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Pembelajaran IPA hendaknya mendorong siswa untuk terlibat dalam
membangun makna melalui eksplorasi atau investigasi fenomena alam.
Memahami fenomena alam melalui pembelajaran IPA akan menjadi
tantangan bagi siswa. Penelitian ini bertujuan untuk mengkaji
penerapan pembelajaran penemuan yang diperkuat dengan alat
peraga 3D untuk meningkatkan keterlibatan siswa dalam pembelajaran
IPA di kelas V SD. Pendekatan yang digunakan adalah kualitatif
dengan jenis penelitian tindakan kelas (PTK). Subjek penelitian
berjumlah 20 siswa dan 1 orang guru. Penelitian ini dilaksanakan dalam
2 siklus yang masing-masing siklusnya 2 kali pertemuan pembelajaran.
Data diperoleh dengan teknik observasi dan dokumentasi. Teknik
analisis data yang digunakan adalah kondensasi, penyajian, dan
kesimpulan. Penelitian fokus pada proses pembelajaran dan
keterlibatan belajar siswa. Hasil penelitian menunjukkan bahwa proses
d Discovery | Earning berbantuan alat peraga 3D mampu meningkatkan
aktivitas belajar, semangat belajar siswa, dan proses mengajar guru
dalam pembelajaran IPA. Perubahan dan perbaikan dalam proses
pembelajaran yang terjadi mendorong peningkatan keterlibatan belajar
siswa. Pada siklus I, 75% siswa masih berada pada kategori rendah

dan sedang dalam learning engagement ; pada siklus Il tidak ada siswa
yang berada pada kategori tersebut. Disimpulkan penerapan
pembelajaran penemuan yang diperkuat dengan alat peraga 3D dapat
meningkatkan pembelajaran dan menumbuhkan keterlibatan siswa
dalam pembelajaran IPA. Implikasi penelitian ini adalah memfasilitasi
pemahaman konsep yang lebih baik, mendorong kolaborasi dan diskusi
dan meningkatkan keterlibatan pembelajaran.
ABSTRACT

Pembelajaran IPA hendaknya mendorong siswa untuk terlibat dalam membangun makna melalui
eksplorasi atau investigasi fenomena alam. Memahami fenomena alam melalui pembelajaran IPA akan
menjadi tantangan bagi siswa. Penelitian ini bertujuan untuk mengkaji penerapan pembelajaran
penemuan yang diperkuat dengan alat peraga 3D untuk meningkatkan keterlibatan siswa dalam
pembelajaran IPA di kelas V SD. Pendekatan yang digunakan adalah kualitatif dengan jenis penelitian
tindakan kelas (PTK). Subjek penelitian berjumlah 20 siswa dan 1 orang guru. Penelitian ini
dilaksanakan dalam 2 siklus yang masing-masing siklusnya 2 kali pertemuan pembelajaran. Data
diperoleh dengan teknik observasi dan dokumentasi. Teknik analisis data yang digunakan adalah
kondensasi, penyajian, dan kesimpulan. Penelitian fokus pada proses pembelajaran dan keterlibatan
belajar siswa. Hasil penelitian menunjukkan bahwa proses d Discovery | Earning berbantuan alat peraga
3D mampu meningkatkan aktivitas belajar, semangat belajar siswa, dan proses mengajar guru dalam
pembelajaran IPA. Perubahan dan perbaikan dalam proses pembelajaran yang terjadi mendorong
peningkatan keterlibatan belajar siswa. Pada siklus I, 75% siswa masih berada pada kategori rendah
dan sedang dalam learning engagement ; pada siklus Il tidak ada siswa yang berada pada kategori
tersebut. Disimpulkan penerapan penemuan pembelajaran yang diperkuat dengan alat peraga 3D dapat
meningkatkan pembelajaran dan menumbuhkan keterlibatan siswa dalam pembelajaran IPA. Implikasi
penelitian ini adalah memfasilitasi pemahaman konsep yang lebih baik, mendorong kolaborasi dan
diskusi dan meningkatkan keterlibatan pembelajaran.
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1. INTRODUCTION

Facilitating student engagement in the learning process is an important element, including science
learning. Student learning involvement can be seen from 3 dimensions, namely affective-emotional
involvement, which includes attitude, interest, sense of belonging, and identification; cognitive involvement,
which is seen from perseverance, willingness, motivation, and psychological conditions for learning;
behavioral involvement, such as participation in activities (Bowden et al., 2017, 2021; Godec et al,, 2018;
Pietarinen et al.,, 2014.) The evaluation of the learning program recommends that science learning should
encourage students to engage in constructing meaning through exploration or investigation of the natural
phenomena studied by involving student discussion, data collection, analysis, and initial explanation,
followed by reading relevant literature to activate them to broaden their understanding (Ann Haefner &
Zembal-Saul, 2004; Lombardi et al., 2021; Tyler et al., 2018). Understanding natural phenomena in science
learning (content, inquiry, and process skills) is challenging for students because it involves complex
construction processes and requires time and effort while learning (Hadzigeorgiou & Schulz, 2019;
Rumjaun & Narod, 2020). They further assert that building student engagement in science learning is an
important teacher task as it is clear that understanding can occur with a certain level of engagement. In
addition to helping students build scientific understanding, every science teacher should engage and
motivate students with science, its content, and techniques (concepts, equations, laws, and laboratory skills)
(Calder etal., 2020; Friedrichsen et al.,, 2021; Hadzigeorgiou & Schulz, 2019).

However, in reality, there is still learning in elementary schools that need to facilitate maximum
student involvement. Science learning is still oriented towards transferring knowledge from teachers to
students. It prioritizes content mastery, so learning seems monotonous and prioritizes students'
memorization of science material content. Learning also runs monotonously in explaining the material by
the teacher, then reading textbooks and answering exercise questions in textbooks or student worksheets.
The activities of observing, investigating, collecting data, analyzing, and concluding data have not been the
teacher's choice. It aligns with observations at SDN 95 Pinrang in early January 2023, which showed that
students still seemed passive in learning and needed to be facilitated to engage in various meaningful
science learning experiences. It occurs due to several factors, such as using less relevant learning models to
engage students, not maximizing the use of media or visual aids that facilitate student involvement, and not
facilitating various learning activities/experiences. The problem of low learning engagement of fifth-grade
students of SDN 95 Pinrang needs to be addressed immediately to improve the process and results of
students' science learning.

Based on the literature study, one of the alternatives that teachers can apply to overcome low
student involvement in learning is through the application of discovery learning because the discovery
learning model is a learning model that facilitates and requires students to be involved and play an active
role in following a series of learning process activities (Darling-Hammond et al., 2013; Honomichl & Chen,
2012; Memarovic et al., 2012) The discovery learning model is also a learning strategy for understanding
concepts, meanings, and relationships through intuitive processes and inquiry to conclude (Clements &
Joswick, 2018; Marisya, 2020; Ozdem-Yilmaz & Bilican, 2020). The discovery learning model consists of 6
steps: first, stimulation, and stimulation to students. The second problem statement is the stage of
identifying problems relevant to the subject matter. Third is data collection, the stage of collecting students’
data. Fourth, data processing is the stage of processing the data that has been collected; fifth, verification;
and sixth, generalization, namely the process of concluding the findings. The previous research concluded
that the discovery learning model could increase students' learning activities and engagement; in this case,
the teacher facilitates students' learning activities and engagement through a series of stages in discovery
learning (Ozdem-Yilmaz & Bilican, 2020; Rachmawati & Koeswanti, 2021). The activeness and involvement
of student learning in question are activities that require students to participate directly during the learning
process so that students gain new experiences or knowledge. The Discovery Learning model is suitable to
be applied because, in the learning process, it can change teaching and learning activities from teacher-
oriented to student-oriented.

In addition to the application of learning models, one alternative to support student learning
involvement in the learning process is the presence of learning aids or teaching aids to solidify mastery of
concepts in science subjects. These aids can be teaching aids that help demonstrate a concept, law, or
procedure or show certain phenomena in science learning materials. Teaching aids are tools or materials
used in learning to assist students in improving their skills and knowledge, illustrate and solidify
information messages, and relieve tension and student learning obstacles (Suprayanti et al.,, 2017). In other
words, teaching aids are tools, methods, and techniques teachers use to facilitate communication and
interaction between teachers and students in the school's education and learning process.

Based on the description above, the researcher argues that conducting classroom action research
is important and necessary to improve student engagement in science learning at SDN 95 Pinrang, South
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Sulawesi. This study aims to answer two research questions regarding the implementation of discovery
learning reinforced with 3D teaching aids to improve the learning process and the implementation of
discovery learning reinforced with 3D teaching aids to increase student learning engagement. Research
combining the Discovery Learning approach with 3D teaching aids has several significant advantages in
fostering learning engagement. 3D teaching aids provide a more real and in-depth visual representation of
the studied concepts. It can trigger greater fascination in students, increasing their engagement in the
learning process. 3D teaching aids allow students to interact directly with the subject matter, such as
manipulating objects or exploring virtual spaces. It creates a more interactive and dynamic learning
experience, which can increase student engagement.

2. METHODS

This research was conducted in the fifth grade of SDN 95 Pinrang, South Sulawesi, Indonesia. The
research subjects totaled 20 students. This research was conducted in May 2023. The research design used
in this study was Elliot's Classroom Action Research model (Elliott, 2001). Learning improvement is
designed through several stages: planning, implementation, action observation, and reflection.
Implementation of the action refers to the Discovery Learning model procedure, which consists of 6 steps,
namely stimulation, providing stimulation to students, problem statement, the stage of identifying problems
relevant to the subject matter, data collection, the stage where students collect the necessary data, data
processing, stage of processing the data that has been collected, verification, the stage where students and
teachers carry out checks related to the data obtained and generalization, the stage of the concluding
process (Kemendikbud, 2013; Memarovic et al., 2012). The categorization of students' critical thinking
abilities is presented in Table 1. Observation indicators of student engagement in learning are presented in
Table 2.

Table 1. Categorization of Students' Critical Thinking Abilities

Score Categorization
90-100 Very high
80-89 High
70-79 Medium
<70 Low

(Sihpiwelas et al., 2014)

Table 2. Observation Indicators of Student Learning Engagement

Aspect Indicator
1. 1.Students observe the teacher's explanation during learning,.
2. 2.Students write/take notes in the learning process.
3. 3. Students focus on working on student worksheets according to the

Physical E . .
ysical tngagement teacher's directions

4. 4. Students actively participate in step-by-step activities during
learning
1. 1. Students take the initiative to express their opinions/feelings
regarding the learning process that day
2. 2.Students actively discuss during group work
Mental Engagement 3. 3. Students take the initiative to ask questions both when discussing
with the teacher and fellow students
4. 4. Students take the initiative to answer questions both when
discussing with the teacher and fellow students
1. 1.Students show enjoyment in participating in the learning process.
2. 2.Students interactintensely with fellow students and various teaching
aids and learning media resources.
3. 3. Students are enthusiastic and enthusiastic about participating in
learning from start to finish.
4. 4.Students look serious about doing every task during learning.
(Sihpiwelas et al., 2014)

Emotional Engagement

The research data collected was student and teacher activity data, taken using observation sheets
to determine the learning process and implementation of Discovery Learning with the help of teaching aids;
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data on the level of student learning engagement was taken using observation instruments. During learning,
observers make observations based on learning engagement instruments on each student. The student
engagement learning instrument was developed based on student engagement indicators, as shown in
Table 1. The results of each student's observations are then given a score to categorize the level of student
learning engagement based on the table of indicators for observing student engagement, as shown in Table
2. The standard for success in the actions in this research is when, at the end of the lesson, > 75% of students
are in the learning category. High and Very High engagement.

3. RESULT AND DISCUSSION

Result

Implementation of learning as a form of implementing the action plan in this research is carried out
through the opening stages of learning, core learning, and closing of learning. At the core of learning, the
actions in this research are implemented in the form of implementing all stages (syntax) of discovery
learning, and each stage is supported by the use of teaching aids, namely 3D teaching aids about the Water
Cycle. The learning stages can be described as follows. The first is the stimulus stage, which provides
stimulation (stimulus) to students. The teacher allows students to read material about the Water Cycle in
the textbook. The teacher provides 3D teaching aids about the Water Cycle presented in Figure 1, and then
students pay attention, study, and deepen the knowledge contained in the 3D teaching aids. In the process,
the teacher asks students several questions, such as why water on Earth never runs out and what the
benefits of water are for living creatures.

Figure 1. 3D Teaching Aids used when Carrying Out Actions

Second, the problem identification stage facilitates students in identifying problems that arise in
everyday life in the water cycle and the consequences they cause. The teacher gives a worksheet to each
group to guide and summarize the results. At this stage, the teaching aids help explain and demonstrate the
phenomena and problems that occur when one component of the Water Cycle is disrupted. Each group is
free to identify problems so that there is a diversity of problems identified by students. For example, what
will happen to the Water Cycle when gardens, rice fields, forests, and empty land on the Earth's surface are
replaced by houses, buildings, and roads? Why do rivers dry up, what happens if the rivers on Earth dry up,
and what are the impacts On the Water Cycle?.

The third is the data collection stage, which facilitates students in searching for and finding answers
to questions identified in the previous learning stage. Students are facilitated through various data sources
such as textbooks, additional teaching materials prepared by teachers, and information contained in
teaching aids, including teacher explanations and demonstrations through teaching aids. Fourth, the data
processing stage facilitates students in inventorying data and information, connecting and assembling them
into temporary answers to the problems they solve. Through the available worksheets, they write down the
results of data processing. Fifth, the proof stage, in the form of facilitating students to prove their tentative
answers. Visual aids help with this, and with the data and information they obtain from various sources,
they demonstrate and explain proven answers to the problems they solve. The proof process is carried out
using a presentation strategy. Students explain data processing results while demonstrating using 3D Water
Cycle teaching aids. Each group must present at this stage, and other groups can ask questions and respond
to other groups' presentations.
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The sixth is the concluding stage, in the form of conclusions on the answers to the problems solved
by each group. At this stage, the teacher and all students contribute to each other by concluding the
problems solved by each group. Thus, even though the problems solved by each group are different, all
students understand the problems, solutions, and temporary answers and conclusions. Weaknesses that
are still visible in the implementation of the first cycle of action are that students still seem confused about
continuing to the next learning stage, teaching aids are still not utilized optimally during data collection and
presentation at the proof stage, and there are still too few material references so that students are still not
optimal in data collection stage. For this reason, improvements need to be made to the second cycle. The
teacher must intensively explain the learning procedures at the beginning of the core learning activities.
The teacher must direct students at each learning step to take advantage of the teaching tools, and teachers
must add learning reference sources to obtain data and information from a more diverse range of learning
sources.

Results of Implementation of First Cycle Actions. Changes were seen in student learning activities
after carrying out the actions in the first cycle. Student learning activities, which were previously passive,
just listening to the teacher's explanation of the material, have changed to student activity-based learning.
Students are facilitated to actively learn starting from the stage of providing stimulation by reading
textbooks and exploring teaching aids, actively discussing in their groups when starting to identify
problems, collecting and processing data, and proving answers to concluding answers to the problems
found. This change in activity also encourages changes in students' learning focus from the beginning of
learning to the end. Changes can also be seen in student learning interactions between students during
group discussions, between groups at the presentation stage, and students with various learning resources
when reading textbooks, teaching materials, and exploring 3D teaching aids. Observations made by
observers during the implementation of the first cycle of actions in teacher teaching activities showed that
83% of learning indicators had been implemented well; in other words, it can be categorized as good.
Student learning activities show that 73% of learning indicators have been followed by students or are
categorized as good.

The changes in the learning process that were explained in the previous paragraph then have an
impact on increasing student learning engagement. This increase can be seen in the results of student
involvement observations. Before teachers implemented discovery learning assisted by teaching aids, most
students had low learning engagement. It is based on initial observations and the results of interviews with
teachers/homeroom teachers. After implementing Discovery Learning, reinforced with 3D teaching aids,
the level of student involvement in the first cycle was only 35% of students in the Low category and 40% in
the Medium category. Although only 15% is in the High category, and 10% is in the Very High category.
Based on observations of the learning process, the results of observations of learning activities, and the level
of student learning engagement in the first cycle of actions, it can be concluded that actions need to follow
the indicators of success of the actions. Thus, the actions in this research need to be continued into the
second cycle.

Implementation of second cycle actions. The steps for implementing the second cycle of action are
still the same as the first cycle, namely, implementing discovery learning procedures or syntax. What is
different is the topic of material studied, the teaching aids given to students, and various efforts to improve
the learning process as a follow-up to the results of reflection in the first cycle. After implementing the
actions in the second cycle, various changes or improvements were seen in the learning process. First,
learning activities became more diverse and relied on student learning activities. Second, learning has
facilitated student learning engagement, especially for uninvolved students. Third, learning resources are
increasingly diverse because apart from textbooks, the learning process is also facilitated by additional
teaching materials. Fourth, the 3D teaching aids used during learning complement learning resources and
can make it easier for students to explore them independently for their learning process. Fifth, during
learning, students are facilitated to identify problems and solve or find answers independently. Sixth,
students are facilitated to take responsibility for finding solutions and answers by communicating and
presenting them using the available teaching aids.

Based on the results of observations of the learning process from the teacher and student aspects
carried out by observers in the second cycle, it can be stated that the learning process in terms of the
implementation of learning by teachers has reached the good category with a percentage of 96% of the
learning indicators that have been implemented. The results of observations of the learning process from
the student side reached the Good category with a percentage of 92% of the learning indicators that had
been implemented. The changes and improvements to the learning process described in the previous
paragraph have led to student learning engagement. In the first cycle, 75% of students were still in the low
category and learning engagement, while in the second cycle, there were no longer any students in that
category. A recapitulation of first and second-cycle student learning engagement is presented in Table 3.
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Table 3. Recapitulation of Student Learning Engagement Levels

Low Medium High Very high
Action F % F % F % F %
First cycle 7 35 8 4 3 15 2 10
Second cycle 0 0 0 0 1 5 19 95

Discussion

After carrying out actions in the first and second cycles, there were various changes or
improvements in the learning process in class 5 of SDN 95 Pinrang, especially in the learning material about
the Water Cycle. Below, we discuss various changes in the learning process using various literature. First,
learning activities that seemed passive and teacher-centered learning in class 5 at SDN 95 Pinrang changed
to activities that were more diverse and truly based on student-centered learning after the implementation
of Discovery Learning, which was reinforced using 3D teaching aids during learning. It follows the
confirmation from various literature that discovery learning is a model that facilitates student-centered
learning (Coklat, 2021; Lavine, 2012; Pusat, 2010). The use of 3D teaching aids when implementing learning
steps is very relevant because they support the learning process so that students are encouraged to get
involved. It is in line with the concept that science learning should encourage students to be involved in
building meaning through exploration or investigation of the natural phenomena studied by involving
student discussion, data collection, and analysis, as well as initial explanations, followed by reading relevant
literature to activate the learning process them to expand their understanding (Ann Haefner & Zembal-Saul,
2004; Lombardi et al., 2021; Tyler et al., 2018).

Second, as long as the action takes place, learning facilitates student learning engagement,
especially for those who are not involved. By the nature of the Discovery learning model, students are
facilitated and required to play an active role in a series of learning process activities. In carrying out the
actions in this research, Discovery learning directs students to actively participate in the learning stages,
from providing stimulation to the final stage, which is the conclusion of the new information and knowledge
they have learned. This discovery learning model is also a learning strategy for understanding concepts,
meanings, and relationships through intuitive processes and investigations to conclude (Marisya, 2020;
Ozdem-Yilmaz & Bilican, 2020).

Third, learning resources become more diverse when the action occurs because, apart from
textbooks, the learning process is facilitated with additional teaching materials. In addition, the 3D teaching
aids used during learning complement learning resources and can make it easier for students to explore
independently. Teachers must provide teaching aids to help students improve their skills and knowledge,
illustrate and strengthen information messages, and eliminate tension and obstacles experienced by
students (Kija & Msangya, 2017; Suprayanti et al., 2017).

Fourth, during learning, students are facilitated to identify problems and solve or find answers
independently. In addition, students are facilitated to take responsibility for finding solutions and answers
by communicating and presenting them using the available teaching aids. It is by the statement that through
discovery learning, students are facilitated to understand or solve problems based on the discovery of facts,
relationships, and solutions independently by the students themselves, especially when they explore,
manipulate objects, discuss or carry out experiments, utilize their own experience and existing knowledge
(Lavine, 2012; Ozdem-Yilmaz & Bilican, 2020). Next Djamarah (Berlinda et al., 2020), who explains that
discovery learning is learning to discover and discover oneself. In this teaching and learning system, the
teacher presents learning material that is still being determined. However, students can find it themselves
by using problem-solving techniques.

The changes in the learning process above encourage increased student learning engagement,
which can be seen in students' physical, mental, and emotional involvement. It relates to student
engagement indicators (Sihpiwelas et al., 2014). Indicators of physical involvement include observing the
teacher's explanation during learning, students writing/taking notes in the learning process, students
focusing on student worksheets according to the teacher's direction, and students actively participating
step by step. Mental involvement includes students taking the initiative to express opinions/feelings related
to the learning process that day, actively discussing during group work, taking the initiative in asking
questions when talking about with the teacher and fellow students, and taking the initiative in answering—
questions both when discussing with the teacher and fellow students. Emotional involvement arises when
students show joy in participating in the learning process. Students interact intensely with fellow students
and various learning resources; students enthusiastically participate in learning from beginning to end.
Students appear serious when carrying out each task during learning. Observations using observation
sheets showed that 75% of students were in the low and medium categories of learning engagement in the
first cycle. On the other hand, in the second cycle, no students fell into that category.
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Based on the description in the previous paragraph, it can be concluded that the application of
discovery learning reinforced with 3D teaching aids can improve the learning process and student learning
engagement in learning the Water Cycle material in class 5 at SDN 95 Pinrang. It follows the conclusion of
one previous study that the Discovery learning model can increase student learning activity and
involvement; in this case, the teacher facilitates student learning activities and involvement through a series
of stages in discovery learning (Ismanto et al., 2012; Martin & Evans, 2019; Rachmawati & Koeswanti,
2021). The activeness and involvement of student learning in question are activities that require students
to participate directly during the learning process so that students gain new experience or knowledge. In
addition, using teaching aids can reduce difficulties in learning science because teaching aids can make it
easier for students to understand the subject matter and can be applied in real terms based on clear facts
by students (Ding & Zhang, 2023; Wijaya et al., 2021). The implication of this research is to facilitate better
conceptual understanding. With 3D teaching aids, students can explore abstract concepts more concretely.
It can help them understand the material better because they can see, feel, and manipulate objects in three-
dimensional space, encouraging collaboration and discussion. In other words, the use of 3D teaching aids in
learning contexts. Discovery Learning can encourage student collaboration and facilitate greater in-depth
discussion about learning material. Then, students can interact with the teaching aids, share ideas,
complement each other's understanding, and increase learning engagement, whereas 3D visual aids can
help attract students' interest and attention in learning. By utilizing engaging technology, such as 3D models
that can be rotated and interacted with, students tend to be more engaged in their learning process.

Although the use of 3D teaching aids in the learning context of Discovery Learning has many
benefits, several limitations need to be considered. The following are some limitations that may arise and
recommendations for overcoming them: Limited technological accessibility, the use of 3D teaching aids may
require sophisticated technology such as 3D printers or special software, which may not be widely available
in all educational institutions. Recommendations for these limitations include paying attention to simpler
alternatives or developing more affordable solutions, such as using 3D models that are already available
online or utilizing technology that already exists in the learning environment, then the limitations of
infrastructure and resources, which schools or educational institutions may do not have adequate
infrastructure to support the use of 3D teaching aids, such as sufficient space or sufficient budget to
purchase teaching aids. Based on these limitations, the recommendation is to utilize existing resources more
efficiently, such as sharing teaching aids between classes or developing collaborations with other
institutions with better resources. This research aims to facilitate a better understanding of concepts,
encourage collaboration and discussion, and increase learning engagement.

4. CONCLUSION

The application of discovery learning reinforced with 3D teaching aids can improve the learning
process and foster student involvement in science learning in grade 5 at SDN 95 Pinrang, South Sulawesi,
Indonesia. Research combining the Discovery Learning approach with 3D visual aids has several significant
advantages in fostering learning engagement, namely that 3D visual aids provide a more real and in-depth
visual representation of the studied concepts. It can trigger greater interest in students, increasing their
involvementin the learning process, and 3D learning tools allow students to interact directly with the lesson
material, such as manipulating objects or exploring virtual spaces.
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