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PAPER

Development of an Advanced Biology Learning  
Website in the Fields of Biotechnology, Biochemistry, 
and Biomedicine with the STEAM Approach

ABSTRACT
The growing industry has given birth to various innovations, one of which is the emergence of three 
new branches of knowledge in biology: biotechnology, biochemistry, and biomedicine. However, 
this branch of science has not been explored in biology education for students. Technology, in the 
form of online learning platforms, can address current challenges. STEAM-based biology learning 
can increase student engagement, motivate creative exploration, and stimulate critical thinking. 
This study aims to develop an advanced biology learning platform and test the feasibility of the 
learning media. This study follows the analysis, design, development, implementation, and eval-
uation (ADDIE) model. The results of this study have led to the development of the “Advanced 
Biology” website, which contains various exciting features for students. This feature includes a 
homepage display, learning content display, case-based learning, and research project display. 
This platform provides engaging educational videos and comprehensive learning materials.  
The case studies on this site offer an overview of problem-solving and the current state of the 
industry. This media validates learning materials, media, and technology in the ideal category.
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1	 INTRODUCTION

Biology is a field of study that focuses on the role of living organisms and their inter-
actions with the environment [1]. Learning biology requires students to understand the 
fundamental principles of life, such as evolution, genetics, ecology, and other fields asso-
ciated with biological science [2]. In recent decades, several technological innovations 
have shaped and changed the paradigm of the natural sciences, creating new opportu-
nities for research, observation, and further understanding of the living world [3]. Three 
branches of biology are experiencing significant growth: biotechnology, biomedicine, 
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and biochemistry [4]. Biotechnology has opened the door to developing various tech-
nological products related to human health, agriculture, the environment, energy, and 
applied science [5]. In addition, biomedicine plays a crucial role in science and tech-
nology, offering solutions to global health issues like infectious diseases and cancer [6]. 
Biochemistry is a science that studies the chemical reactions that occur in living cells 
or organisms [7]. These three branches of science are beneficial for the advancement 
of science. The three branches of biology learning are effectively conveyed by teach-
ers during the teaching and learning process at school, which hinders the potential to 
enhance students’ interest in pursuing further studies in advanced biology [8]. In addi-
tion, the learning approach at UM Laboratory High School still relies on practical training 
using a curriculum that requires updating to align with industry demands [9]. Practicum 
facilities that are less interactive can hinder student understanding [10]. Learning inno-
vation is hindered by the current educational system, which only provides a basic 
introduction to biological science and fails to delve into advanced biology [11].

STEAM learning stimulates students’ creativity, problem-solving, and innova-
tive thinking [12]. STEAM learning allows students to experience a comprehensive 
and integrated learning process, connecting theory with practical applications in 
real-world contexts [13]. STEAM methods also create an encouraging environment 
and support creative exploration, allowing students to engage in collaborative proj-
ects [14]. The existing learning alternative is to adopt the STEAM approach, as Fitriyah 
did in 2021. Namely, STEAM learning significantly affects students’ creative thinking 
skills. The p-value was 0.000, which is less than 0.05, and the F value was 35.551. 
This result is because STEAM integration can be a learning innovation that generates 
creative and critical ideas and solutions, making it easier to solve a problem [15]. 
STEAM can provide an update on the learning system at UM Laboratory High School, 
which still utilizes a practicum system to enhance student knowledge. Even though 
practicum successfully enhances observation, interpretation, and research abilities, 
integrating STEAM can motivate students to enhance their critical thinking skills [16]. 
However, research in the field of STEAM learning has not significantly advanced the 
development of innovative teaching methods for advanced biology, the motivation 
of students to sustain their interest in science, or the preparation of students for the 
challenges of an increasingly technologically integrated real world [17].

Website-based biology learning combines information technology with biol-
ogy learning materials and provides easy and interactive access for students [18]. 
Biology learning websites are designed to provide a dynamic learning experience, 
facilitating the understanding of biological concepts. Students can access learning con-
tent anytime and anywhere, following their own learning pace [19]. Website-based 
biology learning also facilitates an independent learning approach. Website-based biol-
ogy learning provides easy access, interactivity, and flexibility in the learning process. 
Learning websites are a reference source that is continuously updated and broaden 
students’ horizons regarding interesting topics [20]. Several studies have developed 
website-based learning materials that have had a positive impact on learning.

Advanced biology is essential for high school students to learn because it opens up 
opportunities for promising career paths in science and technology [21]. The fields of 
medicine (red biotechnology), renewable energy (white/grey biotechnology), agricul-
ture, and animal husbandry require advanced knowledge of biology to understand more 
complex scientific concepts [22]. Biology teachers also experience this issue. Teachers 
experience difficulties teaching biology due to complex concepts and terms, as well 
as the need for an integrated understanding from the microscopic to the macroscopic 
scale [9]. Based on these issues, the researchers created an advanced biology learning 
website focusing on STEAM-based biotechnology, biochemistry, and biomedicine.
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The purpose of this study is to develop a learning website for advanced biology 
education. In addition, this study can provide a wider range of learning resources for 
UM Laboratory High School, which currently follows the Cambridge curriculum. This 
Cambridge curriculum combines an emphasis on in-depth mastery of subjects with 
the development of skills for future study and work to align with the evolution of this 
field. This study contributes to the development of STEAM-based advanced biology, 
which involves collaborative projects requiring teamwork to address biological chal-
lenges. Students are asked to design bioengineering projects, create learning alterna-
tives inspired by physical principles, or produce multimedia presentations showcasing 
experimental findings. This study serves as the foundation for endorsing UM Laboratory 
High School as a research-based institution that follows the Cambridge curriculum.

2	 METHOD

In 1996, Dick and Carey developed the analysis, design, development, implemen-
tation, and evaluation (ADDIE) model for designing learning systems. This study uti-
lizes a systematic ADDIE approach to develop learning media. This method includes 
five interrelated and continuous stages for designing and implementing effective 
learning media [23]. The subsections provide a description of the methods used by 
the researchers.

2.1	 Analysis

The analysis stage in developing learning media is a critical foundation for under-
standing the needs and characteristics of the audience and the learning context that 
the media will accommodate. At this stage, media developers focus on gaining an 
in-depth understanding of several factors that are essential for designing and imple-
menting learning media [24]. The analysis begins by investigating the profile of the 
audience or students who will use the media. The analysis stages in developing 
learning media provide a strong foundation for the subsequent stages in the ADDIE 
method. Researchers analyzed students’ understanding of concepts in advanced 
biology learning [25].

2.2	 Design

The second step is to design advanced biology learning materials and media 
related to materials and their design. Advanced biology education employs a STEAM-
based approach. Advanced biology learning tools include websites, observation 
sheets, and assessment sheets [26].

2.3	 Development

The development stage in learning media involves a creative and technical 
process where the concepts identified in the analysis stage are transformed into a 
format that students can access and utilize. The development stage involves imple-
menting the design into a tangible form of learning media. This development can 
include content creation, visual design, and the development of interactive func-
tionality. This stage transforms the design into a final product that can help achieve 
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learning objectives. This process includes the planning, production, and testing of 
learning media [27].

2.4	 Implementation

The stages of implementing learning media for students refer to the phase when 
the developed learning media is introduced and used in the learning environment. 
It involves activities to ensure that learners can access, understand, and make the 
best possible use of media. Learning materials should be readily available to stu-
dents through digital platforms, hardware, or physical copies, in accordance with 
the requirements and regulations of the school or educational institution. Effective 
implementation enables students to engage in more active and comprehensive 
learning by utilizing media resources to support the achievement of established 
learning objectives [27].

2.5	 Evaluation

The evaluation stage of using learning media for students is a critical phase that 
aims to assess the extent to which the learning media has succeeded in achieving 
the learning objectives that have been set. This evaluation brings essential bene-
fits in understanding the effectiveness of the press, correcting weaknesses that may 
arise, and ensuring that the use of the media positively impacts the learning process. 
Evaluation involves measuring students’ achievements or accomplishments. This 
includes improving the understanding of concepts, developing skills, or achieving 
specific learning objectives. This achievement data collection helps measure the real 
impact of learning media on student progress [27].

3	 RESULTS AND DISCUSSION

3.1	 Preliminary studies

Literature studies and field studies are limited in the preliminary stages. Searching 
for references related to advanced biology learning (biotechnology, biochemistry, 
and biomedicine) can assist students studying applied science. Students also assist 
in implementing advanced biology learning patterns at Malang State University 
Laboratory High School. The field observation process explored the use of STEAM-
based learning materials and media in schools. Students and teachers use the exist-
ing empirical studies to provide an overview of products and implement learning.

The analysis revealed that several schools had incorporated biotechnology and 
biology subjects into their curricula. However, they faced limitations due to the high 
cost of laboratory equipment. Hence, the material provision could have been more 
optimal [28]. In addition, the current learning approach does not involve a learning 
management system and has not integrated research-oriented STEAM-based learning. 
Therefore, the government’s implementation of an independent curriculum requires 
innovative products that will help students enhance their knowledge, but coordina-
tion with driving schools is necessary. Advanced biology learning innovations based 
on STEAM (biotech, biochemistry, and biomedicine) virtual laboratories support the 
implementation of an independent curriculum. Malang State University Laboratory 
High School will implement innovative advanced biology learning media.
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3.2	 Advanced biology concepts

The innovation offered is a system integrated into an advanced biology learn-
ing development system (biotech, biochemistry, and biomedicine) based on STEAM 
virtual laboratory learning. This learning platform consists of various features. 
Responsive design in cloud-based learning and data security development is crucial 
for future advancements. Early learning will feature STEAM-based activities focused 
on identifying herbal plants in the fields of biotechnology, biomedicine, and bio-
chemistry. This learning website provides a variety of services. The website features 
five essential components: a learning management system, case studies, virtual lab-
oratories, learning cards, and sustainable project planning. The case studies on the 
website provide an overview of problem-solving and current industrial conditions. 
Learning management system services provide educational content to enhance 
students’ cognitive abilities. The following is an explanation of concepts related to 
advanced biology, including biotechnology, biochemistry, and biomedicine.

Fig. 1. Advanced biology concepts

The learning management system (LMS) facilitates online learning and includes 
supporting features. The learning management system service provides visual learning 
materials through educational videos. The learning videos combine STEAM elements 
and advanced biology concepts. Existing learning materials promote creative and inno-
vative thinking among students. Practicum facilitates students in conducting experi-
ments and making direct observations. Advanced biology concepts involve an integrated 
curriculum that promotes independent learning. Advanced biology education offers 
maximum advantages for students. This concept also includes case studies that facilitate 
students’ understanding of the material based on real-life cases commonly encountered 
in the field. The interactive quiz feature can test students’ understanding in an exciting 
and valuable way. The last concept is a learning book that provides detailed information 
about advanced biology material based on STEAM virtual laboratory learning.

3.3	 Design of learning materials and media

The theoretical basis of the literature study results aligns with the data obtained 
from the field survey. Researchers organize educational materials based on students’ 
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needs. The learning content will explore potential career paths and guide students 
towards their future careers. The following are the results of designing learning mate-
rials and media related to molecular genetics and synthetic biology (biotechnology). 
Material on molecular genetics and synthetic biology aims to increase knowledge of 
manipulating the genetic world. Molecular genetics provides information about the 
fundamental biochemistry underlying the inheritance of traits and cellular processes.

Meanwhile, synthetic biology combines biological principles with valuable tech-
niques for designing, building, and modifying biological systems according to human 
desires. The sub-material in molecular genetic material includes the basics of molec-
ular genetics, genetic coding, genetic mutation, genetic recombination, recombinant 
DNA technology, genomics, genetic regulation, development, cancer, and population 
genetics. Subtopics in synthetic biology include an introduction to the field, analysis of 
artificial biological systems, biocomponents, genome engineering, modeling and simu-
lation, genetic circuits, protein expression, synthetic biology applications in health and 
energy, and ethical and legal considerations. The preparation of the material follows a 
systematic framework of thinking, making it easier for students to comprehend exist-
ing theories. The following material covers molecular genetics and synthetic biology.

Fig. 2. Molecular genetics and synthetic biology learning materials
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The material is compiled into interactive learning videos to enhance students’ 
understanding. The following are educational videos on molecular genetics and syn-
thetic biology:

Fig. 3. Learning video of molecular genetics and synthetic biology

3.4	 Advance biology platform

Fig. 4. Homepage display

This system is integrated into a learning development system to create advanced 
biology learning simulations (biotech, biochemistry, and biomedicine) based on 
STEAM virtual laboratory learning to support UM Laboratory High School as a 
research-based institution. This media platform consists of various supporting 
learning features and tools. The appearance is beautiful and creates an interactive 
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impression of cloud learning development. Data security is the primary consider-
ation for later development.

Fig. 5. Display of content learning

The “content learning” feature on the biology advanced learning website offers 
an interactive and comprehensive platform for biology students and teachers to 
access advanced learning materials. This feature offers a variety of learning mod-
ules, including text, images, videos, and animations, designed in an informative and 
in-depth manner to help users comprehend complex biology concepts. With an intu-
itive interface, users can explore various topics, run simulations, and access inter-
active content that supports active learning. This “content learning” feature enables 
users to learn autonomously. It provides easier accessibility to critical information in 
advanced biology domains, making it an effective tool in facilitating in-depth under-
standing and practical application in the field of biological sciences.

Fig. 6. Case-based learning

The primary function of the case-based learning feature on the Biology Advance 
Learning website is to provide users with a highly interactive learning experience 
through the application of a case-based learning approach. This feature allows 
users, including students and biology enthusiasts, to engage in analyzing and 
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comprehending biological concepts through the completion of real-life case studies. 
Case-based learning helps develop critical skills, problem-solving abilities, and the 
application of theory in practical contexts by enabling users to tackle complex real-
world challenges. Users can experience contextual and relevant learning in the real 
world, bridging the gap between theory and application and encouraging the devel-
opment of a robust analytical mindset to understand and address diverse biological 
challenges.

Fig. 7. View of the research project

The “research project base STEAM” feature on the biology advanced learning 
website opens the door to integrated learning experiences between biological sci-
ences and cross-disciplinary approaches STEAM. This feature provides students 
with unique opportunities to engage in research projects that foster creativity and 
analytical thinking. They can design and conduct experiments, collect and analyze 
biological data, and incorporate cutting-edge technology to present their research 
findings. Existing learning features enhance students’ comprehension of physical 
concepts. Existing learning media innovations enhance critical, collaborative, and 
innovative thinking skills.

3.5	 Feasibility analysis of developed learning media

The study results have informed the development of learning media in the form of 
advanced biology learning websites. This involves a series of creative and technical 
processes aimed at presenting interactive and in-depth biology learning materi-
als for advanced learners. This website facilitates the understanding of complex 
biological concepts, motivates scientific exploration, and enhances students’ analyt-
ical and critical skills. The development process involves compiling comprehensive, 
advanced biology content [29]. The content includes in-depth explanations of theory, 
complex visual illustrations, and interactive simulations or animations to help stu-
dents understand complex concepts. The latest data and findings in the field of 
biology can also be integrated so that the website always reflects the most recent 
developments in the biological sciences. Interactive features such as online quizzes, 
virtual lab simulations, and discussion forums enable students to actively engage 
in learning. This approach creates a more personalized learning experience and 
stimulates student participation in exploring biological concepts [30].
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Advanced biology delves deeper into the fundamental concepts of biology and 
explores more intricate and profound aspects. The hallmark of advanced biology 
learning reflects its complexity and specificity as a constantly evolving branch of 
science. One of the main distinctive features of advanced biology learning is the 
emphasis on a deeper understanding of molecular and cellular concepts. Students 
learn about organisms at a macroscopic level and comprehend biological processes 
at the molecular level, including genetic regulation, protein synthesis, and intricate 
cellular interactions. Critical and analytical aspects are essential characteristics of 
advanced biology learning. Students are invited to develop problem-solving and 
critical thinking skills in analyzing scientific data, evaluating research, and design-
ing experiments. This reflects the abstractness and complexity inherent in exploring 
biological sciences at an advanced level [31].

The validation analysis of advanced biology learning materials on the Advanced 
Biology platform comprehensively assesses the accuracy, significance, and rele-
vance of the learning content. Validation of learning materials involves verifying 
the accuracy of the information presented. The material must have a solid scientific 
basis and be related to current discoveries in advanced biology [32]. This involves 
a review by biologists who have a deep understanding of the topics presented [33]. 
Validation also includes aspects of meaningfulness and clarity of content. Advanced 
learners should have a thorough understanding of learning materials, and scientific 
terms should be tailored to their level of expertise. The relevance of the material 
to the curriculum and learning objectives is an essential focus in validation anal-
ysis [34]. The material should cover topics that align with the requirements of the 
advanced biology curriculum and assist learners in attaining the specified learning 
objectives. Validation also considers the format and presentation of the material. 
Content should be presented in a format that supports active learning, such as visu-
alization, simulation, or interactivity [36]. Aspects of platform interactivity, such as 
discussion forums or online quizzes, are also included in the validation analysis. 
These features should enhance learner participation and interaction in compre-
hending advanced biology concepts [35]. Analysis of the validation of the advanced 
biology learning materials on the advanced biology platform can result in a trusted, 
accurate, and valuable learning platform for students [37].

The validation analysis of advanced biology learning materials on the advanced 
biology platform involves a series of comprehensive evaluations to guarantee the 
quality, accuracy, and effectiveness of the materials. Visual quality can ensure that 
the video presented has high resolution, precise details, and attractive graphics [38]. 
This is to ensure that students can see and understand the content conveyed, espe-
cially in visual materials that require high detail [39]. Precise and high-quality audio 
is essential for students to clearly hear any information or explanation conveyed 
through the media [40]. A clear voice is crucial for comprehending and remembering 
the concepts taught. Textual learning materials should be written using appropriate, 
advanced-level language to minimize potential confusion [41]. The clarity of the text 
is essential for learners to read and understand the material smoothly. The content 
and context of the learning material must be interrelated and build on each other [42]. 
Understanding context helps learners relate advanced biological concepts to practical 
applications in the natural sciences, providing relevant and in-depth information. 
The advanced biology platform can ensure that the learning tools for advanced biol-
ogy are adequate resources, provide rich learning experiences, and support students 
in developing an in-depth understanding of advanced biological sciences [43].

The validation analysis for advanced biology learning technology on the 
advanced biology platform aims to evaluate how well the technology meets quality 
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standards and supports effective advanced learning [44]. Analysis of technology 
functionality and reliability involves interactive features, simulations, or other tech-
nological elements that can enhance the learning experience [45]. The reliability 
of technology is a crucial factor in ensuring that the platform can be accessed and 
used without significant technical disruptions. Technology validation analysis also 
involves evaluating the security level of the platform [46]. The use of technology 
in learning requires robust data protection and privacy. Therefore, platforms must 
ensure that learners’ data is safe and protected from potential security threats [47]. 
The advanced biology platform must be able to adapt learning materials based on 
the individual needs and progress of learners, creating a more personalized and 
relevant learning experience [48].

4	 CONCLUSION

The results of developing an advanced biology learning website in STEAM-
based biotech, biochemistry, and biomedicine include more in-depth learning 
materials. The advanced biology learning website consists of a homepage display, 
a content learning display, a case-based learning display, and a research project 
view. The results of this research have led to the development of the “Advance 
Biology” website, which contains various exciting features for students. This fea-
ture includes a homepage display, learning content display, case-based learning, and 
research project display. This platform provides engaging educational videos and 
comprehensive learning materials. The case studies on this site offer an overview 
of problem-solving and the current state of the industry. This media has validated 
learning materials, media, and technology in an excellent category.
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