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This research aims to analyze the effect of the guided inquiry learning model
through experiments on the improvement of students’ conceptual understanding
and critical thinking skills, as well as its correlation with dynamic electricity ma-
terial. This research is an experimental quantitative study with a pretest-posttest
control design. The research sample consists of students from class 9D and 9E at
SMP Negeri 1 Winong Pati. The Cronbach Alpha reliability test yielded a value
range of 0.60 <rxy< 0.80, which falls into the high category. The feasibility test of
the instrument material has been validated by expert validators with an average
score of 4.60, falling into the very good category. The analysis results show that
the N-gain test results are in the range of 0.3-0.7 with a moderate category. The
results of the paired samples t-test with a sig (2-tailed) value of 0.000 < 0.05, Ho
is rejected and Ha is accepted. The results of the product moment correlation
test obtained a significance value of 0.017 < 0.05. Based on all the criteria of
the analysis results, it can be concluded that the guided inquiry learning model
through experiments is quite effective and has an impact on improving students’
conceptual understanding and critical thinking skills, and there is a significant
correlation between the improvement in conceptual understanding and students’
critical thinking skills.
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INTRODUCTION

Natural science is a field of study that dis-
cusses natural phenomena systematically based
on observations and experiments conducted by
humans (Jannah et al., 2022:1065). According
to Murtini, a good science or natural science
learning process emphasizes providing students
with direct and real experiences so that they can
develop their competencies in exploring and un-
derstanding the surrounding nature scientifically
(Hendri & Faradhillah, 2020:2). According to
UNESCO, 21st-century education is oriented to-
wards 4 (four) pillars of learning, namely 1) lear-
ning to know; 2) learning to do; 3) learning to be;
and 4) learning to live together. To achieve these
4 pillars of learning, it is expected that students
will be able to master, understand, and possess
basic competencies in learning, which include: 1)
creative thinking; 2) critical thinking and problem
solving; 3) communication; 4) collaboration.

The old paradigm of the student learning
model at SMP Negeri 1 Winong, which still uses
a teacher-centered learning model with lecture
methods and has not yet maximized the use of
practical tools in the laboratory, causes the lear-
ning process to not run optimally and the stu-
dents’ learning outcomes to be suboptimal. The
main goal of students in learning is how they can
enhance their existing knowledge, concepts, and
skills to develop further and be able to solve all
problems and challenges of life in this increasing-
ly complex era.

Conceptual understanding is the ability
to grasp meaning or knowledge, interpret, trans-
late, and express something in one’s own way.
Conceptual understanding one of the important
competencies that students must possess in lear-
ning. By understanding a concept, students can
develop their ability to express ideas and thoughts
from the presented material into a more compre-
hensible form, provide interpretations, and apply
each lesson given. Critical thinking is ability to
analyze information, identify solutions, make ra-
tional and informed decisions. Critical thinking
is part of the classification of Higher-Order Thin-
king Skills (HOTS), where students are trained
to be able to identify, analyze, and evaluate argu-
ments and truth claims, as well as formulate and
present convincing reasons to support conclu-
sions, make reasonable, and intelligent decisions.
Understanding concepts and critical thinking in
teaching material very important and influential
students’ mindsets and learning outcomes.

One of the activities in science that can
develop students’ conceptual understanding and
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critical thinking skills in learning is exploratory
learning activities, namely through practical or
experimental activities. Practical work or experi-
ments will directly invite students to personally
experience how to prove the truth of a theory that
they previously understood only as abstract con-
cepts, such as dynamic electricity, into a tangible
form through an experiment for verification.

To support scientific work in practical acti-
vities or experiments conducted by students, one
of the efforts in the learning strategy approach is
learning with the guided inquiry model (Hendri
& Faradhillah, 2020). According to Meliani, the
guided inquiry model is a learning model that
emphasizes the process of discovering a concept
and the relationships between concepts (Simbo-
lon, 2015). The advantages or benefits of the in-
quiry method include: 1) Capable of developing
and shaping the ”self-concept” in students, so
that students can understand basic concepts and
develop better ideas; 2) helping students’ memory
and knowledge transfer in new learning process
situations; 3) encouraging students to think and
work according to their own initiative, being ob-
jective, honest, and open; 4) encouraging students
to think more intuitively and formulate their own
hypotheses; 5) providing intrinsic satisfaction to
students; 6) making the learning process situation
more stimulating; 7) capable of enhancing and
developing individual talents or skills.

This is supported by previous research con-
ducted by Roslina et al. (2023) and research con-
ducted by Ramdani & Sedijani (2017). Roslina, in
her research, compared learning using the guided
inquiry model with the scientific approach for the
excretory system material. The results of the rese-
arch only show that the use of the guided inquiry
model in learning is influential and can improve
students’ ability to understand concepts and think
critically without analyzing the correlation. The
same thing was done in the research by Ramdani
& Sedijani, using the POGIL or Process Oriented
Guided Inquiry Learning model, which examin-
ed the influence of the guided inquiry model on
the ability to understand concepts, science pro-
cess skills, and critical thinking. The results of the
research also only show that the use of the guided
inquiry model in learning is influential and can
improve students’ ability to understand concepts,
science process skills, and critical thinking wit-
hout analyzing the correlation. For this reason,
the researcher attempts to use this guided inquiry
learning model not only to investigate its effect on
improving students’ conceptual understanding
and critical thinking skills but also to determine
whether there is a relationship and correlation
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between students’ conceptual understanding and
critical thinking skills.

METHOD

This research is an experimental quan-
titative study. The type of experiment used is a
quasi-experimental design with a pretest-posttest
control design. The population of this study is all
ninth-grade students of SMP Negeri 1 Winong
Pati for the 2023/2024 academic year. The rese-
arch sample includes students from class IX D as
the experimental class and students from class IX
E as the control class, each consisting of 32 stu-
dents. The sampling technique in this study is the
random sampling technique, where the sample
members are taken from the population random-
ly without considering the existing strata in the
population because it is homogeneous or there
are no special classes.

The variables in this study are two variab-
les, namely the independent variable and the de-
pendent variable. The independent variable in
this study is the guided inquiry learning model
through experiments given to the experimental
class group (class IX D) and the conventional
learning model with the lecture method given to
the control class group (class IX E). The depen-
dent variables in this study are conceptual under-
standing and critical thinking skills.

Instrument used in this research is a writ-
ten test that measures the level of conceptual
understanding and critical thinking skills. The
instrument used previously has measured the le-
vel of question difficulty and its distinguishing
power. The indicators ability to understand con-
cepts, among others, are shown in Table 1.

Table 1. Concept Understanding Indicators

No Indicator

1. Restating a concept

2. Classifying objects according to certain
characteristics based on their concept

3. Providing examples and non-examples of
a concept

4.  Presenting concepts in various forms of
mathematical representation

5. Developing necessary or sufficient condi-
tions of a concept

6. Using and utilizing as well as selecting
certain procedures or operations.

7.  Applying concepts or algorithms to

problem-solving
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For the level of critical thinking ability
according to Ennis, there are five indicators that
must be met and can be seen in Table 2.

Table 2. Indicators of Critical Thinking Ability
No

Indicator

Basic Clarification
The Bases for a decision
Inference

Advanced Clarification

AN I S e

Supposition and integration

The pretest is conducted before the tre-
atment is given, and then compared with the
posttest results after the treatment. The instru-
ments used are valid and reliable based on the
material feasibility test, which was evaluated by
expert validators covering content feasibility, lan-
guage feasibility, and appearance feasibility, te-
sted on 125 student respondents. The results of
the feasibility test by expert validators were pro-
cessed using the Aiken’s V formula.

The research procedure was carried out in
three stages, namely: the preparation stage, the
implementation stage, and the data processing
and analysis stage. The initial step after conduc-
ting the feasibility test of the instrument, inclu-
ding validity, reliability, difficulty level, and dis-
tinguishing power, is to collect quantitative data
by administering a pretest at the beginning of
the learning process to measure the initial abi-
lities of students in both the experimental and
control classes. Then both sample classes were
given treatment as planned in the initial research
according to the implementation schedule in the
lesson plan. For the experimental class, learning
was conducted using the guided inquiry model
through experiments, and for the control class,
conventional learning was conducted using the
lecture method.

The steps of learning conducted using the
guided inquiry method according to Hanson con-
sist of Orientation, Exploration, Concept Forma-
tion, Application, and Closure. For further clari-
fication, it is presented in Table 3. Then, at the
end of the lesson, a post-test is given to measure
whether there is a change or improvement in stu-
dents’ conceptual understanding and critical thin-
king skills after the treatment.

The data analysis technique in this study is
a quantitative analysis technique, where the data
is processed numerically through several tests
using specific formulas with the SPSS version
22.0 program or Excel.
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Table 3. Guided Inquiry Syntax

Activity

Orientation Preparing students to learn by
providing motivation to cultivate
interest, generate curiosity, and
make connections with prior
knowledge.

Stages

Exploration Students complete a series of
tasks that lead to the achieve-
ment of learning objectives,
collect data, and conduct experi-

ments.

Concept
Formation

Students are expected to
discover, introduce, or form con-
cepts, and the teacher provides
questions that prompt students
to think critically and analyti-
cally while engaging in explora-
tion. These questions, known as
guided inquiry, critical thinking,
or key questions, guide them in
their exploration.

Application Students apply new concepts
in the form of doing exercises,
solving problems, or conducting

research.

Closure Students validate the results they
have achieved, reflect on what
they have learned, and assess

their performance in learning.

To determine whether the experimental
group and the control group have the same va-
riance (homogeneous) or not, a homogeneity test
using the Levene test was used. This homogeneity
test uses the initial test results (pretest) values. If
the p-value > (. = 0.05 at a 5% significance level,
then the variance is considered homogeneous.

The normality test is taken from the pre-
test and posttest scores of students, both from
the experimental class and the control class. This
normality test is conducted to determine whether
a dataset is normally distributed or not using the
Shapiro-Wilk test. If the Significance Value or
probability value < 0.05, then the data distributi-
on is not normal, and vice versa. If the Significan-
ce Value or probability value > 0.05, then the data
distribution is normal.

The hypothesis of this study states that
implementation of guided inquiry learning model
through experiments is capable of enhancing con-
ceptual understanding and critical thinking skills
of junior high school students in learning science
for the topic of dynamic electricity.
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To determine the effect of the guided inqui-
ry learning model through experiments in imp-
roving students’ conceptual understanding and
critical thinking skills using the paired samples
t-test formula. The paired samples t-test is used
to analyze the difference in means of two paired
samples before and after treatment in one group.
HO is the mean before and after the treatment is
the same, while Ha is the mean before and after
the treatment is different. If the probability value
> 0.05 or if the calculated t < the table t, then
HO is accepted or Ha is rejected, whereas if the
probability value < 0.05 or if the calculated t >
the table t, then HO is rejected or Ha is accepted.

Data analysis using the normalized N-
gain score test is used to determine the improve-
ment in students’ conceptual understanding and
critical thinking skills, as well as the effectiveness
of the guided inquiry learning model through
experiments in education. The N-gain score test
aims to determine the impact and effectiveness
of the success of using a method or treatment in
a study. The data used and processed using the
N-Gain Score are the results of the final measu-
rement (posttest) compared to the initial measu-
rement (pretest). The categories for dividing the
N-gain score in Table 4.

Table 4. N-gain Score Distribution Categories

Score Gain N-gain Criteria
g>0,70 Height

0.30 <g<0.70 Currently
£<0.30 Low

The percentage interpretations category of
N-gain score are shown in Table 5.

Table 5. Effectiveness of N-gain Score

Percentage (%) Interpretation

<40 Not Effective
40-55 Less effective
56 —75 Quite Effective
>76 Effective

To determine the influence of the relation-
ship between conceptual understanding ability
and critical thinking ability, the Pearson product-
moment correlation test is used. The Pearson pro-
duct-moment correlation test is a data analysis
technique used to determine the linear relation-
ship between two interval or ratio-scaled variab-
les, where one variable is considered to influence
or is held constant (as a control variable) with res-
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pect to the other variable. The Pearson product-
moment correlation test can be used if variables
x and y are normally distributed with the same
variance. To understand the interpretation of the
correlation coefficient, it is presented in Table 6.

Table 6. Interpretation Correlation Coefficients

Coefficient Interval Relationship Level

0.00-0.19 Very Low
0.20-0.39 Low
0.40-0.59 Currently
0.60-0.79 Strong
0.80—-1.00 Very Strong

The correlation testing criteria are as fol-
lows: If Sig < Ol (0.05) then HO is rejected, Ha
is accepted and If Sig > O (0.05), then HO is
rejected, Ha is accepted. HO states that there is
no relationship between the ability to understand
concepts and critical thinking ability, and Ha sta-
tes that there is a relationship between the ability
to understand concepts and critical thinking.

RESULT AND DISCUSSION

The results of the instrument validity
based on the material, which includes content,
language, and appearance, were conducted by ex-
pert validators and 125 student respondents. For
the instrument validity results by experts after the
data were processed using the Aiken’s V formu-
la and Excel program, a score of > 4.20 was ob-
tained, categorized as very good validity, and the
average Aiken’s V validity coefficient of 0.9 indi-
cates that the instrument is very feasible to use.

For the validity results by 125 student
respondents, the data obtained showed a calcu-
lated r value (Corrected Item-Total Correlation)
> table r value for 125 respondents, which ave-
raged above 0.1757, thus declared valid. The re-
sults of the reliability test of the valid items on
the concept understanding instrument obtained
a Cronbach’s Alpha value of 0.752, and on the
critical thinking ability instrument, a Cronbach’s
Alpha value of 0.759 was obtained, with a value
range of 0.60 < rxy < 0.80, which is interpreted
as high category. Table 7 show the reliability test
of the valid items on the concept understanding
instrument obtained a Cronbach’s Alpha.

Table 7. Conceptual Understanding Reliability
Cronbach’s Alpha N of Items
752 20
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Table 8 show the reliability test of the valid
items on the critical thinking ability instrument
obtained a Cronbach’s Alpha.

Table 8. Results of Critical Thinking Reliability
Cronbach’s Alpha N of Items
759 10

The initial stage data (pretest) is used as
the basis for measuring that the experimental
class and the control class have the same and uni-
form abilities, which is done through normality
tests and homogeneity tests. The final stage data
(posttest) is used to measure the improvement in
students’ conceptual understanding and critical
thinking skills in the subject of electricity. Dyna-
mic after the implementation of the learning tre-
atment using the guided inquiry model through
experiments, as seen from the changes. Pretest
and posttest concept understanding score data
used for analysis in both the experimental and
control classes are presented in Table 9.

Table 9. Concept Understanding Score Data

Experimental Class  Control Class

Data
Pretest Posttest Pretest Posttest
Number

of Student 32 32 32 32
Mean 56.72 81.72 56,56 68,75
Min.
Value. 40 60 40 50
Max.
Value. 75 95 70 90

Pretest and posttest cricical thinking score
data used for analysis in both the experimental
and control classes are presented in Table 10.

Table 10. Data on Critical Thinking Scores

Experimental Class  Control Class

Data
Pretest Posttest Pretest Posttest

Number 32 32 32 32
of Student
Mean 57.81 81.75 58.63 73.50
Min. 42 70 42 54
Value.
Max. 78 92 78 90
Value.

The results of the normality test for the
concept understanding questions using the Sha-
piro-Wilk technique for the experimental class
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showed a significance value of 0.245. Whereas
for the control class, a significance value of 0.192
was obtained. Based on the normality test data
distribution criteria, it appears that for both the
experimental class and the control class, the sig-
nificance values are greater than 0.05. This indi-
cates that the pretest and posttest results on con-
cept understanding for both the experimental and
control classes are normally distributed.

The results of the homogeneity test for
processing the pretest scores of the experimental
class and the control class for conceptual under-
standing and critical thinking questions through
the Levene’s Test obtained significance values of
0.254 and 0.964. It appears that the p-value > (),
= 0.05 at the 5% significance level, so it can be
concluded that the initial knowledge and under-
standing levels of students in both the experimen-
tal and control classes before the treatment are
the same or homogeneous.

The results of the paired samples t-
test for the level of conceptual understanding and
critical thinking skills of students both obtained
a probability value of 0.000 < 0.05. The results
indicate that HO is rejected or Ha is accepted,
meaning there is a difference in the average sco-
res between the pretest and posttest for both the
experimental and control classes. This confirms
that there is an influence of guided inquiry lear-
ning through experiments on the improvement of
students’ conceptual understanding and critical
thinking on dynamic electricity material. For the
results of the improvement in pretest and posttest
scores on conceptual understanding and critical
thinking skills in both the experimental and cont-
rol classes refer to Figure 1.

Kelas 90 PK

@Pretest

WPostest

Skor Nilai

Kelas 9E PK Kelas 9D BK Kelas 9E BK

Variabel Penelitian

Figure 1. Graph of Pretest and Posttest Improve-
ment Results

Based on the N-Gain test results, the gain
score results from the average pretest and posttest
scores for the experimental and control classes
are shown in Figure 2.
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Figure 2. N-Gain Score Graph of Pretest and
Posttest Results
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The gain score results for the experimental
class on the concept understanding question were
0.58, and for the critical thinking ability question,
the gain score was 0.57. The value falls within the
range of 0.30 < g < 0.70, categorized under the
medium criterion of the N-gain Score index. The
interpretation of the effectiveness of the N-gain
calculation results for the experimental class falls
within the percentage range of 56 — 75%, which
is interpreted as fairly effective. Meanwhile, for
the control class, the gain score from the avera-
ge pretest and posttest scores was only 0.28, and
for critical thinking questions, the gain score was
0.29. The value falls within the range of < 0.30 in
the category of N-gain Score index distribution,
which is classified as low criteria. The interpreta-
tion of the effectiveness of the N-gain calculation
results falls within the percentage < 40%, which
is considered a low interpretation. This shows
that the use of the guided inquiry learning model
through experiments is more effective and has a
greater impact on improving students’ conceptual
understanding and thinking skills about dynamic
electricity compared to learning that uses conven-
tional methods.

For the product moment correlation test
results between conceptual understanding abili-
ty and critical thinking ability, the sig (2-tailed)
value is 0.017 < 0.05. Based on the existing cri-
teria, there is a significant relationship or corre-
lation between the level of conceptual understan-
ding ability and students’ critical thinking ability,
with a Pearson product correlation coefficient of
0.418, indicating a moderate level of relationship.
This means that the level of students’ conceptu-
al understanding ability significantly influences
their critical thinking ability.

The implementation of the guided inqui-
ry model in this research, which begins with the
orientation stage, namely by preparing students
to learn by providing motivation, will foster in-
terest, generate curiosity, and create connections
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with prior knowledge. This can stimulate students
to pay more attention to the issues or topics to be
studied and become more engaged in the learning
process, thereby impacting the improvement of
conceptual understanding and encouraging them
to think critically from the outset.

For the exploration and concept formation
stage, students are given tasks in the form of ques-
tions or problems that require further investigati-
on, which become the focus of learning, thereby
encouraging students to seek and find informati-
on that will help them understand concepts more
deeply, prompting students to think analytically
and critically about existing concepts, and prepa-
ring them to evaluate and verify information. The
process of conducting experiments, observations,
and data collection will encourage students to at-
tempt to construct their own understanding based
on empirical findings. This strengthens a more ro-
bust and contextual understanding of concepts,
training students to evaluate the accuracy of data
and consider various sources of information, the-
reby deepening their critical thinking skills.

For the application stage of the obtained
data, students analyze the results and conclude
what can be learned from the data. Data analysis
helps students connect the information they gat-
her with relevant concepts, deepening their un-
derstanding of the material being studied. In this
process, students do not merely accept existing
conclusions but are encouraged to evaluate vario-
us possible interpretations of the data and make
rational decisions based on the evidence found.

For the closing stage, which is communi-
cating the results, students present their experi-
mental or analytical findings. This process helps
students articulate their understanding, which
further strengthens their mastery of the concepts
they possess, consider various perspectives, and
gives them the opportunity to evaluate their own
ideas as well as receive constructive criticism
from other lab groups.

The application of the guided inquiry lear-
ning model can enhance conceptual understan-
ding and critical thinking because students are
actively involved in the process of searching for
and discovering information, understanding it,
and applying it. The continuous learning process
helps students to develop understanding gradual-
ly, starting with understanding the problem (sti-
mulation), seeking answers (data collection), and
finally analyzing and drawing conclusions, which
reinforces their understanding of the concepts
being studied. During the inquiry process, stu-
dents are trained to evaluate information objecti-
vely, consider various perspectives, and make de-
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cisions based on evidence. This is very important
for the development of critical thinking skills that
are not only useful in learning but also in every-
day life. Through the communication of results,
students not only reinforce their understanding
but also receive feedback that encourages them to
think more critically and deeply about the con-
cepts they are learning.

From the overall hypothesis testing and
the implementation of the guided inquiry mo-
del through experiments in learning, the results
have met the expected objectives of this research,
namely an improvement in students’ ability to
understand concepts and think critically. This is
identical to the research conducted by Antasari
(2017) that student concept understanding experi-
enced a significant improvement after implemen-
ting the guided inquiry learning model. The gui-
ded inquiry learning model through experiments
also influences the improvement of students’
critical thinking skills. This is in line with the re-
search conducted by Cahyani & Azizah (2019)
and Mulyanti & Gading (2023), which found that
the guided inquiry learning model can enhance
students’ critical thinking skills, as evidenced by
the average N-gain scores of students on the in-
terpretation, analysis, evaluation, and inference
indicators, all categorized as high.

For the correlation between conceptual un-
derstanding ability and students’ critical thinking
ability also occurs, meaning that when students’
conceptual understanding is well-formed, their
thinking ability also begins to develop well. This
is in accordance with the research conducted by
Nugraha et al. (2022) that students’ ability to un-
derstand concepts affects their ability to think cri-
tically. The same results were also obtained from
research conducted by Permana et al. (2016) and
Hastari et al. (2023) that there is a significant re-
lationship between concept understanding and
students’ critical thinking skills.

The comprehensive implementation of the
guided inquiry learning model can enhance indi-
cators of conceptual understanding and critical
thinking because this approach facilitates acti-
ve, contextual, and reflective learning. By going
through in-depth and structured stages, students
can develop a better understanding of the con-
cepts being studied, while also honing critical
thinking skills that are important in facing real-
world challenges.

CONCLUSION

Based on the results of the analysis, data
processing, and discussion, the conclusion of the
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research on the implementation of the guided
inquiry learning model through experiments is
that the implementation of the guided inquiry
learning model through experiments in science
learning has an impact on improving students’
conceptual understanding and critical thinking
skills, and shows a correlation or relationship bet-
ween the improvement of conceptual understan-
ding and the improvement of students’ critical
thinking skills in science learning, meaning that
when students’ conceptual understanding impro-
ves, their critical thinking skills also improve.un-
derstanding improves, their critical thinking skills
also improve.
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