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Introduction

Abstract: This study aimed to examine the effect of the Process-Oriented
Guided Inquiry Learning (POGIL) model on students' problem-solving
skills in the topic of the first law of thermodynamics. The research was
motivated by pre-study findings showing students' struggles in identifying
problems and applying solutions, partly due to limited stimulation in
developing critical thinking and inquiry skills. A quasi-experimental
method with a nonequivalent control group design was used. The
population included 168 Class XI Science students at SMA Negeri 4
Tasikmalaya, with purposive sampling selecting two classes as experimental
and control groups. Data were collected using pretests and posttests
comprising eight essay questions assessing four stages of problem-solving:
identifying problems, planning solutions, implementing solutions, and
evaluating results. Hypothesis testing (¢:s:) at a 95% confidence level showed
teount > tavte (9.78 > 1.67), confirming a significant positive effect of the POGIL
model. The findings indicate that the POGIL model effectively enhances
students' problem-solving skills, particularly in identifying problems,
formulating hypotheses, and analyzing solutions. However, its
implementation requires adequate preparation and teacher understanding
of its stages. These results suggest that POGIL is a promising approach to
fostering critical thinking and problem-solving skills in physics education.

Keywords: First law of thermodynamics; POGIL model; Problem-solving
skills

information, analyze situations and identify problems
by generating alternative goals resulting in decisions can

Physics and problem solving are two things that
cannot be separated. One of the goals of the Physics
learning process is to create individuals who are able to
solve complex problems by implementing their
knowledge and understanding in everyday situations
(Walsh in Sujarwanto et al., 2014). In the Physics learning
process, problem solving skills are very important for
students because problem solving principles can help
students build new knowledge and make learning
Physics easier (Mukhopadhyay, 2013). Problem solving
is an encompassing skill ability to search for

How to Cite:

be taken to achieve goals (Asrizal et al., 2023). Face
challenges of the 21st century, teachers should prepare
their students to become investigator, problem solver,
critical and creative thinker (Herawati & Wilujeng,
2023). Apart from that, students can have the ability to
understand something concepts to be able to make the
right decisions (Suryadi et al., 2023). Students' skill to
solve problems is one measure of success student
(Selviyana et al., 2022).

Problem analysis has been carried out using several
methods, including conducting interviews with Physics
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teachers, observing Physics teaching and learning
activities, and testing students' initial problem-solving
skills. Based on an interview with a physics teacher, the
First Law of Thermodynamics is considered one of the
most challenging topics for students to grasp due to its
abstract nature, which often causes confusion in
understanding its concepts. This causes students to fail
to understand the core ideas of the subject. The learning
model used by teachers in teaching physics in class is
Problem Based Learning and Guided Inquiry. From
these problems, a physics learning model is needed with
use more learning models varied and centralized
learning process on students can make students play an
active role in the learning process (Sanggara et al., 2018).

Based on the results of observations of Physics
teaching and learning activities in class, information was
obtained that the Problem Based Learning and Guided
Inquiry models had not been implemented optimally
because teachers still predominantly used the lecture
method. Often method conventional learning is still the
main choice in teaching (Novitha & Suhartini, 2023).
Another problem is that students do not participate
actively in physics learning because the teacher is still
the center of learning.

Students' initial problem-solving abilities were
tested to obtain more accurate data. From the results of
students' initial problem-solving skills tests, the
percentage results of the average score are presented in
Table 1.

Table 1. Percentage of initial problem-solving skills test
results

Stage Percentage (%) Category
Understanding the problem 44.4 Less
Planning a strategy 22.2 Less
Implementing the strategy 59.6 Less
Evaluating solutions 58.6 Less

Based on the information in Table 1, it is known that
it is still in the poor category at the stages of
understanding the problem, planning strategies,
implementing strategies, and evaluating solutions. So,
students' problem-solving skills in the First Law of
Thermodynamics still need to be improved.

One way to overcome students' low problem-
solving skills is to apply the POGIL model in Physics
learning. According to Rege in Moog & Spencer (2008),
the POGIL model is a collaborative-constructive
learning model that uses guided inquiry in a structured
cycle of exploration, concept discovery and application.
The POGIL learning model is important to be applied
because in activities POGIL works in a team form so that
inquiry activities are guided can be used to develop
understanding and questions, solutions individual
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problems and responsibilities (Rustam et al., 2017). The
POGIL model is predicted to be able to overcome
students' problem-solving ability standards because the
POGIL model requires students to actively participate in
learning to gain knowledge by developing skills during
the learning process, one of which is problem solving
skills. This is also supported by Rosidah (2013) which
states that students' problem-solving abilities in learning
using the Process-Oriented Guided Inquiry Learning
(POGIL) model assisted by Student Activity Sheets
(LKPD) are higher than those of students without this
approach. POGIL learning sequence has five stages
including the Orientation Stage, stage exploration,
concept formation stage, application, and closing stage
(Hidayah et al., 2023).

Apart from that, in the POGIL model students have
their own roles in groups so that students can express
themselves and express their opinions in learning. Based
on the factual problems that have been raised, this
research was designed with the aim of improving
students' problem-solving skills by applying the POGIL
model to the First Law of Thermodynamics in class XI
Science. It is hoped that this research can have a positive
impact contribution to improving the quality of Physics
learning in Class XI SMA, especially at SMAN 4
Tasikmalaya.

Method

This research was conducted at SMA Negeri 4
Tasikmalaya. The research subjects were students of
class XI Science at SMA Negeri 4 Tasikmalaya with a
population of 5 classes of 168 people. Researchers used
purposive sampling to collect data samples, where
groups of individuals or classes were selected with
certain considerations (Sugiyono, 2017). Research data
was collected through interviews, observations, and
initial tests of students' problem-solving skills. The
initial test of students' problem-solving skills is aimed at
testing students' abilities in the four stages of problem-
solving skills including understanding problems,
planning strategies, implementing strategies, and
evaluating solutions (Polya, 1985).

This research uses a quasi-experimental method
which aims to determine the cause and effect between
one variable and another. This design involves two
groups: an experimental group and a control group. The
experimental group was treated with the POGIL model,
and the control group used a learning model commonly
applied in schools, namely the Problem Based Learning
model. The research design used is Nonequivalent
Control Group Design, where the control and
experimental groups are selected through certain
considerations so that the homogeneity between groups

is almost the same. Before carrying out the field test, the
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test instrument for students' initial problem-solving
skills was validated by experts and then calculated using
content validity and reliability tests. The field test was
carried out to measure students' problem-solving skills
with an instrument in the form of 8 numbered
descriptive questions. Prerequisite tests, namely
normality tests and homogeneity tests, are carried out to
determine whether the data collected is normally
distributed and proven to be homogeneous or not
(Sugiyono, 2019). After the data is proven to be normally
distributed and homogeneous, the final test step is
hypothesis testing (t test) to find out whether the POGIL
model can influence improving students' problem-
solving skills or not (Arikunto, 2012).

Result and Discussion

The results of research on the application of the
POGIL model to students' problem-solving skills are
presented in the form of tables and bar charts which are
then narrated. This data was taken based on the results
of the pretest scores and posttest scores which were
carried out in the experimental and control classes.

The presentation of research results begins with a
prerequisite test which includes normality and
homogeneity tests. This test was carried out after data
was collected from the pre-test scores and post-test
scores of students in the experimental and control
classes. The Chi-Square test at a significance level of 5%
was carried out to determine whether the research data
followed a normal distribution. Table 2 below displays
the results of the research normality test.

Table 2. Chi-Square normality test results

Data xZount Xaple ~ Conc. Conc. Analysis
Pretest Exp. Class 4.52 The sample is
Pretest Cont. Class 5.50 H taken from a

acce tec(i normally
Posttest Exp. Class 411 p distributed
Posttest Cont. Class 2.44 population

The F test, set at a significant level of 0.05, was used
to test whether there was a significant difference
between the pre-test and post-test scores for the
experimental group and the control group. Table 3
below displays the results of the homogeneity test
analysis.

Table 3. Fisher homogeneity test results

Data Feount @ Fraple Conc. Conc. Analysis
Pretest Exp.
1.09 . .
Class Ho All variance is
0.05 1.84
Posttest Exp. accepted  homogeneous
1.62
Class
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The data from the two samples were found to be
normally distributed and of homogeneous variance after
undergoing the prerequisite tests. Therefore, the t-test
can be used to continue testing hypotheses. Table 4
displays the statistical analysis of the t-test findings for
testing hypotheses.

Table 4 shows that t-count > t-table, where 9.78 >
1.67, from the free sample t-test at a significant level (a =
0.05), meaning that HO is rejected or Ha is accepted. At
the 95% confidence level, it can be said that the POGIL
model affects students' ability to solve problems
involving the first law of thermodynamics. This is in
accordance with what Putri (2020) stated that the Process
Oriented Guided Inquiry Learning (POGIL) model can
improve students' problem-solving skills.

Table 4. Free sample ¢-test results

Data teount @ traple  Conc. Conc. Analysis
There is the effect of
the POGIL model on
Posttest H, students problem-
score 978 005 167 accepted  solving skills in the

first law of
thermodynamics

The POGIL model applied to the experimental
class, namely class XI IPA 1, influences students'
problem-solving skills in the first law of
thermodynamics. This influence is because the POGIL
model stimulates or stimulates students' thinking
abilities from the orientation stage to the closing stage,
so that students are more systematic in identifying a
given problem and it is easier to find a solution.
According to Hasanah et al. (2023), the POGIL model is
an inquiry learning model that is student-centered and
based on the development of reasoning by providing
questions and answers simultaneously. This is in line
with the opinion expressed by Syafei & Mawardi (2022)
that the POGIL model is a learning model that is able to
involve students' active role, and motivate students to
build meaning and develop deep understanding in each
student. Learning requires students to actively
participate in the process of discovering concepts and
solving science-based problems. This is because through
the POGIL Model students are more focused on
determining problem solving which produces new
concepts for students (Alvina et al., 2022). The POGIL
learning model provides space for students to be active
in cooperative learning activities. In accordance with the
opinion expressed by Septianti et al. (2022) that the
POGIL Model is based on constructivist principles
which can make students more active through group
interaction as problem solving. Apart from that, the
POGIL learning model can improve and develop
students' learning activities through experimental
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activities so that students can exchange opinions and
provide solutions to each other to solve problems
through discussions so that students' problem-solving
abilities are better trained. In accordance with the
opinion of Lestari et al. (2019) that through the POGIL
model students have a good opportunity to learn when
they are active and involved in class and laboratory,
discussing ideas, analyzing data, working together in
groups to solve problems. According to Devi et al.
(2019), applying the POGIL model in learning can
develop students' problem-solving abilities and increase
individual responsibility.

Figure 1 below compares the posttest average
scores of the experimental class using the POGIL model
and the control class using the PBL model. It shows that
the average posttest scores of the experimental group are
higher than those of the control group. In this
experiment, a score of 64 is considered perfect. Using the
POGIL model, the experimental group averaged 50.31
on the problem-solving skills posttest, while the control
group scored 37.25. Based on these findings, the
experimental group performed better on the posttest
than the control group.

60

50,31

50 -

37,25

'S
o
1

30 -
20

Score Average

10 ~

Experiment Control

Figure 1. Comparison of the KPM average posttest scores of
students in the experimental class and the control class

The N-Gain value data of the experimental class
(applying the POGIL model) is 0.67, while the N-Gain
value of the control class (applying the PBL model) is
0.35, providing further evidence that the application of
the POGIL model to learning is practical for increasing
students' Physics problem-solving skills. Students in
both the experimental class (where the POGIL model
was implemented) and the control class (where the PBL
model was implemented) benefited from the experience.
However, the POGIL model produced significantly
better results.

The difference in the posttest results is due to the
learning process in the experimental class using student-
centered learning where in group discussion activities
each student is given an envelope containing the role
and is embedded in the group, the tasks and roles of each
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student in the group between the manager on duty as
group manager, the reader serves as a reader of group
activities, the recorder serves as a recorder of important
aspects in the group discussion, and the reflector serves
as an observer of group dynamics. This division of roles
and tasks makes discussions more focused and active
because students have the responsibility to carry out
tasks according to their respective requests, besides that
students can explore themselves more widely in finding
a physics concept related to the problem. This is in
accordance with the opinion of Mukin et al. (2024) that
the roles given to each student in each group are carried
out to make it easier for students to understand
concepts, instill a spirit of responsibility in expressing
themselves, and students do not rely on their group
friends who have greater abilities. Students form teams
and have their own roles in the team (Utari et al., 2023).
The POGIL model provides students with a positive role
in team success (Vanags et al., 2013). Another advantage
of the POGIL model is that students train to have a
confident, responsible attitude towards themselves and
others. This is in accordance with the opinion of
Hidayati & Listyani (2010) that the application of the
POGIL model in the learning process towards student
learning independence is drilled into creating an
independent attitude towards others, having self-
confidence, having discipline, having a sense of
responsibility, acting on their own initiative, and
practice self-control. The opinion expressed by Purtadi
et al. (2023) is that the application of POGIL can also
improve students' argumentation skills.

Meanwhile, the learning process in the control class
also uses student-centered learning, but students in each
group do not have their own roles and tasks, resulting in
some students actively discussing, while others are just
silent and quite a few students do not participate in the
discussion. groups and group discussions become
passive. This is in line with the opinion of Fakhriyah
(2014) that applying the PBL model to learning requires
independent learning activities for each student, and
sometimes there are some students who rely on their
group friends. The PBL model is a model that provides
problems related to students' daily lives, then students
in groups look for alternative solutions to these
problems (Qotrunnada & Prahani, 2022). A similar
opinion was expressed by Permata et al. (2022) that the
application of the PBL model can provide space for
students to be active and independent in assembling
knowledge. Another reason the POGIL model is
superior is because students discover concepts in their
own way so that learning is more meaningful. This is in
accordance with the opinion of Lestari et al. (2019) that
the POGIL model helps students to discover their own
knowledge. The POGIL model can also improve
learning skills including thinking, problem solving,
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teamwork, communication and management. This is in
line with the opinion expressed by Johnson (2011) that
the POGIL model in learning can develop and train
students' thinking potential, one of which is in solving
problems.

Based on the research discussion, applying the
POGIL model is effectively used in Physics learning in
the first law of thermodynamics in class XI Science at
SMA Negeri 4 Tasikmalaya. These results are proven by
the average posttest score and the percentage of the
average posttest score from each stage of problem-
solving ability by applying the POGIL model which is
higher than the average posttest value and the
percentage of the average posttest score from each stage
of problem-solving ability by applying PBL model. This
is in accordance with Putri (2020) opinion that the
Process Oriented Guided Inquiry Learning (POGIL)
model can improve students' problem-solving skills.

Conclusion

This study is quantitative research aimed at
determining the effect of the POGIL model on students'
problem-solving skills. The results concluded that the
application of the POGIL model in physics instruction,
particularly in the First Law of Thermodynamics,
improves students' problem-solving abilities and fosters
student-centered, active learning. This is evidenced by
the hypothesis test results and the increase in the
average test scores between the pre-test and post-test in
the experimental class that implemented the POGIL
model.

Acknowledgments

The researcher would like to thank all parties who have
assisted in the research process, especially the Department of
Physics Education which has provided facilities for research.

Author Contributions

Conceptualization, K. N. I, R. M., E. S.; methodology, E. S.;
validation, R. M.; formal analysis, E. S.; investigation, K. N. L;
resources, K. N. L; data curation, R. M: writing — original draft
preparation, K. N. I; writing —review and editing, R. M., and
E. S.: visualization, K. N. I. All authors have read and agreed
to the published version of the manuscript.

Funding
This research received no external funding.

Conflicts of Interest
The author declares no conflict of interest.

References
Alvina, S., Mellyzar, M., Zahara, S. R., Masrina, M., &

Afrianti, S. (2022). The Influence of POGIL and MFI
Models on Science Literacy and Science Process

November 2024, Volume 10 Issue 11, 8686-8692

Skills for Junior High School. Jurnal Penelitian
Pendidikan IPA, 8(4), 1907-1915.
https://doi.org/10.29303 /jppipa.v8i4.2121

Arikunto, A. (2012). Prosedur Penelitian Suatu Pendekatan
Praktik. Jakarta: Rineka Cipta.

Asrizal, A., Mufit, F., Azriyanti, R., Dewi, U. P, & Putra,
N. (2023). Meta Analysis of the Effect Integrated
Teaching Materials with Problem Based Learning
Models on Students’ Problem-Solving Ability in
Physics Learning. Jurnal Penelitian Pendidikan IPA,
9(12), 1323-1334.
https://doi.org/10.29303/jppipa.v9il12.4368

Devi, E. K,, Sulistri, E., & Rosdianto, H. (2019). Pengaruh
Model Pembelajaran Process Oriented Guided
Inquiry Learning (POGIL) Terhadap Kemampuan
Berpikir Kritis Siswa pada Materi Hukum
Archimedes. Konstan-Jurnal Fisika dan Pendidikan
Fisika, 4(2), 78-88.
https:/ /doi.org/10.20414 /konstan.v4i2.42.

Fakhriyah, F. (2014). Penerapan Problem Based Learning
dalam Upaya Mengembangkan Kemampuan
Berpikir Kritis Mahasiswa. Jurnal Pendidikan IPA
Indonesia, 3(1), 95-101.
https:/ /doi.org/10.15294/jpii.v3i1.2906

Hasanah, 1. U, Ulfa, M., Yamtinah, S., Masykuri, M.,
Mulyani, B., & Shidiq, A. S. (2023). Comparative
Study on Student’s Critical Thinking Ability Using
POGIL, PBL, and TCL Models. Jurnal Penelitian
Pendidikan IPA, 9(11), 10264-10272.
https://doi.org/10.29303 /jppipa.v9il11.4628

Herawati, N. I, & Wilujeng, 1. (2023). Improving
Problem Solving Ability Through Problem Based
Learning E-Modules. Jurnal Penelitian Pendidikan
IPA, 9(9), 6787-6794.
https:/ /doi.org/10.29303 /jppipa.v9i9.4622

Hidayah, F., Paidi, P., Al-Farisi, F. R,, & Husna, N.
(2023). Development of Process Oriented Guided
Inquiry Learning Worksheets (POGIL) to Improve
Critical Thinking Skills and Science Process Skills.
Jurnal Penelitian Pendidikan IPA, 9(8), 6568-6576.
https:/ /doi.org/10.29303/jppipa.v9i8.3847

Hidayati, K., & Listyani, E. (2010). Pengembangan
Instrumen Kemandirian Belajar Mahasiswa. Jurnal
Penelitian ~ dan  Evaluasi  Pendidikan, — 14(1).
https://doi.org/10.21831/ pep.v14i1.1977

Johnson, C. (2011). Activities Using Process Oriented
Guided Inquiry Learning (POGIL) in the Foreign
Language Classroom. A Journal of the American
Association of Teachers of German, 14(1), 30-38.
Retrieved from http:/ /www. aatg.org/

Lestari, N. F., Supriadi, N., & Andriani, S. (2019).
Meningkatkan Kemampuan Pemecahan Masalah
Peserta Didik dengan Model Pembelajaran Process
Oriented Guided Inquiry Learning (POGIL)
Melalui Pendekatan Problem Based Learning

8690



Jurnal Penelitian Pendidikan IPA (JPPIPA)

(PBL). Nabla Dewantara, 4(1),
https:/ /doi.org/10.51517 /nd.v4i1.99

Moog, R. S, & Spencer, J. N. (2008). Process Oriented
Guided Inquiry Learning (POGIL). Washington:
American Chemical Society.

Mukhopadhyay, R. (2013). Problem Solving in Science
Learning - Some Important Considerations of a
Teacher. IOSR Journal of Humanities and Social
Science (IOSR-JHSS), 8(6), 21-25.
https://doi.org/10.9790/0837-0862125

Mukin, M. U. J., Maing, C. M. M., & Jelimen, G. (2024).
Pengaruh Model Discovery Learning Terhadap
Kemampuan Pemecahan Masalah Siswa pada
Materi Tekanan Zat di SMP Negeri 7 Kupang
Tengah. OPTIKA: Jurnal Pendidikan Fisika, 8(1), 11-
18. Retrieved from https://e-
journal.uniflor.ac.id/index.php/optika/article/do
wnload/3433/2131/13936

Novitha, N., & Suhartini, S. (2023). Development of
Problem-Based Learning LKPD Based Local
Potential of Baros Mangroves in Biology Subjects
Environmental Pollution Material. Jurnal Penelitian
Pendidikan IPA, 9(12), 10538-10545.
https:/ /doi.org/10.29303 /jppipa.v9i12.5695

Permata, S. A. L., Sunarno, W., & Harlita, H. (2022). The
Effect of the Problem Based Learning and Double
Loop Problem Solving Learning Models on
Problem Solving Ability in Term of Creative
Thinking on Environmental Pollution Material.
Jurnal Penelitian Pendidikan IPA, 8(6), 2647-2653.
https://doi.org/10.29303/jppipa.v8i6.1996

Polya, G. (1985). How Solve It: New Aspect of Mathematical
Method. New Jersey: Princeton University Press.

Purtadi, S., Suyanta, S., & Rohaeti, E. (2023). Science
Process Skills as Learning Outcomes in Inquiry-
Based Learning: A Literature Review. Jurnal
Penelitian  Pendidikan  IPA, 9(12), 1403-1414.
https:/ /doi.org/10.29303 /jppipa.v9il2.4774

Putri, N. (2020). Pengaruh Model Pembelajaran Process
Orientied Guided Inquiry Learning (POGIL) Terhadap
Kemampuan Pemecahan Masalah Fisika Siswa pada
Konsep Fluida Dinamis (Bachelor's Thesis). Jakarta:
FITK UIN Syarif Hidayatullah Jakarta. Retrieved
from
https:/ /repository.uinjkt.ac.id/dspace/handle/12
3456789 /51450

Qotrunnada, N. A., & Prahani, B. K. (2022). Profile of
PBL Model Assisted by Digital Books to Improve
Problem Solving Ability of High School Students on
Dynamic Fluids. Jurnal Penelitian Pendidikan IPA,
8(3), 1176-1183.
https:/ /doi.org/10.29303 /jppipa.v8i3.1451

Rosidah, R. (2013). Keefektifan Pembelajaran Pogil
Berbantuan LKPD  Terhadap Kemampuan
Pemecahan Masalah Materi Pokok Peluang. Kreano:

11-20.

November 2024, Volume 10 Issue 11, 8686-8692

Jurnal ~Matematika Kreatif-Inovatif, 4(1), 73-79.
https:/ /doi.org/10.15294 /kreano.v4i1.2884
Rustam, R., Ramdani, A., & Sedijani, P. (2017). Pengaruh
Model Pembelajaran Process Oriented Guided
Inquiry Learning (POGIL) Terhadap Pemahaman
Konsep IPA, Keterampilan Proses Sains dan
Kemampuan Berpikir Kritis Siswa SMP Negeri 3
Pringgabaya Lombok Timur. Jurnal Penelitian
Pendidikan IPA, 3(2), 33-41.
https:/ /doi.org/10.29303/jppipa.v3i2.90
Sanggara, P. W., Doyan, A., & verawati, N. N. S. P.
(2018). The Effect of Process Oriented Guided
Inquiry Learning Model Based on Virtual
Laboraory Toward Problem Solving Skills of
Physics Student. Jurnal Penelitian Pendidikan IPA,
5(1), 61-65.
https:/ /doi.org/10.29303 /jppipa.v5il.154
Selviyana, S., Yusrizal, Y., Halim, A., Syukri, M., & Elisa,
E. (2022). Application of Problem Based Learning
(PBL) Model to Improve Problem Solving Skill from
Critical Thinking Skill Students on Dynamic Fluid
Materials. Jurnal Penelitian Pendidikan IPA, 8(2), 521~
527. https:/ /doi.org/10.29303 /jppipa.v8i2.1329
Septianti, S., Muzzazinah, M., & Indrowati, M. (2022).
Development of Process Oriented Guided Inquiry
Learning-Based E-Module to Improve Critical
Thinking Skill. Jurnal Penelitian Pendidikan IPA, 8(4),
1775-1782.
https:/ /doi.org/10.29303 /jppipa.v8i4.1808
Sugiyono, S. (2017). Statistika untuk Penelitian. Bandung;:
Alfabeta.
Sugiyono, S. (2019). Metode Penelitian Kuantitatif,
Kualitatif, dan R&D (2nd ed.). Bandung: Alfabeta.
Sujarwanto, E., Hidayat, A.,, & Wartono, W. (2014).
Kemampuan Memecahkan Masalah Fisika dalam
Pembelajaran Pemodelan pada Siswa Kelas XI
SMA. Jurnal Pendidikan IPA Indonesia, 3(1).
https:/ /doi.org/10.15294 /jpii.v3i1.2903
Suryadi, A. Alatas, F.,, & Hanifa, N. A. (2023).
Supporting Students’ Problem-Solving Skills Using
Science, Technology, Religion, Art, and
Mathematics (STREAM) Approach on Sound Wave
Concept. Jurnal Penelitian Pendidikan IPA, 9(11),
9106-9112.
https:/ /doi.org/10.29303 /jppipa.v9il1.5385
Syafei, S. S., & Mawardi, M. (2022). The POGIL Model
Integrated Flipped Classroom Assisted Learning
Management System (LMS) for Learning Solution
in ERI 4.0. Jurnal Penelitian Pendidikan IPA, 8(2), 444~
451. https:/ /doi.org/10.29303/jppipa.v8i2.1298
Utari, A. P, Hasan, M., Adlim, M., & Elisa, E. (2023). The
Correlation between Improving Self-Regulated and
Students” Conceptual Understanding of Colloidal
Topics Using POGIL Approach. Jurnal Penelitian

8691



Jurnal Penelitian Pendidikan IPA (JPPIPA) November 2024, Volume 10 Issue 11, 8686-8692

Pendidikan IPA, 9(9), 7317-7325.
https:/ /doi.org/10.29303 /jppipa.v9i9.4906

Vanags, T. Pammer, K, & Brinker, ]. (2013).
Pembelajaran Inkuiri Terbimbing yang Berorientasi
pada Proses Meningkatkan Retensi Informasi
Jangka Panjang. Jurnal Fisiologi Amerika - Kemajuan
dalam  Pendidikan  Fisiologi, 37(3), 233-241.
https:/ /doi.org/10.1152/advan.00104.2012

8692



