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context-aware reasoning. Integrating both approaches into a unified instructional
framework offers the potential to optimize the development of students’ critical
thinking skills. This leverages the strengths of each approach, creating a more robust
and contextually rich learning experience. This study aims to assess the feasibility and
practicality of digital teaching materials based on the Problem-Based Learning (PBL)
model and Socio-Scientific Issues (SSI) approach in enhancing students’ critical thinking
skills on the topic of renewable energy. The research employed a Research and
Development (R&D) design utilizing the ADDIE model, which consists of the phases:
Analysis, Design, Development, Implementation, and Evaluation. The feasibility of the
digital teaching materials was validated by experts, with material experts assigning a
validity score of 0.91 and media experts a score of 0.93, both of which fall within the
high validity category. The practicality assessment yielded a practicality percentage of
Keywords: 91.28% from teachers and 86.50% from students, both categorized as highly practical.
Digital teaching materials; PBL; SSI; These findings indicate that the PBL-SSI-based digital teaching materials on renewable
critical thinking skills; renewable energy energy are both feasible and practical for fostering students’ critical thinking skills.

1. Introduction

The quality of a nation's education determines the progress of the nation itself. But in reality, the
guality of education in Indonesia is still in the low category [1]. Improving the quality of education can
be pursued through improving skills, knowledge, attitude, and changes in the education curriculum
[2]. In the 21st century, Indonesia has changed the curriculum from the kurikulum 2013 to the
kurikulum merdeka, thus requiring changes in the approaches, strategies, and learning models used.
In implementing the kurikulum 2013, there are several main problems including material
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completeness being prioritized over learner understanding and schools being given less freedom to
create and innovate according to the needs of the school environment. The kurikulum merdeka comes
as a solution to these problems, where this curriculum focuses on freedom and creative thinking [3].
The characteristics of the kurikulum merdeka according to the National Curriculum Information
System in 2021 include focusing on essential material, developing soft skills and character according
to the Pancasila learner profile, and the freedom of differentiated learning according to the needs of
students while still adjusting the context and local content.

One important part that can help achieve the objectives of a kurikulum merdeka is the learning
tools used, including teaching materials. Teaching materials are a series of materials, evaluations, and
learning methods that are arranged to achieve learning objectives [4]. Teaching materials can facilitate
teachers and students during the learning process in the classroom [5,6]. Teaching materials can also
make the learning process more effective and efficient [7,8]. The effectiveness of learning will certainly
affect the learning outcomes of students. In this case, teachers play a role in designing and compiling
innovative teaching materials [9] both in print and digital form according to the curriculum, the needs
of students, and following the development of information technology [10]. Therefore, it is necessary
to develop teaching materials in digital form.

Digital teaching materials are teaching materials that integrate various types of learning media,
both in the form of audio, visual, and audio-visual to realize interactive learning [11] and increase
students' interest and motivation to learn [12]. This allows for differentiated learning that facilitates
various learning styles of students. In today's digital native era, several activities can be done
simultaneously, for example, students can still absorb what they read while listening to music. Digital
natives are more interested in digital-based teaching materials because they spend more time with
their digital devices. This certainly encourages teachers to be more innovative in developing teaching
materials [13] and provides space for students to be able to interact with these teaching materials
freely through their respective cellphones [14].

In developing teaching materials, it is necessary to have an appropriate learning model to train
students' critical thinking skills in achieving learning success. One of the appropriate learning models
is the Problem Based Learning (PBL) learning model. PBL presents contextual problems in everyday
life that make it easier for students to understand the material by linking it to the surrounding
environment so as to make learning more meaningful [15]. The PBL learning model develops students'
thinking, problem-solving, and intellectual abilities by focusing learning on real problems [16,17].
Students are trained to think critically in solving problems through a discussion process by integrating
various previously acquired knowledge thoroughly [18,19]. Learning with the PBL model makes the
class more active because students become the main subjects in learning [20]. The real relevance
between the PBL learning model and everyday life requires students to learn actively, so this learning
model is considered more innovative [21].

Teaching materials that can make it easier for students to master content include teaching
materials with Socio Scientific Issues (SSI) content. SSl is a learning approach that raises scientific issues
that cause controversy in society so that students are asked to be actively involved in discussing these
issues [22-24]. In making learning media, there are several important aspects of SSI that need to be
considered [25] including (1) problems in the form of real events, (2) contemporary relevance, (3)
controversy, (4) describing the nature and process of science, (5) complex and open, (6) integrating
science, technology, and social issues, (7) considering the ethical dimension. SSI contains the relevance
of social issues or problems in society that are closely related to science concepts [26], so that there
is no gap between what students get in school and the facts that occur in the field. Thus, SSI makes
learning more meaningful because SSI bridges social problems in society with the context of science
[27,28]. Learning with the SSI context can build students’ argumentation skills through various
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perspectives [29]. The SSI context focuses on critical thinking and argumentation skills, so it is the right
solution to improve students' critical thinking skills [30,31].

Teaching materials with the SSI approach can develop students' critical thinking skills. Critical
thinking skills are included in the crucial skills in the 21st century that students must have to be able
to adapt [32,33]. Critical thinking is thinking reflectively, reasonably or based on reason, and focused
on determining what to do [34,35]. Someone who is able to solve problems is considered capable of
thinking critically, reasonably, and creatively [36]. Critical thinking skills include five major aspects,
namely the skills of providing simple explanations (basic classification), building basic skills, concluding
(inference), providing advanced explanations, organizing strategies and tactics. With critical thinking
skills, students can make the right decisions based on systematic, logical efforts, and through
consideration of various points of view [37]. However, the critical thinking skills of students in physics
learning are still relatively low even though this skill is a very crucial part in facing the demands of the
current digital era [38]. The results of the analysis show that one of the factors causing the low critical
thinking skills of students is the difficulty experienced by students in linking and interpreting between
aspects in real life with mathematical model problems [39]. Thus, efforts are needed to improve
critical thinking skills. Critical thinking skills have an adaptive mindset that is more sensitive to
surrounding phenomena so that students become more familiar with their own environment [40].
Therefore, SSl is the right effort to be made in improving students' critical thinking skills.

Social environmental issues that continue to grow to this day include the issue of renewable
energy. Renewable energy is a crucial issue that has long been discussed in Indonesia, especially
related to fossil energy dependence [41]. This is certainly a big challenge for Indonesia, so it needs to
be elaborated in learning. Renewable energy is one of the learning topics that requires good concept
understanding because there are parts with quite complex concepts accompanied by mathematical
calculations in it [42]. Some students still have difficulty in understanding concepts and solving
problems on the sub-topic of effort and energy [43]. One of the efforts that can be made as a solution
to this problem is by linking the relationship between the topic of renewable energy and the
surrounding environment. Basically, the education curriculum will be better if it is integrated with the
renewable energy potential of each region [44]. In addition to improving critical thinking skills,
teaching materials that are integrated with regional potential can also train concept mastery and
environmental care attitudes [45]. Thus, it is necessary to develop teaching materials with SSI content
on the topic of renewable energy as a whole, so that they can train students' critical thinking skills
optimally as a solution to existing problems.

Based on the background of the problems that have been described, it is necessary to develop
PBL-based digital teaching materials and SSI content with phenomena that occur in real life, so that
they can train students' critical thinking skills. Teaching materials in this research were developed in
digital form in the form of a flipbook by integrating the syntax of the PBL learning model to facilitate
students' critical thinking skills, where each sub-material presented in the teaching materials is
accompanied by different SSI content.

1.1 Problem Formulation
Based on the description of the background, the following problem can be formulated:
i. What is the feasibility of PBL-based renewable energy digital teaching materials with SSI
content to improve students' critical thinking skills?

ii. What is the practicality of PBL-based renewable energy digital teaching materials with SSI
content to improve students' critical thinking skills?
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1.2 Research Objectives

Based on the formulation of the problems that have been described, the objectives of this research
are to:

i. Producing PBL-based renewable energy digital teaching materials with SSI content to improve
students' critical thinking skills that are suitable for use in learning.

ii. Knowing the practicality of PBL-based renewable energy digital teaching materials with SSI
content to improve students' critical thinking skills.

2. Methods

The research method used in this research is the Research and Development (R&D) method. The
R&D method produces products based on needs analysis and tests the effectiveness of these products
[46]. The development model used is the ADDIE model which consists of the Analysis, Design,
Development, Implementation, and Evaluation stages [47,48]. The ADDIE model not only improves
existing products, but also creates new products. In this research, the product development of PBL-
based digital teaching materials with SSI content was only carried out up to the development stage on
small-scale trials.

The analysis stage is the stage of analyzing the needs and identification of problems in the research
subject before the implementation of development activities. Then, proceed with the design stage,
namely the design of the digital teaching material products developed. Furthermore, the development
stage is carried out to realize the product that has been designed at the design stage. The stages of
the ADDIE model in full can be seen in Figure 1 below.

Revised T Revised
I
I
I

Implementation }----(  Evaluation )----- Design

|
i

Revised Revised

Development

Fig. 1. Schematic of the ADDIE model approach

At the development stage, in addition to the realization of making digital teaching material
products, the preparation of research instruments and validation of teaching materials that have
been made is also carried out. Research instruments made in the form of teaching material validation
instruments and practicality questionnaires. The validation instrument is used as a tool for assessing
the validation of teaching material products developed, through the validation test of material
experts and media experts. This validation test was conducted to determine the feasibility level of
the teaching materials developed. Meanwhile, the practicality questionnaire is used to assess the
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level of ease or practicality of teaching materials when used in learning. Practicality questionnaires
are given to physics teachers and students as users of teaching materials.

The results of the feasibility test assessment of teaching materials were analyzed using Aiken's V
formula (1985) with Eq. (1) as follows [49]:

_ _3s
V= [n(c—1)] (1)

with r — [, s, the number of validators, n, the highest rating number, c, the lowest rating number,
ly, and the number given by the validator, r.

Aiken's V value will be better if it is close to 1. Aiken's V validity criteria can be seen in Table 1
below [50].

Table 1

Aiken's V validity classification

Score Interval Validity Interpretation
V>0.80 High

0.60<V<0.80 High enough
0.40<V<0.60 Enough
0.00<V<0.40 Bad

The analysis results of the V-count are then compared with Aiken's V table. If the V-count value
obtained is greater than the V table value, the teaching materials developed are declared valid and
suitable for use in learning, and vice versa. After the teaching materials are declared valid through
the feasibility test, then the teaching materials can be implemented in learning and tested for
practicality.

The practicality test of teaching materials was carried out by distributing practicality
guestionnaires in the form of a Likert scale to teachers and students. The first practicality test was
conducted by physics teachers, along with the feasibility test of teaching materials. The results of the
practicality test of teaching materials by teachers were analyzed using the formula from Akbar (2013)
in Eq. (2) as follows [51]:

V—au=22x100% (2)
with individual validation, V — au, total empirical score achieved, TSe, and total expected score, TSh.

After being declared practical by the teacher, the practicality test of the teaching materials was
then carried out by students along with the small-scale trial. This aims to determine the students'
response to the teaching materials developed as an evaluation material for improving teaching
materials. The results of the practicality test of teaching materials from students were then analyzed
using the following Eq. (3) [52]:

Y. the score given by the student

Practicality Percentage (P) = x 100% (3)

Y maximum score

The results of the practicality test of teaching materials by teachers and students are classified
according to the product practicality criteria shown in Table 2 below [53]:
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Table 2

Criteria for the practicality of teaching material
products

Criteria (%) Practicality Level
0<P<?21 Not practical

21<P <41 Less practical
41<P<e61 Practical enough

61 <P <81 Practical

81 <P <100 Very practical

3. Results and Discussion

The problem analysis in this research was carried out through observation and interview methods
conducted at SMA Negeri 6 Semarang, especially in class X. The results of the interview with one of
the Xth grade physics teachers mentioned that the learning objectives in the form of analysis and
problem solving have not been achieved optimally due to the lack of carrying capacity of the teaching
materials used, where the content in the teaching materials does not train students' critical thinking
skills. In the observation of the teaching materials used, contextual material has not been presented
in it to support the topics of analysis and problem solving. In fact, the existence of phenomena that
can be studied theoretically is needed to train critical thinking skills, but the teaching materials
provided by schools have not integrated this context. In addition, the assessments presented in the
teaching materials also do not integrate the concept of SSI as a stimulus, so they are only problems
related to theory and do not refer to solving problems around. The results of interviews with several
grade X students show that most of them want differentiated learning with the majority of audio-
visual learning styles, so they tend to want learning media with a variety of content variations in it.
However, the implementation of the kurikulum merdeka at SMA Negeri 6 Semarang, especially in class
X, is not supported by the existing learning media which has not been able to meet the needs of the
curriculum and the needs of students. The learning that is done is still teacher-centered and has not
raised real phenomena that are interesting to learn, so that students feel bored more quickly during
learning. In addition, the learning process has not integrated the PBL model. The assignment given is
only in the form of solving problems provided by YouTube videos without any discussion process in it,
so it does not accommodate students' critical thinking skills. Thus, innovation is needed in the
development of PBL-based teaching materials with SSI content accompanied by examples of real
phenomena in everyday life to train students' critical thinking skills.

The teaching materials developed are PBL-SSI-based digital teaching materials in the form of
flipbooks that contain various variations of content (audio, visual, audio-visual) to facilitate the
learning style needs of students, thus supporting differentiated learning. The teaching materials also
contain social scientific issues (SSI) to facilitate students’ critical thinking skills. At this stage, the
systematic content of teaching materials developed based on the results of the analysis of needs and
potential problems is formulated. The integration of the use of PBL learning models and SSI content
in the content of digital teaching materials is shown in Table 3 below.
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Table 3

Application of PBL model and SSI content in digital teaching material content
Syntax of PBL-SSI Model SSI Content

Aspects of Critical Thinking

Orient students to the SSI problem

Organize students to learn,
especially in answering the SSI

content presented

Guiding independent and group
investigations (there is a group
discussion related to social issues

An introduction to waterwheels in Rajapolah
Subdistrict, Tasikmalaya, which utilize the
water of the Citanduy River to overcome
drought in rice fields

Identification of the case of the emergence of
the Tobelo Tribe in the Kaorahe nickel mining
concession area, Halmahera Forest due to
mining activities

Discussion on the impact of PT Freeport's
Special Mining Business License (IUPK)
extension until 2061

Simple explanation skills (basic
classification)

Building basic skills

Provide further explanation

about renewable energy material)

Develop and present work

Analyze and evaluate the problem-

solving process

Analyze the relationship between the
construction of the giant windmill PLTB
Sidrap and the fulfillment of energy needs
and make a simple energy-producing
device/prototype design through Power
Point.

Organize strategies and tactics

Conclude (inference)

The design of the integration of the PBL learning model with SSI on renewable energy material is

then packaged into the design of the developed digital teaching materials. The design of the digital
teaching materials developed can be seen through the storyboard listed in Table 4 below.

Table 4
Digital teaching material design storyboard
Content Description
Cover Contains the title of the material, class (phase), and the author of the digital teaching

Table of contents
Instructions for use

About teaching materials

Content standard
Concept map
Ayo mengamati
Ayo berpikir

Ayo pecahkan

Ayo berkarya
Ayo kembangkan

Material description

See the world

Did you know
Question bank
Evaluation questions

Summary
Glossary

material.

Contains page information in digital teaching materials

Contains guidelines for using digital teaching materials with an introduction to available tools
Contains the parts contained in the teaching material

Contains learning’ outcomes, elements, and objectives

Contains the flow of material to be learned

In the form of the first syntax activity of PBL, namely orienting students to the problem

In the form of the second syntax activity of PBL, namely organizing students to learn

In the form of the third syntax activity of PBL, namely guiding individual and group
investigations.

In the form of the fourth syntax activity of PBL, which is developing and presenting work.

In the form of the fifth syntax activity of PBL, namely analyzing and evaluating the problem
solving process.

Contains discussion of material with SSI content that is equipped with a variety of content, in
the form of news text, images, audio, and learning videos.

In the form of SSl issues discussed in digital teaching materials

Include news articles as additional information to support the SSl issue being discussed.

In the form of practice questions that are presented at the end of each sub-learning material
In the form of evaluation questions to measure students' understanding at the end of
learning

Summarizes the material that has been discussed

Contains a list of important words or terms contained in teaching materials

The final product developed is a digital teaching material based on the PBL learning model and SSI

content on renewable energy material. Teaching materials are packaged in the form of flipbooks
through Heyzine, so they can be directly used by users in flip form. In this case, users can use it as well
as reading printed books in general, but the difference is that this teaching material is digital so that it
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is easier to use because there are various features that help users in using teaching materials. Teaching materials in the form of flipbooks
certainly make it easier for teachers and students in the learning process, because they can be directly used without having to go through any
application. Its flexible use allows learning time to be more effective and efficient. The learning activities presented in PBL-based digital teaching
materials and SSI content are shown in Table 5 below.

Table 5

Learning activities in PBL-based digital teaching materials with SSI content

PBL-SSI based learning

Activities

Design of teaching materials

Ayo Mengamati

Ayo Berpikir

"Ayo Mengamati" is the implementation of PBL syntax orienting students to
the problem and critical thinking aspects of providing simple explanations
(basic classification). In this section, students are asked to answer the
triggering questions posed before learning as a form of introduction to the
renewable energy material to be discussed, namely related to forms of energy
and energy conversion in the process of rotating waterwheels (sub-material
energy, work, and power), the impact of exploration of non-renewable energy
sources in Kaorahe nickel mining on the lives of surrounding communities
(sub-material energy sources), and the working principle of windmills in
generating electricity (sub-material fulfillment of energy needs).

"Ayo Berpikir" is the implementation of PBL syntax organizing students
to learn and critical thinking aspects of building basic skills. In this
section, students form groups to discuss the problems presented in the
teaching materials, so that they exchange ideas and information with
each other. The "Ayo Berpikir" activity in this teaching material is
related to the energy conversion process in the rotation of the
waterwheel (energy, work, and power sub-materials), the case of the
emergence of the Tobelo Dalam Tribe due to the exploration of non-
renewable energy sources in the form of nickel (energy source sub-
materials), and the background of the PLTB Sidrap construction in
South Sulawesi to meet electrical energy needs (energy needs
fulfillment sub-materials).
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Ayo Pecahkan

Ayo Berkarya

Ayo Kembangkan

"Ayo Pecahkan" is the implementation of PBL syntax guiding individual
and group investigations and critical thinking aspects providing further
explanation. In this section, students form discussion groups to solve
problems presented in teaching materials by referring to accurate
literature sources, so that logical and appropriate solutions are
obtained. Students have the freedom to argue in finding the right
solution while still being guided by the accuracy of the source. The "Ayo
Pecahkan" activity in this teaching material is related to the concept of
work on a waterwheel (energy, work, and power sub-materials), the
impact of extending PT Freeport's business license which explores non-
renewable energy sources (energy source sub-materials), and the
relationship between the construction of the PLTB Sidrap and the
fulfillment of energy needs (energy needs fulfillment sub-materials).
"Ayo Berkarya" is the implementation of the PBL syntax of developing
and presenting work and the SSI aspect of organizing strategies and
tactics. In this section, students are asked to present the results of their
work in groups and provide responses to each other, thus training the
critical thinking skills of students. In the "Ayo Berkarya" activity,
students are asked to present the results of their discussion related to
the concept of work on waterwheels (energy, work, and power sub-
materials), create energy-saving theme posters through Canva and
upload them on personal Instagram (energy source sub-materials), and
design energy-producing devices/prototypes from renewable energy
sources and then present them in front through Power Point (energy
needs fulfillment sub-materials).

"Ayo Kembangkan" is the implementation of the PBL syntax of
analyzing and evaluating the problem-solving process and the critical
thinking aspect of inference. In this section, it is equipped with a "Bank
Soal" at the end of each sub-material in the form of a collection of
guestions as material for evaluating students as well as drawing
conclusions from what has been learned. In the "Ayo Kembangkan"
activity, students are asked to solve analytical problems in the form of
LPG gas scarcity issues (energy, work, and power sub-materials) and
activities to summarize learning followed by quizzes (energy source
sub-materials and energy needs fulfillment sub-materials).
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After developing teaching materials, the next step is to conduct feasibility testing of digital
teaching materials to determine the feasibility level of the product. The feasibility test of teaching
materials is divided into feasibility tests of material experts and media experts by involving five expert
validators consisting of two physics lecturers FMIPA UNNES and three physics teachers. Teaching
materials are declared feasible if they obtain a V-count score in the range of 0.80 to 1.00. The results
of the feasibility test of PBL-based digital teaching materials with SSI content by material expert
validators can be seen in Table 6 below.

Table 6

Material expert validation results of PBL-SSI digital teaching materials
No. Aspects V-Count V-Table Criteria
1 Content feasibility 0.89 Valid

2 Material presentation  0.96 0.8 Valid

3 Language 0.90 ) Valid
Average 0.91 Valid

In the material expert validation test, there are three aspects of assessment which include content
feasibility, material presentation, and language. Based on the results of the material expert validation
test, the average V-count score was 0.91> 0.8 so that the teaching materials developed were declared
valid or feasible in the high category. In the aspect of content feasibility, a V-count of 0.89 > 0.8 was
obtained and included in the valid criteria. This means that the teaching materials developed have
contained material content that is in accordance with the integration of the PBL-SSI model in it, so
that it has the potential to improve students' critical thinking skills. In the aspect of material
presentation, a V-count of 0.96 > 0.8 was obtained and included in the valid criteria. This means that
the teaching materials developed have been arranged coherently and systematically with various
variations of content in it. In addition, the teaching materials have also met the completeness of the
presentation according to the standards of BSNP (National Education Standards Agency). In the
language aspect, a V-count of 0.90 > 0.8 was obtained and included in the valid criteria. This means
that the writing in teaching materials has met the standards according to the applicable language
rules, both in terms of writing scientific notation, spelling, and sentences used. The results of the
feasibility test of PBL-based digital teaching materials with SSI content by media expert validators can
be seen in Table 7 below.

Table 7

Media expert validation results of PBL-SSI digital teaching materials
No. Aspects V-Count V-Table Criteria
1 View 0.96 Valid

2 Graphics 0.91 0.8 Valid

3 Software 0.95 Valid
Average 0.93 Valid

In the media expert validation test, there are three aspects of assessment which include views,
graphics, and software (use). Based on the results of the media expert validation test, the average V-
count score was 0.93 > 0.8 so that the teaching materials developed were declared valid or feasible in
the high category. In the views aspect, a V-count of 0.96 > 0.8 was obtained and included valid criteria.
This means that the design of teaching materials developed has an attractive and appropriate color
composition and layout, making it comfortable to look at. In addition, teaching materials are also
arranged consistently, both in content consistency, layout, and font usage. In the graphics aspect, the
V-count is 0.91 > 0.8 and includes valid criteria. This means that the teaching materials have been
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prepared using the applicable fonts and page formats. In addition, teaching materials have also
contained images, audio, and video with good quality and attractive so that they can attract students'
interest in learning. In the software aspect, a V-count of 0.95> 0.8 was obtained and included valid
criteria. This means that the teaching materials developed have easy access to use because they are
supported by various interesting features that help users in using teaching materials.

After the teaching materials are declared feasible to use, then a practicality test is carried out to
determine the level of ease of teaching materials when used in learning. The practicality test was
carried out by distributing practicality questionnaires to three physics teachers and 36 small-scale trial
students. The results of the practicality test of PBL-based digital teaching materials with SSI content
by teachers can be seen in Table 8 below.

Table 8

Practicality test results of PBL-SSI digital teaching materials by teachers

No. Aspects Percentage (%) Criteria

1 Learning material 92.2 Very practical
2 Material presentation 89.3 Very practical
3 Use of language 93.3 Very practical
Average 91.28 Very practical

The practicality test of digital teaching materials by teachers is intended to determine the
assessment given by the teacher regarding the suitability of the teaching materials developed with
the learning design [54]. Teacher assessment is needed to find out how practical the product
developed [55]. In the practicality test of teaching materials by teachers, there are three aspects of
assessment which include learning material, material presentation, and use of language. Based on the
results of the practicality test by the teacher, the average practicality score was 91.28% and included
in the very practical criteria. In the aspect of learning materials, the practicality score was 92.2% and
included very practical criteria. This means that the material presented in the teaching materials is in
accordance with the learning objectives to be achieved [56]. The description of the material is in
accordance with the applicable curriculum and is arranged coherently and systematically with a
variety of relevant content [57]. In the aspect of material presentation, a practicality score of 89.3%
was obtained and included very practical criteria. Interesting content variations equipped with
interactive multimedia displays encourage more interest and motivation to learn to students [58,59].
Presentation of material with an attractive appearance makes teaching materials easier to understand
[60]. In the aspect of language use, a practicality score of 93.3% was obtained and included very
practical criteria. This means that the language and terms used in teaching materials are written with
appropriate language rules, so that the information presented can be conveyed well to readers [57].
After testing the practicality of teaching materials by teachers, then testing the practicality of teaching
materials by students, the results can be seen in Table 9 below.

Table 9

Practicality test results of PBL-SSI digital teaching materials by students

No. Aspects Percentage (%) Criteria

1 Effectiveness 86.39 Very practical
2 Interactive 85.00 Very practical
3 Efficiency 88.15 Very practical
4 Creativity 86.48 Very practical
Average 86.50 Very practical
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The practicality test of teaching materials by students aims to see students' responses to the
practicality of the teaching materials developed. In the practicality test by students, there are four
aspects of assessment which include effectiveness, interactive, efficiency, and creativity. Based on the
results of the practicality test of teaching materials by students, an average practicality score of
86.50% was obtained and included in the very practical criteria. In the effectiveness aspect, the
practicality score was 86.39% and included very practical criteria. This means that the teaching
materials developed are able to explain the learning material well supported by the appropriate
material content in the teaching materials so that it makes it easier for students to understand the
material. In the interactive aspect, a practicality score of 85% was obtained and included very practical
criteria. This means that activities in teaching materials allow direct feedback between teachers and
students so that learning becomes more active. In the efficiency aspect, a practicality score of 84%
was obtained and included very practical criteria. This means that teaching materials are flexible (easy
to use anytime and anywhere) according to the learning style of students and are also easy to access
[61]. In the aspect of creativity, a practicality score of 86.48% was obtained and included very practical
criteria. Thus, it means that teaching materials are presented in an attractive appearance so that
learning becomes more interactive and not boring [62].

4. Conclusion

Based on the results of the research that has been carried out, it can be concluded that the digital
teaching materials for renewable energy materials based on PBL and loaded with SSI are declared
feasible to use based on the results of the feasibility test analysis of teaching materials by material
experts and media experts. The teaching materials developed are also considered practical and easy
to use in learning based on the results of the practicality test analysis of teaching materials by teachers
and students. Thus, the teaching materials developed are ready to be implemented in learning for
further product development, namely at the implementation and evaluation stages.
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