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Abstract
Scientific literacy is one of  the abilities that encourages students to solve problems. 
Students still struggle to apply concepts to solve problems in everyday life, present-
ing a challenge for schools to develop teaching materials that train students’ scien-
tific literacy skills in analyzing and solving problems related to Science, Technolo-
gy, Engineering, and Mathematics. This study aims to analyze the characteristics, 
validity, practicality, and effectiveness of  the Sway e-module STEM Approach in 
improving students’ scientific literacy skills. E-modules on the human respiratory 
system material were developed using the ADDIE development model, with 113 
students as research subjects. The results of  the study showed that (1) The valid-
ity of  the Sway e-module STEM approach has a very valid category based on the 
assessment of  five raters. (2) Sway e-module STEM Approach have the ideal char-
acteristics that an e-module with a very good category should have. (3) STEM-
based Sway e-modules are very practical to use in the learning process. (4) Sway 
e-module STEM Approach are effective in improving students’ scientific literacy 
skills, with an average n-gain of  the experimental class of  0.50 and the control 
class of  0.29. Based on the research results, it can be concluded that e-modules 
that integrate the STEM approach and are presented using Microsoft Office Sway 
are more effective in improving students’ scientific literacy skills, especially in the 
aspect of  evaluating and designing scientific questions with indicators of  propos-
ing ways to explore scientifically the questions given, with an n-gain of  0.79.
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easier for students to learn which has an impact 
on increasing motivation and providing meaning-
ful improvements in student learning outcomes 
(Pramana et al., 2020). The use of  E-modules 
also saves more costs on procuring teaching ma-
terials with an electronic approach, so that they 
are easier to use and have a very long storage pe-
riod (Qatimah & Mulyadi, 2022). One of  the ap-
plications that can help package E-Modules to be 
a teaching material that attracts students’ interest 
in reading is Microsoft Office Sway.

Microsoft Office Sway can help teachers 
produce creative two-way learning media with-
out having to download special applications, 
this is because Microsoft Office Sway is easy to 
reach via web without taking up storage media on 
computer, laptop, or device (Ardian et al., 2020). 
Developing e-modules Sway can facilitate use of  
teaching materials, students can study material re-
peatedly without being limited by time and place, 
this will increase students’ opportunities to hone 
scientific literacy skills (Atdhini et al., 2023).

The implementation of  E-LKPD with a 
STEM approach by improving the scheduling 
of  learning implementation time is the most ap-
propriate action to foster literacy, numeracy and 
science skills (Syaifudin, 2022). Pratiwi & Rach-
madiarti (2022) revealed that e-book STEM ap-
proach has been proven to be valid and feasible 
for training science literacy skills. Hutomo (2022) 
revealed that the e-module STEM approach is 
very suitable to be used as an alternative learning 
resource to improve the literacy skills profile of  
students. This is in line with the findings Prasetyo 
et al. (2021), who revealed that students’ learning 
outcomes and science literacy skills increased af-
ter implementing e-modul STEM approach.

Previous studies have analyzed the valid-
ity, practicality, and feasibility of  e -LKPD and 
e - books STEM approach, but no one has devel-
oped an e-module STEM approach. The novelty 
of  this study is that it has the additional objec-
tive of  analyzing the effectiveness e-modul Sway 
STEM approach in improving students’ scientific 
literacy skills in the Human Respiratory System 
material. The choice of  teaching materials in 
the form of  e-modules is because e-modules are 
teaching materials that are equipped with activity 
guides that guide students independently to train 
students’ scientific literacy skills, so that they can 
not only instill concepts but also train students’ 
psychomotor skills and scientific literacy skills. In 
addition, this e-module is also equipped with self-
evaluation to measure students’ understanding of  
each material, so that students can know extent 
of  their understanding of  material being studied.

INTRODUCTION

The 5.0 community era requires students to 
be able to adapt in exploring creative-imaginative 
ideas, designing creative products, and produc-
ing technological products that are beneficial for 
the community and the environment (Suyidno et 
al., 2020). Scientific literacy has received more 
attention as a primary goal of  science educa-
tion because scientific literacy encourages critical 
thinking, the creation of  scientific evidence, and 
problem-solving skills (Alwaqfi & Saleh, 2023). 
Scientific literacy is a skill every human being 
must have because scientific literacy helps indi-
viduals solve modern community problems that 
follow development of  science and technology, 
and social problems (Pujiati, 2019). Indonesian 
students scored 359 points in reading on the 2022 
Programme for International Student Assess-
ment (PISA), well below average score for OECD 
member countries, which ranges from 472 to 480 
points (OECD, 2023). Indonesia’s 2022 PISA re-
sults showed a science score of  383, 102 points 
lower than the OECD average (OECD, 2023).

The STEM approach is an effective ap-
proach to improving scientific literacy skills. Ac-
cording to Ramulumo (2025), students in STEM-
focused schools demonstrate significantly higher 
levels of  scientific literacy and are more cogni-
tively prepared to engage with scientific ideas. 
Ramulumo (2025) emphasized that the STEM 
approach is crucial for developing scientific rea-
soning and equipping students with cognitive 
tools for lifelong learning. This is in line with the 
statement of  Nistilawati and Satriawan (2025) 
who stated that STEM-based learning is effective 
in improving scientific literacy because STEM in-
tegrates conceptual understanding with scientific 
skills through contextually oriented learning ac-
tivities and problem-solving.

Teaching materials are one of  the learning 
resources that support teachers in presenting ma-
terials to students to digest the material, so it is im-
portant for teachers to prepare teaching materials 
that are in accordance with the needs of  students 
(Wulansari et al., 2018). Students need teaching 
materials that can be used online, simple, adap-
tive, and independent so that students are able to 
practice scientific literacy skills to solve problems 
in real life and prepare themselves to face world 
challenges (Kimianti & Prasetyo, 2019).

E-modules can be selected as one of  the 
best teaching materials to improve students’ un-
derstanding because they are easy to use and have 
an eye-catching appearance Catching, and the 
language used is very friendly, so that it makes it 
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Respiratory System material is abstract 
material, but it is very closely related to lives of  
students.  Abstract material is material that can-
not be seen, touched, or experienced directly 
by the five senses, but can only be understood 
through thought and concepts. This material of-
ten relates to ideas, concepts, or principles that 
require higher-level thinking processes to un-
derstand. In addition, the topics raised in the e-
module in this study related to the still hot social 
issue, namely Covid-19 pandemic which attacks  
respiratory organs of  the lungs. E-module which 
was developed in this study also discusses social 
topics related to cigarettes, as we know cigarettes 
are familiar items for high school students. By 
studying e-module it is expected that students 
have knowledge about dangers of  smoking and 
can then make conscious and independent deci-
sions to maintain health of  respiratory organs. 
Raising social issues in e-modules this can in-
crease students’ interest in reading, so it is hoped 
it can improve students’ scientific literacy skills.

Students still have difficulty applying ab-
stract concepts to solve problems in everyday 
life, so this is a challenge for schools to provide 
teaching materials that can train students’ scien-
tific literacy skills in analyzing and solving prob-
lems related to Science, Technology, Engineering, 
and Mathematics. This study aims to analyze the 
characteristics, validity, practicality and effective-
ness of  the STEM-approach Sway e-module in 
improving students’ scientific literacy skills.

METHOD 

This research is development research 
using the ADDIE development model. This re-
search aims to analyze the characteristics, vali-
dity, practicality, and effectiveness of  the Sway 
e-module STEM approach to improve the scien-
tific literacy skills of  high school students. The 
scientific literacy competencies studied consist 
of  explaining scientific phenomena, evaluating, 
and designing scientific questions, and interpre-
ting data and evidence scientifically. The ADDIE 
model was schematized by Branch as a learning 
system design in Figure 1. 

Figure 1. ADDIE Model Scheme
(Source: Rayanto & Sugianti, 2020)

Characteristic analysis Sway e-module 
STEM approach conducted by distributing ques-
tionnaires to 10 Biology teachers. Data collecti-
on techniques to measure the characteristics of  
e-modules based on the Likert scale. The formula 
used is as follows.

Information:
Kindergarten  : Characteristic Level
TS

-e
                  : Total empirical score

TS
-max                         

: Total maximum expected score

The average percentage of  characteristics 
obtained was then interpreted using Table 1 (Wu-
landari et al., 2022).

Table 1. Characteristic Criteria Based on Per-
centage

Percentage (%) Interpretation

85 % ≤ TK ≤ 100 % Very good

70 % ≤ TK < 85 % Good

60 % ≤ TK < 70 % Enough

50 % ≤ TK < 60 % Not enough

0 % ≤ TK < 50 % Less than once

The validity test was processed by referring 
to the Aiken’s V statistical formula sourced from 
Suci & Zainul (2023) as follows. 

Information:

V : Validity index of  Aiken

S : r – lo

r : Value given by the validator

lo : Lowest value in validity assessment

c : Highest value in validity assessment

n : Total number of  validators

Writer set p value < 0.01, which means al-
lowing a 1% error opportunity with 5 raters and 
5 scale options, the V table value is set at 0.90.

Data collection techniques to measure the 
percentage of  validity of  e-modules based on the 
Likert scale obtained from the validation sheet. 
The formula used is as follows. 

V                      : Validity
TS

-e
                  : Total empirical score

TS
-max                         

: Total maximum expected score
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The average percentage of  validity ob-
tained was then interpreted using Table 2. (Ridu-
wan, 2015).

Table 2. Validity Criteria Based on Percentage

Percentage Interpretation

81 % – 100 % Very Valid

61 % – 80 % Valid

4 1% – 60 % Quite Valid

21 % – 40 % Less Valid

0 % – 20 % Invalid

Practicality analysis Sway e-module 
STEM approach is done by 5 teacher. The results 
of  practicality observations based on question-
naire instruments using the Guttman model cri-
teria with the answers ”Yes” and ”No” are then 
interpreted based on the Guttman scale. The cal-
culation of  the percentage of  data obtained using 
the formula. 

Average percentage of  practicality ob-
tained was then interpreted using Table 3 (Ridu-
wan, 2011).

Table 3 Practicality Criteria Based on Percentage

Percentage Interpretation

81 % – 100 % Very Practical

61 % – 80 % Practical

4 1% – 60 % Practical Enough

21 % – 40 % Less practical

0 % – 20 % Not Practical

Product implementation was carried out 
to analyze effectiveness of  the Sway e-module 
STEM approach to improve students’ scientific 
literacy skills. Implementation was carried out in  
experimental class and control class, with a total 
of  113 students. The experimental class is a class 
that uses e-modules Sway STEM approach on the 
Human Respiratory System Material, while the 
control class is a class that uses a conventional 
module STEM approach. The product implemen-
tation design used in this study is Pretest-Posttest 
Control Group Design. The sampling technique 
used is purposive sampling. Where sampling is 
done with certain considerations , including stu-
dents having the same average cognitive ability, 
classes are taught by the same teacher and classes 
have the same schedule, namely in the morning.

Science literacy is measured using a test 
instrument based on the Minimum Competency 
Assessment (AKM) consisting of  30 questions, 
with simple multiple choice questions, complex 
multiple choice questions and essays. The questi-
ons used have contained 10 indicators of  scienti-
fic literacy studied, with the provision that there 
are 3 questions for each indicator of  scientific li-
teracy. The scientific literacy indicators that are 
measured include:

1. Recalling and applying appropriate scien-
tific knowledge

2. Identifying, using, and generating clear 
models and representations

3. Making and justifying appropriate predic-
tions

4. Explaining the potential impact of  scien-
tific knowledge on society

5. Identifying questions from a given scien-
tific inquiry

6. Proposing ways to explore a given ques-
tion scientifically

7. Evaluating ways to explore a given ques-
tion scientifically

8. Transforming data from one representa-
tion to another

9. Analyzing data from one representation 
to another

10. Evaluating scientific arguments and evi-
dence from a variety of  sources

Pre-test and post-test result data from the 
experimental and control classes were analyzed 
using SPSS 24.0 software by conducting norma-
lity tests, homogeneity tests, Mann Whitney U 
tests and n-gain tests to determine the effective-
ness of  the product.

RESULT AND DISCUSSION

Characteristics of Sway E-modules with a 
STEM Approach

Based e-module on the human respiratory 
system material is packaged digitally using a web-
site-based application, Microsoft Office Sway, 
which can be accessed using gadgets, computers, 
or tablets with a stable internet connection by 
simply opening a link via a browser or scanning a 
QR without having to download files so as not to 
increase the storage capacity on the device. The 
cover and QR e-module display can be seen in 
Figure 2.
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Figure 2. The display Cover and QR E - Module

The ideal characteristics that an e-module 
should have include self  instructional, self  con-
tained, stand alone, adaptive and user friendly, 
and one additional characteristic of  the writer, 
namely self  evaluation. Table 4 shows the per-
centage data of  the characteristics of  the Sway e 
-module approach STEM.

Table 4. Results of  E-Module Characteristic Test

Characteristics 
Assessed

Percentage Category

Self-Instruction 98% Very good

Self-Contained 98% Very good

Stand Alone 96% Very good

Adaptive 97% Very good

User Friendly 97% Very good

Self  Evaluation 96% Very good

Average 97% Very good

E-module characteristic test results Sway 
Approaching STEM obtained a very good catego-
ry. This e-module is a teaching material that can 
guide the learning process independently because 
it is equipped with learning achievements and ob-
jectives, instructions for use, STEM features and 
mapping and aspects of  scientific literacy, and 
concept maps. Students can learn independently 
and know what they need to master to achieve 
learning objectives. This is in line with Lastri’s 
statement (2023) that e-modules can measure stu-
dents’ level of  understanding independently , so 
that teachers and students can know which parts 
have been completed and which have not been 
completed.

This e-module contains complete and in-
tact learning materials, namely about Human 
Respiratory System. The integrity of  material 
in the e-module can be seen in the Respiro-Fact 
feature Respiro - Concept and Respiro - Think in 
Figure 3.

Figure 3. Respiro-Fact, Respiro-Concept and an 
Respiro-Think

Respiro-Fact, contains interesting facts re-
lated to the concept of  the human respiratory sys-
tem in everyday life presented in an infographic 
and simple practical video about the dangers 
of  smoking. Respiro-Concept, contains expla-
nations of  scientific concepts about the system. 
Respiration in humans which is presented in the 
form of  images, animations, videos, and short ex-
planations using simple language. Respiro-Think 
, contains videos related to the relationship bet-
ween the respiratory process and Boyle’s Law 
which directs students to analyze mathematical 
and physical concepts in the mechanism of  hu-
man respiration which directs students to practice 
their ability to explain phenomena scientifically.

E-modul this has fulfilled the characteris-
tics of  self  contained, with the Respiro-Fact, 
Respiro-Concept, and Respiro-Think. Yatin et al. 
(2023) self  contained in the e-module contains 
content-rich material in the form of  visual ima-
ges, so that it is clear to understand and enjoyable 
for students. Wulansari et al. ( 2018) reinforce by 
stating that the e-module is an organized teach-
ing material which can describe the material in 
a structured way so that students can easily learn 
material. Kimianti & Prasetyo (2019) stated that 
e-modules is a teaching material supports scienti-
fic literacy skills so that students are able to find 
solutions when encountering problems in real life 
and facing world issues. This is in accordance 
with Respiro-Fact feature which contains pheno-
mena in everyday life by presenting information 
related to the ”Dangers of  Smoking” in the form 
of  infographics and simple practical videos about 
the dangers of  smoking. E-modul a good one 
must also be able to stand alone, so that it does 
not require other supporting teaching materials. 
Characteristics stand alone reflected in Respiro - 
Activity feature which can be seen in Figure 4. 

Figure 4. Respiro - Activity
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Respiro - Activity contains activities that 
train students to design an infographic based on 
the results of  exploration and evaluation of  a 
scientific article, this activity can train scientific 
literacy skills in designing and evaluating scien-
tific investigations. This shows that the e-module 
Sway approach STEM not only contains learning 
materials, but is equipped with student activities 
that train students’ scientific literacy skills. In line 
with Wulansari et al. (2018) stated in the e-modu-
le There are learning activities that direct students 
to be active as learning centers. E-module Sway 
The STEM approach can be used independently 
because apart from containing complete material, 
the e-module also equipped with learning activi-
ties that train students’ scientific literacy skills .

Sway e-module approach STEM  packa-
ged digitally using a website -based application 
, Microsoft Office Sway, which can be accessed 
using gadgets, laptops, tablets or computers. This 
e-module can be accessed online without having 
to download the materials and media contained 
therein, so it does not fill up the memory of  the 
electronic device used. This shows that e-modul 
Sway approach STEM in the human respiratory 
system material has adaptive and user-friendly 
characteristics, because its use is in accordance 
with technological developments and is easily 
accessible. Azaly & Fitrihidajati (2022) stated 
that teaching materials using the Microsoft Of-
fice Sway approach can be accessed simply by 
opening the link via a browser without having 
to download the file so that it does not increase 
the storage capacity on the device . The research 
results of  Atdhini et al. (2023) confirm that e-
modules approach Microsoft Sway as Learning 
resources are easy to access, so that students can 
learn anytime and anywhere .

E-modul Sway approach This STEM has 
fulfilled the ideal characteristics that an e-module 
should have. with a very good category. Further-
more, the e-module is implemented in the lear-
ning process to determine the practicality and ef-
fectiveness of  the Sway e-module with a learning 
approach. STEM to improve students’ scientific 
literacy skills.

Validity of Sway E-module with STEM Ap-
proach

Results of  validity analysis of  e-module 
items Sway approach STEM using Aiken’s V 
formula shows the average value of  35 statement 
items in the questionnaire that has been filled by 
5 raters included in the valid category. The as-
sessment of  the validity of  the E-Module inclu-
des several aspects, including aspects of  content, 

language, presentation, STEM, science literacy, 
appearance and use of  the E-Module . Table 5 
shows the percentage data of  the validity of  the e- 
Module. module Sway approach STEM in every 
aspect assessed.

Table 5. E-module Validation Results

Rated Aspect Percentage Category

Content Eligibility 96% Very Valid

Language Eligibility 93% Very Valid

Presentation Eligi-
bility

96% Very Valid

STEM 94% Very Valid

Science Literacy 96% Very Valid

Appearance 95% Very Valid

Use 96% Very Valid

Average 95% Very Valid

Based on the validation results by five ra-
ters , consisting of  two expert lecturers and three 
Biology teachers, the validity results of  all aspects 
obtained a very valid category. This happened 
because the process of  making the e-module had 
gone through stages of  developing teaching mate-
rials in accordance with the development model 
that had been determined by the author. which is 
valid. This e-module has undergone a process of  
improvement based on direction and input from 
the raters. The aspects that have been improved 
include , aspects of  language feasibility, aspects 
of  presentation feasibility, STEM aspects and as-
pects of  the appearance of  the e-module . After 
the author made improvements to the e-module 
, the author communicated the results of  the 
improvements to the raters so that the resulting 
e-module changed for the better.

The use of  simple and easy-to-understand 
language in e-modules can help students in using 
e-modules . Therefore, e-modules must be com-
posed using simple language . Azaly & Fitrihida-
jati (2022) stated that e-modules that use Micro-
soft Office media Sway using sentences that are 
easy to understand , so that it becomes one of  
the attractions for students to use e-modules with 
Microsoft Office media. Sway . This finding is 
reinforced by the research results of  Yatin et al. 
(2023) who paid attention to the provisions for 
using language in loading e-modules, including 
using language that is equivalent to the level of  
cognitive maturity. learners .

The presentation of  e-modules equipped 
with learning flows, explanations of  e-module 
features and clear instructions for completing 
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evaluation questions can help students under-
stand clear instructions so that e-modules can be 
used independently while at school, at home or 
anywhere . Lastri (2023) stated that use E-modu-
les have a positive impact because they support 
students in understanding the material better, this 
is because e-modules are equipped with expected 
learning objectives , students can learn anytime 
and anywhere. where even.

Figure 5. STEM Approach Practical Video

Sway e-modules with a STEM approach 
must highlight the STEM aspects in them. The 
STEM aspects in the e-module can be seen in the 
presentation of  STEM-approach practicum vide-
os (Figure 5) and infographics (Figure 6). 

Figure 6. Infographics STEM approach

The video shown contains a tutorial on 
making a lung demonstration tool when smoking 
a cigarette, explaining the harmful substances 
contained in cigarettes and how the concept of  
pressure differences can cause cigarettes to be 
sucked into the artificial lungs. The presentation 
of  this learning video is a work that follows the 
development of  science and technology, so it is 
expected to be able to increase students’ aware-
ness in facing life’s challenges so that they are 

able to make wiser decisions to maintain the 
health of  the respiratory system. Kimianti & Pra-
setyo (2019) states that e-modules support scien-
tific literacy skills so that students are able to find 
solutions when encountering problems in real life 
and facing world issues. Furthermore Widya et 
al. (2019) explains that students will become indi-
viduals who have self-regulation skills, are able to 
produce creative answers to every problem with 
logical reasoning and have expertise in the field 
of  technology.

The infographics presented are the visu-
alization results of  several scientific articles pre-
sented in the form of  images and diagrams and 
equipped with harmonious colors, so that it will 
increase students’ interest and motivation to read. 
This finding is in accordance with the characteris-
tics of  e-modules conveyed by Raqzitya & Agung 
(2022) that the presentation of  material in the 
form of  interesting learning photos and videos 
can encourage students’ enthusiasm for learning. 
Raqzitya & Agung (2022) emphasized that mate-
rial presented in written form and cannot be seen 
directly will be difficult to understand, so it needs 
to be transformed into images so that the material 
can be conveyed properly.

Figure 7. Overall View of  E-Module Before 
Revision (Left) and After Revision (Right)

The appearance of  the e-module is an at-
traction for students; therefore, the e-module 
must be designed with a harmonious color com-
position, appropriate image layout and display 
various media such as images, animations, and 
videos. This is in line with the statements of  Raq-
zitya & Agung, 2022; Wulansari et al. (2018) that 
the presentation of  material in the E - Module 
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is able to raise the determination of  students be-
cause it is equipped with interesting interactive 
media such as images, videos, audio, animations 
and interactive features. The appearance of  the 
e-module before and after revision can be seen in 
Figure 7.

The results of  the improvements to the E-
Module have produced the Sway e-module. ap-
proach STEM is very valid based on the assess-
ment of  five raters. So that the Sway e-module 
approach STEM is suitable for use in the learning 
process.

Practicality of Sway E-module with STEM 
Approach

Practicality assessment of  the Sway e-
module using a learning approach STEM based 
on several aspects, namely ease of  understanding 
sentences, practicality in operation, ease of  un-
derstanding material, and ease of  self-evaluation. 
Table 6 shows the percentage data of  the prac-
ticality of  the Sway e-module approach STEM.

Table 6. Results of  the E-Module Practicality 
Test

Rated aspect % Category

Ease of  Understanding 
Sentences

100% Very Practical

Practicality of  Opera-
tion

100% Very Practical

Ease of  Understanding 
Material

100% Very Practical

Ease of  Self-Evaluation 100% Very Practical

Average 100% Very Practical

The results of  the practicality test of  the 
Sway e-module approach STEM get very prac-
tical category. Sway e-module STEM approach 
has a sentence structure that is easy to understand 
and user-friendly because it is easy to access using 
gadgets, laptops, computers or tablets with a stab-
le internet connection, making it easy for students 
to understand the material. This is in line with 
Azaly & Fitrihidajati (2022) stated that students 
can understand the material and develop their 
skills in the learning process because the teaching 
materials use the Microsoft Office Sway approa-
ch. have precise concepts, facts, illustrations and 
clear definitions of  the material and do not give 
rise to misunderstandings. Wulansari et al. (2018) 
states that e-modules are electronic versions of  
modules that can be accessed via electronic de-
vices such as computers, laptops, tablets or even 
smartphones. Furthermore, Azaly & Fitrihidajati 

(2022) states that teaching materials are based on 
an approach Microsoft Office Sway can be ac-
cessed simply by opening the link via a browser 
without having to download the file so it does not 
increase the storage capacity on the device .

Kimianti & Prasetyo (2019) stated that e-
modules are teaching materials that can be acces-
sed online, are easy to use independently, thus en-
couraging students’ scientific literacy skills so that 
they can produce solutions to every real problem 
and to equip them in facing world challenges. At-
dhini et al. ( 2023) stated that the e-module teach-
ing materials developed were based on Microsoft 
Sway. valid, practical, and quite effective.

The Effectiveness of Sway E-module with 
STEM Approach to Improve Science Literacy 
Skills

Science literacy skills are tested through 
the implementation of  a pretest and posttest. The 
aspects of  this study focus on the scientific lite-
racy aspects of  the competency domain. science 
consisting of  three aspects, namely explaining 
scientific phenomena, evaluating and designing 
scientific questions, and interpreting data and 
evidence scientifically. The three aspects consist 
of  ten indicators of  scientific literacy skills. The 
ten indicators of  scientific literacy are imple-
mented in 30 questions tested, each indicator of  
scientific literacy consists of  3 questions. Figure 8 
shows the average pre-test and post-test scores of  
students’ scientific literacy skills obtained in the 
experimental and control classes.

Figure 8. Average Pre-test and Post-test Scores of  
the Experimental Class and the Control Class

The average post-test scores in the experi-
mental and control classes showed an increase, in-
dicating that STEM-based learning implemented 
in teaching materials can improve students’ scien-
tific literacy skills. Purnomo et al. (2023) revealed 
that integrating STEM into learning activities can 
improve scientific literacy skills because STEM 
provides opportunities for students to identify 
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real-life problems. Nilyani et al. (2023) confirmed 
that STEM-based learning has a significant im-
pact on students’ scientific literacy and critical 
thinking skills. Furthermore, Putri et al. (2022) 
revealed that students’ scientific literacy and con-
ceptual understanding can be improved by using 
a STEM approach during the learning process. 

Learning will be more interesting and student-
centered if  the STEM approach is implemented 
in learning activities.

The average data of  n-gain value of  scien-
tific literacy skills for each indicator in the know-
ledge and competency domains of  experimental 
and control classes can be seen in Figure 9.

Indicator Description: 

1. Recalling and applying appropriate scientific knowledge

2. Identifying, using, and generating clear models and representations

3. Making and justifying appropriate predictions

4. Explaining the potential impact of  scientific knowledge on society

5. Identifying questions from a given scientific inquiry

6. Proposing ways to explore a given question scientifically

7. Evaluating ways to explore a given question scientifically

8. Transforming data from one representation to another

9. Analyzing data from one representation to another

10. Evaluating scientific arguments and evidence from a variety of  sources

Figure 9. N-Gain Values for Each Science Literacy Indicator

The average n-gain of  the experimental 
class’s scientific literacy skills is in the medium 
category and the control class’s is in the low ca-
tegory. Although the average n-gain of  the expe-
rimental class is in the medium category, the ave-
rage n-gain of  the experimental class’s scientific 
literacy skills is greater than that of  the control 
class. This is due to the use of  the Sway e-module 
with a STEM approach. in the experimental class 
can improve students’ literacy skills

better. This proves that the choice of  met-
hod of  presenting teaching materials affects stu-
dents’ literacy skills. Fuadi et al. (2020) stated 
that students have difficulty understanding the 
material because scientific literacy is only taught 
through textbooks without linking it to the real-
life context of  students, so it has not fully touched 
the souls of  students. In addition, the results of  

the study by Dayu et al. (2024) confirm that in-
tegrating Microsoft Sway into educational prac-
tices can significantly improve independent lear-
ning, leading to better academic outcomes and 
equipping students with the skills needed to solve 
complex problems in real-world situations.

The lowest average post-test scores for the 
experimental and control classes were in the as-
pect of  explaining scientific phenomena, parti-
cularly with the indicators of  identifying, using, 
and producing clear models and representations. 
To support students in this area, the Sway e-mo-
dule with a STEM approach includes activities 
targeting these skills, specifically in the Respiro-
Concept and Respiro-Think features. In Respiro-
Concept, students study the material through 
short descriptions, images, and videos. Next, in 
Respiro-Think, students watch videos of  the hu-
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man respiration mechanism to analyze the rela-
ted mathematical and physical concepts.

Activities in the Respiro-Concept and 
Respiro-Think features are dominated by reading 
materials in the form of  images and by watching 
several learning videos from YouTube. These vi-
deos are presented in English with Indonesian 
subtitles. Some students had difficulty reading 
the translated text. Others did not see the instruc-
tions in the e-module to activate translation 
mode on YouTube. Some students could read the 
translated text but had difficulty understanding 
the sentences provided by YouTube’s automatic 
translation feature. According to Zahara et al. 
(2024), findings from YouTube’s translation fea-
ture showed inaccurate results, lower acceptabili-
ty, and only moderate readability. This affects the 
audience’s understanding. Therefore, the author 
considers using Indonesian-language learning 
videos in the future or, if  using English videos, 
conducting a text translation analysis first.

The experimental and control classes ex-
perienced the highest average increase in n-gain 
values on the same indicator, namely the indica-
tor proposing ways to explore scientifically the 
given questions. This occurred because the ex-
perimental and control classes experienced the 
same learning activities. Learning activities in the 
Respiro-Activity feature increased the indicator 
proposing ways to explore scientifically the given 
questions, namely when students discussed to 
analyze scientific articles and create infographics 
based on scientific articles that had been analy-
zed by students. Activities in the Respiro-Activity 
feature include Science, Technology, Engineering 
and Mathematics competencies that can improve 
students’ scientific literacy skills.

Science competencies in the Respiro-Acti-
vity feature are trained by familiarizing students 
with discussing and analyzing scientific articles 
related to the human respiratory system related to 
everyday life. Putri et al. (2024) stated that group 
discussions can help students convey arguments 
logically and support them with relevant eviden-
ce. The scientific article analyzed by students 
was related to the analysis of  the spread of  the 
Covid-19 virus in the city of  Cirebon. Covid-19 
(Corona Virus Disease 2019) is a large family of  
viruses that can cause disease in animals and hu-
mans, in humans it is known to cause respirato-
ry infections ranging from the common cold to 
more severe diseases (Ginting et al. 2023).

Technological competency in the Respiro-
Activity feature is trained by using a gadget to 
create an infographic. Technical competency in 
the Respiro-Activity feature is trained by using 

the Canva application to create an infographic in 
groups. Mathematical competency in the Respi-
ro-Activity feature is trained by producing data in 
the form of  graphs or diagrams based on the re-
sults of  the analysis of  the spread of  the Covid-19 
virus in each sub-district of  Cirebon City. This 
proves that there is a relationship between acti-
vities in the Respiro-Activity feature and STEM 
which can improve scientific literacy skills. This 
is in line with Nistilawati and Satriawan (2025) 
who stated that STEM-based learning is effective 
in improving scientific literacy, because STEM 
integrates conceptual understanding with scien-
tific skills through contextually oriented learning 
activities and problem-solving. Purnomo et al. 
(2023) stated that integrating STEM into lear-
ning activities can improve science literacy skills 
because STEM provides opportunities for stu-
dents to identify real-life problems. Ramulumo 
(2024) confirmed the statement of  Purnomo et 
al. (2023) that students exposed to STEM educa-
tion showed higher levels of  visual and scientific 
literacy . Astuti et al. (2023) stated that the STEM 
approach can improve students’ scientific literacy 
and creativity. Astra et al. (2023) and Ilma et al. 
(2023) supports previous findings, that the appli-
cation of  STEM- based teaching materials is very 
helpful in improving students’ scientific literacy.

The average n - gain value of  the experi-
mental class in the aspect of  evaluating and de-
signing scientific questions with the indicator of  
proposing ways to explore scientifically the ques-
tions given is included in the high category, while 
the control class is included in the medium cate-
gory. This is due to the difference in the teaching 
material media provided to the experimental and 
control classes, the experimental class uses the 
Sway e-module with a STEM approach , while 
the control class uses a conventional module with 
a STEM approach . The use of  the Sway e-modu-
le with a STEM approach succeeded in providing 
a higher average increase in n-gain values because 
it is more interesting and motivating for students. 
This is in line with the statement of  Raqzitya & 
Agung ( 2022 ) which states that e-modules can 
encourage students’ enthusiasm and increase 
students’ curiosity to continue trying and honing 
their abilities through practice questions to deve-
lop students’ interests. Dayu et al. (2024) stated 
that integrating Microsoft Sway into educational 
practices can significantly improve self-directed 
learning, leading to better academic outcomes 
and equipping learners with the skills necessary 
for complex problem solving in real-world situ-
ations. Platini et al. (2022) stated that interactive 
e-modules using the Microsoft Office Sway ap-
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proach are suitable for use in improving litera-
cy . Yatin et al. (2023) confirms that the average 
posttest score for students’ scientific literacy and 
numeracy abilities has increased after studying 
using e-modules with a STEM approach.

The results of  the work of  students in the 
experimental and control classes in the form of  
infographics containing information about the 
spread of  the Covid-19 virus in the city of  Cire-
bon can be seen in Figure 10.

Figure 10. Infographic of  the Experimental 
Class’s Work Results (Left) and the Control 
Class’s Work (Right)

The Respiro-Activity in the e-module di-
rects students in groups to analyze a scientific 
article about the spread of  the Covid-19 virus in 
Cirebon. The results of  the students’ analysis are 
then interpreted in an infographic created using 
the Canva application. Figure 4.30 shows the in-
fographic created by the experimental class (left) 
and the control class (right). There are differen-
ces between the experimental and control class’s 
work. The experimental class’ infographic inclu-
des a bar chart showing Covid-19 transmission 
in each sub-district in Cirebon, while the control 
class’ infographic does not.

The infographics created by the experimen-
tal and control classes in Figure 8 demonstrate 
the students’ ability to interpret written data into 
images with concise explanations, graphs, and 
a more engaging display. The group activity of  
creating the infographics fostered scientific litera-
cy and creativity in designing infographics using 
the Canva application. This activity also fostered 
cognitive, psychomotor, and affective skills. This 
is in line with Pratama et al. (2025) who stated 
that the project-based STEM approach trains stu-
dents to work together in groups to develop ideas, 
solve problems using media projects, and draw 

conclusions based on data analysis from inves-
tigations. Astuti et al. (2023) confirmed that the 
STEM approach can improve students’ scientific 
literacy and creativity.

CONCLUSION

E-modules that integrate the STEM ap-
proach and are presented using Microsoft Office 
Sway are more effective in improving students’ 
scientific literacy skills. The effectiveness test in 
the experimental class obtained significant re-
sults compared to the control class in improving 
scientific literacy skills, especially in the aspect of  
evaluating and designing scientific questions with 
indicators proposing ways to explore scientifical-
ly the questions given. Activities in the Respiro-
Activity feature contain Science, Technology, 
Engineering and Mathematics competencies that 
can improve scientific literacy skills, especially in 
the indicator suggests a way to scientifically exp-
lore the given question. This proves that there is 
a relationship between activities in the Respiro-
Activity feature and STEM which can improve 
scientific literacy skills. This study focuses on the 
scientific literacy skills of  the competency do-
main. science consists of  three aspects, namely 
explaining scientific phenomena, evaluate and 
design scientific questions, and interpret data and 
evidence scientifically. It is recommended to con-
duct research that focuses on other domains, such 
as context, knowledge and attitude domains. The 
goal is to obtain comprehensive analysis results 
for each domain of  scientific literacy skills.
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