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Optical illusions prove thahings are not always as thappear. This has
inspired scientists, artsand architects throughut history Applications of optical
illusions have been used in fashion, in traffianning and for camouflagen
fabrics and vehicledn this thesis, th author wargtto examine if optical illusions
could also beised as structural element in furniture design.

The theoretical basfer this thesiss compiled by collecting dat@boutperception,
optical art, other applications, meaning and building blocks of optical illuSas.
creates the base for the knowledge of theme and the phenomenon. The
examination work is done by using the method ot@gbive prototypingthereare

no answers when starting the projdxit e process consists of planning and trying
different ideas until one of thems deemedio be the right one to develop. The
prototypesvary from simple sketches and 3D modeliegerdsesto 1:1 scale
models.

The authorfound six potentialillusions and one conceptas selected for further
development based on criteria that were set before the Moekselected concept
was used to create and develop WARR set of bar stools and shelves. The final
objects combinghe praxis of furniture design and optical illusions. They deceive
the viewer but the illusion is not only a visual effect; also strengthens the
structure.Other criteria for the final designsre i distinctiveness newnessand
suitahlity for manufacturing.
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Optisetilluusiot ovat todiste, etta kaikki tdssa maailmassa ei ole
milta ne saattavat ensin nayttaa. Tama on inspiroinut tiedemiehia, taiteilijc
arkkitehteja kauttaikojen. Optisia illuusioita on kaytetty hyvaksi niin muodis
likennesuunnittelussa, kuin naamiointikeinona sodassa. Tassa opinnayte
selvitetaén, voiko optiset illuusiot olla myds rakenteellisena o
huonekalusuunnittelussa.

Tyon teora koostuu kerattyyn tietoon havaitsemista, optisesta taitemstiaten
illuusioiden merkityksestéaniiden kayttosovelluksisga rakentumisestaTama
luo tietopohjan ko. aiheelle ja ilmi6lle. Tutkimustyo toteutetaan kayttékivan
koemallinamisen (explorative prototyping) keinoja: Tyon alkaessa ei

vastauksia, vaan erilaisia ideogaunnitellaan ja kokeillaan, kunnes loydet:
yksi, joka vaikuttaa oikealta jatkokehitettavaksi. Prototyypit vaihtels
yksinkertaisista luonnoksista ja 3Dallinnuksista kokonaisiin 1:1 malleihin.

Kuudesta illuusiosta yksi konsepti valitaan jatkokehitettavaksi perustuen
alussa maariteltyihin kriteereihin. Valitun konseptin tuotekehityksen m
syntyy WARP -baarijakkara ja -hylly, joissa yhdistyy kaytantee
huonekalusuunnittelusta ja optisistauilsioista.KalusteethAméaavéat katsojas
mutta illuusio ei ole vain visuaalinen efekti, vaan se lujittaa myos raker
Kriteereihin  kuuluu myo6s tuotteidenhuomicarvo, uudenlaigus ja
tuotantokelpoisus.

Avainsanat: optinen illuusio, explorative prototyping, huonekalusuttehi
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1. FOREWORD

On an icy winter day in 20QP artof vi si
science / science of am, 38.) exhibition Optical Paintingsin EMMA - Espoo
Museum of Modern Artan extensive showcasedfi ct or Vasarel yos
1948 1979. The exhibition was an eppening experience for me and probably the
most significandriver for the subject othis thesis.

| have had a certain dosity and interest in optical illusions sinceming across

the first onel ever remember seeing primary school in 1997. Optical illusions
have also been a major source of inspiration to me and | have exploited the
principles of them in my drawings apdintings. The interest grows from the dialog
betweerart andsciencel am not an artist, but an aestheétem not a scientisbut

a seeker. The ascience relation of optical illusions is explored more proféund

in chapter2.3. on page38. Incorporaing optical illusionsinto my furniture design

has been a loaime ambitionof mineandhas motivated me throughout the process

of writing this thesis.

| also believe that optical illusions can break up the monotony of our everyday lives,
as we come o contact with so much information and stimulation every day.
According to a study made in 2007 by Dr. Martin Hilbert and his team at the
University of Southern California, weome in contact with74 newspapensorth

of information every day (Alleyne 201The result ipproximateand the number

is most probably even bigger in ZDNonetheless, 174 newspapevrorthof data

a day is already suamincomprehensiblamount so it is not surprising thatery

few things faze us anymore. We read books, watch movies, play video games, do
extreme sports, go to escape rooms, museums or exhibitions to find experiences
that wake us up from reality and make us feel and think. | want to incorporate this
ideathrough my degini nt o everyday o bqgreatedesggnthat dor
takes the viewer or the user for granted, but instead challenge them with elements
of surprise and imagination in everyday moments. | think optical illusions are a
perfect medium to execute thasnbition. Roger Shepard (1990, 3), a Cognitive
scientist and author, has almost poetically summarized my thoughts on the essential
of optical illusions:



AA vague disqui et moves UMethéenseeghatwieat somet hi ng
is before usd very differenfrom what it first appeared to b&he world that we

have relied on for solidity and stability shudders and shifts unpredictably, as if in a
dream.Continuing our scrutiny, we finally satisfy ourselves that the aberration was

only in the ge of the beholder and not, after all, in the world behR&hlity regains

its former stability and composuieand we laugh. It is the laugh that follows a

narrowly averted accident. o

The outcome of this researahasa part of an exhibitiortitled Alestalo x Judin x
Vare which wagart of theMilan furniture fair during Milan Design week 2019.
The exhibition, the prototypes and susignificant internationavisibility would
have not been possible without the finah@id of Alfred Kordelin foundation
Askon saati@ndAalto University Thank you.



1.1. STRUCTURE OF THE THESIS

The structure of thishesisdoes not follow themethodological ordefseel.3.
Methodology, p 12) per se, inan effortto keep up the alternation of theory and
practice interesting. Structurallhis textis split in four different main sections in
which the first one (this sectiofRoreword is an introduction to the research and
work. After reading this sectigrthe readewill have an image of the purpose of
this research, they will know what methodkdve used andlso the reasoning
behind whyl have chosen to use them. | wiklso define and open up the
terminologythat isused in this thesis

The second sectiorinternal Representations of the External Wasléxplanatory:

This sectionmainly coves the first methodological phadée Theoretical basis. |

have collected data on optical illusions as a phenom@monderto understand the
phenomenonit is necessary to know a bit abdudw our vision and pergsion

work. | have sought examples aapplicationf optical illusions inthereal world

and in culture. Optical art is such an influential area in itself that | have dedicated a
whole subheasr to it.

The third section From Two Dimesdonal to Three Dimesional is areport of the
actual reearch work. Before presenting the research (3.2 What am | doing?), |
introduceexamples ofvhat has been don@.1): applicationsof optical illusions in

the field of furniture andproductdesign. The third section includes bdtie
explorative prototypingprocessand details thecreaton of the final productTo
prevent repetitiveness artlde need toefer back and forttbetween the sections,
instead of presenting tlieeories of the buildg blocks ofdifferent illusionsin the
second section where all the other da@deisiled | introduce them simultaneously
and alternawith the experiments in the chaE&217 3.2.2

In essencd,havedissected the things that make optidakilons work into separate
pieces After taking a look at my learnings rearrangd the building blocksof
optical illusionsand made more profound experimefgge 1.3.2. Explorative
prototyping, p. 12)vith the chosen illusionssingvarious techniquesnd materials,
introduced more profoundly in the chap®#2.2. on p 62. Finally, | combinel the
knowledgegained throughout albf the previous phases with the knowledge |
already have about the furniture desighapter3.2.3 p. 82).

The fourth chapterSummarygconcludes the thesis and presemts/nopsis othe
project, my thoughts, the outcome and my learning process.



1.2 GET YOUR TERMS STRAIGHT

Firstly, we need to understand the difference betwésmal illusionsandOptical
illusions? One of the main English dictionari€&x f or dé6s on,defimee di cti onary

the adjectivevisual[ 2 0 1 6 ] as: ARel ati ngas thefisseei ng or S |
definition ofoptical[ 2016] i n the same dictionary is defi
especially i n r el aAdditionally,thetertoptealraelateso on of | i ght

the science obptics the branch of physics that studies tieddvior and properties

of light. The American English dictionanerriamWe bst er 6 s onl ine dicti ol
includes an additionadefinition for the wordoptical[ 2 01 6] : A Of or relatin

optical arto.

Neit her Oxf or dMed s ner 6 sMaelinesithe irteynm\&suay
illusion, but in the literature it is usednterchangeablywith Optical illusion
seemingly meaning the same thing.

Out of curiosity, | checked thenumberof search results fordbh of the terms im

Googlesearch( 24 . 11. 2016) : retirked4ds20a0I resultd, Wheredas o n 0

0Opt i c a lreturnedslightlyi monewith 597,000 resultsThe gapis smaller

than | expectedas | alreadyassumed thaiptical was the corredierm to use when

talking about the illusions of sig®f coursef hi s | i ttl e search doesnodt
which term is the correct one, as they may have been used in very different contexts.

According to Oxf oyJahd®pticaloilludionp @ 0 MG ]Jct i e n arfiyl :
Something that deceives the eye by appearing to be other than it is. 1.1: An
experience of seeming to see something which does not exist or is other than it
appears.-WelMetrern @sn di separaelydefing thedtesoptisah 6 t

illusion, but it directs to the generdéfinition forillusion.

Bruno Ernst (1986, 9.), a Dutch physicist and mathematician uses a pretty similar

definitionto the one included intt@x f or d di cti onary: o0Optical [
which we see but which either do not exist in reality or whose real nature is

di fferento. But he al so addsthetunigue this def i |
character of different kinds of illusions is enooked. He separates the optical

il lusions that we see in our everyday | ife bu:

cue of retinal size, fig, p. 9.) from the optical illusions that possess an unusual
character, which usually are named after tieir nve nt or 0 ,Zolldeo r exampl e
illusion (fig. 43, p. 79.



Figure 1

The distance cue of retinal size: When | look ouhefwindow, the neighbamg
buildingés window appears smaller than thkeyson mydeskYet | dondot g
phenomenon a second thought. Optical illusions are for the most part an integral
aspect of our perceptual expectations (Ernst 1986, 9).



Roger Shepard (1990, 3)cagnitive scientistalsoseparatesisual illusionsfrom
ambiguous figuresand impossible objectsBy illusion he means perceptual
interpretations that we find surprising and different from our environment that we
are used to thinkg of as the truth. Amiguous figures are images with two or more
perceptual interpretations that are mutually incompatible but only one of them can
be fully experienced at a time. By impossibility he means tti@ensional objects

or scenes with different parts that are incatifge with each other and therefore
disallow us to perceive them as a wh¢k.g. Penrose triahg, fig. 40, p.73).
(Shepard 1990, 48.

Different kinds of illusions are not totally mutually exclusitiee same elements
either the use of fundamental gedrieeshapes in a particular way or perceptual
delusion, most often the combination of them, seem to be the building blocks for
all visual illusions 8.2.1 The Building blocksp. 52). But to create a better
understanding, it is important to categorize aathe the different phenomena. In
this thesisl call the general phenomenon of all the illusions of sight (including the
natural illusions)Visual illusionsand more specific illusions, such Beversible
Images (p64), ZolIiner illusion or Moiré pattern§. 71), Optical illusions Unlike
Shepard, | also count ambiguous figures and impossible objects in this category

While | focus onOptical illusionsin this thesis it is also important to understand

the essete of visual illusionsand the fundamentals of perceptioas wider
phenomea as well which are briefly explained in the chapgt, page22. After

all, more than fully understand the complicated process of what happens in our eye
and brainwhen viewing optical illusiond am more iterested in knowing why we

are able teeeoptical illusionsand the meanirgand possible applications of them.
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Figure 2

The alternation ofdchnical, practicalgritical and intuitive interest of knowledge.
Thei mage i s made based on J¢grgen Haber m:

Interests of Human Knowledge.

11



1.3. METHODOLOGY

As mentioned, thithesis is split ito three parts: 1) Theoretical basis, 2) Explorative

prototyping and 3) Creating. Based on Jurg¢éa ber masodés (1972) and Pi
Antti | ads hemarukdowledge itereqighee. 11.), the main interests

of this thesisarein technical and intuitive knowledgdhe importance of them

alternates in the differeqthasesThe interests of kmdedge,approach, methods

usedand the datgursuedin the three different methodological phases ate

described in stages below and visualized irctiet(Appendix J.

1.3.1 THEORETICAL BASIS

The first part of the thesis @escriptive The aim is to explain and discover the
fundamentapiecesand characteristics of the phenomenon cadletital illusions

The interest of knowledge technical | have collected existingesearchabout

optical illusions, op art, science, meaning and mathematics that cause optical
illusions, perception (reality and delusions) and behavior of the eye and brain. |
have also done a brief benchmark and analysis of the existing products and studies
from the same @ld. The theoretical research inspects these questions through
literature, inspiring projects, people, images, prodantsexhibitions This builds

the knowledge basof the thesis in which | refer to in thexaminationsection

(3.2.2, p62).

1.3.2 EXPLORATIVE PROTOTYPING

The approach to the second partof thesis isexplorative The interest is in the
interaction of technical and intuitive knowledge. The process combines
experimental investigation with tltatacollected in phase ongcreatirg a deeper
understanding on the phenomerroptical illusions

In order to gain a better understanding of optical illusions in practice, | knew that |

needed tcexperimentwith d i f f er ent kinds of ope i cal il usi
experimental methbthat utilizesii i n f o r ma | s@andputcomgeaddumhieh

is alsoused to design and developsygstemor a productcan bereferred to as

explorative prototypingThis process consists of planning and trying different

designs until one of them seems toébeiable option to develop furthéRouse

2006; UPEDU 2014).

12



During the process started questioning/hat | could and could not call a
prototype. Could | call sall experiments prototype€he definition of a prototype
was mentioned n many sources: AAnNny entity ex|
product that is of interest of tlse dev
definition was shaped by designsearch duo Ulrich & Eppinger (2012, 291).
According to themprototyping is thegprocessof developing an approximation of
the product, which can be in various forms, such as sketches, mathematical models,
simulations, test components or even a fully fuoral version of the product
(Ulrich & Eppinger 2012, 291). After discovering this definition, | negligently used
different materials and techniques my experimenation depending on the
suitability for the examination in question. There is no point itding a oneto-
one prototype in all caseshereasn othersa sketch or a 3D model is not enough.
The techniquesised in my researcire explained more thoroughly in the chapter
3.2.2 p. 62, which is the documentation and report of the experimentation.

The methods of explorative prototypingre commonly used in software
engineering, but also in hardware devetgmt or industrial design research
projects, examining the function of a product or a specific part (Rouse 2006;
UPEDU 2014). The method is prddg used in other kinds of projects as well:
Strategic & Industrial Designer Jukka Itdla (2014) has used the methods of
explorative prototyping for materials research inMia s t te m & Eowsdesign

can contribute to materials researehExplorative pototyping as a method for
collaboration between design and materials sciéence | n ineé has used thes | s
methods in a simple, descriptive and productive way and through his case studies
he proves that explorative prototyping supported his matersdareh procesBy
prototyping in an early stage of a product development processulek separate

the solutions thatauld directly be brought forth from the ones thadpsoblems

to be solved before production. Evehenhe predefined solutions to be tested,

the methods of explorative prototypingften revealed new and unexpected
information. Therefore explorative prototyping is a useful tool for diverse
applications ad | also bundit a suitable method for my purposes. (Itdla 2014, 130.)

The Unified Process for Education, UPEDU (2014), a web publication of software
engineering practices byPolytechnique Montreal defines the features of
explorative prototyping imoredetail as experiments to testey assumption about

the project. Theefeaturescan be related eithén functionalityandtechnology of

a software or a hardware component, or both. It is also a way of clarifying
requirements and prevamg largescale failures in a later phase of the project.
(UPEDU 2014.)

13



The definition & explorative prototyping by Gengnagel, Nagy & Stark
(2016, 9295) caught my attention because of its interesting use that is not purely
for software development. They include explorative prototyping as a gaybotl
prototypingmethods used ithe devdopment of produekervice systems. This can
mean for example combining intangible services and tangible objents an
integrated systepor when the research is about combining physical prototypes and
digital models in a Virtual Realitgnvironment For example, ey state thatin
architecture, the methods of hybmpaototypingand explorative prototyping are
valid as such, as all interfaces that affect objects, environment and infrastructure
can be called hybrids. (Gengnagel, Nagy & Stark 2018599

UPEDU (2014) has categorized prototyping into two different main groups by the
information they can provide: In the first grquifvhat they explore there are two
kinds of prototypesa behavioral prototypewhich focuses on exploriregspecific
behavior of the systemanda structural prototypewhich explores constructive,
architectural or technological conceriifiere usually is a concrete outcome in the
prototypes of the second group are. Exploratory prototype belonge getiond
group along wi what they callan evolutionary prototypewhich gradually
develosto become the real system.

Explorative Prototyping Process

What is the difference betweeriimao r mal 6 pr ot otype and an expl or
According to Margaret Rouse (2006), a writer and managewbétls.com

TechTargegh s e n c y c lore pféhd magor pahtications of the IT industry, the

difference is in the processxplorative prototyping begins at a more nebulous

starting point, ang@roceeds in a less formal way. The downsidesishtlethod are

that it is not particularly costffective and aghe resultis unknown, it may

sometimedeadto an undesirable outcome.

James Ford (2016) has summarized three simple and straightforwpsdf@te

explorative prototyping. He has uncovered these points through his own

experi mental work, so | regard the informatio
As the procedure is relatable to this project, | have decidaddpthis discovery

into accaint and examine them in practice.

14



According to Ford (2016}he three essential steps for explorative prototyping are:
1) Understand the key goals
2) Maintain a narrow scope

3) Set a short timeframe

To be able to have a successful explorapwetotyping process, it is crucial to
setgoals. Ta examinem e e d s  twh ytk&y argvdoidg the worko have a
chall enge and a reason. I dwodbegin Wosko n e €
towardsachievwng the goal. Both need to be known beforgibaing. Sometimes

there only might be &pe oftechnologythatthe examiner wants to explore (the

how), but a prototype without a reason (tkiky) will turn into a simple proof of a

concept application. A challenge (tiwéy) withoutanyidea of a solution (theow)

is not ready to begin working on yet. (Ford 2016.)

Additionally, there are goals with different legalf importance. There should be
only one highlevel primary goal and a few secondary goals. Some of the secondary
goals mght change omustbe sacrificed during the developmembcesgo limit

the scope or to keep within the time limit. (Ford 2016.)

As claimed by Ford, the explorative prototyping project is more fruitful when the
work is limited to conceptual level. Thisay it is possible to explore more features
in a shorter timelt is ofteneasy to get logh all the opportunities when the high
level goal could be solved imany of different ways. But if there are many
experiments going on at the same time, or if tqpeeaments are too profound, there

is a risk ofscope creepan uncontrolled growth of the project, when the level of
complexity increases while the time to accomplish the project exponentially
decreases. To prevent this, Ford advises to refine anceligbtis, focus on a single
feature at a time, delivex final featureand only then move oto the next one.
(Ford 2016.)

Finally, for a successful explorative prototyping process, there needs to be a
timeframe.This canvary depending on the project, tidord (2016) recommends a

short timeframe and prefers to limit his timeframe measured in hours, not days or
weeks. A prototype is a proof obncepts o it doesndt need to
needs to work (or not) and accordingly make some measuraigesps towards

the initial goals. The timeframe should be long enough to be able to estimate the
time it takes to finish the actual version. If the set time is not enough to achieve the
desiredresult it means that the examination might be tmonplicated and one

should reconsider how to simplify it.

15



Rouse (2006) specifies that the method works best in situations wher@fenly
or none, of the requirements of the final system or the product are known in detail
beforehand. She has created a basic nfod#he explorative prototyping process:

I The starting point is crucial for the work: All the information available is
gathered together to get an idea of what the new system will be, how it is
expected to work, and how it can be done.

b A system is putogether, based on the gathered information and the ideas
formulated in the first step

b The system is tested to see how it performs and how to improve it

I A secondgeneration system is developed from the first one, based on the
improvements proposed in thesvious step

I The second system is tested, as was the first. Its performance is evaluated,
and possible improvements determined

Exploratory prototypes can be intentionally dama"throw-away"fashionand the
process can be performed once or repeasethany times as necessary to obtain
user satisfaction or until it is decided that the project is unworkable. (Rouse 2006;
UPEDU 2014.)

When observing the categorizations and the process of explorative prototyping
above, one needs to keep in mind thatmethodvas initially createdor a software
development. Regardless, | adopted the method for this research because of all the
similar features and objectivebe end result of the research is unknown, | want to
test as many different illusions as pilide, and limit the work t@ conceptual level.

In this part lam planningo achieve quantity rather than quality so that | have a lot

of material to choose from for the final object@ilding a lot of prototypes is also

an exciting way to explore something nand take chances in the design process
that | n o r tryallid algo aw apportuhity & trefine rhandworkingand
product development skills.

16



Heuristic technique

The method of explorative prototyping is claimed to be informal and the
conclusions to be based on emotions (UPEDU 20idther than empirical
evidenceSo can the outcomef explorative prototypinge taken asalid research

I claim that explorative ptotyping as a research method can be taken as seriously
as any otheheuristicresearch methodkirst of all, e character of this research is
heuristic, meaning the focus is in discovering and finding. Heuristic methods are
processes where one discovéingngs themselves and learns from their own
experiences. Heuristics believe that the deepest knowledge can be found in the
individuals through their senses, perceptions, beliefs, and judgnhésusistic
researcher also develop methods and procedures forther investigation and
analysis which leads to new knowledge and informatiamile understanding the
phenomenon with increasing depthven if the heuristic process can be said to be
autobiographicwith every question that mattevs a personal level there is always

a social and, perhapalso a universakignificance. (Moustakas 1990, 913, 15.)

This is the strength of a heuristesearch

The heuristic techniques are fundamental featafe&nowledge seeking and
understanding,such asintuition, trial & error, indwelling focusing tacit
knowledgeand Internal Frame of Refereng®doustakas 1990, 2027; heuristic
2018) which areall present in my explorative prototyping process.

Intuition is an importantneandor seeking knowledget is an internal capacity to
make conclusions and compose new information from existing structures and
dynamics. The intuitive process goes fromcpersing through observing, finding
patternsand imaginingto creating the truth. Intuition makes immediate knowledge
possible without any deeper reasoning or logMoustakas 1990, 23.)

A tree can be viewed from many different angles: sfdas, and back; but if you
canot see a whole tree it mu s t be int
observation, experience, and connecting the parts of the tree into patterns and
relationships that ultimately enable an intuitive knowing of the agea whole.

(Figure 3)
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Figure 3
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A technigue where one tries out one or more way#d out the best way
to reach a desired result or a correct solution by observing and eliminating errors or
causes of failure is calle@rial and Error. The objectiveof trial and erroris to
obtain new knowledgel'he method is solutieonriented, savhy a solution works
or d o e sisriot meanmgfukwhat matters is thahereis a solution. In my
work, if theattempted | | u s i o nrk, ddo ros amdyrze¢heveause of a failure
further because thesemplyis no need for a deeper failure analysithe Heuristic
method (trial and error 2018.)

Indwelling is the conscious process of turning inward to seek a deeper, more
extended comprehension of the nature and meaning of the theme in question.
Indwelling as a technique requires patience and repetiimneeds to return to

the same subject again and again talide to findts every possible nuance, texture,
fact, and meaning. The indwelling process is intentional but not linear or logical
(Moustakas 1990, 243s it is a reflective process.

Focusingis means of turning your attention inwartd pausing to examine the
experience o phenomenon. Focusing enables one to see the phenomenon as it is
and to separate the irrelevant information from the necessary. Through the focusing
process, one is able to define core themes and achieve mofiectllanowledge

about a subjec{Moustakas 1990, 25.)

Tacit knowledges a concept created by a Hungarian medical scientist and a
philosopherMichael Polanyi(18911976). Tacit knowledge is nesonceptual
knowledge that people use unconsciously and ictstely. It is so called
Asubsurfaceo knowledge or fihiddeed trut
Koivunen (1977, 77), basing henethod on Polanyi (1983,4) explains tacit
knowledge to be the base of all knowledgperson always knows more thameyh

are able to tell or describEor example,tiis the skill of our hands, the feeling in

our skin and the knowledge of the deepest layers of our brain that tells us when a
dough is perfectly mixed. Tacit knowledge is gained through imitating, identifying
andrepeating (Koivunen 1997, 7879, 84.)

It doesn't matter if the knowledge is gained and deepened thtacighintuitive,
indwelling, trial & error or focusing techniques#s base is always the Internal

Frame of Referenc&his means that every human experienagejgendenon the

person who has had the experience. Only they can validly provide descriptions of
the experience through their perceptions, thoughts, feelings and senses. (Moustakas
1990, 26.)

19



1.3.3 CREATION

The approach to the third methodological pérthis thesiss explanatorythis part
introduceghe actual design work where | combine the gained knowledge of the
previous phases with my personal expression of the phenomenon and the
knowledgel already have about furniture design. The process is not as strictly
framed as in the previous phase. | knowt#ehniqueput in the beginning of this
phaseend result is unknowThe final knowledge and the end resultagpiece or

a series of furnitue or objectwhich demonstratesa strong understanding of
optical illusion in the structure and proves tha we candt al ways
senses.

The interest of knowledge istuitive. The final knowledge consédrom my own
subjective insights, feelingmd experiences. It is a combination of sciencethad

art of discovering and inventing. Documentation is an essential part of the process
and the result.
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2. INTERNAL REPRESENTATIONS OF
THE EXTERNAL WORLD

What are optical illusions as a phenomenon? Why and how do we perceive
optical illusions? Do they have a meaning or are they just fun tiocksur eyes?
What happens when the interface of reality and delusionmédéee n we canot
our senses, whendhworld is not how we assume it to be? The field of art has
adopted these themes and methgidselong ago $ee chapte2.3 p. 38), but are
they alsautilized somewhere else?
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2.1 ABC of perception

As stated before, t diglet andseaind(sed o2p @8), sva | 0

naturally behavior of the eye is in the ledgmenin understanding optical illusions.

In simple termsthe eye is a spherical shaped visual sense organ. ltsigront
transparent, whilever almost eighty percent of the remamsurfaces opaqueln

the back of the inner surface the optic nerve spreads to form the vdtier@ the

i mages ar e 0pr nmpetwednéd series Of ramspargntdiquiels and
solids such aghe lens, which is used for focusing the image ddapting the
thickness and shape by certain musclé® ris is a shutter in front of the lens that
controls the amount of lighhatreaclesthe retina. (Luckiesh 1965, 1¥; fig. 4.)

Thegg e i tself doesnot;sighteard peraefunme ecomplexv e

its behaviorare solely responsible for seeing illusions. FExamplethe shape of
the lens causes that the outermost straight lines in our sight tend to berdsabit.

in the retinathere ardight-sensitive cone and rod celéd which the latter function
only under very low illumination. The distribution of these twells is not
homogenousn the eyewhich is a reason for some illusions. Rod and cone cells
enableseeingthings likeafter-images which are visual illusions when one stares
atan object for a designated amount of time @n@dstimuli continues to gear in

one's vision even after the exposure of the original image has disappeared.

(Luckiesh 1965, 128, Wade 1982, 10).

The sense of sight is different from most of the other senses because there is no

direct contact with the sensation. The sens@wth involves solid contadiaste

requirediquid contactand the sense of smell requires gaseous contact. In hearing

and sight the contact is indirebkaring is based on the contact between vibrations
in the air (usually) and our eaSeeing is basatly contact between electromagnetic
waves (=light) and our eyes. lhothcasestherearespecialized nensto intensify

and to define theensation, butie eye is such a developed instruntkatwe d o n ot

only sedight, but we see objects. (Luckie$B65, 29.)

Our vision is binoculgrwhich means we have two eyes that are able to create a

singlethreedimensional image of our surroundind$e continuous movement of
our eyes is also a highly complex function whityether with binocularityis the

main reason why weanperceive distance, perspective, size and form by sensing

the variationsof things like clearness, brightness, color, angles, movement or
proportions. (Luckiesh 1965, 2%7.)
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Figure 5 The wsual angle is bigger when we observe near objects (red) and
becomes smaller with distant objects (blue).

The ability to understand the distance of the neigisbaindow and mykeys
presented in the chapter2.on p 9 is based on the basic fact that light travels in
straight lines. If we thinkf the retina of our eye as the base of an isosceles triangle
(fig. 5) and the vertex poings the object ofnspection, the angle of the vertex
becomes smaller the farther it moves from the base (of fixed length). That is to say,
the more distant the object is, the smaller the visual angle subtended atithaseye
well. (Shepard 1990, 56)

Our eye, justlie a camera or a painterds brush, captu
This image is a flat projection ourthreed i mensi onal world and itds
to compress three dimensions into two without losing some information. (Gregory

1970, 33; Rock 1984,-9.)

An image can also be perceivedanendless amount of ways. Our eyes are the

connecting link between visual perception and objectadity, but a perception of

an image is not necessarily the same as perception of thedthrersional world.

There is ghilosophical termnaive realismwhich refers to th@resumption that

our preceptiongre direct recordings of the world around us. How we perceive the

world is also very different from how other organisms do. Bé&msexample

respond to frequencie$ laght to which we do not. Fish respond to odors and sound

frequencies that are npart of ourperceptual reality. iemeans our freal i tyo i
very different from those specie@regory 1970, 33; Luckiesh 1965, 13; Rock

1984, 19.)

Knowing all of thiswhyw o u | weragstime thablorsarejustsurfaces reflecting
electromagnetic waves of different frequenoiesmellsarejust different chemical
compound8 Even if our perceptions amnly mental constructiongather than
direct recordingsof the wald, they areveridical. We can only perceive the world
directly through our senses that correspond with the properties of the world around
us.In a way,our perceptions of the world acerrect (Rock 1984, 19.)
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- BrunoErnst
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2.2 Meaning and applications

Look at theSupernovae (1959961) by Victor Vasarelpnpreviouspage25.1 s n 6 t
it crazy how the image playith your mind? But optical illusions are more than
justabitoffunin hi ©Opttalclal é i | | us i enestistBdaolwttohow we seebd
(2009) explainghe importance and meaning of visual illusions in the research of
our mind and behavioAs stated before, evhave nalirect access to our physical
world other than through aiif our sense<Out of all of our sensesje tend to trust

our eyesmost Our braininstantly processsthe informationour eyesreceive to
make sense of the world around us. The luagsmechanismso find patterns and
relationships in information and assoemthose relationships with behavioral
meaning from our past. This has been crucial to our evolution and simply makes
it possible to interact with the world. Tricking and challeggthis system can
revealaspect@bout how our minds work. (Lotto 2009.)

Inessenceye see what we have | earned to see. We dc
what we directly sense, boywh at we beli eve (Goeengyory 1970, 11
coffee cup oranambiguouswhitep at ¢ h 0 i n/| sktit an a tableaviiich me

| know because of the collaboration between my eyes and my hadin (2009)
claims than the sensory informatiaboutwhat we see is actually meaningless; it
is just light that falls ir@ our eye and can mean literally anythimgntextis
everything.

In his talk he gives an examplef one of the fundamentals of sighgeing color,
which is one of the simplest things brain dog@2.@: @lor, p. 58. The object of
observation, a projé&ion from the world, has three basic factersh regardsto

with color: the color of the actual object, color of the background and color of
illumination. If any of these factors change, it will change how we see the object,
which means that the same ineatan have infinite amounts of possible projections.
(Lotto 2009.)

Our visual system has evolveder millions of years tawvhatit is now, which is

doing its best to give us reliable and accurate informatout the three
dimensionalworld we are livingn. But the world around us keeps on developing.
Does our visual system keep up with the development? Roger Shepard (1990, 5)
answers my question with a color examaewell natural selection has not had
time to adapt to the demands of all the techrolddnnovationsv e 6 v e, sushe e n
as the abnormal hues of artificial light§e easily recognize familiar objeatnder

the variatios of natural illumination during the day, but it is easier to walk past our
own carat nightin a parking lot illuminatedypartificial lamps. (Shepard 1990, 5)

26



Roger Shepard has investigated the aberrations of perception and the meanings of
them with interesting methodkat combire his research and his art. He is a
cognitive scientistvho startedmaking drawings of optical illusions for his own
entertainment antb counterbalance his more serious psychological research work.
By the time he came to realize the connections between the drawings and some of
the principles in his cognitive investigationSven if his methods have been
different from what Lotto clans in his talk, the outcome is very similar: Shepard
summarizes his discoveries by stating that what we see is a rather limited window
into the world, just a reflection of it. But it is an informative windawour mind.
(Shepard 1990, 4, 21213.)

We have all this knowledggboutoptical illusiors by researching them, but how is
this information used in real life? There are a lot of examples in all fields and lines
of industy. To give a brieindea about the scopeere are a few examples below:

In Architecture & Urban planning

The temple of Parthenon in Greece is not the, finst probably the most known
example of the usage of optical illusions in architecture. Margaret Livingstone
(Glassman 2008)a neurobiologist from Harvard Medical Baol, explains the
visual tricks behind the building. As stated before, our visual system tends to bend
the outermost straight lines of our sigBtl. p 22). The ancienGreeks realized

that to construct a building that appears perfect they wrald to come up wita
design that tricks the eye and they invented a system of optical refineratets
forced perspecte/(fig. 7, p. 28). (Glassman 20Q8-ig. 8)

Optical illusion in architecture was not used only by the ancsetks buhas
beenused throughout the time and is still useday Victor Vasarelyalsosaw the
connection between optical illusions, architecture and urban planning.Gee

400 . Some of the best e amuoptdaldlgsiormfethe oday
buildingsdesigned byBrazilianarchitect Fernando Peixotfig. 9, p. 29).
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Figure 7

To compensate the illusory bendjtige Parthenon temple was built withly few
right angles or straight lines

Figure 8
A phenomenon calleieHering illusion (published in 1861) is the base behind the

mathematics aheParthenon (builtin 432 BC) IntheHering illusion the straight
horizontal lines seem to bend. (Glassman 2008)
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Figure 9 A building by architecFernando Peixoto
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Optical illusiors have also been used in interior design. Many magazines
and other publicationscludingArch Daily (2017) have noticed the floor in Casa
Ceramica in Manchestefid. 10, p. 31). Their claim that the floor is built to slow
down peoplehas actuallybeendeclined by Casa Ceramicas heir purpose was
only to wow th& customers and showcase what could be aeHievith their
products (Casa Ceramica 2017).

Either way, Ibelieve thathe use of optical illusionsould be a potential way to

slow peopledownin places where it is needed. As a matter of fact, similar methods

have been used for this purpose. Theresaltle and not so subtle exampl&sn

Collins (2017) wrote fotheDai | vy Mai | an article about TFLO
London) trial of using optical illusions to slow down driversbusy highways in

the city to prevent death and serious injuries in taffhey painted 45 fake speed

bumps around the cityvhich is notably cheaper than installing the real ones. The

fake bumps reduced the average speed bykfivé.

These sorts of trials work well for a limited amountiofe, but people get used to
them. In Chicagoofficials have tried different waysf slowing downtraffic at a
dangerous curve on Lake Shore Drive. When straightening the curve anth¢pwer
speed | imits dtheynried optcal tlusieng a&siadselutidhys
painting horizontal lines which become closer together as the driver reaches the
curve they finally reached the goal. The horizontal lipeeducea visual effect
similar to what your eye perceives whepeeling up which makes the driver
instinctively slow down. (Moskvitch 2014ig. 11)

Escher (see. 43) has amazed people through his surreal architectural imiages (
15, p. 44) for over a century (Escher). Kokichi Sugihara, professor from Meiji
University for Advanced Study of Mathematical Sciences, claims that these kinds
of impossible objects can be realized as tuiegensional objects in infinitely
amount of ways. His approach to optical illusions is mathematical: impossible 2D
objects are podsle to recreate in three dimensions by solving equations. He
explains how the optical illusion research is not only interesting, but also important
to our daily lives and makass happier. We are surrounded by optical illusions:
make up, what we choosewear, or how we take a selfie are examples of everyday
optical illusions. Optical illusions cannot be removed from our brains, explains
Sugihara. This is also why the example of Chicago traffic is so efficient
(Meijiglobal 2017)
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Figure 11

The horizontal lines become closer together as the driver reaches the Lake Shore
Drive curve.

31



Figure 12 Impossible objects iRhilips ads from 1986.
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In Graphic design

Thoughgraphic desigms traditionally a 2D medium, there are plenty of examples

of theusage of optical illusions. | wanted to find a commercial exatogliistrate
this point. When looking forexamplesa blog post by Robin (2014n his blog
Past Print caught my attention. He found advertisements from Philip$he
Economisimagazinerfom 1986(fig. 12, p. 32.

There arefive differentadsthat are designed by SwedDscar Reutersvarthat
present different kinds of impossible objects (8€22.p. 74). On top of each
image, which are clearly photographs (which means the objects anestbleen
built in reality), there isthet e xt APhi |l i ps adds new
great advertisement campaign from Philips indicating the prebtdwing capacity
of the company
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Dazzle camouflage

We usually understand the wocdmouflageas an attempt tacreate a sense of
invisibility to preventbeing seenThe most common way of camouflaging both in
nature and among humans is so catladkground matchingvhich means that the
patterns and colors of the target match the environment. {Saottiel, Baddeley,
Palmer & Cuthill 2011)

During the both World Wargdwo major problems werdefinedandsoughtto be
solved. Background matchiranly works well againsbnecertain background but
may not be effective against another. Secondly, motion breaks this kind of a
camouflage. This was a problem especially in naval warfare. Dazzle camouflage
was intended to disguise the size, shape, speed, range and the direotoscofal

boats and make individuating difficult when many boats were sailing together.
(ScottSamuel, Baddeley, Palmer & Cuthill 2QX. 13)

Dazzle camouflage relies on the fact that and the object is difficult toZedali
distorting the appearaacDifferent versions were used for different purposes:
example by applying the same pattern in different sizes on war sbigsmaylook

further than the other. A repetitive pattern which changes its scale along the ship
gives an impression that theore finely patterned end is further away than the more
coarsely patterned one. In this wtyeviewer could be tricked about widitection

the ship was heade#@ldditionally, smaller objects appear to move faster than larger
objects. (ScotSamuel, Badeley, Palmer & Cuthill 2011)

Little reliable researchas beedoneaboutdazzle camouflage and its effectiveness.

A researctstudy tittedi Daz z|l e Camoufl age Affects Speed Per
in 2011 by a grouponsisting ofScottSamuel, Baddeley, Palm& Cuthill. Their

study focuses on speed and how it is perceived with different patfdrstow

speedsno significant difference between the perceived speed of the patterns was

noted However at faster speeghigh contrast patterns (such as zigzadjemrecled

pattern$ were perceived to move slower than a plain patfEne. maindiscovery

in their researclvasthat adazzle pattern can distort perceived speed, if that speed

is sufficiently high.

Figure 13 page 35Examples of dazzle camouflage used in both World Wars.
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The Best lllusion of the Year Contest

During this projectl found my community: The Neural Correlate Society (NCS)
NCS is a nonprofit organization that promotes scientific research of perception and
cognition. They help perception scientists, neurologists, and artists to communicate
their discoveries to the plia Among other evenighey host the annudest
lllusion of the Year Contesthe contest is opdn everyone to submit a one minute
video presenting theeillusion. An international panel of judges rates the videos and
narrows them down tahe top 10submissions The winners are thechosen by
online voters, with anyone allowed to vote once. The Top 3 winners receive cash
prizes: $3,000 for first place; $2,000 for second place, and $1,000 for third place.
(The Best lllusion of the Yed&ontest.)

| think it is great that this kind of competition exists. To, thés also means that
thekindofwor k | 6 m d o i rbgotherselsawhgr&hepanelaf judges

rates theillusions according tosignificance to our understanding of thanhan

mind and brainsimplicity of the descriptionsheer beautycounterintuitive quality
andspectacularity. These criteria seem very approachable and understdndable
competition for scientific workThereforel 6 m goi ng to submit
this thesis to the competition.
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AOptical il lusions can make our | ives
-Kokichi Sugihara
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2.3 OP 1 art of science / science of art

When talking about optical illusions, it is impossible to ignopical artand how

it has affected us and our culture as an art movement. The purpose of Optical art is
visibly different than the purpose of many other modern art movements; Optical art
impresses with its visuality rather than with its themes. For me the meaning of art,
in general, is that it affects the viewer. | think the strongest thif@piical artis

that when watching it, the effect is not only mental but also phys#icanactually

make you feel sickAt first look the pieces might look like there cannot be any
deeper meaning. But is there a message behind the hard, technical cover? Every art
movemenimusthave a reason to bovi/hat is the justification of Optical art?

Artists have developed abstract compositions to explore a variety of optical
phenomena resulting from the eye's struggle to read an image. Optical art is also
called simply "@". The term was used alreadytire 19th centurybut was made
popular by its use in a 1964memagazine articldThe Art Story Foundation 2014,

Op Art.) | use both terms meaning the same thing.

Op art blossomed ithel 96 0 6 s ( P o p p e rthe fir§l hidg)that cdnesve v e r

to my mind from t hdananottalonein mpwayosthinkieg: Pop art ani
according to The Art Story Foundation (2014) i
recogni zable styles of modegsemedakindof. Some even
abstract Pop art (The Art Story Foundation 2014, Op Art). Both Pop art and Op

emphasize the same kind of color palette, playfulness, graphical elemergs and

certain naivety. However, the brief meaning of Pop art is to create fine art from

things that had become part of everyday culture: mass produced objects, music,

advertisements and movies (The Art Story Foundation 2014, Pgpuhdjeas the

keywords of Op are more abstrddte time, motion, space and perception (Payne

2012). Op sharkthe field also wittKinetic art, which is theartiss attractiorto

the possibility of real motion. The question with Op was how to cagaitkision

of movement on a static 2D surface (8ge6, p. 25). (Payne 2012.)
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An interesting characteristiof this movementis that these themes
concerned both artists and scientists of the time. (Parola 1968, &$ence, Op
combines art and science. | am convinced they are not two different worlds but
more like worlds that support each other. Nicholas Waddyzes this thought in
his book:The Art and Science of Visual lllusiohée proves a close phenomenal
commonality between visual art and visual sciebcg he also points out the gap
between the artists and the scientists: commonality has not beessexdptierough
a common terminology. It is often difficult or even impossible to realize that the
same phenomenon is discussed (Wade 1982, 263).

Wade wrote his book already in 19&2it, according to my own experiendfings
havenot ¢ hsmecegstlldin 2010c 37 years later, artists and scientists
havenét totally f olumné thimhascamtmondo withbur n g u a
compartmentalized education systems; we are taught to be proud of our own
professionsand everything that coraevith them,e.g. traditions and terminology.

This is not a bad thing per se, but | can see thaa while there has been a growing

trend of building multidisciplinary universities, comlwig the existinguniversities

creatng multidisciplinary work places and hiang multidisciplinary courses.

Maybe this willbring the two worlds a bit closer to each other one day?

Even though scientific analysis may be applied to optical art, the Op art pieces are
not always a result of scigfic research. The inception of the work may also be
entirely subconscious and purely a statement of the century (Parola 19&3in®)

that is somehow the message of every dhrsiughoutime: time and environment

affect the subconscious amloe subconscious creates images of the time. But what
exactlywast he arti sts of the 600s message Ww

Op can be saitb havelaunched in a group exhibition callég Mouvemenat
Galerie Denise Rene, in Paiis 1955 but it was only a springboard for wide
international following.The rext big exhibition,The Responsive Eywas held in

1965 at the Museum of Modern Art in New Yorkhis was the point when Op
caught the public's imagination and led to a craze not only for art but also for design,
fashion ad mediaincorporating Op elementéThe Art Story Foundation 2014, Op
Art.)

After all, compared to the success of pop art and the way it was presented in media,
the number of artists who had interest in optical effects was very marginal-(Lucie
Smith 1969,169). Art critics were neverery supportive of Op either, attacking it

and its effectasjust tricks and gimmicky trends (The Art Story Foundation 2014,
Op Art). ButOp was never even meant for the responsive eyes of the critics. For a
layman instead,iting in a decade defined by the onward march of science, by
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advancements in computing, space and televigiovas an easy style to relate to
(The Art Story Foundation 2014, Op Art).

Probably the most known Op artisMgtor Vasarely(19061 1 997 ) , t he o6f at her 6
Op. He was born in Pécs, Hungary and he settled in Paris in 1930. It is obvious that

he also was interested in science; he studiedicine fotwo yearsatthe University

of Budapest Though this period of study was short for hine, adopted many

scientific methods that are visible in léder work. After his medical studigshe

trained in the Budapest School of Bauhaus 8s2d..p. 52). (Vasarely 2004.)

During t he, \&asaklgestablisited dhidailesthe thaspirationof the

abstract artists of the centucpncrete to create a universal fine arts language

understood by everyon@lphabet plastiquéfine arts alphabetiy. 14, p. 41) is

a Afine arts pr ogr amohthenbgsic elemergswobggoeetr t hat consi
like the circle, the triangle and the square and their variatrdmsh can be

combined with different color scales of twenty hues each. An infinitaberof

variationscan be achieved just by rearranging the colors or the forms defined by

the artist. Alphabet plastic; Vasarely 2004.)

But his aim was more ambitious thammply creaing a matrix for artists. He
envisionedan idea of his invention integrating into architecture and into our
contemporary urban environment. The basic elements could bénxatad using

new breakthrough techniques and modern industrial technologies, allowing the
works to become monumental pieces. Victor Vasarely himself has stated:

AThe movement does not rely on composition no
apprehension of the act of looking, which by itself is considered as the only
creator. o

- Victor Vasarely
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Figure 14 Alphabet plastiquei The future is being | &
geometrical city, polychromatic and solawhere plastic art will be essentially

kinetic, multidimensional and communal, totally abstract and closely related to the
sciences. 0.

(Alphabet plastic; Vasarely 2004.)
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As stated above, theasicBauhausian shapes treated and manipulated in
different wgys, are the very basis of Op. Completely abstract shapes are the best in
order to serve the perceptual purpose. The shapes are faneharyoneput they
are not symbols in the general meaning of the word. A ciscleot taken to
represent eternitgnd nor doestriangleinherently represerttinity. A circle exists
as a circle and a triangle as a triangle. The meaning of their existence is only in
relation to other shapes and to our perception. (Parola 1969, 31.)

As with optical illusions in generaDptical artalso naturallyemphasizes perception

mostofalll Par ol a 1969, 9) : ABasically it distills
singly and with force and commitment. It is the art of essentials, relying on total
abstraction. 0 @pasasulidenaadimnediadearsform;iitis easy

to understand because it is not dependent on the critic, the connoisseur, the artist,

or the scientist. It is only what you see.

Otherknown Op artikbesi des Vasarely, are t;he O6mother6
Jesus Sotodraacov AgamCarlos CruzDiez Julio Le Parcand Frangois Morellet.

All these artistsateh e or i gi nal ,wbhoQwreféatured imtheattme er s 6
edgeexhibitionResponsive Ey@opper 2009).

The movement lost popularity already by 1968. Although Op art is considered as
an ephemeral art trend, it has had some permanent effects on the perceptual qualities
of the spectator, on the relationship between arast$itectsandtown planners

and on the systematic application of optical phenomena in technologically-highly
developed art forms. (The Art Story Foundation 2014, Op Art; Popper)
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ANEverything we see can be seémsntin anot
everything an illusion anyway? Reality is but a question of perception, and
perception inevitably varies according
|l ead to different di mensions. 0

- Sandro DePrete

Sadro DelPrete (1937 ) and MauritsCornelis Escher (18981972) are examples
of masters of a different kind of art that is more figurative ated in whichoptical
illusions play a major role. Their worknds its inspiration from impossible
constructions and perceptions. (B&kte, Eser.)

Escher is a workdamous artist born in the Netherlands. In his work he plays with
architecture, perspective and impossible spdaethis dayhis art and illustrations
continue to amaze and inspire people all over the warlthe beginning of is

career he made his own studies of plants, landscapes, architecture, buildings and
insects. He used these studies later in hjsadnith features mathematical objects

and operations like impossible objecte€p.10), usingthings likethe laws of
symnmetry, perspective and pattern (seebp.fEscherfig. 15)

Del-Prete is a Swiss artist who has experimentigal perspective in his work in an
innovative and interesting way. By observing a chameleon and the movement of its
eyes, he discovered a new dimension without the restrictions of the normal terms
like front, back, top, bottom, right and left, but they weft¢re same. Hebserved

that he couldiraw all the individual parts correctly in a picture, but only the whole
piece appeared impossible. (EBlete.)

The most active association of Op nowadays seems to be a web ass@jation
Art.co.uk.They collect andhare information about Op, its history and artiass

wel | as upcoming exhibitions and event
and well by scouring the web and press for any Op Art related news and posting
that to the sit efornewldieatysingOpeo feamturs an the 0 0 k i
site. Op art and artists are not totally extinbey still exist. Today optical art is
oftenmadeusingcomputes and the influences of different art forms are so mixed

so it is difficult to define a pure Ojkven so,0Op-Art.co.uk lists som@ft oday 6 s
interestingnames like: Japabased,Yohei YamaCharline Lancelfrom Belgium,

andthe British artisDavid Buckden(Payne 2012.)

As in Bauhausand minimalismmore generallythe subjects of Op are simple and
timelesst hat 6s why | think it wildl al ways
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Figure 15 Waterfall by M.C. Escher (1961)
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3. FROM TWO DIMENTIONAL TO
THREE DIMENTIONAL

An artist starts a traditiongdainting with a twedimensional surface. With
paint or some other madn they makethe viewer to enter into their vision. Our
wor | d i-déneriional angaohreedimensionawor | d candt be ¢
surface. (Payne 2012.) To represent theeedimensional world on the twe
dimensional surfacethe artist has to use systems of illusion that create the
impression ofspace depthand movemenbut of the twedimensional building
blocks presented in chapt@2.1.p. 52 The challenge of the design is tlagpiece
of furniture isusuallya 3D object in a 3D world. This fact leaves out some of the
illusions. An obvious but meaningftihing that | noticedvas that the pieces of
furniture usually consist of 2D surfaces. When intemiadi this matter, the dem
work suddenly seemed to make sense.

| havelaid outthe objectives for the design work (sk8.3 p. 20 and 3.2.2, p. §2

The finaldesigmnusta | s o be si mple enough to I mme
are meant for use amaour daily liveswe do not have the luxury ¢iime to observe

them as we have in an art museum. Many tjrttes illusions of depth, size and

shape also depend on the particular viewing postfdhe viewer(Shepard 1990,

131) If the illusion is only visible from a certaangle or point, do we then still talk

about a piece of furniture or is it then a piece of art?
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3.1 What Has Been Done?

Some applications of optical illusions were presented earlier in the cRapten

page26. Optical illusions have also been a source of inspiration and the purpose of
exi stence for some products @menttipei eces
whed, so to speakso it is important t@alsoknow what has already been done in

the same field. Here | have collected some examples that | personally find
interesting and weléxecuted.The illusions behind them aranalyzed and
explained more thoroughly the chapter 3.2.2. on paga.
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Figure 16

Figure 17

Figure 16.The ABi as of Thoughtsod Bookshelf
Architectsis, in my opinion, one of the best executed prositinztusesoptical
illusion.

Figure 17.1 was mesmerized when [ first saw Bjagrn Jgrund Blik&statielving
systemImeduble in Stockholm Furniture fair 2012

Figure 18. (p. 48)The next year, in 2013, | was happy to see Nendo as a guest of

honoratSt ockhol m Furni tur e fiThimblackliné@ nd o 6 s
collectionhas beemne of the biggest influences this thesis
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Figure 18
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Figure 19
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Figure 20

Figure 19. (p. 49)90° vase by cuatro cuatros design studio is inspired by Penrose
triangle (sedig. 40,p. 73).

Figure 20.Black hole rug by Daniel Malik

Figure 21. (p.51) Dmitry Kozinenko is a designer whose work | admire a lot. His
aesthetics and design philosophy are very similar to mine. He designs unexpected
and surprising objects that often play with the idea of perception. Field, a minimal
shelvingunit, is one othis most known works and produced by Leibal
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Figure 21

51



3.2 What am | doing?

Successful examples of implementing optical illusiomo a product alreadyexist.
How can Ido the same? And howan Ido it even better? What areethbuilding
blocks | need to know to be able to create something that coateopsical illusion
but is also a usabforeed?product and doesnét feel

Whenl had anunderstanding aboutow optical illusions work and what creates
them, it was time to experimemtith them using the methods of experimental
prototyping explained in chapt&r3.2 p.12.The objective of the workas to find

at least one concept to develop further into apct

During the work | h a dvhtad asrk | mydoae Infg ?ma "Wh yt isthe
there even be optical illusion in a piece of furnitu@en going back to my

theoretical basis, | remembered again the meaning of the work. | hope you still

remember itlf not, go back to chapt&.2. onpage26.

321 THE BUI LGI NG BLOCKSE

One of the strongest influences of Optical art was Bauhaus, a school of Architecture
and Applied Arts founded in Germany in 1919 vastrictly disciplined style based

on the fundamental geometric shapes of the cube, the circle and the rectangle. The
schwl was shut down by Nazis in 1933 in Germalyt Bauhaus lived on with

other schools starting in the US and Budap&sb Victor Vasarely (se2.3, p. 40)
practiced inMuhely, the center of Bauhaus in Budapest. (Payne 2012; Vasarely
2004.)

VictorVasa r e | y 0, alphabettplastiguéfig. 14, p. 41), is an example that the

very same fundamental geometric shapes of Bauhaus apply in optical art, hence it
iIs obvious that they play a role in the phenomenon of optical illusione
generdly. Because othis, | analyze the elements of optical illusions through
Optical Art and use a lot of examples from,@pscribing the building blocks in

the following examples.
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Lineis a basic element of every artistic work. (Parola 1969, 19.) Every geometric

shape consists of a group owhenldasaorieng ( O6Keef f e
a line in artistic sensave might use wordsike expressie, dynamic, strong,

sensitive or nervous. Op artists adordyge ofline that was considered unaesthetic

before- a simple, hare&edged and unadorned line. (Parola 1969, 31.)

Fr om | a wad,\ectrovasarelynstarted playing with the deformatiorire

|l ine. He defined his fAuniversal &sructureso a
most popular and widely knowrfid. 22, p 53), presenting pieces where the

elements give illusions of the forms escaping from the flat surface (Vasarely 2004)

| find these works where he attemfiis evoke the unattainable universe of galaxies

and the gigantic cosmic pulsativifvVasarely 2004) extremely fascinating and

inspirational.

The complete abstractness and familiarity (universality) of the basic geometric

shapes serve the perceptual purposstin optical illusions(see2.3. p. 40), but

howcanweuse t hem? A | ine wond6t necessarily make
What toolsand devices are the base of optical illusidremake them work?

As stated before, the very basis of optical illusiongeicetion (see 2.1. p. 22.)
The fundamentahspecbf creating an optical illusion is actually understanding of
the laws of perception:

Figure 23 We tend to understand the darker parts as the figure and lighter parts
as ground. Lightness and darkness of the are
relation of negative and positive space (Negative and positive, p. 68).
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1) FIGURE-GROUND

We have a natural tendency and capacity to separate an object from its environment
(see fig. 23, p. 54)Different factors such as size, shagistanceor value can
determine which part of visual information is received as figure and whicle is th
ground. The visual illusion is achieved when the eye can not choose between the
two and is forced to repeatedly shift from one to the other. (Thurston & Carraher
1996, 19.)

2) ASSIMILATION AND CONTRAST

If all our senses responded to all extersi@huli around uswe would lose our
mental health in few minutes. Our filtering system to minimize the stimuli and to
create focus and unity is called assimilation. (Parola 1969, 13.)

Contrast is the antonym of assimilation. It accemsiaifferences. dgether
contrast and assimilatioare the foundation of our peptén - and of optical
illusion, the first impression and an ukrapid summary of reactions. (Parola 1969,
14, 15.)

3) GROUPING

The world around us is not as simple as the examples/e. There are some
principles tohelp toexplain how we interpret complex structures and multiple
stimuli. The mostwell-known of those, whiclikRene Parola(1969, 22- 30) also
uses as an example Gestalt laws of grouping

Proximity : NObj eetsedhaona@aranot her have a t
(fig. 24, p. 57)
Similarity : AnAl I similar things, comprehend

texture and value, (ip.@8%y®m579 tendency to
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Good figure: Afpercept ual t@lentity fromya minimumpameaudti ct a t o

of

i nformati on or insitatonstbat help in defetmingtee ar e t hr ee

Afgoodnesso:
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A Closure: AThe grouping of el ements that makes
c |l os e dFigure26.,n o
Closure means ounatural tendency to fill in gaps or spaces in a visual
pattern. Closure is experienced when a group of disjointed and separate
shapes is suddenly understood as a part of a larger visual recognizable
subject. (Thurston & Carraher 1996, 19.)

A Symmetryasahw of gr ouyeengdtopeeave animadge that
appears symmetrical as an entity, and we try to blend an asymmetrical shape
i nto a bal an c7g.dSynumetey also hdsk bigger roke inDp
when it comes to the composition of the imageOp symmetry relies on
equality of shape. The contours of the figures are exact; there is no
distraction or asymmetry. Even the paint must be unifoapplied and
brushstrokes aravoided (Parola 1969, 31, 32.)

A Common fate& Progression i Odahatehave the same trend of motion
have a tendenc@)to groupo (Figure

Progressions an effective tool to create optical illusiorisis not purely

creating symmetries or patterjsee Patternp.58,b ut mor e | i ke fAimovi ngc
from one stage to anoth@he smplest example is repeating a shape within

itself in a way that the size of the image changasthe width of the line is

constant relation to the negative space. This is called consecutive

progressiorffig. 29). (Parola 1969, 6}

Sequential progression allows movement in all directions. It is possible to
increase, decrease, turn or reverse, but thealsvesysa relationship to the
previous age. The construction cédoe basel on intuition but it can also

be constructed logically bad on fundamental mathematics (Parola 1969,
70.)

A The Gestalt psychologstlso name one more law of grouping catlesl
Law of Past Experiencelhis means thavisual stimuli can be categorized
according to past experienfsee2.2, p. 26). (Parola 1969, 29.)
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4) COLOR

We detect light and dark much moreeasihan col or. That 6s why bl ack
have replaced color in many instances in optical illusions and in Op. Black and

white are the ultimate in contrast and express poweptital illusions However

with theright color combinationst is alsopossibé to create illusionwithout black

or white Yellow and violet havan innate contrastvhereas green and blue are

almost devoid of contrast because of their similar intenkitg. also possible to

create tension between colors usimgrm cool reléonships (Parola 1969, 117,

128.)

5) PERSPECTIVE

Some techniques used in gal artare as old as the history of linear perspective
in Western artstarting from the early 15th Century by the Florentine architect and
painterFillipo Brunelleshi(13771446). (Payne 2012.)

Traditional perspective techniques were originally developed for the flawless
representation of the natural world in art. Despitenthrerepresentationalitgf Op,
the Op artists used these techniques extensively. (Payne 2012.)

Linear perspective isat the onlyone Darkto-light progression can be used as a

part of structural pattermimicking the way light hits theforegroundin reality

retailsitshowno col or, while parts with |l ess contr
and seem more dista(dee Blackhole rug by Daniel Malik (fig. 20, p.50.) &

Tr ompe L 6.4qRarolh 1969p97) 7 5)

6) PATTERN

It is good to remember th#te lawsof perceptionpresented abovd,on 6t concer n
only our visual senséutalso affect our other seng@&arola 1969, 2). These laws

are easy to list and understand separatelyalsuhentioned beforéheworld is not

that simple. We use these principles of grouping subconscjousigh makes it

difficult to identify them when analyzing optical illusions with multipéehniques

(seefig. 30, p. 59. But to understandg these laws separately is essentialefave

to use them as a tool for analyzing anéating new illusions

Patterns can bidentified using @ombination othe many different methods listed
above Still, our perception seeks simplicjtgnd the concept @ pattern is built in
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our perceptual reactions. We use assimilation subconscjoubigh isvhy we
dondt see dlack &dnd whiditchantilidg as gparate unitdbutrather
an entity. Pattern is one of the main tetmedwhen talking about optical illusion.
(Parola 1969, 78.)

Accordingto Parola(1969,339gpat t ern i s usually homoge
the objects of perception and causiogo mp | e X vi sualltisr el at
fié nothing more than the exact, orderly, symmetrical repetition of an image, and
nothing | ess than t o.tFarlexamphkeithe yflusion(oPar o |
movement and cohesion (Seg 6, p. 29 are easy to cete by using proximity and

closure of patterns (Parola 1969, 94)

Figure 30, page 60

When increasing the visual stimwnalyzing becomes trickier. We first might see
contrast: thereare dark and light areas. Second would be figure and ground: the
checkerboard is larger and seems to surround the objects is negative. Third
comes similarity: most of the objects grolp the circular shape and the two
remaining object groupbecause of the dissimilarity.
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AProblem grows from a purpose. There n
(Michalewicz, Fogel 2000, 2)

61



322 é TO EXPERI MENT |1 LLUSI ONSEeé

Optical illusions have been grouped in many different ways by different people
(1.2.p. 8). For exampleMichael Bach(2017), Professor anddatar of Functional
Vision Research and Electrophysiology, has sorted out 132 diff&fisoial
Phenomenand Optical lllusionsin eight different categories: Motion & Time,
Luminance & Contrast, Color, Geometri& Angle lllusions, $ace, 3D & Size
Constancy, Cognitive/ Gestalt Effects, Specialties with faces (and Auditory
lllusions).

| compared the different categorizations trying to find one that would suit my
purposes. As none of them suited perfectly, | sortedsoutdifferent optical
illusions for the experimental investigation They all presentdifferent
characteristics and possible potential based on my existing knowledge, intuition and
interests (se&.3.2.Intuition, p 17).

As mentioned earlier, to be able to have a successful explorative prototyping
process, the examiner needs to know a&hgt how they are doing the wak 3.2.
Explorativeprototyping, p12). The key goal in albf the experiments is the same:

To find a structure witlan optical illusion that anbe used as a part of a produc

The secondary goals are itewness, interestingness, necessity, potential for
manufacturing or production (materials, parts, fasteners, material & t@ulgtg)

In all casesl determinech different technology or a method | wadto examine.
Setting a short timeframeas not accessfuln all of the experiments. For af the
experiments, | set a timeframe of one hiouthe beginningThis is enough time to

get an idea iin ideacould work or not. If the outcome was interestihgllowed
myselfto continue; some of themere totally engrossg, wherel coul dnét stop
and spent far too many howsrking on thermand continued untilalmostcreated

a ready productSteel is used as the material in most of the cases because it is a
familiar material for me thereforeprototyping and working with it is fasind
effortless.

When analying the results, one needs to keep in mind the original purpose of a

prototype, whib, according to Ulrich & Eppinger (2012, 294) are: learning,

communication, integration and milestones.&lt he pr ot otypes dondt neec
appropriate for all the purposes (Ulrich & Eppinger (2012, 297). Some of the

prototypes of this project are expeental, early stage prototypes amy main

objective for creating themwasto learn something from them. It is also easier to

communicatedeas toother people through something physical.
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ILLUSION

CRITERIA GRADE (1-5)

1. | Does it create opticalusion?

2. | Does/could it work as a (part) of a structure?

3. | Newness / interestingness

4. | Potential for manufacturing/ production methods

5. | Experimental prototyping process

Figure 31 Concept screening matrix

There are various ways to do the analysis and concept selethien.
validation may be purely based tast dataand theresults The concept selection
can be made from different pasdf view: sometimes the main factor may be the
user needwhile in other casgit maybe the manufacturingiethodsor production
costs.(Ulrich; Eppinger, 2000, 13y

To evaluate and compare the prototydesreated theConcept screening matrix
(Figure 31) for an easier visualizatioabout whethethe prototype achievetthe
desiredobjectivesor not. In thematrix, the main goal is the temost criteria and
whenproceedinghrough the additional goals down the rotie importance in the
validation increase®\lso, the amount of totgboints (colored boxe$$ a factor for
the determining the success of thalidation. | also grade the success of the
experimental prototyping procesBhe matrixis a supporting toofor decision
makingto choose the most promising experiment for further developmearge
partof the validation process basel on intuition and inspiratioril(3.2.p. 17). All

of the matrces comparing all the six chosen illusions are on theg&je81. The
following chaters explain my experimental prototyping process illusion by
illusion:
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REVERSIBLE IMAGE

Bjorn Jgrund Bliksta@ shelving systepimeible(see 3.1. p47), is an example of

a reversible image. This phenomenon ns¢hat with visual concentratigrwe are

able to reversacertain kind of an image and see two different shapes. An outline
figure of any geometric figure drawn in three dimensions can be relee($tarola
1969, 35, 41fig. 32)

Reversion can also happen between positinel negativein an imageThis means
a picture with light and dark areas equally importantc&ycentrating othe image
(fig. 23, p. 54, we can choose the dominant figure. (Parola 1969, 44.)

Reversible images are ambiguous figures {s2ep. 10). One of he simplest and

the most common ambiguous figafesversible image) itheNecker cubefig. 33,
page66), named after its creatorplis Albert Necker (1786861). One reason

why the Necker cube is such an interesting example is tlennhotonly be seen

in two different ways, but it is thre@ay ambiguous. The cube can be seen in 3D

in two different ways: with the front face of thabe below and with the front face

of the cube above. It is also possible to see the image as a 2D series of lines
(Donaldson & Macpherson 2017.)

| experimentedvith Necker cube and its variations @B8D modeling progranwith

quick line drawinggfig. 34, p. 69. It is a fascinating and si mpl
inspire me enough. Where could it be used? As a part of a storage system? As a

table leg structure? In the ertieNecker cube in a 3D reality is just a cu(fig.

45, p. 80)
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Figure 32

Schr°derd6s staircase is a cl as
After visual concentration the stairs can be reversed.
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Figure 33 Two different versions of the Necker cube

Figure 34

Line drawingsof 3D objectsthat could beseen different wayas 3D objects or 2D
shapesdepending on the point of observation.
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Figure 35 Detail of a newspapeadvertisement. Design: Herbert Kapitzki
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NEGATIVE AND POSITIVE

Figure 35, p. 67 was my inspiration for the experiment where | explored how to
implement the theories of negative and positive space in 3D.

If we can seenepart standing out from the rest, this area is usually called the
figure. The area we regaadless important iseferredto asthe ground (see Figure
Ground p. 59. The figure can also be called a positive space and the groand as
negative space. In generakgative space surrounds positive space and seems like
it extends continuously behind the figure. Usualiggative space is larger in size
but isstill considered less important. Positive space is usually centrally located and
defined more clearly. If negative and positive spaces are equal jrth@pethe
simpler and more regular one becampesitive. (Parad 1969, 18fig. 23; fig. 46,

p. 80)
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Figure 36 Twisting flat steel bar

| came up with an idea thdty twisting a flat steel bait is possible to create similar
effectas in the imagen 3D. Adding multiple steel bars next to each other and
changing the place of the cutlwas possible to create shajig. 36).

This techniquevastotally engros#g to me and the resdtin the Sun & Moon
tables fig. 37, p. 70), whichwere exhibieéd together with the chairs presenizter

(p. 71; Appendix 3. The tables gained a lot of interest lmbdudng them is
difficult. Twisting steel is a traditional blacksmith working method. | know it is
possible toproduce twisted steel in dndustrial environment(see Appendix 2:
Tarnodchairby IKEA), but the production costs would be very high for a small side
table. Tkerefore this is not the best outcome of my experiments thus far in terms of
price and ability to be produced
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Figure 37

The theories of figure and ground are exploitethSun & Moon side tables
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MOIRE PATTERN

Moiré patterns are all around us: they might appear in the overlapping of fences,
baskets or nylon curtains. The ramriginally comes from a name of a type of
textile, with a rippled or ‘watered' appearance, traditiomabyleof silk but now

also of cotton or synthetic fiber. Moigatternscan be created with any pattern of
geometric shapes. Only negative or posisipace is needed in order the pattern

to function. The most effectivdloiré patternsare usually achievedsing line
patternsand is produceevhen two sets of lines, with any shape or direction, are
superimposed at an angle of less than thdggreesthusthe intersecting lines
become magnified and appear to filthe space(Parola 1969, 5Figure 3.)

At first, | played with the idea of two overlapping perforated metal si{Bgis39,

p. 73)and sketched a setaverlappingables It is hypnotizing to watch the shapes

move, become bigger and smaller again and a@air.advantage of usingoiré
patterns is that ehtlmthel vielWingspoird muinsteach 6 t (
Afoll owso the viewer . ,buieisalrdadyambaeddedh al s
within the structureA successfulMoiré patternonly requirestwo overlapping
surfacedor the illusionto be automaticallyvisible.

Moiré patterns are capating, but, astheycan be seen in a lot of placédseyd o n 6 t
create awow dfect or a feeling of newnes3his got me thinking: Wwat if the
illusion is not in one producbut rather thathe illusion happens when a lot of
products with lines are placed in a space?

This ideacaused me to get a bit sidetracked with the focukisthesis. | had an
exhibition at the same time where | produced a set of chairs with horizontal and
vertical linesthinking they could be part of the the@ge: Appendix 3)n the end,

they were geful to the explorative prototyping approach to the researchlhere,

not in the way | had intendeWhile the Moiré effectcan be seewhen there are
many chairs in a spacand thougtihey are a very decent pair of chairs, this is not
truly what | hope to pursue and to be the outcome of my experim@igs47, p.

80).
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Figure 38 Moiré pattern
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