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This study represents the furniture design course outputs of a group of Interior Architecture and
Reseqrch article Environmental Design Bachelor’s Degree students, working on biologically inspired designs. The
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inspiration sources in furniture design. Study reveals the conceptual and final product design
suggestions of 38 senior class students. Two essential processes were followed in the study;
Keywords solution-driven design process and problem-driven design process. Findings showed that there
have been some common features and differences between these two processes, in terms of

B iomimicry finding the starting point and approaching the final design decisions. In both processes, it was
Design hat the 1 inciple application- involved icul d to the oth

Furniture seen t' at the last steps -principle app 1cat10n-_ involved a partlcu ar prope_s;, compared to the other
Inspiration steps in each process. Research and analysis based actions, seen in initial steps, gave place to

Nature sketching, design development and the usage of professional notions in the final steps. It can also
be said that in both processes, the first steps involved the preparation stages regarding the design
inputs, whereas in final steps a transform of information regarding the design output can be
observed. These two linear processes were thought to be connected with two essential methods;
inductive method and deductive method. Within this scope, 38 design ideas were put forward and
suggestions were made regarding the processes.

1. INTRODUCTION

Notion of biomimicry, which constitutes the main focus of this study, was approached and defined in many
studies in several disciplines. Maglic (2012) basically specifies that the question is, can we take the
philosophy behind the living organisms and use them in the development of mankind? Accordingly, he
gives the answer as yes, we can, and it is called Biomimicry [1].

Yet, Biomimicry does not usually mean the direct transfer of an observation in nature to the development
of a product, but rather the creative implementation of biological concepts into products [2]. Actually, the
practice of borrowing ideas from other domains for solving technical challenges corresponds to a close act;
design by analogy. It is a technique widely applied by innovators or designers. Analogous solutions are
sourced from other industries, but designers by analogy look to a more distant domain for solutions —
biology [3].

While designers have used biology as an inspiration for thousands of years, no normative process was
existing specific to the practice of biologically inspired design for years [4]. While, in the last few decades,
some extensive studies (for instance Helms et al. (2009)) have been conducted on the methodology of this
approach in design. Researches on developing biomimetic systems, involving a detailed understanding of
biological phenomena with the goal of developing technologies that mimic such phenomena, has steadily
been increasing. Notable attempts such as the development of bulletproof jackets by mimicking spider
webs; robots that mimic various forms of natural movement such as those by fishes, leeches, and
earthworms; and materials that mimic various properties of natural materials are just a few examples of
such works [5]. Utilizing trees, flowers, leaves and human skeleton system in roof structures, animal bodies
and movement mechanisms in transportation vehicles are such additional examples. Vipers were also
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known to inspire defense industry, as their nervous system was utilized in rocket detectors [6]. Likewise,
when robots used in space researches are investigated, it can be seen that many nature inspired studies do
exist. Nature inspired robotics technology has been developing by exploring the mechanisms of living
organisms. The movement mechanisms of living organisms, their balance, their attitude and the
communication between them have been investigated by engineers and researchers from the fields of social
sciences, since decades [7].

Design by analogy to biology, often called biomimicry, can simply be defined as the innovation gained
through the emulation of biological forms, processes, patterns, and systems [3]. The core concept and the
starting point of Biomimicry is that nature develops highly effective, sustainable ways of performing
functions, which could benefit designers when tackling comparable challenges [8]. The field of biomimicry,
where flora, fauna or entire ecosystems are considered as a basis for design, has attracted worldwide interest
in the fields of architecture and engineering. The widespread and practical application of biomimicry as a
design method remains, however, largely unrealized; interior architecture commonly use biology as a
library of shapes or decoration, but imitating or being inspired solely by natural-looking forms, textures
and colors is not biomimetic; it has to involve some biology. Thus, to be truly biomimetic, a design should,
in some way, get inspired by the nature’s science, not just by the appearances. Nature is a good teacher in
this regard, but as it is mentioned above, imitating or being inspired by natural-looking forms, textures and
colors alone is not biomimetic [9].

According to Benyus, the quest of biomimicry is to explore nature’s masterpieces such as photosynthesis,
self-assembly, natural selection, self-sustaining ecosystems, eyes and ears and skin and shells, talking
neurons, natural medicines, and more; and then copying these systems and manufacturing processes to
solve our own problems; in other words, the conscious emulation of life’s genius [10].

Many of the simple structured inventions, facilitating our lives, observed to be nature inspired. Simple and
practical solutions actually play essential roles in our lives and observation is the significant way to explore
them. Designing activity is generally accepted to be an action based on a problem solving process. Thus,
the problem should clearly be defined before this complicated task. Nature is needed to be observed while
working on this solutions, and how it strives with it, remains as another question. This route, shall lead a
nature friendly design process [6].

Many sustainable approaches have developed for over decades and these approaches found to be generally
promoted human well-being by encouraging an efficient use of resources and energy, and by reducing waste
or developing techniques for recycling. The approaches used various terminologies that include green
design, environmental design, eco-design, sustainable design, bio-climatic design, climate sensitive design,
low-energy design etc., all based on environmental principles, striving for efficiencies [11]. The
transformation of the notion of Biomimicry into a term indicates to the systematization process regarding
the designing activities inspired by nature. As Biomimicry has gained a conceptual volume and deepened
its scope since the mid of the last century, it has started to get integrated in the design processes day by day.
By this means, it becomes a significant component of the scientific design processes including research and
development activities, instead of being a random aspect of individual design processes [12].

Making innovations using Biomimicry is generally based in two methods: from biology to design and from
design to biology. In the first approach, the design limitation is tried to be solved by using a biological
phenomenon, whereas in the other method, the design problem is gathered in a specific function, and
various organisms and the ecosystem are observed in order to understand the way they solve the said
function [13].

Following this information, the categories of biomimicry that can be considered in relation to design was
basically divided into the following groups by Volstad and Boks (2012):

* Materials (in material science)

* Mechanics/dynamics (in general engineering and locomotion)
* Structure (in structural engineering and architecture)

* Form (in architecture and art)

It is important to note that the groups above do not refer to the general categorization of areas in which
designers specialize, as, for instance, industrial design incorporates much more than can be put into the four
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groups above [2]. Field of interior architecture may also use some of these categories together in this means,
as it involves several service areas, such as the design of interiors, furniture design, material selection,
repurposing, design of structural elements etc.

Biomimicry based space design criteria, within this scope, need to be approached in a wholistic way and
the components of a structured system should not be considered individually. The aim in this approach is
not only inspiring from a form in nature, instead, particularly in architectural design, the rules and functions
leading and controlling these forms need to be investigated and reflected to the design steps [14].

In the past, interior design profession has not formally incorporated the biomimicry process into its standard
practice. The biomimetic approach was offered as an optional method by only a few in the industry.
However, biological discoveries are multiplying exponentially, and designers should take advantage of
these cutting edge solutions [15]. Understanding how the biological systems effectively get adapted to
limited sources and hard conditions seems quite important for biomimicry [13].

This design process extended further through using: mimicking or taking creative inspiration from natural
mechanisms such as camouflaging, defense techniques, locomotion, attraction of the opposite, forces of
gravity, least energy systems, use of local resources and behavioral patterns as mechanisms of integration
and adaptation [11]. These approaches, which are in great respect to the future generations and other forms
of living organisms, indicate a nature friendly discipline and a responsible human attitude [12]. Nature is
reliable, compatible and sustainable; it uses energy only in its requirement limits, it piles no wastes and is
a great recycler. Thus, biomimicry is considered as a pathfinder particularly in designs in engineering
sciences. Biological systems are characterized according to their dimensions, sensitivity and strength. These
features enable designers to use these principles in developing human made systems. As the things that
living organisms do, form the nature’s process and characteristics, it becomes a substantial issue for a
designer to know these features and to connect them with designs [16].

Within this scope, this study represents an experimental and comparative approach to furniture design
inspired by nature. The aim is to bring in a different point of view to furniture design by providing a timeless
inspiring agent; and to raise the awareness in terms of biomimicry. The method used in the study, the
process and findings are given in the following titles.

2. METHOD

This study offers a biology based inspiration for the furniture design activities of interior architecture
students. Within this purpose, this study represents a group of senior class students’ Furniture Design course
outputs -supervised by the authors-, in Hacettepe University (Ankara, Turkey), Department of Interior
Architecture and Environmental Design, in this respect.

According to Helms et al. (2009) the biologically inspired design process can be considered in two main
processes:

1: Problem-driven biologically inspired design process [4]
Step 1: problem definition
Step 2: reframe the problem
Step 3: biological solution search
Step 4: define the biological solution
Step 5: principle extraction
Step 6: principle application
2: Solution-driven biologically inspired design process [4]
Step 1: biological solution identification
Step 2: define the biological solution

Step 3: principle extraction
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Step 4: reframe the solution
Step 5: problem search

Step 6: problem definition
Step 7: principle application

El-Zeiny (2012) also states that biomimicry, as a design process, typically falls into two categories:
Problem- based approach (Top —Down Approach) and Solution-based approach (Bottom-Top Approach)

[91.

Within this framework, the scope of the process conducted in this study was planned in accordance with
the stages defined by Helms et al. (2009); and the students were organized in two main groups — solution-
driven and problem-driven design processes. The backbone of the whole process is given in Figure 1, in
which the substages can also be followed.

DESCRIP'I‘ION*OE THE TOPIC

DETERMINATION OF GROUPS

\/

SOLUTION DRIVEN PROCESS PROBLEM DRIVEN PROCESS
BIO'{SS&%‘}LISSTL%;'ON PROBLEM DEFINITION
Tl REFRAME THE PROBLEM
PRINCIPLE EXTRACTION BIOI‘OGISCE’:II‘{E?J UTION
REFRAME THE SOLUTION DEFINE I BIOV OGICAL

PROBLEM SEARCH PRINCIPLE EXTRACTION
PROBLEM DEFINITION PRINCIPLE APPLICATION

PRINCIPLE APPLICATION

Figure 1. Basic stages and substages of the process.

As it can be seen in Figure 1, firstly the students were informed regarding the scope of the study (description
if the topic). In this stage, students were informed about the notion of biomimicry; and they were
encouraged to make essential researches on the topic. Secondly, two main groups for working through
solution-driven and problem-driven design processes were organized (determination of groups). Figure 1
also shows the substages under these processes. The first group (solution-driven) consisted of 20 students,
and the second group (problem-driven) consisted of 18 students. Participants were planned to work
individually instead of group works.

Student s worked for 14 weeks and followed all the estimated substages. At the end of the term, 38 designs
were put forward in terms of biologically inspired design with 38 different inspiration points. The findings
were then assessed and evaluated comparatively, regarding the drivers.

3.STUDY: BIOLOGICALLY INSPIRED FURNITURE DESIGNS

As the study involves many substages, it was found useful to present the processes through exemplary
works from both groups. Within this scope, solution-driven and problem-driven design processes are to be
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handled respectively under this title. Figure 2, Figure 3 and Figure 4 involve three exemplary works selected
among 20 designs put forward in solution-driven group.
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Figure 2. First exemplary work (by Cansu Camur) from the solution-driven group.

As it can be seen in Figure 2, the first substage to be followed for this group was the biological solution
identification. In this stage, students were asked to search for a biological solution from nature. The students
were free in selecting animals or plants. For instance, in this exemplary study, the lock-in system of the
dogs jaw was taken as the inspiration point for the design to be developed. In the second substage, the
biological solution was defined broadly; and in the third substage (principle extraction), the working
principles of the selected solution were investigated and analyzed in detail. The fourth step was to reframe
the solution, in which the main point was figured out. In the fifth step, the problems that may be solved by
the selected solution, were specified. For instance, in this example, the outputs of the fifth step were
specified as transportation and unlocking. Then, in the fourth step, the problem was defined and the first
drafts of the design was put forward. In the last and seventh step, the principle was integrated to the solution,
and the design sketches were developed to put forward a new furniture design.
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Figure 3. Second exemplary work (by Ipek Sahin) from the solution-driven group.

Figure 3 shows another example, in which the biological solutions of kangaroo was handled. Carrying and
balance, were taken into consideration as the main biological solutions. The solution was analyzed in a
detailed way, and in the third step, the principle was extracted clearly. After reframing the solution,
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problems were searched and defined as the unbalanced structures of furniture, and the weaknesses in terms
of load bearing. In the last and the seventh step, a whole new design can be seen, in which the structural
problems are solved by these means; and an open storage unit was provided by getting inspired from the
systems initially given in step 1 and 2.
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Figure 4. Third exemplary work (by Yusuf Cakar) from the solution-driven group.

Figure 4 shows another exemplary work involving a solution from the birds leg. In step 2, the solution was
defined and in step 3 it was extracted as balance and adjustability. In step 4, 5, and 6, the solution was
integrated to a problem, as well as done in the previous examples. The last step, involving the principle
application, indicates another whole new design, solved through this solution-driven process.

The outputs of the first approach are given in Figure 5. All the designs partaking in the figure were
developed according to the solution-driven process; and it can be seen that they offer more of a systematic
solution, instead of solely visual innovations.



Giil¢in Cankiz ELIBOL, Vildan DUNDAR TURKKAN, Ismail BEZCI/ GU J Sci, Part C, 9(4):679-689(2021) 685

S GRASSHOPPER S CROCODILE JAWS S BIRDS BALANCE

P FIXEDNESS P OVERTURNING P| SUN FLOWER AND ITS SEEDS

S HAMSTER S SNAKE SKIN S CHAMELEON
ADJUSTABILITY PROBLEMS

P STORAGE P IN DIMENSIONS P COLOUR CHANGES

S PINE CONE ZEBRAS S HOUSE FLY LEGS

“M - el

DIFFICULTY IN
STORAGE AND ASSEMBLY UNTIDINESS P DIFFICULTY IN ADJUSTABILITY
METAMORPHOSIS OF
S SPINE DISCS S TORTOISE SHELL S BUTTERFLY
DIFFICULTY IN
P FLEXIBILITY PROBLEMS P| AGGREGATION PROBLEMS P TRANSFORMATION
S GOLIATHUS S KANGAROO S SEA SHELL

ADJUSTABILITY PROBLEMS IN ADJUSTABILITY PROBLEMS IN

P DIMENSIONS P BALANCE CONTROL P LIGHTING
S POMEGRANATE S BIRDS LEGS S SPIDER WEB

‘: R e e  —

w} o

BALANCE CONTROL AND
P| ORGANISATION PROBLEMS P ADJUSTABILITY PROBLEMS P GRIP PROBLEMS
S ARMADILLO S DOGS JAWS

N

P| TRANSPORTATION PROBLEMS | | P ASSEMBLY PROBLEMS

Figure 5. Designs developed in the solution-driven process.

The second approach was the problem-driven design process and 18 students were included in this group.
As well as the previously handled process, three exemplary works were selected and presented below in
order for explaining the outputs of the substages.
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Figure 6. First exemplary work (by Huriye Yildiz) from the problem-driven group.

(3]

Figure 6 indicates the 6 step process, as this approach involves a 6 step progress different from the solution-
driven design process. Besides, it can be seen that in this process, the steps are reversely sequenced contrary
to the first approach. In the first step, the problem was found and defined by the student. For instance, in
this example, the problems were determined as storage, structural strength and immobility/fixedness, and
reframed in step 2. For this problem, nature was observed and analyzed in step 3 (biological solution
search). In step 4, the biological solutions were defined and explained in detail; and in step 5, it was
extracted as the spider legs system. In the last step (principle application), a new design, an adjustable stool
-involving the biologically inspired solutions such as adjustable legs and with fine and strong structure-
was developed.

BIOLOGICAL SOLUTION
SEARCH

[5%]

PROBLEM DEFINITION 1 REFRAME THE PROBLEM

con wsin

DEFINE THE BIOLOGICAL

SOLUTION 4 PRINCIPLE EXTRACTION 5 PRINCIPLE APPLICATION 6

Figure 7. Second exemplary work (by Kiibra Keles) from the problem-driven group.

Figure 7 shows another exemplary work from the problem-driven group, in which the problem was defined
as discomfort. The problem was reframed in step 2 as wrong material selection. In step 3, biological
solutions for this problem were searched, and the solution was found in hippopotamus skin. In step 4, the
solution system was specified as the sun protection mechanism existing in the skin of hippopotamus.
Following a deep research and observation process, the principle was extracted into the skin’s micro
structure. The skin emits a pigmented liquid to protect the animal from the UV rays of sun. This system
indicates an action-reaction mechanism, which gives inspiration to the designer. In step 6, a new design
was put forward, which has a changeable surface, in terms of softness, according to the weight it meets.
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Kannea Boyun Anatormisi E L

Figure 8. Third exemplary work (by Nur Yagmur Ogullar) from the problem-driven group.

TANMLANKAS!

Figure 8 shows a process driven by problem of being unfirm. The problem was reframed into constructional
systems in step 2. In step 3, the solution was searched and defined as the ants’ neck anatomy, in step 4. The
principle was analyzed and extracted in step 5, and the neck anatomy was adapted to the construction system



Giilgin Cankiz ELIBOL, Vildan DUNDAR TURKKAN, Ismail BEZCI/ GU J Sci, Part C, 9(4):679-689(2021) 687

as a bearing element. In step 6, the principle was applied in a new design as a table/stool construction
system.

All the designs put forward by this means (problem-driven process) were represented in Figure 9.
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Figure 9. Designs developed in the problem-driven process.

In either Figure 5 or Figure 9, the biological inspiration points and solutions were written together above
the designs, in order the impacts to be observed.

4.CONCLUSIONS
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When the processes are analyzed, it was observed that searching and finding a solution from nature was
found easier than defining a problem as an initial point. In other words, giving a start to the solution-driven
process was found to be a more flowing act.

In the solution-driven process, nature was taken either as a formal or a functional inspiration point; whereas
in the problem-driven process, the functional aspects were taken into account in the first place.

Functional integration can help to identify hierarchical connections and the synergy between technology,
materials, structure and form [11].

However, the integration of chemical or micro scale solutions -such as shiny bacteria- to the design process
were found to be a more complicated act in both processes; and it was observed that students might have
desisted from using such aspects.

Besides, in the solution-driven process, students considered the two sequential steps together; step 3-
principle extraction and step 4-reframe the solution. While, in problem-driven process, it can be said that
steps were more definite.

In both processes, it would not be wrong to say that the last steps-principle application involved a particular
process, compared to the other steps in each process. Research and analysis based actions, seen in several
steps, gave place to sketching, design development and the usage of professional notions in the final steps.

Thus, it can be said that in both processes, the first steps involved the preparation stages regarding the
design inputs, whereas in final steps a transform of information regarding the design output can be observed.
It can also be said that these two linear processes may relate to two essential methods; inductive method
and deductive method. In problem-driven process, the originating point is defined as a problem and in order
to achieve the goal, the designer follows a progressive and accretionary task, just as in the inductive method.
However in the solution-driven process, the final point is taken as a starting point, in other words a reverse
action is made. Thus, a narrowing and customizing procedure comes forward similar to the deductive
method.

INDUCTION

BIOLOGICAL
INSPIRATION f+] DESIGN
POINT

PROBLEM |»| SOLUTION |»

BIOLOGICAL
DESIGN «{ PROBLEM |« SOLUTION |« INSPIRATION
POINT

A

DEDUCTION

Figure 10. Biologically inspired design activity.

In conclusion, both processes provided high potency conceptual and final product designs. As the aim of
the study was not to reveal the more accomplished method, no such determination shall be made. Hence,
the different experiences gained in both processes were tried to be introduced; and an alternative design
inspiration system was suggested for further studies since the nature is considered as a timeless inspiration
source for the whole design field.
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