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This study is motivated by several issues, namely the low interest of
students in biotechnology, the lack of understanding of basic concepts of
biotechnology among students, the difficulty of implementing
biotechnology practicum directly in schools, and the absence of E-Student
Worksheets used in biotechnology materials by teachers. The purpose of
this study is to determine the feasibility and effectiveness of an E-Student
Worksheet based on project based learning on biotechnology material. The
method employed in this study is research and development, with the
developed product being an E-Student Worksheet based on PJBL on
biotechnology material using the ADDIE model, which consists of five

stages: Analyze, Design, Development, Implementation, and Evaluation.
The results indicate that product validation by material experts achieved a
percentage of 80.00% in the feasible category, while validation by media
experts reached 82.5% in the very feasible category. Teacher responses to
the product showed a percentage of 86.66% in the very good category, and
student responses yielded 87.73% in the very interesting category for the
individual trial, 90.18% in the very interesting category for the small group
trial, and 92.55% in the very interesting category for the limited group
trial. The effectiveness of the E-Student Worksheet was obtained with a
percentage of 92.21% in the very effective category. In conclusion, the E-
Student Worksheet based on project-based learning on biotechnology
material can be used to improve students' psychomotor learning outcomes.

Psychomotor

INTRODUCTION

Biology encompasses direct and meaningful learning experiences aimed at helping students
develop a better understanding of their environment. There are three main aspects in biology
education: scientific attitudes, scientific processes, and scientific products. Beyond merely
understanding concepts, it is essential for biology education to provide direct experiences in
mastering scientific processes, products, and attitudes, as well as in developing scientific literacy
more broadly (Budiarti & Oka, 2014). When taught to students, science process skills including
cognitive, psychomotor, and social skills enhance the significance of science education (Nugraha et
al., 2017). Practical activities serve as an effective means to train science process skills. One
important component of teaching and learning activities is practical work, which can assist in
discovering certain principles or providing explanations for principles being studied. Practicals help
transform tools and materials that were previously considered abstract into more concrete and
understandable forms (Sastria et al., 2020).

Project-based learning can be applied in practical contexts. (Riza et al., 2020) emphasizes
that this method provides students with opportunities to complete tasks and gather knowledge
relevant to everyday life. Through this approach, students gain various experiences, information,
skills, and attitudes. They can overcome challenges, develop critical thinking abilities, become more
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independent in their learning process, and gain a deeper understanding of concepts while working
on projects.

Conventional biotechnology learning focuses on a project-based approach. Research by
(Ladyana, 2014) indicates that biotechnology can be applied through projects involving the creation
of products such as tempeh, yogurt, and kombucha. By engaging in collaborative learning, students
become more involved and actively work together in groups. The successful implementation of
biotechnology practicals requires a well-defined and structured practical guide. With an organized
and unambiguous guide, students can understand the objectives of the practical sessions and the
necessary steps to take. E-Student Worksheet is educational material presented in a digital format,
containing information, summaries, and instructions to complete the assigned learning tasks
(Setiawan & Indana, 2021). The selection of learning media should align with students' preferences
to enhance their interest in learning and develop their thinking skills (Surata et al., 2020). The E-
Student Worksheet can serve as a learning tool that is accessible anywhere. Therefore, more
interactive E-Student Worksheet is needed so that students can easily access it in various locations.
According to (Safitri et al., 2022), using the E-Student Worksheet can foster greater creativity and
skills in students, as the E-Student Worksheet provides guidance to engage them in various
activities related to skills and creativity. Through this approach, students can gain new knowledge
and develop the creativity that needs to be mastered.

The Project Based Learning (PjBL) model is one of several learning approaches relevant to
the development of E-Student Worksheet in biotechnology as an effective learning tool. According
to (Kristanti et al., 2016), the PJBL model has the potential to teach students three key things: (1)
expanding knowledge through authentic curricular activities; (2) building knowledge through real-
world experiences in a collaborative environment; and (3) helping students learn meaningful
knowledge and skills through authentic tasks and projects. According to research conducted by
(Sumarni et al., 2016), project-based learning that centers on students is crucial and offers
significant benefits for developing psychomotor skills. Practical work plays an important role in
connecting lessons to daily life, enabling students to understand the material, apply the knowledge
they have learned, and enhance their skills and psychomotor dexterity.

One of the creative activities in conventional biotechnology materials is the practicum of
making kombucha. Kombucha is a fermented tea made from tea, sugar, and a symbiotic culture of
bacteria and yeast (SCOBY). This drink is rich in probiotics and antioxidants, providing benefits
such as improving digestive health, detoxifying the liver, reducing inflammation, lowering blood
sugar levels, and strengthening the immune system. Through the kombucha-making practicum,
students gained an understanding of the fermentation process involving yeast and bacteria, as well
as hands-on experience in preparing ingredients and following the steps. They learn to evaluate the
results of kombucha after 7 to 14 days of fermentation, observing characteristics such as flavor and
aroma. This practicum also allows students to apply biology and chemistry concepts, and
understand the role of microorganisms in food production. In addition, the skills acquired can open
up opportunities to develop business ideas related to kombucha products in the future (Aini et al.,
2022).

From the curriculum analysis on the biotechnology subtopic of conventional biotechnology
applications, the learning objectives are designed so that students are expected to be able to conduct
experiments related to conventional biotechnology and compile reports on the results of the
experiment properly and systematically. In the learning process, the method used is a combination
of theory in the classroom and laboratory practice, which provides students with the opportunity to
apply the knowledge gained directly in a real environment. In this way, students not only
understand the basic concepts, but also the fermentation process and the manufacture of
biotechnology products such as tempeh, yogurt, kombucha and others. The learning resources used
include package books. In addition, the assessment system includes project assessment, where
students are asked to write down the results of their work through a structured trial report. This not
only hone students' practical skills, but also their analytical abilities that are very important in the
world of biotechnology.
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Interviews with Biology teachers at State Senior High School 1 Tanjung Morawa revealed
several challenges in teaching biotechnology. The teacher stated that students' interest in
biotechnology is still low, even though understanding and skills in this field are very necessary in
this day and age. In addition, teachers stated that students' lack of understanding of the basic
concepts of biotechnology is one of the factors causing their low interest, as students do not seem to
fully realize the importance of biotechnology in everyday life. The teacher also stated that
biotechnology practicum is also difficult to implement directly at school, where limited facilities
and adequate equipment prevent students from gaining practical experience that can strengthen their
understanding. The teacher also stated that have not used E-Student Worksheet in the biotechnology
learning process, even though the use of good E-Student Worksheet can help students understand
the material in a more structured and systematic manner.

Based on the literature study, several problems were found in learning biotechnology. In a
study entitled Analysis of Factors of Difficulties in Learning Biology for Biotechnology Material
Students at State High Schools in Medan City by (Rahmadani et al., 2017) stated that there were
student learning difficulties in biotechnology material from internal (interest, motivation, and talent)
and external factors (teachers, labs, and books). External factors produce the largest percentage of
44% and internal factors produce a percentage of 43%. Interest is one of the factors causing
learning difficulties from internal factors with a percentage of 44%, based on the results of this
study most students answered questions about whether they liked biotechnology material or not,
most students answered ordinary, this shows that students' interest in learning is in a low category.

Then the availability and use of biology laboratories is the highest external factor causing
learning difficulties with a percentage of 49%, laboratories are included in learning tools, without
learning tools the presentation of material becomes less perfect, especially for practicum material,
the lack of laboratory equipment will cause many difficulties in learning. In addition, the external
factor causing learning difficulties is the availability of student books with a percentage of 45%,
based on the research results in the literature study, only some students receive book loans from the
school. Most students generally find it difficult to understand when reading biotechnology material
in textbooks/teachings, this is what reduces student interest in reading books related to
biotechnology which causes low learning outcomes.

In another study with the title Analysis of Factors of Difficulty in Learning Biotechnology
Materials in High School Students in Pematang Siantar by (Nasution et al., 2022) stated that the
cause of the greatest learning difficulties was caused by external factors (including school facilities,
learning media, and books) with a percentage of 41.23% and internal factors (talent, health, interest
and motivation) of 39.49%. Learning media is the highest external factor causing learning
difficulties at 15.12%. The use of learning media is very important in every learning material. The
lack of use of learning media is the cause of learning difficulties for students, even though the
implementation of learning media can make it easier for students and generate motivation,
especially in learning abstract material.

Then the next highest learning difficulty is school facilities with a percentage of 14.33%. In
this case the facilities in question are laboratories, the use of laboratories that are very rare due to
the very small number of practicums is a cause for students to understand biotechnology material.
Based on this research, it was found that students rarely use the laboratory during learning. The last
learning difficulty factor is influenced by books with a percentage of 11.78%. Based on the results
of this study, it was found that only a few students had handbooks and understood the material in
the textbook. Internal factors causing learning difficulties have a percentage of 39.39%, one of
which is the factor of student interest in learning biotechnology. Interest has a significant effect on
student learning outcomes, when students' interest is strong in the lesson, good results will be
obtained because students learn seriously.

In the research of (Zetkas et al., 2016) with the title Analysis of Students' Understanding and
Learning Difficulties in Biotechnology Materials Throughout Padang Sidempuan City stated in the
results of their research that there was a lack of understanding of the concept of biotechnology and
students had difficulty learning the material where most students did not complete, namely from
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331 students or as many as 180 students (54.38%). The development of e- student worksheet based
on project based learnning is expected to provide the necessary structure for practice and
observation, as well as create a more engaging learning experience. In addition, by utilizing
technology, learner e-student worksheet can provide interactive learning media. Thus, the purpose
of developing this student worksheet is to create effective and attractive media, which is able to
improve students' understanding and psychomotor skills in conventional biotechnology, as well as
support the achievement of competencies set out in the curriculum.

From the exposure of the results of several literature studies and analysis of problems found
in schools from the results of interviews that there are problems and difficulties of students in
learning biotechnology. Choosing E-Student Worksheet Project Based Learning on biotechnology
material because Projects in PjBL can improve student skills or student psychomotor skills, this is
important in preparing students to face the changing demands of the world of work especially in
biotechnology material students can learn to make products either food or techniques in
conventional biotechnology manufacturing. Based on this, research will be conducted on
Development of an Electronic Student Worksheet Integrating Project Based Learning on
Biotechnology to Enhance Psychomotor Learning Outcomes of Grade XII Students.

MATERIALS AND METHODS
1. Time and Place of Research
This research was conducted at State Senior High School 1 Tanjung Morawa which is
located at JL. PSR VIII Batang Kuis No. 151, Buntu Bedimbar, Tanjung Morawa District, Deli
Serdang Regency, North Sumatra. The time of this research will be carried out in July 2025-
August 2025.
2. Research Method
The type of this study uses research and development methods. The product developed in
this study is a E-Student Worksheet based on PJBL on biotechnology materials using the ADDIE
model which consists of 5 stages, namely the Analyze, Design, Development, Implementation
and Evaluation stages.
3. Population and Sample
The subjects in this study are 36 students of grade XII of State Senior High School 1
Tanjung Morawa. The research subjects are taken using the purposive sampling technique. The
object of this research is the feasibility of E-Student Worksheet based on PJBL on the
biotechnology materials through the requirements of feasibility and effectiveness.
4. Research Procedure
The research procedure for developing e-student worksheets in biotechnology consists of
several stages. First, in the Analyze stage, the problem is defined through interviews with
biology teachers and literature reviews to identify challenges in biotechnology learning. This
includes problem analysis, needs analysis, and learning objectives analysis to determine the
target audience and educational goals. Next, the Design stage involves creating the e-student
worksheet, which includes instructional content, competencies, learning indicators, and
multimedia elements, organized according to a project board. The Development stage focuses on
producing the worksheet using a live website format, incorporating validation from experts to
ensure product quality before testing it with students. During the Implementation stage, the
worksheet is trialed with students in individual, small, and large group settings to assess its
impact on psychomotor learning outcomes. Finally, the Evaluation stage reviews the
effectiveness of the worksheets through assessments and feedback, aiming to improve future
iterations of the material based on psychomotor skill outcomes.
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Figure 1. Flow of Research Procedure

5. Data Collection
The data collection technique in this study was used questionnaires and observation sheets
for students’ psychomotor assessments. Questionnaires are used to get an assessment of the
quality of Student E-Student Workshees from material experts and media experts, in addition to
questionnaires are used to get responses to Student E-Student Worksheet from teachers and
students. Then, the psychomotor assessment observation sheet was used to obtain data on
students' psychomotor learning outcomes after using the developed E-Student Worksheet.
6. Data Analysis
The data analysis that will be obtained in this study are quantitative and qualitative data.
Quantitative data was obtained from the assessment scores of material experts, media experts and
the results of teacher and student responses. Meanwhile, qualitative data is presented in
descriptive form in the form of comments and suggestions given by validators, teachers, and
students regarding the "E-Student Worksheet for Project Based Learning on Biotechnology
Materials" that has been developed. The data analysis technique is divided into 2 parts, namely
data analysis of the results of validation sheets of material experts and media experts and data
analysis of the results of teacher and student response sheets developed in a summary list in the
form of a Likert scale.
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RESULTS AND DISCUSSION

The product that has been created is an E-Student Worksheet based on project-based
learning which is used as a learning medium for biotechnology material, especially conventional
biotechnology for making kombucha tea, to improve students' psychomotor learning outcomes. The
E-Student Worksheet based on project-based learning is systematically and structured, containing
materials, images, and videos that are in accordance with the results of the problem analysis and
students' needs so that learning objectives can be achieved. E-Studentt Worksheet offers flexibility
and ease of access that conventional Student Worksheet do not have, making it more suitable for
learning in the digital era (Paspania & Susilawati, 2024). In the context of education, PJBL provides
opportunities for students to explore various aspects of a project, from planning to evaluation of
results. (Rais, 2010) stated that PJBL allows students to collaborate in groups, which not only
improves their understanding of concepts but also their social skills. Thus, PJBL is an effective
method to create a more immersive and meaningful learning experience for students.

From the problem analysis, it is known that students' interest in learning biotechnology
material is low and students' understanding is still lacking in biotechnology material because there
is no availability of interactive learning media. In addition, it is known from the results of the
problem analysis that in the school, practicums are difficult to carry out at school so that learning
that requires practice such as biotechnology is hampered. Therefore, interactive learning media such
as E-Student Worksheet is very necessary in learning. This is in accordance with the opinion of
(Chaniago, 2022) who stated that E-Student Worksheet has various features that can meet the
learning expectations expected by students so that students' learning interests and understanding are
met by using technology effectively so that interactive learning and with E-Student Worksheet
teachers can prepare materials and assignments to be more interesting so that learning takes place
well.

From the needs analysis, it is known that the internal factors of students' learning difficulties
in biotechnology material are related to interest, motivation, and talent. Meanwhile, external factors
are related to teachers, laboratories, and books. Learning that is less interesting will cause students
to lose interest in the learning process and be less motivated to participate in learning. Likewise,
when the facilities are inadequate, what happens is that talents are hidden. Similarly, when teachers
only conduct one-way learning and do not involve students in learning and use the laboratory
minimally, then the learning process is focused on textbooks that contain quite a lot of material and
there are no learning media that support understanding in the learning process. This is in accordance
with the opinion of (Miftah, 2013) who stated that media is a means of providing visual experiences
to students that are useful in increasing learning motivation, clarifying and simplifying abstract
concepts, and increasing student retention or absorption.

From the analysis of learning objectives, it is known that in biotechnology learning
materials, especially conventional biotechnology, there are learning objectives that must be
achieved by students through learning, namely students are able to conduct conventional
biotechnology experiments and students are able to compile reports on the results of conventional
biotechnology experiments. Based on these objectives, of course, in carrying out this learning in
order to achieve the learning objectives, students need guidance in the learning process because in
this case conventional biotechnology certainly makes products where the application of project-
based learning models will be appropriate to be applied to the material. This is in accordance with
the opinion of (Lestari & Rakhmawati, 2024) who stated that E-Student Worksheets based on
project-based learning are important in biotechnology materials because they can improve student
skills and make learning more interesting through real projects that are relevant to life. The use of
digital media and project-based learning models allows students to develop a deep understanding of
biotechnology through direct experience.

From the design stage, research design has been carried out starting with the creation of
biotechnology materials, selecting components made in the E-Student Worksheet, determining the
appropriate format, collecting images and videos that are appropriate to the learning materials that
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will be included in the E-Student Worksheet. The E-Student Worksheet was designed using Canva
and Live Worksheet. The developed product contains stages based on project-based learning on
biotechnology materials. According to (Syarif, 2017) the stages of project-based learning consist of
starting with essential questions, designing a plan for the project, creating a schedule, monitoring
the students and the progress of the project, assessing the outcome, and evaluating the experience.
The E-Student Worksheet that has been created can be seen in table 1.

Table 1. E-Student Worksheet Based on Project Based Learning on Biotechnology Materials

No.

E-Student Works

heet

Explanation

1

The front cover consists of the title
of the student's e-worksheet and
images related to biotechnology
material (the project made),
namely kombucha.

Petunjuk Pengerjaan E-LKPD

1. Bacalah tujuan pembelajaran yang akan dicapai
2. Pahamilah materi pembelajaran yang telah tersedia
3. Perhatikan seluruh langkah kegiatan secara detail

4. Bekerja sama dengan anggota kelompok

5. Jika ada yang kurang dipahami silahkan bertanya

Kompetensi Dasar

t'

prinsip-prinsip

0 o
bioteknologi konvensional berdasarkan metode ilmiah

Indikator Pembelajaran

4.10.1 Peserta didik dapat membuat produk bioteknologi

konvensional

4.10.2 Peserta didik dap:
produk bioteknologi konvensional

Tujuan Pembelajaran

laporan hasil

Setelah kegiatan pembelajaran, peserta didik mampu menyajikan
hasil

nnnnnn dan

percobaan yang telah dilakukan dengan tepat

’E",b
17 |
£
¥

Ananda tentu permah memakan tempe. roti, atau keju, bukan? Bagaimana

dup. pada o
umumnya berupa mikroorganisme (bakteri dan jamur).
untuk menghasitkan produk yang bermanfaat bagi
manusia. Walaupun terdengar sebagai sesusty yang
sangat baru, bioteknologi sebenamya sudah digunakan [
dalam berbagai proses pada zaman dahulu. Misslaya, =
penggunaan ragi untuk mengembangkan dan membuat
o

),

beralkohol. Sungguh luas itmu yang Yeng Maha
Menguasai.

Bioteknologi berasal dari bahasa Latin, yaitu bio (hidup). tehnos (teknologi-
panerapan) dan 1ogos (imu) yang berartiilru yang menerspkan prinsip-prinsip
biotopl.Jedi
iima terapan.

Menurut Amien (1985) bioteknologi dapat diartikan sebagai cabang imu
yang mempelajari pemanfaatan makhluk hidup (bakteri, fungi, virus, dan Lain-
tain) fenzim,
untuk menghasilkan barang dan josa.

Menurut Sardjoko (1991) bioteknologi adalah proses-proses biologi oleh
roorganisme yang dimanfaatian untuk

i B L

Minuman Probiotik

Instructions for the use of the
Student E-Student Worksheet are
made for teachers and students.
The basic competencies, learning
indicators, and learning objectives
that are created are adjusted to the
independent curriculum on
biotechnology materials
specifically for the subtopic of
conventional biotechnology
applications.

=3

¥l

T—(‘
Video Tutorial
e e e Pembuatan Kombucha

The learning materials and videos
made are tailored to the learning
subtopics.
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No. E-Student Worksheet Explanation
The activity steps use a project-

4 Langkah Kegiatan t ‘-'t}t

-
[Penentuan Pertanyaan Mendasar Y

5_I

based learning syntax which
consists of 6 stages, which are as

fleates ¢an begeimens cara follows;
Syntax Project Based
Learning |
1. Determination of
Fundamental
AR S0, (s B yaok (o (etesa PR Questions

T — S Activity: ~ The  teacher
1.Toples kaca ukuran 3L 1.5COBY 1 lembar introduces the topic
2.Sendok 1 2.Teh 3 kantong and g iVeS
3 Saringan 1 3.Gula 150 gr fundamental
4.Serbet 1 4.Air 1500 mt t.
5.Karet gelang 2 5.Ekstrak buah 250 gr q uestions.

Langkah Kegiatan j& g
-
Prosedur:
1.Pastikan semua peralatan yang digunakan bersin

2.Seduh teh dan gula dengan air panas aduk hingga pekat
3.Saring larutan teh ke dalam wadah
4.Biarkan larutan teh mendingin
5. Setelah mendingin tuanglah teh ke dalam toples kaca
6.Masukkan SCOBY ke dalam teples kaca
7.Tutup mulut toples dengan serbet yang dilkat rapat
menggunakan karet gelang
8.Simpan toples di tempat yang sejuk, gelap, dan kering, jauh
dari sinar matahari langsung
9. Fermentasi selama 7 hari
10.Periksa kombucha secara berkala untuk memastikan tidak
ada kentaminasi, jika kombucha sudah mencapai tingkat
keasaman dan rasa yang diinginkan kombucha siap dipanen
11.Pisahkan SCOBY dari larutan kembucha
12.Tuang larutan kombucha ke dalam wadah
13.Campurkan ekstrak buah ke dalam wadah yang berisi
larutan kombucha
14. Tutup rapat wadah yang digunakan diamkan selam 3 hari
15. Setelah 3 hari kombucha siap diminum

Question: How can the
fermentation process
in kombucha make
affect the aroma,
taste, and color of the
final product?

Syntax Project Based
Learning Il
2. Design Project Planning

Activity:

- The teacher explains the
tools and materials
needed to  make
kombucha and
ensures  all  the
equipment has been
brought by the
students.

- The teacher asks students
to choose the

K7 kombucha flavor
» -
variant they want to
B ﬁ make.

Langkah Kegiatan / ‘3‘}?
=

Buatlah timeline proyek menggunakan tabel berikut!

P Tengel Muks: Tanaud Selesai

Pombiustan Kombuchs

Pengarmatan dan Anstive

Memonitor Peserta Didik dan Kemajuan Pmy.|>

Kt d dal proyek!

Syntax Project Based
Learning 111
3. Develop a Schedule

Activity: ~ The  teacher
directs the students to
compile the date of
creation

Kombucha from start to finish.
Syntax Project Based
Learning IV

4. Monitor Students and

Project Progress

Activity:

- The teacher directs the
students to  start
making kombucha by
following the steps
that have been laid
out.

- The teacher supervises and
provides  guidance
and answers
questions.
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No. E-Student Worksheet Explanation
6 (;}‘ Syntax  Project  Based
: / Learning V
x> 5. Testing Results
ot Kombucha ors rasa, arom, Activity:
R - After the
L e kombucha has
o been made for 7

days, the teacher
asks the students

wars to observe the
color, aroma, and
taste.
R Syntax Project Based
hsasant - 2 Learning VI
6. Evaluate Experience
B Activity:
Bl The teacher asks each student to
ncd

write a report on the results of the
experiment that has been carried
out.

Furthermore, the finished product will be tested for feasibility by the validator, while the
things assessed by the validator are the material aspect and the media aspect. Validating the product
is carried out so that the feasibility level of the E-Student Worksheet is known and getting
suggestions and input from the evaluator and teachers to improve the quality of the E-Student
Worksheet before it is implemented to students. The component of the assessment of subject matter
experts consists of aspects of format, aspects of material content, and language aspects.

Table 2. Material Validation Results

Aspects Indicator Score Percentages

Format KD suitability, learning objectives and indicators 4

Suitability of the material to learning 5 90%
Content of Clarity of presentation of material 4
the Suitability of material with the project raised in e- 4
material student worksheet

Image and video compatibility 4

Conformity of material concepts and theories 4 80%

The scope and depth of the material are in 4

accordance with the learning objectives
Language Clarity of language use 4

Clarity of the structure of sentence usage 3 70%
Total Assessment Score 36
Maximum Score Total 45
E-Student Worksheet Quality Percentage ( %) 80%
Category Feasible

The E-Student Worksheet that has been assessed by the subject matter expert is declared
worthy of revision according to the advice given by the subject matter expert. The details of the
results are as contained in table 2. Based on the results of expert validation of the feasibility of the
content of the E-Student Worksheet based on project-based learning on biotechnology materials
consisting of format aspects including, aspects of material content, and language aspects in the E-
Student Worksheet obtained an average score of 80% with a feasible category. The results were
obtained after revising and improving the format, content of material presentation, and language.
The suggestions given by the expert validator include paying attention to inappropriate word
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writing, tidying up the writing format well, and adding material presentations related to the
microbes involved in making kombucha as well as presenting explanations in the material related to
the role of these microbes in the process of fermenting kombucha tea which makes the material
even deeper so that learning is conveyed. This is in accordance with the opinion of (Widiansyah et
al., 2024) stating that by facing real challenges, students feel more involved with the subject matter
S0 as to increase their enthusiasm and involvement in learning.

Table 3. Media Validation Results

Aspects Indicator Score Percentages
Readability The language of the material text is easy to 4
Text understand 86,6%
Proportional font size and typeface 4
Text color contrasts with background 5
Quality The drawings are in accordance with the material 4
display and being studied 80%
illustration
Consistent Appropriateness of image and video size 4
Order presentation
Presentation The layout of each page is balanced 4 80%
of contents Clarity of the instructions used in the e-student 4
worksheet
Settings Placement of activity titles, activity sub-headings 4
layout Learn clearly
(layout) of Cover layouts and illustrations can provide 3
Fill Overview of the material to be presented at the e- 70%
student worksheet
Project The order of content of the e-student worksheet is 4
Based in accordance with the PJBL syntax
Learning E-Student Worksheet present fundamental 4
questions that encourage student exploration and
discussion.
E-Student Worksheet provide clear guidance for 5
designing project planning that students will
undertake.
E-Student Worksheet includes the preparation of a 4
structured schedule for the implementation of the
project. 85,7%
E-Student Worksheet provide a way to monitor 4
students' progress in completing projects
E-Student Worksheet includes steps to test and 5
evaluate the results of the project the student is
working on
E-Student Worksheet encourage students to 4
evaluate experiences and learnings gained during
the project
Total Assessment Scores 66
Maximum Total Score 80
Percentage of Quality of E-Student Worksheet (%) 82,5%
Category Very Feasible

The media expert assessment components consist of text readability, display and illustration
quality, consistency in content presentation, layout arrangement of content, and project-based
learning. The details of the results are as shown in table 3. The results of media expert validation on
the feasibility of E-Student Worksheet based on project based learning on biotechnology material
showed an average value of 82.5% with a very feasible category. The value was obtained from an
assessment of several aspects, including the readability of the text, the quality of the display and
illustrations, the consistency of the order of presentation of the content, the layout of the content,
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and the project based learning aspect. The results were obtained after revisions with improvements
from the validator. The improvements made consisted of adding the Ministry of Education and
Culture logo on the cover, aligning the writing on one line with another, using numbering tabs in
the bullet points, improving the appropriate spacing between one sentence and another, making the
kombucha making video tutorial larger so that it is not close to the bottom of the material, changing
the writing from bold on the numbering to not bold, then adding the number and specific size for
the tools and materials used in the project. The improvements provided by the validator make the
developed product a suitable media for use by students in the learning process. This is in line with
(Nuraini, 2005) that good learning media will activate learners in providing responses, feedback,
and also encourage those being taught to carry out correct practices.

Table 4. Teacher's Response Results

Aspects Indicator Score Percentages
Content The content of the e-student worksheet is in 4
Eligibility accordance with the basic competencies and 80%
objectives learning
Linguistics The use of language in the e-student 4
worksheet is easy to understand
The words used are short and straightforward 4 80%
Spelling used according to EYD 4
Facilities e-student worksheet is easy to use 4 80%
Presenting e-student worksheet makes it easier for 4
students to identify a problems through 80%
stages in the PJBL model
Graphics The font size on the e-student worksheet is 5
proportional 100%
The typeface used is easy to read 5
Attractive display design 5
Total Assessment Score 39
Maximum Score Total 45
E-Student Worksheet Quality Percentage (%) 86.66%
Category Very Good

The product of the development of learning media in the form of a project-based learning E-
Student Worksheet was given to one of the teachers of biology in grade xii at State Senior High
School 1 Tanjung Morawa. Furthermore, a perception questionnaire was given which was used to
find out suggestions, comments, and assessments from teachers on the products developed before
being implemented to students. The results of teacher assessments of the E-Student Worksheet are
in table 4. The results of the assessment of teachers' responses to the developed product, namely the
E-Student Worksheet based on project-based learning on biotechnology materials, showed an
average score of 86.66% with the very good category. Media in the form of E-LKPD that obtains an
assessment result of 80% or above is included in the very good category because it meets the
criteria of validity, practicality, and high effectiveness in learning, as evidenced by student
responses that reach 81.7% to 82.3% with that category (Az Zahra & Winarni, 2025). The use of
this E-LKPD supports the achievement of learning completeness of at least 80% of students,
making it an effective tool for a problem-based scientific approach (Rosalinda, Hamid, & Kusasi ,
2022). In addition, validation by media experts often produces scores above 80% which is
categorized as very good, so that E-LKPD is worthy of being developed and implemented widely in
the classroom (Mariza & Ain, 2025) Based on this data, it can be concluded that the response from
teachers to the E-Student Worksheet stated that the product developed was good from the
assessment regarding the feasibility aspects of content, linguistic aspects, aspects of ease of use,
aspects of presentation, and graphic aspects. This is in line with the opinion of (Ningtyas &
Rahmawati, 2023) that the components of content, language, use, presentation and graphics that are
simple and easy to understand and meet standards will be suitable for use in the learning process.

168 | https://jurnal.radenfatah.ac.id/index.php/bioilmi



Bioilmi: Jurnal Pendidikan
Vol XI, No 2, December 2025

The implementation stage is the stage of product testing to the target subject, namely
applying the product from development that has been validated and declared valid by the validator
to the student who is the target subject. After the E-Student Worksheet has been declared valid by
the validator and has received positive response results from the teacher, then the student is also
asked to respond to the questionnaire to the E-Student Worksheet used. The product trials carried
out on the ADDIE development model include student responses to the E-Student Worksheet on
biotechnology materials. In the students, a 3-step trial was obtained, namely an individual group
trial of 3 students, a small group trial of 10 students, and a limited group trial of 36 students.

Table 5. Percentage of Individual Responses to E-Student Worksheet

No Aspect Persentages Criteria
1  Table of Contents Display 88,88% Very Attractive
2 Serving Order 84,44% Very Attractive
3  Language 90,00% Very Attractive
Average 87,73% Very Attractive

Table 6. Percentage of Small Group Responses to E-Student Worksheet

No Aspect Persentase Criteria
1  Table of Contents Display 90,00% Very Attractive
2 Serving Order 88,88% Very Attractive
3  Language 91,66% Very Attractive
Average 90,18% Very Attractive

Table 7. Percentage of Limited Group Responses to E-Student Worksheet

No Aspect Persentages Criteria
1  Table of Contents Display 92,59% Very Attractive
2 Serving Order 90,92% Very Attractive
3  Language 94,16% Very Attractive
Average 92,55% Very Attractive

The individual trial consisted of 3 students in grade xii. The assessment carried out includes
aspects of display content, presentation order, and language. The average result of the percentage of
individual responses can be seen in table 5. The small group trial consisted of 6 grade xii students.
The assessment carried out includes aspects of display content, presentation order, and language.
The average result of the percentage of small group responses can be seen in table 6. The limited
group trial consisted of 36 grade xii students. The assessment carried out includes aspects of display
content, presentation order, and language. The average result of the percentage of limited group can
be seen in table 7. The results of the student response assessment during the individual product trial
showed an average value of 87.73% with a very interesting category. The results of the small group
product trial showed an average value of 90.18 with a very interesting category. Then the results of
the limited group product trial showed an average value of 92.55% with a very interesting category.
Based on these data, it can be concluded that students are interested in E-Student Worksheet based
on project-based learning on biotechnology material reviewed from the aspects of content display,
presentation sequence and language. This is in accordance with research by (Wijayanti et al., 2023)
which concluded that students are interested in using E-Student Worksheet in learning activities
where E-Student Worksheet is an interactive learning media containing learning materials, images,
and videos that are packaged into one with an attractive content display, a media presentation
sequence that makes it easy for students to use it, and language that is easy for students to
understand.

Table 8. Data on Student Psychomotor Learning Outcomes

Number of Students Total Psychomotor Learning Average
Outcomes Score
36 3,319.86 92,21

169 | https://jurnal.radenfatah.ac.id/index.php/bioilmi



Bioilmi: Jurnal Pendidikan
Vol XI, No 2, December 2025

At the evaluation stage, the E-Student Worksheet was given to 36 grade xii students to be
used in learning biotechnology materials for kombucha making. During the project activities and
after the project activities are completed, students are observed and assessed using a psychomotor
assessment observation sheet for biotechnology material practicum. The aspects assessed in student
psychomotor are tools and materials, work steps, work attitudes, practicum results, and the ability to
analyze work. Each aspect that is assessed has several indicators that are used to determine whether
or not the aspect is fulfilled in the student. The results of the assessment of students' psychomotor
learning outcomes can be seen in table 8. The effectiveness of the project-based learning-based E-
Student Worksheet on biotechnology materials is seen based on students' psychomotor learning
outcomes. The evaluation stage was carried out on 36 grade xii students. Based on the results of the
calculation of psychomotor assessment scores for all students, it shows good learning completeness
with an average score of 92.21% with a very good category. These results show that the use of
project-based learning-based E-Student Worksheet is effective in improving students' psychomotor
skills about biotechnology, especially conventional biotechnology in making kombucha. The results
of the study showed an increase in psychomotor learning outcomes after using the project-based
learning-based E-Student Worksheet on biotechnology materials. This happens because the learning
process is equipped with interesting learning media and stimulates students' interest in reading. This
is in accordance with the statement of (Arsyad, 2013) stating that media that has met the aspects of
effectiveness and efficiency will certainly increase students' interest in learning and support learning
achievement so that the material delivered through this media will also be easier to absorb by
students.

CONCLUSION

The conclusion is that the development of the E-Student Worksheet based on project-based
learning in biotechnology materials was conducted using the ADDIE method, resulting in a
worksheet that is feasible and effective for improving students' psychomotor learning outcomes.
Evaluations from subject matter experts indicated that the E-Student Worksheet is in the feasible
category with a percentage of 80%, while assessments from media experts categorized it as very
feasible with a percentage of 82.5%. Teacher responses to the E-Student Worksheet showed an
excellent category with a percentage of 86.66%, and student responses indicated a very interesting
category, with percentages of 87.73% in individual trials, 90.18% in small group trials, and 92.55%
in limited group trials. Additionally, effectiveness tests revealed that the E-Student Worksheet is
effective in enhancing the psychomotor learning outcomes of XII grade students, achieving a very
effective category with a percentage of 92.21%. As a follow-up to this research, it is suggested that
teachers use the project-based learning E-Student Worksheet on biotechnology materials as an
alternative learning media in the teaching and learning process in schools. For students, this E-
Student Worksheet can serve as a learning medium that helps them understand biotechnology
materials, such as conventional biotechnology in making kombucha, and provides new experiences
in the learning process. Additionally, for future researchers, it is necessary to develop project-based
learning E-Student Worksheets for other materials with different projects according to the needs of
students.

ACKNOWLEDGEMENTS

Praise and gratitude to God Almighty who has given His grace and gifts, so that the author
can complete this research well. The author would like to express heartfelt gratitude to the Principal
of State Senior High School 1 Tanjung Morawa for granting permission and providing full support
for the implementation of this research. Without the guidance and trust from him, the research
process would not have run smoothly. The author also wishes to convey appreciation to the teacher
who provided direction and invaluable assistance throughout the research. Additionally, the author
is grateful to the students of Class XII Merdeka 1 for their active participation, time, attention, and
exceptional cooperation. The contributions and enthusiasm from all parties greatly aided in

170 | https://jurnal.radenfatah.ac.id/index.php/bioilmi



Bioilmi: Jurnal Pendidikan
Vol XI, No 2, December 2025

achieving the objectives of this research. May this collaboration continue and bring benefits to all
parties in the future.

REFERENCES

Aini, Q., Suwarniati, Suhendra, T., & Ramadhani, A. (2022). Pelatihan Teknik Pembuatan Teh
Kombucha Untuk Siswa SMA Insan Qur’ani Aceh Besar. Jurnal Pengabdian Kepada
Masyarakat, 2(2), 185-190.

Arsyad, A. (2013). Media Pembelajaran. Rajawali Press.

Az Zahra, P., Winarni, S., & Rohati. (2025). Pengembangan E-LKPD Berbasis Liveworksheet
Menggunakan Pendekatan Berbasis Masalah Dalam Meningkatkan Kemampuan Numerasi
Kelas X SMA. Jurnal Eksponen, 15(2), 57-68..

Budiarti, W., & Oka, A. A. (2014). Pengembangan Petunjuk Praktikum Biologi Berbasis
Pendekatan llmiah (Scientific Approach) Untuk Siswa SMA Kelas XI Semester Genap
Tahun Pelajaran 2013/2014. Bioedukasi Jurnal Pendidikan Biologi, 5(2), 123-130.

Chaniago, O. A. (2022). Junior Highschool Students’ Critical Thinking Ability in Biology Learning
Through Liveworksheet E-LKPD Based on Scientific Approach. Biosfer Jurnal Tadris
Biologi, 13(2), 173-182.

Kristanti, Y. D., Subiki, & Handayani, R. D. (2016). Model Pembelajaran Berbasis Proyek (Project
Based Learning Model) Pada Pembelajaran Fisika di SMA. Jurnal Pembelajaran Fisika,
5(2), 122-128.

Ladyana, B. (2014). Kelayakan Teoritis LKS Project Based Learning (PjBL) Penggunaan Bahan
Alternatif Produk Bioteknologi Konvensional. Bioedu Berkala Ilmy Pendidikan Biologi,
3(3), 396-403.

Lestari, I, & Rakhmawati, A. (2024). Pengembangan LKPD Berbasis Project Based Learning
Untuk Meningkatkan Keterampilan Kolaborasi Siswa Materi Bioteknologi. Jurnal Edukasi
Biologi, 10(2), 177-190.

Mariza, F., & Aini, S. (2025). Validitas dan Praktikalitas E-LKPD Berbasis Problem Based
Learning Pada Materi Struktur Atom Untuk Fase E. Jurnal llmiah llmu Pendidikan, 8(3),
2813-2818.

Miftah, M. (2013). Fungsi dan Peran Media Pembelajaran Sebagai Upaya Peningkatan Kemampuan
Belajar Siswa. Jurnal Kwangsan, 1(2), 93-105.

Nasution, M. R., Arilia, M. S., Sari, P. P., Fadhillah, V. P., Nasution, M. K., Tanjung, I. F., &
Jayanti, U. N. A. D. (2022). Analisis Faktor Kesulitan Belajar Materi Bioteknologi Pada
Siswa SMA Di Pematang Siantar . Journa of Biology Education Science and Technology,
5(2), 229-234.

Ningtyas, H. A.,, & Rahmawati, L. A. (2023). Kelayakan Isi, Penyajian, Kebahasaan, dan
Kegrafikan Bahan Ajar Teks Deskripsi di SMP Kelas VII. Imajeri Jurnal Pendidikan
Bahasa Dan Sastra Indonesia, 6(1), 52—71.

Nugraha, A. J., Suyitno, H., & Susilaningsih, E. (2017). Analisis Kemampuan Berpikir Kritis
Ditinjau dari Keterampilan Proses Sains dan Motivasi Belajar melalui Model PBL. Journal
of Primary Education, 6(1), 35-43.

Nuraini, 1. (2005). Media Pembelajaran Sebagai Pemabawa Pesan. Jurnal Meddiator, 6(2), 277—
290.

Paspania, K., & Susilawati. (2024). The Effect of Live Student” Worksheet to Increase Students’
Scientific Literacy in Science Subjects. International Journal of Science Education and
Science, 1(1), 19-23.

Rahmadani, W., Harahap, F., & Gultom, T. (2017). Analisis Faktor Kesulitan Belajar
Biologi Siswa Materi Bioteknologi di SMA Negeri Se-Kota Medan. Jurna Pendidikan
Biologi, 6(2), 279-285.

Rais, A. R. (2010). Project Based Learning Konsep Dasar Dan Implementasinya. Deepublish.

171 | https://jurnal.radenfatah.ac.id/index.php/bioilmi



Bioilmi: Jurnal Pendidikan
Vol XI, No 2, December 2025

Riza, M., Kartono, K., & Susilaningsih, E. (2020). Kajian Project Based Learning (PjBL) pada
Kondisi Sebelum dan pada saat Pandemi Covid-19 Berlangsung. Prosiding Seminar
Nasional Pascasarjana, 236-241.

Rosalinda, E., Hamid, A., & Kusasi , M. (2022). Pengembangan E-LKPD Berbasis Model Problem
Solving Untuk Meningkatkan Kemampuan Berpikir Kritis Peserta Didik Pada Materi
Larutan Elektrolit Dan Non Elektrolit Dalam Konteks Lahan Basah. Journal of Chemistry
And Education), 6(2), 64—76.

Safitri, W., Budiarso, A. S., & Wahyuni, S. (2022). Pengembangan E-LKPD Berbasis Problem
Based Learning Untuk Meningkatkan Keterampilan Proses Sains Siswa SMP. Saintifika,
24(1), 30-41.

Sastria, E., Novrita, N., & Haryanto, T. (2020). Pengembangan Penuntun Praktikum Biologi Umum
Berbasis Problem Solving dengan Menggunakan 3D Pageflip untuk Menumbuhkan
Keterampilan Kerja llmiah Mahasiswa Biologi. Tarbawi Jurnal Ilmu Pendidikan, 16(1),
95-103.

Setiawan, E., & Indana, S. (2021). Validitas LKPD Berbasis PjBlI Pada Materi Klasifikasi
Tumbuhan Spermatophyta Untuk Melatih Keterampilan Berpikir Kreatif Siswa Kelas X
SMA. Bioedu Berkala Ilmu Pendidikan Biologi, 10(2), 250-256.

Sumarni, W., Wardani, S., Sudarmin, & Gupitasari, D. N. (2016). Project Based Learning (PBL) To
Improve Psychomotoric Skills: A Classroom Action Research. Jurnal Pendidikan
Indonesia, 5(2), 157-163.

Surata, I. K., Sudiana, I. M., & Sudirgayasa, I. G. (2020). Meta Analisis Media Pembelajaran Pada
Pembelajaran Biologi. Journa of Education Technology, 4(1), 22-27.

Syarif, M. (2017). Model-Model Pembelajaran IPA dan Implementasinya. PPPPTK IPA.

Widiansyah, S., Anam, A., Salsabilla, A. R. A, Effendi, N. K. P., Nakhlah, A. A., & Azzahra, R.
(2024). Efektivitas Pembelajaran Berbasis Masalah Dalam Meningkatkan Pembelajaran
Siswa SMA Pada Kurikulum Merdeka. Jurnal Media Akademik, 2(12), 1-12.

Wijayanti, R., Muhfahroying, & Ratini. (2023). Pengembangan E-LKPD Berbasis Android Untuk
Meningkatkan Kemampuan Menerapkan Konsep Bioteknologi Dan Perannya Dalam
Kehidupan Manusia Bagi Peserta Didik SMP Kelas IX. Edubiolock, 6(1), 12-18.

Zetkas, E., Harahap, F., & Edi, S. (2016). Analisis Pemahaman dan Kesulitan Belajar Siswa Materi
Bioteknologi Berdasarkan Indikator Kelas 1X SMP Se-Kota Padang Sidempuan. Jurna
Pendidikan Biologi, 5(3), 154-159.

172 | https://jurnal.radenfatah.ac.id/index.php/bioilmi



