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Introduction 

In the modern education system, students are expected not 

only to acquire ready-made knowledge, but also to analyze 

knowledge through interdisciplinary connections, find 

solutions to practical problems, and generate new ideas as 

essential competencies. In the PISA 2022 assessment 

framework, the ability of students to apply knowledge in 

various contexts, analyze problem-based situations, and 

think creatively is identified as an important indicator, 

rather than merely recalling information. 

Biology has significant didactic potential in this regard. 

This is because almost all processes occurring in living 

organisms are manifested not only as biological 

phenomena, but also as complex systems closely related to 

physical laws, chemical reactions, and mathematical 

relationships. In the K–12 Science Education framework 

developed by the National Research Council, the 

integration of “science practices”, “crosscutting concepts”, 

and “disciplinary core ideas” is defined as a key didactic 

direction in teaching natural sciences [2, pp. 1–4]. For 

example, the process of photosynthesis is associated with 

the conversion of light energy into chemical energy; the 

circulatory system is related to pressure and fluid 

movement; respiration is connected with gas diffusion and 

oxidation reactions; and population dynamics is linked to 

mathematical modeling. Therefore, teaching biology in 

connection with physics, chemistry, and mathematics 

creates opportunities for students to understand topics 

deeply, holistically, and systematically. As Bybee 

emphasizes, STEM education is not merely a collection of 

separate disciplines, but an educational approach aimed at 

solving real-life problems through the integration of 

different fields [3, pp. 5–12]. From this perspective, 

teaching biology on an integrative basis serves as an 

important pedagogical mechanism for developing 

students’ scientific thinking, creativity, inventiveness, and 

problem-solving competencies. 

In biology education, the traditional approach is often 

focused on explaining topics through separate biological 

concepts. Although this approach forms a certain level of 

theoretical knowledge in students, it does not sufficiently 

contribute to a deep understanding of the physical, 

chemical, and mathematical essence of biological 

processes. As a result, students may memorize the topic, 

but they may not be able to independently analyze its 

mechanism, causes, quantitative expression, and practical 
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significance. 

International studies on interdisciplinary science teaching 

indicate that an interdisciplinary approach helps students 

analyze natural phenomena not within a single discipline, 

but through the integration of various scientific concepts 

[4, pp. 66–74]. This approach is especially important in 

biology for developing students’ scientific literacy and 

logical analytical skills. 

The relevance of the study is determined by the following 

factors: first, there is a need for a methodological model 

based on interdisciplinary integration in biology 

education; second, linking biological topics with physics, 

chemistry, and mathematics ensures deeper and more 

conscious learning; third, the integrative approach 

develops creativity, inventiveness, critical thinking, and 

problem-solving competencies; fourth, interdisciplinary 

tasks transform students from passive listeners into active 

observers, analysts, and researchers. The study employed 

theoretical analysis, pedagogical observation, comparative 

analysis, competency-based approach, interdisciplinary 

integration approach, problem-based learning, project 

method, development of integrative tasks, and pedagogical 

experimental methods. The object of the study was the 

process of teaching biology in general secondary schools. 

The subject of the study was the content, methods, tools, 

and pedagogical conditions for developing students’ 

interdisciplinary integrative thinking competencies 

through teaching biological topics in integration with 

physics, chemistry, and mathematics. 

The methodological model was developed based on the 

following sequence: 

 

This model corresponds to the principles of integrated 

STEM education, which are based on interdisciplinary 

connectivity, orientation toward real-life problems, and the 

active position of the learner [5, pp. 1–11]. In the 

integrated STEM concept proposed by Kelley and 

Knowles, interdisciplinary connection, contextual 

problem-solving, and students’ active constructive 

participation are identified as key elements [5, pp. 2–5]. 

When biology is taught through an interdisciplinary 

integrative approach, students study each biological 

phenomenon from the perspectives of several disciplines. 

This process is organized on the basis of the following 

algorithm: “biological phenomenon — physical law — 

chemical process — mathematical expression — practical 

solution. For example, in the topic “The Circulatory 

System,” heart activity is studied from a biological 

perspective as a process that supplies body tissues with 

oxygen and nutrients. When connected with physics, blood 

pressure, fluid flow, and the mechanical work of the heart 

are analyzed. When linked with chemistry, the binding of 

hemoglobin with oxygen and the transport of carbon 

dioxide are explained. From a mathematical perspective, 

analysis is carried out using pulse rate, blood pressure 

indicators, average values, percentages, and graphs.  

In the topic “Photosynthesis,” students study the process 

not only as the formation of organic matter in plants, but 

also as the conversion of light energy into chemical 

energy, the reaction of carbon dioxide and water, and the 

quantitative expression of glucose formation. Such an 

approach develops students’ ability to understand 

biological processes comprehensively and to draw 

scientifically grounded conclusions. 

During the study, it was found that biology lessons 

organized on the basis of an interdisciplinary integrative 

approach had a positive effect on students’ deep 

understanding of the subject matter, their ability to analyze 

biological processes in connection with different 

disciplines, and their capacity to draw practical 

conclusions. 

In the experimental classes, students actively used 

physical, chemical, and mathematical concepts while 

studying biological topics. They learned not only to 

describe biological phenomena, but also to explain their 

mechanisms, causes, quantitative expressions, and 

identifying the 
biological 

phenomenon 

revealing the 
physical law 

underlying the 
phenomenon

connecting it 
with the 
chemical 
process

analyzing it 
through a 

mathematical 
expression or 

model

presenting a 
practical 

situation or 
problem-based 

task 

developing a 
creative 

solution and 
drawing a 
scientific 

conclusion 
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practical significance. 

According to the results of the pedagogical experiment, the 

level of acquisition of interdisciplinary integrative 

thinking competencies among students in the experimental 

classes was 10.7% higher than that of students in the 

control classes. This difference was interpreted using the 

χ² — chi-square method of mathematical statistics. This 

result indicates the effectiveness of the integrative 

methodology in developing students’ analytical thinking, 

understanding of interdisciplinary connections, problem-

solving skills, and creative approach. 

The experimental results demonstrated the following 

positive changes: 

 

Figure 1. Positive outcomes of the interdisciplinary integrative approach in biology teaching. 

The diagram presents the key positive changes observed in 

the experimental classes, including increased interest in 

biology, improved interdisciplinary explanation skills, 

enhanced use of analytical tools, stronger problem-solving 

ability, the emergence of creative project ideas, and the 

transformation of students into active analytical learners. 

Discussion 

The research findings showed that teaching biology on the 

basis of an interdisciplinary integrative approach 

contributes to students’ deep and conscious acquisition of 

knowledge. These findings are consistent with 

international studies indicating that STEM integration 

develops students’ conceptual understanding, critical 

thinking, and practical problem-solving skills [1, pp. 145–

152; 6, pp. 35–60]. 

Moore et al. note that integrated STEM activities in K–12 

education enable students to connect theoretical 

knowledge with real-life problems [6, pp. 35–60]. The 

results of the present study also demonstrated that the use 

of interdisciplinary tasks in biology transforms students’ 

theoretical knowledge into practical, analytical, and 

creative activity. 

The effectiveness of the integrative methodology lies in 

the fact that it turns students from passive recipients of 

ready-made information into active subjects who ask 

questions, search for answers, conduct experiments, 

perform calculations, compare results, and draw 

conclusions. Within the PISA 2022 framework, the OECD 

characterizes creative thinking as students’ ability to 

generate diverse and original ideas, evaluate them, and 

improve them. In this regard, integrative tasks aimed at 

creativity and inventiveness in biology lessons directly 

contribute to the development of these competencies. 

The research results showed that topics such as 

“Photosynthesis,” “Respiration,” “Circulation,” 

“Metabolism,” “Water Movement in Plants,” and 

“Population Dynamics” have high didactic potential for 

interdisciplinary integration. In this process, students do 

not memorize biological processes one-sidedly; rather, 

they understand their physical mechanisms, chemical 

essence, and mathematical expression. 

Conclusion 

Teaching biology in integration with physics, chemistry, 

and mathematics is an effective methodological approach 

for developing students’ interdisciplinary integrative 

thinking competencies. This approach contributes to the 

deep, holistic, and scientifically grounded explanation of 

biological topics, as well as to the development of 

students’ analytical thinking, creativity, inventive 

potential, and ability to solve problem-based situations. 

According to the research results, the level of 

interdisciplinary thinking competencies among students in 

the experimental classes, where the integrative 

methodology was applied, was 10.7% higher than that of 

students in the control classes. This difference was 
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statistically interpreted using the χ² method. This confirms 

that the systematic implementation of interdisciplinary 

integration in biology education is an important 

pedagogical factor in improving students’ knowledge 

quality and developing their scientific-practical thinking. 
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