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Abstract

The development of STEM-PjBL based E-Modules reaction rate material is an innovation
that combines 21* century approach and learning model. The purpose of this study to
analyze the needs of students, feasibility level, practicality level, effectiveness and student
responses to STEM-PjBL based E-Modules. The method used is Research and
Development with the 4D (Define, Design, Develop, Disseminate) development model.
The research sample were students of class XI-1 SMAN 1 Kisaran. Tests, questionnaires
and interviews were used to analyze the data. The results showed that 69.7% of the
students had difficulty in understanding the response rate and 87.9% needed interactive
project-based teaching materials. The e-modules feasibility test showed an average kappa
moment of 0.84 (very high), practicality test an average kappa moment of 0.99 (very high),
the effectiveness obtained N-gain of 0.78 (high), and the student response test to the
STEM-PjBL based E-Modules with average kappa moment of 0.92 (very high).
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INTRODUCTION

Currently, the development of the 21% century requires students to be able to use and
manage information properly and correctly by using the Internet in the learning process. In
addition, 21* century learning also requires students to have 4C skills (Creativity, Critical
Thinking, Communication and Collaboration) so that they can guide students in problem solving
and hone their creativity, especially in the field of science such as learning chemistry (Siti Nuraeni
etal., 2019).

Chemistry is one of the materials related to everyday life that studies the composition,
structure, and properties of substances and materials from microscopic to molecular scales
(Wulandari et al., 2018). One of the materials included in chemistry is reaction rate. Reaction rate
consists of several sub-subjects such as understanding the reaction rate, collision theory, factors
affecting the reaction rate, reaction rate equation, and reaction order. According to (Musya’idah,
2016) that the reaction rate is one of the materials that includes the concept of calculation and
contains abstract material so that students find it difficult to learn.

Based on the results of the interviews with the teachers of Class XI Chemistry at SMA
Negeri 1 Kisaran, it was found that the teachers still use conventional learning models with
discussion and lecture methods. In addition, the teaching materials used for learning only use
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textbooks provided by schools, which do not include much project learning and do not integrate
STEM (Science, Technology, Engineering and Mathematics). The students' learning results on the
reaction rate material were 58.3% who did not pass the KKTP 75. This indicates that students are
having difficulty with the reaction rate material. In addition, the information obtained from the
student needs analysis in the reaction rate learning process indicates the need for project-based
learning to facilitate understanding of the concepts.

One solution to overcome these problems is to apply STEM-PjBL to the E-Modules of
reaction rate material. According to (Aulya et al., 2021) that e-modules in learning are packaged
in an attractive form because they use the role of technology and are also multiplatform that can
be accessed through mobile phones, laptops or computers and are not limited to space and time.
STEM-PjBL integrated E-Modules are structured by combining chemistry, experimental science,
or PjBL, which combines four STEM components (science, technology, engineering, and
mathematics) (Dibyantini et al., 2023). In addition, e-modules are also interactive because they
combine visualization and audiovisuals such as images, videos, audio, so they help in
understanding learning and are useful for saving paper because they are presented in electronic
form (Nisa et al., 2020).

The development of e-modules must be combined with approaches and models that are in
accordance with the 21st century. In this case, researchers integrated STEM PjBL in the E-
Modules. According to (Agung et al., 2022) STEM-PjBL can improve a more meaningful learning
process, and can explore the experience of solving real problems through practicum activities in
class. The learning process using STEM-PJBL in learning can also improve student learning
outcomes as in research (Riskayanti, 2023) that STEM-PJBL learning can complete student
chemistry learning outcomes with an increase in good learning outcomes, namely 94% complete,
with an average value of learning outcomes of 87 with a good predicate. As for the research
(Silvanny & Yerimadesi, 2023) that chemistry E-Modules based on STEM-PjBL chemistry in
phase E can improve students' understanding and learning outcomes on chemical reaction
materials. And added by research (Dibyantini et al., 2023) STEM-PjBL teaching materials are
stated to increase student learning motivation and literacy in honing knowledge on organic
compound material. Thus, appropriate approaches and models such as STEM-PjBL in learning
can lead students to explore in an activity through a project and can produce real products based
on understanding concepts (science), applying knowledge and skills (technology), designing
knowledge (engineering), and finding the right solution based on systematic data analysis
(mathematics), thus training students to be active, able to work with teams and think critically.

In the implementation of the interactive e-modules, the researcher used the help of the
corporate edition PDF flip application in the application of the STEM-PjBL based E-Modules.
According to (Cahyaningtiyas et al., 2024) flip PDF corporate edition includes a digital flipping
page publication PDF conversion development application that can create interactive learning
content with a variety of output options without requiring additional software to open documents.
This application has several advantages such as the ability to add text, links, YouTube videos,
audio, quizzes, and several other interesting features. In addition, according to (Kusuma Dewi et
al., 2023), E-Modules developed with the help of Flip PDF Corporate Edition can stimulate and
motivate students to learn, and they are not easily bored to participate in learning because of their
attractive appearance. Thus, the application of e-modules using Flip PDF corporate edition can
help develop teaching materials to be more attractive like e-modules because it provides attractive
features like a book and can be practically used without space and time limitations.

Based on the above explanation, the researchers were interested in developing a STEM-
PjBL based E-Modules to improve the learning outcomes of students’ reaction rate material.

METHODS

This research was conducted at State High School 1 Kisaran, Madong Lubis Street No.5,
Kisaran Kota, Kec. Kota Kisaran Timur, Asahan Regency, North Sumatra. The research was
conducted in the odd semester of the academic year 2024/2025. The population of the study were
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all students of class XI of State High School 1 Kisaran. The sampling used purposive sampling
technique, namely class XI-1 with 36 students.

The type of research used is research and development (R&D) development using the 4D
development model by (Thiagarajan et al., 1974) which includes define, design, develop, and
disseminate.

The instruments used are test instruments and non-test instruments. The data analysis
techniques used are interviews, questionnaires, and tests. The data analysis in the study is in the
form of a test instrument test using SPSS 27, which includes validity, reliability, level of
difficulty, and power tests. The non-test instruments consist of material and media feasibility tests,
practicality tests, student response tests using the kappa moment (k) formula, and effectiveness
tests using the N-gain formula.

According to (Boslaugh, 2008) the kappa moment formula used to tabulate non-test
instrument data is as follows.

kappa moment (k) = Do — Pe
o 1—-pe
Description:
k = Kappa moment that shows the validity of the product
P, = Realized proportion, calculated by

the amount given by the validator

° maximum amount value

P, = Unrealized proportion, calculated by
_ maximum amount — the amount given by the validator

e maximum amount

The formula for calculating Normalize Gain (N-Gain) is;
Posttest score — Pretest Score

N Gain = -
o maximum score — Pretest Score
The following is the research procedure used;

Define » Design =Y Develop =Y Desseminate
3 ¥ ¥ , 3 ‘

1. Eront end | | 1. Test preparation 1. Feasit_)ility test by 1. Test the

analysis 2. Media selection material  expert effectiveness  of
2. Learners 3. E-module and media STEM-PjBL

analysis format selection experts based E-Modules
3. Concept 4. Preliminary 2. Practicality of E- 2. Dessemination of

analysis design Modules by STEM-PjBL
4. Task analysis \ ) teachers based E-Module
5. Goal analysis 3. Student response final product

Figure 1. Research procedures

FINDING AND DISCUSSIONS

The STEM-PjBL based E-Modules on reaction rates was developed using the 4D (Four D)
development model, which includes the steps of define, design, develop, and disseminate.
1. Define

At this stage, a field analysis is carried out, which is divided into several stages, including
(1) Front-end analysis in the form of interviews with teachers regarding the use of learning
models, variations in teaching materials and learning media used in learning, and finding out the
results of summative assessments of students' reaction rates. (2) Student analysis, it is known that
about 69.7% of the students have difficulty in understanding the reaction rate material because
they feel bored and the media used is not interesting. Through the completion of the needs

Pedagogi: Jurnal limu Pendidikan
Open Access Journal; http://pedagogi.ppj.unp.ac.id/



Vol 25 No 1 (2025) 175

analysis questionnaire, it is known that about 87,9% of students need interactive teaching
materials to facilitate the understanding of concepts, and project-based materials such as STEM-
PjBL based E-Modules, which are equipped with pictures, videos, quizzes, and supported by the
application of practice/project based learning to facilitate the understanding of concepts related to
everyday life, as well as evaluation questions to measure students' abilities after studying reaction
rates. (3) Conceptual analysis in the form of an explanation of the sub-material that will be
elaborated in the e-modules, such as the concept of reaction rate, collision theory, factors that
affect the reaction rate, and the reaction rate equation and reaction order. An analysis of important
concepts is conducted before the creation of teaching materials, because in the creation of teaching
materials, it is necessary to ensure that the material presented in the research process has a
systematic structure and facilitates student learning (Harjanto et al., 2023). (4) Analysis of tasks
that include learning outcomes according to the expectations to be achieved in the independent
curriculum, one of which is that students can perform chemical calculations and can apply
chemistry in various areas in everyday life and can strengthen the profile of Pancasila. (5)
Analysis of objectives made based on concept and task analysis, in this case the researcher
formulates learning objectives that students will achieve after learning using STEM-PjBL based
E-Modules for reaction rate. The analysis of objectives has a very important role because at this
stage it is hoped that students will become more active in the learning process because the
formulated objectives refer to predetermined learning outcomes and are in accordance with the
characteristics of students (Harjanto et al., 2023).
2. Design

The design stage is divided into four parts, such as the preparation of the test, the selection
of the media, the selection of the format and the initial design. In preparing the benchmark test,
the researcher used 40 multiple-choice questions with a cognitive level of C1-C5. After that, the
questions were validated and tested on a grade XII class at SMA Negeri 1 Kisaran. Then the
results obtained were tabulated using SPSS 27. The results showed that there were 25 valid
questions with a Cronbach's Alpha reliability of 0.886 and the test was declared reliable. This is in
accordance with the opinion (Sujarweni, V. W., & Utami, 2023) that a test can be said to be
reliable if the Cronbach's alpha value is > 0.70. However, only 20 questions were used in the study
and they already contained all the learning objectives. In the selection of media, the researcher
used several media to assist in the preparation of the developed E-Modules, such as canva,
microsoft word, and flip PDF corporate edition. As stated by (Irkhamni et al., 2021) Canva is one
of the applications that can create interesting learning media because there are many design
options. In addition, microsoft word also helps in creating tables, formulas, and calculations in the
e-modules because it is one of the Windows operating systems that provides convenience in word
processing (Rachmawaty et al., 2023). And the application used to make the e-modules display
more attractive, the researcher used the help of flip PDF corporate edition application, which is a
PDF development application that can support the application of digital teaching material
animations equipped with images, videos, audios, and texts in the form of a flip with the help of
laptops, computers, and handphone (Nisa et al.,, 2020). The combination of these three
applications can produce interesting and interactive learning materials, such as STEM-PjBL based
E-Modules. Furthermore, in the choice of format, the researcher used several types of fonts to
distinguish between the cover, sub-chapters of the material, and also the content of the material.
The cover uses Archivo Black, Shrickland, Garet and Open Sans fonts. The sub-material uses
Cooper BT and Canva Sans fonts. Meanwhile, the content uses the Times New Roman font with a
size of 12. In addition, the researcher also uses a balanced color composition in the e-modules
with several colors, this is intended to make the reader not get bored easily and give an interesting
impression to the reader. This is in line with the opinion (Damayanti et al., 2020) that the presence
of color in the presentation of material such as teaching materials will encourage students to study
the material and make the delivery of information in learning more lively. As for the initial design,
the researcher made an e-modules design which is structured as follows;
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(1) Opening Section

E-MODUL

STEM-PjBL
emrsrers

Figure 2. Front cover

The cover depicts the idea of reaction rate by combining the four STEM fields (Science,
Technology, Engineering, and Mathematics).
(2) Content Section
. 8§ cience it

Figure 3. STEM materials and concepts

In the content section, the researcher presents material consisting of several relevant
reading sources so that it can be easily understood by the reader and is supplemented by four
STEM (Science, Technology, Engineering and Mathematics) subjects that can broaden the
students' horizons in deepening the material on each subtopic of reaction rate. In addition, this
e-modules is also equipped with accessible images and links, YouTube videos, quizzes, and
LKPD links that can be accessed in Engineering in several sub-chapters.

(3) Closing part

Figure 4. Author biography and cover art

The final section of this e-modules consists of a summary of the reaction rate material, a
summative assessment, a glossary, a bibliography, the periodic table of elements, and the
author's biography.

3. Develop

The development stage is divided into 2, namely expert appraisal and developmental testing.
According to (Fayrus & Slamet, 2022) expert appraisal is a method used to validate and assess the
feasibility of product design and is carried out by experts in their fields. In this study, it is done by
testing the feasibility of the material and media of the developed e-modules. Expert appraisal
activities include validation of test and non-test instruments by expert validators. Then a
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feasibility test was carried out by 3 UNIMED chemistry lecturers who are subject matter and

media experts. The following is the result of the STEM-PjBL based E-Modules feasibility test by
subject matter experts using a Likert scale questionnaire (1-5) as in graph 1 below.
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Graph 1. Material expert rating

Based on the results of the material expert assessment of the STEM-PjBL based E-Modules
on reaction rate, the average kappa moment (k) value was obtained in several aspects including (1)
curriculum suitability; (2) accuracy of material; (3) clarity of valuation in e-modules; (4) accuracy
of material presentation; (5) STEM-P]BL (Science, Technology, Engineering and Mathematics)
consecutively obtained a kappa moment average (k) of 0,78; 0,83; 0,85; 0,80; 0,82; and 0,88
resulting in a kappa moment average (k) of 0,82 with a very high category.

The media expert's assessment is shown in Graph 2 below:
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Graph 2. Media expert rating

From the graph above on the results of the media expert's assessment of the STEM-PjBL
based E-Modules, the reaction rate obtained an average kappa moment (k) value in several aspects
including (1) E-Modules cover design; (2) layout; (3) images and illustrations; (4) color; (5)
application of e-modules features successively obtained an average kappa moment (k) of 0,83;
0,82; 0,85; 0,92; and 0,83, resulting in an average kappa moment (k) of 0,85 with a very high
category.

Based on the results of the material feasibility test with an average kappa moment (k) value
of 0,83 and media feasibility with an average kappa moment (k) value of 0,85. From the two
assessments given by the material and media experts, the average kappa moment (k) value
obtained was 0,84 with a very high category and the STEM-PjBL Based E-Modules product was
considered feasible. According to previous research (Ginting & Amdayani, 2024) the validity test
results of the STEM-PjBL based E-Modules on acid-base material have an average kappa moment
(k) of 0,82, which is in the very high category.

The next stage is developmental testing in the form of product design trials on actual
subjects to see the response data, reactions and feedback from the target users of the developed
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product, so that the results of the trials can be used to improve the product (Fayrus & Slamet,
2022). The tests carried out were the practicality test of the e-modules by teachers and the student
response test to the STEM-PjBL based E-Modules. The trial given to teachers was in the form of a
practicality test, while students were given a response test to the developed e-modules. The
following are the results obtained from the practicality test by 3 grade XI chemistry teachers at

SMA Negeri 1 Kisaran.
1 1
0,99
Cantents Benwfizs Timw Effcncy

Ease of U

Average Kappa Moment (k)

® Assesment Aspect
Graph 3. Practicality rating by teachers

Based on the results of the assessment of the practicality questionnaire for the STEM-PjBL
based E-Modules, the average kappa moment (k) score was obtained for each aspect, such as (1)
ease of use; (2) content; (3) benefits; and (4) time efficiency. In succession, they obtained average
kappa moments (k) of 1,00; 0,99; 0,98; 0,98; and 1,00, resulting in an average kappa moment (k)
of 0,99 with a very high category and the e-modules being declared practical. According to
previous research, such as in the study (Gultom & Amdayani, 2023), the practicality test score
obtained by teachers on the STEM-based chemistry E-Modules on the subject of reaction rate was
0,95, with a very high category. Meanwhile, in the research (Agung et al., 2022), the average
practicality score obtained by teachers was 94,54 and was declared very practical in the Science
E-Modules with the STEM-PjBL model. So it can be said that the e-modules developed by the
researcher has a higher level of practicality of use. This is because the STEM-PjBL based E-
Modules of reaction rates developed makes several innovations from previous research by paying
attention to several important aspects such as ease of use, content, benefits, and time efficiency.

As for the student response test by 36 students of class XI-1 at State High School 1 Kisaran,
in this case the data was taken after the students applied the STEM-PjBL based E-Modules on
reaction rates in the learning process and the following are the results of the student responses
obtained as shown in graph 4.

0,94

092

Average Kappn Moment (k)

Usabdlity Presentation of Benefits
Material

® Assessment Aspect

Graph 4. Student response rating
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Based on the assessment of student response to the STEM-PjBL Based E-Modules on
reaction rate material, the average kappa moment (k) score was obtained for each aspect,
including (1) usability; (2) material presentation; and (3) benefits. The average kappa moment (k)
was 0,92; 0,94; and 0,90 so that the average kappa moment (k) is 0,92 with a very high category.
As for previous research, such as in the study (Aulya et al., 2021) on the development of PjBL-
STEM based Chemistry E-Modules on buffer solution material, a student response rating of 87%
was obtained. As for the research (Ginting & Amdayani, 2024) on the development of STEM-
PjBL based E-Modules for acid-base material, the average student response was 0,82 with a very
high category and added by the research (Gultom & Amdayani, 2023) In the development of
STEM based Chemistry E-Modules for reaction rate material, the average student response was
0,85 with a very high category. Thus, it can be concluded that the STEM-PjBL based E-Modules
for reaction rate developed by the researcher has a higher average student response rating. This is
due to the renewal and innovation of the e-modules which was developed by paying attention to
the analysis of student needs.

4. Disseminate

At this stage, it consists of three activities such as validation testing, packaging, diffusion,
and adoption. In validation testing, a limited trial was conducted on the STEM-PjBL Based E-
Modules on reaction rate material given to class XI-1 with a total of 36 students to see the
effectiveness of the developed STEM-PjBL Based E-Modules on reaction rate. The
implementation of the STEM-PjBL based E-Modules uses a project-based learning model, one of
which is on the material of factors that affect the rate of reaction by conducting several projects. In
the first meeting, the researcher explained the learning objectives to be achieved in the sub-chapter
on the factors that influence the rate of reaction, followed by a pretest to determine the students'
initial understanding of the material on reaction rates.

Continued with In syntax 1 (Determining fundamental questions), the researcher asked
questions related to examples of the fast and slow rates of reactions in everyday life and then
linked them to the factors that influence the rate of these reactions. Then the researcher shared the
STEM-PjBL based E-Modules link for students to use in their learning and explained some of the
features that can be accessed in the E-Modules. The development of digital e-modules aims to
make learning varied and improve students' literacy in understanding learning so as to facilitate
the learning process and produce satisfying results (Lastri, 2023). In syntax Il (creating a project
design), the researcher divides the students into several groups and gives instructions that the
project to be carried out consists of 4 projects such as making apple cider vinegar, making infused
water, making hydrogen gas and also making tape. In each project process, students can download
the LKPD in the link provided for each engineering sub-factor that affects the rate of reaction,
supplemented by additional insights into other fields of knowledge such as science, technology,
and mathematics. In syntax Il (drawing up a schedule), researchers and students discuss the
project implementation schedule and the schedule for presenting the results. In syntax IV
(monitoring the progress of the project), the researcher gives instructions that during the
practicum, cooperation and caution are expected during the project work process. According to
(Wiratama & Irfan, 2023), through project activities, students have the opportunity to learn
directly to participate in real tasks, enabling them to be actively involved in the learning process
and find creative solutions to project problems. This is followed by syntax V (Assessment of
results), which is carried out at the next meeting. In this case, the researcher gives each group the
opportunity to present the project that has been carried out so that they can broaden their
knowledge of factors related to the rate of reaction between groups and discuss the process and
results obtained during the project. Through this activity, students will learn how to present their
creative ideas in a project presentation (Wiratama & Irfan, 2023). This is followed by syntax VI
(evaluation of learning experience), in which the researcher gives appreciation to each group and
provides direction and reinforcement for the experiments that have been carried out related to the
factors that influence the rate of reaction by relating to the four components of STEM (Science,
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Technology, Engineering, and Mathematics). After all the syntaxes are completed, a posttest is
given to measure the effectiveness of the STEM-PjBL based E-Modules.

Effectiveness is one of the results of the activities carried out, one of which is the use of e-
modules for learning outcomes. An effectiveness test is carried out to measure the level of success
in learning. E-Modules can be said to be effective if they have a good impact on students' learning
outcomes (Laili et al., 2019). The following are the average results of the pretest and posttest
obtained as in graph 5.

Average velue

average pretest average posttest

Assessment aspect

Graph 5. Prestest and posttest results

It is evident from the above graph that employing the STEM-PjBL based E-Modules on
reaction rate content increases learning outcomes. And the N-Gain test result obtained a value of
0,78 with a high category and was declared effective in improving learning outcomes. According
to previous research, such as in the research by (Ginting & Amdayani, 2024) on the development
of STEM-PjBL based E-Modules on acid-base material, an N-Gain value of 0,52 was obtained
with a moderate category. Added by research (Agung et al., 2022) the use of STEM-PJBL in the
E-Modules of Science is declared effective in improving learning outcomes with an N-Gain score
of 0,74. So it can be said that the STEM-PjBL based E-Modules on reaction rate is declared
effective and can improve students' learning outcomes in reaction rate material.

In conducting research, there are several obstacles experienced including (1) an unstable
internet network, so students have to wait for the E-Modules to appear. The solution is to ask
friends who have a stable internet network for a hotspot so that all the features in the e-modules
can work properly; (2) students have a little difficulty in understanding the questions so that
students often ask questions and the solution that can be provided is for the researcher to provide
an explanation again regarding the example questions contained in the e-modules, so that students
can understand the questions; (3) lack of literacy in students so that in the application of STEM-
PjBL based E-Modules, the researcher has to explain again. However, the researcher tries to
ensure that students can relate each concept of learning reaction rate material to everyday life,
especially to the four STEM (Science, Technology, Engineering and Mathematics) concepts, so
that it will increase students' knowledge of reaction rates.

The advantages of the STEM-PJBL based E-Modules include: (1) the concepts presented in
the STEM-PjBL based E-Modules contain concise and clear material; (2) each subchapter of the
material contains STEM (Science, Technology, Engineering and Mathematics) concepts and
systematic concepts that can broaden students' horizons; (3) there are relevant comprehension
questions related to the project that was conducted; (4) there are quizzes and summative
assessments to measure students' abilities related to STEM (Science, Technology, Engineering and
Mathematics) concepts; (5) there are supplemental videos that can be accessed through barcodes
or links in the e-modules; (6) it can be accessed through handphone, laptops or computers without
time and space constraints; (7) students feel happy because they can apply theoretical knowledge
through practical activities in the classroom; (8) students can explore new experiences related to
project making in an easy way; (9) they can explore memorable learning experiences that can
motivate high interest in learning. This is in accordance with research (Agung et al., 2022) that the
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application of STEM-PjBL can improve a more meaningful learning process, and can explore the
experience of solving real problems through practical activities in the classroom. In addition,
STEM-PjBL learning can shape students to be active in the learning process, able to communicate
and share new knowledge, and can foster character that is easy to recognize and understand
concepts (science) by applying knowledge and skills (technology) to be able to form or design
(engineering) by analyzing based on data calculations (mathematics) to be able to obtain the right
solution. According to (Dibyantini, Amdayani, Siregar, & Syafriani, 2023) STEM-PjBL teaching
materials are stated to be able to increase students' learning motivation and literacy in honing
knowledge of organic compounds. It was added in the study (Purwaningsih et al., 2020) that the
activities carried out in the application of STEM-PjBL can direct students to work in teams and
can make it easier for students to connect the information obtained with the knowledge they have
in designing projects.

The disadvantage of this STEM-PjBL based E-Modules is that it requires an internet
connection for all of its functions to work properly, and it is hoped that future researchers will be
able to find innovative ways to create content that can be accessed oftfline without the need for an
internet network.

Packaging, diffusion, and adoption are the subsequent phases of activity. Using the flip PDF
corporate edition application, the STEM-PjBL based E-Modules is distributed online as a link so
that it can be accessed by many people and become a relevant reference that can help in learning
reaction rate material easily using the help of the flip PDF corporate edition application. The Flip
PDF Corporate Edition application was chosen because it has the advantage of being available to
students through a browser without the need to download additional applications. The device can
be a laptop or a smartphone and has easily accessible images, audio, video, and other interesting
symbols that can be easily accessed (Kusuma Dewi et al., 2023). Access can be done via the web
or browser via cellphone or laptop. The link for the STEM-PjBL based E-Modules for reaction
rate 1s https://online.flipbuilder.com/fbahc/ncte/.

The researcher distributed the STEM-PjBL based E-Modules on reaction rates through 11™
grade students and teachers at State High School 1 Kisaran so that it could be used in the learning
process. And it is hoped that teachers can disseminate the STEM-P;BL based E-Modules on
reaction rates through subject teacher discussion groups so that the E-Modules that has been
developed can be useful and broaden the readers knowledge.

CONCLUSION

Based on the research that has been carried out, the results show that in the analysis of
students' learning needs, it is known that 69,7% of students find it difficult to understand the
material on reaction rates and 87,9% of students need interactive project-based teaching materials
that can help in the teaching and learning process such as STEM-PjBL based E-Modules
combined with four fields of study such as science, technology, engineering and mathematics,
supported by the application of project-based learning related to everyday life. The results of the
feasibility test on the STEM-PJBL based E-Modules showed that the reaction rate obtained an
average kappa moment (k) score of 0,84 (very high) and was declared feasible based on the
assessment of the subject matter expert of 0,83 and the media expert of 0,85. In the practicality
test by teachers on the E-Modules, an average kappa moment of 0,99 was obtained (very high)
and declared practical. As for the effectiveness of the STEM-PjBL reaction rate E-Modules, it
obtained an N-Gain score of 0,78 (high) and was declared effective in improving student learning
outcomes. In addition, in the response test, students obtained an average kappa moment (k) score
of 0,92 (very high). In this case, the researcher suggests that for future researchers with the
STEM-PjBL based E-Modules, this reaction rate can be a relevant reference and can be used as a
reference in the creation of interactive teaching materials with diverse chemical materials. It is
also hoped that it can develop products that can be accessed offline and are more interactive.
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