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The cultivation of 21st-century competencies can be facilitated through the study of physics, particularly focusing on the concept of elasticity.
Elasticity, a fundamental concept in physics, demands analytical thinking and a scientific mindset for problem-solving within its domain.
Employing a problem-based learning approach tailored to elasticity material, students are guided to engage with real-life issues intertwined
with local knowledge. This pedagogical strategy aims to enhance students’ comprehension of elasticity principles by contextualizing them
within familiar scenarios. This experimental study aims to assess: 1) the effectiveness of the Local Wisdom-based Physics PBL E-module to
improve the student’s analytical thinking skills, 2) the effectiveness of using the Local Wisdom-based Physics PBL E-module in improving
student’s attitudes toward science. This experimental research used pretest-posttest control group design. The selection of the research sample
used the cluster random sampling method in 11th-grade students from the Natural Science program at MAN (Islamic Senior High School) 1
Yogyakarta, Indonesia. The data collection instruments used were pretests-posttets questions, and a scientific attitude questionnaire, yielding
quantitative data. Analysis of data was carried out by descriptive statistical analysis using normalized gain. Inferential statistical analysis
used normality, homogeneity, correlation, MANOVA, effect size, and Post Hoc tests. Findings indicated the effectiveness of the Local
Wisdom-based Physics PBL E-module in enhancing both analytical thinking skills and scientific attitudes among students.
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1. Introduction

The advancements in science and technology in the 21st cen-
tury present formidable challenges within the realm of educa-
tion. Both students and educators must possess 21st-century
skills to equip Indonesia’s upcoming generation for the in-
tegration of information and communication technology into
social dynamics [1]. The cultivation of these skills can be fa-
cilitated through the study of physics [2], which serves as a
platform for enhancing analytical thinking abilities and nur-
turing scientific dispositions among students, thus fostering
their capacity for 21st-century competencies.

The ability to think analytically is needed in learning
physics. This is because in learning physics, students are
faced with problems in everyday life that require analysis to
solve these problems [3]. The ability to think analytically is
something that must be possessed in the 21st century, where
students are required to be able to analyze, solve problems,
and provide appropriate solutions [4]. Based on Bloom’s tax-
onomy, analytical skills are included in the C4 cognitive do-
main at the Higher Order Thinking Skill (HOTS) level [5].
Unfortunately, learning physics at school tends to train stu-
dents accustomed to learning by memorizing mathematical
equations [6]. Therefore, the ability to think analytically
needs to be improved by educators in learning physics. In
addition, one of the important attitudes that students have in

learning physics is scientific attitudes such as curiosity, hon-
esty, and conscientiousness. Scientific attitude is a form of
intelligence possessed by each individual. The scientific at-
titude is important to note especially since physics is a pro-
cess. Physics is a series of scientific processes carried out to
discover knowledge about physics. This, of course, requires
a scientific attitude in studying physics [7]. Hence, foster-
ing a scientific mindset is paramount in enhancing teaching
practices. Moreover, this endeavor is influenced by various
factors, including student attitudes. When students perceive
physics as challenging, they may disengage from the learning
process, leading to apathy and reduced participation. Conse-
quently, this lack of engagement adversely affects students’
academic performance in physics.

The findings from observations conducted at Islamic
Senior High School 1 Yogyakarta, wich is called MAN
(Madrasah Aliyah Negeri) 1 Yogyakarta reveal that students
exhibit limited proficiency in analytical thinking skills and
scientific attitudes. This is evidenced by consistently low
scores in physics assessments and a lack of curiosity, honesty,
and precision, particularly during practical sessions. Enhanc-
ing students’ analytical thinking skills and fostering scientific
attitudes is imperative to meet educational objectives and im-
prove learning outcomes. Thus, the adoption of instructional
models designed to enhance these competencies becomes in-
dispensable.
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Physics is a subject that is considered difficult and
avoided by some students. Based on interviews with 11th

grade students in the Natural Science program of MAN 1 Yo-
gyakarta they get bored quickly studying physics. This is due
to the ignorance of students about the use of physics in every-
day life. Moreover, the learning media used are still limited to
textbooks and student worksheets at school and PowerPoint
only. These kinds of media are not enough to increase the
motivation of students to learn physics. Limited learning re-
sources and an unattractive display are obstacle for students
in understanding physics learning. This makes it difficult for
students to build their knowledge and apply the theories or
concepts obtained in solving physics problems in everyday
life [8]. Therefore, it is necessary to apply learning media
that can attract the attention of students to study physics.

The study of material elasticity in solids offers a rich
opportunity to develop students’ analytical thinking skills.
This subject holds practical relevance in daily life, present-
ing challenges of a considerable level and involving mathe-
matical complexities. Given its ubiquitous presence in real-
world scenarios, a profound understanding of solid elasticity
is paramount. However, mastering this concept poses signif-
icant difficulties for many students, often leading to miscon-
ceptions.

Students encounter challenges when solving physics
problems related to elasticity for several reasons [9]: (1) mis-
understanding the problem, leading to incorrect application
of formulas, (2) struggling to utilize formulas appropriately
as per the question’s requirements, (3) difficulty discerning
known and unknown variables in narrative-style questions,
(4) familiarity with the formula but encountering difficul-
ties in its mathematical application. Hence, the development
of engaging learning resources becomes imperative to cap-
ture students’ interest in studying elasticity within physics.
This initiative aims to facilitate students’ comprehension of
physics concepts, particularly those pertaining to elasticity.

In the realm of physics education, effective learning ne-
cessitates the use of appropriate educational resources like
learning media. Among these resources, electronic modules,
commonly referred to as e-modules, serve as valuable tools.
An e-module comprises a compilation of digital learning ma-
terials, meticulously crafted to enhance learning efficiency.
By harnessing the power of technology, e-modules empower
students to engage in learning exercises tailored to their in-
dividual learning styles, thereby facilitating problem-solving
in physics education [10]. E-modules can be accessed using
electronic devices such as computers, laptops, tablets, and
smartphones. Indeed, the versatility of e-modules allows for
accessibility and convenience, enabling students to engage
with the material through electronic media at their own pace
and convenience, anytime and anywhere [11].

E-modules can be used to improve analytical thinking
skills by presenting questions based on indicators of analyt-
ical thinking according to [5]. First, students will pass ele-
mental analysis when they can solve the elements contained
in the problems presented. Second, students will pass rela-

tionship analysis when they can explain the relationship be-
tween existing theoretical concepts and everyday life, and so-
lutions to the problems presented. Third, students will pass
the analysis of organizing principles when they can make so-
lutions to solve problems and communicate them. If students
can pass these 3 levels, they can use analytical thinking skills.
Based on research [12], they state that e-modules can im-
prove students’ analytical thinking in physics subjects. So it
can be concluded that e-modules can improve students’ ana-
lytical thinking skills.

Certainly, the utilization of e-modules extends beyond
just facilitating academic understanding; it can also serve as
a catalyst for nurturing students’ scientific attitudes. By in-
corporating real-life scenarios and practical problems within
the e-module, students are prompted to actively engage in
problem-solving exercises. This hands-on approach fosters
attributes like curiosity, honesty, and thoroughness, essential
components of a robust scientific mindset. As students grap-
ple with challenges presented in their daily practice, they are
encouraged to approach problems with inquisitiveness, in-
tegrity, and attention to detail, thereby enhancing their overall
scientific disposition.

According to [13] indicators of curiosity are paying at-
tention, compiling notes, asking questions, and comparing.
Indicators of honest attitude [14] are not cheating, not plagia-
rizing, expressing feelings as they are, stating right or wrong
attitudes towards material, being brave and confident in an-
swering questions’ teacher, and being calm and understand-
ing doing the task. Indicators of a conscientious attitude are
carrying out experimental activities according to procedures
independently writing down the measurement results [15],
and being careful and carefully following activities accord-
ing to instructions [16]. E-modules can increase scientific
attitudes of curiosity [17], honesty [18], and conscientious-
ness [19]. Based on this research, it can be concluded that
e-modules can increase the scientific attitudes of learners.

Indeed, alongside learning media, the adoption of effec-
tive learning models is paramount in imparting physics ed-
ucation to students. One of the learning models that can
be used is the problem-based learning model. This learning
model aims to train students to work on authentic problems
and enabling them to consolidate their knowledge, enhance
analytical thinking skills, and cultivate independence and sci-
entific attitudes [20].

The syntax of the problem-based learning model accord-
ing to [20] is 1) orienting students to problems, in this e-
module, presented problems related to local wisdom around
students. 2) Organizing students to learn, in this e-module,
students are asked questions and make hypotheses on the
problems presented. 3) Guiding investigations, students carry
out individual investigations to solve problems. 4) present-
ing and presenting the results, students write the results of
the investigation in the form of a practical report. 5) Ana-
lyzing and evaluating the problem-solving process, students
analyze, provide questions, and provide conclusions related
to solving the problem.

Rev. Mex. Fis. E22020216



FACILITATING STUDENTS’ ANALYTICAL THINKING SKILL AND SCIENTIFIC ATTITUDE IN DISTANCE. . . 3

TABLE I. Research design.

Class Group Test Type Treatment Test Type

11th Natural Science 2 Grade Experiment 1 Pretest X1 Posttest

11th Natural Science 3 Grade Experiment 2 X2

11th Natural Science 4 Grade Control X3

Information:X1: Learning Physics used the elasticity e-module of the Problem-Based Learning model integrated with local wisdom.X2: Learning Physics

used the Problem-Based Learning (PBL) modelX3: Physics learning used conventional learning models

Based on research [21], Problem-Based Learning can im-
prove students’ analytical thinking skills. Learning using
the Problem-Based Learning model can improve the scien-
tific attitude of students [22]. So it can be concluded that
the Problem-Based Learning model can be used to improve
students’ analytical thinking skills and scientific attitudes.

Improving students’ analytical thinking skills and scien-
tific attitudes can be done by presenting problems that are
contextual and found around students. This can be done by
introducing local wisdom to students. Where local wisdom
is the result of cultural heritage from its ancestors, local wis-
dom and culture are very closely related. Morales’ findings
show that the use of local culture, traditions, practices, be-
liefs, and indigenous languages can help improve students’
attitudes toward science [23]. The questions presented are
integrated with local culture and local wisdom and can be
developed into questions that function to measure students’
high-level abilities, one of which is analytical ability. By
solving questions related to culture in the area around stu-
dents, students will be more challenged and will increase stu-
dents knowledge about regional culture in the area [24]. The
local wisdom used in this e-module is the game of jumping
rubber, catapult, and carriage. Therefore, it is necessary to
create a Problem-Based Learning (PBL) e-module model in-
tegrated with Local Wisdom that can improve students’ ana-
lytical thinking skills and scientific attitudes.

Seeing the gap between expectations and reality in the
field as described above, the formulation of this research can
be conveyed as follows: 1) Is the Local Wisdom Integrated
Elasticity PBL E-module effective in increasing students’ an-
alytical thinking skills?, 2) Is the PBL Elasticity E-module
integrated with local wisdom effective in increasing the stu-
dent’s scientific attitudes?

2. Methodology

After undergoing limited testing and subsequent revisions,
the e-module is then subjected to field trials on large cohorts,
known as operational field trials. These field tests serve the
dual purpose of evaluating the efficacy of the developed e-
module in enhancing students’ analytical thinking skills and
scientific attitudes, as well as refining the product for optimal
integration into physics education. During this phase, the
developed e-module and research instruments are deployed
within the context of physics learning, facilitating compre-

hensive assessment and refinement of the instructional mate-
rials.

During the implementation of the field test, three classes
were selected and divided into two groups: two classes
formed the experimental group, while one class served as
the control group. The experimental group comprised 11th-
grade students from Natural Science 2 and Natural Science 3,
whereas the control group consisted of 11th-grade students
from Natural Science 4. The selection of classes was con-
ducted using the cluster random sampling method.

Experimental Class 1 received treatment involving the
utilization of the e-module “Elasticity” within the Problem-
Based Learning model, integrated with local wisdom. Exper-
imental Class 2, on the other hand, underwent treatment with
the Problem-Based Learning model but did not utilize the de-
veloped e-module. Meanwhile, the control class was sub-
jected to conventional learning practices, following the stan-
dard educational approach typically employed by educators
at the school. The research design is outlined in Table I.

2.1. Research Instruments

This study employed two data collection instruments: a
pretest-posttest assessment to gauge the enhancement of an-
alytical thinking skills and a scientific attitude questionnaire
to measure the improvement in students’ scientific disposi-
tion. Both the pretest and posttest instruments comprised four
questions, each containing indicators of analytical thinking,
as detailed in Table II.

The scientific attitude questionnaire was administered
twice: once before the commencement of physics instruction
and again after completion of the learning activities, utiliz-
ing various treatments in both the experimental and control
classes. The indicators assessed through the scientific atti-
tude questionnaire are detailed in Table III.

TABLE II. Indicators of pretest and posttest questions.

Analytical Thinking Indicator Question Number

Element Analysis 1

Relationship Analysis 2

Analysis of Organizing Principles 3, 4
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TABLE III. Indicators of scientific attitude questionnaire.

No. Aspects of Scientific Attitude Item Number

1 Curiosity 1,2,3,4,5

2 Honest 6,7,8,9,10

3 Conscientious 11,12,13,14,15

Total item statement 15

2.2. Data analysis technique

The analysis of the implementation of the lesson plan in
learning can be seen from the score of filling out the obser-
vation sheet and then analyzed by calculating the Interjudge
Agreement (IJA) in the following way:

IJA =
AY

AY + AN
× 100,

whereAY is a learning activity that was carried out, while
is a learning activity that was not carried out. A lesson
plan’s suitability can be determined by its implementation,
which is deemed feasible if the learning activities are ex-
ecuted to a percentage exceeding 75% [25]. Additionally,
the smooth execution of the Problem-Based Learning (PBL)
model throughout the instructional process further validates
its efficacy.

The increase in analytical thinking skills and students’
scientific attitudes is analyzed using descriptive statistics, the
n-gain equation (g), using the following equation:

g =
X̄final score− X̄initial score

maxsimum score− X̄initial score
.

The results of the normalized gain analysis are then inter-
preted into categories as in Table IV.

To address the research aims comprehensively, inferen-
tial statistical analysis, specifically the Multivariate Analysis
of Variance (MANOVA) test, was conducted. This analy-
sis aimed to determine the effectiveness of the developed e-
module. Effectiveness was evaluated by examining the sig-
nificant differences between the experimental class utilizing
the e-module and the control class not utilizing the e-module.
Given the presence of two dependent variables (analytical
thinking and scientific attitudes), MANOVA was selected to
test the hypotheses. Prior to conducting the MANOVA test,
homogeneity and normality tests were performed to ensure

TABLE IV. N-Gain Criterion by [26].

Score (g) Category

g ≥ 0, 7 High

0.7 > g ≥ 0, 3 Medium

g < 0, 3 Low

that the data in this study were normally distributed and ho-
mogeneous. The hypotheses tested in this study were as fol-
lows:

1. H0: This means that there is no difference in the in-
crease in analytical thinking skills and scientific atti-
tude between experimental class 1, experimental class
2, and the control class.

2. Ha: This means that there is a difference in the in-
crease in analytical thinking skills and scientific atti-
tude among students in experimental class 1, experi-
mental class 2, and control class.

3. H0: rejected if the value of Sig.< 0.05.

The subsequent inferential statistical analysis, namely ef-
fect size analysis, seeks to ascertain the magnitude of influ-
ence or effect that a variable exerts on other variables. Effect
size analysis can be conducted using the following equation:

d =
x̄max − x̄min

σ
.

Information: x̄max: the largest mean value between the two
populations,̄xmin: the smallest mean value between the two
populations,σ : the combined standard deviation of the two
populations.

Cohen’s effect size criteria regarding the size of the effect
size can be seen in Table V.

The final inferential statistical analysis, known as the Post
Hoc test, is conducted when the results of the hypothesis test
indicate rejection of the null hypothesis, signifying differ-
ences in the enhancement of analytical thinking skills and
scientific attitudes among students in experimental class 1,
experimental class 2, and the control class. The purpose of
the Post Hoc test is to identify which class exhibits more
pronounced differences in improvement. Inferential statis-
tical analysis is employed because the data concerning the
increase in analytical thinking skills and scientific attitudes
demonstrate homogeneous variances and normal distribution,
as illustrated in Table VI. The primary decision-making cri-
teria in the Bonferroni test are:

1. If the significance value (Sig.)> 0.05, there is no dif-
ference in increase between the 2 treatment groups.

2. If the significance value (Sig.)< 0.05, there is a dif-
ference in the increase between the 2 treatment groups.

TABLE V. The effect size criterion by [27].

Effect size Category

0, 7−∞ Big

0, 3− 0, 6 Medium

0− 0, 2 Small

Rev. Mex. Fis. E22020216



FACILITATING STUDENTS’ ANALYTICAL THINKING SKILL AND SCIENTIFIC ATTITUDE IN DISTANCE. . . 5

TABLE VI. The Result of homogenity and normality test.

Variables Aspect Homogenity test Normality test

Levene Statistic df 1 df 2 Sig Class Sig Normality

Analytical Thinking Skill Mean 2.302 2 72 0.107 Experiment 1 0.223 Normal

Median 1.859 2 72 0.163 Experiment 2 0.632 Normal

Trimmed mean 2.244 2 72 0.113 Control 0.151 Normal

Scientific Attitude Mean 2.122 2 72 0.127 Experiment 1 0.204 Normal

Median 2.122 2 72 0.127 Experiment 2 0.442 Normal

Trimmed mean 2.201 2 72 0.118 Control 0.164 Normal

3. Results and discussion

3.1. Analysis of the learning process

During the data collection phase, learning sessions were ob-
served and documented by a physics educator from MAN 1
Yogyakarta. The researcher-prepared lesson plan was exclu-
sively utilized in Experiment 1 and Experiment 2 classes, dif-
fering only in the learning resources employed. Meanwhile,
the control group used the lesson plan prepared by the school
teacher. Learning activities spanned across five sessions in
all three classes. Variations in the implementation of lesson
plans between Experiment 1 and Experiment 2 classes are
depicted in Fig. 1.

Based on Fig. 1, Experiment 1 consistently followed all
planned activities throughout the initial five meetings. Con-
versely, Experiment 2 encountered discrepancies, particu-
larly in the second, third, and fourth sessions, where certain
learning activities were omitted. Notably, the core activities
outlined in the lesson plan involved a learning stage facili-
tated by the developed e-module. Since Experiment 2 did
not utilize this e-module, these stages were consequently ex-
cluded. The analysis indicates that both Experiment 1 and
Experiment 2 demonstrated commendable adherence to the
lesson plan, with an Interjudge Agreement exceeding 75%.
This observation is consistent with prior research, which sug-
gests that a percentage above 75% denotes excellent imple-
mentation of learning activities [25].

To conclude the effectiveness of the use of the devel-
oped e-module, an inferential statistical test was carried out.
The results of the MANOVA test analysis can be seen in Ta-
ble VII.

Based on the MANOVA test results presented in Ta-
ble VII, all four tests-Pillai’s Trace, Wilks’ Lambda,
Hotelling’s Trace, and Roy’s Largest Root-yielded signifi-
cance values below the alpha threshold (sig.< 0.05). Con-
sequently, it can be inferred from this analysis that there
exist significant differences in the enhancement of analyti-
cal thinking skills and scientific attitudes among students in
Experiment 1, Experiment 2, and the control class. These
disparities are attributed to the utilization of distinct learn-
ing resources, media, and instructional models across the
three classes. Specifically, Experiment 1 employed the e-
module “Elasticity” within a problem-based learning model
integrated with local wisdom.

The influence of the developed e-module on learning in
improving the two research variables in each class was an-
alyzed using the effect size. The results of the effect size
analysis can be seen in Tables VIII and IX.

FIGURE 1. Lesson plan implementation diagram.

TABLE VII. MANOVA test result.

Effect Tes Significance Value F Hypothesis df Error df Sig.

Class Pillai’s Trace 0.932 490.070b 2.000 71.000 0.000

Wilk’ Lambda 0.068 490.070b 2.000 71.000 0.000

Hotelling’s Trace 0.767 490.070b 2.000 71.000 0.000

Roy’s Largest Root 0.749 490.070b 2.000 71.000 0.000
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TABLE VIII. Effect size analysis of experimental class 1 and control class.

Experiment 1 Control

Dependent Variable Mean Std. Deviation Mean Std. Deviation Effect Size Category

Improved Analytical Thinking 0.66 0.18 0.32 0.19 1.83 High

Improvement of Scientific Attitudes 0.72 0.21 0.49 0.13 1.34 High

TABLE IX. Effect size analysis of experimental class 2 and control class.

Experiment 1 Control

Dependent Variable Mean Std. Deviation Mean Std. Deviation Effect Size Category

Improved Analytical Thinking 0.47 0.28 0.32 0.19 0.63 Medium

Improvement of Scientific Attitudes 0.60 0.19 0.49 0.13 0.68 Medium

TABLE X. Results of post hoc analysis bonferroni test.

Dependent Variable (I) class (J) class Mean Difference (I-J) Std. Error Sig.

Improved Analytical Thinking Experiment 1 Experiment 2 0.1928∗ 0.06218 0.008

Control 0.3412∗ 0.06218 0.000

Experiment 2 Experiment 1 -0.1928∗ 0.06218 0.008

Control 0.1484∗ 0.06218 0,059

Control Experiment 1 -0.3412∗ 0.06218 0.000

Experiment 2 -0.1484∗ 0.06218 0,059

Improvement of Scientific Attitudes Experiment 1 Experiment 2 0.1271 0.05171 0.049

Control 0.2396 0.05171 0.000

Experiment 2 Experiment 1 -0.1271 0.05171 0.049

Control 0.1125 0.05171 0.099

Control Experiment 1 -0.2396 0.05171 0.000

Experiment 2 -0.1125 0,05171 0.099

Tables VIII and IX exhibit significant enhancements in
analytical thinking skills and scientific attitudes as a result of
the effect size analysis conducted across Experiment 1, Ex-
periment 2, and the control class. Table VIII showcases con-
siderable improvements, while Table IX illustrates moderate
gains in these areas.

Additionally, to determine the class ranking with the most
significant increase in analytical thinking skills and scien-
tific attitude, a Post Hoc test was executed. The gain data
in this study indicates homogeneity. Subsequently, the Post
Hoc analysis was conducted utilizing the Bonferroni test, as
illustrated in Table X.

Based on the data obtained from the Post Hoc analysis
utilizing the Bonferroni test presented in Table X, it is evi-
dent that the sequence of classes demonstrating the highest
increase in both analytical thinking skills and scientific atti-
tudes is as follows: Experiment 1 class, Experiment 2 class,
and control class. Significant differences in the enhancement
of analytical thinking skills are observed between the Exper-
iment 1 class and Experiment 2 class, as well as between the

Experiment 1 class and the control class, as indicated by sig.
< 0.05. Conversely, although an improvement in analyti-
cal thinking skills is noted in the Experiment 2 class and the
control class, it is not deemed significant, as the sig value
> 0.05. This trend is similarly observed in the variable of
scientific attitude.

3.2. The effectiveness of E-Module results to improve
analytical thinking skill

The effectiveness of the e-module “Elasticity” within the
problem-based learning model integrated with local wis-
dom in enhancing analytical thinking skills can be evaluated
through trials of the e-module in the learning process. An-
alytical thinking ability is assessed using a pretest-posttest
test, which comprises indicators of analytical thinking. The
increase in analytical thinking indicators for each indicator
in Experiment 1 class (11th Grade Natural Science 2) is de-
picted in Fig. 2.

Based on Fig. 2, it is evident that there has been a notable
increase in each indicator of analytical thinking ability on
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FIGURE 2. Result of analytical thinking per indicator in experi-
ment 1.

average. The most significant enhancement in analytical
thinking indicators is observed in the element analysis cat-
egory, reaching a high magnitude of 0.88. This notable im-
provement can be attributed to the e-module’s utilization of
a problem-based learning model, which presents problems
grounded in local wisdom surrounding students. Conse-
quently, students find it easier to grasp the material presented,
aligning with Bloom’s taxonomy.

Moreover, indicators related to relationship analysis and
organizational principles analysis show moderate increases,
with magnitudes of 0.77 and 0.58 respectively. This is at-
tributed to the e-module’s incorporation of problem-based
learning, where students engage with problems embedded in
local wisdom. Consequently, students can readily connect
these presented problems with the theoretical framework of
elasticity in solids and propose solutions accordingly.

The increase in analytical thinking skills of students in
experimental class 1 can be seen in Fig. 3.

Based on Fig. 3, it can be seen that each student experi-
enced an increase in analytical thinking skills in the medium
to high category. This is because the learning media used is

FIGURE 3. Percentage of the enhancing analytical thinking in ex-
periment 1.

in the form of e-modules. Where the developed e-module
provides opportunities for students to use information and
communication technology via computers or smartphones in
the physics learning process. Thus, learning becomes more
interesting and flexible.

The use of e-modules in physics learning has the goal that
students can learn independently, the teacher is not dominant
in learning, students can measure their level of mastery of the
material, and accommodate various levels or student learning
speeds. This is in line with research [28], which states that e-
modules make it easier for students to understand the material
by visualizing something abstract in a more real way. So that
the use of e-modules in learning physics on elasticity material
can improve students’ analytical thinking skills. The follow-
ing research [12] states that e-modules can improve students’
analytical thinking skills in physics subjects.

The e-module was developed utilizing a Problem-Based
Learning (PBL) model, supported by research findings from
[29,30], which assert that Problem-Based Learning enhances
analytical thinking skills. This is attributed to the nature of
the PBL model, which presents authentic problems as con-
texts for students to cultivate analytical thinking [31]. More-
over, research from [32] suggests that when students engage
in reflective learning within everyday life contexts, their cog-
nitive, affective, and psychomotor learning outcomes are el-
evated. This is further reinforced by active student involve-
ment in discussions, fostering the development of analytical
thinking skills as students grapple with problem-solving [33].

The integration of local culture and wisdom within the
problems presented in the e-module. The problems are de-
signed to resonate with the cultural context and heritage of
the students’ local area. This integration serves a dual pur-
pose: first, it provides students with a deeper connection
to the material by making it relevant to their own lived ex-
periences and surroundings. Second, it elevates the cogni-
tive demand of the questions, effectively measuring students’
higher-order thinking abilities, particularly their analytical
skills.

By incorporating questions that draw upon local culture,
students are not only challenged to think critically and ana-
lytically but also gain a deeper understanding of their cultural
heritage. This approach aligns with research findings [24],
which suggest that problem-solving tasks rooted in local cul-
ture can enhance students’ knowledge about their commu-
nity’s traditions and customs. In essence, the integration of
local culture into problem-solving tasks within the e-module
not only fosters analytical thinking but also promotes cultural
awareness and appreciation among students [24].

3.3. The Effectiveness of E-Module Results to Improve
Scientific Attitudes

The evaluation of the e-module’s efficacy extended to assess-
ing its impact on enhancing students’ scientific attitudes. Fig-
ure 4 illustrates the average values derived from the analysis
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FIGURE 4. Result of scientific attitudes per indicator in experi-
ment 1.

of students’ scientific attitudes in Experiment 1 class (11th
Grade Natural Science 2).

According to Fig. 4, a noticeable increase is observed in
each aspect of students’ scientific attitudes. Particularly, the
Curiosity indicator exhibits a substantial increase, reaching
0.82 in the high category. This indicator portrays the highest
enhancement among the three indicators. This surge can be
attributed to the e-module’s incorporation of Problem-Based
Learning (PBL) methodology, notably in the problem ori-
entation segment, which is seamlessly integrated with local
wisdom. This approach aims to stimulate students’ curiosity
towards learning physics, particularly in understanding elas-
ticity concepts. This finding is corroborated by previous re-
search [17], which suggests that e-modules have the potential
to bolster scientific curiosity. Additionally, studies by [34] as-
sert that presenting problems can heighten students’ curios-
ity, a notion supported by [30,35], who further emphasize the
efficacy of problem-based learning models in fostering cu-
riosity among students.

Students’ honest scientific attitudes similarly demon-
strated a noteworthy increase, achieving a magnitude of 0.66
in the moderate category. This finding resonates with previ-
ous research [18], which highlights the efficacy of e-modules
in fostering honest attitudes. Moreover, studies [22] affirm
that problem-based learning models can also contribute to
the enhancement of honest attitudes. The e-module under
consideration further enriches the learning experience by in-
corporating practical exercises aimed at resolving presented
problems. Students are tasked with presenting data derived
from practical experiments and correlating it with estab-
lished theoretical frameworks. Additionally, fostering hon-
est attitudes in physics education is facilitated by the analy-
sis of real-world problems, contextualized within local wis-
dom [36].

Students’ conscientious attitudes also saw a notable in-
crease, registering at 0.7 in the moderate category. Within
this e-book, practical experiments and practice questions are
included, encouraging students to approach calculations with
care and to consistently note down physics units. This em-
phasis on precision contributes to the development of con-
scientiousness among students. These findings are supported
by research conducted by [19], which highlights the capac-
ity of e-modules to bolster conscientiousness. Additionally,
the problem-based learning model has been shown to have a
positive impact on conscientious attitudes [37]. Integrating
local wisdom into learning experiences is another avenue for
nurturing conscientiousness, as evidenced by research find-
ings [38].

The increase in the scientific attitude of students in exper-
imental class 1 can be seen in Fig. 5.

Based on Fig. 5, it is evident that each student ex-
perienced a notable increase in scientific attitude, ranging
from moderate to high categories. This enhancement can
be attributed to the utilization of e-modules as the learning
medium. From the outset of learning, students engaged in
independent study and information exploration. The devel-
oped e-module integrates various features such as YouTube,
Google Forms, and Quizzes, fostering scientific attitudes,
particularly curiosity. This finding aligns with research [39],
which underscores the e-module’s capacity to cultivate stu-
dents’ scientific attitudes.

Moreover, the problems embedded within the e-module
are intricately intertwined with local wisdom, enriching stu-
dents’ scientific attitude. This aligns with findings from re-
search [40,41], which suggest that incorporating local wis-
dom into e-modules can enhance students’ scientific atti-
tudes, especially curiosity. Additionally, according to [42],

FIGURE 5. Percentage of the enhancing scientific attitudes in ex-
periment 1.
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the utilization of learning media that presents contextual
problems through discussion can positively contribute to the
formation of students’ scientific attitudes.

4. Conclusions and recommendations

The e-module on Elasticity, incorporating the Problem-Based
Learning (PBL) model and local wisdom, was developed
with the aim of enhancing analytical thinking skills and sci-
entific attitudes among 11th-grade students at MAN 1 Yo-
gyakarta. It underwent rigorous validation to ensure its suit-
ability for teaching physics concepts related to elasticity.
By integrating problems imbued with local wisdom, the e-
module elucidates the intricacies of elasticity, thereby foster-
ing improvements in both analytical thinking and scientific
attitude indicators among students. This is substantiated by
the observed enhancements in these variables following the
implementation of the e-module.

Accessible online, the e-module enables students to en-
gage in independent learning at their convenience. Integrated
with platforms such as YouTube, Quisis, and Google Forms,
it serves as a comprehensive resource for remote learning,

allowing educators to remotely assess students’ analytical
thinking abilities and scientific attitudes.

For future inquiries in this domain, the developed e-
module could be juxtaposed with alternative learning medi-
ums, including offline physics learning activities. Moreover,
integrating an online chat platform into this medium would
enable students to seek assistance from educators in real-
time, enhancing the learning experience. The utilization of
this e-module in physics education lays the groundwork for
the development of additional online learning resources.

This study provides valuable insights for educators,
demonstrating the efficacy of delivering physics education
even in the absence of face-to-face interaction. However, a
pertinent question arises: will distance learning practices en-
dure as part of instructional methods post-pandemic? Ad-
dressing this query presents new challenges in exploring in-
structional media that can be effectively utilized in the future.
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