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INTRODUCTION

Technological and information advances in the twenty-first century undoubtedly impact the
field of education (Ardimas et al, 2021; Jamun, 2018). To improve educational quality, today's
educational world must adapt to changes in technology and information (Salsabila et al., 2020). In
particular, they adapt technology and information in the learning process (Nafi'a et al., 2020). The
use of technology and information in the learning process is done to raise the learning process's
effectiveness and improve students' capacity and quality in using technology responsibly (Lestari,
2018; Noor et al., 2021). Learning will be effective if students interact with diverse learning
resources to attain learning objectives (Aspi & Syahrani, 2022). If learning objectives are met, the
effectiveness of the learning that occurs is also met.

Effective learning must take place across all subjects. Physics is a lesson that takes more work
to learn effectively (Rohim & Susanto, 2012). Physics' nature is to contain processes, products, and
attitudes (Tanti et al,, 2017). Students need help understanding the physics concept when learning
it (Azizah et al, 2015). This challenge is also caused by a need for more learning facilities as a
learning resource for students, who often use only full-text textbooks.

Physics is notorious for its challenging mathematics and abstract concepts (Yoto & Wiyono,
2015). Gas kinetic theory is a physics material with abstract notions (Tani & Ekawati, 2017). The
gas kinetic theory is a microscopic physics event requiring abstract reasoning (Nurjanah &
Purnomo, 2016). Gas kinetic theory investigates physical objects up to the arrangement of atoms in
an ideal gas, which cannot be directly observed (Putri et al, 2020). The absence of teaching
materials utilized to study the material and the applicable rules adds to the difficulty of learning gas
kinetic theory material (Santofani & Rosana, 2016). The teacher's issue in explaining the kinetic gas
theory material is describing the abstract idea of gas kinetic theory so that it appears real in real
life.
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To achieve the best results, physics lectures, particularly those based on gas kinetic theory
material, necessitate students' critical thinking abilities (Aslinda et al,, 2017; Martanti et al., 2013).
Critical thinking is achieved through activities to evaluate what is done when gathering factual
knowledge (Priyadi et al., 2018). Students with critical thinking abilities will be able to solve
problems, gather relevant information, consider multiple problem-solving options, complete
reviews, dare to articulate conclusions, and assess these conclusions (Luthvitasari & Linuwih, 2012;
Nasution, 2018). Students must have critical thinking abilities when learning physics to locate and
verify the truth of the information to make judgments about whether or not the information is
useful to solve problems efficiently (Priyadi et al., 2018).

According to observations and conversations with SMAN 5 Palangka Raya teachers, students’
critical thinking skills in physics learning have yet to be optimized. The teacher made an effort
during the learning process by using teaching materials: PowerPoint, Kemendikbud Module, e-
module, and worksheets. The endeavor still needed to develop students’ critical thinking skills fully.
In a study conducted by Sundari and Sarkiti (2021), students' critical thinking abilities were still
inadequate in physics learning due to students' misconceptions, particularly when requested for
further explanation and drawing conclusions in the indicators of critical thinking skills (Sundari &
Sarkity, 2021). As a result, researchers offer solutions in the form of instructional materials based
on learning models, namely e-modules based on POE (Predict, Observe, Explain), to structure
learning and develop students' critical thinking skills.

E-modules are educational resources in photos, videos, animations, and simulations. They
may be opened anytime and from any location if they have a supporting device (Puspitasari, 2019).
E-modules are interactive, structured, communicative, and content knowledge and skills. They can
be used remotely or online (Herawati & Muhtadi, 2018). E-modules also include practice questions
at the end of the lesson that serves as a benchmark for student comprehension of the content
taught. The electronic module must be linked with a learning model to ensure that learning is
structured.

POE is one of the appropriate learning models to combine with e-modules to increase
students' critical thinking skills. As the name says, POE-based e-modules involve three activities:
predicting, observing, and concluding, which can make students more engaged and independent
during the learning process (Aulia et al., 2022). Students gain hands-on experience in the learning
process through these activities (Kasih et al, 2021). Students predict what will happen or the
answer to an issue, make observations to prove what happened and explain or deduce the
suitability between predictions and observations (Hasanah et al., 2021). If the observed outcomes
do not match the predictions, students are tasked with determining the cause.

Previous research to develop critical thinking abilities has used e-modules based on CTL
(Desnita et al,, 2022), scientific approaches (Haryanto et al, 2021), ethnoscience-based guided
inquiry (Kurniawan & Syafriani, 2021), STEM (Handayani et al, 2021), and Problem-based
Learning (Sujanem et al., 2020). Nevertheless, research using e-modules based on the POE learning
model has yet to be conducted to increase critical thinking skills. A POE-based student worksheet is
only available (Tagwa et al., 2019). Based on the reviews above, this study was designed to examine
the improvement of students' critical thinking skills following the usage of POE-based e-modules in
physics learning. This learning model's teaching materials are expected to meet learning objectives
by maximizing students' critical thinking skills.

METHOD

This research employed the quantitative approach. Quantitative research is a study based on
the positivist philosophy used to evaluate a population or sample, gather data using research
instruments, and analyze quantitative or statistical data to describe and evaluate prepared
hypotheses (Sugiyono, 2019).

The quantitative research method employed was of the pseudo-experimental (Pre-
Experimental design) type. Based on variations in pretest and post-test data, one group pretest-
posttest method was employed to investigate improving students' critical thinking skills when
learning physics using POE-based e-modules. One experimental class was given a pretest before
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being treated with POE-based e-modules. Following that, a final test (post-test) was performed,
which is a comparison of the previous test. Table 1 shows the research plan for this research.

Table 1. One Group Pretest-Posttest Design

P X1 P,
(Sugiyono, 2019)
Description:
P1: Pretest P, : Posttest Xi: The treatment of POE-based e-module

This sample was class XI MIPA 2, which was determined using purposive sampling. The
instrument employed was description questions with up to 15 elements. The critical thinking
indicators tested in this study were Ennis's (1985) adaptations, which may be found in table 2.

Table 2. Indicators of Critical Thinking Skills According to Hammer
No Indicators
Elementary clarification

Advance clarification

Strategies and tactics

BIwW | IN |-

Inference

Students predict and investigate a problem using indicators of critical thinking abilities to
provide simple clarifications. Students provide a deeper explanation related to the theory in the
indicator of providing clarification. Students develop strategies and techniques to tackle existing
problems in the determining strategies and techniques and reach final findings in the conclusion
indicator. A test was given to pupils to assess their critical thinking abilities. First, the instrument
validity of the question items was verified. Table 3 shows the grids and outcomes of the instrument
trials.

Table 3. Critical Thinking Skills Test Grids
No Material Indicator Sub-material Critical Thinking Indicator Aspect Item
1. Explain the properties  Properties of

of an ideal gas an ideal gas Inference Cs 4
2. Understand the law Ideal gas Elementary clarification Cs 1, 2*
and ideal gas in Advance clarification Cs 3* 6% 8
everyday life. Boyle's law Advance clarification Csy 5
Charles' law Inference Cs 13
Boyle-Gay Elementary clarification Cs 11
Lussac law Inference Cs 12
3. Understand gas  Gas pressure Elementary clarification Cs 10
pressure in a closed ina closed
container. container Advance clarification Cq 7,9
4. Formulate the Kkinetic Average I
energy and average velocity Advance clarification Cs 14
velocity of gas Kinetic energy
particles in a problem. Strategies and tactics Cs 15
5. Analyze the energy Relative Advance clarification C 16
equipartition theorem velocity *
in a problem Energy in Advance clarification Cs 17
Gas particle I
velocity Elementary clarification Cs 18
Description: * are items that were rejected during the try-out.
Cz = Applying Cs= Analyzing Cs = Evaluating
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The excerpt of the instrument used is shown in figure 1.

Pada suatu malam, listrik di rumah Tiva padam dikarenakan hujan vang Pada suatu hari Mila membantu ibunya

lebat. Saat itu Tiya sedang mengerjakan PR fisikanya Kemudian dengan untuk menyiapkan perayaan ulang

cepat Tiva segera mencari lilin kemudian dihidupkan di atas piring vang tahun adiknya. Mila membantu
berisikan air berwarna bekas Tiya bermain 2 :
memompa balon dengan helium seperti
b temannya di hari rti pada
srsama ya i sore han sepert: pa o pada gambar 5. Pada suhu ruangan
gambar 1 disamping. Ketika hujan tambah & .
sebesar 22°C balon akan diisi gas

lebat dan angin semakin deras, Tiva
berpikir untuk menutup lilin  tersebut

Gambar 11
Sumber: health.detik.com

tekanan di dalamnya sebesar 0,04 atm. Bantulah Mila menghitung tekanan

helium sebanyak 020m’® dengan

dengan gelas kosong agar lilin tersebut

tidak padam. Tetapi yang terjadi api pada gmbg_.a?mb;ju com vang ada di dalam balon agar dapat menempati ruang sebesar 0,62 m’!

lilin justru semakin kecil dan padam serta air berwamna tersebut masuk ke
dalam gelas kosong tersebut. Buatlah pertanyaan mengenai permasalahan

Tiva dan jawablah pertanyaan tersebut!

Figure 1. The Research Instrument

The pretest and post-test analysis of the description question uses the following equation
(Firdaus & Wilujeng, 2018).

Score = obtained score % 100 (1)

total maximum score

The scores obtained are then interpreted in the critical thinking ability category according to
table 4 below.

Table 4. Interpretation of Critical Thinking Skills Scores

No Score Category
1. 81,25<n<100 Highly critical
2. 62,50 <n < 81,25 Critical
3. 43,75<n < 62,50 Less critical
4 n <43,75 Non-critical

(Yuliati et al,, 2011)
To determine the magnitude of the increase in critical thinking skills after using POE-based e-
modules to analyze the N-gain value. Normalized N-gain (g factor) describes the difference in

quality between before and after treatment. The equation used is found in equation 2 below
(Rosida et al., 2017).

post—test score —pretest score

<g>=

(2)

maximum score —pretest score

The <g> value obtained is then interpreted according to table 5 below.

Table 5. Normalized Gain Interpretation

Score (<g>) Normalized Category

(<g>)>0,7 High
0,3<(<g>)<0,7 Moderate

(<g>)<0,3 Low

(Wahab et al., 2021)

RESULTS AND DISCUSSION
Result

The study began with a pretest before implementing a POE-based e-module. A post-test was
given to examine how students' critical thinking skills developed using the e-module. This study
was undertaken online to break the covid-19 spread, which was rising at the time. The data in table
6 is derived from the pretest and post-test data analyzed using equations 1 and 2.
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Table 6. The Data of Critical Thinking Skills Analysis

Source N Average Score
Pretest 25 36,48
Post-test 82,86
N-Gain 0,73
N-Gain category High

The findings of the average value of students' critical thinking skills after using POE-based e-
modules are shown in Table 6. Before using the POE-based e-module, the average pretest critical
thinking ability score was 36.48, classified as non-critical. However, the average post-test critical
thinking score after utilizing POE-based e-modules is 82.86, classified as highly critical. The N-Gain
result in the class taught utilizing the POE-based e-module is 0.73, considered high. Figure 2 depicts
the difference between pretest and post-test data values.

98.00

86.67 87.27

100.00 76.00
80.00 46. 67 47.00 44.73

60.00 26 14
40.00
20.00

Elementary Advance  Strategy and Inferrence
clarification clarification  technique

Score

M Pretest Posttes
Critical Thinking Skllls Indicators

Figure 2. Pretest and Post-test Indicators of Students’ Critical Thinking Skills

Figure 2 depicts each indicator's average value of pretest and post-test critical thinking skills.
In indicator 1, elementary clarification received an average pretest value of 46.67, which falls into
the less critical category, and an average post-test value of 86.67, which falls into the highly critical
category. In indicator 2, advance clarification, the average pretest value is 26.14, which falls into the
non-critical category, and the post-test average value is 76.00, which falls into the crucial category.
In indicator 3, defining strategies and techniques, the average pretest score was 47.00, classified as
less critical, while the post-test average score was 98.00, classified as highly critical. In indicator 4,
the average pretest score was 44.73, included in the less critical category, and the average post-test
score was 87.27, included in the highly critical category.

Discussion

POE-based e-modules are used as instructional tools to develop student's critical thinking
skills in predicting and addressing problems in theory or practice. This critical thinking emerges
when students attempt to evaluate an issue, determine the facts, and draw conclusions based on
conjectures or predictions. Students can guess the truth based on their investigative method.
According to Wilujeng & Putri (2020), POE-based e-modules develop students' critical thinking
skills in predicting and addressing problems in theory or practice. This critical thinking emerges
when students attempt to evaluate an issue, determine the facts, and draw conclusions based on
conjectures or predictions. Students can guess the truth based on their investigative method.
According to Wilujeng and Putri's (2020) research, POE-based e-modules in each activity can
increase students' critical thinking skills in learning.

The first POE-based e-module activity is predict, in which students are given a problem and
must assume the cause and progression of the problem based on their knowledge. Students attempt
to examine when predicting to create elementary clarifications in critical thinking skills. Figure 3
depicts the predict activity on the indicator of critical thinking skills to make elementary
clarifications.
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Figure 3 depicts the predict activity on the critical thinking skills to make elementary
clarifications. Students did not evaluate the problem as a whole during the pretest, and the review
provided did not address the entire problem. In contrast, during the post-test, students
theoretically assessed the flaws in the question and the causes of their occurrence, unlike the
pretest answers that were not in detail. Using predict exercises in e-modules, critical thinking skills
on indicators of elementary clarification obtained a high category N-gain values. Students actively
participated in their learning by studying a situation to determine the causes. This finding is
consistent with research by Yazidah et al. (2020), who found that when undertaking elementary
clarification, students make initial predictions about a problem and subsequently determine the
causes.

Students undertook experiments to discover the facts in the second POE-based e-module
activity, namely, observe. As students conducted this experiment, they provided advance
clarification and strategy and techniques in critical thinking skills. Figure 4 depicts the activities.

=

& .

Figure 4. Observe Activities on Indicators of Providing Advance Clarification and Determining
Strategies and Techniques

—— el

Figure 4 depicts the activity on the indicator of offering advance clarification and determining
strategies and techniques. During the pretest, students could only rewrite the information gained
from the problem, deconstruct the equation appropriately once the solution was discovered, and
write the unit in the final result. Students presented their responses in greater depth during the
post-test, beginning with writing known as the information collected, finding the equation
employed, decomposing the equation to obtain the final result along with the unit, and drawing
conclusions from the solution gained. This finding is consistent with earlier studies; when
providing advance clarification, students can connect the problems with the mathematical
equations that provide the answer (Ritdamaya & Suhandi, 2016).

Observe activities in the e-module provided critical thinking skills on the indicator of advance
clarification with an N-gain value in the moderate category. In this indicator, the disparity between
pretest and post-test results was moderate, indicating that students needed to optimize their ability
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to derive equations to find the answer to a problem. As a result, the growth of students' critical
thinking skills was minimum. Routine activities are required to get students habituated to solving
problems using equation derivation.

During the pretest of the observe activities on indicators of determining strategies and
techniques, the students needed to provide more clarification for their answers. Therefore, their
solutions were inappropriate. Then, during the post-test, students answered properly and provided
explanations for their responses, which were linked to the theory. This finding suggests that
students begin to think critically by selecting one solution from many options.

Observe exercises in the e-module helps students develop critical thinking skills on indicators
of selecting strategies and techniques with N-gain values in the high category. The students took an
active role in their learning by devising strategies and ways to tackle an issue. They utilized proper
strategies to solve an issue while selecting strategies and procedures which were theoretically
linked (Apiati & Hermanto, 2020). Figure 5 depicts the explained activity on the conclusion
indicator.

XI MIPA 2 Meyii...

ylin Dwi Ning putri

1 urtuk menutup iin ?

&:7!“ ﬁ i XI MIPA 2 Maria Sintany
Figure 5. The Explain Activities of the Inferring Indicators

Figure 5 depicts the explain activity; during the pretest, students did not conclude problems
by connecting reality and theory; instead, they just acknowledged the theory numerically.
Meanwhile, students presented their responses in greater detail during the post-test, beginning
with summarizing the events in the problem and coupled with the theory relevant to the problem.

During the explain activity in the e-module, critical thinking skills were gained on inferring
with an N-gain value in the high category. Students took an active role in their learning by making
inferences when they discovered a truth and adjusting it to previous predictions. According to
Firdaus et al. (2019), when students conclude, a conclusion is made from a problem that becomes a
solution by relating it to the theory (Firdaus et al., 2019).

Even when not treated, the students could not tackle the problems in detail. After being
treated, they began to understand the topic so that they could solve the problem well per the
requirements for critical thinking assessment standards. This finding suggests that learning with
POE-based e-modules can cause students' critical thinking skills to improve.

The problems offered are simple events that are closely related to the topic. The problems
increased students' interest and curiosity in finding solutions, increasing their critical thinking
skills. E-modules with activities based on the POE stage include simple experiments that do not
need to be carried out in the school laboratory but may be done independently at home because the
instruments and materials required are readily available. Learning with educational materials of e-
modules engages students to the greatest extent possible and makes learning more enjoyable (Sari
& Alarifin, 2016).

The correct instructional materials increase students' excitement for learning and make it
easier to achieve their learning objectives. To accomplish maximum learning objectives, selecting
instructional materials can be tailored to the characteristics of students, teachers, and the
information given. Meeting learning objectives for selecting acceptable instructional materials
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implies that the materials are useful. This research was undertaken as part of a teacher's endeavor
to develop critical thinking abilities in students to maximize learning outcomes.

CONCLUSION

The N-Gain of 0.73 (high category) indicates increased critical thinking skills after applying
the POE-based e-modules. This finding indicates that POE-based e-modules can help students
enhance their critical thinking skills. Recommendations for future research, throughout learning,
rather intense practice in solving issues utilizing equation reduction is required for the outcomes
produced to be even better.
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