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1. Introduction
In biologically inspired design, biological processes, structures or mechanisms are used as a source of 
inspiration for improving technical systems. The systematization of this process has received great 
interest in the last years, 
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capturing the interactions between biologi
inspired concepts during this process, using th
this theory has been confirmed by existing literature, for example, Reich
for analysing a creative method and Hatchuel
The remainder of this paper is structured as follows. In Section 2 we present the theoretical 
background on biologically inspired design and our research ques
methodology used and present the fundamentals of the C
analysis. In section 4 we present the case examples of biological inspiration and their modelling using 
the C-K theory. Section 5

2. Biologically inspired design: Definitions and processes

2.1 Definitions
Natural systems have been used as sources of inspiration for human designs throughout human history 
[Vincent et al. 2006] although the systematic use of biological knowledge in engineering design is 
relatively recent [Lenau et al. 2010]. Terms such as bionics, biomimetics, biognosis, bioinspired 
design or biologically inspired design were coined since the 1960
biological knowledge for improving 
The first definition of biomimetics appeared in 1974 in the Webster’s dictionary. It described 
biomimetics as “the study of biological materials, mec
products by artificial mechanisms which mimic natural ones” [Vincent et al. 2006]. A more general 
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definition, given by Shu et al. [2011] considers biologically inspired design and biomimetics as 
synonyms meaning “emulating natural models, systems and processes to solve human problems”. The 
notion of emulation does not oblige that an identical copy of the biological inspiration is required as 
can be observed in examples such as the self-cleaning coatings inspired by the lotus leaves [Solga et 
al. 2007] or the Flectofin® inspired by the bird of paradise flower [Lienhard et al. 2011]. 
The reasons for searching inspiration in the natural world for design include the potential superior 
properties of natural phenomena compared to those of human-engineered technology, considering the 
former have been selected by evolutionary processes [Reed et al. 2009] and also the possibility of 
using the biological systems as analogies during the idea generation process [Smith 1998]. 
The number of publications in the biologically inspired field has grown exponentially since 1995, 
going from less than 200 publications (conferences and journals) per year to more than 2800 
publications in 2011 [Lepora et al. 2013]. This growth has stimulated the attempts for methods aiming 
at systematically applying biological inspiration for technological improvement. 

2.2 Directions for the biologically inspired design process: Solutions driven / problem driven 
Using a descriptive account of the biologically inspired process during design classes [Helms et al. 
2009] propose two approaches for the bioinspired design process: problem-driven and solution-driven. 
Other terms used in literature to refer to these two approaches are “top-down” or “technology pull” for 
the problem-driven and “bottom-up” or “biology push” for the solution-driven. The problem-driven 
approach starts by the definition of the problem to be solved using biological inspiration, followed by 
an abstraction of this problem in biological terms, in order to understand which would be the 
organisms, processes or characteristics of natural systems that could have interesting principles that 
could be applicable for solving the problem. Then the biological solution is abstracted and applied for 
solving the technical problem. The solution-driven approach starts with the identification of an 
interesting property in a biological system and a problem to which this property could bring a solution 
has to be identified. 
These directions are similar to those of the Design Spiral or Design Lens, proposed by the Biomimicry 
3.8 Institute [Biomimicry 3.8 2014]: “Challenge to biology”, when there is a need for biological 
insights for solving a problem and “Biology to design”, when a biological property inspires a new 
design. 
Subsequent studies, reviewed on [Goel et al. 2014], describe the use of biological analogies in design 
process for: “solution generation, evaluation and explanation”, identify that the biologically inspired 
design often uses multiple cross-domain analogies for composing the new design concept (“compound 
analogies”), and propose that conceptual design in biologically inspired design entails problem-
solution coevolution. 

2.3 Retrieving and transferring biological analogies 
Tools for facilitating the search and retrieval of the biological analogues include the use of databases 
of biological phenomena such as the Asknature.org website [AskNature 2013] and consultations with 
biology experts, of natural-language written biology texts [Shu et al. 2011], of patents [Verhaegen et 
al. 2011], or of the internet [Vandevenne et al. 2012]. 
Computational tools are also being developed for facilitating the search and the analogical transfer 
process. DANE [Wiltgen et al. 2011] provides a knowledge base of biological systems, represented 
using SBF (Structure-Behaviour-Functions) models. IDEA-INSPIRE uses the SAPPhIRE model to 
describe the functioning of both technical and biological systems [Sartori et al. 2010]. 
Moreover, Bio-TRIZ is a theory developed for facilitating the transfer process between biology and 
engineering. By incorporating biological phenomena to TRIZ, using conflicts identified in a database 
of more than 500 biological phenomena [Vincent et al. 2006], biological principles can be compared 
to engineering ones and contribute for the final solution developed. 

2.4 Research issue: the role of biological and traditional knowledge in the process 
This brief theoretical background about the biologically inspired design process showed the progress 
made on the systematization and on the understanding of the process, using TRIZ, elaborating 
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identification of the gecko’s fibrillar structure of setae as the mechanism responsible for adhesion 
represented an unexpected property considering the traditional knowledge. This unexpected property 
thus can be considered a concept, “using a fibrillar surface structure”, that partitions the initial 
concept. The manufacturing process was pursued using traditional knowledge about materials 
properties and characteristics for producing fibrillar structures. The observations on the scalability of 
these adhesives, led to a revision of the traditional knowledge about adhesion with the fibrillar 
structures, showing that this structure was not a necessary condition. This also partitions the initial 
concept: achieving the same properties without the fibrillar structure. 

5. Main findings: A model for biologically inspired design 
When comparing the biological inspiration process of the three case examples modelled using the C-K 
theory framework (Table 1) we observe that in the three cases, the initial biological knowledge bases 
activated had an unexpected property, i.e., a property that could not be explained using the traditional 
knowledge available to the designers. This unexpected property has two effects: (i) a stimulation in the 
concepts space, which generates a partition of an initial concept which could not easily be partitioned 
only using the existing knowledge available to designers, and (ii) a stimulation in the knowledge 
space, by expanding the biological knowledge bases on the unexpected property (with a screening 
process searching for other systems that could have the same property) and also expanding the 
traditional knowledge bases. This expansion is the activation of traditional knowledge for explaining 
the properties observed in the biological knowledge. 

Table 1. Results observed using the C-K framework for the three examples 
Case First “unexpected 

property” in Bio-K 
Role of this 

“unexpected property” 
Other unexpected 
property in Bio-K 

Role of this 
“unexpected 

property” 
Self-

cleaning 
surfaces  

(Lotus leaf) 

Rough surfaces 
frequently free of 

contamination 

C-partitioning 
Bio & Traditional-K 

expansion 

Lotus leaves self-
cleaning 

properties 

C-partitioning 
Traditional-K 

expansion 

Flectofin® 

(Bird of 
paradise) 

Plants movements 
without technical 

hinges 

C-partitioning 
Bio & Traditional-K 

expansion 

Bird of paradise 
pollination 
mechanism 

C-partitioning 
Traditional-K 

expansion 
Controllable 

adhesion  
(Gecko) 

Reversible attachment  C-partitioning 
Bio & Traditional-K 

expansion 

Fibrillar structures 
in geckos feet  

Traditional-K 
expansion and 

revision  
 
Table 1 also indicates that after the identification of this first unexpected property, the expansions on 
biological knowledge led to the identification of another unexpected property. This property partitions 
the concepts space, by adding a new property to the initial concept, and expands the traditional 
knowledge bases, without requiring further expansions on biological knowledge. For example, in the 
lotus case, once the lotus cleaning mechanism was understood, the next steps included product 
development using this property but built using traditional knowledge bases expansions. 
These results highlight the main reason for seeking inspiration in nature for design: finding alternative 
design paths for design paths elaborated only using the traditional knowledge bases and expansions. 
These design paths may seem “blocked” as the alternatives generated using only the traditional 
knowledge are not sufficient for the designers. Another important outcome of this modelling process is 
a possible explanation for the differences observed between the biologically inspired products and 
their sources of inspiration, as the unexpected property found in the biological knowledge is not used 
as it is observed in the natural system, it triggers concepts partitioning and its development will 
depend on the traditional knowledge bases it activates. 
Using these observations from the three examples, we propose a model with four steps for the 
biological inspiration process using the C-K design theory framework, schematized in Figure 5. 
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In the three case examples, once the unexpected properties of biological knowledge bases were 
identified, and the traditional knowledge bases reorganized, the design process described for achieving 
the final design (the self-cleaning paints, the Flectofin® system, the gecko’s adhesives) mostly used the 
traditional design considerations, and did not require expansions of biological knowledge about the 
unexpected property. This could explain the differences between the initial biological source of 
inspiration and the final design produced. The lotus leaves have rough surfaces, while the Lotus-
inspired product is a paint that produced the required roughness in the surface. The Flectofin® system 
is used for façade shading and do not have pollination functions. Finally, for the gecko, the 
microfibrillar structures were built using other materials and the work of [Bartlett et al. 2012] based on 
the geckos adhesion showed that similar adhesive properties could be obtained even without using 
fibrillar features. 

6. Conclusions and further work 

6.1 C-K modelling for biologically inspired design 
This modelling of the bio-inspired design with the C-K design theory highlights three main aspects of 
this process: 
 

 Biologically inspired design goes beyond analogies or inspiration during idea generation: 
Using biological knowledge during the design process also implies an expansion on both knowledge 
bases, the traditional and biological. This expansion allows the identification of unexpected properties. 
These properties partition or create a concept, as they cannot be defined using the knowledge bases 
available to designers. They also guide the exploration of both knowledge bases. Consequently, the 
biological knowledge does not automatically produce “solutions”: It stimulates concept partitioning 
and knowledge exploration in both knowledge bases, biological and traditional. 
 

 Biologically inspired design triggers organisational changes: 
The expansion of both knowledge bases requires a dialogue that could be defined as “mutually 
inspirational” as the properties identified in one base will guide the exploration of the other. 
Consequently, researches in both fields will have to be organized in parallel, and their interaction will 
guide the knowledge exploration and the definition of new research directions. 
 

 The C-K framework facilitates the exchanges in biologically inspired design: 
The C-K representation shows the knowledge bases and the interactions triggered by their expansion 
and the formulation of concepts, which can be useful during the design process, facilitating the 
“encounters” between biological and traditional knowledge. However, the framework does not explain 
how to find “suitable” biological knowledge bases. This could be achieved using the methods for 
finding and retrieving biological systems, such as the computational tools, databases, natural-language 
or functional representations. 

6.2 Further work: An industrial application and comparisons with other creative processes 
The results of this model and the C-K framework are being applied on an ongoing research project in a 
large automaker company aiming at formulating concepts for energy management in vehicles, using 
biological knowledge on animal energy systems. Further work should elaborate the C-K model for 
biological inspiration using these field observations, and relate these observations to existing design 
methods already used for innovation in this company. Another direction being pursued is the 
comparison of these results with other creative process, for example, the ones encompassing 
interactions between knowledge bases involving similar domains with different characteristics, which 
were captured by the Infused Design method [Shai et al. 2013]. 
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