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Abstract

This research aims to determine the use of project-based learning (PjBL)
Article Information in the achievement of students' mathematical problem-solving abilities.
Submitted May 10, 2021 The variables in this research were PjBL and mathematical problem-
Revised May 12, 2021 solving abilities. The instrument in this research was a description test of
Accepted May 13, 2021 mathematical problem-solving abilities, which was analyzed by testing

the hypothesis using the Mann Whitney U test. The results showed that
Keywords the average value of students learning using PjBL was higher than
Mathematical ~ Problem-Solving students learning using conventional models. The results of the Mann
Ability; Whitney test show that learning using PjBL is effective in improving
Project Based Learning. students' mathematical problem-solving abilities.

INTRODUCTION

Basic skills in reading, writing and arithmetic are no longer sufficient to compete in a
challenging 21% century. The education that is carried out must be able to prepare students to
compete in the global community (Nahdi, 2019). This statement is reinforced by (Karmana,
2010) who argues that the demands of 21st century education and the goals of national
education, especially in mathematics learning, emphasize the development of students'
potential to become independent learners, so that students have critical, creative, innovative
thinking skills, and able to solve life problems. Mathematics learning means learning to solve
problems, both problems related to everyday problems and solving math problems itself. In
line with that, the goal of mathematics in the school is that students can solve math problems
that are included in problem solving (Direktorat Pembinaan Sekolah Menengah Pertama,
2009). Talking about the problem-solving abilities proposed by some researchers, it can be
said that problem solving is part of mathematics learning (NCTM, 2000). Mathematical
problem solving is cognitively complex. Some mathematical literature describe problem
solving as a number of activities that create patterns, interpret numbers, develop geometric
constructions and prove theorems (Wilson et al., 1993). Amalia et al., (2017) stated that
problem solving is the center of mathematics learning in the school. (Kilpatrick et al., 2002)
said that in almost every domain of mathematics it shows that problem solving provides an
important context that students can learn about numbers and other math topics. Problem-
solving abilities are important for every student because problem solving abilities are at the
core of the mathematics learning process and basic skills in mathematics learning (Hendriana
et al., 2018). Correspondingly, solving mathematical problems is undoubtedly the heart of
mathematical activities and mathematics learning. This is evident in both teacher-centered and
student-centered learning models (Napitupulu & Mansyur, 2011).
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Through the constructivism approach, teachers cannot simply provide knowledge to
students, so that the knowledge given is meaningful, students themselves must process the
information they receive, restructure it and integrate it with the knowledge they have.
(Candiasa & Sukajaya, 2018). The teacher has the role of providing support and giving
students the opportunity to apply their own ideas and strategies in learning. Not only that,
(Wulandari et al., 2016) suggest that students have difficulty solving problems in
mathematics, but problem solving in mathematics learning is an important factor because it is
a basic skill that students must master. One of the difficulty factors is inseparable from the
learning model that is not in accordance with mathematics learning. Through the
constructivism approach, students actively build their own knowledge. Based on that, many
researchers have applied various learning models to support efforts in order to improve
students' problem-solving abilities.

The importance of mathematical problem-solving abilities for students is a reason that
efforts are needed to improve and enhance mathematics learning, through an innovation in
learning using an appropriate learning model or approach. The reason is so that students can
practice using their abilities and practice problem solving to explore abilities and develop
ideas or strategies in problem solving. One model that can be applied based on this is the
project-based learning model (PjBL).

(Rahmazatullaili et al., 2017) argued that the students' mathematical problem-solving
abilities after the application of project-based learning were better than before the application.
Cocco in (Kokotsaki et al., 2016) describe that project-based learning is a form of student-
centered teaching that is based on three constructivist principles, namely, context-dependent
learning, students are actively involved in the learning process and they achieve their goals
through social interaction by sharing knowledge and understanding. It is considered to be a
type of inquiry-based learning where the context of learning is provided through questions
and authentic problems in real-world practice (Al-Balushi & Al-Aamri, 2014) that lead to
meaningful learning experiences (Wurdinger et al., 2007). Project-based learning, provides
opportunities for students to construct their knowledge, by solving real problems through
questions, investigations, data collection, analyzing and interpreting information and data as
well as drawing conclusions and reporting findings (Blumenfeld et al., 2000).

(Bell, 2010) said that project-based learning is a key strategy for creating independent
thinkers. Students can solve real-world problems by designing their own questions, planning
their learning, organizing their research, and applying many things to learning. PjBL is an
approach for students to build knowledge through teamwork and problem solving by
scientific methods (Krajcik et al., 2018). Over the years, project-based learning has been
applied to a learning practice. In practice, students usually concentrate on group learning and
present various results (Tseng et al., 2013). In their researches, (ChanLin, 2008) and
(Karaman & Celik, 2008) show that students who learn using project-based learning do better
at developing skills, general abilities and compilation of knowledge than those who do not use
project-based learning. In addition, it is said that project-based learning helps improve
students' positive learning attitudes towards technology (Mioduser & Betzer, 2008) and
science (Martin-Dunlop & Fraser, 2008). Based on the description above, the purpose of this
research is to see the average difference in the mathematical problem-solving abilities based
on project-based learning models and conventional learning (PKv).
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(Purnomo & Mawarsari, 2014) revealed the results of their research that the IDEAL
learning model of project-based learning-based problem solving (PBL) can improve the
problem-solving abilities of prospective teacher students. Followed by the discovery of the
research of (Nurfitriyanti, 2016) with the subject of high school students, found that the use of
project-based learning models had an influence on students’ mathematical problem-solving
abilities. The same thing was done by (Muslim, 2017) that there was a positive influence on
the use of the Project Based Learning model on the mathematical problem-solving ability of
high school students. It is different with (Prabawa, 2017) who uses project-based learning
with ethno-mathematical nuances in junior high school students, stating that the PjBL
learning model with ethno-mathematical nuances is effective and can be an alternative choice
for teachers to develop students' level of problem solving abilities. In contrast to the
researches mentioned above, in practice the researcher uses a project-based learning model
(PjBL) in the achievement of mathematical problem-solving abilities of junior high school
students.

METHODS

This research aims to examine the effect of project-based learning model treatment on a class.
Thus, this research is an experimental research. This research was conducted in one of the
junior high schools in Bandung city. The population is all 8" grade students who take part in
semester 2 of 2018 which consists of eight classes with a total of 240 students. The sample in
this research were 33 students who were taught with PBL and 32 students who were given
conventional learning. The variables in this research are the PjBL model and mathematical
problem-solving abilities. The research instrument consisted of mathematical problem-solving
ability tests. The instrument test of the mathematical problem-solving ability test was carried
out in 9™ grade with 34 respondent students. Based on the results of the trial, 5 descriptive
questions were obtained which were used as a tool to determine the data on students'
mathematical problem-solving abilities. The instrument was analyzed by testing the Mann
Whitney U Test hypothesis. The selection of the Mann Whitney U test was due to the fact that
the sample did not meet the main requirements for data normality. The research procedure
used in this research can be seen in the followin_g flowchart:
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Figure 1. Research Flowchart
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The criteria for the achievement of students’ mathematical problem-solving abilities were
adapted from (Noer, 2010), as seen in Table 1.

Table 1. The Achievement of Mathematical Problem-Solving Ability Criteria

Test Score (X) Category
X=270% High

60% <X <70% Moderate
X <60% Low

RESULTS AND DISCUSSION

Analysis of students’ mathematical problem-solving abilities begins with descriptive statistics
which include mean, (x) and standard deviation (s), pretest score, post-test students'
mathematical problem-solving abilities. The data provided are as follows.

Table 2. Descriptive Statistics Data of Mathematical Problem-Solving Ability

Stat. PjBL PKv
Pretest Post-test n Pretest Post-test n
X 58,68 84,02 56,06 71,88
s 16,02 9,95 32 19,31 16,19 33
SE 2,83 1,75 3,36 2,81

Based on the table above, it can be seen that the average value of the test in the experimental
class is higher than the average value of the test in the control class both at the pretest and the
post-test. The standard deviation of the experimental class is lower than the standard deviation
in the control class. It means that, the distribution of student learning outcomes in the
experimental class is less than the control class. This identifies that if it is look at the diversity
of data for each class, the ability to solve math problems in the experimental class is almost
the same. The test scores of students’ mathematical problem-solving abilities in the
experimental class and control class were grouped based on the indicator of problem-solving
abilities.

The percentage of the achievement of students' mathematical problem-solving abilities
based on learning groups (PjBL and PKv) can be seen more clearly in the following bar chart.

Persentase Pencapaian Kemampuan Pemecahan

50 Masalah Matematis

48.23

28.22

PJIBL PKv

Figure 1. The percentage of the achievement of students'
mathematical problem-solvina abilities

The graph above shows that the percentage of achievement of mathematical problem-solving
abilities of students who get PjBL learning is greater than students who get conventional
learning (PKv), and the percentage of achievement of mathematical problem-solving abilities
for the PjBI and PKv classes is low.

Furthermore, to determine whether or not there is a difference in the average of the two
pretest groups, the Mann-Whitney U non-parametric statistical test was used, because the
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pretest data were not normally distributed. The results of the pretest data on average
difference test are presented in Table 2

Table 3. The difference test of the mean pretest data on mathematical problem-solving abilities

Models Mean Rank Mann-Whitney U(Z) Sig. (2-tailed) H,
PjBL 34,80
PKv 31,26 -0,760 0,447 Accepted

The results of the analysis in the table above, it is known that the probability value (sig.)
In each learning category is greater than the 0.05 significance stage so that the null hypothesis
Is accepted. This means that there is no difference in mathematical problem-solving abilities
between the experimental group (PjBL) and the average pretest score of the control group
(PKv). These results provide the conclusion that before being given different treatment
between the experimenters who received PjBL learning and the control class who received
PKYv learning.

The data on the achievement of mathematical problem-solving abilities were obtained
from the posttest scores of mathematical problem-solving abilities obtained by students in
Table 1. It can be seen that the average data on the achievement of mathematical problem-
solving abilities of students who received PjBL learning was greater than students who
received PKv learning.

Based on the normality and homogeneity tests that were carried out using SPSS 25, it is
known that the data are not normally distributed, so to determine the average similarity, non-
parametric tests are used using the Mann Whitney U test. Using the Mann Whitney U test, the
following results are obtained:

Table 4. The Difference Test of Mean Posttest Data on Mathematical Problem-Solving Abilities

Models Mean Rank Mann-Whitney U(Z) Sig. (2-tailed) H,

PjBI 40,95
Conventional 25,29
The results of the Mann-Whitney test produce a probability value (sig.) that is smaller

than the specified significance level of 0.05, so that the null hypothesis is rejected. This
means, there is a significant difference between the average data on the achievement of
students' mathematical problem-solving abilities who get PjBL learning and students who get
PKv learning. Based on the results of the analysis of the difference test on the average
achievement and the average score of the achievement of mathematical problem-solving
abilities of students who get PjBL learning and students who get PKv learning, it can be
concluded that overall, the achievement of students' mathematical problem-solving abilities
who get PjBL learning is better than students who get conventional learning.

The implementation of project-based learning was begun by providing a project work
plan sheet to participants with the aim of knowing the extent to which students understand the
material provided with the contextual problem to be worked on. The project worksheet
contains questions in the form of a flow map or a project implementation plan containing
basic questions that lead to the project planning design, such as: (1) what will be done ? ; (2)
how is the story to be completed ?; (3) what calculations will be carried out ?; (4) What
information is required ?; (5) how to get the required data and what equipment is needed ?; (6)
how to use information or calculations to answer questions ?; (7) how to organize and display
it ?; (8) how to present the final results of this project? After students have successfully filled

-3,378 0,001 Rejected
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in the project planning sheet, proceed with compiling a schedule of activities in groups
according to the predetermined plan. The role of the teacher in depth in this model is when
monitoring students, namely by facilitating students in each process carried out to test the
results and evaluate the experiences.

Project-based learning compared to conventional learning is more focused on the process
and the product value obtained is not only test scores but also the real achievements. This is in
line with the research conducted by (Putra, 2017) which states that the application of a
contextual learning approach can improve students' problem-solving abilities in mathematics.
(Fisher et al., 2020) Budi and Lala also revealed that the core of project-based learning,
namely: (1) focus on students' ideas; (2) relevant to student interests; (3) encouraging students
to be independent; (4) solving problems with an effective and attractive strategy; (5) helps
develop problem solving skills. Learning activities using the PjBL model keep students busy
with existing projects so that they can enjoy every learning activity. Although not everyone
likes it, the impact of the PjBL learning model can help students to solve their doubts in
learning mathematics and can foster enthusiasm for learning and increase academic
involvement (Craft & Capraro, 2017; Pratiwi et al., 2020).

CONCLUSIONS

Based on the research results, the mathematical problem-solving abilities of students who
learn using the PjBL model are better than students who learn using conventional models,
even though the percentage of achievement is low. It can be seen from the average score of
students' learning tests taught using the PjBL model which is higher than the average scores
of students who learn using conventional learning models. The significance value for
mathematics learning with the PBL model is less than 0.05. Therefore, H,, is rejected and H;
is accepted. This means that PjBL can significantly improve mathematical problem-solving
abilities. So, it can be concluded that the use of PjBL in the teaching and learning process is
effective in improving mathematical problem-solving abilities for students. This is because
when students learn with PjBL, students can discover the importance of mathematics in
everyday life.

Based on the conclusions above, as a follow-up to this research the researchers would like
to convey that through project-based learning, teachers are expected to focus on student
learning on mathematical problem-solving abilities and to other researchers who wish to
conduct this research, that project-based learning models can be used with a learning
approach or it can even be used to improve higher-order mathematical thinking skills such as
critical thinking skills, communication, and creative mathematics.
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