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Abstract

This research aims to develop a thematic E-module utilizing the Project-based Learning (PjBL) model
based on STEAM (Science, Technology, Engineering, Arts, Mathematics) and to assess its effectiveness in
improving science literacy and higher-order thinking skills among fourth-grade elementary school
students. The development method utilized the Borg & Gall model. Research instruments included
document analysis sheets, needs analysis sheets, and validation sheets. Data collection techniques involved
document analysis, observation, questionnaires, and tests. Data obtained from product assessment sheets,
test results, and questionnaires were analyzed both qualitatively and quantitatively. The results indicate that
the developed E-Module has demonstrated high levels of validity and effectiveness in enhancing science
literacy and higher-order thinking skills among fourth-grade elementary students. Material validity was
evaluated using Aiken’s V, with an average score of 0.90 (very valid), and a validator agreement rate of
0.92% (almost perfect). Language and design validity were also found to be high, with Aiken’s V scores of
0.91 (very valid) and 0.88 (very valid) respectively, and validator agreement rates of 0.80% (almost perfect)
and 0.73% (strong) respectively. Based on the calculation of gain scores, the experimental group achieved
0.47 (moderate) compared to the control group's score of 0.25 (low). Additionally, an independent sample
t-test showed a significance value of 0.000 (sig <0.05) between the control and experimental groups,
confirming the effectiveness of using this E-Module. This research provides a significant contribution to
the development of innovative and effective learning materials aimed at enhancing science literacy and
higher-order thinking skills among fourth-grade elementary students.
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INTRODUCTION

Era 4.0 has presented many technological
innovations that make it easier to access
information and communication. Era 4.0 is an
era of digitalization which has a disruptive
impact on human life. The impact of this
disruption makes human life more efficient with
the aim of improving the quality of life.
Technological developments have brought
fundamental changes to aspects of human life,
including in the field of education (Susanti et al,
2023). With this, education increasingly plays a
role in determining the progress of a country.

Learning in the 21st century with the
education system and education management
will change, relevant skills that need to face
change. Related to the skills needed to face 3
changes in facing the demands of the 21st
century. According to Supena et al (2021) it is
necessary to master learning skills and
innovation skills, which consist of 4C, namely
Critical Thinking, Communication,
Collaboration, and Creavity.

The demands of 21st century competency
refer to students' high-level thinking abilities.
According to Ennis in Winarni (2012), students'
high-level thinking abilities consist of twelve
indicators which are grouped into five aspects of
high-level thinking. Through this aspect of high-
level thinking skills, it is hoped that students can
develop high-level thinking skills so that 21st
century competencies and the demands of the
2013 curriculum can be achieved optimally.

Facing the challenges of 21st century
learning, students need high-level thinking skills
in an effort to prepare individuals who are able
to compete in the era of globalization. Students
really need high level thinking skills in the hope
that they will be able to solve the problems they
face in the future. According to Susanti et al,
(2023) It is very important to train students'
high-level thinking skills from elementary school
age because high-level thinking skills are one
way that can contribute to adjusting attitudes
and behavior in dealing with various problems
experienced in everyday life.

High-level thinking abilities as a result are
related to High Order Thinking Skills (HOTS)
which are part of high-level thinking abilities
(Ariffiando et al, 2024). According to the
Teaching Knowledge Test Cambridge English,
The University of Cambridge (2015), HOTS is a
cognitive skill which is analysis and evaluation
that can be taught by teachers to their students.

So that students can develop skills in thinking
about things and making decisions about things
in solving problems, thinking at a high level and
thinking about the positive and negative things
about something.

Teaching materials are materials or
teaching materials that are prepared completely
and systematically in accordance with the
principles that the teacher will teach to students
(Muktadir & Darmansyah, 2021). The teaching
materials used in the learning process must have
unique and interesting form, content and
presentation methods so that they can foster
students' interest in participating in the learning
process (Puspitarini & Hanif, 2019). According
to Darmansyah et al (2021) Teaching materials
are a very important component in learning
activities, especially in the implementation of
learning. Teaching materials are developed
according to the needs of teachers and students
(Yuanita & Kurnia, 2019).

This is in line with research by Krissandi
(2020) which found that one of the obstacles for
elementary school teachers in implementing the
2013 Curriculum was the problem of the
availability and shortage of books from the
government. The book is a student's book
which should be contextual and is considered to
be very textual. Apart from needing to adapt to
student needs, the development of thematic
teaching materials also needs to adapt to
curriculum demands.

These electronic teaching materials can
also help teachers maximize the use of
technology in the learning process. Apart from
that, it can be used anytime and anywhere. The
choice of electronic teaching materials for
thematic learning is also supported by interviews
with teachers at SDN 44 Bengkulu City that the
teaching materials used by teachers in the
learning process still use thematic books for
teachers and students without any teaching
materials that utilize technology. This often
makes students feel bored during the learning
process.

The STEAM approach was chosen to be
integrated into teaching materials because it
contains elements of science, technology,
engineering, art and mathematics. Apart from
that, the STEAM element was chosen so that
when using this teaching material students and
teachers do not feel unfamiliar with the
demands that must be achieved, because the
basic competencies used in the science,
technology, engineering, arts and mathematics
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learning content are in accordance with the
demands of the learning being developed.

Teaching materials with a STEAM
approach can provide active and interesting
learning activities, help students understand
teaching materials well, and develop high-level
thinking skills and be creative in dealing with
real-world problems in the environment
(Afriana, Permanasari, &  Fitriani 2010).
Research conducted by Hatjanty & Hardianti
(2020) entitled "Analysis of the Application of
STEAM-Based Learning”. The simple result is
that STEAM applications have appeared in
learning activities that have been implemented
but teachers still do not fully understand
STEAM learning regarding its elements and
aspects.

The learning process can be carried out
through model stages that are integrated with
approaches, one of which is the PjBL model
with a STEM approach. PjBL with a STEM
approach is integrated project-based learning in
the STEM field which can provide opportunities
for students to learn contextually such as
exploring, planning learning activities,
implementing projects collaboratively, and
ultimately producing a product (Jauhariyyah,
Suwono, & Ibrohim 2017). The PjBL-STEM
model is project-based learning which has
science, technology, engineering and
mathematics criteria (Annisa & Damris 2018).

Learning with a STEM approach
encourages students to have a positive attitude
in the academic field. So it can be concluded
that the relationship between science and
technology and other knowledge cannot be
separated in learning. Science  requires
mathematics as a tool for processing data, while
technology and engineering are applications of
science. The STEAM integrated PjBL learning
model is a learning context designed by teachers
to encourage students to be directly involved in
learning activities (Siew et al, 2015).

Teachers' lack of understanding with
STEAM-based PjBL learning also has an impact
on students' scientific literacy. This is proven
that Indonesia is still at level 1, which is a low
level and Indonesia has a score of 396, while the
standard for the average score is 489. In this
case, Indonesia is in the 6th lowest of 78
countries. Based on this data, scientific literacy
abilities in Indonesia are still behind other
countries (Schleicher, 2019). This can also be
seen from the low high-level thinking abilities of
elementary school students.

An alarming fact was also revealed from
the international literacy ranking, Most Literate
Nations in the World, published by Central
Connecticut State University in 2018. The
literacy level of Indonesian society is very
lagging behind. Indonesia is in 60th place out of
a total of 61 countries. This is proven by the
score which is still below the international
average in 2018. The international average score
for science at this level is in the bottom 5 of 77
countries, namely 371 (PISA, 2018).

The results of the 2022 Program for
International Student Assessment (PISA) study
show that Indonesia is ranked 68th with the
following scores: mathematics (379), science
(398), and reading (371) (OECD, 2023). The
average results for these three subjects decreased
by 12-13 points compared to 2018, indicating a
decline (learning loss). Overall, the PISA 2022
results can be classified as low. The research
results of Sari & Nurwahyunani (2016) revealed
that one of the causes of students' low scientific
literacy is teachers' lack of knowledge about
scientific literacy.

One solution to improving scientific
literacy skills is to develop teaching materials in
the form of e-modules using the STEAM-based
PjBL model for science learning content. The
learning activities provided in the e-module use
the STEAM approach, students are directed to
the real world as a context for learning critical
thinking and problem solving skills by
identifying the purpose of the problem and
finding solutions to the problem. This is in line
with previous research which explains that
Project Based Learning (PjBL) with integrated
Science, Technology, Engineering, Art, and
Mathematics (STEAM) is important to apply in
science learning to help students improve
problem solving abilities (Fathoni et al, 2020).

The results of research conducted by
Chania et al (2020) show that the development
of teaching materials using a STEM approach
that focuses on Higher Order Thinking Skills
(HOTS) meets quality criteria that are very
suitable as a teaching material for student
learning. From the research findings, it can be
concluded that the characteristics of teaching
materials developed through the HOTS-oriented
STEM approach include questions that refer to
Bloom's Taxonomy at levels C4, C5, and Co.
This indicates that the teaching materials are in
accordance with the high level of thinking
expected in learning,
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Based on the description of the problem
above, the researcher felt motivated to develop
teaching materials entitled "Development of
Thematic E-Modules Using the STEAM-Based
P;BL Model to Improve Science Literacy and
Higher Level Thinking Abilities in Grade IV
Elementaty School Students".

METHOD

This research wuses a research and
development (R&D) approach. Development
research is a method for developing a new
product or improving an existing product and
can be accounted for. According to Borg and
Gall (1988), Research and Development is a
research method used to develop or validate
products used in education and learning.
According to Gay at al (2009) Research and
Development is the process of finding out
consumer needs and developing products that
suit their needs. The aim of research and
development is not to formulate test theories
but to create products that are effective for use
in schools.

This research is educational research and
development which aims to develop thematic e-
modules using the STEAM-based PjBL model.
Educational development research includes the
development process, product validation, and
product testing. Through development research,
researchers strive to develop a product that is
effective for use in learning

The e-module development design in this
research refers to the Borg & Gall research
model. Borg & Gall (1983: 772) state that there
are two main objectives in research and
development procedures, namely: 1) producing
products, and 2) testing the effectiveness of
products in achieving goals.

This research and development refers to
the Borg & Gall model, so the research
implementation uses the ten R&D steps of the
Borg & Gall model. The ten steps include:
research and information collecting, planing,
develop  Preliminary form of  product,
preliminary field testing, main product revision,
main field testing, operational product testing,
operational field testing, final product revision,
and dissemination and implementation. To
make it easier, here is a chart that shows the
flow of research and development using the
Borg & Gall model.

research develo prelimina
and . ;
informati planing p' . R ﬁ'eld
on Prelimi testing
collectin nary
operation produ prod
b ] R
product revisio testing \ revis
! ! n ion
final dissemin
product ation and
revision impleme
ntation
Figure 1. Chart of product development
steps according to the Borg and Gall
development stages
The initial field trial subjects were

conducted at SDN 55 Kota Bengkulu, involving
26 fourth-grade students. The field trial subjects
at SDN 41 and SDN 05 Kota Bengkulu
consisted of two fourth-grade teachers and 50
students. The operational research subjects were
fourth-grade students at SDN 44 Kota
Bengkulu, with 29 students in class IVA as the
experimental group and 29 students in class IVB
as the control group. The research objective was
the development of thematic e-modules using
PjBL Based on STEAM to enhance the science
literacy and higher-order thinking skills of
fourth-grade students.

The operational trial was conducted with
one class at SDN 44 Kota Bengkulu using a One
Group Design. The experimental design is
outlined as follows.

Pretest Posttest
Groups Treatment
Meassure Meassure
One
group 01 X 0
Explanation:
o =  Pretest for control and experimental
! groups
o =  Posttest for control and
2 experimental groups
X =  Treatment using the STEAM-based

PjBL e-module product.
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The operational field test of this
research involves one experimental class using
the STEAM-based PjBL e-module product. The
steps for the operational field test are as follows:

1. Conducting the operational field test with
different students from those involved in
the previous stages. This activity involves
one class.

2. Administering a pretest on science literacy
and high-level thinking skills to the fourth-
grade students initially.

3. Providing the experimental class with
treatment by using the PjBL-based STEAM
e-module product during the learning
activities.

4.  Administering a final test (posttest) to all
students in the experimental class to
measure the learning outcomes of science
literacy and high-level thinking skills.

5. Analyzing the results of the final test
(posttest).

6. After analysis, comparing the results of the
pretest and posttest.

The data collection techniques used in
the research on developing thematic e-modules
using the PjBL-based STEAM model include
observation, interviews, questionnaires, product
assessment scales, and tests. The data obtained
from product assessment sheets, test results, and
questionnaire sheets are analyzed using both
qualitative and quantitative statistical methods.

1. Qualitative data, such as comments and
suggestions obtained from subject matter
experts, language experts, presentation
experts, evaluation experts, practitioners,
and  colleagues, are analyzed and
qualitatively ~ described to revise the
developed product.

2. Quantitative data, including scores from
subject matter experts, design experts,
language experts, responses from teachers
and students regarding the e-module, as well
as pretest and posttest results, are analyzed
quantitatively.

RESULT AND DISCUSSION

1. Development of Thematic E-Modules
PjBL Based on STEAM
a. Field Study

The field study was conducted to explore
the problems in the field, in this case, elementary
schools, followed by a needs analysis for the
development of e-modules using the PjBL
model based on STEAM. Several activities
conducted during the field study are as follows.

1. Observation

Observations were carried out to gather
information about the problems occurring in
schools. The obsetrvation activity was conducted
at SDN 44 Kota Bengkulu.

The first observation was conducted in
Grade IV at SDN 44 Kota Bengkulu on
February 19, 2024. Based on the observation
results, several problems were identified in the
classroom, as follows.

a) Students appeared active in answering
questions posed by the teacher, but they
struggled to develop answers to follow-up
questions from the teacher.

b) Learning activities seemed to only train
students to think at the knowledge and
comprehension  levels.  Students  had
difficulty providing solutions to problems
presented by the teacher.

¢) Interactions among students in the
classtoom lacked effective collaboration.
Students appeared to learn individually.

d) Both teachers and students in learning
activities were still fixated on the main
theme book as the primary source. The use
of learning modules that could stimulate
higher-order thinking skills had not been
incorporated into the teaching. Learning
resources appeared inadequate in supporting
students' science literacy.

Based on the obsetvations conducted,
initial conclusions can be drawn regarding the
lack of students' skills in addressing problems
posed by the teacher, the insufficient availability
of science literacy module reading materials in
the classroom, and the limited use of learning
modules that could support and develop higher-
order thinking skills.

2. Teacher Interviews

Interviews were conducted with a source
who is a fourth-grade teacher at SDN 44 Kota
Bengkulu. The interview conducted on February
21, 2024, yielded several points as follows:

a) Teaching materials in the form of learning

modules are more abundant  for
Mathematics  subjects, while teaching
materials  supporting science learning,

particularly  for  topics  related  to
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environmental balance and natural resource
conservation, consist mainly of pictures
depicting forests, tree felling, reforestation,
etc.

b) The high-level thinking skills of students are
still lacking. Teachers mentioned that the
demand for high-level thinking skills is still
very challenging to teach to eclementary
school students. Students are still at the level
of knowledge acquisition and have not
reached the level of understanding. They
still struggle to answer questions that require
high-level thinking skills.

©) Student scientific literacy is still inadequate.
According to the teachers, some students
struggle to understand basic concepts of
Natural Sciences. They find it difficult to
apply these concepts in real-life situations or
understand their practical implications.

d) Teachers expressed the need to develop
learning modules that can support student
scientific literacy and high-level thinking
skills.

¢) There is a need for the development of e-
modules using a PjBL-based STEAM
model. Teachers agree that e-modules using
a PjBL-based STEAM model are highly
needed to be developed as learning support
in schools.

3. Needs Analysis Questionnaire

The needs analysis questionnaire was
used to assess the requirements for developing
thematic e-modules wusing the PjBL-based

STEAM model from a broader subject pool.

a) Teacher Needs Analysis Questionnaire

The distribution of the needs analysis
questionnaire containing 15 statements was
conducted to determine the requirements for
developing thematic e-modules using the PjBL-
based STEAM model. The questionnaire was
given to 11 elementary school teachers in

Bengkulu City, and the results are presented in

Table 2.

Table 2. Results of Teacher Needs Analysis

Questionnaire
No Statement Percentage
()
1 Teachers agree that the 63.64%
instructional materials
used in the module are
sufficiently varied.
2 Teachers believe that 72.73%
instructional materials
in the form of modules
are highly needed in the
schools where they

teach.

Teachers agree that the
instructional materials
should be electronic.

100%

Teachers express
interest if there are e-
module  instructional
materials available.

72.73%

Teachers express
interest if there are e-
module  instructional
materials available.

72.73%

Teachers agree that
digital-based learning is
needed.

100%

Teachers sometimes
implement Higher
Order Thinking Skills
(HOTS)-based

learning.

54.55%

Teachers agree that the
development of e-
modules  using  the
PjBL-based =~ STEAM
model is needed.

72.73%

Teachers agree that
student  literacy  in
science in  science
learning is needed.

100%

10

Teachers state that the
instructional materials
used so far have not
been able to improve
students' scientific
literacy and  higher-
order thinking skills.

54.55%

11

Teachers state that the
development of
thematic instructional
module materials to
improve scientific
literacy is needed.

81.82%

12

Teachers state that the
media used so far have
not been effective in
providing stimulus for
students to be
proficient in science
learning.

54.55%

13

Teachers state that the
instructional ~ module
materials used so far
have not been effective
in providing stimulus
for students to skillfully
solve problems with
appropriate solutions.

63.64%

14

Teachers agree that the
development of
thematic instructional

72.73%
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module materials s
needed to improve
higher-order  thinking
skills.

15 Teachers agree that the 81.82%
development of
thematic e-modules

using the PjBL-based

STEAM  model is

needed.
b) Student Needs Analysis Questionnaire

The needs analysis questionnaire consists

of ten statements given to students to
understand the needs for developing thematic e-
modules using the PjBL-based STEAM model
from  the students' perspective.  The
questionnaire was administered to 29 fourth-
grade students. Based on the questionnaire, the
results are presented in Table 3.

Table 3. Results of Student Needs Analysis
Questionnaire
No Statement

Percentage
()
55.91%

1 Students feel that the
presentation of thematic
e-module learning
materials used is less
engaging.

2 Students believe that
the learning process
using thematic e-
module learning
materials is necessary.

3 Students prefer
electronic-based
thematic e-module
learning materials.

4 Students
thematic

88.17%

84.95%

prefer 83.87%

e-module
learning materials in the
form of descriptions
and illustrations.

5 Students
thematic
learning materials in the
form of books with
application technology.

6 Students state that e-
modules  using  the
PjBL-based STEAM
model are interesting.

prefer 70.97%

e-module

73.12%

7 Students state that the 69.89%
development  of e-
modules  using  the
PjBL-based =~ STEAM
model is needed.

8 Students  agree  that
STEAM-based learning
is needed in science
subjects for scientific
literacy skills (context,
knowledge,
competence, and
attitude).

9 Students say that the
implementation of

trains  high-

order thinking  skills

(HOTS) is sometimes

done.

92.47%

62.37%

learning

2. Feasibility of STEAM-Based PjBL E-
Module

The validation results from subject matter
experts, language experts, and designers are as

follows:
Table 4. Expert Validation Results

NO Validation Value Category
\Y

1 Subject 0.90 Very Valid
Matter
Expert

2 Language 0.91 Very Valid
Expert

3 Design 0.88 Very Valid
Expert

The recapitulation of the assessment
results of the PjBL-based STEAM e-module
product can be seen in Diagram 1.

1

0,8
0,6
0,4
0,2

0

B St M Tahap 2
Mattetang&ggeé%esigna P

Diagram 1. Product Assessment Results by Validators

Based on Diagram 1, it can be concluded
that the product evaluation by experts in the
aspects of content, language, and design has
improved. In the first stage, the content
aspect had a score of 0.60, while in the

second stage, this score increased to 0.90.
Similarly, the language aspect had a score of
0.62 in the first stage, which increased to
0.91 in the second stage. As for the design
aspect, the score was 0.58 in the first stage
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and increased to 0.88 in the second stage.
The evaluation results by the experts
indicate that the e-module using the PjBL-
based STEAM model is highly suitable for
use as learning material in Grade IV
elementary school, with some revisions
needed based on feedback and suggestions
from the experts regarding content,
language, and design.

Product of Revision Results

a. Cover Page of the E-Module with
Android Studio Application

On the cover of the e-module, there
are features such as developer profiles
(about wus), content, integration points,
module instructions, and evaluation. The
text and images in this e-module have been
developed according to the suggestions
from design experts. The illustrations used
on the cover are tailored to the thematic

learning topics.

Figure 2. Cover Page
b. STEAM Integration Points

Integration Points contain elements
of STEAM integrated into thematic
learning. Integration points have undergone
several changes after revision. The revised
results can be seen in Figure 3.

€ 5 G % emocii2000wethostippconpoin tsgrsihir Q¥ D

o
-
=]

Figure 3. STEAM Integration Points

c. Module Instructions (KI, KD,
Indicators, Learning Objectives)

In the module instructions feature,
there are KI (Competence Standard), KD
(Basic ~ Competence), Indicators, and
Learning Objectives, which have undergone
several revisions. The revised results can be
seen in Figure 4.

ae 0O &0

Figure 4. Module Instructions
d. E-Module Content

The content of the e-module
includes three thematic learning subjects:
Science, Indonesian Language, and Art. The
content activities are supplemented with
activity identification, questions, and project
activities. 'This content has undergone
several revisions. The revised results can be
seen in Figure 5.

Figure 5. E-Module Content

e. Evaluation

The developed evaluation questions
consist of 30 items for testing fourth-grade
elementary school students. Each thematic
learning subject contains 10 questions. The
evaluation questions are conducted using
Google Forms. The revised results can be
seen in Figure 6.
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Figure 6. Evaluation Questions

3. Effectiveness of STEAM-Based PJBL
E-Module

Student evaluation tests were
conducted to assess the effectiveness of the
STEAM-based  PJBLL.  E-Module in
enhancing the scientific literacy and higher-
order thinking skills of fourth-grade
students. The effectiveness of the E-Module
using PJBL based on STEAM can be
observed from the hypothesis testing results
of the students' pretest and posttest scores.
To view the summary of the pretest and
posttest results, the student test results are
presented in Table 5.

Table 5. Summary of Pretest and
Posttest Learning Outcome Data

N  Class Pretest Postest Gai  Criteri
o Averag  Averag n a
e e
1 Experime  57.47 76.18 0.47  Sedan
nt g
2 Control 58.73 68.23 0.25 Renda
h

Based on Table 5, it can be observed
that the average pretest score for the
experimental class was 57.47, which
increased to 76.18 in the posttest. Based on
these pretest and posttest results, a gain
score of 0.47 was obtained, falling into the
moderate category. Similarly, for the control
class, the average pretest score was 58.73,
which increased to 68.23 in the posttest.
The gain score for this group was 0.25,
falling into the low category.

The research by Zulvira &
Desyandri (2022) indicates that thematic
interactive teaching materials using the
STEAM approach are highly wvalid and
practical in thematic learning. STEAM
provides an approach to achieving STEAM
by integrating the principles of each

discipline with art as interdisciplinary
learning into critical areas together through
new technology and design thinking with
investigative processes (Stroud & Baines,
2019). As an educational approach, STEAM
motivates students to expand their
knowledge of the world around them
through observation, experimentation, and
asking questions. Additionally, the benefits
of STEAM education include stimulating
independent thinking, teachers introducing
basic concepts, and students having the
opportunity to work independently or in
small groups to explore their projects
(Malele & Ramaboka, 2020). Involving art in
the STEAM approach provides children
with the opportunity to creatively and

imaginatively ~ depict STEM  concepts
(Wahyuningsih et al., 2020).
The wuse of interactive teaching

materials is  highly recommended in
classroom contexts as it can enhance joy in
the learning process. This is consistent with
the research by Putri & Ardi (2021), which
shows that interactive teaching materials can
create a fun and comfortable learning
environment for students. This is due to the
diversity of components in interactive
teaching materials such as animations,
images, and interactive exercises, which can
attract students' interest to participate
(Setyaningsih &  Farida, 2020). The
combination of these components allows
teaching materials to clarify abstract
concepts into more concrete ones (Diyana
et al., 2019). When using interactive teaching
materials in the classroom, excessive verbal
delivery can also be reduced because the
material can be presented with static as well
as dynamic/animated visualizations (Maria
et al, 2019). This means that interactive
teaching materials can assist teachers in
delivering material ~without expending
excessive energy and can enhance the
effectiveness of the learning process.

The STEAM approach in the
development of interactive  teaching
materials aims to support teachers and
students during the learning process. As the
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learning process takes place, the material
taught by the teacher is supported by images
contained in interactive teaching materials.
This aims to clarify material that is difficult
for students to understand and increase
interest and learning outcomes (Geni et al,
2020). By providing interesting learning
material, students will find it easier to
understand the material and increase their
motivation to learn, which ultimately will
impact the improvement of student learning
outcomes.

CONCLUSION

Based on the research and development
of the PjBL-based STEAM e-module, it can be
concluded that: (1) The development process of
the STEAM-based PjBL e-module includes
curriculum analysis, needs analysis, and product
design with content in Science, Indonesian
Language, and Social Studies. This e-module is
developed using the Android Studio application,
involving stages such as compiling teaching
materials, selecting formats, initial designs,
research instruments, and implementation using
Chromebooks in elementary schools. (2) The
STEAM-based PjBL e-module has been
assessed for its suitability for use by fourth-
grade elementary school students through a
validation process in three main aspects:
content, language, and design. The wvalidation
results indicate that the content suitability has an
average Aiken's V score of 0.90 (Very Valid),
language suitability obtained an Aiken's V score
of 091 (Very Valid), and design suitability
validation results show an Aiken's V score of
0.88 (Very Valid). Thus, from the validation
results of these three aspects, it can be
concluded that this e-module is suitable for use
as thematic learning material for fourth-grade
elementary school students. (3) The STEAM-
based PjBL e-module developed in this research
has proven to be effective in improving the
higher-order thinking skills and science literacy
of fourth-grade elementary school students. The
assessment of the effectiveness of the e-module
is based on the calculation of the gain score,
which shows a significant increase from the
control group (0.25) to the experimental group
(0.47), and the results of an independent sample
t-test which yield a low significance value (0.000,
sig <0.05).
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