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Abstract. Chemistry subjects are subjects that focus on how students understand
related to the composition, structure, properties, changes, and energy that accom-
panies it and can be utilized by humans for the speed of life. One of the learning
models that can be applied to chemistry learning is PjBL. Project Based Learning
(PjBL) is a learning model that uses problems as an initial stage in collecting
and integrating new knowledge gained from real activity experience. This study
aims to determine whether the PjBL-based e-Module on the reaction rate mate-
rial for class XI MIPA SMA in the form of an android application developed
is feasible theoretically and practically. This research is a development research
using the Lee & Owens development model. The research instruments used were
interview guide sheets and questionnaires. The product resulting from the devel-
opment was validated by material experts and media experts and assessed by the
teacher which was then tested one by one and tested in small groups. The data
analysis techniques used are qualitative data analysis (comments and suggestions)
and quantitative data analysis (answer scores and percentages). The results of this
study obtained the average score of material experts and media experts from each
validation of 3.643 (very feasible with revision) percentage 91.08%; 3.857 (very
feasible without revision) with 96.43% for material and 3.857 for media (very fea-
sible with revision) with 96.43%; 4.00 (very feasible without revision) with 100%
and declared feasible to be tested. Furthermore, based on the teacher’s responses
and assessments which contained that the e-Module developed was appropriate
and feasible to be tested on students, with an average score of 3,824 (very fea-
sible). And getting a very good response from students with the percentage of
student responses in the one-on-one test of 85% and small group trials of 94%.
Based on the development process and research results, it is concluded that this
e-Module is feasible to use theoretically and practically as one of the learning
media on reaction rate material and has the potential to improve critical thinking
skills based on expert opinions and teacher assessments.
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1 Introduction

Education is a human empowerment effort that can be done by developing self-potential,
personality, skills, intelligence and noble character [1–3]. With education that is struc-
tured based on the provisions of appropriate basic values, it will produce quality
educational outputs in accordance with the goals of education in Indonesia.

To achieve the goals of education in Indonesia, there are several things that must
be considered including components in learning such as models, methods, objectives
and media [4–6]. Paying attention to this will make learning activities fun and motivate
students to play an active role in the space and opportunities that have been given.Without
a clear model selection and use of media, the learning process will be less interesting
and the results obtained are not optimal as expected [7–9]. The choice of learning model
will be very influential in the activeness of students in the classroom.

One of the learning models that involve student activity and develop students’ think-
ing skills in the learning process is PjBL. The Project Based Learning (PjBL) learning
model provides opportunities for students to be active in the learning process by pro-
ducing a product based on a problem from the surrounding environment so as to make
learning more meaningful [10–12]. The integration of the PjBL model can be done
through teaching materials, one of which is in the form of e-Modules.

E-Modules are developed from modules using electronic technology consisting of
text, images, graphics, animations that are suitable for use in learning with easy-to-
understand language, in hopes of making it easier for students to achieve learning
goals [13–15]. The existence of various interesting features makes this e-Module more
attractive to students so that students’ abilities can increase.

This research is in line with previous research conducted by [16, 17] but there is a
difference between the researcher and previous research, namely in this development
research the researcher used the Lee & Owens development model. The urgency of this
research is that the existence of PjBL-based e-modules can improve student learning
outcomes and their abilities. Therefore, the purpose of this research is to produce an
e-module product based on PjBL material for reaction rate class XI MIPA SMA, to
determine the feasibility and assessment of an e-module product based on PjBLmaterial
for class XI MIPA SMA class XI.

2 Research Methods

This study uses a quantitative approach with the type of Research and Development
(R&D) development research which refers to the Lee & Owens development model
consisting of the Analysis, Design, Development, Implement, and Evaluate stages
(Kurni, Marzal, & Zurweni, 2022; Purwanto, Fatirul, & Walujo, 2022; Wahyuningtyas,
Anggraini, Andini, Rosita, & Sari, 2022).

This research was conducted during November 2021 to March 2022. The research
location in this study was SMA N 10 Jambi City. The test subjects in this study were
students of class XI MIPA SMA N 10 Jambi City. The division is a small group trial of
12 students The e-module development procedure can be described in Fig. 1.

The stages of the development of the E-module are as follows:
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Fig. 1. Lee & Owens. Model Development Procedure

The first stage is analysis (Analysis). At this stage of analysis, it aims to find out and
determine the conditions or circumstances that actually occur in the field. At this stage,
several stages are carried out, namely needs analysis, student characteristics analysis,
objective analysis, material analysis, and educational technology analysis.

The second stage isDesign.This design stage is the planning stageof yourmultimedia
project. Planning is probably the most important factor in the success of your project.
Projects often fail due to failure in planning.

The third stage is Development (Development). Development is the process of mak-
ing the design or design a reality. Which means, if a particular software or application is
needed in the design to support the developed learning media, then all the components
that have been designed are developed through improvements so that they are ready to be
uploaded into the application. Likewise, the learning environment that will support the
learning process must all be prepared at this stage. The development process is basically
the same, firstly creating a framework, then developing appropriate media elements,
then reviewing and revising the product, and finally implementing the finished prod-
uct. Multimedia development is most successful if design-time prototypes, evolutionary
developments, and templates are used.

The fourth stage is implementation (implementation). Implementation is a real step
to implement the learning system that we aremaking. That is, at this stage everything that
has been developed will be tested or set in such a way according to its role or function so
that it can be implemented. For example, if you need a certain application or software,
then the application or software must be installed. If the arrangement of the environment
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must be certain, then the environment or certain settings must also be arranged. Then it
is implemented according to the initial scenario or design.

The fifth stage is evaluation (evaluation). The last stage is Evaluation, the developer
evaluates the product that has been made. The evaluation carried out in this development
research is an evaluation that is oriented towards the validity of themultimedia developed
through the validation of media experts, material experts and the results of product
trials. This evaluation stage is related to the previous stage, namely the fourth stage. The
evaluation stage is carried out after each series of activities in the fourth stage (expert
validation and product testing) is carried out.

The data used in this development research are quantitative and qualitative data
which are then analyzed descriptively statistically and concluded as input to improve or
revise the product that has been developed.Quantitative data obtained from the validation
results in the form of assessment scores from material experts, media experts, teachers,
and students using a scale of four with a range of values: 4 for the very decent category, 3
for the decent category, 2 for the fairly decent category, and 1 for the decent category. Less
worthy. Quantitative data were also obtained from the questionnaire scores. Meanwhile,
qualitative data were obtained through interviews.

Data collection techniques used in this study include: interviews, questionnaires,
observation. Interviews were conducted by interviewing teachers about the Chemistry
learning process with the theme Rate of Reaction at school. The technique of collecting
data through questionnaires was carried out during the validation of media and material
experts, as well as in the field trials the questionnaires were filled out by students.
Observation is used to describe the description of Chemistry learning activities using
e-modules.

The instruments used as data collection are module validation sheets for media and
material experts, teacher and student response questionnaires. This instrument must be
validated by an expert.

E-module feasibility data analysis technique uses a Likert scale. The score obtained
is then converted into a value with a scale of four. The feasibility of the results of the
development of e-modules both from the material and media aspects, from the data in
the form of scores converted into qualitative data with a scale of four. The reference for
changing the score to a scale of four is as follows in Table 1.

Table 1. Score Conversion on a 4. Scale

Score Interval Information

4 >3,25 – 4,00 Very good

3 >2,50 – 3,25 Well

2 >1,75 – 2,50 Not good

1 1,00 – 1,75 Very Not Good
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3 Results and Discussion

The analysis phase aims to analyze and determine the learning conditions. This analy-
sis phase consists of five main steps, namely needs analysis, analysis of student char-
acteristics, analysis of objectives, analysis of materials, and analysis of educational
technology.

The analysis of the problem was carried out by SMA N 10 Jambi City. The purpose
of this analysis is to raise and define the basic problems faced in learning chemistry with
reaction rates at SMAN10 JambiCity, so that the development of PjBL-based e-modules
is needed. The results of interviews with the teaching team (teachers) stated that SMAN
10 Jambi City used the 2013 Curriculum, and the teaching materials used in class were
worksheets and chemistry textbooks purchased by each student. The learning method
applied is the lecture, discussion, and demonstration (paracticum) method. Observations
showed that in the learning process students were less actively involved.

Furthermore, student analysis was carried out. Based on the results of interviews and
observations, it can be concluded that the ability of students to receive and respond to
subject matter is different, thus affecting the interest, interest and enthusiasm of students
when the learning process takes place. So that when the teaching and learning process
takes place, it is not uncommon for students to pay less attention and be busy with other
activities.

The design or design stage consists of the preparation of tests, selection of media
that is suitable for the purpose, selection of formats, and initial design. The preparation
of the test was carried out to determine how the assessment of students’ conceptual
understanding of learning.Assessment of students’ conceptual understanding of learning
is carried out in several stages, namely the initial stage in the form of a student response
questionnaire to learning Chemistry.

The media used to deliver the subject matter are e-modules and printed textbooks.
In learning, student worksheets (LKS) are also used as supporting media, especially
supporters in the practicum process.

The format of the electronic module (e-module) was developed in accordance with
the existing needs at the planning stage. Electronic module design (e-module) uses the
format proposed by Prastowo (2011). The following format for the electronic module
(e-module) was developed (Table 2).

The e-module design was produced by researchers as the initial product of the devel-
opment of an interactive electronic module (e-module). The e-module cover design can
be seen in Fig. 2.

The contents of the e-module consist of material descriptions, practicumworksheets,
practice questions and summaries, packaged in such a way that students can be more
active in the learning process (Fig. 3).

The final part of the e-module consists of an evaluation and a bibliography. The devel-
opment phase consists of expert validation and e-module testing. Instrument validation
was carried out with the aim of obtaining valid and appropriate instruments to be used
in assessing e-module products. The components assessed in the research instrument
include the components assessed in the research instrument including aspects of state-
ments in accordance with the instrument grid, aspects of conformity of content/material,
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Table 2. Outline of PjBL-Based Electronic Module

No Beginnings Contents Section Part End

1 Cover Material Title Bibliography Evaluation

2 Foreword Material Description

3 List of contents Exercises

4 Competency standards LKS

5 Basic competencies Summary

6 Learning objectives

7 Scope

8 Introductory Material

Fig. 2. Design of the e-module cover

and aspects of conformity with learning. Data on the results of the assessment of research
instruments are presented in Table 3.

3 Suitability for Learning 4.00 Of all the aspects assessed by the validator, this
research instrument is said to be suitable for use with revisions because all aspects in
the instrument are in the category suitable for use with revisions. However, the parts that
need to be repaired must be revised before being used. Media validation is carried out to
measure the feasibility of the e-module from the media aspect. The two media experts
filled out an instrument sheet to assess the overall quality of the media. Media validation
consists of four aspects that are evaluated, namely the design aspect, the second display
aspect, the third programming aspect, and the fourth utilization aspect.

Material expert validation is carried out to measure and assess the degree of validity
of the material and content of the developed e-module. The material assessment consists
of four aspects of introduction, content, summary, and aspects of training/evaluation.
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Fig. 3. Design of the e-module Contents

Table 3. Results of Data Analysis Validation of Research Instruments

No Assessment Aspect Average Score Criteria

1 Statements according to the
instrument grid

3,00 Worth using with revision

2 Conformity of Content/Material 4,00

Simulation of the use of e-modules is carried out by the teacher with the aim of
giving an idea to students about the use of electronic modules (e-modules). The sim-
ulation results show that the electronic module (e-module) can be used as a source of
student learning and teaching materials for teachers both in the classroom and outside
the classroom.

The results of material validation from two material experts can be seen in Figure 6.

Based on the data from the assessment results of two material experts on all aspects,
an average of 3.3was obtainedwith a very decent category. The average score is described
in the achievement of the average score of each aspect, including the preliminary aspect
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Table 4. Results of Student Response Scores in Small Group Trials

No Assessment Aspect Average Score Criteria

1 Learning materials 3,36 Very Worthy

2 Appearance 3,37 Very Worthy

3 Programming 3,4 Very Worthy

Total Score 3,37 Very Worthy

consisting of 5 indicators reaching an average score of 3.2 which is in the proper cate-
gory. The content aspect with 14 indicators got a score of 3.1 is in the decent category.
Furthermore, the summary aspect which consists of 3 indicators achieves an average
score of 3.8 in the appropriate category and the last is the exercise/evaluation aspect
with 5 indicators, an average score of 3.0 is obtained in the appropriate category.

After being declared feasible by media and material experts, it was continued with
small group trials. The results of small group trials are used as input to researchers about
the products developed before being tested in the field. Data on student responses to
small group trials are presented in Table 4.

Based on the results of the small group test assessment, an average of 3.37 was
obtained with very feasible criteria. This shows that the developed e-module can be
tested in the field in large groups. The results of the large group trial were used to assess
and see the effectiveness of the developed e-module (Table 4).

This research is in line with previous research conducted by (Herawati & Muh-
tadi, 2018; Siregar & Harahap, 2020) but there is a difference between the researchers
conducted with previous research, namely in this development research the researcher
used the Lee & Owens development model. The urgency of this research is that the
existence of PjBL-based e-modules can improve student learning outcomes and their
abilities. Thus, the novelty of this research is the development of e-modules using the
R&D development method with the Lee and Owens development model. The Lee and
Owens model consists of 5 stages, namely Analysis, Design, Development, Implement,
and Evaluate.

4 Conclusion

Based on the research conducted by the researchers, it can be concluded that the PjBL-
based e-module on the reaction rate material using the Lee and Owens development
model R&D development method obtained results conceptually “very good” based on
the assessment of material and media expert validators. So it can be stated that this
e-module is suitable for use in the chemistry learning process.
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