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Abstract: Integration is one of the promising methodological directions of modern education. This article analyzes
the concepts of "integration" and "pedagogical integration," their meanings, the issues of integration in the
educational process, the tools and forms of implementing integration, and the effectiveness of an integral
pedagogical system. The essence of the integrative approach is revealed, scholars’ perspectives on the topic are
discussed, and the goals, principles, and functions of the integrative approach are identified. The tasks of
integrated courses are emphasized, and the components of the integrative approach are determined. Methods
of implementing interdisciplinary connections are also highlighted. The article describes methods that can be

applied in the educational and upbringing processes based on an integrative approach.
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Introduction: The modern educational process
requires learners not only to acquire knowledge but
also to apply it in practical activities. This requirement
is especially relevant for academic lyceums, as students
at this stage prepare for higher education and develop
broad competencies. The complexity and multi-
disciplinary nature of biology, as well as its strong
connection with other subjects, necessitate the use of
an integrative approach. Through integrative
education, students study biology in conjunction with
chemistry, physics, geography, and informatics, which
helps systematize and deepen their knowledge [1], [4].

The Essence of the Integrative Approach in Biology
Education An integrative approach is a purposeful
combination of content from different subjects,
establishing internal and external links between
knowledge areas, and forming a holistic scientific
worldview in learners [2], [3].

1. Interdisciplinary Integration Interdisciplinary
integration establishes connections between biology
and other natural or social sciences. For example:

Biology + Chemistry: metabolism, enzymes, protein
synthesis [4].

Biology + Physics:heart physiology, blood flow velocity,
diffusion processes [1].
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integrative approach, principles,

integrated courses,

Biology + Geography: biosphere, ecological zones,
natural resources [7].

Biology + Informatics: DNA modeling, basics of

bioinformatics [5].

2. |Intra-disciplinary Integration This includes the
integration of cytology, genetics, anatomy, botany, and
ecology within biology. For instance, the molecular
basis of heredity requires combining genetics and
biochemistry [4].

3. Practical Integration Laboratory work, ecological
monitoring, and hands-on experiments demonstrate
interdisciplinary connections in practice. For example,
studying factors affecting photosynthesis requires
integrating physics, chemistry, and ecology [6].

DISCUSSION

Organizing Biology Lessons Based on an Integrative
Approachlsetting Lesson Objectives According to
Integrative Competencies Through an integrative
approach, learners develop the ability to analyze,
compare, solve problems, and think systematically [1].
In modern education systems, especially at the upper-
secondary and pre-university levels, the formulation of
lesson objectives plays a decisive role in structuring
effective teaching and learning processes. As academic
lyceums prepare students for advanced scientific
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studies, lesson objectives must reflect competencies
that align with interdisciplinary, inquiry-based, and
problem-solving approaches. Integrative
competencies—skills that merge knowledge from
multiple  domains—are  therefore central to
contemporary biology education. Setting lesson
objectives based on integrative competencies ensures
that learners acquire not only subject-specific
knowledge but also essential cognitive, analytical, and
metacognitive skills needed for higher education and
professional development [1]. The Concept of
Integrative Competencies Integrative competencies
refer to a complex set of skills enabling students to
combine biological concepts with ideas from chemistry,
physics, mathematics, ecology, and technology. These
competencies include the ability to analyze, synthesize,
compare, generalize, and apply knowledge in
unfamiliar contexts [2]. They also encourage students
to construct a holistic understanding of biological
phenomena, which are inherently interconnected with
other scientific fields.In the context of biology
education, integrative competencies encompass:

» Analytical competence - interpreting biological
data, experimental results, and scientific phenomena
using interdisciplinary reasoning.

» Problem-solving competence - using multi-
disciplinary knowledge to propose solutions to
biological, ecological, and health-related challenges.

» Systems thinking - understanding biological
processes as parts of larger physical, chemical,
ecological, or technological systems.

» Comparative reasoning - identifying similarities
and differences across biological structures, functions,
and processes by drawing on other sciences.

» Research competence- employing scientific
inquiry skills, data analysis tools, and technology-driven
methods to investigate biological questions [3], [5].

Importance of Setting Integrative Lesson Objectives in
Biology;

1. Supporting Holistic Understanding of Biological
Systems Biology is a science of complex systems—
organisms, ecosystems, cells, and molecular processes.
Integrative lesson objectives encourage students to
perceive these systems in relation to physical laws,
chemical reactions, environmental factors, and
technological tools. This holistic approach promotes
robust conceptual understanding and aligns learning
with authentic scientific inquiry [1].

2. Enhancing Cognitive Development When lesson
objectives require students to compare, analyze,
evaluate, and synthesize information from different
fields, higher-order thinking skills are strengthened.
According to Bloom’s extended taxonomy, these
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competencies promote cognitive growth and deepen
comprehension of biological content [2], [6].

3. Increasing Relevance and Motivation Integrative

objectives link classroom knowledge to real-life
scientific issues—climate change, biotechnology,
genetics, environmental sustainability—which
enhances student engagement and motivation.

Students see biology as a practical science with
meaningful applications, not merely theoretical
content [7].

4. Preparing Students for STEM Fields Modern STEM
education emphasizes interdisciplinary thinking.
Integrative lesson objectives align with STEM principles
by fostering technological literacy, quantitative
reasoning, engineering-based modeling, and scientific
inquiry. Such alignment prepares students for
university-level studies in  medicine, biology,
biotechnology, environmental science, and related
disciplines [5], [6].

Strategies for Designing Lesson Objectives Based on
Integrative Competencies. Alignment with
Interdisciplinary Learning Outcomes. Lesson objectives
should explicitly reflect competencies that merge
biology with other sciences. For example:

» “Students will analyze the relationship
between enzyme activity and temperature using
principles of thermodynamics.”

» “Students will construct a model of DNA
replication applying biological knowledge and
informatics tools.”

» Such objectives guide teachers in selecting
methods and assessments that support
interdisciplinary learning.

Embedding Inquiry-Based and Problem-Oriented Goals
Inquiry-driven objectives promote integrative thinking
by encouraging students to design experiments,
interpret data, and evaluate scientific evidence. For
instance: “Students will evaluate how environmental
pollutants influence photosynthesis through chemical
and ecological analysis.”These objectives cultivate
research skills and critical thinking.

Using Systems Thinking Frameworks Biological
systems can be taught more effectively through
objectives that frame topics within larger networks. An
example objective is: “Students will explain energy flow
in ecosystems by integrating biological, chemical, and
geographical concepts.” Systems-based objectives
improve learners’ ability to understand biological
interdependence and complexity [1]. Incorporating
Technology and Digital Tools Objectives involving
digital  simulations, data  visualization, and
bioinformatics support integrative competencies.
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For example: “Students will use digital microscopy and>
image analysis software to compare plant and animal
cell  structures.” These objectives reinforce>
technological competence alongside biological
understanding [5]. Conclusion Setting lesson objective#
according to integrative competencies is crucial for
developing scientifically literate, analytical, and
innovative learners. By designing objectives that reflect
interdisciplinary knowledge, inquiry-based learning,
systems thinking, and technological literacy, biology
educators equip students with the skills needed for
successful participation in modern scientific and
academic environments. Integrative objectives not
only enhance comprehension of biological concepts
but also foster broad intellectual abilities that prepare
learners for the challenges of higher education and
future careers in STEM fields [1], [4], [6)%
Problem- and Project-Based Lessons For instance, the”
topic “How does air pollution affect living
organisms?”integrates ecology, chemistry, geography”
and biology [7].

The STEAM Approach Using STEAM projects in biolog
classes develops students’ creative thinking. Example$
include creating a 3D heart model, simulating energy
exchange in organisms, and building structural models
[6].

In recent years, the STEAM approach—an educational
model integrating Science, Technology, Engineering,
Art, and Mathematics- has gained increasing
importance in modern teaching and learning
environments. STEAM expands upon the traditional
STEM model by adding the Arts, emphasizing creativity,
innovation, design thinking, and human-centered
problem-solving. In biology education, [7,8]. STEAM
fosters interdisciplinary thinking, strengthens scientific
literacy, and bridges the gap between theoretical
knowledge and real-world applications. This approach
prepares learners to take part in scientific inquiry,
technological development, and creative innovation,
all of which are essential in the 21st century.

The Concept and Rationale of STEAM Education The
STEAM model is designed to overcome the
compartmentalization of subjects in traditional
education. It emphasizes the interconnectedness of
scientific knowledge and its applications in technology,
engineering, and creative fields. This holistic approach
encourages students to solve authentic problems using
cross-disciplinary strategies. [7].

Key Goals of STEAM Education

> Developing critical and creative thinking by
blending analytical skills with artistic creativity.

» Encouraging innovation and design through hands-
on projects and real-world challenges.
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Enhancing problem-solving abilities using engineering
and scientific methodologies.

Fostering collaboration and communication across
different areas of knowledge.

Preparing students for future STEM and STEAM careers
with interdisciplinary perspectives.

STEAM is particularly relevant in biology, a subject
inherently tied to chemistry, physics, technology,
mathematics, engineering, and scientific visualization.

The Role of STEAM in Biology Education Promoting
Interdisciplinary Understanding Biological systems
cannot be fully understood without considering their
chemical, physical, technological, and mathematical
foundations. STEAM-based biology lessons allow
students to integrate:

chemical processes (photosynthesis, respiration),
physical principles (diffusion, osmosis, energy
transfer),

technological tools (microscopy, simulations),
mathematical data analysis (population growth,
genetic probability),

and artistic visualization (modeling DNA structures,
anatomical illustrations).

This integrative approach helps learners develop a
deeper and more holistic understanding of biological
concepts. Encouraging Inquiry and Scientific
Investigation. STEAM emphasizes project-based and
inquiry-based learning. Biology students engage in
investigations that require designing experiments,
engineering solutions, and modeling biological
processes Examples include, constructing ecological
models using recycled materials, designing 3D-printed
anatomical structures, simulating genetic crosses using
computational tools, modeling pandemic spread using
mathematical algorithms. Such activities strengthen
critical thinking and enhance scientific inquiry skills.

Enhancing Creativity Through Biological Art and
Visualization The inclusion of the Arts in STEAM
encourages creativity in biology classrooms. Students
use artistic methods to demonstrate biological
processes, including, drawing cellular structures,
creating  digital animations of  physiological
mechanisms, designing posters or models illustrating
ecosystems, producing scientific infographics.

The artistic dimension improves engagement
and supports visual learning, a crucial factor in
mastering complex biological content. Integration of
Technology and Engineering modern biology heavily
relies on cutting-edge technologies. STEAM prepares
students for technological literacy by incorporating,
digital microscopes, bioinformatics tools, data analysis
software, 3D modeling programs, robotics applied to
environmental monitoring.Engineering concepts allow
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students to design solutions to biological problems,
such as building models of prosthetic limbs or
constructing water filtration systems for ecological
studies.

Benefits of the STEAM Approach in Biology
Development of Higher-Order Thinking Skills.STEAM
fosters  analytical reasoning, creativity, and
metacognition. Students learn to evaluate evidence,
develop hypotheses, design solutions, and reflect on
their learning processes. >

Increased Motivation and Engagement Hands-on»
experiments, real-world projects, and creative tasks
make biology lessons more engaging and meaningful>
Students become active participants rather than
passive recipients of knowledge. Preparation for Future
Careers Biomedicine, biotechnology, environmenta|
science, genetics, and healthcare increasingly requiré
interdisciplinary skills. STEAM offers early exposure t%
innovation and applied science.

Enhancement of Collaboration and Communicatiory.
Skills Most STEAM projects involve teamworks,
discussion, and peer evaluation. These experiences.
develop communication and cooperation, essential for
scientific and professional environments. Examples of
STEAM-Based Biology Projects. 3D Modeling of the
Human Heart. Students design and print a 3D model
using anatomical data (Science + Engineering +
Technology + Art).

Photosynthesis Light Experiment with Sensor
Technology Students measure photosynthesis rates
using digital light sensors and create mathematical
graphs (Science + Math + Technology).

Environmental Monitoring with Arduino Robots
students build a robot to measure temperature,
humidity, and CO, levels in ecosystems (Engineering +
Technology + Science).

DNA Art and Computational Genomics students create
visual art based on DNA sequences and use
bioinformatics software to analyze genetic code
(Science + Technology + Art). Ecosystem Diorama with
Mathematical Modeling students design 3D
ecosystem models and calculate species interaction
rates (Science + Art + Math).

The STEAM approach offers a powerful framework for
modern biology education. By integrating science with
technology, engineering, art, and mathematics, this
model fosters a rich learning environment where
students develop creativity, analytical skills, and
interdisciplinary understanding. STEAM-based
teaching prepares learners for the demands of
contemporary scientific fields, enhances their problem-
solving abilities, and fosters innovation-oriented
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mindsets. As global challenges become increasingly
complex, education systems that embrace STEAM will
be better equipped to cultivate the next generation of
scientists, engineers, and creative thinkers.

4. Integration Through Interactive Methods methods
such as clustering, brainstorming, case studies, and
group work help students understand interdisciplinary
connections [2]. Advantages of the Integrative
Approach

Ensures the consistency and coherence of knowledge
Develops critical, analytical, and systemic thinking
Enhances readiness for practical activities and research
Increases student motivation and engagement with
biology

Examples of Integrated Biology Lessons

“Basics of Genetics and Biochemistry” (Biology +
Chemistry)

Matter Cycling in Ecosystems” (Biology + Ecology +
Geography)

The Cardiovascular System” (Biology + Physics)
“Computer Modeling of DNA” (Biology + Informatics)
“Energy Transformation in Organisms” (Biology +
Physics + Chemistry)

CONCLUSION

Teaching biology in academic lyceums based on an
integrative approach broadens students’ scientific
worldview, increases learning efficiency, and
strengthens their ability to analyze real-life situations.
Interdisciplinary connections enrich the content of
biology and better prepare students for higher
education. Group projects, presentations, and
discussions develop important social skills. Students
learn to share ideas, negotiate solutions, and
communicate their findings effectively.

The STEAM approach represents a transformative shift
in education, combining scientific rigor with creativity
and innovation. By merging multiple disciplines into a
unified learning experience, STEAM enables students
to understand biological and technological phenomena
in a holistic manner. It fosters analytical thinking,
creativity, and practical problem-solving skills that
prepare learners for the challenges of modern
scientific, academic, and professional environments.
Implementing STEAM in biology classes ensures that
students not only grasp scientific concepts but also
develop the integrative, imaginative, and collaborative
skills necessary for the future.
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