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ABSTRACT

Problem-based interactive physics e-modules (Probinphys), accessed online, were chosen as an alternative meth-
od for enhancing high school students’ CTS. This study analyzed the efficacy of the Probinphys E-Module in
enhancing high school students’ CTS and described student responses toward the Probinphys E-Module through
the Blended-Problem Based Learning (blended-PBL) model. The Probinphys e-module was efficient in enhanc-
ing CTS if there was a significant enhancement in student CTS and the minimum average N-gain was in the
moderate or consistent category. Student responses toward the Probinphys e-module were in the high category.
This research applied one group pretest and posttest group design, involving 79 students in three groups from
grade eleven. Before and after learning with the Probinphys E-Module, the three groups of students were given
the same CTS test. The collected data were analyzed using Paired-Test, normalized gain (N-gain), and ANOVA.
The results show that using the Probinphys e-module in blended PBL efficiently enhances students’ CTS, as in-
dicated by the average N-gain for the three groups in the high category. The average N-gain is the same at 0.5 for
the three groups or consistently. Student response toward the Probinphys e-module in blended-PBL is very high.

© 2023 Science Education Study Program FMIPA UNNES Semarang

Keywords: blended-PBL,; critical thinking skills problem-based interactive physics e-module

INTRODUCTION

The current educational process focuses
on teaching students skills and innovations rele-
vant to the 21st century, such as critical thinking,
problem-solving, decision-making, creativity, and
creative thinking. It also emphasizes teaching stu-
dents how to collaborate and cooperate and how
to use digital information sources (Griffin & Care,
2015; Jatmiko et al., 2018; Sujanem et al., 2020).
There are many different ways that critical thin-
king can be defined and measured, but in most
cases, it involves a person’s capacity to recognize
important relationships and identify central issu-
es and assumptions in arguments (Mason, 2017).
According to previous research, critical thinking
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is a cognitive skill. It includes self-management in
problem solving as well as interpretation, analy-
sis, evaluation, inference, and explanation (Siew
& Mapeala, 2016; Mundilarto & Ismoyo, 2017).
One of the demands of the 21st century is
critical thinking skills. Critical thinking skills are a
systematic process when students make decisions
about what they believe and do and are one of the
goals of education (Ennis, 2015; Sujanem et al.,
2018; Sujanem et al., 2020). Students need to be
able to think critically in order to be aware of how
to develop, monitor, and assess what they have
learned, obtain knowledge, and face and solve
complicated problems in technology and societal
issues, critical thinking skills must be mastered in
new settings and problems (Oliveras et al., 2013;
Brookfield, 2017; Gegit & Akarsu, 2017; Vong &
Kaewurai, 2017; Misbah et al., 2018; Puspitasari,
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2019; Aufa et al., 2021). Indicators of providing
decisions also enhance critical thinking skills and
produce logical problem-solving and higher thin-
king speed.

Ironically, thinking skills in schools, especi-
ally in high schools, have not been handled well,
so high school graduates’ critical thinking skills
are still relatively low. Many still complain about
the low critical and creative thinking skills of gra-
duates from elementary schools to universities in
Indonesia. Several factors contribute to students’
poor critical thinking skills, including low-level
Bloom'’s taxonomy questions that require no cri-
tical thinking (Pursitasari & Permanasari, 2013).
Pelawi and Sinulingga (2016) also stated that
students prefer to remember concepts and equa-
tions, and they lack a natural phenomenon-based
learning strategy and accept whatever the teacher
explains without understanding the meaning.

PISA (Program for International Student
Assessment), which focused on reading literacy,
mathematics, and science, revealed that the quali-
ty of physics classes remains low. Indonesia ranks
71 out of 79 countries in science (Hopfenbeck et
al., 2018), showing that the quality of science
education is still low. Indonesian students’ cri-
tical thinking skills are still very lacking (Sami-
nan et al., 2016), according to the average pretest
score of students less than 15%. Students in Bali
still struggle with critical thinking. Riani et al.
(2014) studied students’ critical thinking skills in
Bali. Their study shows that students lack critical
thinking skills from a low average pretest score
of 33.81 out of a scale of 100. It demonstrates
that science education in Indonesia is still of poor
quality. The fact that critical thinking skills are
still lacking is another indicator of how well phy-
sics is being taught. Despite the need for training
and development in learning, the students’ criti-
cal thinking test results are still below average. It
demonstrates how inadequate students’ critical
thinking skills are for learning physics.

Many factors affect students’ low critical
thinking skills and learning outcomes. One of the
leading causes is that physics learning in schools
still uses the lecture method. Students only re-
ceive information and questions in numbers and
calculations (Sujanem et al., 2020). Physics prob-
lems are not designed with everyday phenomena.
The initial study of critical thinking skills tests on
physics material were carried out on high school
students in Singaraja who had learned Uniform
Linear Motion, Non-Uniform Linear Motion,
Free Fall Motion, and Parabolic Motion. The
average score of the eleventh science class stu-
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dents’ critical thinking skills test ranges from 30.5
to 33.2 in the less category (Sujanem et al., 2020).
The outcomes of the students’ tests on critical
thinking remain low, despite the necessity for trai-
ning and development of critical thinking skills
through education.

The low achievement of students’ critical
thinking skills occurs because, so far, education
packaging is often not in line with the nature of
learning and teaching physics. Teaching materials,
for example, modules, are crucial to the learning
process. Teaching materials convey teachers’ lear-
ning messages to students to pique their curiosity
and foster their thoughts, feelings, and interests.
Physics learning would benefit from digital mo-
dules (Hold et al., 2017; Perdana et al., 2017). To
enhance and empower our critical thinking skills,
we can utilize modules as teaching materials
(Rosnanda et al., 2017; Zekri et al., 2020).

The packaging of physics textbooks used as
handbooks for students and teachers had not been
packaged comprehensively, which contained pre-
sentations of real problems, essential concepts,
and conceptual and contextual examples that in-
tegrated technology in a problem-based learning
(PBL) environment. The world of education can
benefit from this rapid technological development
by making it simpler to obtain information in the
form of text, images, videos, and animations (Su-
janem, 2012). It is an effort to make electronic
module technology more useful and efficient by
adapting to its development. The importance of
research related to the problem-based e-module is
carried out considering that this e-module can be
used to facilitate the acquisition of critical thin-
king skills, as stated by Sujanem (2017), Sujanem
et al. (2018), and Sujanem et al. (2020). Other re-
search results show that the importance and Effi-
cacy of electronic modules are developed in phy-
sics studies to enhance the efficiency of students’
independent work and competitiveness (Shurygin
& Krasnova, 2016).

The existing physics teaching materials
include textbooks, modules, and student activity
sheets. High school physics teaching materials are
still packaged linearly at this time: teaching mate-
rials consisting solely of concepts and principles,
as well as practice questions, examples of ques-
tions and their responses. Students’ critical thin-
king skills have not been developed through the
packaging of physics teaching materials—modu-
les and their implementation—through activities
like problem formulation, inductive-deductive
analysis, argumentation, and decision-making.
Additionally, despite the development of ICT,
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the teaching materials that are currently availab-
le have not been packaged as electronic teaching
materials, such as e-books or e-modules (Triyono,
2015; Dejene, 2020; Sujanem et al., 2020). E-mo-
dules are learning packages needed for particular
subjects that allow students to learn independent-
ly and are equipped with videos, audio, simula-
tions, quizzes, and interactive evaluations (Hill et
al., 2015; Sujanem et al., 2018). Students’ con-
ceptual knowledge and representational fluency
in physics might change due to using designed
online resources as pre-teaching, and students
become more conscious of their learning process
(Rillero & Camposeco, 2018).

Based on the background, designing te-
aching materials as problem-based interactive
physics or Probinphys e-modules is necessary. It
allows students to achieve critical thinking skills.
The e-modules are packaged in a Blended-PBL
model. The blended PBL model blends face-to-
face and online problem-based learning (Tan &
Shen, 2017; Salari et al., 2018; Liu et al., 2020).
This model presents problems as a stimulus for
both face-to-face and online learning. The prob-
lems presented are very complex and unstructu-
red and relate to the daily life of students (Yew &
Goh, 2016; Tan & Shen, 2017). However, there
are drawbacks to this PBL paradigm, which ne-
cessitates changes in students’ attitudes and lear-
ning practices, as well as teacher’s willingness to
tolerate failure among students accustomed to
traditional learning methods (Liu et al., 2020).
Problem-based learning intends to help students
recognize and resolve issues in the classroom and
daily life while enhancing critical thinking skills
(Savery, 2015; Nilson, 2016; Myers, 2017; Sulasih
et al., 2018; Liu et al., 2020; Saputro et al., 2020).
The presence of the PBL learning model is ac-
tually used to work on students’ critical thinking
skills, which, it just so happens, in settling physics
concept requires the skills to analyze and assess
to conclude (Masruro et al., 2021).

Probinphys e-modules are used to imple-
ment the Blended-PBL model. There are several
theoretical foundations that support Probinphys
e-modules. According to constructivism, lear-
ning means forming meaning (Pebriyanti et al.,
2015; Rillero & Camposeco, 2018; Ismiyati et
al., 2019). From what they see, hear, feel, and ex-
perience, students create meaning. The blended
learning model can mean any form of instructio-
nal technology by training instructors to enhance
learning transfer (Ng et al., 2020). A new revolu-
tion is brought about by incorporating ICT into
education, particularly blended-based learning,
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and it offers opportunities to develop critical thin-
king skills and enhance learning outcomes (Su-
laiman, 2013). Online PBL implementation en-
hances students’ critical thinking skills in physics
(Sulaiman, 2013; Sari et al., 2018; Hussin et al.,
2018).

Critical thinking skills are higher after lear-
ning with the blended PBL model (Sulaiman,
2013). The website’s problem-based learning
(PBL) designs are jam-packed with data, illustra-
tions, maps, and other resources (Sujanem et al.,
2018; Sujanem et al., 2020). Students need as-
sistance from teachers in using the internet effi-
ciently. For PBL, the internet is a great resource
(Sulaiman & Elnetthra, 2014). The Probinphys
e-module developed is unique for its unstructu-
red problems, physical phenomena, and impor-
tant and strategic concepts. The concepts con-
tain critical thinking skills, critical thinking skills
examples, animations/simulations of physical
phenomena, videos, and critical thinking skills
exercises. It can be accessed online.

The primary objective of this study is to de-
termine whether the Probinphys e-model efficient
to enhance students’ critical thinking abilities in
physics learning at Singaraja High School. Prob-
lem formulation, argumentation, deduction and
induction, and decision making are all indicators
of critical thinking skills. The question at hand
in this study is whether or not the Probinphys e-
module in the Blended-PBL model efficient to en-
hance students’ critical thinking skills while they
are studying physics in high school.

METHODS

The research applied a one-group pretest
and posttest design (O1 X O2) (Fraenkel & Wal-
len, 2012; Sugiyono, 2012). The symbols O1 and
O2 represent the pretest and posttest. The sym-
bol X represents the Probiphys e-module in the
Blended-PBL model.

The learning steps are adopted from
Arends (2007) in the five phases of the Blended-
PBL model syntax based on the scenarios desig-
ned in the lesson plans. In phase 1, the orienta-
tion is on unstructured problems (ill-structure).
Examples of problems are contained in the Pro-
biphys e-module. In phase 2, the activities carried
out: organizing students in face-to-face study
groups, allowing students to access the Probiphys
e-module. In phase 3, face-to-face investigation
phase, inviting students to group themselves to
understand and appreciate problems and carry
out problem-solving through investigation expe-
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riment virtually, with the help of video labs. In
phase 4, the teacher guides the group to do the
analysis, helps students prepare investigation re-
ports, facilitates students in question and answer
discussions, conveys group discussion work in
building CTS, and in phase 5: analysis and evalu-
ation of activities facilitating the discussion pro-
cess and evaluation of problem-solving, which
is complex, solving CTS practice questions, eva-
luating reports of examples of everyday physics
applications related to student subject matter sent
via the internet, providing responses to student
questions, and evaluating answers to student con-
textual practice questions sent via the Internet.

The efficacy of the Probiphys e-module
in the Blended-PBL model is described based on
data on enhancing student critical thinking skills
(CTS) and student responses to the efficacy of the
Probiphys e-module in the Blended-PBL model.
The critical thinking skills test used is descriptive
questions based on indicators from Ennis (2015):
formulating problems, giving arguments, conduc-
ting deductive analysis, inductive analysis, ma-
king decisions, and conducting evaluations.

In learning using the Probiphys E-Module
in the Blended-PBL Model, students were given
a CTS test (pretest) in the beginning (O1) and
the same test in the end (posttest) (O2). The Pro-
biphys e-module in the Blended-PBL model, the
subject of this research, was tested on groups A,
B, and C of grade eleven high school students for
the 2019-2020 academic year. Each group con-
sisted of 29, 26, and 24 students, totaling 79 stu-
dents. The selection of the group as the trial class
was carried out randomly. The independent and
dependent variables are this study’s main variab-
les. Problem-based interactive physics e-modules
(Probiphys) are the independent variable, and
students’ CTS is the dependent variable. The test
sheet comprises 15 items developed as a research
instrument to measure students’ CTS. The rese-
arch instrument was validated and declared reli-
able by experts. Data on students’ critical thinking
skills were collected using a test instrument. Data
were collected before (pretest) and after (posttest)
students participated in the learning. The form of
the test is an essay of problem narratives. Each
test item refers to CTS indicators.

Research instrument validation is focused
on content validity and construct validity. Ex-
perts carry out validation. Valid instruments are
then tested on students learned about temperatu-
re and heat. There are 15 essay questions about
the heating temperature that meet the criteria:
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Discrepancy Index (>0.20), Internal Consisten-
cy of Items (0.30-0.70), Item Difficulty Index
(>0.30). The critical thinking skills test results
were used to determine the efficacy of the Probin-
phys e-module in the blended-PBL model using
the normalized gain, or N-gain, between the pre-
test and posttest. The efficacy of the e-module in
enhancing critical thinking skills is if it meets the
efficacy aspect. Aspects of efficacy were analyzed
descriptively indicated by the students’ critical
thinking skills were classified as good. Using pai-
red t-tests, the N-gain data were analyzed. N-gain
criteria fall into the high category if g is less than
0,7, medium if g is less than 0,3, and low if g is
greater than 0.

The significance of enhancing one’s criti-
cal thinking skills was assessed using the paired
t-test (Fraenkel & Wallen, 2012). Paired t-test was
the method of data analysis, and SPSS version 25
was used. The requirements for using this data
analysis technique must be met normality test or
non-parametric analysis with Wilcoxon test ana-
lysis, and test the normality of the data using the
Kolmogorov-Smirnov test. Next, an analysis of
variance (ANOVA) will be carried out for con-
sistency analysis (no difference) for the average
enhancement in critical thinking skills using Pro-
binphys e-modules in the blended-PBL model
between groups A to C. The three homogeneous
groups are met because the average N-gain for
each of the three groups comes from a popula-
tion with a normal distribution. Data on student
responses to Probinphys e-modules in blended
PBL were collected using a questionnaire. The
components of students’ responses are the novel-
ty, their interest, their opinions, communication
skills, and the novelty of communication skills in
the use of Probinphys e-modules. The use of pro-
cess skills and novelty of using process skills are
also the component of students’ responses. Ana-
lysis of students’ response data used the Guttman
scale. The percentage of students’ response scores
was used to determine the category of students’
responses.

RESULTS AND DISCUSSION

The pretest and posttest score analysis for
students’ CTS indicator includes formulating
problems, providing arguments, deductions, in-
ductions, evaluations, decisions, and problem-
solving. The analysis results of each student CTS
indicator in groups A to C are presented in Table
1to 3.
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Table 1. Analysis of the Pretest and Posttest Score Results in Group A
No Critical Thinking Skills Indicator =~ Pretest Category Posttest Category
1  Giving arguments 7.6 Less 15.1 Very good
2 Formulating the problem 4.0 Very less 6.4 Enough
3 Performing induction analysis 4.9 Very less 11.8 Good
4 Analyzing deductively 5.6 Less 11.8 Good
5 Doing an evaluation 4.0 Very less 6.2 Enough
6  Making decisions and carrying out 5.6 Less 11.6 Good

Table 1 revealed that group A students’
average score of critical thinking skills (CTS)
indicators before they were taught with the Pro-
binphys e-module was in the less and very less
category. After students using the Probinphys e-
module, the average student indicator was in a
good category. The activities of formulating prob-
lems and conducting inductive analysis were ra-
rely touched. After learning using the Probinphys

e-module, which provides a process for obtaining
CTS results with CTS indicators, the results for
each CTS related to giving arguments were in the
very good category. On the other hand, the acqui-
sition of CTS indicators for conducting inductive
analysis, conducting deductive analysis, and ma-
king decisions was in the good category. Howe-
ver, CTS indicators for formulating problems and
evaluating are in enough categories.

Table 2. Analysis of the Pretest and Posttest Score Results in Group B

No Critical Thinking Skills Indicator Pretest  Category Posttest Category
1  Giving arguments 5.8 Less 15.1 Very good
2 Formulating the problem 4.0 Very less 7.1 Enough
3 Performing induction analysis 4.2 Very less 11.8 Good
4 Analyzing deductively 3.1 Very less 11.8 Good
5 Doing an evaluation 4.0 Very less 6.2 Enough
6  Making decisions and carrying out 6.0 Less 12.0 Good

Table 2 revealed that group B students’ ave-
rage score of critical thinking skills (CTS) indica-
tors before they were taught with the Probinphys
e-module was in the less and very less category.
After using the Probinphys e-module, the avera-
ge student indicator was in a good category. The
activities of formulating problems and conduc-
ting inductive analysis were rarely touched. After
learning using the Probinphys e-module, which

provides a process for obtaining CTS results with
CTS indicators, the results for each CTS related
to giving arguments were in the very good cate-
gory. On the other hand, the acquisition of CTS
indicators for conducting inductive analysis, con-
ducting deductive analysis, and making decisions
was in the good category. However, the indicators
of formulating problems and doing an evaluation
are in enough category.

Table 3. Analysis of the Pretest and Posttest Score Results in Group C

No Critical Thinking Skills Indicator Pretest Category Posttest Category
1  Giving arguments 5.8 Less 15.1 Very good
2 Formulating the problem 3.1 Very less 6.2 Enough
3 Performing induction analysis 4.2 Very less 11.8 Good
4 Analyzing deductively 3.3 Very less 11.8 Good
5 Doing an evaluation 4.0 Very less 6.2 Enough
6  Making decisions and carrying out 6.0 Less 11.8 Good

Table 3 revealed that group C students’
average score of critical thinking skills (CTS)
indicators before they were taught with the Pro-
binphys e-module was in the less and very less

category. After students were taught with the
Probinphys e-module facility, the average student
indicator was in a good category. The activities
of formulating problems and conducting induc-
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tive analysis were rarely touched. After learning
using the Probinphys e-module, which provides a
process for obtaining CTS results with CTS indi-
cators, the results for each CTS related to giving
arguments were in the very good category. On the
other hand, the acquisition of CTS indicators for
conducting inductive analysis, conducting deduc-

R. Sujanem and I. N. Putu Suwindra / JPII 12 (1) (2023) 135-145

tive analysis, and making decisions was in the
good category. However, the acquisition of CTS
indicators for formulating problems and doing an
evaluating is in enough category.

The average pretest and posttest scores
of groups A to C of eleventh-grade students of
SMAN 2 Singaraja are displayed in Table 4.

Table 4. Pretest and Posttest Scores of Critical Thinking Skills

Description Group A Group B Group C
Pretest Post-test Pretest Post-test Pretest Post-test
The lowest score 7 47 9 51 9 44
The highest score 44 82 44 82 47 76
Mean 31.6 62.9 27.1 64.0 26.4 62.9
Ideal score 100 100 100 100 100 100
Number of students 29 29 26 26 24 24

In Table 4, the average score (mean) for the
critical thinking skills before learning (pretest) for
the three groups in a row is 31.6, 27.1, and 26.4 in
the less category. After learning with Probinphys
e-modules in the blended PBL, students’ average
score of critical thinking skills (posttest) for the
three groups was 62.9, 64.0, and 62.9, in the good
category.

The critical thinking skills average results
of the three groups after using the Probiphys e-
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GROUP b

module were far from the CTS average scores
before the students and the average scores of
students who had received lessons on the same
material. Table 1 shows the average pretest and
posttest scores of groups A to C of eleventh-grade
students are described in Table 1.

In addition, the enhanced critical thinking
skills of three groups, in high category, are de-
picted in Figure 1.

R 0J5 B

GROUP ¢

Figure 1. Average N-gain of Critical Thinking Skills

In Figure 1, students’ critical thinking skills
have enhanced on average by 0.5 points, which
is categorized as moderate according to Hake
(1999). Thus, problem-based physics e-module
through blended learning is efficient in enhancing
students’ critical thinking skills.

Table 5 shows that the Paired t-test results
between the pretest and posttest of the three
groups’ critical thinking skills met the normality
and homogeneity criteria.

Table 5. Paired t-test Results between Pretest and Posttest scores

No Data Average test (t) df P (2-tailed) Remark
1 Group A -29,820 28 0.0000 Ho is rejected
2 Group B -20,878 25 0.0000 Ho is rejected
3 Group C -20.397 23 0.0000 Ho is rejected
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In the three groups, the paired t-test results
for the pretest and posttest critical thinking skills
have a p-value less than 0.05 and a negative ove-
rall value, as shown in Table 5. Students’ critical
thinking skills were significantly different in sta-
tistics before and after using Probinphys e-modu-
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les. Students’ critical thinking skills were higher
after using Probinphys e-modules than before.
The results of ANOVA on enhancing students’
critical thinking skills also met the criteria for nor-
mality and homogeneity, as presented in Table 6.

Table 6. ANOVA Results on Enhancing Students’ Critical Thinking Skills

No Data

F df P Remark

1 Average N-gain of the CTS of Groups A to C

1,761 76 0,179 Ho is accepted

*p < 0.05

The p-value for the ANOVA results for
groups A to C is 0.179. It shows that the p-value
is greater than 0.05 statistically, indicating no dif-
ference in the average enhancement in students’
critical thinking skills. It is consistent at a = 5%
for all groups. Students’ responses to the Probin-
phys e-module state that it is fun, engaging, moti-
vating to learn, has an element of novelty, easy to
learn for temperature and heat materials ranging
from 80.0% to 100%, with an average of 92%.

Students’ critical thinking skills fell into
the low category on the pretest (Table 1). After
employing Probinphys e-modules in a blended
PBL, students’ critical thinking skills moved into
good category. According to the N-gain, students
in the eleventh grade now have moderate critical
thinking skills. There is also a significant enhan-
cement on students’ critical thinking skills. The-
refore, the Probinphys e-module efficiently en-
hances students’ critical thinking skills. It aligns
with previous research findings, which state that
blended learning enhances critical thinking skills
(Rachman et al., 2019; Sujanem et al., 2020). On-
line learning enhances critical thinking skills (Su-
laiman, 2013). Students’ critical thinking skills
also enhance after using problem-based hybrid
learning (Pro-BHL) for physics (Sujanem et al.,
2018). Physics learning with problem-based e-
modules in blended PBL learning efficiently en-
hances students’ critical thinking skills (Sujanem
et al., 2020).

Because critical thinking skills have not
been taught to students, their critical thinking
scores were probably low before using the Pro-
binphys e-module in the blended PBL and en-
hanced after using it. Figure 1 displays the 5%
statistically significant enhancement in students’
average critical thinking scores. Figure 1 displays
the average N-gain value, which, by the criteria,
is 0.5 for each group in the moderate category
(Hake, 1999). This follows the findings of Iwung
and Nugraha (2022). The achievement of criti-
cal thinking skills after learning is categorized as
high.

The advantage of this physics e-module
is the availability of links (hyperlinks) related to
contextual learning with everyday problems or
phenomena. The availability of material links to
conceptual and essential problems provides op-
portunities for students to explore and make sen-
se of physics concepts and deepen them.

In addition, another advantage of using the
Probiphys e-module is that students are trained in
achieving CTS indicators at each stage. The sig-
nificant enhancement of critical thinking skills
is because students are trained to achieve critical
thinking skills indicators by using Probinphys e-
modules at each stage. During problem orienta-
tion, students are trained to formulate problems.
They look at the problem of temperature and
heat daily, identify problems based on the theore-
tical basis, and perform deductive analysis. In or-
ganizing learning, students breakdown complex
temperature and heat problems into basic ones.
The investigation stage urges students to provide
arguments, analyze inductively, give solutions or
suggestions following the problem or theory (de-
ciding), and conduct inductive analysis. When
developing and presenting the work, students
provide arguments, analyze deductively, evaluate,
and make decisions. Students provide arguments,
analyze inductively and deductively, make deci-
sions, deliver application examples, and practice
answers to critical thinking skills questions at the
stage of analyzing and evaluating the solving pro-
cess.

Critical thinking skills of students from all
group enhance consistently, as displayed in Table
2. The N-gains in the three groups are not diffe-
rent from each other or consistent. Using Probin-
phys e-modules in the blended PBL can consis-
tently enhance students’ critical thinking skills. It
aligns with schema theory; when reconstructing
information, one adapts to his previous know-
ledge (Santrock, 2017). Furthermore, the stu-
dy of the ICT integration model is the basis for
the application of Probinphys e-modules in the
blended PBL. This study gives access to higher
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critical thinking skills. Thus, by using Probinphys
e-modules, critical thinking skills are higher after
being given a blended PBL.

On the other hand, this finding is also st-
rengthened by previous studies, which state that
students’ critical thinking skills enhance through
implementing PBL online learning in physics
(Eldy & Sulaiman, 2019; Rubini et al., 2019). E-
module learning typically comes from a govern-
ment-issued electronic bookkeeping center and
is not interactive, solely allowing textbook-like
reading (Sholeha et al., 2019). Due to students’
easier access to learning materials from various
sources and faster, more frequent access to lear-
ning materials, technology, and information sub-
stantially impact educational quality (Owen et
al., 2017). Enhancement of critical thinking skills
in learning through e-modules because in Pro-
binphys e-modules in the blended-PBL concepts
hyperlinks related to contextual learning with
everyday problems or phenomena, the availabi-
lity of conceptual and essential material links to
problems to provide opportunities for students to
explore and interpret physics concepts.

In learning with Probinphys e-modules,
students can give meaning to learning, especi-
ally related to temperature and heat material. It
is in accordance with schema theory, which ex-
presses that when somebody remakes data, they
adjust to their past knowledge (Santrock, 2017,
Isna et al., 2017). It is likewise built up by lear-
ning theory which underlines the significance of
meaningful learning prompting the constructivist
theory. It expresses that students should find and
change complex data assuming they believe the
data should turn into their own. They can do it
by weighing new data contrary to old rules and
changing them when they are at this point not ac-
commodating.

A rational theoretical foundation supports
learning outcomes related to critical thinking
skills. The pretest results show that students cri-
tical thinking abilities are lacking. This finding
is consistent with initial study findings that pub-
lic senior high school students in Singaraja had
low critical thinking skills (Sujanem et al., 2020).
The findings of students’ critical thinking skills
before learning using Probinphys e-modules in
the blended PBL contradict the crucial benefits
of critical thinking skills. Critical thinking is vi-
tal in education and is the primary goal of lear-
ning (Haghparast et al., 2014). Based on the data
analysis results, students’ critical thinking skills
enhanced by 0.5. Generally, this enhancement is
in the moderate category (Hake, 1999). Based on
the average difference in test results between the
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pretest and posttest using paired t-tests, applying
Probinphys e-modules can significantly enhan-
ce students’ critical thinking skills at o« = 0,05.
Thus, using Probinphys e-modules in blended
PBL efficiently enhances critical thinking skills.
This result aligns with previous research, which
states that blended learning can enhance critical
thinking skills (Rachman et al., 2019). Learning
with problem-based modules can enhance critical
thinking skills (Rubini et al., 2019). This is also in
line with similar findings, which state that online
enhances efficiently critical thinking skills (Sulai-
man, 2013). Learning through Probinphys e-mo-
dules in the blended PBL can develop students’
critical thinking skills. Essential skills like com-
munication, cooperation, inquiry-based learning,
peer learning, project management, collaborative
and individual innovation, and creativity are ef-
ficiently produced by the PBL model (Lim et al.,
2020). In addition, critical thinking skills include
formulating problems, giving arguments, deducti-
on, induction, deciding, and implementing (En-
nis, 2015; Serevina et al., 2018). Integrating ICT
in education, specially blended packaging brings
a new revolution and provides opportunities for
achieving critical thinking skills and higher lear-
ning outcomes.

The average students’ response to the
Probinphys e-module is in the very high category.
Most students were happy, engaged, and motiva-
ted to learn. The e-module has an element of no-
velty and makes it easy to learn the temperature
and heat material. The Probinphys e-module has
novelty, the attractiveness of generating students’
motivation and interest and gaining new commu-
nication skills using Probinphys e-modules.

CONCLUSION

Based on the results, several conclusions
can be drawn. Using Probinphys e-modules in the
blended PBL efficiently enhances students’ criti-
cal thinking skills. Critical thinking skills enhance
with an N-gain of 0.5, including the medium-
level category. Students’ critical thinking skills
enhancement significantly with 0.05 after using
Probinphys e-modules in blended PBL. Students’
responses to Probinphys e-modules in the blen-
ded PBL are in the very high category.
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