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Abstract: This research sought to compare the effectiveness of Science Technology
Engineering Mathematics Problem Based Learning (STEM PBL) and Science
Technology Engineering Mathematics Project Based Learning (STEM PjBL) learning
models in fostering critical thinking abilities. Quantitative research with a pretest
posttest comparison group design is the methodology employed. Based on the
outcomes of an investigation of normal and homogeneous data. The increase falls into
the high category because the average N-gain value for STEM PjBL on all facets of
critical thinking skills is 0.76. STEM PBL, however, is 0.66, thus the growth is in the
middle range. The independent t-test results revealed that there was a difference
between the two courses in the development of critical thinking abilities, with sig. (2-
tailed) of 0.01. The study's findings indicate that both STEM PjBL and STEM PBL can
be utilized to enhance critical thinking abilities, but STEM PjBL is more beneficial in
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Introduction

this regard.

Learning is a relationship between students, and
students with teachers in a positive direction. Achieving
the goals of learning is influenced by problems in the
learning process. Teachers have responsibility for the
development of children's souls because they can be
called second parents. The learning process is a very
important activity, the success of school education
depends on the process of learning activities. The role of
teachers and students who are directly involved in the
learning process typically determines the success of the
teaching and learning process. Students and teachers
must collaborate when teaching and learning (Fariyani,
2019). Based on the results of observations and
interviews with physics teachers and critical thinking
skills tests at SMA Negeri 1 Boja, that critical thinking
skills are lacking. Where students are less able to
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respond, ask, analyze, conclude and evaluate questions
and problems accompanied by reasons in the learning
process. The model used by the teacher is a cooperative
model with the lecture method. Based on the interview
results that in the lecture method, students become
passive, the learning process becomes uninteresting, the
teaching process only focuses on understanding words,
and it is difficult to control the evaluation of the learning
process.

The ability to think is needed by humans to
survive, including when humans learn. When learning,
individuals will obtain information from sources, then
construct it into new knowledge. They will recall and
invite previous experiences into the mind and begin to
form a chain of associations (Ghanizadeh, 2020). Higher
order thinking skills such as critical thinking are
frequently incorporated into education (Gunawan et al.,
2017). Using the ability to analyze information, express
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opinions with supporting evidence, think broadly, carry
out investigations based on new information obtained in
thinking is called critical thinking ability (Khoiriyah et
al., 2018). Students are taught how to critically
investigate, analyze, and evaluate material or
viewpoints before deciding whether to accept or reject it
(Helmi et al., 2023). The demands of today cannot only
be satisfied by cognitive abilities, but also with good
skills and attitudes to create a balance between
cognitive, psychomotor, and affective (Wahyudi &
Winanto, 2018). For students to succeed in school, in life,
and in the workplace, critical thinking is crucial. A few
key reasons why critical thinking is one of the objectives
in education are as follows: (1) Critical thinking can
develop if it is frequently trained from learning to
thinking in the learning process; (2) Critical thinking
skills increase significantly at the high school level; (3)
Critical thinking is one of the skills sought after by
companies; and (4) Critical thinking is high-level
thinking and is one of the important things in making
decisions (Cindiati et al., 2021).

Through a variety of scientific procedures or
endeavors, the science of physics analyzes natural
occurrences. Observations, formulation of issues,
creation of hypotheses, execution of experiments,
drawing of findings, and discovery of ideas and
concepts are some examples of these scientific activities.
Additionally, the development of physics is founded on
scientific viewpoints that result in theories, concepts,
and principles (Trianto, 2017). Understanding rather
than memorization, which focuses on the process of
forming knowledge through discovery, how to present
data mathematically with existing provisions, also in
learning it is necessary in physics learning. The purpose
of physics learning is that students are able to search,
process, construct, and use knowledge (Azizah &
Widjajanti, 2019).

Concern over science, technology, engineering,
and mathematics (STEM) education has grown globally
in the twenty-first century. The term STEM education
has been used to refer to activities involving any of the
four areas, a STEM related course, or an interconnected
or integrated program of study. Definitions of the term
have ranged from disciplinary to transdisciplinary
approaches (English, 2017). Strimel et al. (2016) noted
that technology and engineering are often neglected in
secondary-school STEM education, and this neglect
perpetuates the educational system’s shortcomings in
nurturing technology and engineering talent. Due to this
issue, Song et al. (2016) and Lin et al. (2021) concurred
that planning technology-learning activities (such as
hands-on activities that incorporate engineering design)
can improve STEM education implementation and give
students a thorough cross-disciplinary experience. That
is to say, rather than concentrating on learning specific
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subject matter and ignoring the application of that
information, students will have more opportunities to
apply STEM knowledge and skill in addressing issues or
satisfying demands (K. Y. Lin et al., 2020). STEM, which
stands for science, technology, engineering, and
mathematics, is a learning approach that concentrates on
finding solutions to problems that arise in daily life
(Khoiriyah et al., 2018). In order to accomplish learning
objectives, the learning model is a crucial component of
teaching and learning activities. Teachers use learning
models as a reference while preparing lesson plans for
the classroom. The learning model is a design that
teachers use to conduct learning in class. It is a pattern
or design that serves as a guide for learning in class
(Ngalimun et al., 2018). One method for enhancing
students' critical thinking abilities is the usage of
learning models.

One type of learning model is problem based
learning (PBL). PBL is a student-centered approach in
which students learn by providing solutions to pre-
established issues. PBL calls for students to concentrate
on challenging issues that lack simple solutions. They
work together in groups to determine what they must
learn to overcome these challenges (Lei et al., 2016). The
A learning strategy that focuses on difficulties from the
actual world that are produced in this manner is called
problem-based learning (Abdjul et al., 2022; Hermanto
et al, 2023; Ntobuo et al, 2023; Payu et al., 2023;
Setiawan et al., 2023). Problem-based learning activities
or problem based learning is a learning model that can
enhance students' critical thinking abilities because it
places a focus on providing problems at the beginning of
learning, which will stimulate the ability of students
who are familiar with problem-solving to think critically
(Bashith & Amin, 2017). PBL is a teaching method that
exposes real-world issues to motivate pupils to study.
The PBL paradigm uses a STEM approach, which
combines science, technology, engineering, and
mathematics, to teach students while they solve real-
world issues (Nurhasnah et al., 2022).

A learning strategy called project based learning
(PjBL) makes use of projects or other activities as media.
To produce a variety of learning outcomes, learners
engage in exploration, assessment, interpretation,
synthesis, and information. PjBL is a student-centered
learning approach that allows for in-depth topic
research. With a research-based approach to
challenging, actual, and pertinent topics and concerns,
students positively expand their learning. This relates to
innovation, the capacity to invent things, use unique
development techniques, generate a wide range of
creative abilities, or change current objects into new
products (Sahida & Zarvianti, 2019). As a viable teaching
strategy to encourage learning in its cognitive, social,

and emotional components, project-based learning
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(PjBL) has gained widespread use in science education.
PjBL  fosters real practice, deep collaborative
multidisciplinary learning, and builds an iterative
culture where learners constantly prototype, reflect,
redesign, revise, and evaluate, which are considered the
core practices of PjBL according to research (Grossman
etal., 2019). PjBL fosters students' curiosity and increases
their comprehension of fundamental scientific concepts,
empowering them to solve issues and become
scientifically literate adults (Czerniak, 2018). From the
description above, this research aims to see how the
effectiveness and differences of STEM PBL and STEM
PjBL can improve students' critical thinking skills on
light waves material in class XI SMA.

Method

This research was conducted in class XI MIPA
SMA N 1 Boja. The obstacles faced by teachers during
physics learning based on the results of interviews and
initial observations and tests show that students' critical
thinking skills are still lacking. A total of 72 students
with two class groups, namely experimental class 1 (36
students) and experimental class 2 (36 students) as
research subjects. The type of research used is
quantitative research with a pretest Posttest comparison
group design (Sugiono,2017). In this design there are
two experimental classes, and to find out the initial
conditions of each group were given a pretest in the form
of critical thinking questions. then treatment, namely in
experimental class 1 with STEM PjBL and in
experimental class 2 with STEM PBL, and a Posttest was
conducted to determine the effectiveness and
comparison of learning interest of the 2 classes, Table 1
shows the research design.

Table 1. Research Design
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a measurement domain, determines the level of content
validity. The formula proposed by Aiken is shown in
equation 1.

zSs

V= n(c-1) (1)

Prerequisite tests, such as normality (chi square)
and homogeneity (F test), were used to examine the
pretest and posttest outcomes. The N-Gain test was
utilized in the meantime to evaluate how well the
learning model improved students' critical thinking
abilities. Additionally, an independent t-test was used to
compare how well STEM PjBL and STEM PBL improved
students' critical thinking abilities.

N-Gain Test
The effectiveness test uses the N-Gain test with
the formula shown in equation 2.

N-Gain=

posttest score-pretest score (2)

maximum score - pretest score

The division of the N-gain category can be seen in Table
2.

Table 2. N-Gain Criteria (Hake, 1998)

N-Gain Value Category
N=0.7 High
03<N<07 Medium
N<03 Low

Class Pretest Treatment Posttest
experimental 1 (A) Oa1 X1 Oaz
experimental 2 (B) Og; Xz Op2

The research process consists of three stages:
planning, implementation, and the end. The planning
stage includes making critical thinking skills questions,
ATP, teaching modules for the independent curriculum.
The implementation stage includes providing treatment,
namely STEM PjBL and STEM PBL learning. The final
stage includes data analysis, discussion, and conclusion.
Data collection instruments are critical thinking
questions and learning instruments. The research
instruments have been validated by experts and tested
for validity. The validity test aims to measure whether
the data obtained is valid or not (Sugiyono, 2017).
Content validity is determined based on the agreement
of experts. Agreement on a subject matter, or often called

Independent T-Test

With the following criteria for decision-making,
the independent t-test test employs the SPSS program: a)
If the sig value. (2-tailed) > 0.05, then there is no
significant difference. b) If the sig value. (2-tailed) < 0.05,
then there is a significant difference (Uyanto, 2019).

Result and Discussion

The results of critical thinking skills are shown in
Table 3 and Table 4.

Table 3. Critical Thinking Ability Pre-Test Results

Learning model Average Minumum value Maximun value
STEM PjBL 30 14 46
STEM PBL 32 14 46

Table 4. Critical Thinking Ability Post-Test Results

Learning model Average Minumum value Maximun value
STEM PjBL 83 66 97
STEM PBL 83 58 95

In the scope of education, it is often expressed that
the research data of a group of students in a class forms
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anormal curve. The assumption of normal data is tested
first to prove whether the empric data that has been
obtained is in accordance with the normal distribution
or not. The normality test needs to be done because data
with a normal distribution is one of the requirements
that must be met when calculating statistical analysis
(Nasrum, 2018).

Table 5. Normality Test Results

Kind of test  X?count  Description

STEM PjBL Pre-Test 2.99 Normal
Post-Test 10.26 Normal

STEM PBL Pre-Test 10.27 Normal
Post-test 6.54 Normal

Tabel 6. Homogeneity Test Results of Class; and Class,

Kind of test Feount Information
Pre-Test 0.8 Homogeneous
Post-Test 1.07 Homogeneous

The results of the calculation of the chi quadarat
normality test in table 3 with X*table (11.07) and dk (5)
show that X?count < X”tabel so it means that the data is
normally distributed. Meanwhile, the homogeneity test
is a prerequisite test in statistical analysis that must be
proven whether two or more groups of sample data
come from populations with the same variance or not
(Widana, 2020). A Homogeneity analysis in table 4 using
the F test and F,g, (1.76) btained the value of the
results of F.oyn: < Fiapie then the data is said to be
homogeneous. After that, the N-gain test was conducted
for each critical thinking aspect shown in Table 7 and
Table 8.

STEM PjBL

The total N-Gain test showed an average N-Gain
value of critical thinking ability of 0. 75 with a high
category. Meanwhile, the effectiveness of the increase in
each critical thinking indicator is shown in Table 7. The
results show that there are 4 indicators in the high
category and 1 indicator in the medium category. The N-
Gain value for each indicator includes the indicator of
providing an explanation of 0.72; building basic skills of
0.80; concluding by 0.75; providing further explanation
of 0.77. These four indicators have a high level of
effectiveness, meaning that students have been able to
focus, analyze arguments, ask and answer, are able or
have the expertise to adjust to sources, use appropriate
procedures, are able to place technology appropriately
deconstruct and consider it and define terms
appropriately. Meanwhile, the indicator of strategizing
and tactics is 0.69; meaning that students are not fully
capable of determining actions or making and
implementing solutions to problems. The final result of
the analysis shows that after students follow the STEM
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PjBL learning process, students' critical thinking skills
improve.

Table 7. N-Gain Test Results of STEM PjBL

Indicator of critical thinking ability N-Gain  Description
Elementary Clarification 0.72 High
Basic Support 0.80 High
Inference 0.75 High
Advanced Clarification 0.77 High
Strategy and Tactics 0.69 Moderate

There are research pertinent to this research, like
as, research with the STEM PjBL Model by Rosyidah et
al. (2021) stated that the treatment applied was
successful in enhancing students capacity for critical
thought. In general, all critical thinking indices increased
among students, research by Kurniahtunnisa et al. (2023)
showed the STEM PjBL improved students' ability to
think critically.

STEM PBL

The total N-Gain test shows the average N-Gain
value of critical thinking ability of 0.66 with a moderate
category. Meanwhile, the effectiveness of the increase in
each critical thinking indicator is shown in Table 8. The
results show that there are 4 indicators in the medium
category and 1 indicator in the high category. The N-
Gain value for each indicator includes the indicator of
giving an explanation of 0.67; concluding by 0.60;
providing further explanation of 0.66; and developing
strategies and tactics of 0.60. These four indicators have
a moderate level of effectiveness, meaning that students
have not been able to focus, analyze arguments, ask and
answer, deduce and consider, define terms
appropriately, and have not been able to determine
actions or create and implement solutions to problems.
Meanwhile, the indicator of building basic skills is 0.71,
meaning that students are able or have the expertise to
adjust to sources, use appropriate procedures and are
able to place technology appropriately. The final result
of the analysis shows that after students follow the
STEM PBL learning process, students' critical thinking

skills improve.
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Table 8. N-Gain Test Results of STEM PBL

Indicator of critical thinking ability N-Gain Description
Elementary Clarification 0.67 Moderate
Basic Support 0.71 High
Inference 0.60 Moderate
Advanced Clarification 0.66 Moderate
Strategy and Tactics 0.60 Moderate

7 e FETD

R am

There are research pertinent to this research, like
as they stated that students responded favorably to the
STEM Problem Based Learning paradigm, which can
strengthen critical thinking abilities (Rohmah et al,,
2021). Problem-Based Learning (PBL) with a STEM
Approach has an effect on critical thinking skills in the
E-phase (Putri et al., 2023).

The results of the independent t-test with Sig. (2-
tailed) of 0.01, which shows that there is a significant
difference in students' critical thinking skills between
classes using the STEM PjBL model and classes using the
STEM PBL model. The results of the analysis show that
the results obtained by the class with the STEM PjBL
model are higher than the class using the STEM PBL
model. In the STEM PjBL paradigm, students employ
every STEM component inherently to support their
learning. This type of learning necessitates both
individual and group interaction as students use a
variety of scientific disciplines-specifically, science,
technology, engineering, and mathematics-to jointly
solve issues. Each STEM discipline is very beneficial for
students' learning (Rismawati et al., 2019). STEM PjBL
can be a tool to help pupils develop their critical-
thinking skills (Kurniahtunnisa et al., 2023).

According to Rosidin et al. (2018), environmental
literacy and student creativity are actualized as
challenges and questions are presented, investigations
are guided, and dialogues with students are initiated.
STEM integrated problem based learning in the learning
phase allows for the elaboration, collaboration, and
collaborative interaction of students in the problem-
analysis process and the reporting process. Students that
engage in problem based learning demonstrate a
positive outlook, gain interdisciplinary conceptual and
procedural knowledge, and demonstrate active
behavioral intentions with STEM integration (Lou et al.,
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2011). Choosing the right learning method can affect
student learning outcomes (Ilyas, 2018). In choosing a
method, there are several things that must be considered
and considered. Among them are the goals to be
achieved in learning, the ability and background of
students, the ability and background of teachers, the
state of the learning process (Safitri et al., 2023). Further
research needs to be done to find out what has more
influence on critical thinking skills so that the benefits
are more optimal. The learning model can be utilized as
one of the model options in the learning process based
on the research's findings.

Conclusion

Students' critical thinking abilities can be enhanced
through STEM PjBL and STEM PBL. STEM PjBL is more
effective than STEM PBL in improving students' critical
thinking abilities.
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