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Abstract

This study aims to improve the mathematical problem-solving ability of students at VVocational
High School (VHS) through implementing Project Based Learning (PjBL). The research
method used was a quasi-experiment with a matching-only pretest-posttest control group
design, with a sample of 64 students divided into two classes, namely experimental and control
classes, each consisting of 32 students. The sampling technique used was purposive sampling,
where the sample was selected based on specific criteria relevant to the research objectives.
Data were collected using tests of mathematical problem-solving ability administered before
(pre-test) and after (post-test) the treatment. Data were analyzed using an independent sample
t-test and a two-way ANOVA test with univariate general linear model (GLM) analysis. The
results showed a difference between the experimental and control groups before the treatment.
However, after the treatment, the experimental group had higher mathematical problem-solving
ability than the control group, including the improvement and interaction between PjBL
implementation and the Early Mathematics Skills (EMS) category.
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Introduction

Vocational High Schools (VHS) play an important role in Indonesia's economic progress,
turning the country into a new economic power (Kurniawan & Managi, 2018). They influenced
the number of jobs available, and VHS was here to give them an individual learning experience
(Barak & Shoshana, 2020). Therefore, VHS students must be taught specific conceptual,
procedural, and dispositional information about their field of study (Billett, 2013). However,
VHS Stakeholders find it challenging to identify an appropriate learning paradigm (Placklé et
al., 2020). Many alternative teaching approaches seek to integrate mathematics and vocational
learning. One of them is the math teacher, and VHS collaborated on a project that can be done
inside or outside the math class (Dalby & Noyes, 2015). Mathematics and its concepts are found
in all processes and diverse relations in many engineering fields, both in the theoretical
constructs applied to description and in the phenomenological representations and physical
spatial arrangements in which these professionals work (Santos et al., 2020).

For this reason, a change in how mathematics is taught at vocational schools is necessary
to better prepare students for the workforce (Frejd & Muhrman, 2020). PjBL is predicted to be
a viable alternative to contemporary learning in VHS. Teachers must contextualize mathematics
in real-world situations to make mathematics learning relevant (Dias, 2015). PjBL has been
applied in the medical, engineering, educational, economics, and business fields for
years (Capraro & Slough, 2013). The PjBL process aims to continue narrowing the gap
between the skills developed and those required by the community (Lima et al., 2017). PjBL
allows students to learn by doing and apply concepts in real-world actions comparable to those
practiced by professionals (Krajcik & Blumenfeld, 2006; Petrosino, 2004).

PjBL is student-centered, with a constructivist learning process (Kokotsaki et al., 2016),
thereby encouraging students to work independently through collecting authentic products,
opening up opportunities for students to become accustomed to investigating, asking questions,
and solving real-world problems (Setyarini et al., 2020). Students are responsible for
constructing their knowledge through constructivist methods (Pinho-Lopes & Macedo, 2016;
Tsybulsky et al., 2020). Constructive activity is when knowledge is interpreted, regulated, and
adapted to new conditions (Vye et al., 1997). This technique makes learning more relevant to
students' lives (Greenier, 2020), especially in developing scientific process skills, which can be
carried out through individual or group-assigned project work investigating information on a
particular topic (Kzkapan & Bektas, 2017). PjBL is used well when students have a deep
conceptual understanding but can damage students with shallow knowledge (Holmes & Hwang,
2016).

Previous research on PjBL has shown positive effects on student's cognitive abilities,
including influencing student achievement in mathematics (Branch, 2015), demonstrating
critical thinking skills and intrinsic motivation that are higher than traditional learning (Holmes
& Adams, 2006), and it can reduce the learning achievement gap because its implementation is
more profitable for low achieving students (Han et al., 2016). On the other hand, the results of
these studies contradict other studies, which state that although PjBL with ambitious
pedagogical techniques is effective in several classes, it does not positively affect students'
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attitudes toward mathematics (Sonnert et al., 2015). So, research on PjBL can be carried out
through further studies on the implementation of PjBL in the learning process, improving the
quality of measuring instruments, and improving the quality of data analysis (Guo et al., 2020).

The primary goal of this study is to determine whether PjBL can help Indonesian VHS
become more proficient at mathematical problem-solving. The implementation of PjBL follows
five main steps: project theme selection, learning context determination, project planning,
project execution, and project completion (Santyasa et al., 2020). This study will examine
differences in students' mathematical problem-solving abilities due to PjBL implementation.
PjBL is an ideal learning paradigm for increasing the productive abilities of VHS students (Fajra
& Novalinda, 2020), significantly increasing motivation and facilitating increased problem-
solving skills, thereby increasing students' cognitive and affective capacities (Chiang & Lee,
2016a). However, the fact is that mathematics is not a component of productive competence in
VHS, so it is necessary to examine whether PjBL has a positive effect on the mathematical
competence of VHS students, especially in their ability to solve mathematical problems.
Students who have mastered mathematics demonstrate problem-solving, mathematical
reasoning, procedural fluency, and conceptual knowledge (Niss, 2003).

Problem-solving theory and practice show that thinking is more important than
knowledge in solving problems (Carson, 2007), so it occupies a key place in mathematics
instruction and can be classified as a higher-order thinking talent (Sari et al., 2019). Problem-
solving can be defined as the process of prior knowledge obtained for new and unexpected
situations (Pehkonen, 1993). Solving math problems can help students improve their analytical
skills and apply them in various situations (Sari et al., 2019). The problem is the discrepancy
between the existing and intended state; problem-solving reduces this difference (C.-S. Tan et
al., 2019). The issues may be authentic to professional work or related to the concepts and
procedures comprising a disciplinary knowledge body (Branch, 2015; Frey et al., 2022; King
& Smith, 2020; MacLeod & van der Veen, 2020). In addition, most of the problems raised
cannot be resolved instantly, are open-ended, sometimes cannot be resolved, and require
investigation (Bishara, 2016; Ozcan, 2016).

Complex math problems require a solid foundation for students (Gill et al., 2010).
Students who need more basic mathematical understanding can perform accurate algebraic and
numerical calculations ((Fitzmaurice et al., 2019). The essence of mathematics is the ability to
solve problems (Phumeechanya & Wannapiroon, 2014); students' skills will improve if they
participate in problem-solving and successfully find solutions (Saputro et al., 2018). The main
goal is for students not only to understand mathematical principles but also to be able to apply
them in real-world situations (Niss, 1994). Mathematics is only "useful™ to the extent that it can
be applied to specific circumstances, and problem-solving uses mathematics in various
scenarios (Smith, 1986).

Mathematical problem-solving abilities, the main focus of this study, are expected to
provide VHS students with the cognitive experience needed to solve work-related difficulties.
Learning mathematics in VHS is significantly influenced by pragmatic factors (Smith, 1986)
because field mathematics is not considered mathematics(Bakker et al., 2014). As a result, the
mathematics curriculum in VHS is incoherent, impossible to apply vertically and horizontally,

713



Mohamad Gilar Jatisunda, Didi Suryadi, Sufyani Prabawanto

and far from learning meaningfully (Effendi, 2014). Based on this description, mathematics
education in vocational schools must be contextualized so that the teaching materials and
learning processes can meet the needs of the world of work. One of the essential mathematical
concepts in VHS is geometry.

Geometry is studied at all levels of education and is a mathematical discipline that builds
the foundation for more complex mathematical skills (Mammarella et al., 2013; NCTM, 2000).
Geometry represents a network of interconnected ideas and concepts (Couto & Vale, 2013;
NCTM, 2000; Sunzuma & Maharaj, 2020). Geometry makes an exceptional contribution to the
development of students' visualization skills, critical thinking, intuition, problem-solving,
conjecture, deductive reasoning, and logical arguments (Jones, 2002); moreover, knowing
geometry promotes awareness of the relevance of geometry in everyday life (Myers, 1991).
Geometry is a complex thing for students to master at school (Tan et al., 2015). On the other
hand, based on data from the Indonesian Educational Evaluation Center, geometry achievement
tends to fall between 2017 and 2018 (Puspendik, 2018). They cannot solve all geometric
problems (Cesaria & Herman, 2019). It is possible because students prefer something other than
geometry.

Students often need to be more open to geometry due to its abstract nature and reliance
on various formulas and symbols (Doli & Armiati, 2020). In general, children struggle to
understand geometric concepts, reasoning, and problem-solving abilities (Gutiérrez et al., 1991;
Sunzuma & Maharaj, 2020); students have difficulty understanding congruence, circle
theorems, and surface areas of flat shapes (Fabiyi, 2017). At every school stage, students strive
to acquire geometry; for example, elementary school students cannot recognize simple
geometric shapes (Marchis, 2012). Junior high school students struggle to measure, identify
angles and shapes, transform, and construct three-dimensional shapes (Ozerem, 2012). In high
school, it was carried out by Setyaningtyas and Rusnilawati (2019); students struggle with
naming geometric shapes, describing geometric qualities, explaining relationships between
cubes and blocks, and performing mathematical calculations. Thus, it is necessary to construct
inductive arguments regarding geometric figures and relationships (NCTM, 2000). To
overcome these problems, the purpose of this study is to apply project-based learning as a more
concrete and relevant learning method, focusing on conceptual understanding rather than
memorization, which includes targeted exercises and real-life applications, with specific
adaptations for VHS students, is expected to improve students' geometry skills.

Methods

The research was a quasi-experiment to investigate the influence of PjBL on mathematical
problem-solving ability. The effectiveness of Project Based Learning can be determined by
comparing the students' math problem-solving skills in the experimental and control classes.
The experimental design of this study is quasi-experimental based on sample conditions without
selection due to practical, ethical, and methodological reasons applied (Campbell & Stanley,
2015), matched only pre-test and post-test control group design. An investigation was carried
out by giving a pre-test to both courses to determine if their math problem-solving skills were
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comparable. A different treatment was given to both classes; the X symbol in the diagram above
represents the experimental class, while the others represent the control class. The experimental
class was treated with PjBL, while the control class received expository instructions. The PjBL

treatment in this study is presented in Table 1.
Table 1. PjBL treatment in this research

Activities
description

Teacher Activities

Student Activities

Introduction

The teacher conveys apperception,
motivation to students, basic
competencies, and learning
objectives.

Students listen to apperception,
motivation, basic competencies,
and learning objectives carried out
by the teacher.

Core activities

The teacher distributes student
worksheets to students about
project-based learning

Students explore project ideas
based on problems presented in
student worksheet

The teacher guides students to set
the theme of the project

e Students set learning context

e Students in small groups divide
tasks to answer problems in the
worksheet

e Students plan actual activities
based on the learning context

e Students browse the learning
resources that support the
project

¢ Students collect tools and
materials that support the
project in student worksheets

Students in small groups sketch the
project to be carried out related to
the topic geometry

The teacher guides each group of
students in making a project
activity report

e Students implement activities

e Students in small groups seek
solutions to problems based on
relevant learning resources

e Each group makes a report and
presents it in class

Closing
activities

The teacher rewards students’
SUCCess

e Students work on tests given by
the teacher

e Students confirm their
understanding with the teacher's
explanation

The research was conducted at State VHS 1 Majalengka. This research has gone through
a process of legal clearance legal research from all the subjects involved in the research, and
the subjects believe that there is no risk of physical, psychological, or legal consequences
arising from their involvement in the research. The research activities began with making
instruments, evaluating talent in mathematics, selecting samples, implementing learning, and
analyzing research data. The research sample comprised 64 students divided into two classes,
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each with 32 students: the experimental and the control classes. Nonprobability sampling,
particularly purposive sampling based on discussions with teachers regarding the Early
Mathematics Skills (EMS) category, allowed for selecting students to meet heterogeneous
criteria. However, it's important to note that non-probability sampling may limit the
generalizability of the results beyond the specific sample selected. While the findings provide
valuable insights into the impact of PjBL on mathematical problem-solving capacity within the
sampled group, they also hold significant potential in contributing to the understanding of the
impact of PjBL on mathematical problem-solving skills. The Early Mathematics Skills (EMS)
category is determined by the ability to analyze the previous students' subject matter.

The research data was obtained through a math problem-solving test given to students to
measure the development of their math problem-solving abilities. The indications of
mathematical problem-solving refer to Sumarmo (2010) to evaluate students' proficiency in
locating relevant information, constructing mathematical models from real-world scenarios,
selecting approaches to solve problems, interpreting findings, and applying mathematics
meaningfully. The research instrument of this research consisted of a test of the ability to solve
mathematical problems. The mathematical problem-solving abilities developed in this study
consist of physical, realistic, fantasy, and pure mathematical context problems (Quezada, 2020).
The validity and reliability of the instrument should be evaluated through expert opinion and
trials in classes other than topic studies. After completing these steps, it will be possible to
determine that all the instruments designed by the researcher have met the validity and
reliability standards based on the criteria provided. The validity coefficient for each test item is
roughly 0.75, suggesting a high level of validity, while the reliability coefficient is 0.81,
showing adequate reliability. The score on each item measures the ability to solve math
problems based on the difficulty level of the questions. The math problem-solving test consists
of five questions. The optimal maximum score is 50 because questions numbered 1 to 3 have a
score range of 0 to 10, while questions numbered 4 and 5 have a rating range of 0 to 15.

Normality and homogeneity tests of variance data post-test and N-gain analysis start the
data. The Kolmogorov-Smirnov test was used to check the two data sets for normality, and the
F test was used for homogeneity of variance. The data were analyzed using the t-test on
independent samples and a two-way ANOVA test with Univariate General Linear Model
(GLM) analysis. The t-test on independent samples was conducted to determine differences in
the ability to solve mathematical problems between the two classes. On the other hand, ANOVA
was conducted to find the difference in the increase in mathematical problem-solving skills
between the two classes based on the Early Mathematics Skills (EMS) category level.
Hypothesis testing was carried out using a significance level of 0.05.

Results

Data from the pre-test and post-test findings regarding mathematical problem-solving abilities
were obtained from the study. The initial ability of students in both classes is the same,
according to the pre-test findings analysis, so the two classes of students are worthy of
comparison. The disparity in the capacity of the two classes to solve math problems was
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addressed using post-test and N-gain data, each of which has a separate learning process. The
following justifies the hypothesis to be used to compare improvements in math problem-solving
skills:
1. The students' mathematical problem-solving skills in the experimental group were better
than the control group.
2. There is a significant difference in the increase in mathematical problem-solving skills
between students with high, medium, and low ability levels.
3. There is an interaction between the learning model factors given and the EMS category
factors toward increasing mathematical problem-solving abilities.
An Independent sample t-test will be used to demonstrate the first hypothesis. Table 2
displays the test findings for variance in the mean mathematical relationship.
Table 2. The results of the different tests are based on the average posttest mathematical
problem-solving ability score

Levene's Test for Equality of Variances F Sig. t Df  Sig. (2-tailed)

Equal variances assumed 10.677 .002 6.210 62 .000

Based on the calculation results in Table 2 above, the p-value is p < .001 for the posttest
data of mathematical problem-solving ability. Based on these findings, Ho is rejected. The
experimental group's mathematical problem-solving skills were superior to the control group's.
The superiority of the experimental group's mathematical problem-solving abilities compared
to the control group can also be seen from the average differences in students' mathematical
problem-solving skills shown in Table 3 below.

Table 3. Descriptive statistical data on posttest results of students' mathematical problem-

solving skills
Class N Mean Std. Deviation Std. Error Mean
Postest experiment class 32 715313  8.85723 1.56575
control class 32 60.3750 12.77788 2.25883

The disparity in the average score of students' mathematical problem-solving skills looks
very large with a difference of 11.1563. Furthermore, a two-way analysis of variance (ANOVA)
with GLM-Univariat will be used to test the second and third hypotheses. Table 4 displays the
findings of the analysis.

Table 4. Analysis of variance of data on improving mathematical problem-solving abilities
based on the mathematics learning model and EMS

Source Type 111 Sum of Squares df Mean Square F Sig.
Corrected Model 4143.068? 5 828.614 180.055 .000
Intercept 209577.612 1 209577.612  45540.437 .000
Model 1654.200 1 1654.200 359.452  .000
EMS 2330.526 2 1165.263 253.207  .000
Class * EMS 121.276 2 60.638 13.176  .000
Error 266.917 58 4.602
Total 215895.000 64
Corrected Total 4409.984 63

a. R Squared = .939 (Adjusted R Squared = .934)
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Based on the calculation results in Table 4 above, the p-value is p < .001, and F count =
253.207 is more significant than F table = 3.12 at the significance level o = 0.05 with degrees
freedom 2/58 (Fo.os2is8) = 3.12) or calculate F > F table so that Ho is rejected. This condition
indicates that the second research hypothesis is accepted, and the increase in students'
mathematical problem-solving abilities in the experimental class is significantly better than in
the control class. Furthermore, based on Table 4 above, the p-value is p < .05, and Fcount =
13.176 is more significant than table F = 3.12 at the significance level a = 0.05 with degrees of
freedom 2/58 (Fo.os2i74) = 3.12), so the Ho is rejected. This condition indicates that the third
research hypothesis is accepted. It shows an interaction between the learning model and the
EMS category factors on students' mathematical problem-solving. The superiority of increasing
the mathematical problem-solving abilities of the experimental group compared to the control
group can also be seen from the average difference in the increase in students' mathematical
problem-solving abilities shown in Table 5 below.

Table 5. Descriptive statistical data on increasing students' mathematical problem-solving

abilities
Class N Mean Std. Deviation Std. Error Mean
N_gain Control class 32 .1686 .15553 .02749
- Experiment class 32 .3750 .08729 .01543

The disparity in the average score for improving students' mathematical problem-solving
skills is very large with a difference of 0.2064.

Discussion

Students in the experimental group performed better than those in the control group when
completing the math problem-solving test, according to the results of the independent sample
t-test. In general, students’ ability to solve math problems shows this, and their improvement in
ability is superior to that of expository learning. The results of this research are relevant to
previous studies, which state that PjBL affects students' mathematical problem-solving abilities
(Chiang & Lee, 2016a; Han et al., 2016; Mettas & Constantinou, 2008; Muslim, 2017;
Nurfitriyanti, 2016; Susanta et al., 2020). PjBL can inspire students to engage in real-world
assignments and acquire transferable skills that apply to everyday life (Nilsook et al., 2021).
PjBL is a constructive learning model that positions students as active learners, enabling them
to build on previous knowledge (Santyasa et al., 2020) and have high academic involvement
when studying with the PjBL model because it is facilitated with projects related to phenomena
in everyday life that are interesting, challenging, and relevant to needs (Craft & Capraro, 2017).
So, PjBL is more applicable to real life than learning from textbooks alone.

The PjBL implementation in this study aligns with the PjBL indicators commonly used
by other researchers. Based on this, we claim that PjBL is an aspect that influences the
effectiveness of the mathematical problem-solving skills of VHS School students in presenting
geometric problems that apply in the context of engineering disciplines, especially building
engineering in the experimental class. The implementation basis is characterized by three
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classifications, including (1) Pre-PjBL, (2) simple projects, and (3) models with actual or
complex projects (Sudjimat et al., 2021). When learning geometry, students look enthusiastic
because their learning differs from learning mathematics. Generally, mathematics learning by
teachers uses a mechanistic and structuralistic approach. A mechanistic approach is a traditional
approach that starts from the simple to the more complex, so humans are seen as machines in
this approach. Meanwhile, the structuralistic approach uses a formal system to achieve a
concept through vertical mathematization, which is formally formulated using various rules.

Geometry learning that is carried out using PjBL tends to be delivered with a horizontal
approach, in which the mathematical concepts to be learned by students are raised from life
phenomena, formulated informally, using a variety of concrete, semi-concrete, or semi-abstract
tools using open-ended project assignments. Students in PJBL engage in interdisciplinary
learning by researching, developing solutions, and creating products to address real-world
problems or challenges (Sakulviriyakitkul et al., 2020). Problems in geometry are presented in
the form of open problems. Through work activities in small groups of students and presenting
reports related to projects that have been worked on, students become more active and able to
work together in group learning based on the division of tasks in the worksheets given so that
they can communicate the results of group work. Project work with groups relevant to real life
motivates and entertains students in participating in learning because students feel their
knowledge is more meaningful and can be applied to solve physical difficulties encountered in
everyday life (Chiang & Lee, 2016b). Solving these challenges may require different cognitive
processes (Wang et al., 2022). More is needed for problem solvers to know; they must also
possess high cognitive skills to solve difficulties successfully (Wong, 1992). Students with
limited talents face many obstacles when trying to solve problems; as a result, they give up
without realizing the benefits of their efforts (Wilburne & Dause, 2017).

On the other hand, teachers must be able to formulate and provide challenging problems
to their students (Cai & Hwang, 2020). Educational strategies to improve mathematical
problem-solving skills must also provide opportunities for students to learn mathematics while
solving problems (Yapatang & Polyiem, 2022). Problems a teacher gives can shape students'
mathematics learning in their class (NCTM, 2000). PjBL settings meet students' diverse
learning abilities and needs (Ubuz & Aydnyer, 2019). These characteristics and the student-
centered nature of PjBL contribute to creating an effective learning environment that
encourages independent learning (Zarouk et al., 2020). All students like contextualizing
activities because they activate their prior knowledge and experience as their thinking,
imagination, creativity, and motor skills (Ubuz & Aydnyer, 2019). According to previous
research, contextualization allows all students to find meaning in lessons (Duatepe-Paksu &
Ubuz, 2009), especially in developing the ability to overcome problems encountered during the
continuing education process, both inside and outside of school (Shabrina & Kuswanto, 2018).

Furthermore, based on the two-way analysis of variance (ANOVA) with the GLM-
Univariate, it can be concluded that the learning model and prior knowledge categories
significantly improve mathematical problem-solving abilities based on the EMS category.
Increased student involvement can be seen from students' enthusiasm, activeness, and critical
attitude during learning, especially in connecting previous knowledge and gathering
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information from various sources related to project activities, making it easier for students to
acquire mathematical problem-solving abilities as new knowledge. Assessment of prior
knowledge has a positive effect (Dochy et al., 1999). Problem-solving requires going beyond
prior experience, such as prior knowledge (Chang, 2010; Oksuz, 2009). According to research,
prior knowledge plays a role in learning success (Santagata & Lee, 2019; Star et al., 2009;
Williams, 2020). Prior knowledge is a requirement for constructing new knowledge. It must be
sufficient for the learning process to progress towards its goal and even beyond it. The quality
of students' previous instructional experience influences the formation of initial abilities. If
previous learning is not practical, then the learning outcomes do not meet the desired goals—
negative experiences as a mathematics student lead to substantial academic (Page & Clark,
2010).

In the learning process that has been undertaken and research results, two perspectives
can cause discomfort, namely whether minimal or complete guidance is superior. PjBL is part
of minimally guided learning (Sweller et al., 2007). However, the role of the teacher in
improving complex problem-solving skills is critical (Ummah et al., 2020). On the other hand,
the optimal learning environments for experts and beginners differ. In contrast, experts often
thrive with little guidance. Practically everyone succeeds when given comprehensive and
explicit instructional directions (and should not be asked to discover actual content or skills
(Sweller et al., 2007). Both types of guidance must concern teachers and other researchers who
will conduct similar research. The teacher is expected to be a facilitator who guides students so
that when many students find it challenging to identify the concept they want to achieve, the
teacher can direct them by providing minimal guidance. Students given projects during the
PjBL process tend to put more effort into gaining meaningful knowledge related to the project.
They can better use logical thinking in solving problems and connecting principles or concepts
learned in real life (Rosales & Sulaiman, 2016). Therefore, PjBL can be used to emphasize
students' role in finding their knowledge through project-based learning independently
(Darmuki et al., 2023).

This research has limitations related to the guidance provided by the teacher, which is
still carried out intensively to students. Students can only choose a project if the teacher uses
more than one. The guidance is still carried out intensively for students because students still
need to learn mathematics based on project activities. In learning design, the teacher should
provide alternative projects that can be selected according to students' abilities. The potential
of providing alternative projects for students to complement PjBL in achieving students'
mathematical problem-solving abilities needs to be critically examined in further research.

Conclusion

The students' mathematical problem-solving skills in the experimental group performed better
than the control group. In addition, PjBL can improve the mathematic problem-solving abilities
of VHS students, as evidenced by its improvement compared to the control class. Geometry
learning carried out using PjBL is delivered horizontally using open project assignments and
provides new challenges and experiences for students. Furthermore, the results of the study
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show that the PjBL arrangement is claimed to be able to meet the needs of students with diverse
learning abilities because it is proven that there is an interaction between the learning model
and EMS category factors on students' mathematical problem-solving. Students with high initial
ability can identify problems and work on requested projects with little resistance.

Meanwhile, some students in the medium group and the majority in the low group
experienced more significant obstacles. However, with the teacher's guidance, students could
understand the concepts to be achieved following the learning objectives. It shows that students
in the low and medium groups get a more significant advantage in PjBL learning. Further
research can be carried out to develop other mathematical abilities both in learning geometry
and other learning that is considered relevant.
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