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Abstract 

This study explores the integration of sustainable development principles into biology 

education by balancing economic, social, and environmental dimensions within 

curriculum design. In the context of global challenges such as climate change, resource 

depletion, and environmental degradation, biology education plays a crucial role in 

fostering sustainability-oriented competencies among learners. The research aims to 

develop a conceptual and methodological framework for embedding sustainable 

resource management into secondary school biology curricula. 

The study employs a qualitative comparative analysis of national curriculum standards 

and leading international frameworks, including the Sustainable Development Goals 

(SDGs) and competency-based models such as the OECD Learning Compass 2030. 

Curriculum documents, learning objectives, and instructional approaches are analyzed 

to identify the extent to which sustainability concepts—particularly resource efficiency, 

environmental stewardship, and social responsibility—are incorporated. 

The findings reveal that while environmental aspects are relatively well represented, 

economic and social dimensions of sustainability are often underdeveloped or 

insufficiently integrated. Furthermore, the study highlights the need for 

interdisciplinary approaches, inquiry-based learning, and contextualized teaching 

strategies to enhance students’ scientific literacy and decision-making skills related to 

sustainability. 

Based on the results, a competency-based curriculum design model is proposed, 

emphasizing the integration of sustainable resource management concepts across 

biology topics such as ecosystems, biodiversity, and human impact on the 

environment. The model also supports the development of key competencies, 

including critical thinking, systems thinking, and responsible citizenship. 

This research contributes to the advancement of biology education by providing 

practical recommendations for aligning curriculum design with global sustainability 

priorities and preparing students for future environmental challenges. 
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INTRODUC TION 

In recent decades, the concept of sustainable development 

has emerged as a key priority in global education systems, 

particularly within science education. Biology, as a discipline 

inherently connected to natural systems, resource utilization, 

and human well-being, plays a fundamental role in shaping 

learners’ understanding of sustainability-related issues. It 

provides a scientific foundation for exploring the 

interdependence between ecological processes, economic 

activities, and social systems. Therefore, integrating 

economic, social, and environmental dimensions into biology 

education is essential for developing scientifically literate 

individuals capable of addressing complex and interconnected 

global challenges. 

The growing emphasis on sustainability in education is closely 

aligned with the global agenda outlined in the United Nations 

Sustainable Development Goals (SDGs). These goals highlight 

the need to equip learners with knowledge, skills, values, and 

attitudes that promote responsible behavior, critical thinking, 

and informed decision-making. In this context, education is 

not only viewed as a means of knowledge transmission but 

also as a transformative process that empowers individuals to 

contribute to sustainable development. 

International educational frameworks, including those 

developed by Cambridge International, the International 

Baccalaureate (IB), and the OECD Learning Compass 2030, 

emphasize interdisciplinary learning, systems thinking, and 

learner agency. These frameworks promote the integration of 

sustainability principles across subjects and encourage the use 

of real-world contexts to enhance relevance and engagement. 

Rather than presenting sustainability as a separate topic, they 

advocate embedding it within curriculum structures, learning 

objectives, and assessment practices. 

A key aspect of this integration is the alignment of curriculum 

content with the SDGs, particularly those related to quality 

education, climate action, responsible consumption, and life 

on land and below water. Biology education offers a natural 

platform for addressing these goals through topics such as 

ecosystem dynamics, biodiversity conservation, human health, 

and resource management. By linking scientific concepts with 

global sustainability challenges, students are encouraged to 

develop a deeper understanding of the consequences of 

human actions and the importance of sustainable practices. 

However, in many national curricula, especially in developing 

education systems, sustainability-related concepts remain 

fragmented and inconsistently distributed across grade levels. 

In some cases, these concepts are presented as isolated topics 

without clear connections to broader sustainability goals or 

without sufficient progression in cognitive demand. As a 

result, students may acquire fragmented knowledge that does 

not adequately support the development of holistic and 

transferable competencies. 

This misalignment creates a gap between global educational 

expectations and classroom practice. It also limits 

opportunities for learners to engage in meaningful inquiry, 

problem-solving, and decision-making related to real-world 

sustainability issues. Addressing this gap requires a more 

systematic and coherent approach to curriculum design, 

where sustainability principles and SDGs are embedded in a 

structured and progressive manner. 

Therefore, this study aims to analyze how economic, social, 

and environmental dimensions can be effectively balanced 

within biology education and to propose a model for 

integrating sustainable resource management into curriculum 

design. The study also seeks to highlight the potential of 

aligning biology curricula with the Sustainable Development 

Goals to enhance the relevance, coherence, and impact of 

science education in the context of global sustainability 

challenges. 

LITERATURE REVIEW 

The integration of sustainable development into education has 

gained increasing attention in recent years, particularly in 

response to global challenges such as climate change, 

biodiversity loss, and resource depletion [1, 2]. The concept 

of Education for Sustainable Development (ESD), promoted by 

UNESCO, emphasizes the role of education in equipping 

learners with the competencies required to contribute to a 

more sustainable future [3]. ESD goes beyond the 

transmission of knowledge, focusing instead on the 

development of critical thinking, systems thinking, and values 

that support responsible action [4]. 

Within this context, the United Nations Sustainable 

Development Goals (SDGs) provide a comprehensive 

framework for aligning educational content with global 

priorities [5]. Goal 4 (Quality Education) explicitly highlights 

the importance of integrating sustainability principles into 

curricula, while other goals—such as Climate Action (SDG 13), 
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Life on Land (SDG 15), and Responsible Consumption and 

Production (SDG 12)—offer relevant thematic areas that can 

be addressed through biology education [6]. 

Biology, as a subject that explores living systems and their 

interactions with the environment, offers a natural entry point 

for embedding SDG-related content [7]. Several studies have 

shown that topics such as ecosystems, biodiversity, human 

health, and resource management can effectively support the 

development of sustainability competencies when taught 

through inquiry-based and problem-oriented approaches [8, 

9]. These approaches enable students to connect scientific 

knowledge with real-world issues and to develop skills in 

analysis, evaluation, and decision-making [10]. 

Research in science education also highlights the importance 

of systems thinking in understanding sustainability challenges 

[11]. Systems thinking allows learners to recognize the 

interconnectedness of ecological, economic, and social 

systems, thereby promoting a more holistic understanding of 

complex phenomena [12]. In biology education, this can be 

achieved through the use of models, simulations, and case 

studies that illustrate feedback loops, cause–effect 

relationships, and long-term impacts of human activities [13]. 

In addition, the integration of socio-scientific issues (SSI) into 

biology teaching has been identified as an effective strategy 

for linking scientific concepts with ethical, social, and 

economic considerations [14]. Topics such as genetic 

engineering, climate change, and public health provide 

opportunities for students to engage in argumentation, 

evaluate evidence, and consider multiple perspectives [15]. 

This contributes to the development of scientific literacy and 

responsible citizenship [16]. 

International curriculum frameworks further reinforce the 

importance of integrating sustainability into science education. 

The Cambridge International curriculum emphasizes the 

application of scientific knowledge to real-life contexts [17], 

while the International Baccalaureate (IB) promotes inquiry-

based learning and global-mindedness [18]. Similarly, the 

OECD Learning Compass 2030 highlights the need for 

transformative competencies, including the ability to 

anticipate future challenges and take responsible action [19]. 

Despite these advancements, several studies indicate that the 

implementation of sustainability in national curricula remains 

inconsistent [20]. In many cases, sustainability-related topics 

are included in a fragmented manner, without clear 

progression across grade levels or alignment with 

competency-based outcomes [21]. This limits the 

effectiveness of ESD and reduces opportunities for students to 

develop integrated and transferable knowledge [22]. 

Furthermore, teachers often face challenges in translating 

sustainability concepts into classroom practice, particularly 

due to a lack of pedagogical support, teaching resources, and 

assessment tools [23]. This underscores the need for 

curriculum models that provide clear guidance on how to 

integrate SDGs into subject-specific content, including biology 

[24]. 

In summary, the literature suggests that while there is strong 

theoretical support for integrating sustainable development 

into biology education, practical implementation requires a 

more structured and coherent approach. Aligning curriculum 

design with SDGs, incorporating inquiry-based and 

interdisciplinary methods, and ensuring progression in 

learning objectives are critical factors in enhancing the 

effectiveness of sustainability education [25]. 

METHODS  

This study adopts a qualitative research design aimed at 

exploring the integration of sustainable development 

principles into biology education through curriculum design [1, 

2]. The research is grounded in a systematic analysis of 

international educational frameworks and curriculum 

documents, with a focus on identifying effective strategies for 

embedding economic, social, and environmental dimensions 

into biology teaching [3]. 

1 Research Design 

A qualitative approach was employed to examine the 

structure, content, and pedagogical orientation of selected 

biology curricula [4]. The study focuses on three widely 

recognized international frameworks: Cambridge 

International, the International Baccalaureate (IB), and the 

OECD Learning Compass 2030, which emphasize competency-

based education and sustainability-oriented learning [5, 6]. 

2 Data Collection and Sources 

The data for this study were obtained from official curriculum 

documents, subject guides, and policy frameworks published 

by international educational organizations [7]. The analysis 

focused on: 

learning objectives and competency descriptors  
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curriculum content and thematic organization  

assessment strategies and performance criteria  

inquiry-based and practical learning components  

These sources were analyzed to identify how sustainability 

principles and SDG-related concepts are incorporated into 

biology education [8]. 

3 Data Analysis 

The collected data were analyzed using a combination of: 

Content analysis to identify sustainability-related themes and 

concepts [9]  

Comparative analysis to examine similarities and differences 

across curricula [10]  

Thematic analysis to categorize findings according to 

economic, social, and environmental dimensions [11]  

The analysis also considered the level of cognitive demand and 

progression of learning objectives across grade levels, 

ensuring alignment with competency-based education 

principles [12]. 

4 Analytical Framework 

The study is guided by a three-dimensional sustainability 

framework consisting of: 

Environmental dimension (ecosystems, biodiversity, climate 

change)  

Economic dimension (resource management, biotechnology, 

sustainable production)  

Social dimension (health, ethics, equity, global challenges)  

This framework was used as a lens to evaluate the extent to 

which biology curricula reflect the principles of sustainable 

development and the SDGs [13]. 

PROPOSED MODEL FOR CURRICULUM 

INTEGRATION  

Based on the findings of the analysis and a synthesis of 

existing research in sustainability education, this study 

proposes a conceptual model for integrating sustainable 

resource management into biology curriculum design [14]. 

The model is designed to ensure a coherent and systematic 

incorporation of sustainability principles and is structured 

around three interrelated components: curriculum content, 

pedagogical approach, and assessment strategy. 

As illustrated in Figure 1, these components are 

interconnected and function as a unified system that supports 

the development of sustainability-oriented competencies. The 

model emphasizes the dynamic relationship between what is 

taught (curriculum content), how it is taught (pedagogical 

approach), and how learning is evaluated (assessment 

strategy), ensuring alignment with the goals of sustainable 

development. 

1 Curriculum Content Integration 

The proposed model emphasizes the alignment of biology 

curriculum content with the Sustainable Development Goals 

(SDGs) and sustainability principles [15]. It prioritizes the 

inclusion of key thematic areas such as ecosystem dynamics, 

biodiversity conservation, sustainable resource use, and 

human health. 

As shown in Figure 1, curriculum content forms one of the core 

pillars of the model and provides the foundational knowledge 

required for sustainability-oriented learning. These thematic 

areas are organized progressively across grade levels to 

ensure conceptual continuity, increasing depth of 

understanding, and a gradual enhancement of cognitive 

complexity [16]. This progression enables learners to connect 

biological knowledge with real-world sustainability challenges. 

2 Pedagogical Approach 

The model promotes learner-centered and inquiry-based 

pedagogical strategies, including problem-based learning, 

case studies, project-based investigations, and 

interdisciplinary tasks. 

In Figure 1, the pedagogical component is positioned as a key 

driver that transforms curriculum content into meaningful 

learning experiences. These approaches actively engage 

students in exploring sustainability issues, encouraging critical 

thinking, systems thinking, and evidence-based decision-

making [17, 18]. Furthermore, they support collaborative 

learning and enhance students’ ability to apply knowledge in 

complex, real-life situations. 
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Figure 1. Integrated Model of Curriculum Content, Pedagogy, and Assessment for Sustainability-Oriented 

Biology Education 

3 Assessment Strategy 

To ensure alignment with sustainability competencies, the 

model incorporates a comprehensive assessment framework 

that extends beyond traditional knowledge-based evaluation. 

As presented in Figure 1, assessment serves as a mechanism 

for measuring both conceptual understanding and applied 

competencies. The model includes formative assessment, 

performance-based tasks, data analysis, and reflective 

practices. These approaches enable educators to evaluate 

students’ ability to interpret evidence, justify conclusions, and 

engage in metacognitive reflection [19]. 

4 Integration Mechanism 

A defining feature of the model is the integration of 

environmental, economic, and social dimensions through 

cross-cutting themes such as climate change, resource 

management, public health, and sustainable development. 

As depicted in Figure 1, these themes act as connecting 

elements that link curriculum content, pedagogy, and 

assessment into a coherent framework. This integrated 

structure reflects current trends in education for sustainable 
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development and supports the development of holistic and 

transferable competencies [20]. It also enables learners to 

perceive the interconnections between scientific knowledge 

and global challenges, thereby enhancing the relevance and 

applicability of biology education. 

RESULTS AND DISCUSSION 

The findings of this study demonstrate that the effective 

integration of sustainable development principles into biology 

education requires a balanced and structured incorporation of 

environmental, economic, and social dimensions [1, 2]. The 

analysis of international curricula reveals that sustainability-

oriented content is most impactful when it is embedded within 

a coherent and progressive framework rather than presented 

as isolated topics [3]. 

1 Environmental Dimension in Biology Education 

The results indicate that the environmental dimension is the 

most extensively represented component in biology curricula 

[4]. Topics such as ecosystem dynamics, biodiversity 

conservation, and climate change are consistently included 

across all analyzed frameworks. These topics enable students 

to develop ecological literacy and understand the 

consequences of human activities on natural systems [5]. 

However, the analysis also shows that in some curricula, 

environmental topics are treated descriptively rather than 

analytically. This limits students’ ability to engage in higher-

order thinking, such as evaluating environmental impacts and 

proposing sustainable solutions [6]. The proposed model 

addresses this gap by integrating inquiry-based and problem-

oriented approaches that enhance analytical and decision-

making skills [7]. 

2 Economic Dimension and Resource Management 

The findings reveal that the economic dimension is less 

explicitly represented in traditional biology curricula but is 

increasingly emphasized in modern international frameworks 

[8]. Concepts related to resource efficiency, sustainable 

agriculture, and biotechnology are incorporated to highlight 

the relationship between biological systems and economic 

development [9]. 

The integration of sustainable resource management into 

biology education allows students to explore the economic 

implications of environmental decisions. For example, case-

based learning activities related to water use, food production, 

and energy resources help students understand trade-offs and 

optimize resource use [10]. 

This study demonstrates that embedding economic 

perspectives within biological topics enhances the relevance 

of the subject and promotes interdisciplinary understanding 

[11]. 

3 Social Dimension and Socio-scientific Issues 

The social dimension plays a critical role in connecting 

biological knowledge with real-life contexts [12]. The results 

show that topics such as public health, nutrition, and bioethics 

are effective in developing students’ awareness of global 

challenges and their impact on human well-being [13]. 

The integration of socio-scientific issues (SSI) encourages 

students to engage in argumentation, evaluate evidence, and 

consider ethical implications of scientific developments [14]. 

This approach supports the development of responsible 

citizenship and decision-making skills [15]. 

Nevertheless, the findings indicate that social aspects are 

sometimes underrepresented or not systematically integrated 

across grade levels [16]. The proposed model addresses this 

issue by incorporating cross-cutting themes that ensure 

continuity and coherence. 

4 Effectiveness of the Integrated Model 

The analysis suggests that the proposed model provides a 

more coherent and balanced approach to integrating 

sustainability into biology education [17]. By aligning 

curriculum content, pedagogical approaches, and assessment 

strategies with SDG-related competencies, the model supports 

the development of holistic understanding and transferable 

skills among learners [18]. 

As illustrated in Figure 1, the interaction between curriculum 

content, pedagogy, and assessment creates a unified 

framework that facilitates meaningful learning experiences. 

This alignment ensures that knowledge acquisition, skill 

development, and competency assessment are interconnected 

and mutually reinforcing. The integration of cross-cutting 

themes such as climate change, resource management, and 

public health enables students to connect scientific knowledge 

with real-world challenges [19]. As shown in Figure 1, these 

themes function as linking elements that bridge the three core 

components of the model, promoting systems thinking and 

enhancing learners’ ability to address complex and 

interdisciplinary problems. Furthermore, the application of 

inquiry-based and project-based learning approaches 
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strengthens student engagement and encourages active 

participation in the learning process. These approaches, as 

reflected in the model structure presented in Figure 1, support 

deeper conceptual understanding and foster the development 

of critical thinking and decision-making skills related to 

sustainability concepts [20]. 

5 Implications for Curriculum Development 

The results highlight several important implications for 

curriculum design: 

the need for coherent progression of sustainability concepts 

across grade levels  

the importance of integrating economic, social, and 

environmental dimensions  

the use of interdisciplinary and inquiry-based approaches  

the alignment of assessment strategies with competency-

based outcomes  

These findings are consistent with international trends in 

education for sustainable development and provide a 

foundation for improving national biology curricula [21]. 

CONCLUSION 

This study examined the integration of economic, social, and 

environmental dimensions into biology education within the 

framework of sustainable development. The findings highlight 

that effective sustainability education requires a coherent and 

balanced approach that goes beyond the inclusion of isolated 

topics and instead embeds sustainability principles throughout 

curriculum design, pedagogy, and assessment. 

The analysis of international educational frameworks, 

including Cambridge International, the International 

Baccalaureate (IB), and the OECD Learning Compass 2030, 

demonstrates that sustainability-oriented competencies can 

be effectively developed through interdisciplinary learning, 

systems thinking, and real-world problem-solving approaches. 

These frameworks provide valuable insights into how biology 

education can be aligned with global priorities, particularly the 

Sustainable Development Goals (SDGs). 

The proposed model for integrating sustainable resource 

management into biology curricula offers a structured 

approach that connects curriculum content, teaching 

strategies, and assessment methods. By incorporating cross-

cutting themes such as climate change, resource 

management, and public health, the model promotes a holistic 

understanding of sustainability and supports the development 

of transferable competencies. 

Furthermore, the study emphasizes the importance of 

ensuring progression and coherence in sustainability-related 

learning objectives across grade levels. Without such 

alignment, students may develop fragmented knowledge that 

limits their ability to address complex global challenges. 

Therefore, curriculum designers and educators should 

prioritize the systematic integration of sustainability principles 

to enhance both the relevance and effectiveness of biology 

education. 

In conclusion, aligning biology education with sustainable 

development principles and the SDGs is essential for preparing 

learners to become informed, responsible, and active 

participants in addressing global challenges. The findings of 

this study contribute to the ongoing discourse on curriculum 

innovation and provide practical guidance for the development 

of sustainability-oriented biology education. 
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