Jurnal Akademika Kimia, 14(3): 144-150, August 2025
ISSN (online) 2477-5185 | ISSN (print) 2302-6030

https://jurnalfkipuntad.com/index.php/jak/

By @ oPEN AcCESS

2
i

Research Article

Development of an E-Handout Based on Discovery Learning on The
Reaction Rate for Class XI Students

*Nurul Faudia, Ajat Sudrajat, & Nurfajriani

Chemistry Education Study Program/ Faculty of Teacher Training and Education — Universitas Negeri Medan,
Medan — Indonesia 20221

Received 20 June 2025, Revised 11 July 2025, Accepted 24 July 2025

doi: 10.22487/j24775185.2025.v14.i3.pp144-150

Abstract

This study aims to determine the level of feasibility, practicality, and the students' readability response to e-handout-basea
discovery learning. This development research uses 4-D development models developed by S. Thiagarajan, Dorothy S. Semmel, and
Melvin 1 Semmel. The 4-D development model has four stages: the Define stage, the Design stage, the Development stage, and the
Disseminate stage, but this study is limited to 3-D: the Define stage, the Design stage, and the Development stage. The subjects in
this study were 3 material experts and media experts, five chemistry subject teachers, and the readability response of MIPA 1 class
X1 students, with 33 people. Data collection instruments include an interview sheet, an e-handout assessment sheet by a materia
expert validator and a media expert, a practicality sheet by a teacher, and a student reading response sheet. Data analysis techniques
use qualitative and quantitative data. Based on the results of the study, an analysis of the needs of students showed that students
agreed that it was necessary to develop an e-handout based on discovery learning on the reaction rate material. Then, assessment by
material expert validators of an 85.00% well-deserved e-handont, assessment by media expert validators of an 86.00% well-deservea
e-handout, teacher practicability of an 88.00% well-deserved or very practical e-handont, and 87.00% of students' readability response

to e-handouts is said to be very decent or very high.
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Introduction

The student-centered learning process is the
main goal of education, namely, to help each
student achieve a learning atmosphere and learning
process so that students actively develop their
potential. In the era of globalization that continues
to expand rapidly, the world of education can no
longer run in conventional ways. Therefore, the
integration of technology in the world of education
is no longer an option, but an urgent need so that
education can continue to answer future challenges
(Ashari et al., 2023).

High School level has lessons that include a
variety of micro-conceptions, such as chemical
structures, chemical processes, and calculations
related to various chemical substances. In addition,
there are discussions about complex chemical
processes and abstract chemical ideas that can be
linked to everyday life. The question related to these
principles is the topic of reaction rate
(Kusumaningtyas et al., 2023).

One of the abstract and sometimes confusing
parts of chemistry is the topic of reaction rate.
Therefore, there are still students who find it

difficult to understand this topic (Farida et al.,
2020). In the submaterials of collision theory and
equations involving reaction rates and reaction
orders, students often have difficulty understanding
reaction rates, which causes poor learning
outcomes.

Based on the results of the analysis of student
needs, there are still students who experience
difficulties in learning chemistry, especially in the
material on reaction rates (Widarti et al., 2022).
Students encounter problems because the learning
is less interesting, and the learning media used are
also less interesting. Teachers only use open
materials in the form of student handbooks that
tend to provide too much explanation. The lack of
development of innovative and creative teaching
materials is one of the main factors causing low
student participation in learning activities in the
classroom, because the material presented tends to
be monotonous and less interesting to learn (Kandi
et al., 2024).

Learning media that can support the learning
process is an e-handout. An e-handout is an open
material in digital form, which is usually a short
document containing learning materials. An e-
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handout is very appropriate as a learning aid because
most high school students currently have Android
devices (Sarita et al., 2021). The advantage of e-
learning media is that it stimulates students'
curiosity, students learn at their own pace, and it can
repeat materials independently. In addition, e-
handouts are more economical and easier to deploy
because they are more practical and accessible from
anywhere and anytime (Hasrah et al., 2022).

Related to these problems, teachers can apply
appropriate learning models, learning models that
encourage students to actively acquire knowledge
through exploratory activities, experiments, and
discussions, and are adjusted to their respective
abilities and learning styles, known as discovery
learning models. This model allows students to
learn  independently by  discovering and
investigating their own concepts, so that the
understanding gained becomes deeper and lasts
longer in memory (Prasetyo & Abduh, 2021).

In the Discovery Learning Learning method,
teaching materials are not presented in the final
form; students are required to carry out various
activities to  collect information, compare,
categorize, analyze, integrate, reorganize materials,
and make conclusions (Erlina et al., 2020).

In a study conducted by Hasrah et al. (2022),
the development of discovery learning-based
handout learning media at SMAN 17 Luwu showed
that the results of practicality by teachers were 95%
(very practical), while students' readability of the
product was 71.05% (practical). Effectiveness was
85% (very effective). From these data, it is proven
that e-handouts have a positive influence on student
learning outcomes. Other research conducted by
Swasti et al. (2022) shows that the development of
interactive learning media based on Discovery
Learning makes the press easy for students to use,
casy to read, and students can access the media
anywhere and anytime.

Starting from the identification of the
problems that have been described, this study aims
to test the development of an e-handout based on
discovery learning on the topic of reaction rate for
class XI of SMA.

Methods

This development research uses 4-D
development models developed by S.Thiagarajan,
Dorothy S. Semmel, and Melvin 1 Semmel. The 4-
D development model, however, was limited and
modified to 3-D, namely the Define stage, Design
stage, and Development stage.

This development research was conducted
on several subjects, including non-test validators, 3
expert material validator lecturers, and media
experts who are chemistry lecturers in the FMIPA
UNIMED environment. Practicality tests by
teachers involving 5 chemistry subject teachers and
student readability involving 1 class XI at SMAN 1
Secanggang,  consisting of 33  students.
Furthermore, the object of this research is a
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discovery learning-based e-handout on the reaction
rate material.

Data collection instruments in the form of
interview questionnaire sheets, student needs
analysis questionnaire sheets, e-handout assessment
questionnaire sheets by material expert and media
expert validators, practicality questionnaire sheets
by teachers, and student readability questionnaire
sheets. Data analysis techniques use qualitative and
quantitative data. The formula used to calculate the
data on the charge of the lift by the validator is as
follows:

xf
P=—x100%

XN
Description:
P = Percentage of evaluation indicators
>f = The number of scores obtained
2N = Maximal scote count

The percentage of validity obtained is then
interpreted qualitatively by referring to Table 1.

Table 1. Validation result category

Interval Percentage

81% - 100%

Rating Category

Properly Deserved

61% - 80% Decent

41% - 60% Decent Enough

21% - 40% Not Worth it
<21% Highly Undeserved

(Sumber: Pratiwi et al., 2024)
The practicality assessment category by teachers
from the calculation results using the formula above
can be seen in Table 2.

Table 2. Practicality category by teachers

Interval Percentage
85,1 % <P
70% < P < 85%
60,1% < P < 70%
50,1% < P < 60%

Rating Category

Very Practical
Practical
Quite Practical

Less Practical

<50% Not Practical
(Pratiwi et al., 2024)
The category of student readability

assessment from the calculation results using the
formula above can be seen in Table 3.

Table 3. Student readability category

Interval Percentage Rating Category
81-100 % Very Good
61-80 % Good
41-60 % Quite Good
21-40 % Not Good
0-20% Not Good

(Pratiwi et al., 2024)

Results and Discussion

This definition stage includes five main steps,
namely front-end analysis, learner analysis, task
analysis, concept analysis, and specifying
instructional objectives. This definition stage is
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carried out to collect information related to the
product being developed.

The first step in the definition stage is the
front-end analysis, which aims to determine the
problems faced by teachers as educators in schools.
In its implementation, the researcher interviewed
one of the chemistry teachers at SMAN 1
Secanggang and conducted direct observations. The
results of the interview revealed that most students
had difficulty participating in learning because the
implementation of differentiated learning had not
been optimal, which ultimately had an impact on the
low understanding and absorption of students
towards the material presented. Fitriyah & Bisri
(2023) stated that differentiated learning is learning
that facilitates all the differences that students have
openly, according to the needs of each student. This
learning recognizes that students are different and
dynamic, so there must be special planning to meet
these needs. The findings from direct observations
in the classroom also support this statement. It was
found that in practice, teachers tend to use the
lecture method more often, where learning is
centered on the teacher. This is in line with the
research of Dulyapit & Lestari (2024), which states
that the lecture method has weaknesses that need to
be considered. One of them is its tendency to create
one-way learning, where students only listen to the
teacher's explanation without being actively
involved in the teaching and learning process. This
can lead to low student involvement in
understanding the material in depth and reduce
opportunities for students to develop critical and
creative thinking skills (Suyanto, 2020). Therefore,
it is very important to evaluate the effectiveness of
the lecture method in education, as well as how this
method can be modified to increase student
involvement. ~ Meanwhile, the Independent
Curriculum emphasizes student-centered learning,
where each student is given space to develop their
potential according to their interests, talents, and
needs. Teachers act as facilitators who support
deeper exploration of knowledge (Shim &
Thompson, 2022). One of the main goals is to
reduce the administrative burden on teachers so that
they can focus on improving the quality of learning
(Linden et al., 2021). This curriculum also gives
schools the freedom to determine learning methods
that are appropriate to the characteristics of
students and the school environment (Puzio et al.,
2020). In addition, teachers only rely on school
textbooks as learning resources, where thick and
heavy printed books often make students' interest in
learning low. This is because books are impractical
to carry and use at any time, so students become lazy
or uninterested in reading or learning using these
books, especially in subjects such as chemistry,
where the books tend to be large and monotonous.
This study emphasizes the need for innovation in
teaching materials to better suit the needs and
learning habits of the current generation, for
example, through digitalization or the development

of teaching materials. In addition, textbooks in
schools do not yet contain discovery learning steps,
such as the discovery of concepts by students
individually or in groups. However, without support
in the form of direction from teachers, students can
have difficulty understanding the meaning of the
concepts  found,  which  risks  causing
misconceptions ~ or  conceptual  confusion.
According to the teachet's statement, students'
ability to solve problems is still low. The learning
model used previously during learning has not been
able to solve problems. The learning model used so
far is still teacher-centered; teachers tend to use the
lecture method in the learning process.

E-Handouts are present as a real form of
progress in science and technology. It is undeniable
that in the current era of mobile technology
development, many students are accustomed to
using gadgets to access information on lesson
materials that are not obtained at school. Students
prefer learning using electronic media because it is
more practical to use (Haleem et al., 2022). The
material presented in the e-handout is made more
concise and detailed, which makes it faster for
students to find core information from the material.
Based on the state of needs in schools as seen from
the results of interviews and observations, it can be
concluded that the development of the e-handout is
needed. Discovery learning-based learning is very
much required for this development research. This
is in accordance with the opinion of Luthfi & Rosmi
(2024), who stated that learning with a discovery
approach (discovery learning) encourages students
to actively search for and find concepts
independently, so that it can increase understanding
and active involvement of students in the learning
process.

The next step taken is student analysis, where
researchers conduct this analysis to determine the
needs of students in the learning process of
chemistry material, especially reaction rate material.
The results of the student analysis were obtained
through the distribution of Google Forms
consisting of 24 questions with yes and no answers,
which were distributed to one class XII who had
studied the reaction rate material in class XI. The
results of the analysis showed that 75.8% of
students stated that they had difficulty learning
chemistry, especially the reaction rate material in the
sub-material of reaction rate equations and reaction
orders, because there were calculations. 63.6% of
students stated that their difficulties were due to less
interesting learning, which was influenced by
learning media that were not varied and
predominantly used lecture methods by teachers in
the learning process. Meanwhile, 81.8% of students
stated that they agreed that the development of e-
handout learning media based on Discovery
Learning should be catried out on the reaction rate
material as an alternative, and encouraged active
student involvement in the learning process.
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The next step in this process is the analysis
task, which is carried out by identifying and
determining open material based on the learning
achievements that have been set in the Independent
Curriculum, with the main goal that students can
evaluate the material they have learned as a form of
constructive feedback on the ongoing learning
process. The next step of analysis is the concept
used to identify, compile, and connect learning
concepts with the main material. The sub-topics
consist of collision theory, reaction rate concept,
reaction rate equation, reaction sequence, and
factors that influence reaction rate. The last stage is
the specification of learning objectives. This stage is
carried out in order to change the analysis task and
concept into learning objectives. By carrying out
learning objectives, researchers can determine the
appropriate study that will be held in the Discovery
Learning-based e-handout on the reaction rate
material. Sarita et al. (2021) argue that e-handout
teaching materials are very effective in learning.

Design stage, this stage starts from selecting
media that is appropriate to the material, namely
open e-handout materials based on Discovery

o Kurikulum
7~ Merdeka

E-HANDOUT

Berbasis Discovery
Learning

Materi Laju Reaksi

OMh
Norwl Fambia

Ihoses Pembimban
Dv. Ajst Sudrajat, M.SH
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Learning using flipbook media, which is intended so
that the final form of the e-handout is packaged in
electronic form, making it easier for students to
understand the reaction rate of the material. Then,
the stage of selecting a format that is appropriate to
the open material to be developed is carried out.
The use of formats in developing e-handouts in this
study was designed using Microsoft Word and
Canva. After the plan has been made in PDF
format, the e-handout file is input into the flipbook
application so that the e-handout that has been
created becomes interactive and can be easily
accessed by teachers and students via the website.
The e-handout typing format uses A4 paper size,
Portrait paper orientation, margins (2.5 cm top, left,
bottom, right), Times New Roman font, chapter
size 14, sub-chapter 12, sub-chapter contents 12,
image/table captions 11. The last stage is the initial
design that is adjusted to the discovery learning
model, which consists of 6 stages. At this stage, the
opening section, content section, and closing
section of the e-handout are designed. The e-
handout design can be seen in Figure 1.

KONSEF LAJU REAKS

Figure 1. E-handout design

Validators conduct material assessments of e-
handout feasibility for use as research material by
assessing several aspects, including content
feasibility, — presentation feasibility, language
feasibility, and display feasibility. The following is
the average percentage of expert assessments found
in Figure 2.

0,
95% 90%
90% 87%
0, 20
85% 80% 82%
80%
75% + T T T )
Content  Feasibility of ~ Language Display
Feasibility =~ Presentation  Eligibility Feasibility

Figure 2. Material expert validation results graph
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The validation results obtained by an average
percentage of material assessment of 85% are said
to be very feasible in Figure 3.

88%

0,
88% 86%
0,
86% 85%
84% + . r )
Media Visual and Audio Operations
Design/View Views

Figure 3. Media expert validation results graph

The media assessment results obtained by an
average percentage of 86% are said to be very
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feasible. Based on the validation results performed
by the validator, it can be inferred that the medium
of chemical e-handout materials based on discovery
learning on reaction rate materials is suitable for use.
This is in line with the opinion of Awlia & Febrianti
(2023) that results of the assessment show that the
quality of e-handouts from material experts gets
93.75% (very good category), 80.21% (very good
category) media experts, based on the assessment
results, e-handouts arranged are suitable for
teaching materials. This was reinforced by Hasrah et
al. (2022) that a learning medium in the form of a
handout developed by the Discovery Learning
approach can be found to be suitable for use in
research activities in the field if it has met the
validity criteria, either in the condition of requiring
revision or not requiring revision. This suggests that
the feasibility of a learning media device is not only
determined by the results of perfect validation
without revision, but also acceptable as long as it has
met established standards of validity, although there
are still some aspects that need to be refined.
Analysis of teachers' responses to see if a
developed e-handout can be put to practical use.
The researcher asked five chemistry teachers to
respond before spreading the e-handout to the
students. After giving assessments and suggestions,
researchers revised some of the teachet's
suggestions, such as the addition of learning videos
to some materials. The following is a graph of the
percentage of teachers' responses in Figure 4.

98%

100%
88%
00% o 86% -

80% +— —
70%

Material ~ Design and  Learning

Benefit
content time
efficiency

Figure 4. Graph of teacher assessment results

For the results of the practicality test
obtained from teachers by providing an assessment
that includes the feasibility of content, language,
presentation, and benefits, the results of the
practicality test received an average percentage of
88% which is said to be very feasible or practical,
and is also accompanied by notes or suggestions for
revising the material. Practicality, according to
Tagiya et al. (2023), means the ease of a product,
both in preparing, wusing, processing, and
interpreting it. In addition, according to the big
Indonesian dictionary, the word practical itself
means easy and fun to use. This is in line with the
research of Sitorus et al. (2023) showing that the
results of the practicality by teachers got a
percentage of 87.14% which, based on the criteria
for product practicality, is a "very good" criterion.

This means that the results of the practicality
assessment of e-handouts by teachers show that e-
handouts based on discovery learning on the topic
of reaction rates have an easier learning process.

Analysis of the students' readability response
to see if the developed e-handout can be put to
practical use. The researcher asked for a readability
response from students of class XI of SMAN 1
Secanggang, who have studied the reaction rate
material. 33 students responded. The following is a
graph of the percentage of students' readability
responses in Figure 5.

95¢
& 90%

90% 85% 87% 87%

85%

80% - . . . \
Display Language Benefits

Presentation

Figure 5. Student readiness responses results

graph

The student readability test, covering
appearance, presentation, language, and benefits,
obtained an average percentage result of 87% which
is said to be very feasible and can be used in the
learning process. Research by Abdiah et al. (2023)
stated that the results of student readability for the
development of mind mapping and picture-based e-
handouts at SMP Negeri 1 Woyla obtained a result
of 97.7, with very good criteria. Research by Pratiwi
et al. (2024) showed that the readability test was
77.8% (good). This indicates that the E-Handout is
easy to understand, can be applied well in learning,
and is effective in improving student understanding.
This study concludes that the teaching materials
developed are feasible to be used in the teaching and
learning process.

Conclusions

The level of feasibility of Discovery
Learning-based e-handouts on reaction rate material
is 85% for the feasibility of material experts and
86% for the feasibility of media experts. The level
of practicality by teachers towards Discovery
Learning-based e-handouts on reaction rate material
is 88%. Students' readability towards Discovery
Learning-based e-handouts on reaction rate material
is 87% so that the developed e-handouts are in the
very feasible category. The conclusion is a
summarizing paragraph that should present precise
and concise results, which restate your major
findings and contributions to the study.
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