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Abstract

This research aimed to determine differences in critical
thinking skills and mastery of science concepts between
students who followed the STEM-based inquiry learning
model and students who follow expository learning. The
population in this research was 209 students in a total
sample of 81 students determined through a random
sampling technique. Critical thinking data were collected by
tests, while the concept mastery data were collected by
multiple-choice  tests. Data were analyzed using
MANOVA. The results of the data analysis showed that the
value of I was 26.848 with a significance value of 0.000
which was less than 0.05. Therefore, there are differences in
critical thinking skills and mastery of concepts between
students who study STEM-based inquiry learning models
and students who study expository learning models.
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Introduction

Education is one of the paramount needs in human life that has an immense role in
the welfare of human life itself. Through the experience and education gained, humans can
solve problems, have the readiness to face various challenges in the future, and the growing
progress of science and technology (Hidayat et al., 2021; Mukminin et al., 2022; Sofwan et
al.,, 2021) . In the 21* century, students are required to be able to understand sciences, master
metacognitive skills, innovate, be able to communicate and collaborate and think critically
(Mirayani et al., 2021). Critical thinking is the ability to think logically, reflectively,
systematically, and productively which is applied in making judgments and decisions
(Hidayah et al., 2017). Critical thinking is also interpreted as activating the ability to analyze
and evaluate evidence, identify various questions, and build logical conclusions (Facione,
2015). A critical thinker must have the standard elements in solving problems, which is
abbreviated as FRISCO, namely Focus, Reason, Inference, Situation, and Clarity, to solve a
problem which is a list of reasonable critical thinking (Ennis, 2015).

In addition to critical thinking skills, some aspects are no less important in
achieving quality learning, namely concept mastery. Concept mastery is the ability of
students to understand various concepts and theories as well as scientific meanings to solve
problems and understand a new concept (Dahar, 2011). Concept mastery can also be
interpreted as one of the intellectual abilities related to a student's cognitive abilities, that the
intellectual abilities referred to are related to someone's mastery of the environment through
ideas (Maknun, 2015). Students who have a good mastery of concepts can develop this
ability to apply facts, scientific concepts, principles, laws, and theories used by scientists to
explain and predict observations from nature or provide interpretations and be able to apply
them in solving a problem (Knaggs & Schneider, 2012).

Currently, critical thinking skills and mastery of concepts are seen as very important
to be trained and developed for students (Lestari et al., 2021). It aims to make students
accustomed to having critical and deep thinking. Students are also able to apply concepts to
various things, be innovative, full of new ideas, be creative, and be sensitive to all
opportunities to produce people who have high competitiveness in facing the era of the
industrial revolution 4.0 (Susmariani et al., 2018). STEM (Science, Technology, Engineering,
and Mathematics) based inquiry learning model can be an alternative to achieving the
expected quality of learning.

The STEM-based inquiry learning model has the potential to provide meaningful
learning. Learning with this model can train students’ ability to solve problems by finding
their concepts, facts, or principles that are integrated with one or several other scientific
fields, such as science, engineering, and technology. In addition, the STEM-based inquiry
learning model can certainly increase collaboration, train critical thinking skills and creativity,
and provide students with the experience that science is of real benefit to life and those
around them. All of the above will certainly impact satisfactory student learning outcomes.
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Literature Review

In the era of the industrial revolution 4.0, critical thinking skills and mastery of
concepts are seen as very important to be trained and developed for students. With the
ability to think critically and master concepts well, students will get used to having critical
thinking, the ability to apply concepts, be innovative, and be sensitive to all opportunities
that exist to produce people with high competitiveness in facing the era of the industrial
revolution 4.0. (Habibi, Sofyan, & Mukminin, 2023; Habibi et al., 2022; Mukminin et al.,
2023; Velasco, Ibarra, & Mukminin, 2022; Rakimahwati et al., 2022; Susanti, Hadiyanto, &
Mukminin, 2022). The factual condition of education today is not under what is the primary
goal. The results of a survey conducted by PISA (Program for International Student
Assessment) in 2018 showed that for the science performance category, Indonesia was
ranked 9th from the bottom (71) with an average score of 396 (Tohir, 2019). Likewise, the
achievement of educational goals in schools, especially in science learning, is still far from
what was expected.

As was the result of observations made in several elementary schools in the Pupuan
District, in learning science, students tend to memorize information and not develop their
ability to think critically and systematically. The ability to think critically and master students'
concepts are still relatively low because the science learning components used in several
elementary schools still use a direct approach which is dominated by lecture methods and
assignments, so students experience difficulties in developing their abilities according to
21st-century solutions. Science learning in elementary schools should teach students to hone
critical thinking skills, form scientific attitudes and have the desire to solve problems.

Concerning the description above, the STEM (Science, Technology, Engineering,
and Mathematics) Based Inquiry Learning model can be an alternative to achieving the
expected quality of learning (Widana et al., 2021). The inquiry learning model emphasizes
how to search and find answers to questions that are questioned own self through a critical
and analytical thinking process (Wibawa, 2020). Inquiry means a series of student learning
activities in finding and investigating various problems so that students can formulate their
findings confidently and involve all students' abilities systematically, logically, critically, and
analytically (KKodir, 2018). The syntax of inquiry, in general, is a) orientation, b) determining
or formulating problems, ¢) formulating temporary conjectures that need to be proven true
(hypotheses), d) conducting experiments, e¢) conducting analysis, f) making conclusions
(Kurniasih & Sani, 2015).

STEM (Sciences, Technology, Engineering, and Mathematics) is a learning approach
that combines four main areas in education, namely science, technology, mathematics, and
engineering that requires students to become confident innovators, problem solvers, and
inventors (Azura & Octarya, 2020). National Research Council (2014) defined each of the
four STEM disciplines as (1) science is a collection of knowledge that has been accumulated
over time by a process of scientific inquiry that produces new knowledge, (2) technology is a
whole system of people, organizations, knowledge, processes and devices which then create
technology to meet their needs or desires, most of the modern technology is a product of
science and engineering, (3) engineering is a collection of knowledge about the design and
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creation of objects man-made and a process for solving problems. Techniques utilize
concepts in science, mathematics, and technological tools, (4) Mathematics is the science of
patterns and relationships between numbers, numbers, and space. Mathematics is used in
science, engineering, and technology. STEM is an integration of technology and techniques
applied in science/mathematics learning content that can make students have a different
mindset and develop critical power or critical thinking skills (Sandi, 2021).

The STEM-based inquiry learning model can train students’ ability to solve
problems. Students will discover concepts, facts, or principles for themselves that are
integrated with one or several other scientific fields, such as science, engineering, and
technology. With the STEM-based inquiry learning model, students will be trained to
develop their critical thinking skills, provide meaningful learning, can increase collaboration,
and be creative.

Several research results related to the above have been done before, finding that
STEM-based inquiry can improve students’ critical thinking skills (Islamyah et al., 2018).
Likewise, research by Soros et al. (2018) showed that the application of STEM improves
students’ critical thinking skills and problem-solving (Soros et al.,, 2018). Meanwhile, the
results of research by Anggareni et al. (2013) showed that inquiry learning is proven can
improve conceptual understanding and foster students’ critical thinking skills so that it is
good to apply in further learning,.

Methodology

This type of research is quasi-experimental. The population used in this research was
all fifth-grade elementary school students in Cluster II and IV Pupuan District, Tabanan
Regency, consisting of 10 classes with total students of 209. To determine whether yes or
not the abilities of fifth-grade students at each elementary school were equivalent, an
equivalence test was carried out with One-Way Anova assisted by SPSS 26.0 for Windows,
where the calculation results obtained an F count of 0.544 with a significance of 0.841.
Therefore, all classes in this research were declared to have equal abilities.

The sampling technique used in this research is random sampling, where samples are
taken randomly from the population through the drawing stage (Widana & Muliani, 2020).
The random sample is class. Of the ten classes in Gugus 11 and IV Pupuan District, a draw
was carried out to take two classes for research subjects. After drawing lots, SDN 1
Pujungan and SDN 6 Pujungan were chosen as research samples for a total of 81 students.
The two classes were drawn again to determine the experimental and control class. From the
drawing of the two classes, SDN 6 Pujungan was chosen as the experimental class, while
SDN 1 Pujungan was the control class.

The instrument used for critical thinking skills is a description test, and the type of
instrument for mastering concepts is in the form of multiple-choice tests. Before the
questions were used, the test was first tested. The test results were then analyzed for validity,
reliability, internal consistency of item difficulty level, and discriminatory power. For the
critical thinking ability instrument, the results of the content validity test showed that the
critical thinking ability test used was very high, and the internal test results for item
consistency showed that the ten items tested were valid, with the reliability of the critical
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thinking ability test was relatively high. Likewise, in the concept mastery instrument, where
the number of respondents was 36 students, 30 valid test items were obtained. The tests
tested included very high-reliability criteria, the test results for the difficulty level of test
items from 25 test items. There were 22 test items including medium criteria, and 3 test
items easy. Then the results of the discriminatory power of the 25 test items were 20 test
items including sufficient and five test items were good criteria.

The data collected were tabulated with the mean and standard deviation related to
critical thinking skills and mastery of concepts. To test the hypotheses that have been
formulated, data analysis was first carried out in the description, prerequisite testing, and
hypothesis testing.

Descriptive analysis was carried out by finding the mean (M), Mode (MO0), Median
(Md), and standard deviation (SD) values of each variable studied. The assumption test
performed includes the normality test of data distribution and the homogeneity of variance
test. Test the normality of data distribution for each group using the Kolmogorov-Smirnov
formula at a significance of 0.05 with the help of SPSS-26.00 for windows. Homogeneity
testing was carried out by testing the similarity of the covariance variants using SPSS-26.00
for windows through the Box's M test for homogeneity tests together and Levene's test for
homogeneity tests separately.

To test the first hypothesis using One-Way analysis of variance ANOVA through
statistical variance (F) with the help of SPSS 26 for windows, Hypothesis II testing uses a
One-Way analysis of variance ANOVA through statistical variance using the SPSS 26 For
Windows program. To test Hypothesis 111, research data will be processed using multivariate
analysis of variance (MANOVA), with a significance level of a = 0.05. Tests between subjects
were carried out on the significant number of the Pillai's Trace F statistic, Wilks' Lambda,
Hotelling's Trace, and Roy's Largest Root. Testing will be carried out using the SPSS 26 For
Windows program.

Findings and Discussion

The data obtained in this research were data on critical thinking skills and mastery of
science concepts from a group of students who took the STEM-based inquiry learning
model (Science, Technology, Engineering, and Mathematics) and a group of students who
took the expository learning model. The average score of students' critical thinking ability
data who took part in learning with the STEM-based inquiry learning model was 50.53 at
intervals of 50.42 < X < 52.25 and included in the "high" category. The results of the data
analysis on mastery of the concept with the STEM-based inquiry learning model for 41
students obtained an average score of 21.51 at intervals of 20.92 < X = 22.08. Overall, the
experimental class is included in the "medium" category. Furthermore, an analysis of data on
students' critical thinking skills using expository learning obtained an average score of 44.87
at an interval of 43.25 < X =< 45.75 included in the "medium" category. The results of the
data analysis of students' conceptual mastery following expository learning obtained an
average score of 20.27 at intervals of 19.33 < X < 20.67, so the students' conceptual mastery
following the expository learning model is included in the "medium" category.
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Data distribution normality test

The results of the Kolmogorov-Smirnov test obtained the calculated value of each
variable, namely 0.182; 0.164; 0.194; 0.085. All Kolmogorov-Smirnov statistical variables are
more than 0.05. Thus, all data distribution is normally distributed.

Variance homogeneity test

Homogeneity testing was carried out by testing the similarity of the covariance
variants using Box's M test to test the homogeneity with Levene's test to test the
homogeneity separately with SPSS-26.00 for windows. With the criteria, if the significance
value is more than 0.05, the data group is declared homogeneous. Conversely, the data group
is non-homogeneous if the significance value produced in Levene's and Box's M test is less
than 0.05.

The results of the Box's M test analysis obtained sig. 0.535, and Levene's test results
obtained critical thinking skills of 0.173 and mastery of concepts of 0.572. Based on the test
results, the resulting significant figures together and individually are more than 0.05. Thus, it
means that the variance-covariance matrix for the variables of students' critical thinking skills
and mastery of concepts is homogeneous.

Hpypothesis test 1

The results of the hypothesis 1 test showed that the critical thinking skills of students
who took part in the STEM-based inquiry learning model and students who took the
expository learning model produced an F value of 52.608 with a significance of 0.000 <0.05. It
means Ho is rejected, and H1 is accepted. In other words, there are differences in critical
thinking skills between students who follow STEM-based inquiry learning models and
students who follow expository learning models.

Hpypothesis test 2

The results of the One-Way ANOVA analysis of students' concept mastery data with
SPSS 26.00 for windows show that there are differences in concept mastery between students
who follow the STEM-based inquiry learning model and students who follow the expository
learning model, resulting in an F value of 6.951 with a significance of 0.000 <0, 05. It means
HO is rejected, and H1 is accepted. In other words, there are differences in the mastery of
concepts between students who follow STEM-based inquiry learning models and students
follow follow expository learning models.

Hypothesis test 3

Furthermore, to find out the differences in critical thinking skills and conceptual
mastery of students who study with the two learning models, an analysis is carried out using
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MANOVA with SPSS 26.00 for Windows. A summary of the analysis using MANOVA is in
Table 1.

Table 1. Summary of analysis results of students' critical thinking ability and mastery of concepts with
MANOVA

Effect Statistics F Sig.
Learning Model Pillai's Trace 26,348 0,000
Wilks' Lambda 26,848 0,000

Hotelling's Trace 26,348 0,000

Roy's Largest Root 26,848 0,000

Based on the table above, F is 26.848 with a significance value of 0.000 which is less than
0.05. It means HO is rejected, and H1 is accepted. In other words, simultaneously, there are
differences in critical thinking skills and mastery of concepts between students who follow
STEM-based inquiry learning models and students who follow expository learning models.
These results simultaneously indicate that the student's critical thinking skills and concept
mastery who take part in learning using the STEM-based inquiry learning model are better
than students who follow the expository learning model.

Differences in critical thinking ability between students who follow the
STEM-based inquiry learning model and students who follow the expository
learning model

Science learning which is carried out on a STEM-based has made students active,
creative, critical, and able to develop their soft skills, provide meaningful learning and train
students to solve problems by finding their own concepts, facts, or principles that are
integrated with one or several scientific fields, such as science, engineering, and technology,
increasing collaboration, and training critical thinking skills. In the initial step of this model
or problem orientation, students need to formulate problems and propose hypotheses
related to indicators of critical thinking, namely understanding the questions given. Students
understand the orientation of finding, formulating problems, or submitting hypotheses. In
planning problem-solving and experiments related to critical thinking indicators, namely
providing reasons based on relevant facts or evidence at each step, it will focus on how
students understand planning group activities in planning procedures, assignments, and
learning objectives under the problems. Students will collaborate with their groups, be active,
creative, and critical and develop soft skills.

The next step is to make observations, collect data, and analyze data related to three
indicators of critical thinking, including choosing the right reasons to support the
conclusions, using all appropriate information to the problem, and providing a more detailed
explanation. In this step, students conclude correctly with supporting reasons and
information. Students will be trained to solve problems by finding the concepts, facts, or
principles integrated with one or several other scientific fields, such as science, engineering,
and technology, increasing collaboration and developing critical thinking skills and creativity.
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The final step, namely concluding the precise conclusions and re-checking
thoroughly from start to finish. Students provide the best solutions to problems related to
the concepts they have learned. It can stimulate students' critical thinking skills in the
indicator of checking back thoroughly, which can be seen when students complete the steps
according to their thoughts. Different from the case with students who follow expository
learning. In expository learning, students tend to look indifferent in participating in learning.
It is because the expository learning model is a learning model that is always used in science
learning. In the expository learning model, students do not get the opportunity to do more
activities than is done in the STEM-based inquiry learning model. The role of the teacher
looks more dominating. Teachers convey more information to students in the same case by
asking, gathering information, and communicating. In this step, only a few students actively
expressed their ideas. Other students are seen just following the lesson without actively
participating in contributing their ideas. Information search by students is also limited to
textbooks without utilizing other learning resources.

It shows that the STEM-based inquiry learning model has an advantage over the
expository learning model in improving critical thinking skills. The research results are in line
with Islamyah et al. (2018) that the STEM-based guided inquiry learning model application
can improve the critical thinking skills of class X MIPA 4 SMAN 2 Singaraja academic year
2018/2019. In addition, research conducted by Wariyanti (2019) also showed the inquiry
learning model has a significant effect on students' critical thinking skills and learning
outcomes. Maryam et al. (2021) also showed that there were differences in critical thinking
skills between students in the experimental class and students in the control class (p = 0.00
<0.05), so the inquiry learning model affected improving students' critical thinking skills.
Based on the research results above, the STEM-based inquity learning model is very
effectively applied to improve students' critical thinking skills.

Differences in mastery of concepts between students who follow the
STEM-based inquiry learning model and students who follow the expository
learning model

In the experimental class, a STEM-based inquiry learning model was applied. This
STEM-based inquiry learning model embodies scientific-based learning where students can
discover something, encourage student learning experiences to be able to understand
scientific concepts, provide a deeper understanding and make them longer memorable and
meaningful for students. Science learning on a STEM-based learning model has made
students active and critically able to solve problems by finding their concepts, facts, or
principles that are integrated with one or several other scientific fields, such as science,
engineering, and technology. The mastery score of the science concept that is greater in the
experimental class than in the control class is also believed to be a result of the integrated
implementation of the four aspects of STEM. The science aspect is implemented by utilizing
nature as a medium/learning resource and as one of the bases for students in making
decisions, whereas the technology aspects are by utilizing various current technologies in the
digitalization era or the 4.0 revolution era, where technology can cause changes in life
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activities. Furthermore, the engineering aspect teaches procedures that students must carry
out sequentially/systematically, wherein student learning is given worksheets as a guide in
experimenting. Meanwhile, the mathematical aspect fosters students' reasoning in calculating
and analyzing conclusions.

Meanwhile, for the expository learning model in the control class, the learning
process tends to be one-way. Students only listen, take notes, and then do questions and
answer. They are less invited to solve a problem that requires reasoning, so this process
reduces the meaning of learning. It is because the expository learning model prioritizes
memorization rather than understanding and is teacher-centered. Expository learning is not
problem oriented. Students have not been trained to think critically, so students' ability to
understand and solve problems has not been formed optimally, so students' mastery of
science concepts is not optimal.

Differences in critical thinking ability and mastery of concepts between
students who follow learning with the STEM (science, technology,
engineering, and mathematics) based inquiry learning model and students
who follow the expository learning model

The research results indicate that the application of the STEM (Science, Technology,
Engineering, and Mathematics) based inquiry learning model is more effective for improving
critical thinking skills and mastery of science concepts than the expository learning model. It
is because the stages in the STEM (Science, Technology, Engineering, and
Mathematics)-based inquiry learning model support and encourage the growth of the
potential for increased critical thinking skills and mastery of science concepts so that these
two variables can be influenced together. The inquiry learning model based on STEM
(Science, Technology, Engineering, and Mathematics) provides meaningful learning and
trains students' ability to solve problems by finding their concepts, facts, or principles that
are integrated with one or several other scientific fields, such as science, engineering, and
technology. This model also enhances collaboration, trains critical thinking skills and
creativity, and provides experiences to students.

In the STEM (Science, Technology, Engineering, and Mathematics) based inquiry
learning model, students are invited to develop thinking skills through specific observations to
make generalizations. At that stage, students are stimulated to reason to go to the next stage. In
the next stage, students are invited to formulate problems that will bring students to a problem
that contains a solving puzzle. At this stage, students will interpret the things that are the
subject matter. Then in the next step, students determine impermanent answers or hypotheses
until they are continued by searching for various information, data, and facts needed to answer
the problem/hypotheses. At this stage, they intensively develop cognitive reasoning power
and knowledge to provide responsive stimulus and results under the processes carried out.
After that, students test the correctness of impermanent answers, where the alleged answers
are based on the obtained data. Next, students look for data or information to solve the
problem cither by reading learning resources, researching, asking questions, discussing, and so
on. Then students analyze the data to find a concept. The next stage is students, and their
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groups draw conclusions and formulate rules, principles, generalization ideas, or concepts
based on the data obtained.

As it is today, there is the implementation of an independent curriculum where the
way to achieve learning goals is through learning strategies that provide quality learning
experiences, apply a material to problems, an interactive, inspiring, fun, challenging learning
atmosphere, motivate students, and develop critical thinking skills. Therefore, the inquiry
learning model based on STEM (Science, Technology, Engineering, and Mathematics)
becomes an alternative to achieving the expected quality of learning. Judging from the
advantage factors of the STEM (Science, Technology, Engineering, and Mathematics) based
inquiry learning model, it is in line with the TPACK (Technological Pedagogical Content
Knowledge) model in the current IKM. The TPACK model is an integration of
comprehensive knowledge and skills in terms of material and pedagogy that are integrated
into technological developments and the interrelationships between content knowledge,
pedagogy, and technology (Ananda et al, 2022). Teachers in this century must have
Technological Pedagogical Content Knowledge (TPACK) skills, as mentioned by issues in
recent learning (Ichsan et al., 2022). TPACK will make learning more effective and efficient
by integrating technology (Zainuddin et al., 2022). TPACK is also an essential factor that can
be used as a reference in improving the quality of learning. Therefore, TPACK
(Technological Pedagogical Content Knowledge) is in line with the STEM (Science,
Technology, Engineering, and Mathematics) based inquiry learning model, which both make
a positive contribution to improving the quality of learning so that it will ultimately have the
impact on critical thinking skills and mastery of concepts becomes better again.

Meanwhile, the expository learning model is more dominated by lecture methods
and assignments. Students are not fully involved in the learning process, trained to explore
and process information, trained in making the right decision or in solving a problem, and
also rarely trained to carry out an investigation of a problem, formulate and determine
relevant hypotheses, and collect and analyze, or students are invited to draw conclusions
based on the investigation they have done. In this case, students are only recipients of
information, so students' thinking skills are low, or in other words, learning is less
meaningful. Therefore, students with critical thinking skills and mastery of science concepts
who are taught using the STEM-based inquiry learning model are better than those with the
expository learning model.

Conclusion

Based on the results of data analysis and discussion of the research results, the
conclusions are 1) There are differences in critical thinking skills between students who
follow the STEM-based inquiry learning model and students who follow the expository
learning model; 2) There are differences in the mastery of the science concept between
students who follow the STEM-based inquiry learning model and students who follow the
expository learning model; 3) Simultaneously, there are differences in critical thinking skills
and mastery of science concepts between students who follow the STEM-based inquiry
learning model and students who follow expository learning model.
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