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Abstract: The Development of STEM-based Physics e-Workbook with Project-based
Learning Activities. Objective: There are various media that are effective in helping students
understand learning material at school but teachers have not used them optimally. This study aims
to develop digital workbooks with a feasible and effective project-based learning approach in
physics subjects. Methods: This development uses the ADDIE model which consists of analysis,
design, development, implementation, and evaluation. The product feasibility test was carried out
through the assessment of media experts, material experts, and was tested on class VII students
at SMPN 1 Bandar Lampung. Findings: The results of the effectiveness test were obtained
through the pretest and posttest. The results of the due diligence by material experts and media
experts obtained a proportion of reporting rates of 85.71% and 95.45% so that digital workbooks
fall into the category of appropriate use. The one-to-one trial shows that digital workbooks are in
the very good category with an average proportion of sales rate of 91.66%. In addition, the small
group trial also showed an average proportion of the reporting rate of 89.74%, so it was included
in the very good category. The results of the effectiveness test by calculating the n-gain score
obtained a result of 60.8 so that the digital workbook can be said to be quite effective. Conclusion:
Based on these results, it can be interpreted that STEM-based digital Physics workbooks with a
project-based learning approach for junior high school students are appropriate and effective for
use.

Keywords: ADDIE, digital workbook, project-based learning, STEM

» INTRODUCTION

Stimulating student knowledge can be optimized through learning resources and
learning media. There are various media that are effective in helping students understand
the concepts of physics material in junior high school, one of which is a workbook or a
collection of a number of student worksheets (Putra et al., 2019). Various developments
have been carried out regarding workbooks (Adora, 2019; Benitez, 2020; Darman et al.,
2017; Haloho & Pasaribu, nd; Maruyama & Kurosaki, 2021; Nainggolan, 2020; Rogayan
Jr. & Dollete, 2019) and sheets work (Barniol & Zavala, 2016; Cabrera & Navarro, 2021;
Ningrum et al., 2019; Sinuraya et al., 2019; Wulantri et al., 2020; Yanto, 2019). Based on
the development carried out by (Nurzaman et al., 2021), there was a significant increase
in students' high-level thinking abilities who used worksheets. (Romli et al., 2018) in its
development stated that students need innovative learning resources in the form of open-
ended based worksheets which can provide opportunities for students to develop various
solutions related to physics problems so that students' creative thinking abilities can be
improved. Several variables were observed in previous developments such as
communication and collaboration abilities (PM Sari et al., 2021), high-level thinking
abilities (Nurzaman et al., 2021; Putra et al., 2019; Y'S Sari et al., 2019), creative thinking
abilities (Asrori, 2020; Romli et al., 2018), representation abilities (Nuha et al., 2021),
scientific process skills (Algiranto et al., 2019), science process skills (Limatahu et al.,
2018; Nugraha et al., 2018), and so on. In fact, in studying material, students also need
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generic skills that can make it easier for them to understand and solve existing problems.
Therefore, there is a need to further evaluate the development of sheets or workbooks that
optimally emphasize students' generic skills.

Apart from choosing the right learning media, it is no less important to use an
approach that can support learning outcomes. Currently, there have been many
developments that try to integrate STEM approaches into learning in K-12. (Ha et al.,
2020) evaluated the scientific results of STEM learning in the ASEAN region through a
total of 175 publications from the Scopus database which shows that the STEM
development trend has increased quite significantly in the last three years. The majority
of the aims of these developments are development and innovation in face-to-face
learning. These findings provide input on the development and trends of STEM education
to develop STEM approaches to other learning throughout the world. (Abdurrahman et
al., 2019) in its development explains that inquiry-based STEM learning strategies can
improve the abilities of gifted students in accordance with the 21st century learning
framework. However, this development is limited to one case and indicates the need for
confirmation in more cases. STEM learning not only focuses on STEM-related subjects
and students' interests but also on 21st century student learning outcomes such as higher-
order thinking skills and problem-solving abilities (Lee et al., 2019b). The STEM
approach in Asia specifically improves student learning outcomes, especially critical
thinking abilities. The application of science, design practices, and technology offers
students opportunities for hands-on learning (Tsai et al., 2018). Previous development
carried out by Aldemir & Kermani (2017) stated that STEM which is embedded through
learning activities is able to help students develop a strong understanding so that the
development carried out by Sari et al., (2021) aims to analyze students' perspectives on
learning physics and teachers' views on electronic worksheets suggest developing an
electronic student worksheet with a STEM approach, especially on physics material.

Furthermore, STEM integrated with project-based learning into the curriculum has
received special attention among educators. Research conducted by (Lee, Y., etal., 2019)
states that this is due to its power in increasing student engagement and helping students
understand and apply concepts. STEM-PJBL activities allow students to demonstrate
recorded understanding regarding how to apply STEM concepts to real-world problems
(Han et al., 2016).

Based on these things, by trying to overcome the limitations in the development
that has been carried out regarding the development of student worksheet or workbooks,
the researcher developed a digital workbook for STEM-based Physics Subjects with a
project-based learning approach which can be accessed via a website and can be students
fill in or do it directly in the section provided with the various activities presented.
Developing STEM-based worksheets for junior high school students can have positive
effects, including helping develop students' critical thinking skills, fostering students'
interest in learning science and mathematics, as well as interest in things related to STEM,
fostering curiosity and solving skills. problems, giving students a broad experience of the
world around them (YS Sari et al., 2019).

= METHOD
Participants
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The population in this study were all class VII students at Junior High School 1
Bandar Lampung for the 2022/2023 academic year. The sample used was class 7.1 with
a total of 20 students which was taken using the cluster random sampling technique.

Research Design and Procedures

This research is research and development (R&D) with a qualitative and
quantitative approach which aims to produce learning products in the form of digital
workbooks that are integrated with the PjBL-STEM approach. The instruments in this
research are expert validation questionnaires, student response questionnaires, and test
sheets. The validity of the instrument developed is first tested to find out whether the
instrument is valid or not. This development research uses the ADDIE model work
reference framework which consists of five steps, namely Analyze, Design,
Development, Implementation, and Evaluation. The product resulting from this research
is a STEM-Based Digital Physics Workbook with a PjBL Approach for class VII junior

high school students.
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Figure 1. ADDIE Model

Analysis

In the analysis stage, the developer carries out activities to collect data about
existing and supposed conditions as a comparison material for the product being
developed. This stage includes needs analysis, literature study, student analysis, and
material analysis. Needs analysis was obtained through a preliminary study to find out
the problems that occurred through interviews and observation sheets in the form of
questionnaires addressed to teachers and students. Literature study analysis aims to obtain
data regarding the theoretical basis that can strengthen the product to be developed. At
this stage the developer reviews the curriculum, which includes content standards (Core
Competencies and Basic Competencies), process standards, and various theoretical
foundations and results of developments that have been carried out by previous
researchers. This is used to collect information on the causes of problems, in this case
related to digital workbooks. After the problem is found, the next step is setting goals.
Analysis of student characters such as knowledge, skills and general character which is
then used as a basis for developing the Digital Workbook being developed. Apart from
that, at this stage material selection is also carried out. The materials used are temperature,
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expansion and heat. In this material, many students' average scores are still below the
minimum completeness criteria. The material on temperature, expansion and heat was
chosen because it is closely related to everyday life and can improve students' generic
skills in applying scientific methods to learning.

Design

At the design stage, the activity carried out by the developer is designing a digital
workbook. This activity includes the formulation of GBIM which consists of basic
competencies and learning objectives, activities in digital workbooks, selection of media
used, and formulation of research instruments. Basic competencies in this material are
obtained from the Syllabus developed by the Research and Development Agency of the
Ministry of Education and Culture, namely "After studying temperature and heat material,
students can analyze the concepts of temperature, expansion, heat, heat transfer, and their
application in everyday life". Learning objectives are formulated based on the main
material that students must master, namely temperature and its transfer, expansion, heat
and heat transfer.

After formulating learning outcomes and objectives, at this stage the developer also
designs a flowchart of the structure of the Digital Workbook and first designs an Outline
of Media Content and determines the activities in the Digital Workbook according to the
aspects of PJBL-STEM proposed by Diana Laboy-Rush which consist of reflection,
research, discovery, application, and communication. In this case, the developer
determines the appearance that is designed based on moral decency norms. The developer
also designs the interface and its functions, which consist of page composition and
element consistency. Apart from that, a development team was determined at this stage
consisting of experts and developers to design research evaluation instruments and
validate them with experts.

Development

The development stage includes map out the product development design carried
out in the previous stage into a real product by first determining the platform used. In
determining the platform used, developers pay attention to matters relating to the
appearance, ease of access, and existing features. The platform chosen is a website with
the domain liveworksheets.com. On this site there are features that make it easier for
students to carry out activities in the digital workbook, such as being able to fill in
questions directly in the columns provided. Then get feedback from the teacher on the
sheet.

At this stage, the development of a Digital Workbook is carried out which is
composed of the syntax of the PJBL-STEM approach according to Laboy Rush. The
Digital Workbook consists of three major parts, namely introduction, body and
conclusion. The introductory section consists of an introduction to the workbook, study
instructions, and overall learning objectives. The contents of the workbook consist of
three chapters, namely Chapter 1: temperature and its measurement, Chapter 2:
expansion, and Chapter 3: heat and its transfer. The closing section consists of a
bibliography and author profile. Each chapter contains the learning objectives for each
chapter, students' initial provisions for studying the material, steps for PjBL-STEM
activities consisting of reflection, research, discovery, application, and communication,
as well as practice questions. The developer also provides related links or videos that
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students can access anytime and anywhere.

Next, validation of the Digital Workbook is carried out with the aim of determining
the feasibility of the product being developed. This activity was carried out by media
experts and material experts. Assessments and input from validators become a reference
for whether or not there are improvements to the product being developed.

Implementation

At the implementation stage, the Digital Workbook which is the result of the
development stage is implemented or tested on students. Students are given a
questionnaire as a user response regarding the Digital Workbook. In this case the
researcher recorded all the obstacles and shortcomings that occurred when the product
was implemented. This stage is part of the testing stage for users, namely class VII junior
high school students.

Evaluation

The evaluation stage is carried out by researchers at each stage of development as
a formative evaluation. Researchers made slight modifications by conducting an expert
review first before implementation was carried out. The evaluation results are used as
feedback to improve the product, which is carried out not only on the final product but
also starting from the analysis, design, development stages. The forms of evaluation
related to the products being developed are evaluations carried out by experts on the
products being developed and evaluations carried out based on trials with students. In the
analysis stage, an assessment of the results of the literature study and preliminary study
was carried out with the supervisor. Next, an assessment is carried out on the product
design such as GBIM, flowcharts, platform appearance and also the elements in the digital
workbook such as the type of font, images and videos used.

Instruments

The data collection tools used in this development are expert validation
questionnaire, student response questionnaire, and test sheets. The construct and content
validation questionnaire for the STEM-Based Digital Physics Workbook with the PjBL
Approach contains written questions for experts. The validation questionnaire aims to
obtain responses from validators regarding products with material developed by the
developer. The results from the validator are used as a reference for whether the product
being developed is valid or not.

The aspects and indicators of each instrument were prepared based on existing
theories and validated by an expert, namely Mrs. Dra. Suprayekti, M.Pd. The instrument
grid can be seen in the tables below.

Table 1. Digital workbook assessment questionnaire grid by media experts

. Butir Skala
Aspek Indikator ltem Penilaian
a. Compatible 1.2
Program b. Accessibility 3.4
C. Reusable 5 Skala 4
d. Operational 6
Graphics e. Font 7.8
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f.  Colouring 9
g. Layout 10.11
h. Content Illustration 12

Table 2. Assessment questionnaire grid by material experts

Aspek Indikator Butir Item Skor

a. Material suitability 1
b. Material quality 2.3.4.5

Content c. Learning approach 21.22
d. Encourage curiosity 6.7.15
a. Presentation technigue 8 4

Presentation b. Continuity of thought flow 9

c. Learning presentation 10.16.17.18.19.20
a. Straightforward 11.12

Language b. Interactive 13
c. Language rules 14

Student response questionnaires were used to collect opinions regarding responses
regarding the attractiveness and readability of the STEM-Based Digital Physics
Workbook product with the PjBL Approach. Student trials are carried out after a
feasibility test by experts. The instrument used is in the form of a questionnaire with four
rating scales. The instrument grid is as follows.

Table 3. Student response instrument grid

Aspect Indicator Item
. Information is easy to
Material understand 1.2
Component Study instructions are clear 3
Language Words >
Font 7
Appearance Picture 6.8
Color 8
Presentation Activities 4
Motivation Student motivation 9.10
Accessibility Ease of access 12. 13

The instrument developed is first tested for validity to find out whether the
instrument is valid or not. The instrument validity tests carried out are Questionnaire
Validity and Validity of Question Items. The questionnaire validity is carried out by
experts by assessing the questionnaire instruments developed and providing suggestions.
Validity of Question Item is carried out by distributing question items to students and
continuing with analysis of the answer results using bivariate analysis in SPSS. The
category guidelines are as in table 4. below.

Table 4. Question item validity category

Range

Category

0.80 < 1y < 1.00

Very high (Highly Valid)
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0.60 <rxy<0.80 High (Valid)
0.40<ry<0.60 Fair

0.20 <ry <0.40 Low (Less valid)
0.00 <1y <0.20 Very low (Invalid)

Appropriateness Test Procedure

Product suitability assessment is carried out using a feasibility test. This test is
carried out by experts and tested on students. Digital Workbook products that have been
developed are assessed by experts such as media experts and material experts according
to their respective fields. Media experts provide assessments regarding the media being
developed and material experts provide assessments and suggestions regarding the
material substance in the Digital Workbook. The assessment is given through an
assessment instrument according to the assessment field. Moreover, One to One Trial
was carried out on three class VII students at SMPN 1 Bandarlampung with different
levels of ability. Subsequently, revisions were made based on the results obtained during
the trial. After completing the one-to-one trial, a small group trial was carried out on six
class VII students. Furthermore, revisions were made to the results obtained based on
these data.

Effectiveness Test Procedure

Effectiveness Testing is carried out to find out whether the product being developed
is effective, in this case the assessment of the Digital Workbook in improving student
learning outcomes. This test was carried out by giving a pre-test before using the Digital
Workbook and a post-test after using it to 20 students and analyzing the results obtained.
The influence of the product being developed when used is indicated by the difference in
pre-test and post-test scores.

Data Analysis
Qualitative Descriptive Analysis

This analysis technique is used to process data resulting from reviews from experts
and student responses. This technique is carried out by grouping information from
qualitative data such as comments and suggestions in the questionnaire with the following
steps; Collect verbal data; Transcribe written verbal data; Collect, select, classify written
verbal data; Analyze data; Formulate conclusions from the analysis results as a basis for
taking action on the product. The results are used to revise the product being developed,
namely the Digital Workbook.

Quantitative Descriptive Analysis

This technique is used to process the data obtained in percentage form. The expert
test assessment instrument uses a Likert scale consisting of answer choices according to
the question content. The assessment scale starts from (1) not feasible, (2) quite feasible,
(3) feasible, (4) very feasible. The criteria for achieving validity and n-gain criteria refer
to the table below can be seen in the table below.
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Table 5. Criteria for achieving product validity

Test Results Follow Up
Percentage Qualification
86% - 100% Highly feasible Implementation
76% - 85% Feasible Implementation
56% - 75% Decent enough Revised
<55% Infeasible Revised

Table 7. N-Gain effectiveness criteria

Percentage (%) Criteria
<40 Ineffective
40 - 55 Less Effective
56 - 75 Quite Effective
>76 Effective

= RESULT AND DISSCUSSION
Stage 1: Analysis
Needs analysis

Based on the results of preliminary research conducted with class VI students and
teachers at SMPN 1 Bandar Lampung, data was obtained that 84% of students had
difficulty learning Physics Science material and 89% of students needed learning media
that could support learning activities. Apart from that, interviews conducted with teachers
showed that students did not have digital workbooks so that the assignment activities
carried out during online learning were less than optimal. One of them is when giving
assignments, teachers instruct students to work in notebooks and then collect answers by
targeting them so that learning activities become less effective.

Apart from that, Physics lessons require students to have generic science skills in
understanding the material. This can be supported by activities in the form of a project.

Student Analysis

The results of observations with teachers show that the average age of class VII
students is thirteen years. Apart from that, the analysis shows that students have easy
access to information and communication through the devices they own as well as the
availability of internet facilities at school and at home.

Stage 2: Design

At this stage, the developer designs a Media Content Outline according to the
activities contained in the Digital Workbook and the instruments that will be used in the
research. After that, the developer designs the activities in the digital workbook according
to the aspects proposed by Diana Laboy-Rush and the developer designs a Digital
Workbook structure flowchart. The design aspects of PjBL-STEM presented in each
activity are as follows.

Table 8. Design results of STEM aspects in digital workbooks

Aspect Activity Activity Indicator
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PjBL STEM
Reflections  Science Reflections Given an example of
Examples of temperature and  temperature and heat events
heat events in everyday life, students
continue to fill in the
column provided
Describe temperature, Students explain the
expansion, and heat meaning of each concept
regarding temperature and
heat in the columns
provided
Research Technology Browsing between platforms  Examples are presented
along with explanations
regarding temperature,
expansion and heat events
via video media on
YouTube
Discovery Engineering Designing prototype Students design, test, and
experiments related to redesign temperature and
temperature and heat heat prototypes
Application  Mathematics  Tabulating data and making  Students complete the table

graphs

Carry out calculations related
to temperature and expansion

provided and create a graph
in the space provided in the
Digital Workbook

Stage 3: Development

At the development stage, the process of developing a real product from a previous
design is carried out by first selecting the platform used. The digital workbook prototype
consists of several parts, namely the home page, log in page, workbook collection page,
workbook introduction page, contents page, and last page, namely bibliography and
author profile.
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Figure 2. Part of digital workbook prototype (a) workbook introduction page (b) contents page
(c) last page

After that, detailed product development is carried out which produces a product
that is ready to be tested.

Stage 4: Implementation

In developing the digital workbook, before the implementation stage, the researcher
first carried out an expert review to determine the validity of the construct being
developed. After obtaining an assessment from experts, the implementation stage is
carried out. Implementation is carried out one to one, consisting of three people and small
groups consisting of six students. Next, a field trial was carried out to find out whether
the digital workbook was effective to use by looking at its effect on student learning
outcomes .

Stage 5: Evaluation

The evaluation stage resulted in assessments and suggestions from experts
regarding the STEM-based Digital Physics Workbook with the PjBL Approach for
Middle School Students. The results of the expert assessment of the questionnaire
instrument used obtained an average score of four out of a maximum of five. Apart from
that, the expert gave a comment, namely "The instrument items are suitable for use and
do not need improvement" so that the instrument can be used in research. The results of
the validity of the question instrument test with N= 20 and o= 0.05, then rtable= 0.444
and it can be seen that of the ten questions, five questions have a Pearson Correlation >
0.444 so that the five questions are declared valid and can be used, whereas the other five
questions were invalid so they were not used. The results of the media expert's assessment
of the results of the development of the digital workbook obtained the 85.71% of
evaluation score. Furthermore, the feasibility results obtained from media experts show
that the Digital Workbook is suitable for use. Based on the results of the feasibility
assessment by material experts, evaluation score reached 95.45%. The feasibility results
obtained from material experts are in the range of 86%-100%, indicating that the Digital
Workbook is very suitable for use.

Apart from the quantitative test results above, media experts suggest using the Sans
font, replacing the illustration on the cover, repairing several parts that have broken
resolution, and paying attention to layout composition, while material experts suggest
including supporting media from several sources. Based on this, the developer revised the
development design based on suggestions from experts and then tested it on students.

The results of one to one trials and small group trials respectively obtained an
average of 91.66% and 89.74%. Therefore, the development of a STEM-based Digital
Physics Workbook using the PjBL approach from the aspects of material, workbook
components, language, appearance, learning motivation and accessibility is included in
the very good category for use in learning. Apart from that, the results of the effectiveness
test on students after using the development product through the N-Gain Score calculation
showed that there was an increase in learning outcomes by 61%. Referring to Table 7
regarding the criteria for achieving the N-Gain score, this means that the STEM-based



954 | Jurnal Pendidikan MIPA, 24 (4), 2023, 944-957

Physics digital workbook product with the PjBL approach is in the "effective enough”
category.

» CONCLUSION

Research into the development of a STEM-based digital physics workbook using a
project-based learning approach for junior high school students has produced a digital
workbook that can be accessed via a link. Digital workbooks help teachers make learning
more optimal by not having time and space limitations in providing assignments and
exercises. Digital workbooks can support the science textbooks used so that students
better understand the material being studied. The development model used is the ADDIE
model which consists of analyze, design, development, implementation and evaluation.

The researcher recommends other researchers to develop similar products on other
subjects in class VII science lessons using other, more detailed instructional design
models so that development can be more optimal. Researchers recommend that teachers
use digital workbooks that have been developed to support classroom learning. Students
can use digital workbooks that have been developed to better master the material on
temperature, expansion and heat.
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