pambudi et al. (2020) found that the mathematical problem-solving abilities of
PGSD students are still relatively low, especially in the aspects of reasoning, representation, and
mathematical connections.
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The ability to solve mathematical problems requires a complex thinking process that involves a series
of high-level cognitive skills (Restini et al., 2023). Indicators of mathematical problem-solving ability
according to Polya, as modified by Muhammda Faisal Khatami et al. (2022) include: (1) understanding the
problem, (2) planning the problem-solving process, (3) executing the problem-solving plan, and (4)
reviewing the process and results of the solution. The four indicators represent a comprehensive and
integrated problem-solving cycle. Optimizing mathematical problem-solving skills requires a learning
approach that can accommodate the complexity of mathematical thinking processes.

The Connecting, Organizing, Reflecting, Extending (CORE) learning model is one of the constructivist
learning models that emphasizes comprehensive thinking activities through four main stages (Syofitami &
Noer, 2021). Recent research by Saregar et al. (2021) reveals that the CORE model is effective in enhancing
students' mathematical thinking abilities because it facilitates the process of connecting new knowledge
with previously held knowledge (connecting), organizing information into cognitive structures (organizing),
reflecting on knowledge (reflecting), and extending the knowledge acquired (extending). Sari & Karyati
(2022) added that the CORE model allows students to construct knowledge independently through social
interaction and cognitive elaboration.

On the other hand, the Problem Based Learning (PBL) model is an educational approach that
emphasizes the process of solving authentic problems as a stimulus for developing knowledge and skills
(Denisa Azura et al., 2024; Musna et al., 2021; Nasution, et al., 2023). According to Aprilita & Handican
(2023), the PBL model has unique characteristics that focus on cases or problems as the starting point of
learning, encourage collaborative activities, and develop critical thinking skills in real-world contexts. Asri
et al. (2024) found that the application of the PBL model is effective in developing students' mathematical
problem-solving skills because it provides meaningful and relevant learning contexts.

Although there are several studies examining the effectiveness of the CORE model and the PBL model
separately, research on the integration of these two models in relation to mathematical problem-solving
abilities is still limited, especially in the context of mathematics education for PGSD students. Son et al.
(2020) suggest the need for further exploration regarding the integration of various innovative learning
models to optimize mathematics learning outcomes. Yunita et al. (2022) revealed that collaboration
between learning models has the potential to create comprehensive and effective learning synergy.

The integration of the CORE and PBL models offers a promising pedagogical perspective for
developing the mathematical problem-solving abilities of PGSD students. The CORE model with its four
stages (connecting, organizing, reflecting, extending) can be harmoniously integrated with the PBL syntax,
which emphasizes contextual problem-solving (Irawan & lasha, 2021). Dewi Mustika Wati et al. (2023)
argue that the integration of the CORE model and PBL has the potential to produce a comprehensive
learning design, where the strengths of one model can compensate for the limitations of the other. According
to Rohmah & Ulya (2021) the integration of learning models can enhance the effectiveness of mathematics
learning through the diversification of activities and learning experiences.

Theoretically, the integration of the CORE and PBL models has a strong epistemological foundation
in social constructivism theory. According to Vygotsky, as cited by Tohari & Rahman (2024), knowledge
construction occurs through social interaction and direct experience with relevant problem contexts. In this
context, the CORE model represents the dimension of individual knowledge construction through
connection, organization, reflection, and knowledge extension, while the PBL model represents the
dimension of social knowledge construction through collaboration in contextual problem-solving (Elfrianto
et al., 2020; Imandala et al., 2019; Latri et al., 2024).

Based on the above description, there is an urgency to further examine the application of the CORE
learning model integrated with the PBL model on the mathematical problem-solving abilities of PGSD
students. This research aims to: (1) analyze the implementation of the CORE learning model integrated
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with the PBL model in mathematics education for PGSD students; (2) evaluate the impact of the integration
of the CORE and PBL models on the mathematical problem-solving abilities of PGSD students; and (3)
identify the factors that influence the effectiveness of the integration of the CORE and PBL models in
developing the mathematical problem-solving abilities of PGSD students.

The significance of this research lies in its contribution to the development of innovative and effective
mathematics learning models for PGSD students. Theoretically, this research enriches the body of
knowledge on the integration of learning models in mathematics education. Practically, the results of this
research can serve as a reference for lecturers and curriculum developers in designing effective mathematics
learning to enhance the mathematical problem-solving abilities of PGSD students. This research also
provides pedagogical implications related to mathematics teaching strategies in higher education,
particularly in the PGSD study program.

Moreover, this research fills the gap in the literature regarding the integration of the CORE and PBL
models, which is still limited. The majority of previous research has focused on the implementation of the
CORE or PBL model separately, while research on the integration of these two models has not been
extensively conducted. Through this research, it is hoped that a comprehensive and adaptive integrative
learning model can be produced, tailored to the characteristics and needs of PGSD students in developing
mathematical problem-solving skills.

2. RESEARCH METHOD

This research uses a quantitative approach with a quasi-experimental method. The research design used is
a pretest-posttest non-equivalent control group design, where the research subjects are not randomly
grouped but use pre-existing groups (intact group). This research design was chosen because it allows
researchers to analyze the effect of the treatment on the dependent variable while considering the initial
conditions of the research subjects (Creswell, 2022; Sugiyono, 2021).

The population in this study consists of all PGSD semester IV students for the Academic Year
2024/2025 at the Faculty of Teacher Training and Education, Universitas Muhammadiyah Sumatera Utara.
The sampling technique used is purposive sampling, which is the selection of samples based on specific
considerations in accordance with the research objectives (Etikan, 2017). The research sample consists of
two parallel classes with relatively homogeneous characteristics based on the results of homogeneity and
normality tests, namely Class A as the experimental group (n = 32) and Class B as the control group (n =
30). The determination of the experimental and control groups was done randomly through a lottery
technique.

The main instrument used in this study is: (1) Mathematics Problem-Solving Ability TestThis
instrument consists of essay questions that measure four indicators of mathematical problem-solving ability
based on the modified Polya stages by Etikan (2017), namely: (a) understanding the problem, (b) planning
the problem-solving, (c) executing the problem-solving plan, and (d) reviewing the process and results of
the solution. (2) Observation Sheet Observation sheets are used to observe student activities during the
learning process, both in the experimental group and the control group. (3) Reflective Journal The reflective
journal is filled out by the experimental group students after participating in learning with the CORE model
integrated with the PBL model.

Quantitative data obtained from pretest and posttest results were analyzed using descriptive and
inferential statistical techniques. Descriptive statistical analysis includes the calculation of the mean,
standard deviation, minimum value, and maximum value. Meanwhile, inferential statistical analysis is
conducted to test the research hypothesis. Additionally, to measure the effectiveness of the treatment, the
N-gain score is calculated using the formula:

N-gain = (posttest score - pretest score) / (maximum score - pretest score)
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The categorization of N-gain refers to the Hake criteria modified by Sundayana (2020), namely: g >
0.7 (high); 0.3 < g < 0.7 (medium); and g < 0.3 (low).
Qualitative data obtained from observations and reflective journals were analyzed using content analysis
techniques. This analysis includes the stages of data reduction, data presentation, and conclusion
drawing.This qualitative data is used as supporting data to enrich the interpretation of the quantitative
analysis results.

3. RESULTS AND DISCUSSION

This section presents the research results on the application of the Connecting, Organizing, Reflecting,
Extending (CORE) learning model integrated with the Problem Based Learning (PBL) model on the
mathematical problem-solving abilities of PGSD students. The research results are presented systematically
based on the quantitative and qualitative data analysis that has been conducted.

A. Initial Ability to Solve Mathematical Problems

Before the implementation of the learning model, a pretest was conducted to measure the initial problem-
solving abilities in mathematics of both groups. Descriptive statistics of the pretest results are presented in
Table 1

Table 1. Descriptive Statistics of Pretest Results on Mathematics Problem-Solving Ability

Group N Average Standard Minimum Maximum
Deviation Value Value
Experiment 32 38,34 10,25 40,00 75,00
Control 30 59,07 9,87 42,00 76,00

The results of the normality test using the Kolmogorov-Smirnov method show that the pretest data
in both groups are normally distributed (p > 0.05). The homogeneity test using Levene's test also showed
that the variances of both groups are homogeneous (F = 0.214; p = 0.645). Furthermore, the independent t-
test results on the pretest scores indicate that there is no significant difference between the initial
mathematical problem-solving abilities of the experimental group and the control group (t = -0.287; p =
0.775). This indicates that both groups had relatively equal initial abilities before being given the treatment.

B. Final Problem-Solving Ability in Mathematics
After the implementation of the learning model, a posttest was conducted to measure the final problem-

solving abilities in mathematics of both groups. Descriptive statistics of the posttest results are presented in
Table 2

Table 2. Descriptive Statistics of Posttest Results for Mathematical Problem-Solving Ability

Group N Average Standard Minimum Maximum
Deviation Value Value
Experiment 32 82,53 7,41 68,00 94,00
Control 30 71,67 8,23 56,00 85,00

The results of the normality test using the Kolmogorov-Smirmov method indicate that the posttest
data in both groups are normally distributed (p > 0.05). The homogeneity test using Levene's test also
showed that the variances of both groups are homogeneous (F = 0.547; p = 0.462). Furthermore, the
independent t-test results on the posttest scores indicate a significant difference between the final
mathematical problem-solving abilities of the experimental group and the control group (t = 5.742; p <
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0.001). The average posttest score of the experimental group (82.53) was significantly higher than that of
the control group (71.67).

C. Improvement in Mathematical Problem-Solving Skills
To measure the improvement in mathematical problem-solving abilities in both groups, an N-gain
score analysis was conducted. The results of the N-gain score analysis are presented in Table 3.

Table 3. Results of N-gain Score Analysis for Mathematical Problem-Solving Ability

Group N Average N Gain Standard Deviation Category
Experiment 32 0,53 0,14 medium
Control 30 0,31 0,12 medium

The independent t-test results on the N-gain scores indicate a significant difference between the
improvement in mathematical problem-solving abilities of the experimental group and the control group (t
=8.321; p<0.001). The average N-gain of the experimental group (0.58) was significantly higher than that
of the control group (0.31), although both were in the moderate category.

D. Analysis of Mathematical Problem-Solving Ability Based on Indicators

To obtain a more comprehensive picture, an analysis of mathematical problem-solving abilities was
conducted based on four indicators, namely: (1) understanding the problem, (2) planning the problem-
solving process, (3) executing the problem-solving plan, and (4) reviewing the process and results of the
solution. The percentage achievement of each indicator on the posttest for both groups is presented in Table
4.

Table 4. Percentage Achievement of Mathematical Problem-Solving Ability Indicators on the Posttest

Indicator Experimental Group Control Group (%)
(%)
1 92,81 87,67
2 83,44 72,33
3 79,06 68,67
4 74,84 58,00

Based on Table 4, the experimental group showed a higher achievement percentage on all indicators
of mathematical problem-solving ability compared to the control group.The largest difference in
achievement percentages is seen in the fourth indicator (rechecking the process and results), which is
16.84%. Meanwhile, the smallest percentage difference in achievement is seen in the first indicator
(understanding the problem), which is 5.14%.

E. Results of Student Activity Observation

During the implementation of the learning model, observations were made on the activities of
students in both groups.Observations were conducted in six meetings, focusing on aspects relevant to
mathematical problem-solving skills.The percentage of student activity implementation in both groups is
presented in Table 5.
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Table S. Percentage of Student Activity Implementation

Meeting Experimental Control Group (%)
Group (%)

1 78,67 70,56

2 82,33 72,89

3 85,78 73,44

4 88,44 75,11

5 90,22 76,33

6 82,33 72,76
Average 83,15 70,56

Based on Table 5, the percentage of student activity implementation in the experimental group
shows a consistent increase from the first meeting to the sixth meeting. The average percentage of student
activity implementation in the experimental group (83.15%) was higher than in the control group (72.76%).
This indicates that the CORE learning model integrated with the PBL model is capable of encouraging
students to actively engage in the learning process.

Based on the results of qualitative observations, students in the experimental group showed higher
enthusiasm and perseverance in solving the presented math problems. They also demonstrated better
collaboration skills in group discussions and were able to produce more creative solutions. Connecting and
organizing activities help students build a comprehensive understanding of problems, while reflecting and
extending activities facilitate them in evaluating and developing solutions (Eka Sastrawati et al., 2025;
Nasution et al., 2024).

F. Student Reflections on the Learning Process

To obtain students' perspectives on the implementation of the CORE learning model integrated
with the PBL model, a content analysis was conducted on the reflective journals filled out by the
experimental group students. The results of the content analysis show several main themes that emerged
from the students' reflections, as presented in Table 6.

Table 6. Main Themes in Students' Reflective Journals

Theme Description Frequency (%)

T1 Improvement in understanding mathematical 87.50
concepts

T2 Development of problem-solving strategies 81,25

T3 Improvement in confidence in problem-solving 78,13

T4 Collaboration and effective communication within 75,00
the group

TS Understanding the relationship between 71.88
mathematical concepts and real-world contexts ’

T6 Difficulty in the reflecting and extending stage 28,13

Based on Table 6, the majority of students reflected an increase in understanding mathematical
concepts (87.50%) and the development of problem-solving strategies (81.25%) after participating in
learning with the CORE model integrated with the PBL model. Most students also reflected an increase in
confidence in solving math problems (78.13%) and an improvement in collaboration and communication
skills within groups (75.00%). However, some students (28.13%) reflected on difficulties in the reflecting
and extending stages, particularly in evaluating solutions and developing knowledge in a broader context.
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Some representative student reflection quotes are presented as follows:

"This learning model helps me connect the mathematical concepts I have previously learned with
new problems I encounter.” I feel more capable of organizing my thoughts and seeing patterns in
problem-solving. (Student 7)

“The reflecting stage makes me accustomed to rechecking the solutions I find. This helps me reduce
calculation errors and ensures that my solution truly addresses the problem at hand.” (Student 15)

"I find it difficult in the extending stage, especially when asked to develop new problems or apply
solutions in different contexts. However, after a few meetings, I started to get used to it and even
enjoyed the process.” (Student 22)

"Collaboration in groups is very helpful in finding various problem-solving strategies. We learn
from different perspectives and approaches, enriching our understanding of mathematical
problems.” (Student 30)

The research results show that the CORE learning model integrated with the PBL model is effective
in improving the mathematical problem-solving abilities of PGSD students. This is indicated by the
significant differences in posttest scores and N-gain between the experimental group and the control group.

The effectiveness of the CORE learning model integrated with the PBL model can be explained
through several factors. First, the connecting stage in the CORE model facilitates students in linking new
knowledge with previously acquired knowledge. This is in line with the opinion of Latri et al. (2024) who
state that the process of connecting knowledge is an important foundation in building comprehensive
understanding.

Second, the organizing stage helps students systematically organize information, making it easier for
them to plan problem-solving strategies. According to the findings of Whitelock-Wainwright et al. (2020),
the ability to organize information is positively correlated with the ability to plan effective problem-solving
strategies.

Third, the reflecting stage encourages students to evaluate the process and results of problem-solving.
As stated by Restini et al. (2023), reflection is an important component in the development of metacognition
that plays a role in solving mathematical problems.

Fourth, the extending stage facilitates students in developing knowledge in a broader context, thereby
enhancing their knowledge transfer abilities. This is consistent with the findings of Djudin (2023) that the
ability to develop knowledge is positively correlated with adaptive problem-solving skills.

The integration of the CORE model with the PBL model creates a comprehensive learning synergy.
The PBL model provides a context of authentic, meaningful, and relevant problems, while the CORE model
offers a systematic cognitive structure for solving those problems. This is in line with the opinion of
Gunawan et al. (2023) that the integration of learning models can optimize learning outcomes through the
combination of the strengths of each model.

The results of the analysis based on the indicators of mathematical problem-solving ability show that
the CORE learning model integrated with the PBL model is the most effective in improving problem
comprehension skills. However, the most significant difference between the experimental group and the
control group was observed in the indicator of reviewing the process and results of the solution. This
indicates that the reflecting stage in the CORE model significantly contributes to the development of
evaluation skills in solving mathematical problems. Another interesting finding is the consistent increase
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in the implementation of student activities in the experimental group from the first meeting to the sixth
meeting. This indicates that students are becoming increasingly accustomed to the CORE learning model
integrated with the PBL model as their learning experience grows. According to Utami et al. (2023),
adapting to innovative learning models requires time and a continuous process (Utami et al., 2023).

Students' reflections on the learning process indicate a positive impact from the implementation of the
CORE learning model integrated with the PBL model on their cognitive and affective development. The
majority of students reflected an increase in conceptual understanding, the development of problem-solving
strategies, and an increase in self-confidence. However, some students experienced difficulties in the
reflecting and extending stages. This indicates the need for more attention in facilitating students at those
stages, especially at the beginning of the implementation of the learning model.

4. CONCLUSION

The application of the Connecting, Organizing, Reflecting, Extending (CORE) learning model integrated
with the Problem Based Learning (PBL) model has proven effective in improving the mathematical
problem-solving abilities of PGSD students. This is evidenced by the significant difference in posttest
scores between the experimental group (mean=82.53) and the control group (mean=71.67) with a t-value
of 5.742 (p<0.001), as well as a higher N-gain increase in the experimental group (0.58) compared to the
control group (0.31). The experimental group also showed higher achievements on all indicators of
mathematical problem-solving, with the largest difference on the indicator "rechecking the process and
results" (16.84%), as well as consistently increased learning activities, reaching an average implementation
percentage of 83.15%.

The integration of the CORE and PBL models creates a comprehensive learning synergy, where
the PBL model provides meaningful authentic problem contexts, while the CORE model offers a systematic
cognitive structure for problem-solving. Qualitative analysis through reflective journals revealed that the
majority of students experienced positive benefits from the implementation of the model, particularly in the
improvement of mathematical concept understanding (87.50%), development of problem-solving strategies
(81.25%), increase in self-confidence (78.13%), and development of collaboration skills (75.00%),
although a small number of students (28.13%) faced difficulties in the reflecting and extending stages.
Based on these findings, the CORE and PBL integrative learning models are recommended for
implementation in mathematics education within the PGSD study program, with attention to appropriate
adaptation and scaffolding to optimize each stage of learning.
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