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This study aimed to determine the effect of the inquiry-discovery learning
model on critical thinking skills and mastery of students' physics concepts on
the topic of temperature and heat. This quasi-experimental research used
posttest only control group design in which there are two groups in this
design, each of which was selected randomly. The sample in this study was
34 students for the experimental class and 34 students for the control class.
The results showed that there was a difference between inquiry-discovery
learning and conventional learning in improving students' critical thinking
skills and mastery of physics concepts. Inquiry-discovery learning affects
critical thinking skills and students' mastery of physics concepts. Future
research is expected to explore variables that can sharpen students' physics
skills through inquiry-discovery learning.
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1.

INTRODUCTION
Teaching physics to students is expected to acquire new concepts that can foster a scientific attitude
and become a capable scientist [1]. In recent years, student achievement in physics has been meager at the
college and secondary levels. This can be seen from the very bad physics final exam [2]. In addition, the
motivation to study physics is shallow. When the teacher says "physics," it becomes a fear for students [3].
Physics is a study to find answers to the questions 'why' and 'how' natural phenomena in everyday life occur
[4]. Studies from Singapore provide information that elementary school students in grade 4 have introduced
thermal concepts, while junior and senior high school students explore broader thermal concepts [5]. In
addition, the results of a study in England for 70 students who consider physics as something difficult [6],
mainly because learning is oriented towards understanding physics, representation, and conceptual
understanding [7]. Therefore, physics enthusiasts have become the least preferred subject in schools. Most
students are reported to have veered away from learning physics [8]. Physics is a subject that crosses various
disciplines with its application in various fields for economic development [9]. Unfortunately, the results of
the study explain that students have difficulty understanding physics. It causes poor achievement that the
results of studying physics in Nigeria are 42.36 and 50% of high school students to have difficulty
understanding the concepts of force, motion, and energy so that students become bored [10].
The 21st century learning is oriented towards collaboration in a prediction that can empower the
ability to think, find and solve problems through the help of several supporting sources [11]. Critical thinking
skills are closely related to students' deep understanding of the content of learning materials. In addition,
critical thinking skills have penetrated into various aspects of human life and scientific disciplines such as
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science, history, literature, psychology, and everyday life [12]. The results of a study in Indonesia, namely in
Ambon City, explained that students' thinking skills in science learning were still low at 53.41 [13], [14]. One
of the keys to someone skilled in solving problems is requiring critical skills based on competency. If a
person does not have good competence, he will have difficulty in solving problems. Therefore, it takes a lot
of practice and study so that academic competence can increase [15].
Furthermore, students are also required to do the same thing to achieve the aspired target. Therefore,
modern and innovative learning models are needed that can sharpen critical thinking skills and mastery of
concepts [16]. One of the recommended learning models to develop students' critical thinking skills and
mastery of concepts is inquiry-discovery. Most of the learning physics researchers have not developed much
in this model. Most of them are researched separately, even in cultural psychology and environmental studies
[17]. There has been no comprehensive amalgamation between these two models. There is only one between
discovery-inquiry [18], [19], not inquiry-discovery. Inquiry discovery is a series of learning activities that
emphasize critical and analytical thinking processes to seek and find answers to a problem in question [20].
The phases in inquiry learning are starting from observation, asking questions, making a hypothesis,
collecting related data, and formulating conclusions based on the data obtained [21]. The results of previous
studies show that inquiry learning can improve critical thinking skills and mastery of concepts [22]. The
results of other studies also state that inquiry can improve physics learning achievement in terms of students'
critical thinking skills [23]. Discovery is a mental process by which an individual can assimilate concepts and
principles [24]. In discovery learning, students can solve their problems with help from several sources to
generate new concepts and principles with discovery and then solve problems [25]. In principle, it is a way to
involve students in the mental process of exchanging information through discussion and independent
learning [26].
The learning system conducted by the teacher is not only oriented in one direction but various
directions, namely friends as a source of learning, so that the team is allowed to search and find their own
using a problem-solving approach [27]. With inquiry-discovery (ID) learning, students can be directly
involved and use critical thinking skills to search, find and solve their problems. Therefore, in mastering the
physics concepts that have been formed in students, it will bring up critical and even creative thinking in the
form of new meaningful perspectives, ideas, and concept. Along with that, students are led to become
independent learners [28]. In critical thinking and mastering the physics concept, students need a stimulus in
the form of analogies and phenomena around them as the basis for suppositions before taking them to the
next stage related to physics material. Adding analogies to learning materials can help students improve their
logical thinking and conceptual understanding [29]. The results of previous studies stated that learning by
using illustrations in the form of videos, pictures, and even stories can improve critical thinking skills and
help students learn physics more effectively [30]. Based on the existing explanation, the purpose of this study
was to determine the effect of the inquiry-discovery learning model on students’ critical thinking skills and
mastery of physics concepts on the topic of temperature and heat.
2.

RESEARCH METHOD
This study used a quasi-experimental research design. The research design used posttest only control
group design. There were two groups in this design, each of which was selected randomly. This research was
conducted in the experimental and the control group. Each group was selected and placed randomly. Table 1
presents the Posttest only control group design.
The population used in this study were all 10 th grade students consisting of five classes at one high
school in Saumlaki City, Maluku Province, Indonesia. This study used a simple random sampling technique
from a population to be used as Lord Kelvin (LK) class using conventional learning and Joseph Black (JB)
class using ID learning [31]. The samples have the same average value and passed normality and
homogeneity tests. Lord Kelvin's class and Joseph Black's class consisted of the same number, 34 students. In
this study, the instruments used were treatment instruments and measurement instruments. The measurement
instrument used in this study was a test instrument for students' conceptual understanding based on indicators
C1-C6 and a test of students' critical thinking skills.
The data collection technique begins with the pre-implementation stage, the implementation stage,
and the final stage. The data analysis technique begins with the prerequisite analysis test, namely the
normality test and homogeneity test. The research hypothesis test used one way analisis of variance
(ANOVA) with the assistance of SPSS 16.0 for windows at a sig level of 0.05.
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Table 1. Posttest only control group design

Class
Treatment
Postest
Joseph Black
X
T1
Lord Kelvin
T2
Note:
(X): Treatment for Joseph Black's class in using the ID model
(-X): The treatment for Lord Kelvin's group using the lessons learned in school
T2: Posttest to measure the score of critical thinking skills and mastery of concepts

3.

RESULTS AND DISCUSSION
Data on critical thinking skills of experimental class and control class students are presented in
Figure 1. The analysis results shown in Figure 1 explain a difference in the average value of critical thinking
skills between students taught by the ID learning model in the JB class and the conventional learning model
in the LK class. The average value of students' critical thinking skills using the ID learning model is higher
than the conventional learning model. In addition, data on concept understanding of experimental class and
control class students presented show a difference in the average value of concept understanding between
students taught by the ID learning model in the JB class and the conventional learning model in the LK class.
Concept understanding data using the ID learning model is higher than the conventional learning model.
Before testing the hypothesis, the normality and homogeneity test as analyst prerequisite test was
conducted. The normality test of critical thinking skills for the JB group and the LK group was normally
distributed. Meanwhile, the normality test results for concept understanding of the JB and the LK group were
normally distributed. The homogeneity test of critical thinking skills shows that the two groups of data have
homogeneous variances. Both groups came from a homogeneous population. The homogeneity test of
concept mastery shows that the two groups of data have homogeneous variances. Both groups came from a
homogeneous population. The results of the research hypothesis test are presented in Table 2.
The results of ANOVA analysis of critical thinking skills show Sig count<Sigtable (0.014<0.05), so it
can be concluded that H0 is rejected and H1 is accepted, this shows that there is a difference between ID
learning with animation and conventional learning in improving critical thinking skills student.
The results of the ANOVA analysis on concept mastery show Sigcount<Sigtable (0.013<0.05). It can be
concluded that H0 is rejected and H1 is accepted. This shows that there is a difference between ID learning
with animation and conventional learning in improving students' concept understanding. The result of the
research mastery hypothesis test is presented in Table 3.

Figure 1. Comparison of the average value of critical thinking skills and concept understanding
Table 2. Critical thinking ability hypothesis test results
Sigcount
Sigtable

Learning models and CTS
0.014
0.05

Table 3. Concept mastery hypothesis test results
Sigcount
Sigtable

Learning models and CU
0.013
0.05

The results of data analysis state that ID learning can improve students' critical thinking skills. There
was a difference between ID learning and conventional learning in improving students' critical thinking
skills. The ID learning model is a model that can be developed by teachers in learning as a tool to achieve
Critical thinking skills and concepts mastery on the topic of temperature and heat (Jamaludin)
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learning objectives. Through this model, students can develop self-confidence and the courage to participate
in the learning process.
ID learning can improve students' critical thinking skills because the learning involves students
directly. There are several stages of inquiry-discovery learning that greatly affect students' critical thinking
skills. In the simulation stage, students try to find problems according to the instructions given by the teacher.
At this stage, students formulate the problems found in the form of problem formulations.
Thus, it dramatically affects critical thinking skills, especially on the indicators of formulating problems
shown in Figure 2.
The results of the one-way ANOVA test show that there are differences between the students’
concept mastery using the ID learning model and conventional learning. The results of data analysis show
that there is a difference between ID learning compared to conventional learning in improving students'
concept understanding.
The use of the ID model in the learning process can train students to carry out various kinds of
activities, namely observing, investigating, experimenting, comparing findings with one another, asking
questions and seeking answers to their own questions. Therefore, students will get complete facts about the
object being observed [32], [33]. The ID learning model is more effective for improving concept
understanding, because students will indirectly be able to create new concepts, and create new ideas after
mastering concepts independently in the learning process. This research is supported by research, which
states that the ID learning model can improve concept understanding [34].
The following shows the state of gas particles when heat is given, as shown in Figure 3. The results
of the virtual experiment show that the more heat is given, the faster the particles move, and the air
temperature in the tube or vessel gets hotter. Then, the surface of the tube cover will be lifted into the air, and
the gas in the tube will move out. Figure 4 shows that when the vessel is heated to a specific temperature,
heat transfer occurs from one particle to another, so the heat will spread throughout the material of the vessel.
Several stages of ID learning significantly affect students' understanding of concepts. At the
verification stage, students prove the data obtained from experiments with the formulated hypothesis. At the
Generalisation stage, students formulate conclusions from the data that the teacher has corrected. Both of
these stages emphasize understanding the concept. The results of this study are in line with previous research
that pointed out the concept mastery of the junior high school students has increased, and students also gave a
positive response to the learning model used, namely Inquiry-Discovery [35], [36].

Figure 2. Indicator of formulating problem
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Figure 3. The state of the particles in a gas when given heat

Figure 4. Transfer of energy from one particle to another
(Source: https://www.youtube.com/watch?v=MUC098hvqH4)
4.

CONCLUSION
The research concluded that inquiry-discovery learning can improve students' critical thinking skills
and conceptual understanding. So, it can be used as a teacher's reference to develop students' critical thinking
skills and conceptual understanding. This study is suitable as a reference to develop further research and
explore more about inquiry-discovery learning with other variables in sharpening students' physics
competence.
REFERENCES
[1]
[2]
[3]

C. M. Steenkamp, I. Rootman-le Grange, and K. K. Müller-Nedebock, “Analysing assessments in introductory physics using
semantic gravity: refocussing on core concepts and context-dependence,” Teaching in Higher Education., vol. 0, no. 0, pp. 1–16,
2019, doi: 10.1080/13562517.2019.1692335.
D. Kwarikunda, U. Schiefele, J. Ssenyonga, and C. M. Muwonge, “The Relationship between Motivation for, and Interest in,
Learning Physics among Lower Secondary School Students in Uganda,” African Journal of Research
in Mathematics, Science and Technology Education., vol. 24, no. 3, pp. 435–446, 2020, doi: 10.1080/18117295.2020.1841961.
O. Goldstein, “A project-based learning approach to teaching physics for pre-service elementary school teacher education

Critical thinking skills and concepts mastery on the topic of temperature and heat (Jamaludin)

56
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]



ISSN: 2089-9823

students,” Cogent Education., vol. 3, no. 1, pp. 1–12, 2016, doi: 10.1080/2331186X.2016.1200833.
K. Salta and D. Koulougliotis, “Domain specificity of motivation: chemistry and physics learning among undergraduate students of
three academic majors,” International Journal of Science Education., vol. 42, no. 2, pp. 253–270, 2020, doi:
10.1080/09500693.2019.1708511.
F. B. Fernandez, “Action research in the physics classroom: the impact of authentic, inquiry based learning or instruction on the
learning of thermal physics,” Asia-Pacific Science Education., vol. 3, no. 1, 2017, doi: 10.1186/s41029-017-0014-z.
J. DeWitt, L. Archer, and J. Moote, “15/16-Year-old students’ reasons for choosing and not choosing physics at a level,”
International Journal of Science and Mathematics Education., vol. 17, no. 6, pp. 1071–1087, Jun. 2018, doi: 10.1007/s10763-0189900-4.
O. S. H, “A content analysis of cognitive representations in a ninth-grade science textbook ’ s chemistry of matter unit : Evidence
from Saudi Arabia A content analysis of cognitive representations in a ninth-grade science textbook ’ s chemistry of matter unit :
Ev,” Cogent Education., vol. 7, no. 1, 2020, doi: 10.1080/2331186X.2020.1808283.
J. Jax, J. N. Ahn, and X. Lin-Siegler, “Using contrasting cases to improve self-assessment in physics learning,” Educational
Psychology., vol. 39, no. 6, pp. 815–838, 2019, doi: 10.1080/01443410.2019.1577360.
J. Lämsä, R. Hämäläinen, P. Koskinen, J. Viiri, and J. Lämsä, “Visualising the temporal aspects of collaborative inquiry-based
learning processes in technology- enhanced physics learning learning,” International Journal of Science Education., vol. 0, no. 0,
pp. 1–21, 2018, doi: 10.1080/09500693.2018.1506594.
C. Schoor, S. Narciss, and K. Hermann, “Regulation during cooperative and collaborative learning : a theory-based review of terms
and concepts,” Educational Psychologist., vol. 50, no. 2, pp. 97–119, 2015, doi: 10.1080/00461520.2015.1038540.
D. T. Tiruneh, M. De Cock, and J. Elen, “Designing Learning Environments for Critical Thinking: Examining Effective
Instructional Approaches,” International Journal of Science and Mathematics Education., vol. 16, no. 6, pp. 1065–1089, 2018, doi:
10.1007/s10763-017-9829-z.
L. Berdahl, C. Hoessler, S. Mulhall, and K. Matheson, “Teaching Critical Thinking in Political Science: A Case Study,” Journal of
Political Science Education., vol. 0, no. 0, pp. 1–16, 2020, doi: 10.1080/15512169.2020.1744158.
M. Leasa, Y. L. Sanabuky, J. R. Batlolona, and J. J. Enriquez, “Jigsaw in teaching circulatory system: a learning activity on
elementary science classroom,” Biosfer: Jurnal Pendidikan Biologi, vol. 12, no. 2, pp. 122–134, Nov. 2019, doi:
10.21009/biosferjpb.v12n2.122-134.
M. Leasa, J. R. Batlolona, and M. Talakua, “Elementary students ’ creative thinking skills in science in the Maluku Islands,
Indonesia,” Creativity Studies., vol. 14, no. 1, pp. 74–89, 2021.
S. Shanta and J. G. Wells, “T/E design based learning: assessing student critical thinking and problem solving abilities,”
International Journal of Technology and Design Education., no. 0123456789, 2020, doi: 10.1007/s10798-020-09608-8.
A. Steele, L. Hives, and J. Scott, “Stories of learning : Inquiry-based pathways of discovery through environmental education
Stories of learning : Inquiry-based pathways of discovery through environmental education,” Cogent Education., 2016, doi:
10.1080/2331186X.2016.1202546.
I. Meijerman, G. Storm, E. Moret, and A. Koster, “Development and student evaluation of an inquiry-based elective course on
drug discovery and preclinical drug development,” Currents in Pharmacy Teaching and Learning., vol. 5, no. 1, pp. 14–22, 2013,
doi: 10.1016/j.cptl.2012.09.009.
W. Wartono, M. N. Hudha, and J. R. Batlolona, “How are the physics critical thinking skills of the students taught by using
inquiry-discovery through empirical and theorethical overview?,” Eurasia Journal of Mathematics, Science, and Technology
Education., vol. 14, no. 2, 2018, doi: 10.12973/ejmste/80632.
W. Wartono, M. N. Hudha, and J. R. Batlolona, “Guided inquiry and PSR in overcoming students’ misconception on the context of
temperature and heat,” AIP Conference Proceedings., vol. 2014, no. 1, 2018, doi: 10.1063/1.5054433.
T. Cooper et al., “Assessing student openness to inquiry-based learning in precalculus assessing student openness to inquiry-based
learning in precalculus,” PRIMUS., vol. 1970, no. 1, 2016, doi: 10.1080/10511970.2016.1183155.
M. Duran and Ilbilge Dökme, “The effect of the inquiry-based learning approach on student’s critical thinking skills,” Eurasia
Journal of Mathematics, Science, and Technology Education., vol. 12, no. 12, Oct. 2016, doi: 10.12973/eurasia.2016.02311a.
L. Preston, K. Harvie, and H. Wallace, “Inquiry-based learning in teacher education: A primary humanities example,” Australian
Journal of Teacher Education., vol. 40, no. 12, pp. 72–85, 2015, doi: 10.14221/ajte.2015v40n12.6.
D. Druckman and N. Ebner, “Discovery learning in management education: design and case analysis,” Journal of Management
Education., vol. 42, no. 3, pp. 347–374, 2018, doi: 10.1177/1052562917720710.
K. Ames, “Distance Education and ‘Discovery learning’ in first-year journalism: a case in subject improvement,” Asia Pacific
Media Educator., vol. 26, no. 2, pp. 214–225, 2016, doi: 10.1177/1326365X16669196.
B. Dalgarno, G. Kennedy, and S. Bennett, “The impact of students’ exploration strategies on discovery learning using computerbased simulations,” Educational Media International., vol. 51, no. 4, pp. 310–329, 2014, doi: 10.1080/09523987.2014.977009.
W. Zwaal, “Assessment for problem-based learning,” Research in Hospitality Management., vol. 9, no. 2, pp. 77–82, 2019, doi:
10.1080/22243534.2019.1689696.
Nurjanah, B. Latif, R. Yuliardi, and M. Tamur, “Computer-assisted learning using the Cabri 3D for improving spatial ability and
self- regulated learning,” Heliyon, vol. 6, no. 11, p. e05536, 2020, doi: 10.1016/j.heliyon.2020.e05536.
K. Perkins, “Transforming STEM learning at scale: PhET interactive simulations,” Childhood Education., vol. 96, no. 4, pp. 42–
49, Jul. 2020, doi: 10.1080/00094056.2020.1796451.
P. H. Wu, C. Y. Kuo, H. K. Wu, T. H. Jen, and Y. S. Hsu, “Learning benefits of secondary school students’ inquiry-related
curiosity: A cross-grade comparison of the relationships among learning experiences, curiosity, engagement, and inquiry abilities,”
Science Education., vol. 102, no. 5, pp. 917–950, 2018, doi: 10.1002/sce.21456.
D. Cairns and S. Areepattamannil, “Exploring the Relations of Inquiry-Based Teaching to Science Achievement and Dispositions
in 54 Countries,” Research in Science Education., vol. 49, no. 1, 2019, doi: 10.1007/s11165-017-9639-x.
P. W. West, “Simple random sampling of individual items in the absence of a sampling frame that lists the individuals,” New
Zealand Journal of Forestry Science., vol. 46, no. 1, pp. 1–7, 2016, doi: 10.1186/s40490-016-0071-1.
E. E. Peters-Burton, S. A. Merz, E. M. Ramirez, and M. Saroughi, “The Effect of cognitive apprenticeship-based professional
development on teacher self-efficacy of science teaching, motivation, knowledge calibration, and perceptions of inquiry-based
teaching,” Journal of Science Teacher Education., vol. 26, no. 6, pp. 525–548, 2015, doi: 10.1007/s10972-015-9436-1.
W. Wartono, J. Takaria, J. R. Batlolona, S. Grusche, M. N. Hudha, and Y. M. Jayanti, “Inquiry-discovery empowering high order
thinking skills and scientific literacy on substance pressure topic,” Jurnal Ilmiah Pendidikan Fisika Al-Biruni, vol. 7, no. 2, pp.
139–151, 2018, doi: 10.24042/jipfalbiruni.v7i2.2629.
F. Novitra, Festiyed, Yohandri, and Asrizal, “Development of online-based inquiry learning model to improve 21st-century skills

J Edu & Learn, Vol. 16, No. 1, February 2022: 51-57

J Edu & Learn

ISSN: 2089-9823



57

of physics students in senior high school,” Eurasia Journal of Mathematics, Science, and Technology Education., vol. 17, no. 9,
pp. 1–20, 2021, doi: 10.29333/ejmste/11152.
[35] G. Conole, E. Scanlon, K. Littleton, L. Kerawalla, and P. Mulholland, “Personal inquiry: Innovations in participatory design and
models for inquiry learning,” Educational Media International., vol. 47, no. 4, pp. 277–292, 2010, doi:
10.1080/09523987.2010.535328.
[36] B. Tompo, A. Ahmad, and M. Muris, “The development of discovery-inquiry learning model to reduce the science misconceptions
of junior high school students,” International Journal of Environmental and Science Education., vol. 11, no. 12, pp. 5676–5686,
2016.

BIOGRAPHIES OF AUTHOR
Jamaludin
is a Physics Education Lecturer, Faculty of Teacher Training and
Education, Pattimura University, Ambon-Indonesia. He completed his Bachelor of Physics
Education in 2000 at Pattimura University and completed his Masters in Physics at Gadjah
Mada University. He was appointed as a Lecturer in Physics Education Study Program in
2005. His research interests are: Physics Education, Rock Physics, Geophysics, Ocean
Physics, Electromagnetics. He can be contacted at email: jamaludinfisika@gmail.com.

Sulastri Kakaly
is a Civil Engineering Lecturer, Ambon State Polytechnic,
Ambon-Indonesia. She completed her Bachelor of Physics Education in 2010 at Pattimura
University and completed her Masters in Physics Education at Makasar State University in
2013. She was appointed as a Lecturer in the Department of Civil Engineering in 2019. Her
research interests are: Physics Education, Science Education, Problem Based Learning. She
can be contacted at email: sulastrikalyunidar@gmail.com.

John Rafafy Batlolona
is a Lecturer in Physics Education, Faculty of Teacher
Training and Education, Pattimura University, Ambon-Indonesia. He completed his
Bachelor of Physics Education in 2011 at Pattimura University and completed his Masters
in Physics Education at the State University of Malang. In 2020 and 2021, he was awarded
by the Rector of the Pattimura University as a Researcher Rank 1 SINTA Kemdikbud
Pattimura University and the Highest Number of Citation 1. The success in the field of
research and publication is due to the great blessings and guidances of two great mentors,
namely Dr. Wartono, M.Pd and Prof. Dr. Markus Diantoro, M.Si. His research interests are:
Physics Education, Science Education, Basic Education, Creative Thinking Skills, Mental
Models, Problem Based Learning and Ethnoscience. He can be contacted at email:
johanbatlolona@gmail.com.

Critical thinking skills and concepts mastery on the topic of temperature and heat (Jamaludin)

