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The Physics Education Study Program has a great responsibility in producing prospective
educators who not only master physics concepts theoretically, but are also able to integrate
these masteries with applicative skills in the field of technology, one of which is electronics.
Electronic materials, especially logic gates, have an important role in today's technological
advancements, so it is necessary to examine students' interest in these materials with the
right learning model. Therefore, this study was made with the aim of seeing the influence of
the Project Based Learning learning model on students' learning interests in logic gate
materials. The results of this study were obtained by testing a hypothesis of p (<.001) < 0.05,
which means that there was a significant difference between the students' learning interest
scores before and after the implementation of Project Based Learning (PjBL) on the logic gate
material which was then strengthened by effect size testing with a result of d = 0.761
indicating a moderate effect and an N-Gain test of g = 0.44 with an increase in the medium
category. Based on this test, it can be concluded that there is an influence of the Project Based
Learning model on students' learning interest in logic gate material.
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Program Studi Pendidikan Fisika memiliki tanggung jawab besar dalam mencetak calon
pendidik yang tidak hanya menguasai konsep-konsep fisika secara teoretis, tetapi juga
mampu mengintegrasikan penguasaan tersebut dengan keterampilan aplikatif di bidang
teknologi, salah satunya elektronika. Materi elektronika terkhusus gerbang logika memiliki
peranan penting dalam kemajuan teknologi saat ini, sehingga perlu mengkaji minat
mahasiswa pada materi tersebut dengan model pembelajaran yang tepat. Oleh karena itu
penelitian ini di buat dengan tujuan untuk melihat pengaruh model pembelajaran Project
Based Learning terhadap minat belajar mahasiswa pada materi gerbang logika. Hasil dari
penelitian ini diperoleh pengujian hipotesis sebesar p (<.001) < 0.05, yang berarti terdapat
perbedaan signifikan antara skor minat belajar mahasiswa sebelum dan sesudah penerapan
Project Based Learning (PjBL) pada materi gerbang logika yang kemudian diperkuat dengan
pengujian effect size dengan hasil d = 0.761 mengindikasikan efeknya sedang dan uji N-Gain
sebesar g = 0.44 dengan peningkatan pada kategori sedang. Berdasarkan pengujian tersebut
dapat disimpulkan bahwa terdapat pengaruh model Project Based Learning terhadap minat
belajar mahasiswa pada materi gerbang logika.
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1. Introduction

The Physics Education Study Program has a great
responsibility in producing prospective educators who not only
master physics concepts theoretically, but are also able to
integrate these masteries with applicative skills in the field of
technology, one of which is electronics. The Electronics 2 course
is a follow-up course to Electronics 1 which focuses on the study
of digital electronics systems, with logic gates as one of the
fundamental subjects in it. Mastery of the concept of logic gates
including the logical gates AND, OR, NOT, NAND, NOR, X-
OR, and X-NOR along with their truth tables is an important
prerequisite for students to understand advanced topics such as
sequential circuits, binary number systems, and applications of
digital electronics in daily life, as well as a provision for
prospective physics teacher students when teaching electronics
materials at the secondary school level.

Despite having a strategic position in the curriculum structure,
logic gate material is often perceived by Physics Education
students as abstract material and requires logical-mathematical
thinking skills that are not always easy to visualize only through
theoretical explanations in class [1]. A study conducted on
Physics Education students in basic electronics courses found
that students' perceptions of motivation and skills towards logic
gate material were in a relatively lower category compared to the
aspects of material understanding and the use of learning media,
which indicates that there is a gap between the understanding of
concepts and students' internal motivation to study the material
in depth [2]. Similar findings also highlight the importance of
additional learning interventions to improve student motivation
and learning outcomes in basic electronics courses before taking
more complex digital electronics materials [3].

Low interest in learning abstract and technical materials such
as logic gates needs serious attention, considering that interest in
learning is a psychological condition characterized by an
individual's sense of pleasure, interest, attention, and active
involvement in a learning activity [4]. Without adequate interest,
the process of internalizing the concept of logic gates tends to
take place passively, so it has the potential to cause
misconceptions and low readiness of students in applying the
concept to practicum and digital circuit design tasks. The logic
of thinking needed in understanding the logic gate material is
also closely related to student learning interests.

This condition indicates the need to reorient the learning
strategy in the Electronics 2 course, from a teacher-centered
approach to a student-centered and contextual approach. One of
the learning models that is widely recommended in the science
education literature to overcome this problem is Project Based
Learning (PjBL), which is a learning model that actively
involves students in designing, building, and testing a real
product or project as a concrete representation of the abstract
concepts studied. Through direct involvement in assembling and
testing a series of logical gates physically and simulatively,

students are expected to build a more meaningful conceptual
understanding while increasing their interest in learning the
material.

International studies have consistently supported the
effectiveness of PjBL in increasing students' motivation and
interest in learning. Research through meta-analysis of 132
research reports found that project-based learning (PjBL) has a
consistent positive effect on students' learning motivation,
especially in terms of interest and task value [5]. These findings
are further strengthened through a follow-up meta-analysis that
found that PjBL has a significant positive impact on the learning
effectiveness of students compared to conventional learning
models [6]. More specifically in the context of physics learning,
it is proven that the application of PjBL produces better learning
outcomes than the direct instruction model, especially in
students with low levels of academic procrastination [7]. In the
context of digital electronic learning, the implementation of
P;jBL in digital design courses can increase student engagement
and understanding compared to conventional learning [8], while
project-based learning in electronics students also encourages
the development of cognitive and metacognitive skills
significantly [9]. PjBL is also effective in increasing student
engagement through four main dimensions,
collaborative learning, disciplinary learning, iterative learning,
and authentic learning [10].

namely

Other research has proven that the application of PjBL in
physics learning has a significant effect on increasing students'
interest in learning and science process skills [11][12]. This is
also strengthened by several studies on PjBL that use other aids
that have obtained significant results. As well as lesson study-
based PjBL which is able to improve the creative thinking skills
of high school students in physics learning [13], while
reaffirming the effectiveness of PjBL in increasing students'
interest and learning outcomes [14]. The profile of the scientific
creativity of Physics Education students built through project-
based learning also shows the great potential of PjBL to be
applied more widely to technical courses within the scope of the
Physics Education study program [15].

Based on this description, the researcher is interested in
examining the implementation of the Project Based Learning
learning model on the learning interest of Physics Education
students in the logic gate material in the Electronics 2 course.
This title is taken because most of the previous research still
focused on the application of PjBL to non-electronic physics
topics or at the secondary education level, while research that
focuses on the impact of PjBL on the learning interest of
prospective physics teacher students in digital electronics
materials, especially logic gates, is still rarely explored
empirically and measurably. This gap is the basis for the urgency
of this research. Through this research, it is hoped that it will
make a theoretical contribution through the enrichment of
empirical studies on the effectiveness of PjBL in digital
electronics learning in the scope of physics education, as well as
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a practical contribution as a consideration for lecturers teaching
the Electronics 2 course in designing learning strategies that are
more innovative, contextual, and able to increase students'
interest in learning materials that have been considered difficult
and abstract.

2. Research Methods

2.1. Research Type and Design

This research is an experimental research with a quantitative
approach. The research only involved one class without a
comparison class (control class), the design used was classified
as a pre-experimental design in the form of One-Group Pretest-
Posttest Design. In this design, the group studied was given a
pretest to find out the condition of learning interest before
treatment, then given treatment in the form of applying the
Project Based Learning (PjBL) model to the logic gate material
and then given a final measurement (posttest) to determine the
condition of learning interest after treatment [16]. The design of
this study can be seen in Table 1.

Table 1 Research Design

Pretest Treatment Posttest
O X 02

2.2. Population and Research Sample

The population in this study is all students of the Physics
Education Study Program who are taking the Electronics 2
course in the current semester which amounts to 3 classes. The
sample of this study is class C which amounted to 33 people.
Sampling is carried out using a simple random sampling
technique, which is selection is carried out randomly without
considering certain strata, groups, or characteristics in the
population [16].

2.3. Research Instruments

The instrument used in this study is in the form of a
questionnaire of learning interests with a Likert scale (4 or 5
points), which is compiled based on a grid of learning interest
indicators including students' feelings of pleasure, interest,
attention, and involvement while participating in learning logic
gate material [4]. This questionnaire was given to students twice,
namely before (pretest) and after (posttest) the application of the
PjBL model.

2.4. Data Collection Techniques

The data in this study was collected through the provision of
a learning interest questionnaire directly to all research samples,
both in the pretest and posttest stages of the implementation of
the PjBL model. In addition to the questionnaire, observations
of the implementation of PjBL-based learning were also carried

out as supporting data to see the consistency between the
learning process that took place and the results of measuring
student learning interest.

2.5. Data Analysis Techniques

The data obtained is then analyzed and obtained through the
following stages:

e Descriptive analysis, to describe the average score, minimum
score, maximum score, and category of student learning
interest during the pretest and posttest.

e Data normality test, using the Shapiro-Wilk test that is
appropriate for a small sample count (n = 33).

e Hypothesis test, using a paired sample t-test.

The hypothesis:

Ho: There is no significant difference between the pretest and
posttest scores of students' learning interests.

Hi: There is a significant difference between the pretest and
posttest scores of students' learning interests.

o Effect size test, to see the magnitude of the influence of PjBL
on students' learning interests.

e The N-Gain test, to determine the magnitude of the increase
in students' interest in learning before and after the
implementation of PjBL, by categorizing the increase into
high, medium, or low categories [17].

3. Results and Discussion

3.1. Research Results
1) Descriptive Analysis

The data on student learning interest was obtained from
questionnaires given before (pretest) and after (posttest) the
application of the Project Based Learning (PjBL) model to the
logical gate material for 33 students of the Physics Education
Study Program, shown in the following Table 2:

Table 2 Decryption of Research Results

Learning Interest Posttest of Learning

Pretest Interest
N 33 33
Missing 0 0
Red 3.48 3.71
Median 345 3.73
Standard 0.301 0.386
deviation
Minimum 2.76 3.00
Maximum 4.15 4.61
2) Data Normality Test

The data nobility test was performed using the Shapiro-Wilk
test. This is done because the data used in this study is relatively
small, namely 33 people or less than 50 people. The test results
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can be seen in Table 3:

Table 3 Normality Test

Learning Interest Posttest of Learning

Pretest Interest
Standard 0.301 0.386
deviation
Range 1.39 1.61
Shapiro-Wilk W 0.987 0.968
Shapiro-Wilk p 0.955 0.416

Based on Table 3, the results of the data test on the pretest
were obtained of p(0.955) > 0.05 and the posttest of p(0.416) >
0.05. Based on these results, it is concluded that the two data are
distributed normally. This is strengthened by the results of the
histrogram analysis shown in Figure 1 and Figure 2.

density

3.0 35 4.0

Figure 1. Histogram Pretest of Learning Interest

density

30 35 40 45
Figure 2 Histogram Posttest Interest in Learning

With this assumption of normality fulfilled, the next
hypothesis test uses parametric statistics, namely the paired
sample t-test.

3) Hypothesis Test

The test of the hypothesis results in this study can be seen in
Table 4 below.

Table 4 Hypothesis Test
Statistic. df p
Leaming Posttest
Interest of - Stdents 437 30 <001
Learning t
Pretest
Interest

Based on the tests obtained in Table 4, it can be seen that the
significance value obtained is p(<.001) < 0.05 which means that
HO is rejected and H1 is accepted, so it can be concluded that
there is a significant difference between the pretest and posttest
scores of students' learning interest.

4) Test Effect Size

After the hypothesis test was carried out, then an effect size
test was carried out to see how much influence of PjBL on the
learning interest of physics students. These results can be seen
in Table 5.

Table 5 Effect Size Test
Effect Size
. Posttest
Learning of
Interest . Student's t Cohen's d -0.761
Learning
Pretest
Interest

Based on Table 5, the influence value of PjBl on student
learning interest of d = 0.761 indicates a moderate effect. So
from these results, it can be concluded that there is an influence
of Project Based Learning on students' learning interest in logic
gate material.

4) N-Gain Test

The N-Gain test was carried out to determine the magnitude
of the increase in student learning interest before and after the
implementation of PjBL. Based on the calculation results, the
result was g = 0.44 with a medium category. These results show
that there is an increase in students' interest in learning after
being given learning using Project Based Learning, although the
increase is only in the medium category.

3.2. Discussion

Based on the results of the tests that have been carried out in
this study, several things are obtained that answer the hypothesis
in this study. The test in this study consisted of a normality test
which showed a pretest result of p (0.955) > 0.05 and a posttest
of p (0.416) > 0.05 where this result showed that the data was
distributed normally. After normal data, hypothesis testing was
then carried out which obtained a significance result of p (<.001)
< 0.05, which means that there was a significant difference
between students' learning interest scores before and after the
implementation of Project Based Learning (PjBL) on the logic
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gate material which was then strengthened by effect size testing
with a result d = 0.761 indicating a moderate effect. Based on
this test, it can be concluded that there is an influence of the
Project Based Learning model on students' learning interest in
logic gate material. The N-Gain test also had a fairly good result
with a value of g = 0.44 in the medium category. These results
show that there is an increase in students' interest in learning
after being given learning using Project Based Learning,
although the increase is only in the medium category. These
findings are consistent with the results that apply a research
design of a type of one-group pretest-posttest with Shapiro-Wilk
normality test and paired t-test on the application of PjBL for
celestial eclipse material in class VII MTs which obtained
pretest and posttest data results were declared to be normally
distributed (Sig. > 0.05), and the results of the paired sample t-
test showed t (26) = 10.26 with p < 0.001, so that Ho is rejected
[18]. The similarity of these statistical patterns reinforces the
belief that the change in scores in this study is not just a random
fluctuation, but a real effect of the PjBL treatment.

Similar evidence was also found in a quasi-experimental
study of 50 grade IX students at Nazarbayev Intellectual School,
Kazakhstan by applying PjBL to mechanical materials
(Newton's Law I, 11, III, superposition principles, and types of
forces). Using Force Concept Inventory as a measurement
instrument, t-test and ANCOVA analysis of pre-post data
showed that PjBL had a significant positive effect on students'
concept understanding [19]. The relevance of these findings to
current research lies in the similarity of the field of
physics/electronics material studies that are abstract and require
logical reasoning, thus strengthening the argument that the
characteristics of PjBL based on direct experience are effective
in bridging the gap between abstract concepts and students'
concrete understanding.

In terms of active involvement and broader science learning
outcomes, a quasi-experimental study of high school students on
fluid materials found that the group that studied with PjBL
showed very significant differences compared to the group
taught by direct methods, both in science process skills and
learning outcomes [20]. This is relevant to explain why the
increase in interest in learning in this study was also followed by
changes in student learning patterns. PjBL not only adds factual
knowledge, but also trains process skills that psychologically
increase students' sense of involvement and interest in the
material being taught.

The application of PjBL based on the Higher Order Thinking
Skills (HOTS) approach to students of Gunung Rinjani
University also obtained results that this approach is able to
improve students' abilities according to the demands of 21st
century learning, in line with the characteristics of this research
subject who are also at the student level [21]. These results
strengthen the argument that the effectiveness of PjBL is not
limited to the secondary school level, but is also relevant to
learning in college, including in courses that demand practical

skills such as in logic gate material.

A broader review was also conducted on the effectiveness of
PjBL in science and STEAM education which confirmed that
the characteristics of PjBL place learners as active designers of
projects consistently and contribute to increased motivation and
engagement of learning across levels and fields of study [22].
The conclusion of this review provides a broader theoretical
basis for the findings of this study, that the increase in interest in
learning in logic gate material is not a coincidental phenomenon
in one class, but is consistent with a pattern that has been widely
reported in the PjBL literature.

More specifically on the student involvement indicator, which
in this study showed a moderate N-Gain (0.44), this finding is in
line with the statement that PjBL actively trains science process
skills through the project monitoring and evaluation stage, a
stage that requires students to be directly involved in testing a
series of logic gates that have been designed [20].

Overall, the results of this study provide empirical evidence
that the application of Project Based Learning to logic gate
materials is effective in increasing the learning interest of
Physics Education students, both statistically (hypothesis p
(<.001) < 0.05) and practically (N-Gain in the medium
category). These findings are reinforced and in line with a series
of empirical evidence that consistently reports the positive
effects of PjBL on students' interest, engagement, and
conceptual understanding of abstract science materials.

4. Closing

Based on the results of the tests that have been carried out in
this study, it is concluded that there is an influence of the Project
Based Learning learning model on students' learning interest in
logic gate materials. These results are important to be referenced
by subsequent studies that we recommend using the control class
as a comparison.
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