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Abstract

This study aims to describe the effectiveness of problem-based learning and project-based
learning models and compare the effectiveness of problem-based learning and project-based learning
models in terms of problem solving ability and math anxiety of junior high school students. This research
IS a quasi-experiment research with pretest-posttest nonequivalent group design. The population size in
this study was all VIII grade students in one of the public junior high schools in Yogyakarta. The sample
selection used purposive sampling technique. The sample size in this study were VIII C and VIII D
students. To test the effectiveness of both learning models, paired t-test and one sample t-test were used.
To compare the effectiveness of learning models using MANOVA then continued with Tukey HSD post-
hoc test. The results showed that problem-based learning and project-based learning models were
effective and problem-based learning model was more effective than project-based learning model in
terms of students' problem solving ability and math anxiety.
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Introduction

The World Economic Forum states that students in the 21st century must have good problem-
solving skills. This is in line with the Partnership for 21st Century Skills, an educational institution based
in Tucson, Arizona, which identifies that students in the 21st century must have problem solving skills. In
the Book on Learning Outcomes (CP) of mathematics subjects in 2022 page 5 and Content Standards
Permendiknas No.22 of 2006 places problem solving skills as the goal of learning mathematics.

The National Council of Teachers of Mathematics (NCTM) places problem solving skills as one
of the main standards in mathematics learning (NCTM, 2000, p.29). NCTM places problem solving
ability as the first order because it plays a role in developing students' understanding, skills, and
foundation in mathematics as well as being a very important skill to face challenges in the 21st century.
Based on this, it shows that every individual should ideally have good problem solving skills as a
provision in facing challenges in the 21st century and especially in achieving success in learning
mathematics (Sinaga et al., 2023; Fredy et al., 2021).
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But in fact, students' problem solving skills in Indonesia are still relatively low (Attami et al.,
2020). Based on TIMSS results in 2011 Indonesia ranked 38 out of 42 countries while in TIMSS 2015
Indonesia ranked 44 out of 49 countries with a score below the TIMSS average of 397 (Mullis et al.,
(2012) & Mullis et al., (2016). Indonesia's 2018 PISA results ranked 72 out of 78 countries showing the
same thing that problem solving skills (OECD, 2018).

Similar results are also shown in statistics material. Based on research by Jr. & Diego (2021) and
Fitri et al., (2023) students' problem solving ability in statistics material is still relatively low. One of the
causes of low problem solving ability is that the learning model used by teachers does not involve
students in the learning process, teachers tend to be the center of learning (Rustella & Chotimah, 2023).
According to Son et al., (2019) one of the causes of low problem solving skills is the learning process that
tends to be teacher-centered. The learning process that tends to be teacher-centered results in a lack of
active student involvement in mathematics learning and ultimately students are less able to develop their
skills (Attami et al., 2020).

Another factor that is thought to cause low problem solving ability is student math anxiety (Rizki
et al., 2019). According to Rusyda et al., (2021) math anxiety is an emotional condition associated with
feelings of displeasure, anxiety, depression, worry, boredom and rejection when discussing math, solving
math problems in everyday life or when studying math in class. According to Amam et al., (2019) high
math anxiety interferes with student performance such as when learning math and math tests. One of the
factors that cause math anxiety comes from environmental factors, such as the mathematics learning
model used by the teacher (Deleq et al., 2023). According to Sousa (2015, p.169) teacher-centered
learning (explaining-exercise-memorizing) is one of the main sources of mathematics anxiety because it
focuses on memorization rather than on understanding concepts and reasoning.

Based on the explanation above, it underlines the urgency of improving problem solving skills as
a key step in achieving success in learning mathematics and answering challenges in the 21st century.
This is in line with the purpose of mathematics to develop problem solving skills so that they can be a
provision to face real-life challenges in the 21st century and achieve success in the academic field,
especially learning mathematics. By prioritizing the development of effective problem-solving skills and
providing a supportive learning environment to reduce anxiety, educators can help students achieve better
outcomes in mathematics, strengthen their academic foundation and open the door to long-term success.

Based on the explanation above, one of the efforts that can be made based on the results of
previous research and suggestions from experts is to choose the right learning model. Choosing the right
learning model according to the situation and conditions will make it easier for students to understand the
material being taught which in turn will have a positive impact on academic success (Wiyono et al.,
2021). According to Sousa (2015, p.169); Luttenberger et al., (2018); Ezeddine et al., (2023) and Pimta et
al., (2009) choosing a learning model is one of the right ways to improve problem solving skills and
control students' math anxiety.

One of the learning models that are thought to improve problem solving skills and reduce
students' math anxiety is problem-based learning and project-based learning. According to Tan (2003,
p.31) and Varela et al., (2023) problem-based learning and project-based learning models are learning that
can improve problem solving skills. Both models encourage students to actively engage in higher-order
thinking to construct their own meaning by applying what students have learned (Krauss & Boss, 2013,
p.10). According to Stanley (2021, pp. 6-7) both models are inquiry learning where students are
encouraged and allowed to let their curiosity about a given statement or problem foster a lot of creativity
and higher order thinking.

According to Delisle (1997), the principle of problem-based learning is to educate students by
involving them in problems to be solved, students learn through the process of interpreting questions,
gathering additional information, creating possible solutions, evaluating options to find the best solution,
and then presenting their conclusions. The problems presented can make students activate reasoning
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strategies to find solutions to the problems they face so that students are accustomed to formulating
hypotheses, analyzing problems and exploring various problem-solving solutions (Hmelo-Silver, 2004).

According to Ummabh, et al. (2019) project-based learning encourages students to use knowledge
and skills to interpret circumstances and plan appropriate approaches that require students to think
critically and creatively find alternative ideas in solving the problems at hand (Ummah, et al., 2019).
According to Helle and his colleagues (Tan & Chapman, 2016, p.36) project-based learning allows
students to hone and develop problem-solving skills through the reconstruction of knowledge to develop
projects and address the problems at hand.

Problem-based learning and project-based learning involve students in solving real-life problems
(Tan, 2009, p.11; Tan & Chapman, 2016, p.35). Presenting real-life problems makes students more
interested and motivated, which in turn can reduce students' math anxiety (Luttenberger et al., 2018).

Learning with problem-based learning and project-based learning models familiarizes students to
be directly involved in the investigation process (Stanley, 2021, p.6). getting students involved directly
can increase self-confidence and feel more prepared when facing mathematical challenges. This is in line
with Blazer's (2011) opinion that getting students actively involved in the learning process such as
exploration, thinking, practicing, and using knowledge, rather than listening to verbal descriptions of
concepts can reduce math anxiety. In addition, the collaboration scheme contained in both learning
models is thought to reduce students' math anxiety. According to Setyaningsih & Abadi (2018) sharing in
groups makes all group members able to achieve the same understanding, so that students with low levels
of understanding of the material will be helped more.

The advantages offered by the problem-based learning model include, 1) learning is more
meaningful because it connects to the real world, 2) facilitates students to be actively involved in the
problem solving process, 3) encourages collaborative learning (Delisle, 1997, pp.8-13), 4) makes students
more motivated, 5) achieves more complex understanding, 6) can apply knowledge to new situations, 7)
facilitates the development of inquiry (Arends, 2012, pp.403-404), 8) increases students' interest in
learning (Kim & Song, 2021). The advantages offered by the project-based learning model include, 1)
actively involving students in authentic learning (Tan & Chapman, 2016, p.35), 2) encouraging
collaborative learning (Tan & Chapman, 2016, p.39), 3) increasing student motivation as it relates to the
real world (Larmer, 2015, p.66). Based on the explanation above, both models present problems as the
starting point of learning, collaboration in solving each problem and the advantages of each learning
model which gives great hope that both are effective in improving problem solving skills and reducing
math anxiety.

Research on problem-based learning models and project-based learning models simultaneously
has also been conducted and obtained comparative research results that there is a significant difference
between the problem solving ability between groups using problem-based learning models and groups
using project-based learning models on high school level statistics material, in this case the use of
problem-based learning models is more effective than project-based learning models (Prasekti &
Marsigit, 2017). Similar research has also been conducted by Purba (2023) showing that problem-based
learning is more effective than project-based learning in terms of problem solving skills.

Ratri & Nurfalah (2023) showed that project-based learning is more effective than problem-based
learning on flat-sided space building material. The same research was also revealed by Lase et al (2023)
that the project-based learning model is more effective than the problem-based learning model in terms of
problem solving skills. Ariyani's research (2017) shows that there is no difference in effectiveness
between problem-based learning and project-based learning in terms of problem solving ability in high
school statistics material. Based on the complexity above, it can illustrate that research with problem-
based learning and project-based learning models needs to be carried out again because the results of
previous studies show inconsistencies.
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Some studies say there is a difference in effectiveness and others there is no difference in
effectiveness, meaning that in previous studies say that problem-based learning is more effective than
project-based learning models and in previous studies show project-based learning models are more
effective than problem-based learning models, on the other hand the results of previous studies show there
is no difference in effectiveness between problem-based learning and project-based learning. This
research also needs to be re-examined because in previous studies using materials other than statistics at
the junior high school level, so it is necessary to conduct research again to add empirical evidence
whether there is a difference in effectiveness between problem-based learning and project-based learning
models or not, and if there is a difference in effectiveness between the two models, it will produce more
effective research problem-based learning or project-based learning.

Method

This research uses a quantitative approach. This research is a quasi experiment with a pretest-
posttest nonequivalent group design. This research was conducted in one of the public junior high schools
in Yogyakarta. The population size in this study was all VIII grade students consisting of four classes
with the sample size was VIII C and VIII D with purposive sampling technique. Data collection
techniques in this study used tests and non-tests. The instruments used in this study were problem solving
ability tests and non-tests for students' math anxiety and learning implementation sheets. The test
instrument consists of two, namely the pretest of problem solving ability given before treatment and the
posttest of problem solving ability after treatment.

The number of pretest and posttest items of problem solving ability is 5 items of description to
measure students' problem solving ability. The questions are made based on the grids and indicators that
have been made, have answer keys and scoring rubrics that have been validated by expert lecturers. The
pretest and posttest questions are certainly different, but still with the same indicators.

The non-test instrument in this study is a student math anxiety questionnaire. The questionnaire
consists of 38 statement items. Filling in this questionnaire is in the form of a check to answer the
statement and uses a Likert scale. The math anxiety questionnaire was given at the beginning or before
treatment and after treatment to measure students' math anxiety. Furthermore, the instrument is
calculated to estimate its reliability using the Cronbach's Alpha formula. A variable is said to be reliable if
the reliability estimate value is at least 0.65. It was found that the problem solving ability test instrument
and non-test for math anxiety exceeded 0.65, which means that the data is reliable so that it can be used
consistently.

Data analysis techniques were carried out by descriptive analysis and inferential statistical
analysis of the data obtained. Descriptive analysis was carried out by finding the average, standard
deviation, minimum score, and maximum score of the data obtained, both for data before treatment, and
for data after treatment. The analysis was also carried out to determine the percentage of learning
implementation while answering the first effectiveness criterion, namely the percentage of learning
implementation exceeding 75%, while the criteria table is shown in table 1. Analysis of problem solving
ability data indicators using the minimum completeness criteria (KKM) of 75 shown in tables 1 and 2.
While data on students’ math anxiety is classified into criteria based on the scoring table for the math
anxiety scale in this study with a range of 76.01 to 151.99 shown in table 3.
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Table 1. Criteria for learning implementation

Interval Criteria
80<p<100 Very good
60 <p=<80 Good
40<p=<60 Simply
20<p=<40 Less
p=<20 Very Less

Table 2. Criteria for Problem Solving Ability

Interval Criteria
x=75 Very High
58,33 <x <75 High
41,67 <x <58,33 Medium
25,00 <x <41,67 Low

X < 25,00 Very Low

Table 3. Student Math Anxiety Criteria

Interval Criteria
x>151,99 Very High
126,67 <x<151,99 High
101,34 <x< 126,67 Medium
76,001 <x<101,34 Low

X < 76,01 Very Low

Inferential statistical analysis of data before treatment using MANOVA with a significance value
criterion of more than 0.05 which shows there is no difference in the average between the two
experimental classes before treatment. While for the paired t-test and one sample t-test testing stages,
MANOVA and Tukey HSD post-hoc tests. The paired t-test and one sample t-test tests were carried out
with a significance value test criterion of less than 0.05. The paired t-test test is used for effectiveness
criteria, namely the average posttest score is higher than the average pretest score of problem solving
ability while the effectiveness criteria for math anxiety is the average pretest score of math anxiety is
higher than the average posttest score of students' math anxiety.

Furthermore, the one sample t-test test is used for effectiveness criteria, namely the average
posttest score of problem solving ability at least reaches the KKM set by the school, while for math
anxiety, namely the average posttest score of students' math anxiety below 126.67. The criteria for the
effectiveness of math anxiety below 126.67 have reasons because 126.67 in this study is included in the
category below high and very high. This is in accordance with the opinion (Ashcraft & Kirk, 2001) that
high anxiety has poor performance.

MANOVA with a significance value less than 0.05 will show that there is an average difference
between the problem-based learning class and the project-based learning class. The test is then continued
with the Tukey HSD post-hoc test with a significance value less than 0.05 to show which model is more
effective in terms of students' problem solving ability and math anxiety.
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Table 4. Description of Learning Implementation Percentage

Meetin PBL Class PjBL Class
g Teacher Students Teacher Students
2 100% 100% 93% 90%
3 95% 95% 93% 90%
4 95% 90% 93% 90%
5 95% 90% 97% 93%
6 100% 95% 100% 100%
Average 97% 94% 95% 92%
Table 5. Description of Problem Solving Ability Data
Statistics PBL Class PjBL Class
Pretest Posttest Pretest Posttest
Average 47,84 78,49 49,26 75,04
Standard deviation 12,28 6,27 11,62 6,26
Ideal minimum value 0 0 0 0
Ideal maximum value 100 100 100 100
Minimum student score 22,50 65,00 25,00 60,00
Maximum student score 68,75 90,00 70,00 87,5
Table 6. Description of Student Mathematics Anxiety Data
Statistics PBL Class PjBL Class
Pretest Posttest Pretest Posttest
Average 115,31 88,93 118,44 106,03
Standard deviation 19,38 20,77 18,36 17,33
Ideal minimum value 38 38 38 38
Ideal maximum value 190 190 190 190
Minimum student score 84 56 81 66
Maximum student score 148 129 149 130
Results and Discussion

The data description of the percentage of learning implementation in both problem-based learning
and project-based learning experimental classes can be observed in Table 4. It is obtained that the average
value of learning implementation in both learning models exceeds 75%. This means that the first
effectiveness criterion, namely the percentage of learning implementation exceeds 75% in both classes
using problem-based learning and project-based learning, fulfills the first effectiveness criterion. In
addition, the percentage of implementation in the two experimental classes were both in the very good
criteria.

The description of problem-solving ability data for both problem-based learning and project-
based learning classes can be observed in Table 5. Based on table 5, it is obtained that the average value
of problem solving ability in both experimental classes is 47.84 and 49.26 before treatment, respectively.
After being given the treatment, the two experimental classes were 78.49 and 75.04 respectively. This
shows that there was an increase after being given treatment in both experimental classes. Both
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experimental classes after being given treatment experienced an increase with the acquisition of an
average value of very high criteria.

Description of student math anxiety data shown in table 6. Based on table 6, the average value
before treatment in both experimental classes was 115.31 and 118.44 respectively. After being given
treatment in both experimental classes respectively 88.93 and 106.03. This shows that after the treatment
in both experimental classes experienced a decrease in math anxiety. Both experimental classes after
being given treatment experienced a decrease in the average so that it was in the low criteria for
experimental classes using problem-based learning models and moderate criteria for project-based
learning models.

Before testing the hypothesis of the research results, it is necessary to test the assumptions which
include normality test and homogeneity test which can be observed in table 7.

Table 7. Normality Test Results

Class Pretest Posttest
PBL 0,179 0,819
PjBL 0,657 0,057

Based on table 7, the pretest data or before treatment and posttest or after treatment, it is found
that both experimental classes are multivariate normally distributed. This indicates that the data after
treatment is multivariate normally distributed. In other words, for data before treatment and after
treatment, the assumption of multivariate normality has been met.

The results of the homogeneity assumption test for the experimental class can be seen in table 8.

Table 8. Homogeneity Test Results

Data p-value
Pretest 0,968
Posttest 0,247

Based on table 7, it is known that the p-value in each data exceeds 0.05, which means that the
pretest and posttest data are homogeneous or in other words the data has fulfilled the homogeneity test.

After knowing that the data is homogeneous, paired t-test testing is carried out to determine
whether it meets the second effectiveness criterion. The test results are in table 9.

Table 9. Paired t-test results of PBL class

Aspects p-value
Problem Solving Ability 0,000
Math Anxiety 0,000

Based on table 9, it is known that each aspect has a p-value below 0.05. This shows that the
second effectiveness criterion for problem solving and the second effectiveness criterion for math anxiety
are met. This means that the average posttest value of problem solving ability is higher than the average
pretest value of problem solving ability and the average pretest value of math anxiety is higher than the
posttest value of math anxiety in problem-based learning model learning” is fulfilled.
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Furthermore, the paired t-test for testing the second effectiveness of the project-based learning
model can be seen in Table 10.

Table 10. Paired t-test results of PBL class

Aspects p-value
Problem Solving Ability 0,000
Math Anxiety 0,000

Based on table 10, it is known that each aspect has a p-value below 0.05. This shows that the
second effectiveness criterion for problem solving and the second effectiveness criterion for math anxiety
are met. This means that the average posttest value of problem solving ability is higher than the average
pretest value of problem solving ability and the average pretest value of math anxiety is higher than the
posttest value of math anxiety in project-based learning model learning" is fulfilled.

Furthermore, one sample t-test was conducted to determine whether the criteria for the
effectiveness of the three problem-solving abilities, namely the average posttest score of problem-solving
ability, at least reached the KKM set by the school. For the third effectiveness criterion of math anxiety,
the average math anxiety posttest score is below the score of 126.67. The test results are in table 11.

Table 11. One Sample t-test results of PBL class

Aspects T count Table
Problem Solving Ability 23,402 1,7011
Math Anxiety -15,537 -1,7011

Based on table 11, it is known that the problem solving ability aspect has t count> t table,
meaning that the third effectiveness criterion is met, namely the average posttest score of problem solving
ability at least reaches the KKM set by the school. While in the aspect of math anxiety, it is obtained that
the t value < t table, which means that the third effectiveness criterion is met, namely the average posttest
score of math anxiety below the score of 126.67.

PBL and PJBL maodels are familiarized to be actively involved in solving problems (Setiawan &
Santoso, 2017; Varela et al., 2023). According to Anggiana (2019) problem-based learning helps students
in developing problem-solving skills because it gives problems that are related to everyday life at the
beginning of each lesson and familiarizes active students to face problems, negotiate problem-solving
solutions so that problem-based learning can train students to improve problem-solving skills. In line with
Magaji's research (2021) that problems in problem-based learning get students involved in a series of
actions to solve them which in turn can improve problem solving skills.

In addition to the problem, collaboration in problem-based learning provides an opportunity for
students to share ideas and take responsibility for the problem together. Based on the observation,
students were involved in collaboration, sharing ideas and solutions, asking questions with their group
mates in the problem-solving process. Nasution et al (2020) found that one of the contributions in
developing problem-solving skills is the facilitation of collaboration activities where students discuss with
each other to solve the problems given.

In addition, problem-based learning provides opportunities for students to be active, collaboration
that can reduce students’ math anxiety. This is in line with Blazer (2011) active involvement,
collaboration and higher order thinking can reduce students' math anxiety. Ansari & Wahyu (2017) found
that collaboration allows students to avoid high math anxiety because students are more free to discuss
both with colleagues and teachers about material that has not been fully understood.
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The project-based learning model is able to improve problem solving skills because project-based
learning offers a learning process that encourages students to think and act based on the design of a
project. In addition, students develop a defined plan, provide a solution to a question, and students learn
different ways to solve problems by using various sources and contacting people from different
perspectives and skills to answer questions based on the design of a project. According to Varela et al.
(2023) which states that in answering a question from the project design, students are required to
collaborate in a way that they learn from each other in their groups to answer the questions given.

The results of research by Fatimah, et al. (2023) stated that the project-based learning model
facilitates the formation of a group. The group helps students to better understand, exchange ideas,
discuss. This is also in line with the findings of Nurfitriyanti (2016) which states that by applying the
project-based learning model students face a question or problem, exchange knowledge, and also
complement each other's shortcomings so as to make learning outcomes and problem solving skills
increase.

In addition, project-based learning provides opportunities for students to be actively involved in
the learning process that requires students to apply mathematical concepts, in other words, students do not
only listen to lectures or read mathematical theories, but students actively use their abilities in finding
solutions to complete the project. The active involvement of students can provide opportunities to hone
skills which in turn can provide more confidence when facing other problem challenges which can
ultimately reduce students' anxiety about math (Blazer, 2011).

Learning with project-based learning is done collaboratively in each learning step which is
strongly suspected to help reduce students' math anxiety. According to Setyaningsih & Abadi (2018)
collaboration can create a learning environment that supports and helps each other. Students work in
groups to complete projects so as to provide opportunities between students to provide emotional support
and knowledge. When students work together, they can exchange ideas, solve problems and share
responsibilities, which reduces individual pressure.

Furthermore, the comparison of the effectiveness of problem-based learning and project-based
learning models in terms of students' problem solving ability and math anxiety was carried out by
MANOVA test. The results of the MANOVA test to see the difference in effectiveness between the two
learning models show that the p-value is 0.000. Based on the test results, it can be concluded that the data
after treatment has a significance value smaller than 0.05. This means that the two classes have an
average difference for both aspects measured with the learning model as a fixed factor.

In MANOVA testing on data before treatment, it is known that there is no difference in average
between the two classes or it can be said that the initial ability of the two classes is statistically the same.
This is indicated by a p-value of 0.060 greater than 0.05. The average difference after the treatment is due
to the different treatment of the two classes. This indicates that the use of different models for the two
sample classes caused the average difference between the two sample classes.

After it is known that there is a difference in effectiveness between the two approaches, a post-
hoc tukey HSD test will be conducted to see which aspects distinguish the two learning models. The
results of the tukey HSD post-hoc test are in tables 12 and 13.

Table 12. Tukey HSD Post-Hoc Test Results Problem Solving Ability Aspects

Class diff Iwr upr p-value
PjBL-PBL -2,762 -5,377 -0,146 0,039
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Table 13. Results of Tukey HSD Post-Hoc Test for Mathematics Anxiety Aspects

Class diff Iwr upr p-value
PjBL-PBL -2,762 -5,377 -0,146 0,039

Table 12 and Table 13 show that problem-based learning is superior to project-based learning in
terms of students' problem solving ability and math anxiety. The advantages of problem-based learning
and project-based learning models in terms of problem solving ability and math anxiety can also be
observed in Figure 1 and Figure 2 below.

Indicators of Problem-Solving Ability

20 l 17.03 15 97 14 138 12.03

15 o 9.56
: il &3 &

5

0
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indicator indicator indicator
E pBL H PjBL

Figure 1. Average comparison of each indicator of problem solving ability

Indicator of Mathematics Anxiety

60 415
36.03 .
29.79 34.88
40 23.1 2266
: A
0
First Second Third
Indicator Indicator Indicator
N pBL M PpjBL

Figure 2. Average comparison of each indicator of mathematics anxiety

The problems given in the problem-based learning class are more when compared to the problems
in the project-based learning class. In addition, in the project-based learning class, students are less
directed to the problem, because the main focus of learning is more directed to project assignments that
use the same data at each meeting so that it does not familiarize students to practice in solving problems
with different data. In addition, the contribution of steps in the problem-based learning model adopted by
Arends & Kilcher (2010) is more structured and focused on problem solving.

On the other hand, in project-based learning, there is a step where students need to focus on
project planning where students need to plan the tools and materials and the schedule step which indicates
that students are not required to focus on the problem-solving process but focus on the project design.
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In addition, students must think about how to use technology (Canva) as a support to create
infographics as a final product. It is likely that some students are not proficient in using Canva so they
need to learn it. It is suspected that this distracts from the deeper problem-solving process than the
problem-based learning model which structurally provides steps that facilitate the in-depth problem-
solving process.

In addition, the problem-based learning model is superior in terms of students' math anxiety. This
is thought to be because learning using problem-based learning facilitates all students to engage in a deep
problem-solving process that allows all students to be more trained and allows students to increase
confidence in their cognitive abilities so that anxiety in the first indicator can be reduced. According to
Luttenberger et al., (2018) stated that self-confidence as a result of confidence in their abilities which
ultimately reduces students' math anxiety.

Conclusion

The conclusion of this research is that problem-based learning and project-based learning models
are effective in terms of students' problem solving ability and math anxiety based on the fulfillment of the
three effectiveness criteria. Problem-based learning model is more effective than project-based learning
model in terms of students’ problem solving ability and math anxiety.

Based on the results of the research and discussion, suggestions that can be conveyed are the
measurement of students' problem-solving abilities and mathematics anxiety in learning mathematics with
problem-based learning and project-based learning models should be carried out continuously and carried
out by expanding the material used in the study. problem-based learning and project-based learning
models can also be used as one of the learning models that teachers can use in the learning process,
especially in statistics and other materials to improve problem-solving abilities and reduce students'
mathematics anxiety. In addition, related to further research, it is hoped that similar research is needed
using a wider population, thus enabling broader generalization.

References

Attami, D & Budiyono, B. & Indriati, Diari. (2020). The mathematical problem-solving ability of junior
high school students based on their mathematical resilience. Journal of Physics: Conference Series.
1469. 012152. 10.1088/1742-6596/1469/1/012152.

Amam, A., Darhim, D., Fatimah, S., & Noto, M. S. (2019, February). Math anxiety performance of the
8th grade students of junior high school. In Journal of Physics: Conference Series (Vol. 1157, No. 4,
p. 042099). IOP Publishing.

Anggiana, A. D. (2019). IMPLEMENTASI MODEL PROBLEM BASED LEARNING (PBL) UNTUK
MENINGKATKAN KEMAMPUAN PEMECAHAN MASALAH MATEMATIS SISWA:
Pembelajaran Berbasis Masalah: Problem Based Learning: Pemecahan masalah. Symmetry: Pasundan
Journal of Research in Mathematics Learning and Education, 4(2), 56-69.

Ansari, B. 1., & Wahyu, N. (2018). Mathematics understanding and anxiety in collaborative teaching.
Journal of Physics: Conference Series, 943(1). https://doi.org/10.1088/1742-6596/943/1/012040.

Arends, R. I. (2012) . Learning to teach 9th ed. New York: McGraw-Hill.

Arends, Richard, I., & Ann, d. K. (2010). Teaching for Student Learning: Becoming an Accomplished
Teacher. New York: NY: Routledge.

Comparison of the Effectiveness of Problem-Based Learning and Project-Based Learning Models in Terms of Students' Problem Solving Ability

and Math Anxiety 442


https://doi.org/10.1088/1742-6596/943/1/012040

International Journal of Multicultural and Multireligious Understanding (IJMMU) Vol. 11, No. 9, September 2024

Ashcraft, M. H., & Kirk, E. P. (2001). The relationships among working memory, math anxiety, and
performance.  Journal ~ of  Experimental  Psychology:  General, 130(2), 224-237.
https://doi.org/10.1037/0096-3445.130.2.224.

Blazer, C. (2011a). Information Capsule Research Services Strategies For Reducing Math Anxiety At A
Glance.

Ceh-Varela, E., Canto-Bonilla, C., & Duni, D. (2023). Application of Project-based learning to a
Software Engineering course in a hybrid class environment. Information and Software Technology,
158. https://doi.org/10.1016/j.infsof.2023.1071809.

Ezeddine, G., Souissi, N., Masmoudi, L., Trabelsi, K., Puce, L., Clark, C. C., ... & Mrayah, M. (2023).
The problem-solving method: Efficacy for learning and motivation in the field of physical
education. Frontiers in Psychology, 13, 1041252,

Fatimah, P., & Makki, M. (2023). Pengaruh Model Pembelajaran Project Based Learning (PjBL)
Terhadap Hasil Belajar Matematika. Journal of Classroom Action Research, 5(Speciallssue), 51-57.

Fitri, 1., Setyaningrum, W., & Pulungan, D. A. (2023). The Phenomenon of Statistical Literacy in
Mathematics Learning of High School Students in Lhokseumawe Aceh. AKSIOMA: journal of
Mathematics Education Study Program, 12 (2), 1927-1941.
https://doi.org/https://doi.org/10.24127/ajpm.v12i2.7000.

Fredy, Bay, R. R &Sormin S.A (2021). Problem-Solving Approaches in Improving Students'
Mathematics Achievement in Elementary School. Atlantis Press.
https://doi.org/10.2991/assehr.k.211130.075.

Hmelo-Silver, C. E. (2004). Problem-based learning: What and How Do Students Learn? In Educational
Psychology Review (Vol. 16, Issue 3).

Jane Krauss, & Suzie Boss. (2013). Thinking Through PROJECT-BASED LEARNING. SAGE
Company.

Joseph C.L. Tan, & Anne Chapman. (2016). Project-based learning for Academically-Able Students.
Sense Publisher.

Jr., R. E.R, & Diego, C. V. (2021). Attitudes toward Statistics and Statistical Literacy of Public Senior
High School Students. Philippine Social Science Journal, 4(3), 48-56.
https://doi.org/10.52006/main.v4i3.399.

Kim, M. J., & Song, J. H. (2021). Project-based learning in mathematics education: A systematic review.
Mathematics Education Research Journal, 33(1), 1-23.

Larmer, J. (2015). Setting the standard for Project-Based learning. ASCD.

Luttenberger, S., Wimmer, S., & Paechter, M. (2018). Spotlight on math anxiety. In Psychology Research
and Behavior Management (Vol. 11, pp. 311-322). Dove Medical Press Ltd.
https://doi.org/10.2147/PRBM.S141421.

Magaji, A. (2021). Promoting Problem-Solving Skills among Secondary Science Students through
Problem Based Learning. International Journal of Instruction, 14(4), 549-566.
https://doi.org/10.29333/iji.2021.14432a.

Mullis. I V'S, Martin M O, Foy P, and Arora A 2012 TIMSS 2011 International Results in Mathematics
(Amsterdam 1017 BT The Netherlands: IEA).

Comparison of the Effectiveness of Problem-Based Learning and Project-Based Learning Models in Terms of Students' Problem Solving Ability

and Math Anxiety 443


https://doi.org/10.1037/0096-3445.130.2.224
https://doi.org/10.1016/j.infsof.2023.107189
https://doi.org/https:/doi.org/10.24127/ajpm.v12i2.7000
https://doi.org/10.2991/assehr.k.211130.075
https://doi.org/10.52006/main.v4i3.399
https://doi.org/10.2147/PRBM.S141421
https://doi.org/10.29333/iji.2021.14432a

International Journal of Multicultural and Multireligious Understanding (IJMMU) Vol. 11, No. 9, September 2024

Mullis 1 V'S, Martin M O, Foy P and Arora A 2016 The TIMSS 2015 International Results in
Mathematics (Amsterdam 1017 BT The Netherlands: IEA).

Nasution, Y. S., Syahputra, E., & Mulyono, M. (2020). The Development of Learning Instrument Using
Problem Based Learning Model to Improve Critical Thinking of Junior High School
Students. Budapest International Research and Critics in Linguistics and Education (BirLE)
Journal, 3(3), 1501-1508.

Nurfitriyanti, M. (2016). Model pembelajaran project based learning terhadap kemampuan pemecahan
masalah matematika. Formatif: Jurnal llmiah Pendidikan MIPA, 6(2).

OECD. (2019). PISA 2018 Results Combined Executive Summaries Volume I, 1l & Il
www.oecd.org/about/publishing/corrigenda.htm.

Prasekti, E. D., & Marsigit, M. (2017). Comparison of the effectiveness of problem-based learning and
project-based learning methods in learning high school statistics. Pythagoras. Journal of Mathematics
Education, 12(2).am.

Pimta, S., Tayraukham, S., & Nuangchalerm, P. (2009). Factors Influencing Mathematic Problem-
Solving Ability of Sixth Grade Students. Online Submission, 5(4), 381-385.

Ratri, I. R., & Nurfalah, E. (2023). Studi Komparasi Model Problem Based Learning (Pbl) dan Project
Based Learning (Pjbl) Terhadap Hasil Belajar Matematika Siswa Kelas VIII SMP Negeri 4 Tuban
Tahun Pelajaran 2022/2023. Innovative: Journal Of Social Science Research, 3(3), 10985-11001.

Rizki, F., Rafianti, I., & Marethi, 1. (2019). The Effect of Mathematics Anxiety on Students' Problem
Solving Ability in High School. GAUSS: Journal of Mathematics Education, 2(2), 11.
https://doi.org/10.30656/gauss.v2i2.1750.

Santoso, E. (2021). Mathematical Anxiety: What and How? Indonesian Journal of Education and
Humanity, 1(1), 1-8.

Rustella, F., & Chotimah, S. (2023). Analysis of students' mathematical problem solving ability in solving
statistics problems based on the ability level of grade VIII junior high school students. JPMI - Journal
of Innovative Mathematics Learning, 6 (4), 1737-1746.

Rusyda, N. A., Suherman, Dwina, F., Manda, T. G., & Rusdinal, R. (2021). The Role of Mathematics
Anxiety and Mathematical Problem-Solving Skill. Journal of Physics: Conference Series, 1742(1).
https://doi.org/10.1088/1742-6596/1742/1/012007.

Setyaningsih, T., & Abadi, A. (2018). The effectiveness of PBL in collaborative setting in terms of
algebra learning achievement, critical thinking ability, and student anxiety. Journal of Mathematics
Education Research, 5(2), 190-200. doi: https://doi.org/10.21831/jrpm.v5i2.11300.

Sinaga, B., Sitorus, J., & Situmeang, T. (2023). The influence of students' problem-solving understanding
and results of  students' mathematics learning. Frontiers in Education, 8.
https://doi.org/10.3389/feduc.2023.1088556.

Son, A. L., Darhim, & Fatimah, S. (2019). An analysis to student error of algebraic problem solving
based on polya and newman theory. Journal of Physics: Conference Series, 1315(1).
https://doi.org/10.1088/1742-6596/1315/1/012069.

Sousa, D. A. (2015). How the brain learns mathematics (second edition). California: Corwin A SAGE
Company.

Comparison of the Effectiveness of Problem-Based Learning and Project-Based Learning Models in Terms of Students' Problem Solving Ability

and Math Anxiety 444


http://www.oecd.org/about/publishing/corrigenda.htm
https://doi.org/10.30656/gauss.v2i2.1750
https://doi.org/10.1088/1742-6596/1742/1/012007
https://doi.org/10.21831/jrpm.v5i2.11300
https://doi.org/10.3389/feduc.2023.1088556
https://doi.org/10.1088/1742-6596/1315/1/012069

International Journal of Multicultural and Multireligious Understanding (IJMMU) Vol. 11, No. 9, September 2024

Stanley, T. (2021). Project-based learning for Gifted Students: A Step-by-Step Guide to PBL and Inquiry
in the Classroom (2nd ed.). Routledge. https://doi.org/10.4324/9781003237310.

Tan, Oon-Seng. (2003). Problem-based learning and Education. Singapore: Cengage Learning Asia Pte
Ltd.

Ummah, S. K., In'am, A., & Azmi, R. D. (2019). Creating Manipulatives: Improving Students' Creativity
through Project-based learning. Journal on Mathematics Education, 10(1), 93-102.

Wiyono, B. B., Rasyad, A., & Maisyaroh. (2021). The Effect of Collaborative Supervision Approaches
and Collegial Supervision Techniques on Teacher Intensity Using Performance-Based Learning.
SAGE Open, 11(2). https://doi.org/10.1177/21582440211013779.

Copyrights
Copyright for this article is retained by the author(s), with first publication rights granted to the journal.

This is an open-access article distributed under the terms and conditions of the Creative Commons
Attribution license (http://creativecommons.org/licenses/by/4.0/).

Comparison of the Effectiveness of Problem-Based Learning and Project-Based Learning Models in Terms of Students' Problem Solving Ability 445
and Math Anxiety


https://doi.org/10.4324/9781003237310
https://doi.org/10.1177/21582440211013779

