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Abstract. Teaching and Learning (T&L) in higher education is an important
discourse that determines the teacher and learner's experience, effectiveness,
and efficiency in the classroom. Biomimicry, a practice that draws inspiration
from nature's forms, strategies, and systems to solve human challenges has the
potential to inform curriculum design, pedagogical practices, and assessment
strategies that promote sustainability, creativity, and critical thinking skills
among learners. This paper presents a conceptual framework for applying bio-
mimicry principles to T&L in higher education. Drawing from the core princi-
ples of biomimicry, the paper provides examples of nature-inspired teaching
methods, such as experiential learning, collaborative learning, and real-world
problem-solving. It acknowledges that incorporating biomimicry into higher
education may require rethinking traditional educational paradigms, addressing
faculty and institutional resistance, and overcoming logistical and resource con-
straints. The paper also highlights the potential challenges and limitations of in-
corporating biomimicry thinking into higher education but argues that the bene-
fits of biomimicry-inspired T&L outweigh the challenges. Overall, this paper
highlights the potential of biomimicry as a guiding framework for transforming
T&L practices in higher education, preparing students to address complex chal-
lenges in the 21st century. Finally, this paper revealed that biomimicry can
guide curricula development that integrates interdisciplinary approaches, in-
spires innovative teaching methods that promote active engagement, and in-
forms the development of assessment strategies that align with the principles of
biomimicry. Further research and experimentation are needed to fully explore
the potential of biomimicry as a guiding framework for T&L in higher educa-
tion.

Keywords: Biomimicry, Innovation, Nature, Sustainability, Teaching and
Learning.

1 Introduction

Teaching and learning (T&L) in higher education (HE) form the bedrock of
knowledge dissemination and intellectual growth in our society. The landscape of HE
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has undergone significant transformations in recent years due to various factors [1].
For example, advancements in technology, natural disasters, pandemics, changes in
learner demographics, evolving pedagogical theories, and shifting societal demands
have all contributed to the present dynamic educational environment [2,3]. Other
factors such as mentorship, learner engagement, and classroom/campus culture all
play pivotal roles as well. Similarly, a robust evaluation system assists in determining
the effectiveness of teaching strategies, and ensuring learners acquire the necessary
skills and knowledge for their professional and academic development. In this con-
text, gaining insights into the intricacies of T&L becomes indispensable for creating
effective and relevant educational experiences in higher educational institutions
(HEIs). To gain a holistic understanding of the propelling forces that dictate educa-
tional outcomes, an examination of the opportunities, challenges, methodologies, and
underlying theories of T&L in HE is imperative. Also, as institutions of higher learn-
ing continue to evolve, understanding the intricate dynamics of this process becomes
paramount for educators, administrators, policymakers, and stakeholders. Notably,
pivotal roles are played by learners, educators, and institutional frameworks in defin-
ing the learning process. Therefore, exploring the multifaceted aspects of T&L in HE
opens channels to enhance educational practices and ultimately nurture a generation
of skilled and enlightened individuals poised to shape the future.

Globally, there has been much focus and clamour on the use of emerging technolo-
gies for T&L [4,5]. Truly, the integration of digital tools and online platforms has
revolutionised the educational landscape, offering new opportunities for personalised
learning, collaboration, and access to vast repositories of information [6]. Along simi-
lar lines, Kiimmel and Kimmerle [7] suggested that the success of T&L in HE is an-
chored on the integration of digital learning technologies, the creation of a supportive
T&L community, and the sustainable improvement of student learning. However,
analysing these technologies has revealed their potential and pitfalls in HE thereby
informing the need for relevant stakeholders to minimise the challenges and at the
same time maximise the benefits. It is therefore important to create a supportive and
inclusive learning environment that will shape the learners’ overall educational expe-
rience. By synthesising best practices from diverse HE settings, research studies, and
case analyses, novel insights can be generated with the potential to reinvent the future
of HE and the pedagogical techniques well-suited in an ever-changing world of work.
Hence, the discovery of biomimicry as a concept has gained appreciable recognition
and attention worldwide for its capability to address human challenges [8].

In recent years, there has been a growing recognition of the significance of sustain-
able education practices that align with the principles of nature's wisdom [9,10]. The
traditional approach to education, while successful in imparting knowledge, has often
faced challenges in engaging learners, promoting critical thinking, and fostering a
deep understanding of complex subjects [11,12]. As educators seek more effective
and sustainable methods to cultivate future-ready graduates, the integration of bio-
mimicry principles into higher education holds immense promise. Biomimicry, a
discipline inspired by nature's time-tested strategies, has emerged as a promising
model for innovation and problem-solving across various fields [13]. However, its
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potential applications extend beyond technology and design, offering profound in-
sights into the realm of T&L in HE.

As the world faces pressing challenges such as climate change, resource depletion,
and social inequality, HEIs must equip learners with the values, mindset, and skills
required to tackle these complex issues. Biomimicry, at its core, is rooted in the belief
that nature, through millions of years of evolution, has developed amazing and effi-
cient solutions to address challenges like that of humans [14]. These solutions, honed
by natural selection, are inherently sustainable and well-adapted to their specific con-
texts. By drawing inspiration from the genius of nature, biomimicry offers a novel
perspective on how to approach T&L processes within HE. It provides an innovative
approach that aligns education with the principles of sustainability, adaptability, and
resilience observed in nature [15]. Hence, the objective of this paper is to explore the
various biomimicry lessons and principles that can be applied to T&L methodologies
in HE. By understanding and incorporating these nature-inspired approaches, educa-
tors have the potential to create transformative learning experiences that not only
impart knowledge but also instill a deeper appreciation for the interconnectedness of
all disciplines and the natural world. The next section delves into the key concepts of
biomimicry and how they can be translated into effective T&L strategies. This is fol-
lowed by examples and case studies of the successful implementation of biomimicry
in educational settings, demonstrating its potential impact on learner engagement,
problem-solving abilities, and overall learning outcomes. The last section discusses
the challenges/limitations and benefits of incorporating biomimicry into T&L in HE.

2 Methodology

This paper presents a review of scholarly articles on the numerous possibilities and
innovative ideas locked up in the natural world and how they can reinvent and revolu-
tionise teaching and learning (T&L) in higher education (HE). As described by
Snyder [16], a literature review is an exceptional means of synthesising research find-
ings, presenting compelling evidence, and uncovering avenues for future investigation
to establish and develop robust theoretical and conceptual frameworks. An extant
review of the literature (scholarly publications such as conference proceedings, jour-
nal articles, book chapters, books, etc.) on biomimicry vis-a-vis T&L in HE was con-
ducted. As presented in Figure 1, the pictorial representation of the integrative litera-
ture review approach employed in this study followed the framework for conducting a
literature review as postulated by Snyder [16]. This framework was employed to cri-
tique and synthesise the subjects (biomimicry, nature, HE, T&L). Qualitative analysis
and evaluation were done resulting in the three classifications of biomimicry T&L
methods. These contributions gave credence to the vast potential that is embedded in
biomimicry to propel T&L in HE towards sustainability in its entirety.
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Fig. 1. Pictorial representation of the study’s integrative literature review approach.

3 Biomimicry principles for teaching and learning

Biomimicry principles, also referred to as nature principles or life principles, repre-
sent the inherent values exhibited by living organisms to ensure their survival,
growth, and adaptation to their environments. Each organism possesses unique attrib-
utes that have evolved over the years, enabling them to thrive in their respective eco-
system. These principles encompass abstracted biological strategies, some of which
are readily apparent and manifest, prevalent across a wide range of organisms. They
play a crucial role in facilitating successful self-regeneration and sustainability within
the natural world [17]. As essential guidelines, these principles serve as checklists to
ensure the responsible application of biomimicry, leading to sustainable outcomes.
They encapsulate replicated concepts and sequences derived from observations of
natural organisms and ecosystems. As further expounded upon by Janine Benyus in
her book "Biomimicry: Innovation Inspired by Nature," where she outlines nine na-
ture principles, these principles serve as the foundational tenets that underpin the con-
cept of biomimicry. They are nature runs on sunlight, uses only the energy it needs,
fits form to function, recycles everything, rewards cooperation, banks on diversity,
demands local expertise, curbs excesses from within, and taps the power of limits
[18,19].

Applying biomimicry principles to T&L in HE has the potential to reinvent the meth-
odology of knowledge transmission and acquisition. By looking to nature as a source
of emulation, inspiration, imitation, and guidance, educators can create a T&L envi-
ronment that fosters sustainability, innovation, and creativity [20]. One of the key
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principles of biomimicry is the idea that nature has already solved many of the chal-
lenges we face. By studying and emulating natural forms, strategies, processes, and
ecosystems, learners can develop a deeper understanding of the world around them
and apply this knowledge to create sustainable designs and solutions. This approach
to education offers a multidisciplinary approach, blending life sciences, creative prob-
lem-solving, design, systems thinking, and science, technology, engineering, and
mathematics (STEM) subjects. Existing studies have also demonstrated the effective-
ness of integrating biomimicry concepts into higher education through coursework
and workshops [21]. To enhance T&L which promotes sustainable, innovative, and
interdisciplinary education, the following can be explored.

3.1  Collaborative and Interdisciplinary Teaching and Learning

Organisms in nature operate through intricate networks of collaboration and intercon-
nectedness [22]. A natural ecosystem consisting of different species of flora and fauna
has evolved over the years through collaboration [23]. This principle can inspire edu-
cators to design interdisciplinary projects and activities that involve learners from
various subjects and demographics working together to solve complex problems. By
promoting collaboration, learners can learn to combine their diverse skills and per-
spectives, bridging the inequality gap, and fostering holistic and innovative solutions.
Another avenue is biomimicry thinking which involves observing and understanding
nature's solutions to problems and applying those principles to solve human challeng-
es [24,25]. Educators can encourage biomimicry thinking among learners by present-
ing real-world problems and prompting the learners to explore how nature might have
already solved similar challenges. This approach has the potential to stimulate creativ-
ity, encourage inquisitive research, and nurture an appreciation for nature's wisdom.

3.2 Sustainable and Regenerative Teaching and Learning

The natural environment is inherently sustainable, with many ecosystems capable of
regenerating, self-healing, and self-repairing [26,27]. Educators can tap into these
principles exhibited and operational in the natural world to guide learners in designing
and developing solutions that minimise negative environmental impacts and support
regenerative practices. This will instill a sense of environmental responsiveness, re-
sponsibility, and eco-consciousness in the next generation of learners. Biomimicry
also emphasises the importance of biodiversity in ecosystems, where each species
plays a unique role in maintaining ecological balance [28,29]. Similarly, educators
can foster diversity and adaptability in their teaching methods and classroom envi-
ronments. Recognising and valuing the diverse learning styles and strengths of learn-
ers can lead to more inclusive and effective educational practices.

3.3  Outdoor and Experiential Teaching and Learning

Biomimicry often begins with a sense of wonder followed by a curiosity about the
natural world. Educators can encourage this awe-inspiring and subsequent inquisitive
perspective by incorporating outdoor learning experiences, nature walks, and observa-
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tion exercises in T&L [30]. Cultivating a sense of wonder can spark lifelong learning
and a deep appreciation for the natural environment which in turn will lessen the ex-
tinction of rare species of organisms. Similarly, nature has perfected the development
and utilisation of materials and technologies that exhibit remarkable properties, such
as self-healing, self-cleaning, and energy efficiency [31,32]. By studying, mimicking,
and emulating these materials, learners can develop innovative solutions to engineer-
ing and design challenges. This principle can be integrated into STEM (Science,
Technology, Engineering, and Mathematics) education, inspiring learners to create
more sustainable and efficient solutions and technologies [33].

Nature as a treasure trove of diverse forms and patterns has evolved over millions
of years. By incorporating these designs into educational settings, educators can in-
spire creativity and critical thinking among learners. For instance, geometry lessons
could explore the efficient hexagonal pattern found in honeycombs or the aerodynam-
ic structure of bird wings to understand engineering and design principles [34,35].
Natural ecosystems are also regarded as excellent models of interconnected and adap-
tive systems. Educators can draw on these examples to teach learners about sustaina-
ble resource management, cooperation, and resilience which are key to achieving
sustainable development. By examining how the natural ecosystems maintain balance
and recycle nutrients [36,37], learners can learn valuable lessons about creating sus-
tainable human societies.

4 Challenges of Incorporating Biomimicry for Teaching and
Learning

Implementing biomimicry for T&L in HE comes with its own set of challenges. A
major challenge is the lack of an interdisciplinary and integrative approach because it
cannot be effectively implemented for T&L by focusing solely on a single discipline
[38]. Biomimicry requires a holistic understanding of concepts and principles from
various fields such as biology, design, engineering, and sustainability [39]. Hence,
educators need to collaborate with experts from different fields so that students are
exposed to a wide range of perspectives and knowledge, enhancing their understand-
ing. Similarly, implementing biomimicry for T&L in HE requires a shift in pedagogi-
cal approaches. Instead of relying on traditional lecture-based methods, educators
need to adopt interactive and experiential teaching strategies. These strategies engage
students in hands-on activities and real-world scenarios that encourage them to ex-
plore and apply biomimicry principles. Another challenge of implementing biomimic-
ry for T&L in HE is the paucity of resources and access to relevant information [40].
Educators face difficulties in finding appropriate materials, case studies, and exam-
ples of biomimicry in action that the learners will find resourceful.

Limited understanding and awareness of biomimicry principles among educators is
another major challenge [41]. Many teachers and HEI administrators may not be fa-
miliar with the concept or its potential benefits for enriching the learning experience
of the learners. Without adequate knowledge and a rich biomimicry thinking capacity
on the part of educators, it becomes challenging to integrate biomimicry effectively
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into the curriculum. The lack of professional development and training for educators
is another barrier. To effectively implement biomimicry for T&L in HE, teachers
need to be equipped with the necessary knowledge and skills to apply biomimicry
principles in their classrooms. However, specialised training and professional devel-
opment opportunities focusing on biomimicry are scarce or inaccessible for many
educators considering the novelty of this concept thereby hindering its widespread
adoption [38,41]. Constraints attached to most curriculum is another challenge. This
is because HEIs often have rigid curriculum structures and standardised assessment
requirements, leaving limited room for the incorporation of innovative approaches
like biomimicry. Integrating novel teaching methods and content into existing curricu-
la can therefore be challenging without disrupting the established conventional
framework adopted by the majority of HEIs.

Time and resource constraints also hinder the adoption of biomimicry for T&L in
HE. The implementation of biomimicry requires additional materials, resources, and
time for research, design, and experimentation. Financial and budgetary limitations
and time constraints in educational settings could deter educators from fully exploring
and applying biomimicry principles in their teaching practices. Limited access to
biodiversity and natural environments also constitutes hindrances to applying bio-
mimicry for T&L in HE [42]. Biomimicry thrives heavily on rapt observations of
nature and its patterns, which can be challenging for educators and students in urban
or non-nature-rich environments. Access to natural spaces and outdoor learning op-
portunities is essential for fully engaging with biomimicry principles. This is however
continually disrupted due to the disruption of natural environments by human indus-
trialisation and infrastructural developments. Resistance to change within educational
institutions can impede the adoption of new pedagogical approaches like biomimicry.
Some stakeholders and educators may be hesitant to deviate from traditional teaching
methods or may perceive biomimicry as a passing trend rather than a viable educa-
tional strategy. Similarly, encouraging biomimicry thinking among learners requires a
shift in mindset, to promote curiosity, creativity, and problem-solving inspired by
nature's solutions [18,38,41]. Nurturing these cognitive skills may take time and de-
liberate effort. While some HEIs and educators may successfully integrate biomimic-
ry into their classrooms, scaling up these initiatives and ensuring their sustainability
across entire educational systems can be a daunting task, requiring long-term com-
mitment and support.

5 Benefits of Incorporating Biomimicry for Teaching and
Learning

Despite the challenges hindering the implementation of biomimicry for T&L in HE,
the potential benefits make it a promising approach worth pursuing and embracing
through collaborative efforts, policy support, and dedicated resources. At the heart of
biomimicry lies a deep appreciation for nature's sustainable designs thereby nurturing
sustainability consciousness among educators and learners. By learning from and
respecting the ecological balance found in natural systems, learners develop a strong-
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er sense of environmental stewardship and are more likely to adopt sustainable prac-
tices in their personal and professional lives [43]. Biomimicry also encourages stu-
dents to engage directly with the natural world resulting in a deep connection with
nature. Through outdoor learning experiences and observation of ecosystems, learners
develop a deeper connection with nature, fostering a sense of wonder, awe, and re-
spect for the natural environment. Another benefit is that biomimicry empowers edu-
cators and learners for real-world application and relevance [44]. Biomimicry princi-
ples emphasise the practical application of knowledge. By examining nature's solu-
tions and translating them into tangible innovations, students see the real-world rele-
vance of their learning, leading to a more meaningful and impactful educational expe-
rience.

Biomimicry also promotes interdisciplinary learning among educators and learners.
Biomimicry inherently bridges disciplines, connecting biology, engineering, design,
and other subjects. It encourages an interdisciplinary approach to problem-solving,
helping learners to recognise the interconnectedness of knowledge and the importance
of collaboration across diverse fields. It also enhances problem-solving skills and
critical thinking [24]. Integrating biomimicry principles for T&L in HE requires
learners to analyse and adapt biological strategies to day-to-day human contexts. This
process enhances critical thinking skills as learners evaluate the efficiency and effec-
tiveness of natural models and apply them to various fields, such as technology, engi-
neering, and design. Biomimicry encourages learners to explore nature's diverse solu-
tions to complex problems which in turn fosters innovation and creativity [45]. By
observing and understanding natural systems, learners are inspired to think creatively
and develop innovative approaches to real-world challenges. This process of drawing
inspiration from nature's designs fosters a culture of curiosity and inventive thinking
among learners.

Biomimicry encourages lifelong learning as it instills a persisting learning mindset
by fostering an appreciation for the wealth of knowledge available in nature. Students
are encouraged to continue exploring and drawing inspiration from the natural world
long after formal education, driving a continuous pursuit of knowledge and innova-
tion. Furthermore, biomimicry supports diversity and inclusivity exemplified by the
incredible diversity of life on earth, with each organism playing a unique role in the
ecosystem [46]. This principle can be integrated into HE to promote inclusivity and
celebrate the diverse strengths and talents of all learners which is key to achieving the
sustainable development goals (SDGs). In a world facing complex environmental and
societal issues, biomimicry prepares learners for future challenges as it equips them
with the necessary skills and mindset to tackle these challenges creatively and sus-
tainably. By learning from nature's time-tested strategies and processes, learners are
better prepared to contribute to a more harmonious and resilient future [47]. Finally,
biomimicry integration for T&L in HE enhances adaptability and resilience among
educators and learners. The development of natural systems over time has led to their
capacity for resilience and adaptation to changing educational conditions. A major
and recent example is the COVID-19 pandemic which disrupted the global education-
al terrain. By studying the adaptive capabilities of organisms in nature, learners learn
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valuable lessons about resilience and adaptability in their own lives, equipping them
to face challenges with confidence and flexibility.

6 Conclusion

Conclusively, implementing biomimicry for T&L in HE offers a multitude of benefits
in the short and long term. By embracing biomimicry in the realm of T&L, we have
an opportunity to foster a new generation of environmentally conscious and creative
thinkers who can draw inspiration from nature's wisdom to address the pressing chal-
lenges of the 21st century. The exploration of biomimicry's transformative potential in
HE can unlock its profound lessons for a more sustainable and prosperous future.
Incorporating biomimicry principles into T&L can transform traditional educational
practices into dynamic, forward-thinking approaches that encourage learners to en-
gage with nature and develop sustainable solutions for a better future. The study iden-
tified and examined how biomimicry principles can enhance T&L in higher education
(HE). It was discovered that biomimicry has the potential to optimise collaborative
and interdisciplinary T&L, sustainable and regenerative T&L, and outdoor and expe-
riential T&L for both learners and educators in the HE spheres. Similarly, a few hin-
drances to the effective adoption and implementation of biomimicry were examined
as they pertain to T&L. Major among these barriers are lack of interdisciplinary and
integrative biomimicry approach, resistance to change of stakeholders, lack of bio-
mimicry awareness, and lack of biomimicry education and knowledge among others.
While the barriers may be a stumbling block to biomimicry adoption, the overwhelm-
ing benefits serve as necessary encouragement to ensure massive patronage and im-
plementation. The major benefit that biomimicry offers to the HE through T&L is the
promise of sustainability. The study revealed that educators and learners have the
opportunity to be saturated with the requisite knowledge and information to make
sustainable decisions and interventions when required. Also, the study informed of the
potential of biomimicry to foster interdisciplinary collaboration, inclusion, and equali-
ty among learners, educators, and relevant stakeholders toward the realisation of the
2030 United Nations’ sustainable development goals.
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