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1. Introduction

Natural Science is one subject matter that must be learned in elementary schools. Natural
Science is developed through scientific activities such as observing, testing, and communicating
an event. The characteristics of natural science are always related to real biological phenomena
(Hardiman et al., 2022; Ndjangala et al., 2021; Sutadji et al., 2021). In learning Natural Sciences
in Elementary Schools, knowing should emphasize mastery of concepts or principles and the
process of discovery (Murniarti et al., 2019). Discovery activities can be obtained by carrying out
experiments or trials (Bahtiar et al., 2022; Hariyanto et al., 2022; Usman et al., 2022). With this,
students can improve their thinking processes to see natural phenomena around them. Effective
Natural Science learning is learning designed and implemented with student orientation
emphasizing science process skills through observing, assessing, researching, analyzing, and
clarifying (Coruhlu et al., 2023; Hacieminoglu et al., 2022; Irwanto, 2023; TAS, Erol, Guler,

25



2022; Felitasari & Rusmini). Student-oriented learning means that students independently find
the knowledge that must be obtained, and the teacher becomes a facilitator (Usman et al., 2022).
Learning Natural Sciences must be able to answer problems that occur in natural events which
will change at any time. Thus, Natural Sciences cannot be separated from their essence. Namely,
there is a process for students to make observations.

Science learning in elementary schools focuses on students with a foundation of thinking and
acting based on meaningful scientific understanding (Agus Kurniawan et al., 2023; Idris et al.,
2022; Yang et al., 2023). The three science competencies that must be achieved are products,
processes, and attitudes necessary to students (Hacieminoglu et al., 2022; TAS, Erol, Guler,
2022; Zorluoglu et al., 2022). Science process skills need to be developed from elementary school
because students' cognitive abilities are still developing, so they can practice and improve these
skills (Wang et al., 2023; Yang et al., 2023). Science process skills is a scientific method that
involves discovering through experimentation. In addition, Science Process Ability includes
understanding, developing, reflecting, and formulating knowledge through experience in the
learning process (Mulhayatiah et al., 2023; Widodo & Hazimah, 2022). These skills are essential
for students because they encourage direct involvement in learning and motivate students in their
curiosity. Science process skills have essential aspects: observing, hypothesizing, predicting,
investigating, interpreting findings and drawing conclusions, and communicating (Aflah et al.,
2023; Damopolii et al., 2020, Irnin et al., 2019). So that someone who has high science process
skills shows indications that in the learning process, students' insights and abilities develop
because they are motivated by their curiosity through experimental activities or experiments that
connect students' experiences directly to observe, hypothesize, predict, investigate, interpret
findings and draw conclusions, and communicate based on the results of their observations in
class. Thus, science process skills can improve learning outcomes, and students will be active in
the learning process (Coruhlu et al., 2023; Firdaus et al., 2020).

However, the reality in the elementary school environment shows that students' science
process skills, especially in learning Natural Sciences, still need to improve (Lamanauskas, 2022;
Sharma & Buxton, 2018). They are evidenced by students who still need help developing science
process skills, such as difficulties formulating hypotheses, identifying variables, and designing
investigations (Ndjangala et al., 2021). Students still need help to group things, communicate,
and be more complicated in the ability to conclude. In line with this, they have yet to be
optimally achieved based on observations assembling science process skills of students in class IV
at Setiabudi 01 Pagi Public Elementary School. This is indicated by students needing help in
conducting experimental experiments. In addition, it is also marked by an understanding of
concepts that have yet to be properly mastered. Hence, boredom and complaints occur when
carrying out the process of teaching Natural Sciences. These problems are caused by a lack of
practical learning because the facilities available in the learning process need to be improved.
Learning that is still teacher-centered by emphasizing memorization can also be a trigger because
there is no encouragement for students to solve problems, communicate, classify, and conclude
during the learning process. Therefore, an effort is needed to instill science process skills as early
as possible, especially in elementary school students.

Several previous studies have made efforts to develop science process skills, such as
developing science process skills using the Inquiry learning model, which concludes that the
findings can provide stimulation to students. Hence, they can make hypotheses and conduct
experimental verification of their hypotheses (Angelia et al., 2022). In addition, the development
of science process skills by applying the Project Based Learning model can affect the
improvement of the learning process (Nurjanah et al., 2021). Then the following research is to
develop science process skills using learning video-based media and concludes that the help of the
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media can train students' science process skills (Rahmawati et al., 2022). Recent research related
to developing science process skills using the POE learning model, which discusses the material
of light and its properties, the results of his research concluded that there is an influence on
science process skills. They can create an active learning process (Utama et al., 2019). POE is a
learning model that can be used to recognize students' initial ideas, provide information to
teachers regarding students' thoughts, develop discussions, and motivate students to cover a
concept. This is because the stages are predicting, observing, and explaining (Coruhlu et al.,
2023; Safira et al., 2020). So the POE learning model is adequate for acquiring and improving
student science. In addition, this model can stimulate students to have science process skills
because it can be related to conducting direct experiments or practicums, which makes students
enthusiastic and excited. However, applying the POE model must be related to the student's
environmental conditions so that it is not difficult and easy for students to understand the
material (Maryanto & Mawartiningtyas, 2022; Mustofa et al., 2022).

This research differs from existing research because it applies the POE learning model, which
emphasizes three things. First, this research focuses on improving science process skills through
the POE learning model. This model engages students in predicting, observing, and explaining
scientific phenomena, encouraging active involvement and developing critical thinking skills in
science learning. Second, this study uses environment-based realistic teaching aids. The use of
realistic teaching aids helps students experience abstract concepts through authentic experiences.
In this study, these visual aids were used to facilitate students' understanding of force and motion
in materials more concretely. Third, this study applies the POE learning model in style and
motion material. With serious attention to this topic, this study provides in-depth insights into
using the POE learning model to enrich students' understanding of concepts related to force and
motion in science. Therefore, the novelty of this research lies in the use of the POE learning
model to improve science process skills, the use of environment-based realistic teaching aids, and
their application which is focused on force and motion material. So, this article focuses on
analyzing the use of the POE (Predict-Observe-Explain) learning model, which is expected to
improve the science process skills of elementary school students. So, research can significantly
contribute to developing innovative and practical approaches to learning science and placing
more emphasis on a more concrete environmental context at the basic education level.

2. Method

This research method uses classroom action research. The study subjects are grade IV students
of Setiabudi 01 Pagi Public Elementary School located in Setiabudi, with 27 students (15 females
and 12 males). The study was conducted in the second semester of the 2022/2023 academic year,
with three cycles using the Kemmis & Taggart model consisting of planning, action, observation,
and reflection. The classroom action research model is presented in Figure 1.

The data collection technique uses observation and tests (Creswell, 2008; Prabha & Abdul
Aziz, 2020; Warju et al., 2020). Hence, this observation sheet is used to observe the activities of
teachers and students during the learning process. Evaluation questions in the form of tests are
used to measure the Explanation of Science Process. The indicators used in this study are
observing, hypothesizing, predicting, investigating, interpreting and drawing conclusions, and
communicating. Subsequently, the data is analyzed descriptively using success indicators, namely
the improvement in science process skills from cycle I to cycle IT and cycle II to cycle IIT; if 80%
of the total students get a score of 70, the study is declared complete
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Figure 1. Classroom action research cycle according to Kemmis & Taggart (Habeb Al-Obaydi et
al., 2021)

3. Result and Discussion
CycleI

The first cycle discusses the difference between force and motion. Before learning is prepared,
a learning implementation plan, student worksheets in printed form, and printed pictures of a
child pulling and pushing a table and pulling a table. I also prepared six essay questions to
measure students' science process skills. The teacher starts the learning process by praying,
conveys the learning objectives, and continues by motivating students. The implementation of
learning applies POE to teacher and student activities. In the core activity of the prediction stage,
the teacher divides students into four groups (consisting of 6-7 students) and sparks students by
giving initial questions about the pictures presented in the form of pushing and pulling tables.
Then students give predictions about the experiments they will do. In the observation phase, the
teacher explains the practical steps and directs students to experiment. The teachers explain stage
directs students to discuss the results of joint experimental observations, followed by giving
awards to the experimented group.

At the end of learning, students are given an evaluation. Students are allowed to ask questions
regarding things that are not understood and conclude the material that has been studied. The
teacher also follows up by giving assignments to review advanced material about force and
motion, then closes the lesson by praying. The following results of observations of teacher and
student activities are presented in Table 1.

Table 1. Teacher and student activities in cycle I

Indicator Teacher Observation Results Student Observation Results
Introduction 75.00 71.88
Predict 75.00 71.88
Observe 83.33 71.88
Explain 55.00 48.44
Closing 58.33 50.00
Total 69.12 66.91

Based on the observations and evaluations conducted in cycle I, the weakest indicator of
science process skills (SPS) is explaining, with teacher observation results at 55.00 and student
observation results at 48.44. Several factors, including a lack of student focus during the learning
process, can cause this. This phenomenon can be understood because students who are too active
or quiet make it difficult for the teacher to control the class and convey the material well. On the
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other hand, the highest SPS indicator is observing, with teacher observation results at 83.33 and
student observation results at 71.88. Student activity in conducting experiments and group
discussions makes them easier to observe. This condition is similar to previous research results
conducted by Angelia et al., (2022), even though using a different Inquiry Learning model, the
same result was found that students find it easier to observe than to explain.

Meanwhile, research by Nurjanah et al., (2021) which used the Project Based Learning
method, also found that students have difficulty explaining, indicating that this may be a
universal challenge in the SPS learning process. Therefore, there needs to be an improvement in
learning strategies, especially in explaining, to improve students' SPS so that students can more
easily understand and explain the material that has been learned. For example, providing more
detailed material and concrete examples, and interactive discussions can encourage students to be
more active in asking questions and explaining their understanding. The following are the results
of the students' SPS tests presented in Table 2.

Table 2. Results of cycle I science process skills

Score N Percentage
>70 8 38.1
<70 13 61.9

Based on the reflections, things that need to be improved in cycle two can be stated, namely:
a) teacher readiness in teaching; b) the language used; c) group presentation activities; d)
providing learning conclusions; €) limited time; f) students' difficulties working on Student
Worksheets; g) unattractive media so that students are less focused; and h) the distribution of
homogeneous groups. Efforts to improve in cycle 2 are: a) Teachers are better prepared to teach
and pay attention to the POE model steps, b) The language used in conveying information must
be easy to understand, c) Reduce the level of difficulty in Student Worksheets, d) Material
explanations and Student Worksheets need to be shortened, e) Using media that attracts students'
attention, f) Change the group to be heterogeneous Therefore, it is necessary to proceed to cycle
2.

Cycle I1

The second cycle discusses the sub-material of forces that can change the shape of objects.
Before the lesson, the teacher prepares a Lesson Plan, a Student Worksheet in print form, media
in the form of dried leaves and six essay questions. The teacher begins the lesson according to
cycle I. The teacher checks student readiness and attendance and states the learning objectives.
They are then followed by motivating the students to benefit from the material to be learned. The
implementation of POE activities by teachers and students began with the prediction stage. The
teacher introduced the experimental tools and materials to the students. The teacher asked the
students to predict the experimental results when the paper was crumpled. During the
observation stage, the teacher asked the students to use dried leaves as experimental tools. The
teacher explained the practical steps in the Student Worksheet. The teacher also directed each
group experimenting with dried leaves to prove their predictions. At the explanation stage, the
teacher directed the students with their groups to discuss the results of their experiment and
record them on the Student Worksheet. They were followed by students presenting their
experimental results. The teacher rewarded each group by providing reinforcement. During the
learning process, the teacher used clear and fluent language to be more easily understood by
students.

At the end of the study, an evaluation was given and concluded with the closing activities. The
teacher reflected and concluded with the students that the experimental results carried out with
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ground-dried leaves are an example of forces that can change the shape of objects. The teacher
ended the lesson with prayer and greetings. Following are the results of observations of teacher
and student activity cycle II presented in Table 3.

Table 3. Teacher and student activities cycle II

Indicator Teacher Observation Results Student Observation Results
Introduction 93.75 82.25
Predict 87.50 84.38
Observe 91.67 89.06
Explain 80.00 71.88
Closing 75.00 75.00
Total 85.29 74.26

Based on the reflection of the first cycle, improvements were made in the second cycle, and an
increase was achieved with a good category. The correct approach involved the teacher
presenting predictions, using clear and good language, dividing into heterogeneous groups,
creating Student Worksheets in the medium category, and clear steps of POE in the learning
activities could be seen. Students also followed the POE model learning activities, conducted
experiments independently, and worked on worksheets and group discussions. They could
observe, predict, hypothesize, and communicate their experimental results. However, some
things still need to be improved; for example, one group tended to be quiet and less active
because quiet students dominated. Thus, some did not work.

In the second cycle, the weakest SPS indicator was explaining, with a score of 71.88%. The
highest was the introduction indicator at 93.75%. Although it has improved from the first cycle,
the explaining indicator still challenges students. This might be due to some students lacking
confidence in expressing their ideas and observations or having trouble formulating explanations.
Moreover, some groups tended to be quiet and less active. During the explanation period,
students' active participation is required to discuss and present their experimental results.
Therefore, more guidance is needed from the teacher so that students can be more confident in
expressing their thoughts and synthesizing their experimental results. Compared to previous
studies using inquiry learning model (Angelia et al., 2022), project-based learning (Nurjanah et
al., 2021), and video-based learning media (Rahmawati et al., 2022), the results of this study
obtained in this cycle showed an improvement in the application of the POE learning model, as
seen through the level of student activity and enthusiasm, as well as their ability to discuss and
present their experimental results. This model also helped students understand shapes that can
change objects' shape through direct experiments that actively involved them. Thus, they became
more enthusiastic about learning. This may indicate the superiority of the POE model in the
context of science process skills at the primary school level. The conclusions of the data in this
study related to the number of students who passed from a minimum completeness criteria score
of 70 is presented in Table 4.

Table 4. Results of science process skills cycle 11

Score N Percentage
>70 16 64
<70 9 36

From this table, it was obtained that the science process skills of students who achieved a score
of more than 70 had increased to 64. However, this level of success had yet to be achieved. So the
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reflections that can be put forward for improvement in cycle 3 are a) group presentations that are
only representatives; b) group members lack discussion because the distribution of Student
Worksheets is only 3; c) there is 1 group that tends to be quiet and less active; d) the media used
is still less varied. Improvement solutions in cycle II are a) each group member must make a
presentation; b) each student in the group gets a Student Worksheet; c¢) changing groups back
heterogeneously and providing motivation to each group to be able to work together, be active in
learning; d) using several media that are more interesting and challenging. So it is necessary to
proceed to Cycle III.

Cycle III

Cycle I1I, with the topic discussing force, can change the motion and acceleration of objects.
Before learning, a Learning Implementation Plan is prepared, Student Worksheets in printed
form, realistic media in the form of toy cars and balls, and six essay questions to measure
students' science process skills. The teacher starts learning according to cycle II. The teacher
conveys the topic and learning objectives. The teacher gives an apperception to trigger the
material to be studied using the media of toy cars and balls—teacher and student activities in
learning with POE. Predict activities are carried out by exposing students to tools and
experiments. The teacher also asked the students to make predictions from what they did during
the experiment with toy cars and balls. Then in the observation stage, the teacher explains the
practical steps on the Student Worksheet and directs the group to carry out and observe the
experiment. The group explains the stage and discusses the experiment's results with toy cars and
balls on the Student Worksheets. All groups present their experimental results in turn. The
teacher and other groups provide feedback and awards to groups that have performed.

At the end of learning, students are given an evaluation. The teacher and students make
learning conclusions that experiments with toy cars and balls can produce a force that can change
the motion and acceleration of objects. The teacher also closed the lesson by praying. The
following are the results of observations of teacher and student activities is presented in Table 5.

Table 5. Teacher and student activities cycle III

Indicator Teacher Observation Results Student Observation Results
Introduction 100 84.38
Predict 100 90.63
Observe 100 98.44
Explain 95.00 92,19
Closing 100 100.00
Total 98.53 92.65

The learning process that integrates the Predict-Observe-Explain (POE) model has been
successfully carried out in three cycles. Based on observations of teacher and student activities in
Cycle I11I, data showed that all science process skills indicators had reached the "very good" level.
The value of teacher observation reached an average of 98.53%, and the value of student
observation reached an average of 92.65%, indicating that the POE learning model effectively
enhances students' SPS. However, in more detail, the weakest SPS indicator in Cycle III was
Introduction, with a student observation value of 84.38%. The reason why this indicator is the
weakest is due to several factors. For example, students take longer to respond and adapt to the
new method introduced. Moreover, students' prior knowledge of the material to be learned could
also affect the assessment of this indicator.
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In contrast, the highest SPS indicator is Observing, with a student observation value of
98.44%. This aligns with prior research by Utama et al., (2019) that also showed that the
observation step in the POE model is very effective in enhancing students' science skills. The
highest indicator likely resulted from students being directly involved in the experiments and
seeing the results firsthand. Overall, this research demonstrates that the POE model can serve as
an innovative strategy in science education to enhance primary school students' SPS. Thus, the
teacher's role in designing and implementing learning is vital to better understanding science
concepts and improving students' science process skills. The conclusion data in this study related
to the number of students who pass from the minimum completeness criterion score of 70 is is
presented in Table 6.

Table 6. Results of science process skills cycle ITI

Score N Percentage
>70 25 96,20
<70 1 3.80

The learning outcomes of science process skills increased by 96.20, which achieved a score of
more than 70 and has reached a level of success. Although, there is still one student who has yet
to be able to achieve a success rate score. However, there were no additional cycles, and the study
ended in cycle ITI because the comparison had significantly increased. Teacher and student
activities for three cycles are presented in the Figure 2.

99%

%
100%

80%
60%
40%
20%

0%

Cycle I Cycle IT Cycle IIT

B Teacher ™ Student

Figure 2. Teacher and student activities POE learning model cycles I, II, and III

From the picture above, the percentage of teacher and student activity has increased. The high
and stable increase in activity shows that the POE (Predict, Observe, and Explain) learning
model can increase the activity of teachers and students. In cycle 1, students still tend to be quiet.
In cycle II, the teacher divided the groups heterogeneously. This activity makes students have
good cooperation with the group. In addition, the teacher provides a variety of realistic media
that supports students' activeness and understanding of the material. Using concrete, realistic
media can obtain more real student learning experiences and provides opportunities for students
to be actively involved (Halim et al., 2021; Rohmabh et al., 2022).

The division of heterogeneous groups makes student learning look more passionate. The
heterogeneous distribution also encourages students to collaborate and control each other
actively. By forming heterogeneous groups, it shows students have good responsibility and
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cooperation (Ghanbari & Abdolrezapour, 2020). The determination of group members in each
cycle that was made differently made students adapt to the POE model. With heterogeneous
groups, students are indirectly trained to work together and help each other with the ability to
have and respect each other.

In cycle I11, the teacher distributes Student Worksheets to each student. Students can actively
discuss and exchange ideas without feeling too constrained by their friends. Students feel given
the freedom to express their opinion and maximize their potential. Each student is given Student
Worksheets to help them exchange ideas in groups to hone their critical thinking skills and export
their abilities. The estuary of cycles I — III significantly influences students' science process skills.
From the activities of teachers and students, there are results of students' science process skills
tests for three cycles, as shown in the Figure 3.

120%
96%

100% 85%

80%
° o 62%
60%
40%
20%
0%
Cycle 1 Cycle 2 Cycle 3

Figure 3. Results of science process skills of cycle I, II, and III students

The science process skills test results in each cycle showed a significant increase. There was an
increase of 23% from cycle I to cycle IT and 11% from cycle II to cycle III. This improvement is
evident from the student's ability to observe activities well, make temporary hypotheses or
assumptions, predict before experimenting, investigate to prove experiments, interpret data, draw
conclusions, and communicate experimental results well. Through learning activities using the
POE model supported by experiments, students showed high enthusiasm in following each
learning and developing science process skills (Chen, 2022; Den Otter et al., 2021).

Using experimental activities in POE steps helps to improve students' thinking skills in
realistically describing an event. In cycle I, students tended to be quiet, but with the division of
heterogeneous groups in cycle II, students began to show good cooperation with their group
members. In addition, the use of concrete and realistic learning media also supports students'
involvement and understanding of the material. Through this media, students can gain more
realistic learning experiences and are allowed to be actively involved in learning (Lo & Ku, 2021,
Salimi et al., 2020). Therefore, using the Predict-Observe-Explain (POE) learning strategy in
science process skills can stimulate students to make predictions, make observations, and explain
results based on their understanding. This strategy focuses on active student involvement in the
learning process, hoping they will feel more responsible for the knowledge they gain (Utama et
al., 2019: Nau & Djalo, 2019). In this learning strategy, students are encouraged to formulate
their predictions, make observations from experiments, and then explain their findings. This
stimulates critical thinking processes and puts students in an active learning process that helps
them solve problems and understand concepts better (Rahmawati et al., 2022). This learning
model effectively improves student SPS because it allows students to learn in a real and relevant
context.
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The estuary of cycle I to III significantly affects the development of students' SPS. The
research results show that by using the POE learning model with the help of experiments,
students show an increased ability to observe, formulate hypotheses, predict, investigate, interpret
data, draw conclusions, and communicate the results of experiments well and thoroughly. In
addition, through learning carried out with enthusiasm, students become more involved in the
learning process and acquire science-related skills. This aligns with previous research that shows
that the POE learning model can improve students' science process skills (Utama et al., 2019).
Thus, there is a significant improvement in students' SPS by implementing learning cycles
involving the POE model and improving each cycle based on reflection. The results show that an
active learning approach that directly involves students in the learning process and allows
students to develop science process skills can positively impact science learning in elementary
schools.

This is also supported by the basic principles of Piaget and Vygotsky's constructivist learning
theory supports the implementation of POE steps in learning. Piaget argued that knowledge
results from active interaction between individuals and their environment, and the learning
process occurs when students reconstruct their knowledge through new experiences (Santrock,
2020). In the context of POE, students must make predictions, make observations, and explain
their findings based on their initial knowledge, which is an active interaction with learning
materials. Meanwhile, Vygotsky emphasized the importance of social interaction in learning
(Rohaendi & Laelasari, 2020). The POE strategy encourages cooperation and communication
between students, where they can construct understanding and knowledge about the concept
being studied together. Thus, the principles in Piaget's and Vygotsky's learning theories support
the implementation and benefits of the POE learning strategy in improving students' SPS.

4. Conclusion

Based on research findings, using the predict-observe-explain (POE) learning model effectively
enhances elementary school students' science process skills. This is because, through this learning
model, students are allowed to directly conduct prediction, observation, and explanation
processes which can train and improve their science process skills. However, the process of
explaining still proves to be a challenge for students, necessitating the enhancement of strategies
in learning, particularly in the explaining process. In addition, using concrete and realistic
learning media can also support a more effective learning process and increase students' activity
and understanding of the materials studied. Therefore, the POE learning model can be a
reference in developing future learning methods to enhance students' science process skills.
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