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completeness of components, and the ability of the media to increase learning
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Introduction

Learning is the process of changing student behavior as a result of interaction between students
and the learning environment, both with teachers, peers, and the community. The learning process will
not take place optimally without good cooperation between teachers and students (Adinugraha, et al.,
2025). Therefore, teachers are required to make various efforts, one of which is to make learning media
with technology that students are able to receive and understand the material optimally (Dewi &
Adinugraha, 2025; Noza et al., 2024). The success of learning is greatly influenced by the selection and
development of appropriate and contextual media (Aruan et al., 2025).

One of the subjects that requires the creativity of teachers and students is Natural Sciences
(IPA), especially Biology. Biology is a subject that studies topics about morphology, anatomy, and
physiology, biodiversity, ecosystems, and the environment (Adinugraha et al., 2021; Urry et al., 2011).
Biology has a branch of biotechnology that focuses on the use of living things and their derivative
products in producing goods and services for humans (Adrianto et al., 2021). Biotechnology is a science
that studies living things, both microorganisms and macroorganisms, the development, utilization and
relationship of these fields of science to other sciences (Wahyuni et al., 2024).

In the Merdeka Curriculum, the learning outcomes of biotechnology materials emphasize mastery
of concepts, scientific thinking skills, and the ability to relate science to real-life contexts
(Kemdikbudristek, 2022). Biotechnology material is directed so that students are able to understand the
principles of biotechnology and its application in human life, including in supporting food security and
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environmental sustainability (Adrianto et al., 2021). Thus, biotechnology learning in the Merdeka
Curriculum not only emphasizes mastery of concepts, but is also contextual, applicative, and oriented
towards the development of Pancasila Student profiles, so that students are able to relate the concept
of biotechnology to problems and needs of daily life.

However, based on facts and phenomena in the field, biotechnology materials are still considered
difficult to understand by students. Secondary data obtained through interviews show that
biotechnology is a material that requires critical and creative thinking skills, while learning facilities and
infrastructure in schools are still limited, so they become an inhibiting factor in learning (Ramadhani,
2020). Biotechnology material will be difficult for students to understand if they are still unfamiliar with
the basic principles (Mardatillah & Fuadiyah, 2024; Mursali et al., 2024). This fact is reinforced by the
results of interviews with teachers at SMP Darul Arqom East Jakarta which shows that the average
score of students in biotechnology materials is still much below the set minimum score. In fact, it is
hoped that students will be able to understand biotechnology material thoroughly, considering that this
material has an important role in equipping students with an understanding of the definition, role, and
examples of the application of biotechnology in daily life (Nugraini & Amelia, 2023; Wahyuni et al.,
2024). The gap between the demands of the curriculum and the reality of student understanding shows
that there is a phenomenon gap in biotechnology learning.

Various previous studies have shown that the use of technology in learning can be a solution to
increase students' understanding and motivation to learn. Several forms of digital media that have been
developed include electronic comics that are able to support students' enthusiasm for learning (Aruan
et al., 2025), e-modules that contribute to increasing learning motivation (Asyhari & Rahmawati, 2021),
as well as traditional food context-based e-handouts used in learning (Handani et al., 2025). However,
most of the research still focuses on the development of digital media separately and has not optimized
the use of microsite-based media that is able to integrate various electronic elements, such as text,
images, video, animation, and audio, in an integrated and interactive manner. In addition, research that
specifically examines the development of microsite media on biotechnology materials is still very limited,
so further studies are needed to fill this gap.

The microsite is equipped with visual, text, and multimedia components that are expected to
increase students' interest and understanding of learning materials, including biotechnology. Microsites
can be equipped with interactive features such as videos, electronic worksheets, digital readings, and
live worksheets to increase student engagement and motivation (Situmorang et al., 2025). A microsite
is a small website that can be created using S.ID application, which not only serves to shorten links to
make them more concise, but also integrates various content on a single page (Azzahra & Kartiwi,
2024).

Based on the demands of 21st century learning, teachers are required to integrate information
technology in the learning process to improve the quality and independence of student learning. The
lack of a microsite on the topic of biotechnology is a challenge in itself at SMP Darul Arqgom East Jakarta.
Therefore, the purpose of this study is to develop interactive e-learning learning media based on
microsites on biotechnology materials that are valid and gain positive perceptions for junior high school
students. The urgency of this research lies in the effort to provide learning media that is able to bridge
the gap between the complexity of biotechnology materials and students' comprehension skills, as well
as support more effective, contextual, and technology-based learning.

Method
Research Method

This research uses a Research and Development (R&D) approach which refers to the stages of
development according to Sugiyono (2019). These development stages include the identification of
potentials and problems as the basis for product development needs, data collection sourced from
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theoretical studies and field findings, and product design in accordance with the data that has been
obtained. Furthermore, the designed product is assessed by experts to determine its feasibility level,
then revised based on the input from the assessment results. The next stage is product testing, both
on a limited scale and on a wider scale, followed by product improvements according to the test results.
The development process also includes usage tests, final product revisions, and mass production
stages. However, in this study, the R&D process was limited only to the perception test stage involving
students, so the stage of use and mass production test was not carried out.

Research Location and Time

This research was carried out at SMP Darul Argom Prumpung which is located at JI. Bekasi IV,
RT 1/RW 8, North Cipinang Besar Village, Jatinegara District, East Jakarta City, DKI Jakarta 17136
(location code: QVHH+99C). The research subjects were 39 students in grade IX of Darul Argom Junior
High School, consisting of 19 students in grade IX A and 20 students in grade IX B. The research was
carried out in the period from July to December 2023. The initial observation stage was carried out in
July—August 2023 through interviews with science/biology subject teachers and the distribution of
student needs questionnaires, while the media assessment stage and filling out student perception
questionnaires were carried out from December 2023 to January 2024.

Data Collection

The data collection in this study includes three types, namely microsite-based learning media
characteristic data, expert validation data, and student perception data on learning media. Media
characteristic data was obtained qualitatively through the description of the form, structure, and features
of the microsite developed and its relationship with biotechnology materials. This description includes
microsite components, such as introductions, learning objectives, materials, videos, modules, and
practice questions. Validation data was obtained through expert assessments using validation sheets
to assess the feasibility of microsite-based learning media. The expert validation assessment indicator
includes 8 indicators with a total of 25 questions. Student perception data was obtained through a
questionnaire given to students after using microsite-based learning media. The student perception
indicator includes 12 questions.

Data Analysis

Data analysis in this study was carried out through three approaches according to the type of data
obtained. First, data on the characteristics of microsite-based interactive learning media were analyzed
qualitatively descriptive by explaining their forms, features, and relationships with biotechnology
materials in a narrative manner. Second, the data from the expert assessment was analyzed using
descriptive statistics through the calculation of average scores, which were then converted into the
feasibility category of interactive learning media based on validity criteria, namely 81-100% (very
feasible), 61-80% (feasible), 41-60% (fairly feasible), 21-40% (not feasible), and 0—20% (not feasible)
(Anindya, 2023). Third, student perception data on learning media was analyzed descriptively by
calculating the average score of the questionnaire results, then classified into the categories of student
responses, namely 81-100% (very good), 61-80% (good), 41-60% (adequate), 21-40% (less), and 0—
20% (very poor) (Kartini & Putra, 2020).

Research Results and Discussion
Characteristics of Microsite with Biotechnology Topic

Analysis of needs and field conditions was carried out as an initial stage in the development of
biotechnology-based microsite-based learning media. This activity was carried out through interviews
with science subject teachers and direct observation of the learning process at Darul Arqom Junior High
School, East Jakarta. The results of the analysis showed that grade IX students were in the age range
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of 14—-16 years old who were cognitively able to think abstractly, but still had difficulties in understanding
biotechnology material. These difficulties are caused by the many new terms, abstract concepts, and
limited learning media used in the classroom. These findings suggest that the characteristics of
students' cognitive development need to be balanced with the use of appropriate learning media (Ayu
et al., 2024) so that abstract concepts can be understood more concretely (Rahmadilla & Kholidya,
2025).

The biotechnology learning process is still dominated by lecture methods with media support in
the form of worksheet, so it does not provide an interesting and meaningful learning experience for
students. In addition, the limited learning facilities and infrastructure as well as the less conducive school
environment conditions also affect students' concentration and motivation to learn. Based on these
conditions, learning media that is able to present material in a concise, visual, easily accessible, and
flexible manner is needed both inside and outside the classroom. This condition is in line with the view
that effective learning needs to be supported by media that is able to increase student engagement and
learning motivation (Septiyaningsih et al., 2025). Therefore, learning media is needed which is
integrated into a microsite as shown in Figure 1.

The material developed in the microsite focuses on biotechnology which includes the definition,
types of biotechnology (conventional and modern), examples, and its application in daily life. The
material is arranged in the form of a summary in simple language and equipped with supporting images
to make it easier for students to understand the concept. The results of the analysis showed that
students were more interested in learning media that did not contain too much text, but presented
information visually and in a structured manner. This shows that the presentation of material visually
and concisely can help students in understanding complex material (Tarusu & Wongkar, 2024).

The learning tasks designed in the microsite are focused on conventional biotechnology and
modern biotechnology. One of the main forms of assignment is the practical activities of making
conventional biotechnology products in the food sector, which aims to relate the concept of
biotechnology with students' real experiences in daily life. The learning approach based on real and
scientific activities is believed to be able to increase conceptual understanding and student involvement
in the learning process (Adinugraha et al., 2021).

Based on the results of the analysis of needs, materials, and tasks, the objectives of
biotechnology learning are formulated in a directed manner. These objectives include students' ability
to explain the meaning of biotechnology, distinguish between conventional and modern biotechnology,
analyze its application and impact on life, identify the application of conventional biotechnology in the
food sector, produce biotechnology products creatively and innovatively, and systematically compile
activity reports. The formulation of clear learning objectives is an important basis in designing effective
and targeted learning media (Albina & Pratama, 2025).

The learning media developed is in the form of a biotechnology microsite, which is a small website
that functions as a center for the integration of various learning resources and learning activities on one
page. The microsite is designed to support online learning by connecting various learning media
through interintegrated links, so that students can follow the learning series in a sequential and
independent manner. The use of microsites as learning media supports the concept of flexible and
centralized digital learning (Situmorang et al., 2025).

The biotechnology microsite integrates various learning support platforms, including
simplebooklet for instructions for use, Canva for presentation of learning objectives, YouTube for
learning videos, Heyzine Flipbook for concise materials, Google Drive for student activities and
worksheets, Quizizz for evaluations, and WhatsApp Group as a discussion forum. All of these
components are united in one microsite to facilitate access and improve learning efficiency. The
integration of various digital platforms in one learning medium can increase the attention of students
(Nurdiyanti et al., 2025).
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Figure 1. Microsite on biotechnology topics. A. Microsite menu display, B. Learning videos, C. Learning
materials in the form of flipbooks, D. Student worksheets, E. Online quizzes, and F. WhatsApp
discussion rooms

The biotechnology microsite consists of several main components, namely instructions for use,
learning objectives, learning videos, learning materials, project activities, evaluation quizzes, and
discussion forums. The instructions for use contain general information about the microsite, media
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advantages, and learning steps that students should follow. Learning objectives are designed based on
the cognitive domain of Bloom's Taxonomy and are presented visually for easy understanding. The
systematic preparation of media components supports structured and outcome-oriented learning (Titin
et al., 2023).

Learning videos are used as audio-visual media to explain the concept of biotechnology in a more
concrete way, while learning materials serve as summaries to strengthen students' understanding.
Learning activities are in the form of projects to make conventional biotechnology products that
encourage students to learn actively and collaboratively. Quizzes are used as an evaluation tool to
measure student understanding, while discussion forums function as a means of communication and
discussion between students and teachers during the learning process. Microsite accessible through
https://s.id/BioteknologiKelasIX. The use of digital media is in line with the principles of interactive and

student-centered learning (Sakti, 2025).

Evaluation of Microsite with Biotechnology Topic

Based on the results of the expert assessment of microsite-based learning media, an overall
feasibility percentage of 91.94% was obtained. Referring to the eligibility criteria used, which is 81—
100% included in the very feasible category, the biotechnology microsite developed was declared very
feasible to be used as a learning medium. These results show that in general, the microsite has met
the aspects of suitability of learning objectives, material delivery, material weight, technical quality,
composition, integration, as well as clarity and comprehension of the text.

When reviewed based on each indicator, the Learning Objectives indicator obtained a percentage
of 90.00% with a very feasible category, which shows that the material in the microsite is in accordance
with the competencies and learning objectives and is systematically arranged. The Content Delivery
indicator obtained a percentage of 91.11% and is included in the very feasible category, which indicates
that the microsite is easy to use, able to motivate students to learn, and encourages curiosity. The
Content Weighting indicator obtained the highest percentage, which was 96.67%, with the category of
very feasible, which indicates that the material has corresponded to the student's ability level and
includes cognitive aspects from C1 to C6.

Furthermore, the Technical Quality indicator obtained a percentage of 93.33% with the very
feasible category, which shows that the page appearance, readability of the text, and the attractiveness
of the microsite content have met the feasibility standards of learning media. The Composition indicator
obtained a percentage of 90.00% and belongs to the very feasible category, which indicates that the
flow and arrangement of learning steps in the microsite have been presented systematically and
according to the student's ability. The Integrity indicator obtained a percentage of 96.67% with a very
decent category, which shows that the integration of colors and content in the microsite has been
designed in a harmonious and mutually supportive manner.

Meanwhile, the Text Accuracy indicator obtained a percentage of 86.67% and remained in the
very decent category, although some linguistic aspects still required minor refinement. The Text
Comprehension indicator obtained a percentage of 91.11% with a very decent category, which shows
that the text in the microsite is easy to read, the purpose of delivery is clear, and the terms used are
easy for students to understand. Overall, the results of this feasibility test confirm that the biotechnology
microsite developed has met the criteria as a learning medium that is very suitable for use in the learning
process. The data is presented in Figure 2.
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Figure 2. Assessment Biotechnology Microsite by experts per indicator

The results of the feasibility test of biotechnology-based microsite-based learning media which
reached an overall percentage of 91.94% showed that the developed media was in the category Very
deserved. These findings are in line with constructivist theory which emphasizes that learning is more
meaningful when students can build their own understanding through interaction with rich and
structured learning resources. The microsite allows students to access materials, videos, and exercises
independently, thus actively supporting the knowledge construction process (Azzahra & Kartiwi, 2024),
especially in biotechnology materials that are complex and applicative.

High achievement in indicators Content Weighting and integrity show that the preparation of the
material has been appropriate to the student's level of cognitive development and includes cognitive
aspects from C1 to C6. This is in line with the revised Bloom taxonomy, which emphasizes the
importance of developing low- to high-level thinking skills gradually. In addition, the integration of text,
visuals, and learning flows in the microsite supports the Cognitive Theory of Multimedia Learning which
states that learning will be more effective when information is presented through verbal and visual
channels in an integrated manner, thereby reducing the cognitive burden on students (Mayer, 2024).

The content delivery and technical quality indicators that are also in the category are very feasible
showing that the microsite is able to present material clearly, attractively, and easily use. This supports
the theory of user-centered learning, where ease of navigation and visual display play an important role
in increasing student motivation and learning engagement. Although the text accuracy indicator has a
relatively lower percentage than other indicators, the achievement in the text comprehension indicator
still shows that students can understand the content of the material well. Thus, this microsite-based
learning media is not only technically feasible, but also theoretically relevant in supporting effective,
contextual, and student-oriented biotechnology learning.

Students’ Perception of the Microsite with Biotechnology Topic

The results of the student perception questionnaire on biotechnology-based microsite-based
learning media showed an overall positive response. Most of the items obtained percentages in the
categories of excellent (81-100%) and good (61-80%), indicating that the microsite was well received
by students as a learning medium. ltems related to media display, design neatness, color selection,
and completeness of microsite components (introduction, objectives, videos, modules, and practice
questions) obtained a high percentage, thus showing that the visual aspects and media structure are
able to attract students' attention and support learning comfort. Perception data is shown in Figure 3.
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Figure 3. Students' perception of the Biotechnology Microsite

In terms of ease of use and understanding, most items are also in the good to very good category,
such as ease of use of media, clarity of instructions, readability of layout and arrangement of letters,
and the use of easy-to-understand language. This shows that the microsite is designed with the needs
and characteristics of students in mind, so that it is not difficult for students to access or understand the
biotechnology material presented. In addition, the item regarding the completeness of the media
component obtained the excellent category, which indicates that the integration of various learning
elements in one microsite helps students learn more in a more directed and independent manner.

Meanwhile, several items such as ease of understanding the material and increasing learning
motivation are in the good category, which indicates that although the microsite has been able to
support the learning process positively, there is still room for further development so that the media is
more optimal in facilitating understanding of concepts and increasing student learning motivation.
Overall, the results of this student's perception confirm that biotechnology microsite learning media is
feasible to use and has great potential to create an interesting, fun, and meaningful learning experience.

The results of student perception, which showed the good to very good category in almost all
indicators, indicated that biotechnology-based learning media was able to support the learning process
effectively. The high response of students to the media display, neatness of the design, color selection,
and completeness of microsite components is in line with the Cognitive Theory of Multimedia Learning
which states that learning will be more optimal when information is presented through a combination of
integrated visual and verbal elements (Mayer, 2024). Presentation of material through text, images, and
videos to help students manage information more efficiently (Aruan et al., 2025) thus making it easier
to understand abstract biotechnology concepts.

In addition, the categories of ease of use, clarity of instructions, and readability of layout and
language indicate that the microsite has been designed in accordance with the principles of student-
centered learning. Easy-to-use media allows students to learn independently without experiencing
technical barriers, so that students' attention can be focused on understanding the material. It also
supports constructivist theory, which emphasizes that learning is more meaningful when students
actively build their own knowledge through interaction with available learning resources (Sjgberg, 2010;
Vygotsky, 1978).

Students' positive perceptions of indicators of increased learning motivation and more enjoyable
learning activities show that the use of microsites plays a role in increasing student learning
engagement. These findings are in line with the theory of learning motivation which states that learning
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media that are engaging, interactive, and relevant to students' needs can increase interest and
motivation to learn (Pranyoto, 2023). Motivation is the dominant internal factor in the learning process,
followed by health conditions, learning interests, fitness, and talents (Ponto et al., 2022). The results of
student perception reinforce that biotechnology microsites not only function as a means of delivering
material, but also as a medium that is able to create a more interesting, contextual, and meaningful
learning experience.

This study has several limitations that need to be considered in interpreting the results. First, the
research and development process of microsite-based learning media is only carried out up to the stage
of testing students' perception, so that it has not been empirically tested the influence of microsite use
on improving learning outcomes or students' high-level thinking skills. Second, the research subject is
limited to one school and one grade level, so the generalization of the research results is still limited.
Third, biotechnology materials are still made in a general nature, such as making tempeh, tape, and
other fermentations. In fact, Indonesia is rich in conventional biotechnology.

Based on these limitations, further research is recommended to continue the development stage
to test its widespread use and examine the effectiveness of microsite-based learning media on learning
outcomes. In addition, it is necessary to develop microsites based on local wisdom, such as making
koro benguk tempeh (Ratnapuri et al., 2025), bioecoenzyme (Adinugraha, Sitinjak, et al., 2025),
traditional food (Marpaung et al., 2025), and traditional cheeses (Harmiatun et al., 2024). The
development of microsite-based learning media that integrates digital technology and local wisdom has
the potential to strengthen learning that is contextual, meaningful, and relevant to the social and cultural
environment of students in the era of digital education transformation.

Conclusion

E-learning assisted by microsite learning media on biotechnology materials has met the eligibility
criteria based on expert assessments. This microsite is designed in an integrated manner by combining
the main menu as a navigation center, learning videos, biotechnology materials in the form of flipbooks,
student worksheets, online quizzes, and WhatsApp-based discussion rooms, allowing students to
flexibly access learning materials, activities, and evaluations in one platform. The results of students'
perceptions showed a positive response to the use of microsites, especially in terms of appearance,
ease of use, completeness of components, and their ability to increase motivation and learning comfort.
Overall, this microsite-based learning media is suitable for use as an alternative to e-learning in
biotechnology learning at the junior high school level and reflects the effective use of digital technology
to support learning innovations that are adaptive to educational developments in the digital era.
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