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ABSTRACT

This article offers a complementary approach to research and education in biologically informed disciplines
through the lens of bionics, biomimetics, and biomimicry terminology. For the purpose of developing this
approach, we look at past and current contexts in which the three fields have emerged and identify three issues:
an absence of common ground that unites the fields of bionics, biomimetics, and biomimicry while recogniz-
ing their contextual differences, a non-standardized use of the terminology that leads to ambiguity within the
field of biologically informed disciplines, an incomplete and disorganized historical and contextual knowledge
about the field that inhibits a common starting ground for collaboration, and confuses non-scientists who seek
biological understanding. We offer a fundamental understanding of the fields from theoretical perspective by
bringing together opinions of researchers and practitioners of bionics, biomimetics, biomimicry, bio-inspiration
and offering a comprehensive analysis of terms culminating in the introduction of an overarching term ‘biologi-
cally informed disciplines’.

Keywords: bio-inspiration, biologically informed disciplines, biomimetics, biomimicry, bionics, linguistic dis-
course.

1 HISTORICAL DEVELOPMENTS
It took half a century and the occurrence of scientifically, technologically, and socially important
events before a separate field that can be described as collaboration between natural sciences and
applied sciences and arts began to be widely recognized outside of highly specialized expert com-
munities. This paper is devoted to an analysis of development of the three events in order to set the
stage for the contextual analysis of the fields that continue to enjoy fruitful interdisciplinary collabo-
ration — the most prominent of which are bionics [1], biomimetics [2], and biomimicry [3].

1.1 Bionics and self-replication of living and non-living matter

At a time when cybernetics, defined by Norbert Wiener as ‘the scientific study of control and com-
munication in the animal and the machine’ [4], was a burgeoning field, Heinz Von Foerster, Professor
of Electrical Engineering at the University of Illinois at Urbana-Champaign, greatly contributed to
the field by establishing the Biological Computer Laboratory (BCL) in 1958. The focus of the
research at the BCL was on systems theory, and generated many challenging questions that gave rise
to the new field of bionics. Some of the research questions included: How can a machine replicate
itself? How can machines regenerate lost parts, as many kinds of organisms are able to do? [27]
The term bionics, combined from the words biology and technics, was conceived by Jack Steele
of the US Air Force Medical Division in 1960 [5]. Jack Ellwood Steele (1924-2009) studied General
Engineering at the University of Illinois and the Illinois Institute of Technology before earning his
medical degree from Northwestern University Medical School in 1950. According to Butsch and
Oestreicher (1963), bionics aims to translate the information processing capability of living systems
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into design challenges. During the highly active times of the BCL, bionics served as a general catch-
word that covered attempts to analyze biological processes and to implement them using computers.
Dr. Jack Steele, a prominent engineer and psychiatrist with emphasis on neuroanatomy, went on to
co-organize the first Bionics Symposium, held at the Wright-Patterson Air Force Base in Ohio in
1960 [6].

As the decades advanced, bionics matured into a well-defined field in Europe [7], while largely
disappearing from North America. A German biologist Werner Nachtigall independently founded
the field in 1960s and, along with Carmelo di Bartolo, Jurgen Hennicke and Gabriel Songel, formu-
lated a set of principles that would guide bionics practitioners in their collaborative process [8].
Daniel Wahl, a founder of Sustainability Consultancy Innovation Education, mentioned in his paper
‘Bionics vs. Biomimicry: from control of nature to sustainable participation in nature’ that ‘Ger-
many is currently taking a leading role in the field of bionics research’ [7] establishing the ‘Society
for Technical Biology and Bionics’ and the ‘Bionics Competency Network’. Wahl took a radically
different approach to the evaluation of the term bionics, describing it from the perspective of ‘nature—
culture relationships’ and indicating the deficiency of ‘salutogenic design approach that increases
human, societal, and ecological health synergistically’ [7].

1.2 Biomimetics and the interface between physical and biological sciences

Otto Herbert Schmitt, an American biophysicist and one of the key founders of the biomedical engi-
neering field [9], officially coined the term biomimetics, a derivative of Greek words bios (life) and
mimesis (imitate) [5], in his publication ‘Some Interesting and Useful Biomimetic Transforms’,
which he presented at the Proceedings of Third International Biophysics Congress in Boston, Mas-
sachusetts [2]. More than three decades earlier, Schmitt developed a physical device that mimicked
the electrical action of a nerve as part of his doctoral research [10], illustrating a similar trait to that
of bionics: practice precedes theory. Schmitt (1913-1998) was a graduate of Washington University
in the United States and of the University College London in England with degrees in zoology, phys-
ics, mathematics, and a post-doctorate degree in biophysics. Such an early emphasis on the interface
between biological and physical sciences expanded and deepened through Schmitt’s career as Pro-
fessor of Biophysics, Bioengineering, and Electrical Engineering at the University of Minnesota.
A list of biomimetics applications has grown significantly since Schmitt’s study of the neural impulse
propagation in squid nerves and subsequent invention of the Schmitt trigger in 1934.

According to Bar-Cohen, ‘[biomimetics] represents study and imitation of nature’s methods,
designs, and processes’ [5]. Julian Vincent of the Centre for Biomimetic and Natural Technologies
at the University of Bath, UK, published a paper titled ‘Biomimetics: its practice and theory’ (2006),
in which he asserted that biomimetics is the original representation of ‘a relatively young study
embracing the practical use of mechanisms and functions of biological science in engineering,
design, chemistry, electronics, and so on’ [11] and indicated that ‘people are inventing an increasing
number of other words to label the area, thus giving them some sort of exclusivity’ [12]. Unlike the
general principles of biomimicry and bionics, the principles of biomimetics are based on nature’s
mechanical capabilities and are rooted in specific examples from nature [13].

Decades prior to Bar-Cohen’s formulation of biomimetic principles, Otto Schmitt labored to unite
biological and physical sciences using the lens of an engineer, while stating one major shortcoming
of this collaboration: ‘Biophysics is a biologist’s approach to problems of physical science and engi-
neering, although this aspect has largely been neglected’ [14]. In his view, the communities of
bionics and biomimetics were still dominated by engineers and physicists with little regard for bio-
logical sciences. However, the scale was tipped with the arrival of the living systems theory.
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1.3 Biomimicry as a result of living systems theory and holistic thinking

Living systems theory, of course, is not new. It is the domain of biology, ecology, and any other
discipline that incorporates systems thinking into its research and practice. McCulloch began the
discussion during the Second Annual Bionics Symposium: ‘the structures which evolve are suited to
the world in which they evolve’ [1], followed by published works of systems scientists Ervin Laszlo
and Erich Jantsch, physicist Fritjof Capra, and biologist James G. Miller, among many others [15—
18]. Furthermore, Dr. Adrian Bejan of Duke University introduced the Constructal law in 1996,
which expanded laws of thermodynamics beyond physics to encompass design, engineering, eco-
nomics, politics, and other applied disciplines [19]. Dr. Bejan states, ‘Constructal law runs against
reductionism, and empowers the mind to see the whole, its design, performance, and future’ to ulti-
mately ‘rationalize macroscopic design, objective, and behaviour’ [20].

According to Daniel Wahl, an expert in Natural Design and Whole Systems Design, ‘during the
1970s, research at the ‘New Alchemy Institute’ began to explore how ecology, biology, and a bio-
cybernetics system approach, could inform more sustainable solutions to meeting fundamental
human needs’ [7]. This research culminated in nine precepts of biological design and reflected holis-
tic, living systems focused approach [21], which spread worldwide during 1980s, 1990s, and 2000s.
The diverse movements sprouted and took forms of ‘biomimicry, ecological design, cradle-to-cradle
design, industrial ecology, biophilic design, whole systems design, scale-linking design, bioregional
design, and salutogenic design’ [22].

Janine Benyus (1958) is a graduate of Rutgers University with degrees in natural resource man-
agement and English literature and writing, is a natural sciences writer, innovation consultant, and
author of six books, including Biomimicry: Innovation Inspired by Nature [3]. According to Benyus,
the term biomimicry can be defined using three parameters of Nature: model, measure, and mentor.
Thus, biomimicry does not just imitate or take inspiration from nature but also uses an ecological
standard to judge the appropriateness of an innovation and ‘introduces an era based not on what we
can extract from the natural world, but on what we can learn from it’ [3]. The youngest of the fields,
biomimicry speculatively takes inspiration from natural design proposed by John Todd and his wife
Nancy Jack-Todd in the 1970s [21,23], which ‘offered a list of [nine] principles for ecologically or
biologically informed design’ ‘augmented by a tenth precept that was added more recently’ [7].
Fritjof Capra — a prominent physicist and founder of Center for Ecoliteracy later expanded on the list
— these principles of ecology transformed into ‘the language of Nature’ (1994) and caused a percep-
tual shift in ‘the link between ecological and human communities’ [24]. Founders of The Biomimicry
3.8 Institute identify a successful mimicry of nature through emulation of natural forms, processes,
and systems as well as through trademarked Ethos, Emulate, (Re)Connect approach [25]. The Emu-
late component may be equally applied to definitions of the terms bionics, biomimetics, biomimicry,
yet it is the Ethos and (Re)Connect components that set biomimicry apart and allow for greater
public accessibility, while diverting the focus of those in the field from technical complexity. Today,
biomimicry spans various fields of human systems: from reimaging the way, we feed ourselves to
how we conduct business and make things [3] with great emphasis on sustainability, promoted by
The Biomimicry 3.8 Institute.

1.4 Summary of historical developments
The analysis of history surrounding the terms bionics, biomimetics, and biomimicry partially covers

the scope of the overarching question: ‘How do experts, that founded and actively participated in the
fields of bionics, biomimetics, and biomimicry as they evolved, perceive and define the fields?’
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It became evident from research that the meanings of terms depend on a whole set of intercon-
nected notions, including educational and professional backgrounds of the founders; Jack Steele
received a medical degree and worked in the US Air Force Medical Division, Otto Schmitt earned a
degree in biophysics and worked as a Professor of Bioengineering at the University of Minnesota as
well as at Wright-Patterson Air Force Base in Dayton with Jack Steele, and Janine Benyus earned a
degree in natural resource management and English literature and writing, eventually co-founding
The Biomimicry 3.8 Institute in Montana. Many theoretical advances of the early 20th century in
physical sciences led to applications of their theories and technologies for studying biological sci-
ences that gave rise to the fields of bionics and biomimetics. As the biological sciences advanced
during the 20th century, the fields of bionics and biomimetics evolved almost simultaneously to
tackle the complex subsystems of cells (neurons), tissues (muscles), organs (heart, brain, etc.), and
organ systems (nervous system, cardiovascular system, etc.). Although it was understood on a con-
ceptual level that the organizational levels are tightly interlocked (as evident from quotes by Otto
Schmitt and principles of bionics), most researchers focused on a single system in great detail (for
example, nervous system in the case of bionics and biomimetics).

As time progressed, however, biologists began gaining the capability to go beyond the interactions
of components within a single system [26]. As the fields of bionics, biomimetics, and biomimicry
are now developing almost in parallel, the sheer volume of knowledge generated in each of these
fields makes it increasingly difficult for researchers who study a nervous system (such as experts in
the field of bionics) to keep up with the progress being made by researchers studying ecosystems
(such as experts in the field of biomimicry).

It is time to highlight the connections between the fields of bionics, biomimetics, and biomimicry.
This will hopefully provide an opportunity for experts to combine their different skills and perspec-
tives and to accelerate the development of theoretical and practical approaches in biologically
informed disciplines. However, discovering and understanding the features that make these fields
unique and similar will bring about a productive acceleration to the development of bionics, biomi-
metics, and biomimicry.

2 THE FIELDS OF BIONICS, BIOMIMETICS, AND BIOMIMICRY AS SEEN BY
THE EXPERTS TODAY
An online survey of experts was conducted to find out more about the current cultural context of the
fields and learn diverse perspectives of the leading experts that research and practice bionics, biomi-
metics, and biomimicry today.

The results from the survey included 25 respondents, who identified themselves to be biologists,
physicists, designers, architects, and engineers working in the fields of bionics, bio-inspiration, bio-
mimetics, and bio-inspired engineering, with the majority of respondents identifying themselves
with the field of biomimicry with varied levels of experience.

2.1 Variations of the term ‘mimicry’ within biology and design

The first question was ‘How do you interpret the term mimicry within the fields of biology and
design?’

Biologists identified an encyclopedic meaning of mimicry as an imitation of an external appear-
ance, shape, and behavior of a model to enhance survival. For designers, engineers, and architects,
mimicry surpassed encyclopedic definition and gained a new meaning of ‘understanding’, ‘discover-
ing’, and ‘abstracting’ for the purpose of ‘innovative’, ‘sustainable’ designs that surpass form and
focus on function, process, and system. As a result, biologists and designers that choose to collaborate
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on a project may face obstacles in their communication due to the misalignment of these definitions.
The biologist may view the goal of a project as an imitation of a form found in nature, while a
designer may be more interested in understanding and translating the principles behind the function.
Thus, practitioners of biomimicry and biomimetics could benefit from awareness of this misnomer
and make their intentions clear in the beginning of the project.

2.2 Bionics # biomimetics # biomimicry

The experts were then asked to give their personal opinions on the comparative equability of the terms
bionics, biomimetics, and biomimicry. The three questions aimed at revealing how the experts evalu-
ated terminology, and in particular, how the role of each term was seen compared with the others.
First, we asked the following question: ‘In your professional opinion, does biomimicry = biomimetics
= bionics? Why or why not?’ The responses indicated that none of the participants thought that bio-
mimicry was equal to bionics. However, 8 experts responded that bionics matched the meaning of
biomimetics, and 11 experts responded that biomimetics was identical to biomimicry.

We then posed a statement ‘Making a clear distinction between the meanings of the above terms
is, or could be, very useful’ prompting the experts to reflect on the relevance of the study. Aside from
a clear need for an organized terminology in the field of biologically informed disciplines — the
majority of respondents either agreed (44%) or strongly agreed (32%) with the statement — the
responses illustrated some of the different components that comprise the terms in question.

2.2.1 Bionics

Experts position bionics within disciplines of biology and engineering, more specifically the indus-
tries of ‘robotics’, ‘mechanics’ and ‘medicine’. Bionics employs ‘physics principles’ with the
end-goal of creating ‘innovative’ ‘functional products’ with no regard for ‘ecology’.

The first four components categorize bionics into an amalgam of biology and engineering disci-
plines, conceptualized primarily as a sub-field of engineering, focused primarily in robotics and
mechanics. The ‘purpose’ component centers on the final outcome of innovative functional products
that may incorporate synthetic design with organic matter. It is interesting to notice that the ‘context’
component is defined in relation to sustainability or ecology. This kind of focus is an evidence of
bias among respondents, the majority of whom relate themselves to the field of biomimicry (52%).

2.2.2 Biomimicry

Experts position biomimicry mainly within the disciplines of design, business, architecture, and a
general field of philosophy with a broad subject field that allows for a greater accessibility to a gen-
eral public, whose main interest is ‘form, process, systems’ design, nature-focused ethos, and
environmental sustainability.

Responses detail that although mostly focused in the field of design, biomimicry carries much
broader interpretations and presents less technical complexity than bionics, rendering it a general
philosophical approach to ‘how people fit into the natural world’. Many references to the connec-
tion between sustainability and human—nature connection leads to a conclusion that this is the main
public declaration of intentions by The Biomimicry 3.8 Institute. Some of the evidence in support
of the above components comes in the form of phrases such as: ‘Learns from nature, connects with
nature’, ‘Holistic view that generates innovation to be more like nature in sustaining and generative
way’.

In further support of a nature-focused ethos, a member of the Biomimicry Institute asserts in the
survey: ‘It differs in that it incorporates Ethos, Emulate, and (Re)Connect with nature, what we at
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Biomimicry 3.8 are calling the Essential Elements. The Ethos piece is about seeking sustainable
designs, [...]. The Emulate piece is about learning from the organism or system how it meets its chal-
lenge or function, then applying the abstracted design principle to the design. (Re)Connect means
remembering that we humans are part of nature, not separate from it.” The Emulate component may
be equally applied to definitions of all three terms, yet it is the Ethos and (Re)Connect components
that set biomimicry apart and allow for greater public accessibility, while diverting the focus of those
in the field from technical complexity.

2.2.3 Biomimetics

Biomimetics is best described through comparative semantic analysis, because the majority of
experts (76% of respondents) equate the term to either bionics or biomimicry. In fact, eight experts
think that biomimetics equals bionics. Thus, biomimetics can be defined as equal to bionics in its
engineering focus lacking sustainability component and nature-focused ethos.

However, 11 experts think that biomimetic(s) is congruous with biomimicry. The first and most
lexically interesting point is that four experts only view biomimetics as an adjective (biomimetic),
the role of which is to describe the process or solutions with traits of biomimicry. In fact, one expert
states: ‘Unfortunately, there’s no good adjective to go with biomimicry, so we often refer to biomi-
metic design when we refer to a design that meets our definition of biomimicry. I think that’s part of
the confusion for some.’

Moving on, it became evident that at least seven experts thought that the term biomimetics was
congruent with biomimicry in its human—nature ethos and sustainability focus, while only one expert
differentiated the term from the other two by positioning it exclusively in the discipline of material
science.

In the analysis stated above for bionics, biomimicry, and biomimetics, the initial component
includes ‘innovation’ and ‘nature-inspired or mimicked or copied or learned’ concepts, thereby
establishing their position at a certain level of hierarchical ranking. What then are innovation and
nature in the eyes of the experts as well as a variety of action verbs that attempt to describe the chan-
neling of ideas from nature to innovation? Further research is needed to answer these questions.

3 DISCUSSION
The following postulations can be derived from the review of historical development and expert
interviews:

3.1 The fields of bionics and biomimicry differ in context and objective

The online survey indicates that the main difference between the fields lies in their intent. The pri-
mary purpose of bionics is to promote creative problem solving and push innovation in the industries
of robotics and mechanics by mainly employing physics principles, while the goal of biomimicry is
to promote a firmly grounded sense of life sustaining principles through reconnection with nature in
the fields of design, business, and architecture, by employing principles of biological sciences. Thus,
it can be generalized that functional biologists and engineers primarily dominate the field of bionics,
while the field of biomimicry is more welcoming of ecologists, environmental scientists, designers,
architects, and economists. The fields of biomimetics and bio-inspiration were found to be the least
concrete in their broad context and objective; however, they differentiate themselves by specializing
in mechanical capabilities (in the case of biomimetics) and serving as an overarching term to describe
the fields of bionics, biomimetics, and biomimicry (in the case of bio-inspiration).
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3.2 Bionics, biomimetics and biomimicry differ in resulting solutions

A biomimicry-driven project results in a solution firmly grounded in life sustaining principles yet
lacks real-world applicability, while a bionics-driven project results in an applicable mechanically
innovative solution that lacks in sustainability focus. As a result of these findings, we were able to
conclude that the fields of bionics and biomimetics are primarily suitable for biologists, engineers,
and designers interested in technical complexity of projects with a focus on technological innova-
tion, whereas the field of biomimicry is more appropriate for biologists, designers, architects,
economists, etc. driven by nature-focused ethos and seek minimal technical complexity.

4 CONCLUSIONS AND FURTHER WORK
4.1 Biologically informed discipline as an overarching term

Research was undertaken to try to find common ground that could unite the fields under the umbrella
of one term. It is clear that all three fields are highly interdisciplinary in nature, yet they collaborate
with one unifying discipline, namely biology. As a result of analyzing the definitions presented by
experts, the following structure emerged:

Biologically Informed Discipline is: the informed interpretation of biological [X] in order to
address [Y] for the purpose of [Z].

The common denominator for [X] is ‘knowledge’ (hence the choice of ‘informed’ rather than
‘inspired’) and for [Y] is ‘human challenges’, thus formulating the definition for Biologically
Informed Discipline as follows:

Biologically Informed Discipline is the informed interpretation of biological research in
order to address human challenges for the purpose of innovation that may or may not
result in sustainable solutions.

Thus, as evident from the definitions of bionics, biomimetics, and biomimicry, one structuring factor
of Biologically Informed Discipline is the end goal of finding a solution. Depending on the context
of the biologically informed field and the discipline within which biological knowledge is applied
(industrial design, engineering, architecture, economics, etc.), different results are produced.

This paper contributes a study of terminology through extensive reading and listening. The find-
ings obtained through primary research in combination with secondary research findings allow
movement toward a general understanding of the differences and similarities that arise in the field.
As designers begin to embrace and incorporate concepts and ideas from nature and biology, more
extensive interaction between designers and biologists is inevitable. For effective interdisciplinary
collaboration, a common understanding of certain terms is essential. Key elements of discourse that
become integral and familiar to practitioners are shaped by both history and the culture of the vari-
ous disciplines. Language evolves, it is plastic, fluid, and profoundly knowledge creating. Language
can also be isolating and inhibitory when terms ‘familiar’ to different disciplines have acquired
unique meaning.

Within the scope of collaboration between biologists and designers, we suggest the term biologi-
cally informed design having a potential utility, as an umbrella term, in interdisciplinary discourse.
The term has a potential to embrace all the tenets of bionics, biomimetics, biomimicry, bio-inspira-
tion, and others thereby incorporating additional value from these fields into the field of biologically
informed disciplines.
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