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ABSTRACT

This thesis represents a stepping stone towards 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, the author looks at past and current contexts 

in which the three fields have emerged and identifies three issues: an absence of common 

ground that unites the fields of bionics, biomimetics, and biomimicry while recognizing 

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 that could provide them with an informed voice.

This thesis offers a fundamental understanding of the field of biologically informed 

disciplines from theoretical and practical perspectives by bringing together opinions of 

researchers and practitioners within the field, presenting experiments that illustrate 

practical applications of methodologies used in the field, and offering a comprehensive 

analysis o f terms related to it along with suggestions for future research.

Keywords: Bionics, Biomimetics, Biomimicry, Interdisciplinary, Discourse, Biologically 

Informed Discipline
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CHAPTER 1

INTRODUCTION

It took half a century and the occurrence of scientifically, technologically, and socially 

important events before a separate field that can be described as a collaboration between 

natural sciences and applied sciences and arts began to be widely recognized outside of 

highly specialized expert communities. As a reader will find, one can assign these events 

to three different sets: 1) the refutation of certain principles in regards to self-replication 

of living and non-living matter 2) the recognition of functional and historical biology, and 

3) the realization of the uniqueness of certain basic principles o f biology that can inform 

nature-focused ethos and ultimately lead to sustainable practices. This section is devoted 

to an analysis of these three sets of developments in order to set the stage for the 

contextual analysis of the fields that continue to enjoy fruitful collaboration between 

biology and applied sciences and arts -  the most prominent of which are bionics (Bernard 

& Kare, 1962), biomimetics (Schmitt, 1969), and biomimicry (Benyus, 1997).

1.1 The autonomy of biologically informed disciplines 

Reproductive properties o f animate and inanimate world

The nature of life, the property o f being alive, has always been a puzzle for philosophers. 

Vitalism was a popular worldview that emerged in the early seventeenth century as a 

response to Descartes’ radical mechanisms. It lost momentum in the early twentieth 

century, when methods of genetics and molecular biology were able to solve all the
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problems for which scientists traditionally had invoked the invisible force called 

Lebenskraft (Mayr, 2004).

At a time when cybernetics, defined by Norbert Wiener as “the scientific study of control 

and communication in the animal and the machine” (Wiener, 1948), 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 o f research at the BCL was on systems 

theory, and generated many challenging questions that gave rise to the new field of 

bionics, a term coined by Jack Steele at the Wright-Patterson Air Force Base in Dayton, 

Ohio: “besides systems theory and self-organization, the buzzword bionics' was 

primarily responsible for attracting attention to the BCL research group. ‘Bionics’ was a 

general catchword that covered attempts to analyze biological processes, to formalize 

them and to implement them on computers.” (Muller, 2007). Some of the research 

questions included: How can a machine replicate itself? How can a machine regenerate 

lost parts, as many kinds of organisms are able to do?

A few years later the Second Annual Bionics Symposium titled ‘Biological Prototypes 

and Synthetic Systems’ was conceived, in which “more emphasis was given to 

contributions from biological laboratories than has typically appeared in previous bionics 

meetings.” (Bernard & Kare, 1962). There, Heinz Von Foerster introduced the topic of 

self-reproduction of synthetic systems, and the worlds of biology and applied technology 

became ever more concerted.
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Vital difference between physical and biological sciences

When we try to address the challenge of the differences between physical and biological 

sciences in the context of this thesis, we find that biology consists of two individual 

fields: organismal (functional) biology and historical biology. Functional biology answers 

a question “how?” and deals with cellular processes and other physiology-related 

investigations of living organisms. “These functional processes ultimately can be 

explained purely mechanistically by chemistry and physics” (Mayr, 2004). Evolution, on 

the other hand, can only be explained by historical biology, in which “why?” is the most 

frequently asked question. It is this branch of biology that sets it apart from pure physical 

sciences (Mayr, 2004).

Otto Herbert Schmitt, an American biophysicist and originator o f  the biomedical 

engineering field, recognized the importance o f both physical and biological sciences 

within the context of an engineering discipline. He officially coined the term 

'biomimetics' (Schmitt, 1969) just eight years after the Second Annual Bionics 

Symposium took place, where Warren S. McCulloch -  an American neurophysiologist 

and cybernetician -  delivered a speech titled ‘The imitation of one form of life by 

another -  Biomimesis’ (Bernard & Kare, 1962).

Schmitt laboured to unite biological and physical sciences using the lens of an engineer, 

while stating one major shortcoming of this collaboration: “Biophysics is not so much a 

subject matter as it is a point of view. It is an approach to problems of biological science 

utilizing the theory and technology of the physical sciences. Conversely, biophysics is
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also a biologist's approach to problems of physical science and engineering, although this 

aspect has largely been neglected” (Harkness, 2001). In his view, the communities of 

bionics and biomimetics were still dominated by engineers and physicists with little 

regard for biological sciences. However, the scale was tipped with the arrival of the living 

systems theory.

Biological science as a gateway to 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” (Bernard & Kare, 

1962), followed by published works of systems scientists Ervin Laszlo and Erich Jantsch, 

physicist Fritjof Capra, and biologist James G. Miller, among many others (Jantsch,

1980) (Laszlo, 1972) (Capra, 2010) (Miller, 1978). Scientific research was supplemented 

by the introduction of the Clean Air Acts (1956 & 1968) and the publishing of the Limits 

to Growth Report commissioned by the Club o f Rome in 1972. This period coincided 

with strong public awareness of the environment: it was during this decade, that 

Greenpeace was founded (1971).

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” (Wahl, 2006). This research culminated
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in nine precepts of biological design and reflected holistic, living systems focused 

approach (Todd & Jack Todd, 1993) which spread worldwide during 80s, 90s, and 00s. 

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, salutogenic design” (Wahl, 2013).

Over many decades, the above described technological, scientific, and social advances 

enabled biologists, physicists, and ecologists to integrate biological research findings 

from diverse fields of applied sciences and arts. Today, the fields are dominated by 

several key institutes and universities that offer their contextual understanding of the role 

of biology in versatile applied disciplines. The Fermanian Business and Economic 

Institute of Point Loma Nazarene University has devised the Da Vinci Index, which 

measures research and industrial activities based on natural discoveries. The Index is 

compiled based on the number of patents issued, scholarly articles published, the number 

of grants issued by the National Science Foundation (NSF) and National Institutes of 

Health (NIH) in USA, and the value of those grants for any given period. The reading of 

1052 in the third quarter of 2012 relative to the 100 Index level o f 2000 indicates more 

than a tenfold expansion in the activity in the past twelve years (Fermanian Business & 

Economic Institute, 2012).
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1.2 Statement of the Problem

Such dramatic growth illustrates that biological and applied technological research have 

indeed experienced extraordinary advances through the increasingly fruitful collaboration 

of biologists with applied sciences and arts researchers and professionals. Despite the 

potential that this creates, the challenge of advancing from identifying and channeling 

information on biological parts, to defining complex systems and informing systems 

design “is still well beyond current capabilities, and the barriers to advancement are 

similar at all levels from cells to ecosystems” (National Academy of Sciences, 2009). If 

this is an account of current capabilities of the discipline of biology through the lens of a 

scientist, it is only natural that a non-scientist can become overwhelmed by such 

challenges.

It is also evident that there is no standardization for the use of terms bionics, biomimetics, 

and biomimicry and little recognition of historical and contextual impact on the terms, 

creating disagreements among researchers of the community (Wahl, 2006), generating 

confusion and lack of confidence among young professionals entering the field of 

biologically informed disciplines. In his thesis, ‘Biology as a Muse: Exploring the Nature 

of Biological Information and its Effect on Inspiration for Industrial Designers’, Peter 

Wehrspann, a recent graduate of Carleton University points out that “biologically 

inspired design is a young field in which terms biomimicry, biomimetics, and 

biologically inspired design are used interchangeably” (Wehrspann, 2011). Having 

recognized the recent emergence of the field, it is also important to note that the
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ambiguity of terminology may hinder organized development of this burgeoning research 

domain.

Many young professionals, specializing in applied sciences and arts, and wishing to 

expand their set of skills to include a biological perspective, are already faced with the 

challenge of finding a common language with biologists and are overwhelmed with the 

possibilities the field has to offer. It is important to establish a common language that will 

unite various fields while recognizing their key differences. The following series of 

challenges currently experienced in the field guide the discussion of this thesis:

• Since the fie ld  is mostly comprised ofpractical knowledge, very little time has 

been dedicated to the theoretical framework overarching the discipline. This 

causes ambiguity and confusion among researchers, leading to terminological 

disharmony and attempts at uniting disparate theoretical principals o f the fie ld ’s 

categories under the term ‘biomimicry’. Simply put, how do the fields o f bionics, 

biomimetics, and biomimicry differfrom each other in a historical and cultural 

context?

• Over the decades, the fields have developed unique sets ofprinciples and 

implementation strategies. Instead o f recognizing these differences, researchers 

choose to describe various subcategories -  such as biomimetics and biomimicry -  

as equivalent entities. This hinders the development o f a  standardized educational 

framework to prepare students fo r  entering academic and professional fields o f
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biologically informed disciplines. How do currently active experts perceive and 

define the fields o f bionics, biomimetics, and biomimicry?

• Despite the immense benefits o f bringing biological perspective into other 

disciplines (Bonser & Vincent, 2007), designers and biologists interested in 

pursuing this task, face daunting obstacles and disincentives. Some must deal with 

personal communication or ‘culture ’ barriers, which are intensified by the 

ambiguity o f terminology and principles to rely on. How can students and 

professionals studying and practicing biologically informed design begin to agree 

on terminology and principles used within the fields o f bionics, biomimetics, and 

biomimicry?

These challenges provide a compelling platform for discussion, and a robust framework 

upon which to organize conclusions. The essence of this thesis is to explore unique 

principles and historical contexts of existing biologically informed communities of 

engineers, designers, and other stakeholders and ultimately suggest a conception of a 

broader research community with a capacity to address a range o f design, engineering, 

architecture, business, policy, and social problems. Integrating knowledge from bionics, 

biomimetics, and biomimicry, as well as other related and esteemed fields -  i.e. biophilic 

design, salutogenic design, ecological design, etc. (Wahl, 2013) -  will permit a deeper 

understanding of the field and will create more opportunities for enriching the academic 

experience of students and the contribution of new insights.
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1.3 Purpose of the Study

This thesis represents a stepping stone for an additional, complementary research of 

history and theory in biologically informed disciplines. Purposefully organized around 

the analysis of terminology, this thesis offers a fundamental understanding of the name of 

field from a historical perspective, brings together opinions of researchers and 

practitioners with different experiences and expertise pertaining to the fields of bionics, 

biomimetics, and biomimicry, presents experiments that illustrate practical applications 

of methodologies used in the field and offers a comparative semantic analysis of the 

terms along with a suggestion for an umbrella term that unites the fields. The author 

presents proposed basic tools for communication of terminology and principles across the 

landscape of biologically informed disciplines, including design and engineering.

This thesis is not intended to replace or attenuate existing research in the fields of bionics, 

biomimetics, and biomimicry. That research, much of it driven by individual scientific 

and applied technology communities, is the foundation on which the discourse on 

historical and contextual meaning of terms will rely.

1.4 Research Questions

The main research question addressed in the study is:

How do the fields o f bionics, biomimetics, and biomimicry differ from  each other?
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Which sets the stage for two sub-questions:

a. How do past and currently active experts perceive and define the fields of bionics, 

biomimetics, and biomimicry?

b. How do the fields differ in practical application? In the context of this thesis, how 

does the choice of field methodologies and principles affect the outcome of a 

project?

The answers to these questions are expected to make a contribution to the organization of 

the knowledge base of these rapidly developing fields and inform of applied sciences and 

arts students of its history and contextual nuances.

1.5 Significance to the Field

Science and technology alone cannot solve all the world’s challenges. Political, social, 

economic, and many other factors have major roles to play in both setting and meeting 

goals in numerous areas of human systems.

This thesis presents a valuable addition to the body of work in the field of biologically 

informed disciplines. In order to achieve a sustained and organized development in all 

these fields, it is crucial to begin creating a theoretical foundation that will allow 

researchers and professionals to position themselves comfortably along the lines of their 

unique expertise, while enjoying access to the overarching community o f wider
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biological enterprise with the scope and expertise to address a broad range of scientific, 

technological, and societal problems.

The following chapters present a fundamental understanding of the fields of bionics, 

biomimetics, and biomimicry from a historical perspective, bring together opinions of 

current researchers and practitioners within the field, walk the reader through 

experiments that illustrate practical applications of principles used in the field, and finally 

provide recommendations for shaping a common language for the field.

1.6 Scope of Thesis

An accumulation of body of knowledge over many decades has brought about the field of 

biologically informed disciplines to a point where rapid progress toward understanding 

its structure and theory is possible. Many of the essential ingredients are already in place. 

The overarching field of biologically informed disciplines is already emerging, but the 

interdisciplinary projects it encompasses fit uneasily within misinformed, ambiguous 

terminologies. This state of disorientation has been voiced by several researchers, 

including Julian Vincent, who was cited by J. Mlade in his thesis 'Bio-Inspired Design: 

Applying Nature's Genius to Buildings' (Mlade, 2005) and Peter Wehrspann of Carleton 

University in his thesis 'Biology as a Muse' (Wehrspann, 2011). Interactions with 

biologist Dr. Jeffery Dawson, industrial designer Bjarki Hallgrimsson, and applied 

linguist Dr. Graham Smart of Carleton University have helped to frame the topic of this 

diesis that now resides in the scope of terminological discourse within the fields of 

bionics, biomimetics, and biomimicry. Inspiring discussions with industrial designer
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Brian Bums and chemist John Buschek of Carleton University influenced the researcher's 

decision to conduct experimental case studies, in which industrial design students 

interacted with environmental science, biology, and medical students to complete 

interdisciplinary projects exploring the methodologies o f bionics and biomimicry.
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CHAPTER 2

LITERATURE REVIEW

Immersion in any particular culture teaches humility about one's ability to understand the 

meaning of terms. Some terms are so intimately connected to human specific knowledge 

that their meaning cannot be understood independently of culture. The word mimicry 

provides an example. From a purely lexical approach, the term can be described in the 

field of biology as “the close external resemblance of an animal or plant (or part of one) 

to another animal, plant, or inanimate object” (Carpenter, 1933). As a mass noun, the 

term can be defined as “the action or skill of imitating someone or something, especially 

in order to entertain or ridicule.” (Oxford Dictionaries, 2013). With this guide, we could 

use the term correctly from a lexical perspective, modifying its form and pluralization as 

appropriate. Beyond this in the world of biologically informed disciplines, as it will be 

illustrated in Chapter Four, the term may be applied to a wide range of meanings, from 

“discovering ideas” to “emulating nature's strategies”. Thus, mimicry labels a category of 

meanings, which only partially overlaps with its formal encyclopedic definition.

These considerations led the author to study categories for terminological culture in 

biologically informed disciplines -  words created and used by groups of experts in the 

fields of bionics, biomimetics, and biomimicry. A thorough investigation of literature was 

conducted to address the first sub-question raised by investigating patterns o f the field: 

“How do past and currently active experts perceive and define the fields of bionics, 

biomimetics, and biomimicry?” A review has informed the author of the conventional
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knowledge and current debates within the field of biologically informed disciplines 

whilst establishing a base for research of terminological disharmony within the fields 

and, in particular, its effect on the practical applications of fields’ methodologies.

Primary sources and reference materials have helped to identify lexical and semantic 

disparity leading to terminological inconsistency within the field. The first section will 

discuss research related to lexical-semantic discourse, including a study of the meaning 

of the terms as it relates to language-internal notions and frame semantics. The second 

section will delve deeper into the semantic meaning of the terms bionics, biomimetics, 

and biomimicry. The third section will present two typical progressions of a project from 

biological templates to the final product, illustrative of the principles and historical 

context of the terms. Finally, the fourth section will introduce the concept of abductive 

reasoning within the context of biologically informed disciplines.

Literature review uses a discussion of each of these topics to set the intellectual case for 

comparative analysis of terminology used and the related confusion among the experts. 

The review illustrates the lexical, semantic, and practical differences of the terms bionics, 

biomimetics, and biomimicry within the disciplines of natural science and applied 

sciences and arts; and presents a method for analysis of such interdisciplinary 

terminology through discourse. The literature review concludes with a summary of the 

key problems that have been unearthed and an analysis of the terms within the scope of 

the first sub-question. These inform the terminology-driven argument within the scope of 

the field introduced in the beginning o f this thesis.
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2.1 Introduction to Charles Fillmore's frame semantics

This thesis strives to broaden the understanding of the field of biologically informed 

disciplines through study of the terms bionics, biomimetics, and biomimicry by 

employing a method of frame semantics. However, the theoretical interest of the work 

goes beyond this broadening to address the central problem of semantics and the issue of 

the relations between word meanings and the social, cultural, and temporal fabric in 

which they exist. This section answers the question “Can frame semantic study of the 

terms bionics, biomimetics, and biomimicry be done?”

In order to conduct a comprehensive analysis of these terms, it is important to study them 

within the context of the communities and culture of the people who have pioneered the 

fields, says Fillmore (Fillmore & Atkins, 1992). According to Fillmore (1985) a word’s 

meaning can be understood only “with reference to a structured background of 

experience, beliefs or practices constituting a kind of conceptual prerequisite for 

understanding the meaning. Speakers can be said to know the meaning of the word only 

by first understanding the background frames which motivate the concept which the word 

decodes” (Fillmore & Atkins, 1992). As evident from this quote, Charles Fillmore 

believes that the meaning of a word is integrated in the mind to such an extent that it does 

not make sense to partition it into realms of encyclopedic and cultural knowledge.

According to Cliff Goddard, Professor of Linguistics at Griffith University in Australia, 

“Some linguists, including Fillmore, Langacker, and Lakoff, argue that it makes no sense 

to draw a rigid distinction between semantics -  [meaning coded into linguistic form] -
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and pragmatics -  [inferences people make from how linguistic meanings are used in 

particular situations], just as it makes no sense to draw a rigid distinction between 

linguistic and [encyclopedic] knowledge” (Goddard, 2011). Thus, the author attempted to 

bridge the realms of both semantics (meaning encoded in the structure of the language) 

and pragmatics (meaning derived from how language is used in particular context) to 

integrate information about the terms' meanings, their grammatical properties, and 

knowledge about the world in which they were conceived.

The research studies reviewed indicated that there is an obvious disparity in expert 

opinions with regard to the terminology used within the fields. Such inconsistency leads 

to miscommunication within interdisciplinary teams and affects the outcome of a project. 

According to the research, the terms bionics, biomimetics, and biomimicry may be 

considered only partially equivalent within a context of a living language, because each 

one represents only part of the concept of a larger overarching community of biologically 

informed disciplines. Philosophical and knowledge base perspectives alter the selection 

of what is being expressed through the concepts of bionics, biomimetics, and biomimicry. 

Within the scope of this chapter, the author would like to further frame the terms in 

question against the background of experience, beliefs, and practices that “motivate the 

concept that [these terms] encode” (Fillmore & Atkins, 1992), drawing upon the brief 

introduction to the terms in Chapter One.
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2.2 Semantic Discourse into the History of the Terms

2.2.1 Bionics

The term bionics, combined from the words biology and technics, was conceived by Jack 

Steele of the US Air Force Medical Division in 1960 (Bar-Cohen, 2006). Jack Ellwood 

Steele (1924 -  2009) studied General Engineering at the University of Illinois and die 

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 into design 

challenges. As mentioned in Chapter One, during the highly active times of the 

Biological Computer Laboratory (BCL), bionics served as a general catchword 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 (Gray C. H., 1995).

Three more symposiums were organized and sponsored by the United States Air Force, 

further popularizing bionics and proving it to be a fertile ground for military funding, 

“reported to be $100 million in 1963” (Heinley, 1963). The Second Annual Bionics 

Symposium held at Cornell University in 1961 served as a historical landmark that began 

to shift the focus of scientists from the physical sciences and mathematics to that of life 

sciences, namely biology (Bernard & Kare, 1962). The majority o f papers focused on the 

theory of neural nets and self-organizing systems, experiments on sensory and neural
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recognition of animals and machines. These included “Bioelectric Patterns as Indicators 

of Behavioural Development in the Chick Embryo” by Joseph J. Peters and Charles J. 

Cusick, “Ultrasonic Interaction of Bats and Moths” by K. D. Roeder, and research on 

models for visual perception and hearing (Bernard & Kare, 1962). An abstract titled 

“Quantitative Aspects of the Problem of Shape in Biology” by W. R. Baum of 

Department of Mathematics at Syracuse University proposed a computable shape concept 

that may be used for evaluation of shapes in nature (such as volume, surface area, 

diameter, thickness, etc.).

Finally, Warren S. McCulloch of Research Laboratory of Electronics at MIT concluded 

the conference with the speech titled “The Imitation of One Form of Life by Another -  

Biomimesis”, thus introducing a new term and positioning bionics within its scope:

The full field of bionics opens up clearly within the general field of 

biomimesis, and it is not identical with cybernetics, nor a part of cybernetics. It is 

actually a broader field. It is concerned, I would say, primarily with an attempt to 

understand sufficiently well the tricks that nature actually uses to solve her 

problems, thus enabling us to turn them into hardware. The first hardware we need 

is the natural numbers because we must have a logically decent theory to work 

with. I think I know exactly what Jack Steele meant when he coined the word 

“bionics”. It is not a new word; it is a word which was used many years ago for 

what is now called histology. It meant then what it primarily means now: the 

attempt to know the living unit.

Soon afterward, the focus of the term bionics was narrowed down to represent a “branch 

of science and technology” (Oxford Dictionaries, 2013) that deals with biologically
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inspired “design of electronic devices and systems” (Graf, 1962) to “replace or augment 

parts of the human body” (Oxford Dictionaries, 2013). The majority of participants of the 

symposiums were “focusing on the theory of neural nets and self-organizing systems, 

experiments on pattern and speech recognition in animals and machines” (Kline, 2009), 

with the minority of researchers studying “prosthetic devices and human augmentations, 

often to operate weapons systems” and, to a lesser extent, proposing medical aids (Kline, 

2009). Finally, Henning E. Von Gierke, one of the pioneers of bionics defined its primary 

goal as an “extension of man's physical and intellectual capabilities by prosthetic devices 

in the most general sense, and to replace man by automata and intelligent machines” 

(Dario, Sandini, & Aebischer, 1991).

As the decades advanced, bionics matured into a well-defined field in Europe (Wahl, 

2006), while largely disappearing from North America. A German biologist Wemer 

Nachtigall independently founded the field in 1960s and, along with Carmelo di Bartolo, 

Jurgen Hennicke and Gabriel Songel, formulated a set of principles that would guide 

bionics practitioners in their collaborative process (Nachtigall, 1997).
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Table 1. Principles of bionics, as formulated by W. Nachtigall (Nachtigall, 1997)

1. Integrated instead of additive construction;

2. Optimization of the whole, rather than maximization of individual elements;

3. Multifunctionality instead of monofunctionality;

4. Fine-tuning adapted to particular environments;

5. Energy saving instead of energy squandering;

6. Direct and indirect use o f solar energy;

7. Temporal limitation instead of unnecessary durability;

8. Total recycling instead of waste accumulation;

9. Networks instead of linearity;

10. Development through trial and error.

Furthermore, an Italian design educator Carmelo di Bartolo (Instituto Europo di Design 

di Milano) extended the applicability of the principles from engineering to industrial 

design and “urged a restructuring of the industrial design process that would better take 

into account environmental concerns” (Birkeland, 2002). He then developed a concept in 

the 1970s for a European set of requirements titled “Nature Oriented Design and 

Bionics”. Daniel Wahl, an expert in natural design and founder of Sustainability 

Consultancy Innovation Education, mentioned in his paper ‘Bionics vs. Biomimicry: 

from control of nature to sustainable participation in nature’ that “Germany is currently 

taking a leading role in the field of bionics research” (Wahl, 2006) establishing the 

‘Society for Technical Biology and Bionics’ and the ‘Bionics Competency Network’. 

Wahl also took a radically different approach to the evaluation of the term bionics, 

describing it from the perspective of “nature-culture relationships” and indicating the
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deficiency of “salutogenic design approach that increases human, societal, and ecological 

health synergistically” (Wahl, 2006).

2.2.2 Biomimetics

Otto H. Schmitt, one of the key founders of the biomedical engineering field (Patterson, 

2009), officially coined the term biomimetics, a derivative of Greek words bios (life) and 

mimesis (imitate) (Bar-Cohen, 2006), in his publication ‘Some Interesting and Useful 

Biomimetic Transforms’, which he presented at the Proceedings of Third International 

Biophysics Congress in Boston, Massachusetts (Schmitt, 1969). More than three decades 

earlier Schmitt developed a physical device that mimicked the electrical action of a nerve 

as part of his doctoral research (Schmitt, 1938), 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, physics, mathematics, and a post-doctorate degree in biophysics.

That early emphasis on the interface between biological and physical sciences expanded 

and deepened through Schmitt's career as Professor o f Biophysics, Bioengineering, and 

Electrical Engineering at the University of Minnesota. In his own words: “ Since 1935, 

my scientific and technical efforts have revolved about the conviction that a new major 

discipline of biomedical science and technology will arise through careful examination 

and reformulation of biological principles in algorithmic computer-manipulable form, 

generating new mathematical figures o f thought as needed, and seeking technological and 

social analogies based on these biomimetic principles.”  (Geselowitz, 1998). From this
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quote, it becomes evident that Otto Schmitt's interest in biomimetics went beyond purely 

technological applications to include social and ethical domains.

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 Speck & Speck, seven subdivisions in biomimetic research 

can now be identified and continue to expand: optimization, architecture and design, 

lightweight constructions and materials, surfaces and interfaces, fluid dynamics, 

biomechatronics and robotics, communication and sensorics (Speck & Speck, 2008).

According to Bar-Cohen, “this science represents study and imitation of nature's 

methods, designs, and processes” (Bar-Cohen, 2006). He also underlines the importance 

of distant (imitation of structure and function) rather than local analogies (imitation of 

surface-level attributes, such as colour and shape) in the process of translation between 

biology and design for a truly successful outcome (Dahl & Moreau, 2002). 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 

highlights major differences of organization in biology and engineering and proposes an 

adaptation of TRIZ (the Russian acronym of what can be loosely translated as ‘Theory of 

Inventive Problem Solving’, developed by Altshuller and Shapiro) to manipulate the 

process of information transfer from biology to engineering. Although useful for 

engineers, the BioTRIZ (a method of utilizing TRIZ and biology to solve engineering 

challenges) approach can be considered too rigid for designers, leaving little room for
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creative experimentation and interpretation, as this will be expanded in further detail in 

Section 2.4 of this chapter. Vincent also asserts 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” (Vincent, Bogatyreva, Bogatyrev, Bowyer, & Pahl, 2006) and points out that “people 

are inventing an increasing number of other words to label the area, thus giving them 

some sort of exclusivity” (Vincent, 2009).

The Oxford English Dictionary defines the term biomimetics as: “[the branch of science 

concerned with] the development and use of biomimetic materials, methods, etc.” 

keeping in mind that the adjective ‘biomimetic’ is chiefly of chemistry origins, defined as 

“a synthetic method that mimics biochemical processes” (Oxford Dictionaries, 2013). 

This definition suggests that the encyclopedic meaning of the term largely ignores the 

contextual meaning of the term while not fully supporting Schmitt's view of seeking 

social analogies based on biomimetic principles, and were largely absent in the list of 

biomimetic capabilities formulated by Bar-Cohen in 2006. Unlike the general principles 

of biomimicry (see Section 2.2.3) and bionics (see Section 2.2.1), principles of 

biomimetics are based on nature’s mechanical capabilities and are rooted in specific 

examples from nature (Bar-Cohen, 2006; Bar-Cohen, 2006):
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Table 2. List of biomimetic principles (mechanical capabilities), as proposed by Yoseph

Bar-Cohen (Bar-Cohen, 2006)

1. Fly with enormous maneuverability like a dragonfly;

2. Adhere to smooth and rough walls like a gecko;

3. Adapt to the texture, patterns and shape o f the surrounding environment like a 

chameleon, or reconfigure their body to travel through very narrow tubes like 

an octopus;

4. Process complex three-dimensional (3D) images in real time;

5. Recycle mobility power for highly efficient operation and locomotion;

6. Self-replicate, self-grow using resources from the surrounding;

7. Chemically generate and store energy.

Bar-Cohen goes on to provide examples of mechanisms that were inspired by observing 

biology, noting that “some of the most important ones include the ability to operate 

autonomously in complex environments, perform multifunctional tasks and adaptability 

to unplanned and unpredictable changes” (Bar-Cohen, 2006). Such characteristics, Bar- 

Cohen states, can result in mechanisms that not only mimic, but surpass nature (Bar- 

Cohen, 2006).

2.2.3 Biomimicry

Janine Benyus (1958 -  ) is a graduate of Rutgers University with degrees in natural 

resource management and English literature and writing, is a natural sciences writer, 

innovation consultant, and author of six books, including ‘Biomimicry: Innovation
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Inspired by Nature’. The book opens with a quote by former president of the Czech 

Republic Vaclav Havel: “We must draw our standards from the natural world. We must 

honour with the humility of the wise the bounds of that natural world and the mystery 

which lies beyond them, admitting that there is something in the order of being which 

evidently exceeds all our confidence.” (Benyus, 1997).

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” (Benyus, 1997). 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 (Todd & Jack Todd, 1993) (Jack Todd & 

Todd, 1984), which “offered a list of [nine] principles for ecologically or biologically 

informed design” “augmented by a tenth precept that was added more recently” (Wahl, 

2006).
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Table 3. A list of natural design principles, formulated by Nancy Jack Todd and John

Todd (Jack Todd & Todd, 1984)

1. The living world is the matrix for all design;

2. Design should follow, not oppose the laws of life;

3. Biological equity must determine design;

4. Design must reflect bioregionality;

5. Projects should be based on renewable energy sources;

6. Design should be sustainable through the integration of living systems;

7. Design should be co-evolutionary with the natural world;

8. Building and design should help heal the planet;

9. Design should follow a sacred ecology;

10. Everyone is a designer!

Later expanded on by Fritjof Capra -  a prominent physicist and founder of Center for 

Ecoliteracy -  these principles of ecology transformed into “the language of Nature” 

(1994) and caused a perceptual shift in “the link between ecological and human 

communities” (DeKay, 2011).
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Table 4. A list of ecology principles by Fritjof Capra (Capra, 2010)

1. Cycles: members of an ecological community depend on the internal and 

external exchange of resources in continual cycles.

2. Networks: all living things in an ecosystem are interconnected through 

networks of relationship, depending on this web for survival.

3. Nested Systems: each individual system is an integrated whole and -  at the 

same time -  part of larger systems.

4. Flows: each organism needs a continual flow of energy to stay alive.

5. Development: all life -  from individual organisms to species to ecosystems -  

changes over time, developing, learning, adapting, evolving, and co-evolving.

6. Dynamic Balance: ecological communities act as feedback loops, so that the 

community maintains a relatively steady state that also has continual 

fluctuations, providing resiliency in the face of ecosystem change.

The principles of biomimicry are also experiencing continuous evolution. The 2009 

version, which the author of this thesis learned about during a biomimicry workshop in 

Costa Rica (Biomimicry 3.8,2011), has undergone several changes and was introduced 

as a reworked set of principles at the 2011 at Biomimicry Education Summit in Ohio, 

Cleveland, which the author attended. The latest version of biomimicry principles is 

offered by The Biomimicry Institute, Montana, USA and is “the most comprehensive tool 

and the most important and influential component of biomimicry” (Biomimicry 3.8, 

2011).
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Figure 1. One of the versions of Life’s Principles by The Biomimicry 3.8. The six 

main categories are: use life-friendly chemistry; evolve to survive; be resource 

(material and energy) efficient; adapt to changing conditions; integrate 

development with growth; be locally attuned and responsive (Biomimicry 3.8, 

2011). Reproduced with permission from Dayna Baumeister, Biomimicry 3.8

Founders of the Biomimicry Institute identify a successful mimicry of nature through 

emulation of natural forms, processes and systems (The Biomimicry Institute, 2010). 

Similarly to the field of bionics and biomimetics, biomimicry identifies the importance of 

the emulation of natural forms to perform specific functions (multifunctionality, fit form 

to function, etc.) as well as processes that are informed by manufacturing methods in 

nature that are conducive to life (self-assembly, biodegradability, the use of water as 

solvent, etc.). Furthermore, biomimicry asserts a context-dependent view, in which the
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form and process are successfully implemented only if the final design fits into a given 

context and encourages solutions that are part of a larger system (a shared view with 

principles of bionics ‘fine-tuning adapted to particular environments’, natural design 

‘design must reflect bioregionality’, and Fritjof Capra’s language o f Nature ‘nested 

systems’).

Passino (2005), however, in his book “Biomimicry for optimization, control, and 

automation” takes a radically different approach, stating “biomimicry uses our scientific 

understanding of biological systems to exploit ideas from nature in order to construct 

some technology” (Passino, 2005), bringing the concept closer to the realm of the 

encyclopedic definition of bionics and biomimetics. Finally, the Oxford English 

Dictionary equates the term biomimicry to the earlier biomimetics and points out the 

combined nature of the word (bio + mimicry) (Oxford Dictionaries, 2013).

Today, biomimicry spans various fields of human systems: from reimaging the way we 

feed ourselves to how we conduct business and make things (Benyus, 1997) with great 

emphasis on sustainability, promoted by The Biomimicry Institute.

2.3 Information transfer from biological template to final product

Technological advances in a number o f fields outside of biological sciences have made it 

possible to begin conducting quantitative and qualitative analyses of biological systems. 

These applied fields are diverse, and include computer science, information technology, 

engineering, and design. In most instances, tools and methods developed for specific
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applications in their respective fields have been adapted for use in understanding 

biological systems and facilitating information transferability from biological to applied 

sciences. In bionics, biomimetics, and biomimicry cases such tools, developed by experts 

in respective fields, attempt to systematize the progress of a project from the biological 

templates to the final product using two approaches that have different names, depending 

on the field, but employ similar methodologies. Currently there is no standard approach 

in place to assist this transfer and instead it is typically derived from analogies (Vincent, 

Bogatyreva, Bogatyrev, Bowyer, & Pahl, 2006). However, various individual 

methodologies have been developed, some of which are described below.

2.3.1 Bionics: Inductive and Deductive Approaches

One of the first discussions on the subject of information transferability between 

biologists and engineers was introduced by Warren S. McCulloch during his speech at the 

Second Annual Bionics Symposium in 1961 (Bernard & Kare, 1962):

The difficulty with every field like this is that it tends to require an increasing 

number of people who know two scientific disciplines. Engineering is, in this 

sense, a scientific discipline, though it differs from the physical sciences, being 

much more like biology. One has to have a reasonable knowledge of both 

engineering and biology in his own head, and there is no use in having in one room 

what should be in one head. This has been a standard failure. As a result, what you 

generally must have is close team play over the years between a youngster in 

biology and a youngster from engineering, until each knows both disciplines. This 

is about the only way it happens.
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Decades later, as the field o f bionics matured and transcended continents, settling down 

in Europe, many industrial design educators began implementing two approaches -  

inductive and deductive -  into their courses. This allowed the students to collaborate on 

biologically informed projects (Birkeland, 2002). “The inductive approach begins with an 

observation of living nature, which is then documented, pending some application of the 

principles abstracted from the natural subject matter. The deductive approach is a reversal 

of this and begins with a design problem or design brief before extending to a search 

through nature for a solution or an appropriate response.” (Birkeland, 2002). Birkeland 

goes on to demonstrate this approach using two case studies drawn from the University of 

Canberra and the Instituto Europo di Design industrial design courses. Students were 

asked to complete a biologically informed project using an inductive approach and then a 

deductive approach with a biological template of a caridoid escape reaction, also known 

as lobstering or tail-flipping.

In the case of inductive approach, students researched a particular specimen exhibiting 

this function, abstracted bio-mechanical principles and then proceeded to create a 

multifunction gripping and cutting tool. In the case of a deductive approach, students 

were first given a brief to design a more efficient clasping hand-tool and then were asked 

to research and abstract principles found in nature (Birkeland, 2002). Although creatively 

unique, the results of the studies yielded criticism and raised a discussion on the subject 

of lack of “the breadth of criteria brought to the design table” (Edmonds, 1994) and lack 

of research into “the complex interactions between a species and its environment and the
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role of these interactions in the development of any biophysical structure” (Birkeland, 

2002).

2.3.2 Biomimetics: Bottom-up, Top-down, and Extended Top-Down Processes

In the field of biomimetics inductive and deductive approaches are known as bottom-up 

and top-down processes respectively with an addition of an extended top-down process.

It is useful to introduce these concepts through the research outlined by T. Speck & O. 

Speck in their paper for The 4th International Conference on Comparing Design in Nature 

with Science and Engineering Design, titled “Process Sequences in Biomimetic 

Research” (2008). In this paper Speck & Speck differentiate the three processes 

according to their sequences (as also evident in inductive and deductive approaches): 

“The starting point for a biomimetic development in the bottom-up process is the 

fundamental research of biologists” that can later be applied to numerous design 

challenges if the abstraction of principles has been successful. The process also takes 

longer to be implemented due to the time needed for alignment between a recognized 

biological principle and a need for innovative biomimetic product.

The top-down process, similar to a deductive approach in bionics, begins with a design 

brief rich with technical constraints and recommendations. An engineer or a designer 

then works with a biologist to seek biological templates for solving his or her particular 

technical problem. The time needed in a top-down process is significantly less than for a 

bottom-up one and innovative leaps are rare.
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Finally, the extended top-down process is characterized by the insertion of one or several 

iterations of basic research cycles. This process can generate great innovative leaps but 

take longer than top-down process, comparable to those in the bottom-up process (Speck 

& Speck, 2008).

It is evident that the process makes use of the analysis of biological forms, processes, and 

systems using methodological approaches from engineering sciences, “established by 

Werner Nachtigall as a complimentary item to biomimetics (bionics)” (Nachtigall, 1997). 

Such analysis allows for the abstraction and transferability of ideas from biology to 

technical applications in the course of biomimetic projects (Speck & Speck, 2008).

2.3.3 Biomimicry: Biology-to-Design and Challenge-to-Biology Design Spirals

Janine Benyus, together with Dayna Baumeister co-founded the Biomimicry Institute and 

Biomimicry Guild (Biomimicry consulting company). The Biomimicry Institute devised 

two approaches similar to those of bionics and biomimetics, differing in how the field 

integrates Life's Principles into the final stage as well as iterations throughout the entire 

spiral. The two approaches, known as ‘design spirals’, include Biology-to-Design -  

comparable to inductive approach in bionics and bottom-up and extended top-down 

processes in biomimetics -  and Challenge-to-Biology -  comparable to deductive 

approach in bionics and top-down and extended top-down processes in biomimetics.

The Biology-to-Design methodology prompts a designer to first discover a natural model; 

then abstract the deep principle used; brainstorm potential applications; emulate nature's
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strategies through mimicking form, process, and/or system; and finally evaluate the final 

design against Life's Principles identifying further ways of improving the final result 

(The Biomimicry Institute, 2010).

Challenge-to-Biology methodology implies a more challenge-focused approach, in which 

designer first identifies the problem by employing a function-focused mind-set; interprets 

the design brief by biologizing the question and defining operating parameters; discovers 

natural models through connection with nature, literature review, collaboration with 

biologists; abstracts design principles by identifying the core design concept; emulates 

design strategies by mimicking the form process, and/or system and finally evaluates 

final product against Life's Principles (The Biomimicry Institute, 2010).

Evaluate a g a i n s t
LIFE'S PRINCIPLES I -

IDENTIFY
U A L  CHALLENGEEVALUATE,

AQAINST 4
uMS > ]EMULATE

NATURE*
snmnons

In t e r p r e t
DCSIOfl M I V

EMULATE ^  
n a tu re 's  s tr a te g ie s

^  d is c o v e r
NATURAL M O H U

Er a in sto r m /
P O T E N T IA L  '

Figure 2. Biomimicry: Biology-to-Design and Challenge-to-Biology Design path 

proposed by The Biomimicry Institute (The Biomimicry Institute, 2010). 

Reproduced with permission from Dayna Baumeister, Biomimicry 3.8

These variations of Biomimicry Thinking paths (2013) called ‘Design Spirals’ differ 

from those of bionics and biomimetics, because they encourage the designer to constantly
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evaluate and re-woik the sustainability o f their design against Life’s Principles and allow 

the designer to recognize sustainability as a continuous goal to strive toward, unless or 

until time or budget constraints take over.

2.4 Abductive reasoning and emerging methods in Biologically Informed Design

According to Atocha Aliseda, a philosopher of science and logician at National 

Autonomous University of Mexico, “abduction is a reasoning process invoked to explain 

a puzzling observation” and, according to Charles Peirce, is essential for acquiring new 

ideas (Aliseda, 2006). In comparison to methods of bionics, biomimetics, and biomimicry 

stated in Section 2.3, which may be characterized as related to inductive -  from the 

specific to the general -  and deductive -  from the general to the specific -  reasoning, 

abduction can be taken as “a distinctive kind of inference that follows this pattern: “D is a 

collection of data (facts, observations, givens); H explains D; No other hypothesis can 

explain D as well as H does. Therefore, H is probably true.” (Josephson & Josephson, 

1994). Thus, the purpose of abductive logic “is not to declare a conclusion to be true or 

false”, but “to posit what could possibly be true” (Martin, 2009).

Charles Pierce, an American philosopher and a scientist, known as “the father of 

pragmatism” (Aliseda, 2006), states in notes for a conference titled “Pragmatism -  

Lecture VII” that “the question of pragmatism [the doctrine that every conception is a 

conception of conceivable practical effects] is nothing else than the logic o f abduction” 

(Aliseda, 2006).
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One such example of a direct link between experimental corroboration and explanatory 

hypothesis, related to the research in biologically informed disciplines, can be found in 

many interdisciplinary projects involving design discipline. Abductive reasoning allows 

for complex problems to be approached in an emergent fashion, causing often ill-defined 

problems to become clear in the process of design. This thesis written by Peter 

Wehrspann titled ‘Biology as a Muse: Exploring the Nature of Biological Information 

and its Effect on Inspiration for Industrial Designers’ as part of his Masters studies in 

School of Industrial Design of Carleton University studied transferability of biological 

information to industrial designers for the purpose of inspiration, using a toolkit that 

designers can interact with and be inspired by in their design process (Wehrspann, 2011). 

Variations of such toolkit are a common method, employed by Dr. Jeanette Yen of Center 

for Biologically Inspired Design (Wehrspann, 2011) and The Biomimicry Institute in 

Montana (The Biomimicry Institute, 2010). These toolkits emphasize pragmatic conduct 

of biologists and designers and may be essential introductory tools into abductive 

methodology of biologically informed disciplines.

2.5 Final Research Synthesis

The analysis of frame semantics literature; history surrounding the terms bionics, 

biomimetics, and biomimicry; methods of information transfer from biological template 

to final product as they evolved based on the field in question and an overview of 

abductive approach to problem solving partially cover the scope of the overarching 

question: How do the fields of bionics, biomimetics, and biomimicry differ from each 

other?
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This question can now be answered from a historical perspective by addressing a section 

of the first sub-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?” It became evident from research that the meanings o f terms depend on a whole 

set of interconnected 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 

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 

sciences that gave rise to the fields of bionics and biomimetics. As the biological sciences 

advanced dining 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 conceptual 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).
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As time progressed, however, biologists began gaining the capability to go beyond the 

interactions of components within a single system (National Academy of Sciences,

2009). As microbiologist and evolutionist Carl Woese said over 30 years ago, “Our task 

now is to resynthesize biology; put the organism back into its environment; connect it 

again to its evolutionary past... The time has come for biology to  enter the nonlinear 

world” (Woese & Fox, 1977). As the fields of bionics, biomimetics, and biomimicry are 

now developing almost in parallel, the sheer volume o f 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 not only the differences, but also the connections between the fields 

of bionics, biomimetics, and biomimicry. This will hopefully provide an opportunity for 

experts to combine their different skills and perspectives and to accelerate the 

development of theoretical and practical approaches in biologically informed disciplines. 

For example, methodologies discussed in Section 2.3 arose within individual fields but 

resemble the principles o f all three. These methodologies, processes and approaches 

share similar traits and will be examined in greater detail in Chapter Three. However, 

discovering and understanding the features that make these fields unique and similar will 

bring about a productive acceleration to the development of bionics, biomimetics, and 

biomimicry.
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Figure 3. Diagram of comparative interconnections between the principles of bionics, 

biomimetics and biomimicry, supplemented by those of ‘natural design’ by Nancy and 

John Todd and ‘the language of Nature’ by Fritjof Capra. The authors of the principles 

and the year of their publications are written in corresponding colours (Iouguina, 2013).

39



2.6 Chapter in Review

Several patterns begin to emerge through the analysis of the roots, methodologies, and 

principles of the fields of bionics, biomimetics, and biomimicry.

The fields of bionics and biomimetics exhibit similarities in their origins of biophysics 

and cybernetics, while biomimicry stems from such disciplines as ecology and 

environmental sciences. The fields of bionics and biomimetics were both conceived in 

the 1960s following the rise of numerous scientific studies of control and communication 

in the animal and the machine. The field of biomimicry arose in the 1990s, as a resulting 

synthesis of other fields that were studying and incorporating living systems theory into 

their thinking as early as 1970s. The diverse movements took forms of natural design in 

the 1970s, industrial ecology in 1980s, resulting in the field of biomimicry in the late 

1990s. Research into the origins of the fields, as shown in Section 2.2, illustrates that 

bionics and biomimetics have similar roots, whereas biomimicry differs.

Information transfer methodologies proposed by the educators in the fields of bionics, 

biomimetics, and biomimicry exhibit similar characteristics of inductive and deductive 

reasoning. Formal inductive and deductive approaches were introduced into the field of 

bionics as the field matured in Europe and began its integration into the curriculum of 

educational institutions in the 1970s and the 1980s. Thomas Speck and Olga Speck 

introduced bottom-up, top-down, and extended top-down methods to the field of 

biomimetics in the year 2006, with the intent of transferring scientific findings from 

biology to technical applications by means of biology push and technology pull. Finally,
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experts at The Biomimicry Institute proposed Biology-to-Design and Challenge-to- 

Biology Design Spirals in the first decade of the 21st century, modifying the appearance 

of methods from a spiral to a circle early this year. It is interesting to note, that only in the 

case of bionics and biomimicry, the methodologies were developed in close consultation 

with one of the founders of the fields, Werner Nachtigall and Janine Benyus respectively. 

Research into the educational tools of the fields, as shown in Section 2.3, illustrates that 

bionics, biomimetics, and biomimicry have strong similarities in information transfer 

methodologies.

The principles of bionics, biomimetics, and biomimicry have experienced transformation 

throughout the years, which is evident in the evolution of the fields. Although, the field of 

bionics began as a scientific study of control and communication in the animal and the 

machine, its principles have evolved into those, closely resembling the field of 

biomimicry, as evident in Figure 6 of Section 2.5, due to the introduction of the principles 

by W. Nachtigall in 1997, an independent founder o f the field o f  bionics in Germany. 

Yoseph Bar-Cohen, a physicist and one of the prominent experts in the field of 

biomimetics, formulated a set of principles in 2006, which focused on the mechanical 

capabilities of biological prototypes and largely ignored nature-focused ethos, evident in 

the principles of bionics and biomimicry. Research into the latest principles of the fields, 

as shown in Sections 2.2 and 2.5, illustrates that bionics and biomimicry are evolving 

toward similar goals of informing sustainable participation in the natural process, 

whereas the field of biomimetics differs in its specific focus on technological capabilities 

informed by nature.
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CHAPTER 3

METHODS

The overarching objective of this thesis was to determine how the fields of bionics, 

biomimetics, and biomimicry differ from each other through the terminology, methods 

and principles. To address this objective, two questions were posed in Introduction:

a) How do current experts define the fields of bionics, biomimetics, and 

biomimicry?

b) How do the fields of bionics, biomimetics, and biomimicry differ in 

practical application?

To answer both these questions, the author constructed an online survey that was sent to 

experts in the field, and used two experimental case studies from which direct 

observations and semi-structured interviews were completed. All data gathered from 

participants was collected with permission from the participants and in full compliance 

with Carleton University Ethics Board guidelines (Project #13-1232).
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METHOD

How do current experts 
define the fields of bionics, 
biomimetics, biomimicry?

1

Co m  s tu d y  1:
Biomimicry i  

Blology-to-DesIgn 
Design Spiral 
methodology

1 L

METHOD

C—  study 2:
Bionics 

deductive approach

Direct Direct

Figure 4. Depiction of research questions and methods that allow the researcher to study 

theoretical and practical differences between the terms bionics, biomimetics, and 

biomimicry. These include two experimental case studies from which direct observations 

and semi-structured interviews were completed and an expert survey (solid arrow lines). 

Both methods were enriched by Literature Review (dashed line) (Iouguina, 2013).

The researcher chose a qualitative research approach, because it allowed her to gain a 

greater understanding of a designer’s and biologist’s use and conception of, and/or their 

experiences with, principles and methodologies within the fields of bionics, biomimetics, 

and biomimicry. According to Merriam, “Qualitative researchers are interested in
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understanding the meanings people have constructed, that is, how they make sense of 

their world and the experiences they have in the world” (Merriam, 1998). Qualitative 

research offered an opportunity to explore the directions that the participants and their 

experiences took and to gain deeper understanding through natural interaction. “Being 

open to any possibility can lead to serendipitous discoveries” (Merriam, 1998).

3.1 Online Expert Survey

Following the review of historical context of terms bionics, biomimetics, and 

biomimicry, based on how they evolved through time, the author chose to gather the 

opinions of current experts. An online survey was conducted between February 19th and 

February 27th of 2013 using Fluidsurveys as a platform (fluidsurveys.com).

Approximately 20 individuals, whose distinguishing characteristics included their 

recognized knowledge and experience in the field of biologically informed disciplines, 

were recruited personally by email. Several experts provided contacts for their 

colleagues, as they recognized the importance of the research, increasing the number of 

participants to twenty-five people. Key participants were identified based on their 

reputation in the field through their publications and their position with key 

organizations. Those who agreed to participate were provided with information and 

assurances of confidentiality, in the form of a letter from the researcher about the terms of 

participation in full compliance with Carleton University Ethics Board guidelines (Project 

#13-1232).
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The link to the survey was sent to 25 respondents by email along with the information 

about the research being conducted for this thesis. All 25 persons completed the survey, 

which represented a participation rate of 100%. According to the defined opportunities 

discovered through literature review and case studies, the following topics for questions 

were chosen:

• Identifying a presence o f disparate opinions in the fie ld  o f  biologically informed 

disciplines. This was revealed by asking participants to compare the terms 

bionics, biomimetics, and biomimicry; identify the meaning of the word mimicry; 

choose the term that describes the process of being inspired by nature to solve 

human problems best; and agree or disagree with the need to make a clear 

distinction between the meanings of the terms.

• Identifying the present use o f the terms in the fie ld  o f biologically informed 

disciplines. This was accomplished by the researcher analyzing and prioritizing 

responses of participants through tabulating similar answers and colour-coding 

key words and phrases that contributed to the identification of trends in responses.

• Identifying educational and professional background o f  respondents. This was 

accomplished by asking participants to share their educational background, field 

of work, and a number of years they were involved in the field of biologically 

informed disciplines.
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3.2 Semi-structured interviews and direct observations using case studies

Two case studies were formed to investigate the sub-question: “How do the fields of 

bionics, biomimetics, and biomimicry differ in practical application”. Using qualitative 

research techniques, the researcher conducted interviews with experts relevant to the 

focus of case studies and observed interdisciplinary interactions between students 

participating in case studies.

Challenges for case studies were chosen according the principles the fields have proposed 

and the researcher has reviewed in Chapter Two. The teams for the case studies were 

selected according to the scope of the challenges. In the case of the first challenge the 

researcher approached participants who would closely correlate with a typical 

composition of a team that would be interested in living systems and holistic thinking 

based projects. In the case of the second challenge the author reached out to potential 

participants who were affiliated with military and medical fields.

The objectives of each case study along with the procedures and the methods used to 

fulfill such objectives were summarized in Table 5.
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Table 5. Case studies and corresponding methods (Iouguina, 2013).

Aim

Case study 1: Bio mimicry Biology-to- 
Design Design Spiral methodology Case study 2: Bionics deductive approach

To investigate practical applications and effects on the outcome of the project of various 
methodologies proposed by the fields of bionics and biomimicry.

Objectives

Procedures

To investigate a Biology-to-Design 
methodology proposed by the field of 
biomimicry and explore interactions 
between biology and design students as 
they complete a challenge informed by 
biological prototypes.

• Locate a challenge appropriate 
for the biomimicry Biology-to- 
Design methodology.

• Locate students appropriate for 
the challenge: two industrial 
designers (with eco-literacy 
ethos) and one environmental 
scientist.

• Interview experts in biology, 
design, and biomimicry.

• Observe the process of the 
project from beginning to end, 
acting as a facilitator between 
the students of industrial design 
and environmental science.

• Document the process, 
including sketches, 
brainstorming sessions, nature 
walks, etc.

To investigate a deductive approach 
methodology proposed by the field of bionics 
and explore interactions between medical and 
design students as they complete a challenge 
informed by biological prototypes.

Locate a challenge appropriate for the 
bionics deductive approach 
methodology.
Locate students appropriate for the 
challenge: two industrial designers 
(with engineering approach) and one 
medical student.
Interview experts in medicine, 
military field, and bionics.
Observe the process of the project 
from beginning to end, acting as a 
facilitator between the students of 
industrial design and medicine. 
Document the process, including 
sketches, brainstorming sessions, etc.

Methods • Semi-structured interviews
• Direct observation

3.2.1 Case study 1: Biomimicry Biology-to-Design Design Spiral methodology

This case study was undertaken at Carleton University, to benefit from the close-knit 

nature of a university community. Two industrial design students and one environmental 

science student were selected for the study. The biomimicry Biology-to-Design
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methodology driven case study was conducted between October 1st and December 21st 

(three months) of 2011 as part of an online competition organized by The Biomimicry 

Institute, a nonprofit organization based in Missoula, MT. This case study enabled the 

researcher to use two research methods: semi-structured interviews and direct 

observation. Moreover, to understand the whole aspect of methodology proposed by The 

Biomimicry Institute, it was essential to examine the role of each team member and their 

impact on the outcome of the project.

Two industrial design students and one environmental science student were selected for 

the case study and the researcher took on a role of facilitating the study and transferring 

communication between scientists and designers. The main rationale behind selecting a 

student of environmental science was to replicate the context, in which the field of 

biomimicry originated with eco-literacy ethos in mind. Participants were contacted using 

a poster that gave a brief introduction about the competition and asking the respondent to 

take part in the case study. The poster was distributed in the department of the Institute of 

Environmental Science and School of Industrial Design at Carleton University.

The project's design brief was broad enough for the application of a Biology-to-Design 

method and challenged participants “to create a technology, product, service, or process 

that would reduce greenhouse gas emissions by: (1) improving energy efficiency, or (2) 

improving energy storage, or (3) reducing energy consumption within a defined system.” 

(Biomimicry Institute, 2011). The institute requested for the entry to have “a clear 

connection between a biological mechanism, process, pattern, or system, and the
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technological solution submitted; i.e., the solution must emulate a  natural model(s).” 

(Biomimicry Institute, 2011) (See Appendix B).

Semi-structured interviews. Three interviews were conducted with a biologist, a 

polymeric design specialist, and an expert in biomimicry as part o f the case study. A list 

of questions was developed in advance and is included in Appendix D. At the beginning 

of each interview, the author explained the aim of the case study and introduced the team 

members. Most of the questions asked were open-ended in nature. All respondents 

exhibited diverse experience in the topic of the case study. The interviews with a 

biologist and a polymeries designer took place within the interviewees’ departments and 

lasted between 30 -  45 minutes; the interview with the biomimicry expert was conducted 

online. All interviews were either written down or audio-recorded with a permission of 

each participant.

Direct observation. During the course o f the case study the researcher observed 

interactions between the students of design and environmental science; their 

communication patterns through sketches, conversations, and during inspirational walks 

in nature. The researcher watched for challenge points and break-downs in 

communication as well as success-points, which allowed the project to jump forward. 

The photographs that were taken during the observation were beneficial in highlighting 

the crucial points in the flow of the project and complementing the information gathered 

during interviews with the expert biologist and a designer.
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3.2.2 Case study 2: Bionics deductive approach

The bionics deductive approach driven case study was conducted between January 20th 

and February 18th of 2011 (one month) at Carleton University as part of a competition 

organized by Innocentive and sponsored by the US Department o f  Defense (see 

Appendix C). The researcher located participants through a Facebook post that gave a 

brief introduction to the competition. Two industrial design students and one student of 

medicine were selected for the study and the researcher took on the role of facilitating the 

study and transferring communication between scientists and designers.

This case study allowed the researcher to use semi-structured interviews and direct 

observation as research and data collection methods. Moreover, it was essential to 

examine the role of each team member and their impact on the outcome of the project in 

order to understand the whole aspect of methodology proposed by the field of bionics. 

The main rationale behind selecting a student of medicine was to replicate the context in 

which the field of bionics originated.

The team was required to “submit a design or blueprint-style sketch for a transportation 

device that can be carried into a hostile site by a single rescuer, that is quickly unpacked 

to load the injured person, and used to safely evacuate an injured or deceased person 

away from the hostile activity and into a helicopter” (see Appendix C). The project's 

design brief was highly specific and driven by constraints and technical requirements, 

rendering it a perfect scenario for a deductive approach.
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Semi-structured interviews. Three online interviews were conducted with Jill Steele 

Mayer, the daughter of Jack Steele, as well as an infantryman and a medic as part of the 

case study. The purpose of the interviews was to clarify the methodology used by Jack 

Steele to communicate the concepts discovered in nature that resulted in solutions 

transferred from biology to design and to understand priorities and communication 

strategies in regards to biological prototypes used in case studies. The interviews were 

conducted by email, are included in the Appendix D, and are discussed in Chapter Four.

Direct observation. During the case study the author observed interactions between a 

student of medicine and students of design and noted their communication pattern during 

brainstorming sessions. The researcher watched for challenge points, break-downs in 

communication and success-points, which allowed the project to jump forward. 

Photographs that were taken during the observation were helpful with highlighting 

crucial points in the flow of the project.
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CHAPTER4

RESULTS AND DISCUSSION

This chapter presents and discusses the results obtained from an online survey of experts 

working in self-described fields of bionics, biomimetics, biomimicry, bio-inspired 

engineering, biologically inspired design, biophilia, biotectonics, and natural design and 

case studies of bionics and biomimicry driven methodologies. This chapter begins with a 

discussion of current views and attitudes toward the fields of bionics, biomimetics, and 

biomimicry that were uncovered through the online survey, followed by participant 

formulated definitions of the terms bionics, biomimetics, and biomimicry within the 

context of their historical and current use. The chapter continues with the exploration of a 

practical approach to the fields of bionics and biomimicry through their methodologies 

and principles introduced in the Literature Review of this document.

4.1 Triangulation of Research Methods

Triangulation is a strategy that can be used to strengthen the confidence of research 

findings (Arksey & Knight, 1999). Decrop indicated that triangulation can reduce and/or 

eliminate personal and methodological biases and increase the probability of generalizing 

the findings of a study as the data is gathered from different angles and by different 

methods (Decrop, 1999). Denzin identified multiple triangulations that can be used in the 

same investigation, of which the author chose the following (Denzin, 1970):
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•  Methodological triangulation -  the use of multiple methods to collect data.

• Data triangulation -  the use of a variety of data sources in a study in terms of 

person, time and space.

Methodological and data triangulations had been accomplished through collecting the 

data from different sources and by using multiple methods, including: expert surveys, 

semi-structured interviews, and direct observation. All these are supplemented by 

extensive Literature Review:

1. Expert survey that included researchers and professionals working in self

described fields of bionics, biomimetics, biomimicry, bio-inspired engineering, 

biologically inspired design, biophilia, biotectonics, and natural design.

2. Semi-structured interviews with experts in the fields of biology, design, and 

biologically informed disciplines.

3. Direct observations of case study participants, including documentation of 

participant artifacts (sketches, mind-maps, prototypes, and final products).

Direct observations, semi-structured interviews, and an online survey were useful for 

obtaining an insider, perspective regarding the issues being studied. The interaction 

between researcher and participant through surveys, interviews, and observations was, 

“designed to help bridge the gap between what [the researchers] think [they] know about 

[participants] and who they really are” (Kuniavsky, 2003). This chapter analyzes and
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discusses research methods employed by the author to address an overarching question 

“How do the fields o f bionics, biomimetics, and biomimicry differ from each other?”

4.2 Online Expert Survey

This section aids in formulating distinct definitions o f the fields bionics, biomimetics, and 

biomimicry based on how they evolved through time and their current use. The 

researcher conducted an online survey of experts to find out more about the current 

cultural context of the fields and leam diverse perspectives of the leading experts that 

research and practice bionics, biomimetics, and biomimicry today. This methodology 

concentrated on the qualitative value of responses, because it provided more detailed 

answers and demonstrated diversity of perspectives in a more comprehensive way than a 

simple scale questionnaire alone. Furthermore, not the amount o f  data but the quality of 

information was relevant in order to address the research question of the study.

The link to the survey was sent to 25 respondents by email along with the information 

about the research. All 25 persons completed the survey, which represented a 

participation rate of 100%. The respondents identified themselves to be biologists, 

physicists, designers, architects, engineers, and artists working in the fields of 

biologically inspired design, bioinspiration, biomimetics, and bio-inspired engineering, 

with the majority o f respondents identifying themselves with the field of biomimicry 

(48%), creating a bias in the results. Levels of experience varied considerably (from nine 

months to thirty-two years). Therefore, it was important to utilize the information 

obtained from the survey in conjunction with research from other sources, such as case
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studies, especially since the survey was concerned with how the researchers and 

practitioners perceive the fields in purely theoretical form.

4.2.1 Variations o f the term ‘mimicry ’ within biology and design

The researcher introduced the term mimicry in Chapter Two with the intention of 

providing an example of analyzing the term from the perspective of frame semantics 

within a context of the Literature Review. This section introduces the term mimicry 

within a wide range of meanings, from “discovering ideas for the purpose of innovation” 

to “resembling a pattern to enhance survival”. Thus, mimicry labels a category of 

meanings, which only partially overlaps with an encyclopedic definition. The researcher 

organized responses to the question “How do you interpret the term mimicry within the 

fields of biology and design?” into a colour-coded table that yielded a trend illustrated in 

Table 6.

Following this analysis, a biologist might define the term as follows:

Mimicry is an imitation/copy/resemblance o f form, pattern, or behaviour to enhance 

survival o f an organism.

Experts, involved in the biologically informed disciplines appeared to have had a more 

diverse choice of meanings for the definition of mimicry. In fact, any one of the key 

words could have been used to manipulate the intention of the term, some of which 

included, but were not limited to:
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Definition 1: Mimicry is an abstraction of nature's principles in order to create 

innovation.

Definition 2: Mimicry is an imitation of nature's function in order to benefit human 

technologies.

Definition 3: Mimicry is an emulation of nature's ideas in order to create sustainable 

designs.

Table 6. Analysis of Q1 “How do you interpret the term mimicry within the fields of 

biology and design?” where the definition of mimicry is broken down into the following 

structure: [ACTION] of H  in order to H  and numbers in square brackets [#> 1] 

represent the frequency of more than one of occurrence in responses (Iouguina, 2013).

Biology

[ACTION] ■  ■

Mimic Form Enhance survival

Copy Shape

Resemble Pattern

Imitate Behaviour

Design

[ACTION] ■  ■
Emulate [6] Principle Engineering

Understand Ideas [3] Sustainability [2]

Apply Strategies Innovation

Discover Adaptations Human technology

Abstract Function

Imitate Pattern

Translate Process [4]

Copy [2] System

Mimic Form
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It was interesting to note that biologists identified an encyclopedic meaning of mimicry 

as an imitation of an external appearance, shape, and behaviour o f  a model to enhance 

survival. For designers, engineers, and architects mimicry surpasses encyclopedic 

definition and gains a new meaning of “understanding”, “discovering”, 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 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 need to be aware of this misnomer and make their intentions 

clear in the beginning of the project.

4.2.2 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 evaluated terminology of biologically informed disciplines in general, 

and in particular, how the role of each term was seen compared to the others. Firstly, the 

researcher asked the following question “In your professional opinion, does biomimicry = 

biomimetics = bionics? Why or why not?”
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Yes 8X 2

No ■ 1  92% 23

lb ttl RMpOMOS 25

Figure 5. Q2 and Q3 responses: “In your professional opinion, does biomimicry = 

biomimetics = bionics?” (Iouguina, 2013)

The responses indicated that none of the participants thought that biomimicry was equal 

to bionics. However, eight experts responded that bionics matched the meaning of 

biomimetics, and eleven experts responded that biomimetics was identical to biomimicry 

(equality is represented by corresponding coloured cells), illustrating a difference of 

understanding of the terms, illustrated in Table 7.

Table 7. Responses to Q2-3: “In your professional opinion, does biomimicry = 

biomimetics = bionics? Why or why not?” categorized according to the term and 

assigned a number (bionics -  1; biomimetics -  2; biomimicry — 3) and a letter according 

to the participant’s response (Iouguina, 2013).

Design focus, business, 
organizational development,

h i h Places the greatest emphasis on
sustainability

. . . . . . t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .
j

c More accessible to general
C  i public

i Very context dependent and has 
d ; methodology: form, system, 

process.
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Myopic view that looks 
to nature for innovation 

for innovation's sake

Nature-inspired robotics 
and mechanics

Uses Earth operating 
principles, but not Life 

principles

Emulates superficial 
level of function with 

'gee whiz factor1 [shows 
off a technical skill or a 
sensational design, but 

really has no useful 
purpose]

Design innovation 
alone

Term created by 
engineer, to describe 
mechanical devices 
based on biology

Field related to robotics 
or complex mechanical 

technologies that 
simulate or replace 
biological functions

The product of 
attempting to mimic 
biological systems in 
mechanical/electrical 

form

Nature's strategies copied for 
design and technology

Holistic view that generates 
innovation to be more like 

nature in sustaining and 
generative way

Nature's strategies copied for 
design and technology with 

ecosystem in mind

Follows ‘life creates conditions
conducive to hfe and aims for
more energy, resource efficient,
and non-polluting innovations

Term used by contemporary 
material scientists

Term [created] by an educator, 
to describe a philosophy of 

learning from nature to solve 
human problems.

More broad interpretations

Learns from nature, connects 
with nature, and finds ethos 

about how people fit into 
natural world

More nature-focused with an 
ethos and “earth-systems 

component” that is carried 
throughout the design
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A more scientific 
connotation that focuses 

on how nature can 
** support human system 

systems, without regard 
for [“life principles”]

Mostly associated with 
r  medical industry and i 

robotic engineering
Study and design of 

s engineering systems 
and modem technology

A hybrid of human and 
non-human design = 

cyborg: putting 
something synthetic 

into something organic

w

Innovation inspired by 
nature, does not 

necessarily include 
sustainability

Has environmental
sustainability objective

Refers to the intersection of 
innovation, sustainability, and 
an ethos of collaborative work 
to reach a sustainable future.

The researcher 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, revealing the following results as shown in Figure 6.
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Strongly disagree 1 4% 1

Disagree | 8% 2
Undecided H 12% 3

Agree 9 ^ 111  44% 11
Strongly agree |  32% 8

Total Responses 25

Figure 6. Results of Q5 “Making a clear distinction between the meanings of the above 

terms is, or could be, very useful” indicating a clear need for organization of terms

(Iouguina, 2013).

Aside from a clear need for an organized terminology in the field of biologically 

informed disciplines, the responses illustrate some of the different components that 

comprise the terms in question. Using this, it is possible to redefine each of the terms as 

follows:

Bionics

Experts position bionics within disciplines of biology (le, If, lk, 11, lo, lq, lu, ly)and 

engineering (la, lm, lk, lm, lr, Is, It), more specifically the industries of “robotics” (If, 

11, lo, lr), “mechanics” (If, lk, 11, lo, lp, It) and “medicine” (lr). Bionics employs 

“physics principles” (If, lq) with the end-goal of creating “innovative” (le, lh, li, ly) 

“functional products” (lh, lj, lk, 11, lp, It) with no regard for “ecology” (Id, lg, lj, In, 

lp, lq, lx, ly).

The first four components categorize bionics into an amalgam of biology and engineering 

disciplines, conceptualized primarily as a sub-field of engineering, focused primarily in
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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%).

Biomimicry

Experts position biomimicry mainly within the disciplines of design (3a, 3f, 3i, 3o, 3p, 3r, 

3w), business (3a), architecture (3a, 3r) and a general field of philosophy (3k, 3n) with a 

broad subject field (3a, 3m, 3d, 3v, 3w) that allows for a greater accessibility to a general 

public (3c, 31), whose main interest is “form, process, systems” design (3f, 3p, 3v, 3w), 

nature-focused ethos (3i, 3n, 3p, 3w) and environmental sustainability (3b, 3e, 3f, 3h, 3i, 

3j, 3t, 3w, 3y).

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” 

(3n). Many references to the connection between sustainability and human-nature 

connection leads to a conclusion that this is the Institute’s main public declaration of 

intentions. Some of the evidence in support of the above components comes in the form 

of phrases and sayings such as: “Learns from nature, connects with nature”, “Holistic 

view that generates innovation to be more like nature in sustaining and generative way”.
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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 (Reconnect with 

nature, what we at 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 challenge 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.

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, 8 experts think that biomimetics equals bionics. Thus, biomimetics can be defined 

as equal to bionics in its engineering focus (2 a, 2f, 2j, 2m, 2p, 2t) lacking sustainability 

component (2d, 2j, 2x) and nature-focused ethos (2n).

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 (2v) or solutions with 

traits (2h, 2o, 2v, 2w) of biomimicry. In fact, one expert states: “Unfortunately, there's no 

good adjective to go with biomimicry, so we often refer to biomimetic design when we
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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 7 experts thought that the term biomimetics 

was congruent with biomimicry in its human-nature ethos (2w) and sustainability (2g, 2h) 

focus, while only one expert differentiated the term from the other two by positioning it 

exclusively in the discipline of material science (2k).

In the analysis stated above for bionics, biomimicry, and biomimetics, the initial 

component includes “innovation” (le, li, 2i, 3e, 3i, 3j, 3y) and “nature-inspired or 

mimicked or copied or learned” (le, If, 3y, In, lq, 2f, 2n, 2q, 3e, 3w, 3f, 3k, 3n, 3p) 

concepts, thereby establishing their position at a certain level o f 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 channeling of ideas from nature to innovation? 

Further research is needed to answer these questions.

4.2.3 Biomimicry and Biologically Inspired Design are the most popular among experts

The majority of respondents identified themselves to be associated with the field of 

biomimicry (52%), thus demonstrating a clear affinity for the term biomimicry in order 

“to describe the process o f being inspired by nature to solve human problems”.
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IMUHOTVBCry 52% 13

biomimetics 4% 1

hlffnkt 1MHIMi ■ 0% 0

bio-inspired engineering ] 0% 0
•---• ^ 12% 3

biophilia 8% 2

Other, please specify... 24% 6

Total Responses 25

Figure 7. Results of Q8 “Which best describes your field o f work” revealing a bias in the 

study. The majority of respondents identified themselves to be associated with the field of

biomimicry (52%) (Iouguina, 2013).

momo 1 0% 0

bio-inspired engineering I 4% 1

biomimicry |  « * 12

biologically inspired design 24% 6

biomimetics | 4% 1

Other, please specify... 20% 5

IM al Responses 25

Figure 8. Results of Q4 “If you could use only one of the following terms to describe the 

process of being inspired by nature to solve human problems, which would you use?” 

with biomimicry in majority (48%) followed by Biologically Inspired [Design] (32%),

including “other” (Iouguina, 2013).

It is interesting to note, that although the researcher used the word inspired in the 

formulation of the question, respondents still gravitated toward the term biomimicry.
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Additionally, several experts indicated their preference for bio-inspiration rather than 

Biologically Inspired Design, demonstrating that the word design may be limiting.

4.2.3 Innovation and sustainability are two main drivers o f the fields

Lastly, the researcher posed a question “In your opinion, why should designers learn 

from nature?” to uncover additional keywords and trends relevant to the fields of 

biologically informed disciplines.

ChartResponse Count

To apply to  cybernetics and 
systems design

iivfiMVsoonMviiviivraov
biomedical engiitMHng
To produce synthetic 
materials and products tha t 
mimic natural ones

Other, please spedfy...
Total Responses

Figure 9. Results of Q6 “In your opinion, why should designers learn from nature?” 

which (with “other” responses included) indicate that innovation and sustainability are 

two main drivers of biologically informed disciplines (Iouguina, 2013).

Experts indicated that the main goal of learning from nature should be “to break out of 

patterns that currently dictate our mode of problem solving” to “push innovation” and 

“practice design with a firmly grounded sense of life sustaining principles”.
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4.3 Case Studies

The two case studies, used in the research, were bounded by two major contexts, the 

students themselves and their experiences and educational background. Through 

qualitative research techniques and the resulting interdisciplinary interactions between 

students and mentors, principles guiding the project and their influence on the final 

outcome of the study were uncovered. These experiences, principles, and an initial design 

brief facilitated the outcome of the project to be driven either by inductive (according to 

the field of bionics), bottom-up (according to the field of biomimetics), biology-to-design 

(according to biomimicry) or deductive, top-down, or challenge-to-biology 

methodologies as defined by the fields (see Chapter 2).

The results of the case studies are presented in narrative form to provide the reader of this 

thesis with insight into and an understanding of the design process as implemented by an 

interdisciplinary group o f students. The outcome of a narrative text describing the 

experience of the students was dependent on organized, flexible, and careful data 

collection.

The idea for experimental case studies arose from the Literature Review, during which 

the author investigated the fields and its methods which were developed by experts in the 

fields of bionics, biomimetics, and biomimicry and complimented by insights drawn from 

semi-structured interviews that occurred during the progress o f  the studies. It became 

evident that all three fields exhibited differences historically and principally, and were

67



also driven by a loose framework which attempts to guide the progression of a project 

from a biological template to the finished product, as described in the Literature Review.

Figure 10. Simplified diagrams of methodologies in the fields o f bionics, biomimetics, 

and biomimicry. The legend reads: [yellow: natural model], [blue: design challenge]

(Iouguina, 2013).

As a result, the second set of sub-questions arose: If the author were to replicate the 

original conditions in which projects were conceived in the fields of bionics, 

biomimetics, and biomimicry, how would the results differ? In the context of the 

presented methodologies, how does the choice o f inductive/bottom-up/biology-to-design 

vs. deductive/top-down/challenge-to-biology approaches affect the outcome of the 

project, in combination with the unique principles of the fields? The author decided to 

investigate the fields of bionics and biomimicry, because both defined set o f strict set of 

principles, as illustrated in the Literature Review, and both were conceived by a 

community of either driven by engineers and physical scientists or biologists and 

environmental scientists. Thus, the following parameters were chosen:
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B i o m i m i c r y  
v s .  

B i o n i c s  4

m  natural model 

H  design challenge

Figure 11. Diagram of two methodologies of progression of a project investigated in this 

thesis through two case studies: Biology-to-Design (biomimicry) vs. Deductive (bionics)

(Iouguina, 2013).

The reason for choosing a deductive approach in bionics and Biology-to-Design Design 

Spiral in biomimicry was to investigate the effects of methodologies, driven by 

principles, which became an important distinction that influenced the overall interaction 

patterns between research participants and the final outcome o f the projects. The 

researcher evaluated these choices as situated on opposite sides o f the spectrum and 

expected these methodologies to guide the teams toward two principally different 

solutions.
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The teams were chosen according to the scope of the projects. In the case using a 

biomimicry Biology-to-Design methodology the researcher recruited participants who 

would closely correlate with a typical composition of a team that would be interested in 

living systems, holistic thinking based projects. In the case using a bionics deductive 

approach the researcher recruited participants who were affiliated with military and 

medical fields to replicate the context in which the majority of the early bionics projects 

were completed. More precisely, for the Biology-to-Design (biomimicry) driven project 

the researcher recruited two industrial design students and one environmental science 

student, while for the deductive (bionics) driven project two industrial design students 

and one medical science student were selected.

4.3.1 Semi-structured Interviews

As part of case studies the researcher conducted six semi-structured interviews that 

informed the flow of the projects and aided in gaining a deeper understanding of the 

methodologies driven by the fields of bionics and biomimicry.

The first interview was conducted with Jill Steele Mayer, the daughter of Jack Steele, to 

bring insight to the transfer of knowledge from the biological template to the final 

product of bionics.
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Figure 12. Poster from the Bionics Symposium organized by the United States Air Force, 

Wright Air Development Division showing the 'symbol' o f Bionics developed by Jack 

Steele, 1961 (Kline, 2009). Reproduced with permission from Jill Steele Mayer.

Dad designed the symbol for bionics, which is shown on the cover of the 

symposium report you have pictured on your website. (I could find no other 

example or explanation of the bionics symbol on the Internet. The proper symbol is 

in color, and is slightly tilted to the right just as the mathematical integral sign is 

tilted.) Bionics combines the fields of biology, mathematics, and engineering. A 

design problem that has already been solved in nature is analyzed, and then the 

solution is recreated into a new engineering design through the language of 

mathematics. The three disciplines are represented by 3 separate elements in the 

bionics symbol. The scalpel (at the bottom left of the symbol) represents the field 

of biology and also the process of analysis (or understanding by cutting apart into 

smaller pieces). The welding iron at the top right represents engineering and the 

process of design and creation (putting together concepts into a new form). The 

mathematical integral symbol connecting the scalpel and welding iron represents 

mathematics which integrates the fields of biology and engineering. Mathematics is
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also used as a language to communicate the concepts discovered in nature's 

solutions, and to describe the new design in a way it can be synthesized, 

manufactured, or built (Steele-Mayer, 2012).

The interview partially guided this thesis, acting as a valuable supplement that bridged 

the Literature Review and case study methods. By focusing on the description of a visual 

symbol that, according to Jack Steele, perfectly represented the meaning of the term 

bionics, and outlining the importance of the mathematical integral symbol as an 

important tool that bridged biology and engineering, Jill helped inform the author's 

methodology of the case study, driven by deductive approach and heavily informed by 

mathematical models of the natural world.

The second interview was conducted with an expert from The Biomimicry Institute to 

inform the author about the Biology-to-Design methodology and its application in a 

design project. The researcher spoke with Sherry Ritter, an expert from The Biomimicry 

Institute, known as a Biologist at the Design Table, whose role is “to create a bridge to 

biological understanding. That is, to translate science language in such a way that a 

designer can easily make a link to their design challenge” (Ritter, Biomimicry Workshop: 

Costa Rica, 2010). Sherry informed the team working on the biomimicry challenge about 

the methodology employed at The Biomimicry Institute and encouraged the students to 

follow Biology-to-Design Design Spiral “to achieve successful results” (Ritter, Case 

Study 1: Biology-to-Design Methodology, 2011). Having an expertise in wildlife 

ecology, Sherry sees “biomimicry as a way to develop positive solutions to today’s most 

challenging human problems” (Ritter, Biomimicry Workshop: Costa Rica, 2010).
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A second set of interviews with a biologist and a naturalist, Professor Michael Runtz of 

Carleton University and a mechanical technologist and polymeries designer, Hans 

Koopman of E. I. DuPont Canada Co., was conducted at the very beginning of the first 

case study. The interviews contributed to a general understanding of two very different 

thinking patterns: one driven by a biologist and another driven by an engineer, creating a 

platform for testing the two approaches introduced in Chapter Three.

Two interviews were conducted at the end of the second case study with an infantryman 

of the Royal British Army and a doctor of emergency medicine at The University College 

London Hospitals. Similar to the interviews with Michael Runtz and Hans Koopman, 

they contributed to the flow of the case studies and, through this process, informed the 

researcher of priorities and approaches both experts chose while advising on biologically 

informed design projects. The second and third set o f interviews will be discussed in 

greater detail in the following section.

4.3.2 Direct Observations: Case Study 1 Biology-to-Design Methodology

The biomimicry Biology-to-Design methodology driven case study was conducted 

between October 1st and December 21st of 2011 as part o f a competition organized by The 

Biomimicry Institute. The project's design brief was broad enough for the application of 

the Biology-to-Design method and challenged participants “to create a technology, 

product, service, or process that would reduce greenhouse gas emissions by: (1) 

improving energy efficiency, or (2) improving energy storage, or (3) reducing energy 

consumption within a defined system.” (Biomimicry 3.8, 2011). The institute required the
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entry to have “a clear connection between a biological mechanism, process, pattern, or 

system, and the technological solution submitted; i.e., the solution must emulate a natural 

model(s).” (Biomimicry 3.8,2011).

Having been quantitatively dominated by industrial designers (a ratio of 2:1 excluding the 

researcher), the team naturally gravitated toward a Challenge-to-Biology method, despite 

a recommendation from The Biomimicry Institute to use a Biology-to-Design method. 

Members of the team began by brainstorming various challenges within the field of 

industrial manufacturing (since this is the educational background of industrial designers 

graduating from the Carleton School of Industrial Design) and settled on greenhouse gas 

emissions produced by the process of injection molding. This statement of the problem 

positioned the project within social, economic, and technological scope driven by 

biological prototypes that now needed to be identified.

The team decided to speak with two experts from the fields of biology and engineering 

respectively. The first interview was conducted with Michael Runtz, one of Canada’s 

highly respected naturalists, nature photographers, and natural history authors. A 

birdwatcher since the age of five, he “has lived, breathed and worked with nature all his 

life” (Runtz, 2011). The team prepared several questions, included in the Appendix D 

with one highlighted below due to its importance in bringing insight into subsequent 

steps taken in the project (Runtz, 2011):

Q: The reason there are molds in injection molding is to make duplicates of a

form. Are there any examples of such need in nature?

74



A: I'm not sure. In nature you don't think from the perspective of a mold. Hmm, 

that's a really good question, I really can't think of anything. Perhaps, a wasp's nest? 

But no that's more free-forming. A spider extrudes a thread, but that's extrusion. I 

really can't think of an example!

The conversation with Michael Runtz fell apart at this point, but the team extracted one 

valuable lesson: engineers and biologists think differently. After this interview, the team 

went on to speak with Hans Koopman, whose expertise included injection molded and 

blow molded polymeric applications. A conversation with Hans featured numerous 

technical details and examples of existing products and processes that employ injection 

molding in manufacturing industries successfully. However, the conversation was of no 

interest to the environmental science student who was part of the team due to an 

abundance of technical terminology and very specific knowledge. Industrial designers 

could relate to Hans' expertise very well and engaged in a discussion readily, however, 

the conversation produced no insights in regards to biological prototypes. It stayed within 

the realm of manufacturing technology of human systems (Koopman, 2011).

These interviews created a sense of confusion and the team decided to return to square 

one. The author, who was part of the team, steered the students back to the brief, 

articulated by The Biomimicry Institute and it was decided that instead of researching a 

challenge in the field of design, it was important to first look into the issue of greenhouse 

gas emissions.
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The team began with a very broad challenge of reducing the emissions and went on to 

explore strategies in nature that addressed similar scenarios. Various organisms and 

processes were researched and cursory information was brought together from the 

various sources, including interviews with biologists from The Biomimicry Institute, 

literature reviews, and nature walks.

Figure 13. Nature walk as part of the design process during Case Study 1 [Biology-to- 

Design methodology within the scope of biomimicry project]: Cedar waxwing nest and 

flow lines discovered and documented (Iouguina, 2011).

During one of the meetings the team spotted a spider in the Master of Design studio, 

where the gatherings took place. The environmental science student mentioned that 

spiders have glands that secrete protein containing molecules, which are dissolved in a 

water-based solution inside these glands: “while in the gland, the solution is viscous, but 

upon being drawn through spinnerets they become insoluble and ten times denser than 

the fluid state” (Environmental Science student, 2011). One industrial design student 

became excited about this information and mentioned the process of plastics extrusion, 

which is a high volume manufacturing process in which raw plastic material is melted
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and formed into a continuous profile. Another industrial design student stressed the 

importance of localized production and on-demand manufacturing as an inspiration from 

a spider. After much discussion, the team settled on the biological prototypes, which 

began with an inspiration of form and propagated into higher-level systems thinking by 

continuously evaluating the concept against Life's Principles (Biomimicry 3.8, 2011).

The next step in the process was to abstract the principles o f the biological prototypes, 

identifying areas in human systems and processes that can benefit from such strategies, 

thereby producing some representation of the biological prototype in the context of the 

challenge. The team recognized an opportunity to move away from high-volume 

production and embrace the use of low-energy processes, decentralization, and diversity 

in the industry of injection molded polymers: strategies informed by nature. The 

translation process of biological prototypes took the most amount of time and caused the 

project to run for much longer than the one driven by deductive approach.
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Table 8. A table o f biological prototypes and their translation into the language of design 

within the scope of Biology-to-Design biomimicry challenge (see Appendix B for details)

(Iouguina, 2013).

Biological prototype Life’s Principles Final Design

Injector head to inject various 
types o f  polymer bases, depending 
on the resulting mechanical 
properties of the final product that 
builds from bottom up.

0 . . e . .  Integrate development withSpinneret of a spider rr  r  growth

Form

Cedar waxwing nest 
building process

Be resource (material and 
energy) efficient; integrate 
development with growth

Inspiration for material sourcing. 
The bird's nest was spotted during 
one o f nature walks, and team 
members were amazed at how 
resourceful this bird was in finding 
local materials (including synthetic 
fibers) for the construction of its 
home.

Process Phenotypic plasticity in 
aquatic buttercup Evolve to survive

Process of a polymer product 
formation. Just as the buttercup 
readily produces dissected or entire 
leaves as a plastic response to 
growing in water or above it, the 
team has decided to adopt the same 
strategy for product design.

System Mycelial network

Use-life friendly 
chemistry, regions and also 
maintains its integrity in 
the face of damage. Adapt 
to changing conditions, 
and be locally attuned and 
responsive

System of manufacturing was 
inspired by how the network both 
transports nutrients between 
spatially separated source and 
receiving
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Figure 14. A rough diagram of biological prototypes abstraction and brainstorming of 

potential applications within the scope of Biology-to-Design biomimicry challenge. The 

drawings show a cell producing energy and a concept of an injection molding equipment 

that takes inspiration from mitochondrion (Iouguina, 2011).

Figure 15. An example of communication between an environmental science student and 

an industrial design student. An environmental science student explained the function of 

a spider’s spinneret through a sketch, which was then translated into a design of a 

biopolymer extruder by industrial designers (see Appendix B for enlarged version). The 

team addressed the form and process of the challenge (Environmental Science student

and Industrial Design student, 2011).
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Figure 16. A rough diagram of systems design solution following the emulation of 

nature’s strategies within the scope of the Biology-to-Design biomimicry challenge. The 

drawing depicts early stages of Life’s Principles assessment (see Appendix B for more 

details).The team went further to address the system of the challenge (Iouguina, 2011).

The team then proceeded to create a solution for the City of Ottawa that included product 

design and manufacturing, distribution, use, feedback, and post-use in a holistic closed- 

loop system for all polymer-based goods.

The project followed the guidelines for Biology-to-Design methodology proposed by The 

Biomimicry Institute and leaned heavily on the expertise o f an environmental scientist 

and biologists from The Biomimicry Institute, who led online sessions with the team. The 

final solution was titled ‘Phenomold: Re-imagining the system of manufacturing’, in

80



which the challenges of form, process, and system were addressed adequately enough so 

that the project went on to compete internationally in the finals o f the competition. Janine 

Benyus, the founder of the field of biomimicry, commented upon the completion of the 

project that the team’s work with principles of the biomimicry field was “well done”, 

confirming the team’s adherence to the principles and methodology of the biomimicry 

field. It is also interesting to note that Janine Benyus used the phrase “biomimetic 

blueprints”, an evidence that The Biomimicry Institute employs a use of the term 

biomimetics in its adjective form “to describe design that meets the definition of 

biomimiciy”, as it was later expressed by another expert in the online survey. However, 

Thomas Speck, an expert in biomimetics explicitly states that “biomimetics is not a 

blueprint from nature, but a creative transfer from biology to technics, i.e. a ‘new 

invention’ inspired by nature” (Speck & Speck, 2008).

Although most of the experts deemed the solution to be interesting and innovative, they 

were concerned with “generic application” of biomimicry principles and analogies being 

“too distant”, classifying the result as “high-level” with insufficient focus on form, and is 

unlikely to be implemented in its entirety into the existing manufacturing system (Experts 

at The Biomimicry Institute, 2012).

4.3.3 Direct Observations: Case Study 2 Deductive Approach

The bionics inductive approach driven case study was conducted between January 20th 

and February 18th in 2012 (one month) as part of a competition for the InnoCentive 

Challenge sponsored by the US Department of Defense. The team was required to
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“submit a design or blueprint-style sketch for a transportation device that can be carried 

into a hostile site by a single rescuer, that is quickly unpacked to load the injured person, 

and used to safely evacuate an injured or deceased person away from the hostile activity 

and into a helicopter” (InnoCentive, 2012). The project's design brief was highly specific 

and driven by constraints and technical requirements, rendering it a perfect scenario for 

an inductive approach investigation.

The case study followed the guidelines of deductive approach proposed by the field of 

bionics to design a medical transportation device for combat rescue. While the example 

of a Biology-to-Design method described earlier concluded with a high-level solution to a 

challenge that provided vague design brief, this deductive case was much more explicit in 

terms of the desired final product. The team relied heavily on the expertise of the 

infantryman and industrial designers, and benefited from the knowledge supplied by a 

medical student and a doctor of emergency medicine. It was natural for the team to 

follow a deductive approach, because the educational background of designers allowed 

them to understand the language of a design brief and technical requirements for a 

proposed solution. The challenge began with researching medical stretcher systems 

currently in use and their shortcomings and advantages.

After several days of research, the team quickly settled on three biological prototypes that 

were used in the design o f a final product: a lobster tail, snake muscle cords, and the 

coating of an intertidal fish. Individual species were further investigated if they seemed
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likely to provide useful information that could directly inform the designer. After 

evaluation, the strategies were translated into analogies, illustrated in Table 9.

Table 9. A table of biological prototypes and their translation into the language of design 

within the scope of bionics deductive approach (see Appendix C for more details)

(Iouguina, 2013).

Biological
prototypes Function of biological prototype Final design

“All crustaceans have an exoskeleton made of the protein chitin and 
calcium. This external shell, in addition to being protective, gives 
rigid support for the attachment of the muscles. The exoskeleton is 

Lobster tail made of separate plates connected by thin membranes. This
segmented exoskeleton creates joints, allowing the crustacean to 
move its body and appendages." -  Information provided by the 
medical student team member

Segments of device 
that are protected by a 
hard plate and held 
together by flexible 
membrane

“Snake musculature is very complicated, consisting of many 
different individual muscles and muscle cords. It is the coordinated 
interaction of the muscles which gives snakes their smooth gliding 

c . . motion. Three pairs of long muscle cords run along the backbone, ... „
e muse e connecting the vertebrae, and these are responsible for the smooth ..ows e .^T10.6 0

cords curving of the body. There are numerous muscles on the vertebral coUapse and deploy
processes, which, when contracted, bring about the tight curves or 
loops in the snakes body.” -  Information provided by the medical 
student team member

“The skin of intertidal fishes is generally tough, and so it can 
withstand repeated scraping against the substratum. Some o f  the
fishes (such as blennies and clingflshes) have no scales; in others „ fia  ersth  t 

Intertidal fish (such as gunnels and pricklebacks) the scales are greatly reduced and ,^s em 0
in still others (the gobies) they are attached very firmly. Many of the ecreases n
fishes secrete large amounts of mucus, which may provide 
lubrication in confined spaces.” (AskNature.org, 2012)
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Figure 17. Medical student communicating the analogy of lobster tail plates connected 

by thin membranes and the subsequent brainstorming session of all team members 

translating the biological prototype into a design concept (Student of medicine, 2011).

As someone who was well informed in die fields of industrial design, engineering, and 

biology, the researcher took on the role of facilitator to bridge biological prototypes with 

design concepts. Industrial design students and a medical student mainly concerned 

themselves with various technical requirements needed for the design, including slide 

sheets, spinal and pelvic support, etc. Very little attention was paid to biological 

prototypes beyond their functionality once they had been established.

The team separated into groups. Designers focused on addressing engineering details 

including hinges, straps, materials, and locks while the medical student concentrated on
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resolving issues dealing exclusively with anatomical knowledge, including the amount of 

segments needed to comfortably arrange an injured person and situations dealing with 

amputees.

tst*4s reAfseiy*
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Figure 18. Diagram of translation from design brief to biological prototypes to design 

concept. Image on the left illustrates one example of a biological prototype that never 

made it into a final design (a corrugated folding pattern of Hornbeam leaves). Image on 

the right shows priorities chosen by the medical student (requirements for comfort of the 

patient) and informed by the infantryman (evacuation procedure from the line of fire)

(Iouguina, 2012).

In the final stages of design the researcher conducted two interviews with an infantryman 

of Regular British Army and with a doctor of Emergency Medicine introduced in the 

previous section. The experts informed the team of any final details that were missing 

from the design, such as “integral pelvic splint”, “extendible distal segment”, as well as
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offered their opinion on the project. Although, the researcher asked for their opinion on 

the biological prototypes used in the design, both interviewees expressed their interest 

solely within the context of the final product.

Case studies allowed for investigation of practical applications o f  methodologies and 

principles of biologically informed design, namely a Biology-to-Design Design Spiral of 

biomimicry and a bionics-based deductive approach. The case studies have illustrated a 

clear divide between the two approaches supplemented by the principles of the fields, 

which led to two very different results.

4.4 Biomimicry driven project yields different results from bionics driven one

Using experimental case studies introduced in the previous section, this section compares 

a Biology-to-Design methodology originated from The Biomimicry Institute to the 

deductive approach proposed by The Institute Europo di Design. Variations are explained 

as effects of expertise and educational background.

The author expected two major factors to affect the outcomes o f  projects: the 

methodology (deductive vs. Biology-to-Design) and the principles (bionics vs. 

biomimicry). Expertise would be expected to correlate with educational background and 

field experience. For example, industrial design students would be more familiar with 

deductive approach, driven by a design brief; environmental science and medical students 

with a Biology-to-Design method. The author began the case studies without any
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hypothesis as to how expertise would affect the design process — the experiment was to 

test about differences between bionics and biomimicry principles and methodologies.

The researcher took on the role of balancing the two methodologies depending on where 

the process might lead the team. Having become comfortable with establishing a design 

brief early on in the project, designers began with lists of requirements and limitations 

during both case studies. In Case Study 1, designers naturally gravitated toward 

establishing a challenge, despite recommendations of The Biomimicry Institute, and 

introduced a design brief early on in the project. In Case Study 2, one designer 

immediately took on a role of managing functional requirements for the project and 

designed the following diagram, as shown in Figure 19.

Dm M  and Required Features

Lewi ot Inherency of Features

Lightweight
%

Prtmwy

Secondary

Figure 19. Industrial design student developed an illustration o f design requirements for 

Case Study 2, prior to seeking biological prototypes (Industrial Design student, 2012).
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After an unsuccessful attempt at employing a deductive method in the Case Study 1 

challenge, the team was guided back by the researcher to the statement of the problem 

and biomimicry principles and methodologies. Although the team could have continued 

on the same path with successful results, it would not have been able to achieve such a 

high-level solution as it did, possibly concluding with the first level of biomimicry (form 

and function inspired by nature).

By the time the team was getting ready to clarify some questions in regarding to the 

project with Sherry Ritter (Biologist at the Design Table) of the Biomimicry Institute, the 

project manifested into an exploration and design o f a holistic system for polymer 

product manufacturing, focusing on all levels o f production, distribution, and 

consumer/post-consumer use.

Experts at The Biomimicry Institute expressed a clear affinity toward biology-focused 

questions rather than challenge-focused ones. For example, when asked “Are there any 

analogies to “molding” plastics in nature? That is, creating (and duplicating) form using 

external elements, such as in injection molding process?” the question was quickly 

rephrased by the expert into “How does nature manufacture polymer shapes?” This 

instance reminded the author of the interview with Michael Runtz, described in the 

previous chapter, in which communication between biology and design were hampered 

by the lack of common language. Such pattern o f communication presents a preference 

by the experts at The Biomimicry Institute for Biology-to-Design method. Although,

88



Challenge-to-Biology method also exists in the portfolio of the institute, it does not 

appear to be as popular with the experts, the majority of whom have a biological sciences 

background. Therefore, the author asserts that the latter methodology is not as well 

supported by The Biomimicry Institute, possibly due to the disciplinary bias rooted in the 

lack of understanding of how designers and engineers operate.

In Case Study 2, since the design brief was known to the members of the team from the 

beginning, it was only natural for the team to employ a deductive approach to the solution 

of the challenge. There was a lack of focus on biological prototypes, which the author 

attempted to mediate with no success -  once the design brief was established, there was 

no room for inductive or Biology-to-Design approach. Instead, problem statement drove 

the progress of the project, while biological prototypes took on a secondary role as an 

inspiration for form and function. A student of medicine provided expertise within a 

context of requirements informed by the knowledge of human anatomy. Industrial design 

students took on a role as experts in technical requirements, creative conceptualization, 

and user-centered approach.

As mentioned in the previous section, the students settled on biological prototypes much 

more quickly than students in Case Study 1 did and moved on to solve technical 

problems. This instance reminded the author o f the interview with Hans Koopman, 

described in the previous chapter, in which discussion of biological prototypes and 

existing manufacturing systems was predominantly leveraged on the technical side. This 

pattern of communication illustrates a strong preference by designers for a deductive or
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Challenge-to-Biology approach while working on a project within a context of 

biologically informed design.

In the first case study, industrial designers were catalysts for pushing the project in the 

direction of a Challenge-to-Biology method, while an environmental scientist was more 

concerned with directing the project toward a Biology-to-Design approach. In the second 

case study, the design process was more accelerated, because both medical and industrial 

design students were focused on the design brief and requirements presented to the team 

at the beginning of the project. Discussion about the appropriateness of biological 

prototypes was scaled to a minimum, while addressing technical issues of the design was 

elevated to the highest priority. The deductive approach appeared to work well in the 

context of improving an already existing technical product, while it failed to inspire in the 

case of the biomimicry challenge. Based on new insights in biological functions, 

structures, processes, and systems, a Biology-to-Design methodology can be applied to a 

large number of problems if the principle is understood and the abstraction has been 

successful.

Both case studies informed the author of clear differences between practical applications 

of bionics and biomimicry, driven by methodologies and principles proposed by the 

fields of bionics, biomimetics, and biomimicry. There appears to be a need for a more 

active presence of designers in the field of biomimicry and a more active presence of 

biologists in the field of bionics, as well as a need for a mediator, who is well informed in
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both disciplines of biology and design. To understand the methodology of the field of 

biomimetics, more research needs to be conducted.

4.5 Chapter in Review

In respect to the present research, data and methodological triangulations were 

accomplished through collecting the data from different sources and by using multiple 

methods, including: online expert survey, semi-structured interviews, and direct 

observation to answer the research question: “How do the fields of bionics, biomimetics, 

and biomimicry differ from each other?”

The fields o f bionics and biomimicry differ in context and objective. The researcher 

established through the online survey that the main difference between the fields lies in 

their intent. The primary 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 the field of bionics is primarily dominated by functional biologists and 

engineers, while the field of biomimicry is more welcoming o f ecologists, environmental 

scientists, designers, architects, and economists. The field of biomimetics was found to be 

the least concrete in its broad context and objective, however it differentiates itself by 

specializing in the materials science and its focus on mechanical capabilities.
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The fields o f bionics and biomimicry differ in the way o f reasoning. Through the semi

structured interviews the researcher established thinking patterns in the fields of bionics 

and biomimicry. It was uncovered that the experts in the field of bionics -  driven by 

engineers -  employ largely a quantitative deductive approach of applying scientific 

knowledge and mathematical analysis to the solution of practical problems, while experts 

in the field of biomimicry -  driven by biologists -  prefer a qualitative inductive approach 

of observing, recording, analyzing and abstracting, before introducing a practical 

problem.

The fields o f bionics and biomimicry differ in resulting solutions. Through observation 

the researcher established that biology-driven project yielded vastly different result than a 

design-driven one. A biology-driven project resulted in a solution firmly grounded in life 

sustaining principles, yet lacked real-world applicability, while a design-driven project 

resulted in an applicable mechanically innovative solution that lacked in sustainability 

focus. A biology-driven project naturally gravitated toward a combination of inductive 

and abductive approaches, while a design-driven project focused on a deductive 

approach.

As a result of these findings, the researcher was able to conclude that the field of bionics 

is primarily suitable for biologists and designers interested in technical complexity of 

projects with a focus on technological innovation, whereas the field of biomimicry is 

more appropriate for biologists and designers driven by nature-focused ethos and seek
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minimal technical complexity. Finally, the researcher confirmed that an abductive 

approach may be beneficial as a design tool in the field of biomimicry.
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CHAPTER 5

CONCLUSIONS & SUGGESTIONS FOR FUTURE RESEARCH

5.1 Discussion of Terminology within the Fields

Using the responses from the online survey and information from the Literature Review, 

it became possible to answer the question “How do past and currently active experts 

perceive and define the fields of bionics, biomimetics, and biomimicry?” In some of the 

definitions presented in the survey and literature review there are indications that the 

applied fields of biologically informed disciplines could be considered a subclass of 

sustainable design. However, the term sustainable design is excessively vague, general, 

and cuts off applicability within the fields of biomimetics and bionics to be entirely 

meaningful.

It is clear that all three fields are highly interdisciplinary in nature, yet they collaborate 

with one unifying discipline biology. As a result of analyzing the definitions presented by 

experts, it became clear that the core meaning component of the overarching term that the 

author introduces in this thesis comprises the following structure:

Biologically Informed Discipline is: the informed interpretation of [X] in order to address 

[Y] for the purpose of [Z].
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The common denominator for [X] is ‘biological research’ 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 o f 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.

5.2 Discussion of Methodology within the Fields

As a result of case studies supplemented by the Literature Review, it is now possible to 

answer the question “How do the fields of bionics, biomimetics, and biomimicry differ in 

practical application?” As discussed throughout this thesis, two fundamentally different 

methodologies can be distinguished in the fields of bionics, biomimetics, and 

biomimicry.

Although the field of biomimetics has introduced an extended top-down process and The 

Biomimicry Institute proposed a Design Spiral as its primary methodology, both exhibit
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overwhelming characteristics o f deductive and inductive reasoning. Is there a place for 

abductive reasoning in biologically informed disciplines? Brian Bums, former Director of 

School of Industrial Design and present Director of Environmental Science Institute, once 

quoted Wim Gilles, the founder of School of Industrial Design at Carleton University:

“Design is never a proven process. It’s a matter of trial and error. Eventually, you will 

discover if it doesn’t work.”

“Whether they realize it or not, designers live in Peirce’s world o f abduction; they 

actively look for new data points, challenge accepted explanations, and infer possible 

new worlds” (Martin, 2009). The author proposes that perhaps this is why design is a 

suitable discipline for bridging biology with applied sciences and arts. By posing the 

question “What is the process behind the end result?” it can be asserted that evolution 

works in precisely the same way as design.

S.3 Conclusions and suggestions for further research

Several questions about the fields of bionics, biomimetics, and biomimicry brought the 

author to this thesis. When the author began to study the terms used to describe the fields, 

she discovered that her attempt to find a general understanding o f  bionics, biomimetics, 

and biomimicry was ineffectual due to disparate definitions and general confusion 

dominating the field of biologically informed disciplines. Volumes of studies of historical 

accounts and principles of the fields o f bionics, biomimetics, and biomimicry were not 

balanced by equally thorough research into their contemporary state, as seen through the

96



eyes of experts researching and practicing bionics, biomimetics, and biomimicry. This 

thesis contributes a study of terminology through extensive reading, listening, and doing. 

The findings obtained through primary research (experimental case studies, an online 

survey of experts in the field of BID, and casual conversations with experts), in 

combination with secondary research findings (literature review) allow movement toward 

a general understanding of the differences and similarities between the fields of bionics, 

biomimetics, and biomimicry.

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 communication and interdisciplinary collaboration, a common understanding of 

certain terms is essential. Key elements of discourse that become integral and familiar to 

practitioners is shaped by both history and the culture of the various disciplines.

Language evolves, it is plastic, fluid, and profoundly knowledge creating. Language can 

also be isolating and inhibitory to interdisciplinarity when terms ‘familiar’ to both parties 

have acquired different meaning. The objective of this thesis was to critically review and 

research the historical and contemporary use of the terms ‘bionics’, biomimicry’ and 

‘biomimetics’.

Finally, within the scope of collaboration between biologists and designers, the author 

suggests that the term biologically informed design has a potential utility, as an umbrella 

term, in interdisciplinary discourse. The term has a potential to embrace all the tennets of
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bionics, biomimetics, and biomimicry, thereby incorporating additional value from the 

three fields into the field of biologically informed disciplines.
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GLOSSARY

Abductive Reasoning

Bioregionalism

Biophilia

Cradle-to-Cradle Design

Cybernetics

Design

“Is a form of inference that goes from data describing 
something to a hypothesis that best explains of accounts for 
the data. [It] is a kind of theory-forming or interpretive 
inference.” (Josephson & Josephson, 1994)

“Is concerned with ‘home’ regions defined according to 
physical and biological interactions that describe ecosystem 
dynamics” (Duane, 1998)

“The innate tendency to focus on life and lifelike processes 
[...] in which instinct is aligned with reason” (Wilson, 1984)

Is the kind of design that embraces the following principles 
(MBDC, 2013):
Material Health: Value materials as nutrients for safe, 
continuous cycling
Material Reutilization: Maintain continuous flows of 
biological and technical nutrients 
Renewable Energy: Power all operations with 100% 
renewable energy
Water Stewardship: Regard water as a precious resource 
Social Fairness: Celebrate all people and natural systems

“Is a scientific study of control and communication in the 
animal and the machine” (Wiener, 1948)

In the context of this thesis, design is a discipline that 
“develops innate abilities in solving real-world, ill-defined 
problems, sustains cognitive development in the 
concrete/iconic modes of cognition, and offers opportunities
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Ecological Design

Frame Semantics

Living Systems

Pragmatism

for development of a wide range of abilities in nonverbal 
thought and communication.” (Cross, 2006)

“Is any form of design that minimizes environmentally 
destructive impacts by integrating itself with living processes” 
(Van der Ryn & Cowan, 1996)

Is a subset of semantic theory, which states that “the meaning 
of a word can only be understood against a background frame 
of experience, beliefs, or practices that ‘motivate the concept 
that the word encodes’” (Goddard, 2011)

Are “open biological systems rich in emergent properties [...] 
and endowed with capabilities such as reproduction, 
metabolism, replication, regulation, adaptedness, growth, and 
hierarchical organization” (Mayr, 2004)

In connection to abductive reasoning, pragmatism is “a 
method of reflection with the aim at clarifying ideas and 
guided at all moments by the ends of the ideas it analyzes” 
(Aliseda, 2006)
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How do you Interpret Hie term ‘mimicry* within the fMd* of biology and design?

In your prof asoinnal opinion, do— 'bin mimicry* = 'biomi me ties' = 'bionia*?

©  Yes 
©  No

Why or wiry not?

In reference to  the previous question.

If you could mte only one of the foMoaring terms to describe the process of being inspired by nature to salve human 
problems, which would yoo use?

©  bionics
©  bio-inspired engineering 
©  biomimicry
©  bioiogicaHy inspired design 

©  biom im etics 

©  O ther, p lease specify...

Making a dear distinction between the meanings of the above terma is, or could be, very useful.

©  Strongly disagree 
©  D isagree 
©  Undecided 
©  A gree 
©  Strongly ag ree
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Making i  dear distinction hBhm w the meanings of the above terms Is, or could be, very hmM .

©  Strongly disagree 

©  D isagree 

©  Undecided 

©  Agree 
©  Strongly ag ree

In your opinion, why should designers  learn front nature?

0  To practice sustainable design 
0  To apply to  cybernetics and system s design

0  To achieve technological innovation in the field of biom edical engineering 
0  To produce synthetic m aterials and products th a t mimic natural ones 

0  O ther, p lease specify...

Which of th e f  oMoarlng b est describes your educational background?

©  Interdisciplinary 

©  Sciences
©  Design and A rchitecture 
©  Engineering 

©  A rts and Humanities 

©  O ther, p lease specify...

Which best describes your field of work?

©  biomimicry 

©  biomimetics 
©  bionics
©  bio-inspired engineering 

©  biologically inspired design 
©  biophiKa

©  O ther, p lease specify...

Hour long have you been Involved in your field?
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RULES & ELIGIBILITY

Eligibility

Updated 26 November 2011

1. The entry must involve a technology, product service, or process that w l reduce greenhouse gas emissions by:
(1) improving energy efficiency, OR (2) improving energy storage, OR (3) reducing energy consumption wthin a 
defined system (e.g., your beat transportation network or your colege campus)

2. The entry must show a dear connection between a biological mechanism, process, pattern, or system, and the 
technological solution submttad; le., the solution must cmutate a natural models).

3. Etgble teams may subnet only one entry per team
4. Entries must describe an entirety new solution. Projects wthin ex»bng businesses are NOT etgble for entry.

Team  Membership

1. Because this Chalenge is a combination of a ctoss (so teams can effectively apply biomimicry to ther entries) and a 
companion, each team is required to pay a S2S registration fee. Once registered, teams wl have access to s 
weath of Resources from The Biomimicry ktsfibite. Prior to registration, anyone may see the let of evitable 
resources but not the resources themselves.

2 A team must be comprised of a minimum of two ndividualB and a maximum of eight individuals
3. Students are strongly encouraged to form hterdiBcpinary teams and to include at least one team member who is a 

biologist
4. Students are atgbte to participate onty on a single team
5. At the time of submission el team members must be enroled ins degree program at aunrverely. Team members 

may include Undergraduates, MBAs. MO candidatss. JO candidates, other Masters candidates. PhO Candidates, and 
indNiduate in Unwersty Postdoctoral poebons.

6. Students who graduatod in file preeedktg academic year era not ntgfote to participate.
7. Facuty and external mentors are encouraged to eerve as team advisors. Facuty may serve as advisor to more than 

one team.
8. Teems may designate a specific facuty mentor during the registration process. Once a team designates s facuty 

mentor, he or she wl have access to the fol Resources.
9. Each team must designate a Team Manager who wB be reaponsiiie for managing the team presence onine and 

submlfing the buk of required materials.
10. Only team members can present the taanfs work and answer questions from the judging panels.
11. Biomimicry Qroup staff and Board of Directors, Biomimicry hattute staff and board members, and members of the 

judging panelfor the Biomimicry Student Design Chalenge (BSOC)ara not eights to eerve as imfividual team 
advisors. However, designated Biomimicry tnstlute staff wB be avaiablo to answer questions and provide guidenco 
to Chalenge participants as s whole.

12. BSDC program staff reserve the right to make a final determination of a team’s eigbdty
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TEAM  E.H U X  I OTTAW A, C A N A D A  IN T R O D U C T IO N

As a  result of our research. It has become evident that a  
change on systems level In the design and manufacturing 
of products wil yield greatly reduced carbon emissions. Our 
ovaral aim is to re-imagins product design, manufacturing, 
dstributkm, use. feedback, and post-uae In a holistic 
doeed-loop system for a l polymer-based goods.

W» reabad that the design of a  product (as represented 
by CAD data) is equivalent to the DMA (or genotype) of 
the product and the mold is the physical manifestation 
(or phenotype) of this Information. By viewing products as 
organisms In their own right we were able to envision a  
sustainable future for product design in general.

By expanding on Smart Mold technology researched by 
MIT Media Lab's Mediated Matter group, we cut wasteful 
and expansive steel tooting out of the typical polymer 
manufacturing process. The fact that smart molds can be 
driven directly from CAD with no intermediary, opens up a  
number of exciting possibilities tar a  revolution in product 
manufacturing:

Polymer products are currently Imltsd by the shape of their 
steel mold, which has only ever changed once the profit 
of adapting the product outweighs the exorbitant cost of 
tooting a  new mold. With Smart Mold technology, the form 
of parts can be changed on the fly, even in the middte of a 
production run, by simply modifying the driving CAD. This 
allows products to be subfect to a more natural evolution: 
one of continuous iteration.

Also, the mold will aHow parts to be formed in a  series of 
overmdded layers, each with their own structural quaities 
as required. The material infected would be mixed on 
demand, similar to how a  spider mixes silt from a  variety 
of spinnerets  or how cedar waxwing sources its materials 
for nest bulking. Each of the various material components 
would provide a  dfflerant mechanical property, which could 
be fine-tuned by varying the combination ratios.

Crucial to our proces s  is the tact that a l the component 
materials are localy sourced, biodeyadable biopolymers 
and additives- After th e  product Is past its use phase, 
the materials are composted and returned to the material 
stream from which new parts are produced.

Biodegradable, breakaway packaging can be molded 
around parts as part o f the main fabrication process. A 
foamed polymer could encase the part for safe transportation 
without the need for another external process.

We have Investigated the flow of products and compost 
streams, energy management atthe plant and In participation 
with the municipal programs In Ottawa area, and the user 
feetflaack cycle that a low s products to become more and 
more appropriate with each iteration.
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FIG U R E  1 0 0 0  M O L D  D E S IG N

Polymer Feed 

Injector Head

Jamming Beads

Vacuum Pump

Mold Skin

Pm Array

A vacuum a  apptiod to the jamming pack, 
locking the beads in place, and drawing the 
outer mold akin into contact with the set pine

The set-pm array is actuated by fusabie 
aaoy microclutch, driven by CAD data

Excees jamming beads are puahed to 
the overflow edges

P a r tin g  L n e

F IG U R E  2 M O L D  D E S IG N

Structural additives and varying bopiasbcs mix on-damand in the injector head

Sactlona of the part may have differing structural requirements , 
and can thus be produced with different materials without demolding

Glycerol is pumped through the beckplate and into each hollow pin, 
cooling the part at the mold surface

•  a •  • a a
& aj«

mmsmsmmsmm

'  Each set pm Is hoflow, and Is encased fei a  watertight meeh

- Glycerol pumps through the pin, apraya against the inside of 
the mold surface, and is re-uptakan through the mesh

The energy removed from the mold by the glycarol is then 
recaptured In a  heat exchanger and reapplied ki the raw materials stage
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NATURE LESSO N S

E volve to  su rv ive

Replicate strategies that work

Integrate tfie unexpected

Reshuffle information

B e re e o uroe  e ffic ie n t

Use multi-functional design

Use low energy processes

Recycle all materials

Fit form to function

RESEARCH LESSO N S DESIGN REQUIREMENTS

E xisting m anufactu ring  ey stem  o f po lym er p ro d u c ts  
is  rig id  an d  d o s s  n o t e n c o u ra g e  dynam ic d e sign
p f O C 6 N 6 §

Co-cmatton at the front end of the design process wit require 
companies to have new attitudes and mindsets about the people 
formerly known as ‘customers* as well as broader perspectives 
on the meaning of 'value*.
Existing manufacturing system does not Integrate product 
failure into the process. Mistakes made during the design and 
manufacturing stages are often discovered altar thousands 
versions of a  product are steady shipping around the world. 
This results in mass or Individual product recalls, extended 
development stage, loss of capital.

Polymer product manufacturing doee not have to be divided or 
limited to existing processes, such as Injection molding, vacuum 
forming, blow-moiding, etc. These processes are limited by 
available tootng.

P ro duction  o f po lym er p ro d u c ts  th ro u g h  v ario u s 
m an u factu rin g  p ro c e s s e s  (m ainly, infection  
m olding) is  a x trsm sly  w id esp rea d . H ow ever, th e  
ex istin g  sy s te m  is  highly wa s te ful (en erg y  an d  
m ate ria ls), g lobally  o rie n te d  (o ffsh o re  p ro d u ctio n ),
a n d  rela tively s ta tic  (few  Im provem ents )__________
An opportunity to combine manufacturing processes exists 
within the sector of polymer products production.

Raw material extraction, compounding, and transportation 
are phases of life cycle assessment in polymer products 
manufacturing that require the most energy.

Presently, polymer products manufacturing Is dominated by 
cradle-to-grave approach: from extraction of non-renewable 
resources (e.g. OK) to disconnect between the producer and the 
customer, leaving the end user responsible ter disposal of tha 
product.

The tools and cores for injection molding are generally machined 
from either aluminum or tool steel. The tools are very complex 
parts of the process and are virtually impossible to modify, once 
machined.

M ust c re a te  a  dynam ic m an u factu rin g  pro o aa a 
thart w l  sdow  In crem en ta l c tw ig e a  In d a algn 
an d  m anufactu ring  s lr d s g is s , said  e n c o u ra g e  
co n tin u o u s flow  o f in form ation  b e tw e e n  
c o n iw u n i, d M ig n a ri, M id n w n u tao tu fv n i 
Succass of a designed product See in its evolution and continuous 
incremental improvements. The system must employ co-creatbn 
as a strategy that win ensure a  continuous connection with the
end-user, and Incremental innovation.______________________
Deelgner, Manufacturer, and User ere closely Interconnected 
through the 'vascular' system. Mistakes must be resolved 
Incrementally without major overhaul, as the dynamic mold 
allows, and as information about product malfunctions Is being 
uploaded Into a  local database. This leads to a  new paradigm, 
where mistakes are solved quickly and effectively, with minimal 
coat, while fostering a trust relationship with the customer.
The proposed system must no longer dtstingutah between 
manufacturing processes, but rather alter Ms stats depending 
on the process. The reshuffling takas into account necessary 
mechanical properties of designed product and the shape of the 
mold.

P ro d u c tio n  p ro o a a a  m u st ta k a  a d v a n ta g e  o f 
O ttaw a re so u rc e s : n a fu ra ly  d eriv ed  p la n ts  fo r
pofym er p ro d u ctio n  a n d  th e  m o st effec tiv e  en e rg y  
a o u -c e  fo r th e  g eo g rap h ica l lo catio n . It a lso  
b e n e fits from  fo ste rin g  re la tio n sh ip s w tth  local
■trtohofctarv
Smart mold must address versatile design forms and packaging 
options, wooden mold Incorporates texturtng abatles, waste 
S used as energy source, mold cede are used for forming and
cooling._________________________________
The system must employ phncipiee of low energy use by localizing 
production (manufacturing on demand, reduced transportation); 
minimizing the use of non-renewable resources: employing 
recycled aluminum; re-deslgnlng compounding stage to decrease 
energy consumption; and using waste as an energy source.
The system must adopt a  cradto-to-cradfo approach: 
malfunctioning or end-of-usefuMife products can be sent to 
a  local manufacturing plant tor parts analysis or composted In 
the garden. Further recycling can be achieved upon using post
consumer recycled plastics In place of virgin pofymer matrices 
for composites. These can be obtained through collaborative 
relationship with local businesses.
The system must modify the shape of the mold based on need. 
CAD software acts as a gsnotype of the final product, and mold 
employs phenotypic plasticity In response to continually evolving 
design.



NATURE L E S SO N S RESEA RCH L E S SO N S DESIG N REQUIREM ENTS

A d ap t to  ch a n g in g  oondW ona

Maintain Integrity through salt renewal

Embody resilience through variation, redundancy, and 
decentralization

Incorporate diversity

R esp o n d  to  O tta w a ’s  p re s en t eco n o m ic  
ch aB en g ea , g o vern m en ta l p re s e n c e  (a c tiv e  
Involvem ent  In poS cy m ak ing ), a b u n d a n c e  o f 
re n e w a b le  n a tu ra l re s o u rc e s , den sM o atlo n  o f c ity  
c o re

Present system encouraoes passive Involvement of the customer 
within the design process, which leads to the feeling of frustration 
(evidenced by DIY websites, hacker communities). Such 
model hinders the seamless and incremental evolution of the 
manufacturing sector.

Polymer product manufacturing model a  largely operating 
offshore. This introduces product quality, supply chain, payment, 
and communication risks.

Although, diversification Is taking place in the world of injection 
molding (as an example of polymer products manufacturing), 
the tooling, cores, and static temperatures and pressures within 
the process are limiting the Innovation in the design stage. 
Additionally, the facilities rarely take advantage of the expertise of 
local producers.

T h e facflity  m u st e m b ra c e  a coH aborative m odel 
b y  a c tiv e ly  p a rtic ip a tin g  In th e  com m unity  a n d  

i  c o o p e ra tin g  w ith  lo c a l b u e ln sa e a a  It m u st re d u c e  
Ite  d e p e n d e n c e  o n  c i  e x tra c tio n  to  th e  m inim um  
a n d  re ly  o n  re n e w a b le  b io -re e o u ro e e  looal to  

I O tta w a  re g io n .
: The proposed system must employ a  dynamic interaction j 
between customers, designers, and manufacturers. Users have 

: access to the facilities tor tours, can send In their suggest ions 
for Improvement. The principles of operation of the facilities are 

i  transparent to the customer. Such model wi« allow the customers 
j to send In their broken parts for repair, replacement, or analysis to : 
further Improve the product

j  Ottawa production must be more cost effective than manufacturing i 
j overseas and eliminate the risks of offshore aourdng. Although, itI 
j  should be tied into the global network, the system can establish ; 
;  on-demand production through decentralization and wll allow i 
tor sustainable renewal of natural resources. Variation must be 
Introduced through smart mold design, and redundancy must be i 

i  employed through various Information flows between producers 
; and costumers.
i  Thesystem must employ the principles of interdisciplinary approach j 
to manufacturing, bringing In tha diversity of suppliers, producers, 

i and users to meet the design, manufacturing, and human factors ; 
j  criteria The manufacturing process must accommodate the 
experimentation with emerging natural materials earty In the ' 

: product's development, and exploration of versatile markets to r . 
implementing theee materials. 1

In te g ra te  dovo lo p m o n t w ith g ro w th

Combine modular and nested components

Build from the bottom up
.......... - .......

Self-organize

T he m ajo rity  o f p re s e n t p o ly m er p ro d u c ts  
m an u factu rin g  s y s te m s  ta rg e ts  g ro w th , a n d  
fa v o u rs u n su s ta in a b le  d ev e lo p m en t

Although, several advancements in mold manufacturing are 
taking place. Including retractable cores, and multishot injectors, 
the overall structure can be thought of as monolith.
Present system does not allow for dynamic part manufacturing. 
The most adaptive process can be considered overmoiding 
Present system of polymer products manufacturing does not 
allow far dynamic interaction within the components, whether it Is 
mold and part, or manufacturer and customer.

: T he sy s te m  m u st few est In to  re n e w a b le  
re s o u rc e s , c o t a b o r aflv e  m o d e ls , c ra d to -to -c re d le  
p rin c ip le s, toc a fa e d  p ro d u c tio n , a n d  o n -d em an d  
m an u fac tu rin g . Finally, th e  d e s ig n  o f th e  m old  
aS o w s fo r  g ro w in g  co m p lex ity  a s  tech n o lo g y
p e rm its ._____________________________________________|

i The propoead smart mold must be composed of progressively ; 
i complex layers: from a  slicone cover to the selective cooling ; 
system and computer aided molding process.
The part la built layer by layer, not unlike in natural systems

[The proposed design of a  mold will atow tor continuous Interaction . 
j  with the part: selective cooling wll alow diversely functional j 
j  sections within a  part (Integral hinges, packaging perforation), ! 
| embedded texture, overmoiding. The design of the ovaral system i 
j wtt allow for dynamic interaction between the customer and i
I manufacturer leading to continuous Innovation._______________ !



NATURE L E S S O N S

J  B e locafty  a ttu n e d  a n d  re sp o n s iv e

! Dm  readily available materials and energy

Cultivate cooperative relationships

i
Leverage cyclic processes

! Use feedback loops

R E SE A R C H  L E S S O N S  D ESIG N  REQ U IR EM EN TS

Re s p o n d  to  O tta w a 's  p re s e n t  ec o n o m ic  
c h a fte n g e e , g o v e rn m e n ta l p re s e n c e  (a c tiv e  
in v o lv em en t in  p o licy  m ak in g ), a b u n d a n o e  o f 
re n e w a b le  n a tu ra l re s o u rc e s , d en a fflc ab o n  o f d ty  
c o re

Oil, virgin aluminum extraction, and steel production sectors 
have stated that ttiey intent to cut back on production and 
expansion plans win go into conservation mode. Naarty all of 
Canadian steel is now owned by foreign markets, making the 
manufacturing of steel molds costly and inefficient.Ontario 
province possesses the highest number of farms in comparison 
to the provinces and territories, with roughly 59,728.

Social sustainability is at the heart of Ottawa's character. 
Colaboratlve relationships are being continually estabishad In 
academic. Industrial, and pubic sectors. One of the advantages 
of Ottawa is the presence of government and a strong academic 
base, densHled dty core, and closely-knit community. The
opportunity for cooperation Is Immense.____________________

The present pofymer product manufacturing system generates 
discharges and waste along the entire life cycle of the product 
(from raw materials to final disposition).

The existing system employs a  passive feedback loop, which 
delays the reaction significantly.

T h e fa c ttty  m u s t e m b ra c e  a  o o ta b o ra tiv s  m o d e l 
b y  a c tively  p a rtic ip a tin g  In th e  co m m u n ity  a n d  
c o o p e ra tin g  w ith  looaf b uein s a s o s . It m u e t re d u o e  
its  d e p e n d e n c e  o n  oil ex tr a c tio n  to  th e  m inim um  

; a n d  re ly  o n  re n e w ab le  b fo-r s s o u r o s s  a n d  a o la r 
p a n e ls  (m a n u fa c tu re d  in  O n tario ) lo ca l to  O tta w a
re g io n .

The faclity must colabor ate with local farms, sustainably harvest 
forests for wood (through partnership with FSC), support aobr 
panel production through partnership with Grasshopper Solar, 

i and wind power generation through partnership with Trillium 
I Power Wind Corporation (Ontario la one of the leading producers 
of renewable wind power In Canada). Solar concentrators and 
geothermal, energy for heating.

The system must establish partnerships with renewable energy 
sectors, midscale farms, local businesses, organizations, waste 
management sector, human resources, and policy-making 
departments.

| The material and energy systems must return to their original 
' state after completing a  series of changae.The proposed system 
| doses the loops by integrating synthetic polymers back into 
! the cycle through scrap management, and natural polymers 
i  through composting. The design cyclic process begins with initial 
! Iteration, follows into production, analysis, and feeds back into
| the design phase._______________________________________
j The proposed system actively engages all stakeholders within 
I the information flow, increasing the effectiveness of design and 
| manufacturing process. For example, waste management of 
j all produced goods is integrated within the facility. This allows 
i  customers to txing/aend parts in for repair and analysis, and 

make design decisions accordingly.
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Blueprint a Medical Transportation Device 
for Combat Rescue

TAGS: Physical Sciences, Engineering/Design, Life Sciences, Tec*Edge (Air Force). 
TheoreticaHi censing
STATUS: A w arded  | ACTME SOLVERS 1751 I POSTED: 12/28/11

Denver a concept/design for a next-generabon medical transportation device that 
enables a rescuer to quicldy and safely transport an injured person away from 
an active combat site

This Challenge requires only a written proposal.

Source: InnoCentive Chateege D: 9932705

Challenge Overview

This Challenge is seeking innovative designs for a transportation device that can be carried 
into a combat site by a single rescuer, quickly unpacked to load an Injured or deceased 
person, and used to safely evacuate the injured or deceased person away from the combat 
zone and into a helicopter.

The current design is a collapsible medical stretcher that u se s  straps to secure the patient 
but straps are too slow to deploy in the field Any design is acceptable as long as it meets all 
requirements; detailed Technical Requirements are available in the fell description. Key 
improvements over existing systems are: quick/simple loading of an injured person, ease ter 
a single rescuer (on toot) to safely transport the injured person across difficult terrain, ability 
to support/stabilize the body's vital functions, and overall elegance/simplicity of the design. 
The Seeker expects to prototype winning designs; successful Solvers may be invited to 
engage in the design/prototyping process.

This is a Theoretical Challenge that requires only a written proposal to be submitted. The 
Challenge award will be contingent upon theoretical evaluation of the proposal by the Seeker 
To receive an award. Solvers will not have to transfer their exclusive IP rights to the Seeker. 
Instead, they will grant to the Seeker norvexdUs/ve fceese  to practice their solutions.

Mi Teem <* Share *»♦ Referral: 11,500 USO
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HexaPereon |hexa -  peh -  reh -  on|
n. hexa- is a prefix from the Greek word for 'six' and person- is from the Greek present participle 
peraion, meaning to ‘carry across’ or ‘transport’. It is the thorax or the seven metameres 
comprising the thorax of some crustaceans (such as a lobster).

HexaPereon is an easy to operate, collapsible, and quick loading rescue stretcher for war 
affected terrains. The device includes (among other features) a deployable head-and-neck and 
spinal support. It can also accommodate additional rescue devices such as a pelvic splint or a 
cervical collar (not included).

The device facilitates multiple methods of transpiration, including handling by single or multiple 
rescuers. It has a lift-to-evacuate system for attachment to a helicopter winch. The invention has 
particular advantages in a military environment as it allows for a one-man operation and requires 
less than 14 seconds for deployment. This lightweight, yet robust, stretcher can be operated 
hands-free by a single carrier. It is designed to traverse effectively through a rough terrain, while 
providing shock absorption and thermal insulation as well as protection for the injured. The 
device can be easily folded for transportation and reuse.
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The introduction of Tactical Combat Casualty Care (TCCC) has improved survival of casualties 
in modem warfare. The TCCC consists of three stages: (1) Care Under Fire, (2) Tactical Field 
Care and (3) Tactical Evacuation Care. Classic TCCC includes such interventions as placement 
of a tourniquet and needle decompression of a pneumothorax during first or second stages of 
TCCC1 .The casualty transportation during first or second stage of TCCC may be critical. Use of 
conventional stretchers or litters is not always possible. Systems used currently are SKED® or 
Talon IKS) stretcher. These have certain limitations which are well known.

Transportation between Care Under Fire and Tactical Field Care is critical and may include 
hostile fire, as well as limited resources. For example Special Operations missions can include 
only 8 to 10 persons2. The TCCC Care Under Fire guideline dictates the principle of suppression 
of hostile fire for prevention of new casualties and additional injuries. Hence only one person 
may be available to initiate first aid and/or evacuation. In comparision the care by single a 
person to allow movement of a casualty within the Tactical Field Care will require long distance 
travel in a relatively safe environment. At this stage carrying of the casualty in the transportation 
may be plausible by few rescuers. The third stage of TCCC -  Tactical Evacuation -  includes a 
helicopter or ground transport. This has specific requirements, for example lift-to-evacuate to 
the helicopter.

In our opinion the medical evacuation device must be deployed by one person, and serve as a 
universal evacuation unit through-out all three stages. Our concept has the facility to provide 
spinal support as well as head and neck support. This can be achieved by the integrated 
design features or if available additional devices (i.e. neck collar, pelvic splint). To address 
rough conditions our concept has certain characteristics to protect the injured, provide shock 
absorption and thermostasis as well as to decrease effort required from the rescuer. Bearing in 
mind space limitations in the military transport, the concept is collapsable and compact as well 
as light weight (below 8 pounds).

1. Pannel 0. Brtaboto R. Tatoot M, Trainer V, Clamant J. Garraway N, at at. Causes of Death in Canadan Forces Member* 
Deployed to Afghanistan and Implications on Ihctlcal Combat Casualty Cara Provision. J Itauma. 2011 Nov.;71S401-S407.

2. Butler FK. Hagmann J. Butler Ea Tactical combat casualty care m special operations. Mil Mad. 1996 Aug.;l61 Suppt3-te.
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LIGHTWEIGHT
The HexaPereon system is robust, lightweight and resilient as it utilises carefully matched materials and 
structures.

P art D ensity (g /oc) Total w eigh t (Km )
HOPE central segments 0.93 5.96
HDPE head-and-neck support 0.93 0.06
LOPE auxHary flaps 0.91 1.78
Aerogel middle layer 0.0001 0.01
Pluma Vhee (Cordura + aramid) 1.18 0.15

STRONG
The combination of HDPE with Pluma Vires hybrid material yields an extremely high tensile strength of 
the device, allowing for loading capacity of 360 to 430 pounds.
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DEPLOYMENT 

MOVING PATIENT 

SECURING PATIENT
LOCK ING  I O PEN IN G  

FL A PS
RO LLIN G  PATIENT HEAD SEC U R IN G S T R A P  TIGH TEN ING

Self AJd-Buddy Aid: First aid 
M Appflcatlon of a tourniquet)

Preparation to evacuation. Colactonly Remove HaxaPareon from toe cover
equipment critical tor miction and patienta Deploy by holdtag from the ttdae. Puttthapulay 

by arrows) to

Ttimtor patient to HaxaPareon. If olhar 
reacuare avalable. aak tar help

Untold tide flapt. Apply torca to lock In the working poeUon 
Lock the pulay abapa to 
and ayntod "Stop’ wfll become

Unfold the head aupport 
Lift the A**. Fold the flap over the toetPaae the toet 

atrap through lha flap and tecum on the 
other tide. Secure outer tlrepe ewer the 
cheat and over the waiat.

Secure the orange ttrape over the chin and 
forehead of patient flrmiy.Uae toft flape 
provided to protect the soft tieauee.

Caaualty ready tor evacuation, i 
ahoulder atrape, to pul the caa^fy, or 
handaa to carry, if more than one raacuer 
ie avalable.
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1. BASE
2. LEVER PORTION OF BUTTON
3. BUTTON
4. PULLING STRAP
5. METAL-REINFORCED OPENING
6. RETURN SPRING

FRONT VIEW
LOCKED UNLOCKED
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Question for Jill Mayer Steele

1. What is the definition of bionics according to your father?
2. What is the meaning of bionics symbol?

Questions for Michael Runtz

1. How does nature turn liquid polymer into solid structure?
2. How does nature receive/store/dispense proteins?
3. How does nature shape liquids into solids?
4. How does nature maintain purity?
5. What is the feedback loop in natural process o f receiving, containing, and 

dispensing proteins?
6 . How does nature conserve energy?
7. Who are the appropriate champion adapters for these functions?
8 . Are there any analogues to “molding” in nature? That is, creating (and 

duplicating) form using external elements.
9. What are some examples of fast-growing organisms that have a potential to be 

turned into plastics?

Questions for Biologist at the Table (The Biomimicry Institute)

Design

• How does nature eliminate vestigial elements and make use of failures to improve 
on the next generation of structures and organisms?

• How does nature adapt its designs for locally sourced building materials?

Raw materials

• What are the most viable biodegradable biopolymer feed stocks that do not 
infringe on food crops?
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• What minerals does the above biodegradable biopolymer feedstock need to 
maximize growing productivity?

Manufacturing

•  How does nature make use of molds (multiple times/once, how does it reintegrate 
them into materials cycle)?

• Are there any analogues to “molding” in nature? That is, creating (and 
duplicating) form using external elements.

•  In general, how does nature turn liquid into solid structures (ex. egg shell)?

Assembly

•  How does nature assemble for disassembly?

Distribution

•  Are there other organisms besides mycelia that act as distributors of nutrients and 
water on forest floor?

Consumer use

• How does nature upgrade on previous structures in the built environment and 
repair?

Post-consumer use

• How much separation/specialization do compost streams need to retain effective 
growing environments?
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Questions for Hans Koopman

1. What are some latest developments in the field of injection molding, pertaining to 
ecological sustainability?

2. Which natural bioplastics have the most potential to have a substantial share on 
the polymers market?

3. Which part of injection molding process is the most energy intensive and are there 
any solutions on the market that address this problem? (Thermoplastic production, 
compounder, injection molder, etc.)

4. Are there injection molding processes that completely bypass the “compounding” 
stage for natural bioplastics?

5. How does pressure and temperature differ between petroleum-based and natural 
bioplastics during the process of injection molding?

6. Are there alternatives to steel molds on the market? If so, what advantages and 
drawbacks do they have?

7. What, if any, developments need to be made before desktop injection molding can 
be widespread?

8. In your opinion, which bioplastics stand a good chance o f  becoming prevalent? 
What qualities support this?

9. Is there such a thing as a compostable thermoset, or bioplastics that can replace 
silicone and other high temperature application polymers? If so, what process 
cures these bioplastics (e.g. heat, electrical current, exposure to oxygen, 2-part 
mixing)?

10. What approximate percentage of injection molded parts have large enough 
production runs to necessitate high-endurance molds? What's an average run 
volume?

Questions for Infantryman and a doctor

1. What is the process of evacuation of injured soldier from a battlefield?
2. What are the most common injuries a soldier experiences on a battlefield?
3. How does nature connect dissimilar materials or create compliant connections 

(relevant to collapsibility)?
4. What are the main requirements for safe transport o f a patient with spine injury?
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