
 
Citation: Okoro, M. C. (2026). Incorporating interdisciplinary approaches in biology education for enhancing 

understanding of complex biological phenomena. Global Academic and Scientific Journal of Multidisciplinary 

Studies (GASJMS), 4(4), 1-8. 
1 

 

   Global Academic and Scientific Journal of Multidisciplinary Studies 

(GASJMS) 

Volume 4 | Issue 4, 2026  Homepage: https://gaspublishers.com/gasjms/ ISSN: 2583-8970 
 

 Incorporating Interdisciplinary Approaches in Biology Education for 

Enhancing Understanding of Complex Biological Phenomena 

Okoro Miriam Chiwendu 

 

Department of Curriculum Studies and Instructional Technology, Faculty of Education, Ignatius Ajuru University of Education 

 

Received: 01.03.2026 | Accepted: 14.03.2026 | Published: 01.04.2026 

*Corresponding Author: Okoro Miriam Chiwendu 

DOI: 10.5281/zenodo.19357332 

 

Copyright © 2026 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 

4.0 International License (CC BY-NC 4.0). 

 

 

INTRODUCTION 

Biology as a discipline deals with living systems that 

operate across multiple levels of organization (from 

genes and cells to organisms and ecosystems) 

making many biological phenomena inherently 

complex. Students often struggle to grasp such 

complexity when content is presented in fragmented, 

discipline-specific pieces rather than as integrated 

wholes (Nehm, 2019). Complex biological 

phenomena, such as evolutionary change, ecosystem 

dynamics, and physiological regulation, involve 

interactions between processes that are best 

understood through multiple scientific lenses. For 

example, evolution connects genetics, ecology, and 

earth science, and cannot be fully understood by 

reference to any single sub-field (Kreher & 

McManus, 2023). 

Zupanec et al. (2023) noted that traditional 

monodisciplinary teaching often limits learners’ 

ability to make meaningful connections across 

concepts and to apply knowledge to real-world 

problems. This challenge is compounded when 
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students encounter novel situations that require them 

to transfer or adapt knowledge, such as emerging 

disease outbreaks or human impacts on ecosystems. 

In such cases, compartmentalized subject knowledge 

fails to prepare learners for reasoning across domains 

of scientific inquiry. Biology education therefore 

increasingly recognizes that integrating perspectives 

from allied disciplines such as chemistry, physics, 

mathematics, engineering, and social sciences can 

more accurately reflect how biological science is 

practiced and advance student understanding of 

complex phenomena. A combined disciplinary view 

not only mirrors contemporary scientific research but 

also supports cognitive processes needed for higher-

order understanding.  

Interdisciplinary education involves synthesizing 

methods, concepts, and perspectives from multiple 

academic disciplines to address complex questions. 

In biology education, this approach connects 

biological knowledge with insights from chemistry, 

physics, mathematics, technology, and societal 

studies to create richer learning experiences. 

Interdisciplinary teaching is not merely the 

juxtaposition of topics but an intentional pedagogical 

design that encourages learners to draw conceptual 

links and apply multiple ways of knowing to a shared 

problem or phenomenon. Zupanec et al. (2023) 

demonstrated that when students engage in 

interdisciplinary learning experiences, they show 

deeper conceptual understanding and greater 

capacity for transfer of knowledge to new contexts. 

Coordinated instruction that merges biological and 

geographical content improved both comprehension 

and retention in primary students compared with 

traditional monodisciplinary teaching.  

Interdisciplinary approaches also align with broader 

educational reforms that emphasize crosscutting 

concepts and scientific practices, as in the Next 

Generation Science Standards (NGSS) and Vision 

and Change in Undergraduate Biology Education 

(AAAS, cited in Kreher & McManus, 2023). These 

frameworks promote learning that reflects the 

integrative nature of modern science and better 

prepares students to tackle complex socio-scientific 

issues such as climate change, infectious disease, and 

biodiversity loss. Additionally, interdisciplinary 

instruction supports the development of 

competencies beyond factual recall that are essential 

for scientific literacy in the 21st century.  

Interdisciplinary biology education is grounded in 

constructivist learning theory, which emphasizes that 

learners actively construct knowledge by connecting 

new information to prior understanding. 

Constructivist theorists argue that meaningful 

learning occurs when students integrate concepts 

rather than memorize isolated facts. Nehm (2019) 

noted that complex biological phenomena, such as 

evolution, require learners to coordinate multiple 

ideas simultaneously, including variation, 

inheritance, and environmental interaction. 

Interdisciplinary instruction supports this 

coordination by presenting knowledge as 

interconnected systems rather than discrete topics. 

Systems thinking theory further supports this 

approach by emphasizing relationships, feedback 

loops, and emergent properties within biological 

systems. When students engage with biology through 

interdisciplinary lenses, they are better equipped to 

understand cause-and-effect relationships and 

dynamic interactions. Research also indicates that 

interdisciplinary learning promotes cognitive 

flexibility, enabling students to transfer knowledge 

across contexts (Županec et al., 2023). These 

theoretical foundations suggest that interdisciplinary 

approaches are not merely instructional preferences 

but are pedagogically sound strategies that align with 

how students learn complex scientific ideas. 

Therefore, grounding biology education in 

interdisciplinary theory strengthens both teaching 

practice and student learning. 

Interdisciplinary approaches also play a critical role 

in enhancing students’ understanding of complex 

biological phenomena by contextualizing learning 

within real-world applications. Many contemporary 

biological issues, such as climate change, emerging 

diseases, and biodiversity loss, involve interactions 

among biological, physical, and social systems. 

Teaching these issues through a single disciplinary 

lens limits students’ ability to grasp their full 

complexity. Kreher and McManus (2023) 

emphasized that interdisciplinary instruction enables 

learners to analyze biological problems holistically, 

integrating data analysis, modeling, and 

technological tools. This approach encourages 
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inquiry-based learning, where students investigate 

authentic problems and apply knowledge from 

multiple domains. Empirical studies have shown that 

students exposed to interdisciplinary teaching 

demonstrate improved problem-solving skills and 

deeper conceptual understanding compared to those 

taught through traditional methods (Županec et al., 

2023).  

Given the increasing complexity of biological 

knowledge and the demands of modern science 

education, there is a growing need to reposition 

biology teaching within an interdisciplinary 

framework. This position paper argues that 

integrating interdisciplinary approaches into biology 

education is essential for enhancing students’ 

understanding of complex biological phenomena. 

Traditional monodisciplinary instruction is 

insufficient for addressing the cognitive and 

conceptual challenges associated with learning 

biology in the 21st century. Drawing on empirical 

research and theoretical perspectives, this paper 

advocates for instructional practices that deliberately 

connect biology with allied disciplines.  

 

Conceptual Clarification 

Interdisciplinary Approaches in Education 

Interdisciplinary approaches in education refer to 

instructional practices that intentionally integrate 

knowledge, methods, and perspectives from two or 

more academic disciplines to address complex 

concepts, problems, or questions. Unlike traditional 

subject-based teaching, which treats disciplines as 

separate and self-contained, interdisciplinary 

education emphasizes connections and relationships 

among fields of study (Repko, Szostak, & 

Buchberger, 2020). The central idea is that many 

real-world issues cannot be adequately understood 

through a single disciplinary lens. Therefore, 

interdisciplinary learning encourages students to 

synthesize ideas across disciplines to develop a more 

comprehensive understanding. According to Jacobs 

(1989), interdisciplinary education involves the 

deliberate organization of curriculum around 

common themes, issues, or problems that cut across 

subject boundaries. This approach does not eliminate 

disciplinary knowledge; rather, it builds upon strong 

disciplinary foundations while promoting 

integration.  

From a pedagogical perspective, interdisciplinary 

approaches in education focus on fostering 

meaningful learning by helping students connect 

ideas rather than memorize isolated facts. Bransford, 

Brown, and Cocking (2000) argue that deep 

understanding occurs when learners can organize 

knowledge in ways that support retrieval and 

application. Interdisciplinary teaching supports this 

process by encouraging learners to link concepts 

across subjects, thereby creating coherent cognitive 

structures. For example, integrating mathematics and 

science enables students to apply quantitative 

reasoning to scientific inquiry, while combining 

social studies and biology can enhance 

understanding of human–environment interactions. 

Drake and Reid (2020) note that interdisciplinary 

instruction often employs inquiry-based and 

problem-based learning strategies, which actively 

engage students in constructing knowledge. These 

strategies position learners as problem solvers who 

must draw on multiple disciplines to propose 

solutions. As a result, interdisciplinary education 

promotes higher-order thinking skills such as 

analysis, synthesis, and evaluation. It also supports 

the development of transferable skills, including 

collaboration, communication, and critical thinking, 

which are essential for lifelong learning and 

adaptability in a rapidly changing world. 

Interdisciplinary approaches in education are closely 

aligned with contemporary educational reforms and 

global learning goals. Many curriculum frameworks 

now emphasize crosscutting concepts and 

competencies rather than isolated content 

knowledge. For instance, the National Research 

Council (2012) highlights the importance of 

integrating disciplinary core ideas with scientific 

practices and crosscutting concepts to improve 

science learning. Similarly, UNESCO (2015) 

advocates interdisciplinary learning as a means of 

preparing learners to address complex global 

challenges. Interdisciplinary education is therefore 

seen as a response to the increasing complexity of 

knowledge and societal problems. By exposing 

students to multiple ways of thinking, it helps them 

develop flexible and adaptive reasoning skills. 
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Repko et al. (2020) emphasized that interdisciplinary 

learning also promotes epistemological awareness by 

helping students understand how different 

disciplines construct knowledge and solve problems. 

In this way, interdisciplinary approaches do not only 

enhance content understanding but also deepen 

students’ appreciation of the nature of knowledge 

itself.  

 

Nature of complex biological phenomena  

Complex biological phenomena are characterized by 

multiple interacting components whose collective 

behavior cannot be fully understood by examining 

individual parts in isolation. In biology, complexity 

arises because living systems operate across 

hierarchical levels, including molecules, cells, 

organisms, populations, and ecosystems (Noble, 

2006). Genetics, for example, was once viewed 

primarily as a linear relationship between genes and 

traits. However, contemporary research shows that 

genetic expression is influenced by interactions 

among genes, regulatory networks, environmental 

factors, and epigenetic mechanisms (Griffiths & 

Stotz, 2013). Traits such as height, disease 

susceptibility, and behavior are therefore emergent 

properties of complex systems rather than the result 

of single genes. This complexity challenges 

traditional reductionist explanations and requires 

integrative approaches to understanding biological 

function. Nehm (2019) notes that students often 

struggle with genetic concepts because they involve 

probabilistic reasoning, multiple causal factors, and 

abstract molecular processes. As a result, genetics 

exemplifies how complexity in biology demands 

explanations that incorporate interactions, feedback 

loops, and context-dependent outcomes rather than 

simple cause-and-effect relationships. 

Ecology represents another domain in which 

biological complexity is clearly evident, as it focuses 

on interactions among organisms and between 

organisms and their environments. Ecological 

systems consist of numerous biotic and abiotic 

components linked through energy flow, nutrient 

cycling, and population dynamics (Odum & Barrett, 

2005). These systems are dynamic and non-linear, 

meaning that small changes in one component can 

produce large and sometimes unpredictable effects 

across the system. For example, the removal of a 

single species can trigger cascading effects 

throughout an ecosystem, altering population 

structures and ecosystem stability. Such phenomena 

highlight the interconnected nature of ecological 

systems and the difficulty of predicting outcomes 

using simple models. Levin (1998) describes 

ecosystems as complex adaptive systems that exhibit 

emergent patterns arising from local interactions. 

Understanding ecological complexity therefore 

requires systems-level thinking and the integration of 

biological, chemical, physical, and geographical 

knowledge. Students often find ecology challenging 

because it involves spatial and temporal scales that 

extend beyond direct observation. This further 

emphasizes the need for instructional approaches 

that help learners conceptualize interactions and 

processes operating at multiple levels 

simultaneously. 

Systems biology provides a unifying framework for 

understanding complex biological phenomena by 

focusing explicitly on interactions within biological 

systems. Rather than studying individual 

components in isolation, systems biology examines 

networks of genes, proteins, and metabolic pathways 

to explain how biological functions emerge from 

collective interactions (Kitano, 2002). This approach 

recognizes that biological behavior often results 

from feedback mechanisms, redundancy, and non-

linear dynamics. For instance, cellular processes 

such as signal transduction and metabolic regulation 

depend on coordinated interactions among numerous 

molecules. Noble (2006) argues that systems biology 

challenges gene-centered views of biology by 

emphasizing multilevel causation and integration.  

 

Relationship between Biology and allied 

disciplines (Chemistry, Physics, Mathematics, 

ICT) 

Biology is deeply connected to chemistry, as many 

biological processes are fundamentally chemical in 

nature. The branch of biochemistry illustrates this 

relationship clearly by explaining life processes in 

terms of chemical reactions and molecular 

interactions. Processes such as cellular respiration, 

photosynthesis, enzyme activity, and DNA 
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replication depend on chemical principles including 

bonding, reaction kinetics, and thermodynamics 

(Nelson & Cox, 2021). For example, understanding 

enzyme specificity requires knowledge of molecular 

structure and chemical affinity, while metabolic 

pathways are explained through sequences of 

chemical reactions regulated by enzymes. Chemistry 

also plays a central role in explaining physiological 

processes such as pH regulation, osmosis, and 

diffusion across membranes. According to Cooper 

(2019), students’ understanding of biological 

concepts improves when chemical foundations are 

explicitly integrated into biology instruction. 

Without chemistry, many biological explanations 

remain superficial, as learners may describe 

processes without understanding the underlying 

mechanisms. Therefore, chemistry provides the 

molecular and mechanistic basis upon which much 

of modern biology is built, making it an essential 

allied discipline in biological education and research. 

Physics also has a strong relationship with biology, 

particularly in explaining the physical principles that 

govern biological structures and processes. Areas 

such as biomechanics, bioenergetics, and biophysics 

apply laws of motion, energy, and forces to living 

systems. For instance, muscle contraction can be 

explained using principles of force generation, while 

circulation of blood involves fluid dynamics and 

pressure gradients (Phillips, Kondev, Theriot, & 

Garcia, 2012). Physics also contributes to 

understanding energy transformations in biological 

systems, such as how light energy is converted into 

chemical energy during photosynthesis. 

Furthermore, imaging technologies used in biology, 

including microscopy, X-rays, and magnetic 

resonance imaging, are grounded in physical 

principles. According to Redish and Cooke (2013), 

integrating physics concepts into biology education 

helps students develop coherent explanations of how 

biological systems function. This integration allows 

learners to appreciate biology as a science governed 

by universal physical laws rather than as an 

exception to them. As a result, physics enhances the 

explanatory power of biology and supports a more 

unified understanding of life processes. 

Mathematics and information and communication 

technology (ICT) play increasingly important roles 

in modern biology by enabling data analysis, 

modeling, and simulation. Mathematics provides 

tools for quantifying biological phenomena, such as 

population growth, gene frequencies, and enzyme 

kinetics. Mathematical models are widely used in 

ecology, genetics, and epidemiology to predict 

patterns and test hypotheses (Otto & Day, 2007). 

Statistics, in particular, is essential for analyzing 

biological data and drawing valid conclusions from 

experiments. ICT further strengthens biology by 

supporting data storage, visualization, and 

computational analysis. Fields such as 

bioinformatics and systems biology rely heavily on 

computer technologies to manage large datasets, 

including genomic and proteomic information 

(Kitano, 2002). ICT tools such as simulations and 

virtual laboratories also enhance biology education 

by allowing students to explore complex systems that 

are difficult to observe directly. As emphasized by 

National Research Council (2012), integrating 

mathematics and technology into biology instruction 

supports deeper understanding and prepares students 

for contemporary scientific practice. Together, 

mathematics and ICT enable biology to move 

beyond description toward prediction, explanation, 

and innovation. 

 

Theoretical Foundations 

Theoretical foundations for interdisciplinary 

approaches in biology education are strongly rooted 

in constructivist learning theory. Constructivism 

posits that learners actively construct knowledge by 

integrating new information with existing cognitive 

structures rather than passively receiving facts 

(Piaget, 1972). From this perspective, meaningful 

learning occurs when students can relate concepts 

across contexts and disciplines. Biology concepts 

such as gene expression, ecological interactions, and 

physiological regulation require learners to 

coordinate multiple ideas simultaneously. 

Interdisciplinary teaching supports this coordination 

by encouraging students to connect biological 

knowledge with principles from chemistry, physics, 

mathematics, and technology. Bransford, Brown, 

and Cocking (2000) argue that learning 

environments that promote integration and 

application of knowledge enhance conceptual 
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understanding and long-term retention. 

Constructivist theory therefore provides a strong 

justification for interdisciplinary biology education, 

as it emphasizes understanding over memorization 

and promotes active engagement with complex 

ideas. When students are encouraged to explore 

biological phenomena through multiple disciplinary 

lenses, they are more likely to develop coherent 

mental models that reflect the interconnected nature 

of living systems. 

Another important theoretical foundation is systems 

thinking theory, which focuses on understanding 

how components of a system interact to produce 

collective behavior. Systems thinking emphasizes 

relationships, feedback loops, and emergent 

properties rather than isolated elements (Meadows, 

2008). Biology is inherently systems-oriented, as 

living organisms function through coordinated 

interactions among molecular, cellular, and 

ecological components. Systems thinking aligns 

closely with interdisciplinary approaches because it 

requires integration of concepts from different 

scientific disciplines to explain biological 

phenomena. For example, understanding 

homeostasis involves biological regulation, chemical 

signaling, and physical principles of energy balance. 

Nehm (2019) notes that students often struggle with 

complex biological systems when instruction does 

not explicitly address interactions across levels of 

organization. Interdisciplinary teaching grounded in 

systems thinking helps learners recognize patterns, 

predict outcomes, and understand dynamic 

processes. This theoretical perspective supports the 

use of models, simulations, and real-world problems 

in biology education, all of which benefit from 

interdisciplinary knowledge and approaches. 

 

How Understanding of Complex Biological 

Phenomena are Enhanced through 

Interdisciplinary Integration in Biology 

Education 

Promotes Conceptual Integration: 

Interdisciplinary integration helps students connect 

biological concepts with ideas from chemistry, 

physics, mathematics, and technology. This reduces 

fragmented learning and supports the construction of 

coherent mental models. When learners see how 

concepts relate across disciplines, they develop 

deeper understanding rather than isolated knowledge 

(Bransford et al., 2000; Nehm, 2019). 

Supports Systems Thinking: Many biological 

phenomena operate as systems with interacting 

components. Integrating disciplines encourages 

students to focus on relationships, feedback loops, 

and emergent properties rather than single variables. 

Systems thinking improves understanding of topics 

such as homeostasis, ecosystems, and gene 

regulation (Meadows, 2008; Kitano, 2002). 

Enhances Explanation of Mechanisms: 
Interdisciplinary approaches allow students to 

explain biological processes using underlying 

mechanisms. For example, chemistry explains 

enzyme action, physics explains energy transfer, and 

mathematics explains rates and patterns. This leads 

to more accurate and meaningful biological 

explanations (Cooper, 2019; Nelson & Cox, 2021). 

Improves Problem-Solving and Transfer of 

Knowledge: When students learn biology through 

interdisciplinary problems, they are better able to 

apply knowledge to new and unfamiliar situations. 

This improves transfer of learning and prepares 

students to address real-world biological challenges 

(Bransford et al., 2000; Repko et al., 2020). 

Facilitates Use of Models and Simulations: 

Integration with mathematics and ICT enables 

students to use models, graphs, and simulations to 

visualize complex biological processes. These tools 

make abstract phenomena more concrete and 

improve comprehension (National Research 

Council, 2012; Kitano, 2002). 

Reduces Misconceptions: Presenting biological 

concepts from multiple perspectives, 

interdisciplinary integration helps clarify 

misunderstandings and correct oversimplified 

explanations. Students gain a more accurate view of 

biological complexity (Nehm, 2019). 

Aligns Biology Education with Scientific Practice: 

Modern biological research is inherently 

interdisciplinary. Integrating allied disciplines in 

teaching reflects how biological knowledge is 

generated and applied, thereby strengthening 
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students’ scientific literacy (Kreher & McManus, 

2023). 

 

Challenges and Limitations to Interdisciplinary 

Integration in Biology Education 

Curriculum Rigidity: One major challenge to 

interdisciplinary integration in biology education is 

the rigidity of existing curricula. Many educational 

systems are structured around clearly defined subject 

boundaries, leaving limited space for cross-

disciplinary instruction. Prescribed syllabi, 

standardized textbooks, and examination-driven 

teaching often discourage teachers from integrating 

content across disciplines (Drake & Reid, 2020). As 

a result, interdisciplinary activities may be viewed as 

additional rather than essential components of 

instruction. 

Limited Teacher Preparation: Effective 

interdisciplinary teaching requires teachers to have 

adequate knowledge of allied disciplines and 

confidence in integrating them meaningfully. 

However, many biology teachers are trained within a 

single discipline and may lack sufficient background 

in chemistry, physics, mathematics, or ICT (Kreher 

& McManus, 2023). This limitation can lead to 

superficial integration or avoidance of 

interdisciplinary approaches altogether. 

Resource Limitations: Successful interdisciplinary 

biology education often depends on access to 

resources such as laboratories, technology, modeling 

software, and instructional materials. In many 

educational contexts, especially in developing 

regions, these resources may be limited or 

unavailable, restricting effective implementation 

(UNESCO, 2015). 

Conclusion 

Incorporating interdisciplinary approaches in 

biology education is essential for enhancing learners’ 

understanding of complex biological phenomena. 

Biological systems are dynamic, interconnected, and 

influenced by multiple factors that cannot be fully 

explained through a single disciplinary lens. 

Interdisciplinary instruction enables students to 

integrate concepts from chemistry, physics, 

mathematics, and ICT, fostering conceptual 

coherence, systems thinking, and accurate 

explanations of biological mechanisms. Empirical 

research demonstrates that students engaged in 

interdisciplinary learning show improved problem-

solving, deeper understanding, and greater capacity 

for knowledge transfer. Theoretical frameworks such 

as constructivism, systems thinking, and cognitive 

flexibility support these findings, emphasizing the 

importance of actively connecting knowledge across 

domains. Despite challenges such as rigid curricula, 

limited teacher preparation, and resource constraints, 

interdisciplinary integration reflects the 

collaborative and multifaceted nature of modern 

biological science. Therefore, biology education 

must embrace interdisciplinary frameworks to 

adequately prepare learners for the cognitive and 

practical demands of contemporary science and real-

world biological challenges. 

 

Suggestions 

1. Educational authorities should restructure 

biology curricula to include explicit 

interdisciplinary connections. This could 

involve organizing units around central 

biological phenomena that naturally integrate 

concepts from allied disciplines. 

2. Biology teachers should receive targeted 

training in allied disciplines and in strategies 

for interdisciplinary instruction. Workshops, 

seminars, and collaborative lesson planning 

can enhance teachers’ confidence and 

effectiveness. 

3. Schools and institutions should provide 

access to laboratories, ICT tools, simulations, 

and modeling software to support 

interdisciplinary learning. Resource 

allocation should prioritize tools that make 

complex phenomena tangible for learners. 

4. Teachers of biology, chemistry, physics, 

mathematics, and ICT should collaborate to 

plan and implement lessons that intentionally 

integrate knowledge across domains. 
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