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Science class. The result of this study was an N-Gain of students' attitudes towards
Mathematics STEM in experimental class showed a 0.11, which is still categorized as low

enhancement. The T-test result (asymp. sig. (2-tailed) = 0.54) also shows no
significant difference between the control and experimental classes.
Furthermore, engineering and technology are favored by the STEM subscale,
seen as fostering creativity subscale, followed by science, which students
enjoy most of the science with no counting lessons, However, most students
hold a negative view of the mathematics subscale due to the complexity of
formulas provided in the lesson. Based on this research, STEM-PJBL should
be applied in creative, innovative, and consistent ways within the science

class to get a higher shift in students' attitudes.
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1. INTRODUCTION

The rapid development of science and engineering in the 21st century reshapes industries
and continuously drives innovation. The job market is profoundly transforming, necessitating new
skills and competencies to thrive in the modern workforce. Employers increasingly seek individuals
equipped with 21st-century science, technology, engineering, and mathematics (STEM) skills,
encompassing knowledge, critical thinking, and collaboration. The evolving job market demands
these specific skill sets to meet the challenges and opportunities presented by the advancements of
this century (Zhou et al., 2019). Education is one of the motors that creates a highly skilled
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generation by developing new approaches. As the world's new educational trend, STEM, which
consists of the initials of Science, Technology, Engineering, and Mathematics, is an educational
approach that aims to help individuals gain information and skills through an interdisciplinary
approach. Another aim of STEM is to raise individuals who can handle the economic power that can
offer an advantage in the industrialization of countries and to transform countries into economically
and industrially developed countries (Cevik & Ozgiinay 2018). STEM education aims to advance
future generations with an innovative approach (Corlu, Capraro, & Capraro, 2014).

Unfortunately, the increasing need for STEM skills is not accompanied by student
involvement in STEM itself. Several nations, such as the United States and various European
countries, are presently confronted with the issue of declining interest among students in STEM-
related subjects (Osborne & Dillon, 2008). Many secondary and post-secondary students are opting
to switch from STEM majors to other disciplines. Moreover, although many secondary school
students excel in mathematics, they do not pursue STEM majors in college. Additionally, only half
of the students who initially chose STEM majors completed their STEM degrees (Carnevale et al.,
2011). In Indonesia, compared to Senior High School (SHS) students, Junior High School (JHS)
students have less experience in STEM learning. Although a small percentage of them had studied
STEM, they did not show a positive impression toward STEM learning, even 4 out of 20 JHS
students said they were tired of STEM learning (Permanasari et al., 2021).

As one of the disciplines that play a vital role in technological growth, physics is viewed as
both a process and a result, so in learning (Azhar, 2008), effective and efficient learning techniques
or approaches must be considered (Aripin et al., 2021). However, present school-based learning is
still student-centered (Syahfira et al., 2021) and geared at measuring students’ memory, making
learning physics less appealing to pupils (Dewi & Primayana, 2019). Light and optical instrument
topics are fundamental competencies covered in a science course. Besides that, previous studies
revealed that light and optical instruments are difficult and challenging topics among students, often
leading to misconceptions (Galili & Hazan, 2000; Ling, 2017.

To address this issue, the researchers proposed a solution within an integrated STEM
project-based learning approach in the light and optics chapter for 8th-grade junior high school
students. The study by Tseng et al. (2013) found that students' attitudes to engineering changed
significantly after completing STEM-integrated project-based learning. Several supporting studies
stated that STEM PjBL improves students' self-efficacy in solving physics problems (Samsudin et
al., 2020). As evident from the comparison between the pre-test and post-test, the Project-based
Integrated STEM Program positively affected student attitudes toward STEM (Zhou et al., 2019).
Engaging in at least one project-based course during the first four semesters affected student
perceptions of STEM skills, the utility value of participating in STEM courses, and STEM career
aspirations (Bier et al., 2019). A meaningful difference was found in students' attitudes towards
STEM before and after the application in the experimental group provided with STEM practices.
This finding suggests that STEM practices integrated into a science course effectively improve
students' attitudes toward STEM (Kurt & Benzer, 2020). The STEM-integrated robotics curriculum
caused students to gain more positive attitudes toward math (Ching et al., 2019). A STEM project
using 3D printing with repetitive modeling effectively developed high school student's interest in
technology and engineering careers (Lin et al., 2021). PBL interventions foster learning of science
and technology concepts, as well as encourage positive attitudes toward STEM (Hasni et al., 2016).
The present study supports the positive impact of a PBL experience on students' attitudes toward
STEM and suggests that this type of intervention can be a powerful tool to encourage students to
view science as a useful tool for their professional development (Escobar & Qazi, 2020).

Besides STEM-integrated project-based learning can increase attitudes towards science,
several studies say that the application of PJBL stem has a positive effect on several aspects, such as
students' computational thinking skills and their perception of Stem skill levels (Karaahmetoglu &
Korkmaz, 2019), enhance students' scientific and environmental literacy (Afriana et al., 2016;
Winarni et al., 2022), improve 21st-century skill such as critical thinking, collaborative skill, creative
thinking, and scientific creativity (Lou et al., 2017; Siew & Ambo, 2018; Hanif et al., 2019; Sumarni
& Kadarwati, 2020; Bulu & Tanggur, 2021). Hence, the integration of STEM and project-based
learning can be methods that can be considered to be implemented in science learning to create
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graduates who can compete and fill expert benches in the industrial era 4.0 with all the optimization
of the use of technology.

The previous studies are about how STEM-integrated project-based learning affects
students' attitudes toward science research in Taiwanese freshmen and high school and elementary
school students (Tseng et al., 2013; Lin, et al., 2021; Zhou et al., 2019), Malaysian 10th-grade high
school students (Samsudin et al., 2020), American primary school, high school, and university
students (Ching et al., 2019; Bier et al., 2019; Escobar & Qazi, 2020). Turkish 6th-grade high school
students (Kurt & Benzer, 2020). However, this study aims to analyze the effect of STEM project-
based learning in Indonesian junior high school students in grade 8.

Earlier research related to this field provided on different topics, such as global health and
bioscience (Bier et al., 2019), electric vehicles (Tseng et al., 2020), vibration isolator (Lin et al.,
2021), gears, energy, and an electromagnet (Zhou, et. al, 2019), pulley (Samsudin et al., 2020),
robotics (Ching, et. al, 2019), alternative energy (Escobar & Qazi, 2020), and electrical circuit (Kurt
& Benzer, 2020). Reviewing those previous studies, only a few studies explain the effect of STEM
PJBL related to optical instrument learning, so our study presents a novelty to reveal the effect of
STEM PJBL in learning optical instruments.

According to the background stated the research questions of this study are:

1. How does the effect of STEM Project-Based Learning on students' attitudes towards STEM in
learning optical instruments?

2. How do students' perceptions towards science, technology, engineering, and mathematics?

2. METHOD
Research Design

The Quasi-experimental was employed as the research approach in this study. The research
design in this study was a pre-test and post-test control group design (Cresswell, 2014). The
researcher divided the individuals into two groups. The researcher specified one group as the
experimental group and the other as the control group then administered a pre-test for both groups,
conducted experimental treatment activities on the experimental group only, and then provided a
post-test to compare the two groups. The scheme of experimental design can be seen in Table 1.

Table. 1. Quasi-experimental design

(O] Treatment 0,
| | |
Control Group Pre-test Project Based Learning (C) Post-test
| | |
Experiment Group Pre-test STEM Project Based Learning (X) Post-test

Source: (Cresswell, 2014)

Participants

The participants involved in this study are male students in grade 8 of Junior High Islamic
Boarding School Bandung, Indonesia. In a total of 60 students, there were 30 students for the
experiment class and 30 for the control class. Participants have a range of ages between 13-15 years
old. The sampling technique utilized in this study is purposive sampling, also known as judgment
sampling, which is the deliberate selection of a participant based on the traits the subject possesses. It
is a nonrandom approach that does not require underlying theories or a predetermined number of
participants (Etikan et al., 2016).
Research Instrument

The instrument used for measuring students' attitudes towards STEM is the S-STEM Survey
developed by Unfriend et al. (2015). The S-STEM questionnaire had 37 5-point Likert-type items
(strongly agree to strongly disagree). 26 statements will evaluate students' STEM attitudes, with 8
items (Q1-Q8) focusing on Mathematics, 9 items (Q9-Q17) on science, and 9 items (Q18-Q26) on
Engineering/Technology. The rest of the 11 items in the questionnaire (Q27-37) are labeled as the
21st century skills subscale. This study adapted only 26 statements from 3 parts, Mathematics,
Science, and Engineering/Technology, and translated them into Indonesian. The researcher also
developed an additional 4 open-ended questions to elaborate on students' perceptions of
mathematics, science, and engineering/technology.
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Cronbach's alpha was used to assess internal consistency reliability for the four constructs.
For each survey, these values were obtained using the whole sample of data. All constructs indicated
adequate levels of reliability for the Middle/High S-STEM Survey in the value of 0.89-0.92
(Unfriend et al, 2015).
Data analysis

The raw data is checked for distribution first to analyze the study's major research question.
If it is normally distributed, then the independent sample t-test is performed. Independent samples t-
test is used to contrast two groups whose means are unrelated (Gerald, 2018). If the data do not meet
the parametric assumptions of the t-test, the Mann-Whitney U tends to be more appropriate
(McKnight and Najab, 2010). Elaboration of the N-Gain test was also performed to discover the
comparison of mean scores between experimental and control groups. The categorization of the N-
Gain score can be seen in Table 2.

Table 2. Categories of N-Gain

N-Gain Interpretation

g>0.70 High
0.70 <g<0.30 Moderate

£<0.30 Low

(Meltzer, 2002)
Research Procedure
This study utilizes quasi-experimental use, matching only the pretest and posttest control
group designs. It uses 3 stages which are the deciding stage, the implementing stage, and the
evaluation stage. The detailed activities of implementation excluded pre-test and post-test in the
classroom shown in Table 3.
Table. 3. Activities in Control and Experimental Class

Experiment Class Control Class

STEM Project-Based Activities Project-Based Learning Activities
Learning Stages Stages
| | |
1. The stage of Students create a group. 1. Formulation Students form a group.
preparation Students recognize the of group project Students recognize the

project idea and scope of plans project concept and scope

optical  devices and
handcrafted projectors.

of optical devices and
handcrafted projectors.

Students learn about the Students obtain
fundamental principle of information about the
creating a homemade basic  principles  of
projector through the creating handmade
internet and scientific projectors from books on
literature. the internet.
| | |
2. The stage of Based on the group 2. Applyingthe  Based on the group
implementation  discussion, students project discussion, students
create a self-made create a self-made

projector design.

Students outline the tools
and supplies that will be
utilized.

Students  create  the
project using the design
sketch.

projector design.

Students outline the tools
and supplies that will be
utilized.

Students  create  the
project using the design
sketch

3. The stage

of

Students perform a real

T
3. Planning the

Students perform a real

presentation test of their product, presentation test of their product,
which includes which includes

calculating the  focal calculating the  focal

length of the lens, length of the lens,

43
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discussing the picture discussing the picture
creation  characteristics, creation  characteristics,
and drawing conclusions. and drawing conclusions.

Each group presents their
product and the
philosophy behind it.

4. The stage of Students do peer reviews 4. The Each group presents their
evaluation on the output of another presentation product and the
group. philosophy behind it.

The teacher evaluates the
product of the students.

| | |
5. The stage of Students self-correct the 5. The The teacher evaluates the

correction product in response to Evaluation product of the students.
suggestions and criticism.
Furthermore, students
begin to update the self-
made projector in
response to suggestions.

(Bilgin et al, 2015; Lou et al, 2017)

3. RESULTS AND DISCUSSION
Effect of STEM Project-Based Learning on Students’ Attitude Towards STEM

Research question number 1 can be answered by conducting statistical tests to see whether
there's a significant difference between the control and experimental classes. Before running the
statistical test, a normality test using the Shapiro-Wilk method was taken because the samples were
less than 50 (Razali and Wah, 2011). The provision of the Shapiro-Wilk test is if the sig. of both
groups > 0.05 then the data is normally distributed (Rahardjo, 2015). The result of the normality test
can be seen in Table 4.

Table 4. Normality Test

Condition Classes Sig.
Pre Test I Control I .013
I Experiment I 115
Post Test I Control I .014
I Experiment I .053

|
Conclusion Not normally distributed

The test result showed that the data are not normally distributed, so the test that should be
used to analyze the significance difference between the groups is the Mann-Whitney test or
nonparametric t-test. The value of Asymp. Sig. (2-tailed) indicating the significant difference
between the control and experimental class if the value is < 0.05 (Rahardjo, 2017). Hence in the
current study, there's no significant difference in students' attitudes toward STEM in the pre-test and
post-test for both the control and experimental classes. Non-parametric t-test results can be seen in
Table 5.

Table 5. Nonparametric T-Test Result

Grouping Variable Condition Asymp. Sig. (2-tailed)
Experiment and Control Class Pre Test .203
Post Test 540
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The mean score of the pre-test and post-test for both control and experiment classes was also
studied and achieved more than 3.00, which indicates a positive attitude on the whole S-
STEM test (Zhou et al., 2019). There's an increasing mean point in both groups despite the
increase points being less than 0 (Control class: 0.04; Experimental class: 0.2). The result of
the mean comparison for the control and experiment class can be seen in Table 6.

Table 6. Mean Comparison between Control and Experiment Class

Class Mean Pre Test Mean Post Test

| |
Control 3.23 3.27

| |
Experiment 3.14 3.34

Since there's an increasing mean score in the post-test both in control and experiment
classes, the N-Gain score test can be carried out by using the formula (Rahardjo, 2019). The
comparison graph of N-Gain between the control and experiment classes can be seen in Figure 1.

PostTest Score—PreTest Score

N-Gain =

Maximal score—PreTest

0.50
& 0.40
= 0.
@ 0.30
Z
= 020 0.11
Q 0.10 0.02
s :
0.00 — .

m Control ® Experiment

Figure 1. Graph of N-Gain between control and experiment class

The N-Gain score of the control class in all subscales is 0.02, and the N-Gain score of the
experiment class is 0.11, which both categorized as low enhancement as shown in Figure 1. In
answer to research question number 1, STEM PJBL does enhance students' attitudes towards STEM
but not significantly. This finding is supported by Leonard et al. (2016) stated that for each group,
there were no significant differences in pre-post scores on STEM attitudes. The study also stated that
the treatment's duration may have affected small differences in students' STEM attitudes.
Researchers suspect that the lack of significant impact on attitude towards STEM may be due to
students not taking group project creation seriously enough, as Nurwahidah et al. (2021) suggest.
Some students may also struggle to grasp the material despite group discussions and assistance from
others, as noted by Aini et al. (2023).

However, there’s still enhancement that can be seen in the N-Gain score where the
experimental class has higher mean points, indicating that students who attend the STEM-PJBL
course have slightly changed their attitudes towards STEM to be more positive. The enhancement is
supported by the learning stages. In the stages of implementation, students foster their STEM
attitudes by designing the handmade projector, especially for the engineering and technology
subscale. Engineering and technology attitudes are imperative in nurturing students' engineering
design thinking, ultimately leading to the realization of their project. STEM attitudes play a pivotal
role for students as they ascertain the fundamental principles of the projector, deliberate on the
design, materials, and tools to be employed, and determine the appropriate dimensions of the
projector. The initial product of the handmade projector developed in this stage can be seen in Figure
2.
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\Figure 2. Handmade Projector Before Redesign

The stage of presentation includes performing a real test of their product, calculating the
focal length of the lens, and discussing the picture creation characteristics. STEM attitudes of all
aspects effectively developed in this stage. Science attitudes are fostered by discussing the picture of
creation which applies the concept of light. Technology and Engineering attitudes develop through
the performance of product real tests, and Mathematics attitudes arise through calculating the focal
length of the lens. STEM attitudes in the presentation stage needed to evaluate their own and others'
products of course in science, technology, engineering, and mathematical realms. In the last stage,
which is the stage of correction, the STEM attitudes are further nurtured as students rectify their self-
crafted projectors based on feedback from their peers and teachers in the context of STEM
disciplines. The product that has been redesigned can be seen in Figure 3.

1 -
Figure 3. Handmade Projector After Redesign

Previous studies also approve the result of the current study that STEM PJBL can be
considered to enhance students' attitudes toward STEM (Yang & Chittoori, 2022; Lin et al., 2021;
Kurt & Benzer, 2020; Ugras, 2018; Beier et al., 2019). The application of STEM learning in middle
school has proven to have positive results in STEM attitudes (Damar et al., 2017; Ozcan & Koca,
2019). The fusion of PjBL and STEM significantly impacted students' attitudes toward their future
career aspirations because Students could apply the knowledge of STEM practically and generate
meaningful learning via the PjBL activity (Tseng et al., 2013). STEM projects included hands-on
activities such as designing and constructing products, allowing students to practice their engineering
design skills in integrated content, thus positively impacting students' attitudes towards STEM
(Baran et al., 2019; Sari, 2018).

Students Perception Towards Math, Science, and Engineering
Elaboration for each subscale (mathematics, science, and engineering) also showed the same results,
namely, there was no significant difference between the experimental and control classes for the pre-
test and post-test. Non-parametric t-test results for each subscale can be seen in Table 7.

Table 7. Nonparametric T-Test Result for Each Subscale

Subscale Grouping Variable Condition Asymp. Sig. (2-tailed)
Math Experiment and Control Pre Test .098
Class Post Test 300
Science Experiment and Control Pre Test .680
Class Post Test .287
Engineering and Experiment and Control Pre Test 425
Technology Class Post Test 317

-Gain scores of subscales of STEM attitudes, which are math, science, and engineering, are
also determined. The N-Gain scores of all subscales are categorized as low enhancement. As can be
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seen in Figure 4, engineering recorded the highest mean score among all subscales. Several previous
findings also stated the same result, such as Kartal & Tagsdemir (2021) and Tseng et al. (2013).

W Control ® Experiment

0.20
0.15

0.10

N-Gain

0.05

0.00

Math Science ET
Figure. 4. N-Gain of STEM subscales

As reported in open-ended questions, most students are interested in learning to engineer
because it provides something new that students have to be familiar with, as written by E14,
"Engineering grows as rapidly as technology nowadays, so then | think to get used to new advance
tools we have to know more about engineering", another opinion said that engineering can trigger
their creativity as stated by C22 and E19, "Engineering can trigger us to use our curiosity, creative,
critical thinking in making something new", another most opinion also said that engineering can
produce something that can be useful for the future, E12 stated that "through engineering, we can
help many people to lighten their jobs", C30 also support this opinion by stated, "by learning to
engineer | hope | can make something useful for me and the society". This qualitative result is also
consistent with a previous study by Hendley et al. (1996) that revealed students noticed the good
impact of technology and were eager to work in related sectors because it is one of the most
prominent contemporary topics. In addition, the experimental class has the highest N-Gain score in
engineering, meaning students who attend the STEM PJBL course have gained their attitudes
towards engineering. A study by Tseng et al. (2013) and Bingolbali (2007) has reported the same
findings that STEM-PJBL is the main cause of increasing students' attitudes toward STEM in the
engineering and technology subscale.

While contrary opinions were shown by students in the math subscale, most students
showed negative attitudes because math is hard for them, E24 stated, "Math is hard and complicated
because it has many formulas", C10 added, "It's hard to remember many formulas in math, so | need
to focus more when it comes to math", another problem is most students become not interested in
counting lesson, E8 writes that, "it's boring when it comes to counting lesson"”, C13 adds that, "why
we have to count in math class while we have a calculator?". This result also relates to Tseng et al.
(2013) finding that stated math was one the most unpopular subscales both before treatment and after
treatment because students find that math is a difficult subject, Bingolbali et al. (2007) further
suggested that the major reason for students' low interests in learning mathematics was because its
principles are difficult and time-consuming to understand. A study by Anigbo & Indigo (2015)
reveals several factors that affect the students' interest in math: teacher factor, student factor, class
size, government factor, instructional strategy, math anxiety, and infrastructure.

Subscale science sets clear plus and minus aspects in students’ perceptions. Some students
said they enjoy science because they can have practical work in the lesson. A study by Drymiotou et
al. (2021) and Blankenburg et al. (2016) stated that scientific practices or hands-on activities are one
of the most frequent sources of science interest among students. Students also stated that they found
science interesting because they can learn about life and living things, but when it comes to counting,
mostly in physics, it is as hard as math. Williams et al. (2003) also reveal that only one-quarter of
students have a positive attitude toward physics, and the rest of the students have positive attitudes
toward biology. Another interesting finding is the statement of a C18 student, "Science is boring or
science is exciting it depends on the teacher” Trumper (2006) supports this finding by stating in his
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study that the quality of teaching science can be a significant determinant of students’ attitudes
towards science lessons.
4. CONCLUSION

This study aims to identify the effect of STEM-PJBL learning on students' attitudes towards
STEM and the findings are there is gaining in mean score in the experimental class that attended
STEM-PJBL class but the gain is not significant, with only 0.11 that, categorized as a low
enhancement. It may happen because the duration of the STEM-PJBL class is too short to shift
students' attitudes towards STEM to be more and significantly positive. Since the gaining score is
low, then there are also no significant differences between the control and experiment classes, with
the t-test value shown as 0.540. The second aim is to elaborate on students' perception of math,
science, and engineering and technology, this study reveals that n-gain for the engineering and
technology subscale has the highest value among other subscales in both experiment and control
classes because students assumed that engineering and technology can shape their critical and
creative thinking by designing many devices. While students’ perception of math has contrary results
with engineering and technology results where most of the students have negative opinions caused
by the difficulties in math, it is supported by n-gain data of math in both classes are lowest among
other subscales.

This study implies that STEM-PJBL can be applied as one of the methods to
enhance students' attitudes towards STEM, but teachers should find creative, innovative, and
consistent ways to apply it within the science class to get a higher shifting of students'
attitudes. The school also has to provide a supportive atmosphere to support STEM learning
by considering STEM learning to be one of the parts of the curriculum.

Based on the result of the current study, further research may elaborate on how the
period of applications of STEM-PJBL affects students' attitudes toward STEM. From the
result of current research, students’ attitudes towards STEM are not significantly enhanced,
so it’s worthwhile to explore the effect of the period of application. Also, further research
about how STEM learning can shift students’ perceptions to be positive for all subscales is
worthy of being conducted since the current study shows that students have most negative
perceptions towards math subscales, therefore developing the curriculum of STEM learning
that can change students’ negative perception is one of the challenges.
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