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ABSTRACT

The golden ratio is a mysterious number that ssipgly appears in science, physics, mathematicagdisas in nature. The number
1.618 seems to be a universal constant, and crppshenever the subject is of beauty or elegancautdel flowers and sea shells
and also attractive people have a common numberthadis 1.618 o (phi). This paper does a study into the story lif pnd
describes how the golden ratio is derived. Artiatshitects and designers have employed the ratmdimensioning their works of
art to achieve visual appeal. Examples such agatee=k Parthenon of the Acropolis and paintings sashhe Last Supper all use
this magic number. An investigation was conductedrgm50 people to test if looking at golden propmring was actually
appealing, or if it was just a type among overzaalenthusiasts. The results show that the golden maay actually be of some use

Keywords: Golden Ratio, Golden Proportion, Golden Ratio Nature and Arts, Golden Ratio in Industrial Desigaplden
Proportion in Product Design, Investigation of tBelden Ratio in Products

1. INTRODUCTION

1.1 General Appearance

The golden ratio, golden constant, golden sectgwiden
mean, golden proportion, extreme to mean ratio, divine
proportion and the divine section are all names tloe
mysterious ratio, a mathematical constant that &emgurring
in mathematics and nature. It has therefore begarded as a
useful ratio to be used in design, where desigheligve this
proportioning tool can produce aesthetically plegsiesigns.
The golden ratio is an irrational constant appratity 1.618
and given the symbal (phi). The definition of the golden ratio
will be given in Section 2 along with methods ofccéation
and the derivation of important parts such as thiden section
and the golden rectangle. The different terms for Isted
above will be used interchangeably throughoutphiser.

In Section 3 there will be an extensive review dre t
literature and prior art on the topic. The viewsnir the
different authors will be discussed. Examples ofesaand
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discoveries of the golden ratio in existing apgimas will be
in Section 4. This section is split into two sentipone for the
discoveries of the golden ratio within nature ame dor the
application within the arts.

The final sections of this paper will be on thedstigation
that will be conducted to test if the golden ratatually affects
product appeal. The methodology in the creation thoé
questionnaire will be addressed, and the resulisbeitallied
evaluated.

At the end of this paper it should be clear if gudden ratio
should be a factor within industrial design.

2. BACKGROUND

2.1 Specifications

In this section the golden ratio will be explainadd the
method to calculate it will be shown.

The golden section is a line segment sectioned twim
according to the golden ratio, (see Fig.1.). The Is sectioned
in a way that the ratio of a + b:a is the same:lasTais ratio is
equal to 1.618 to 3 decimal places and it is caflexgolden
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constant. The golden constant is an irrational remamd has
an infinite amount of decimal places.[1]

The golden ratio is when a line in ratio to anotlirez can be
illustrated as 1:1.618.
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Fig.1. Golden Section

The golden section can be expressed algebraicale (
Fig.2.)

o= 1+2_\/5 ~ 1.6180339887 . ..

Fig.2. Golden Section in Algebra

The golden ratio is particularly useful in geometwhere
designers have used it as a proportioning tool. st
simplest of shapes that can be created from thaegalatio is
the golden rectangle. Fig.3. is a diagram that shbew a
golden rectangle can be created. The followingssteggreate it
in this way are:

1) Construct a unit square.

2) Draw a line from the midpoint of one side to an ogfe
corner.

3) Use that line as the radius to draw an arc thaneefthe
long dimension of the rectangle.

Other shapes that can use the golden ratio in¢ch&lgolden
triangle, ellipse, and spirals. A golden triangl®ne where it is
an isosceles triangle with base angles of 72° arettax of 36°.
A golden ellipse is created by inscribing an ebipsithin a
golden rectangle with the ratio of its minor andjonaxis as
1:1.618.
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Fig.3. Construction of Golden Rectangle

The regular pentagon is a shape that has spedpkfies
that relate to the golden ratio. A regular pentagamfive sided
shape that can be inscribed within a circle.

The pentagon can be split up into three triangléh e
acute golden triangle in the middle, and the obtgsklen
triangles either side. The pentagon is relatedhéogblden ratio
in which when a line is drawn connecting two cospéhe ratio
of AB:BG is equal to the golden constant, (see Fig.4
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Fig.4. Golden Pentagon

The golden constant is such a mysterious numbexusecit
has appeared in many mathematical calculationsant, and
even in studies in nature and science. One integediscovery
is that the golden constant appears when lookittigeatatios of
Fibonacci numbers. The Fibonacci sequence is aegeguof
numbers that uses the addition of the previousrtwmbers to
make the next one. The Fibonacci sequence goesllag/d:
1,1,2,3,5,8,13,21,34,55,... etc. It can be seen that third
number in the sequence is indeed the sum of thietfilo 1 + 1
= 2, and the next number is calculated by doing2l=+3, and
the nextis 2 + 3 =5 and so on. Below is a tade shows how
the ratio of successive Fibonacci numbers convexgesi (for
the first 20 Fibonacci numbers). This is why thddfiacci
sequence is always mentioned with the golden ratio.

1 : 1 =1.00000
2 : 1 = 2.00000
3 2 =1.50000
5 3 = 1.66666
8 5 =1.60000
13 8 =1.62500
21 13 =1.61538
34 21 =1.61904
55 34 =1.61764
89 55 =1.61818
144 89 =1.61797
233 144 =1.61805
377 233 =1.61802
610 377 =1.61803
987 610 =1.61803

3. LITERATURE REVIEW

There is much literature on the subject of the goldonstant,
dating back as far as 265 BC where Euclid gave its f
recorded definition in his bookElements The key literature
thereafter includesDe Divina Proportion& by Pacioli, 1509,
where he describes it as the ‘Divine Proportiong &Goldener
Schnitt by Ohm, 1835, describing as the ‘Golden Sectidn'.
was not only until the twentieth century in 1909emhMark
Barr, an American mathematician, gave the goldeio ithe
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symbol¢ (phi) dedicated after the Greek sculptor Phidia® w
used it extensively in his work.

The golden ratio came about naturally as it wasumber
that occurred frequently in mathematics and natMich like
the well known numbett (pi), ¢ is also an irrational constant
that has been linked to having mysterious propertieis a
number that marries science to aesthetics, wheoaréfully
used the designer can produce a masterpiece creisal
mathematical reasoning. The golden ratio has besaritbed as
“the universal law in which is contained the groumthgiple
of all formative striving for beauty and completegndn the
realms of both nature and &i12].

Every piece of literature that touches on the goldgio will
mention its ancient Greek origins, as that waspéméod where
the mathematician Euclid gave its definition, aridoathe
period where famous buildings like the Parthenorevetaimed
to be designed with. However, Keith Devlin, 200&idsthat,
“Certainly, the oft repeated assertion that the Panttn in
Athens is based on the golden ratio is not suppoie actual
measurements. In fact, the entire story about theeks and
golden ratio seems to be without foundatidg]. It is known
that Euclid explained how to calculate the goldatior but
there isn't evidence that magnificent structureke lithe
Parthenon used it. Furthermore, many websites ao#sbthat
illustrate how buildings and products that use dbklen ratio
of proportioning seem to be only the author’s iptetation.
However, there are artists and designers that bameciously
used the golden ratio which have been documented.

The argument of the effectiveness of applying toé&en
ratio to design is subjective. It was shown that dlolden ratio
is a number that occurs in nature, such as theritbgac
spirals of a seashell or the spiralling seeds sfri&lower head.
It has also been seen in the spirals of DNA stmecand the
intervals of the human heartbeat. Thus the conootabf
something so natural and elegant that can be gestehy
mathematics was discovered. Designers, paintersiamitects
used this phenomenon in their works and can becomrsy
satisfied that its aesthetics would be appealingveryone. But
one of the key questions of the paper that wouldduressed is
“Does the application of the golden ratio actualffect product
appeal?”. Fechner, a German psychologist, conducted
experiment in 1876 on people to choose the mostisplg
rectangle out of a variety of 10 sizes. It was fbuhat the
results had a peak ratio of width and length a2,1tbe golden
ratio. Fechner then went onto measuring everythéctangular
and found that the ratios average to yet agairgthéen ratio.
Have the like of designers used the golden ratimsasciously
because it is the universal law to aesthetics?. [D2]is it a
misconception built up by followers of the magioamber that
its frequent occurrence is more of a coincidence2ifio says
in his “Golden Ratio and Aesthetics online artiagie2002, 1f
you have the patience to juggle and manipulatentiabers in
various ways, you are bound to come up with somesrdhat
are equal to the Golden Ratig9].

The most recent and well written book about théohysof

the golden ratio is Mario Livio’s “The Golden Ratipublished
in 2002. Livio gives an in depth review of the bist of

mathematics, geometry and then the story of thdegoratio

[10]. The difference from his book compared to aghis that
he does not hesitate to debunk myths that have treated by
people who are obsessed with the golden ratio. dfle these
people “Golden Numberists”, which desperately fiadd

juggle numbers until they are blinded with evidenta golden
ratio match-up. “Golden Numberists” can be fourldaer the

internet, especially on websites set up for goldatio

enthusiasts. On these websites there are many ¢eamp
discoveries of the golden ratio; however, most feémt are
speculative to say the least. For example in Figdan be seen
that a golden section can be seen in the desigheo€ar, but
the car is not even facing in particular elevati@w i.e. facing
front or to the right, so the measurement shouldbsovalid.

Furthermore, it is a measurement of a picture wieh easily
be skewed and cropped to fit within the goldenisast Even
though the purpose of the golden ratio is to enbahe visual
attractiveness, and for this car it is at thisipakar angle, it is
not as intriguing as those found in nature.

el e

Fig.5. Golden Section on car

Livio has researched and summarised his findingkveith
each myth the answer is usually that there is ndeexce that
the designer had known of such phenomenon. Butrius fit
intriguing how such a constant keeps appearinginvitiature
and summarises that the delight that we derive fitbis
concept is due to the element of surprise. To emechis last
section “Is God a Mathematician?” he writes, “Theld&n
Ratio is a product of humanly invented geomelttymans had
no idea, however, into what magical fairyland thisguct was
going to lead them. If geometry had not been ireckrtt all,
then we might have never known about the Goldero Ratit
then, who knows? It might have emerged as the owtpat
short computer program.{Livio, 2002:253) [10].

Livio suggests that the golden ratio is not so ghelumans
are easily surprised at things that seem to amigmiterns, and
will believe in anything mysterious as we live in age where
psychic phenomena sells. But the real truth aboitgthiden
ratio is not yet known, more research is yet taltee.

4. THE GOLDEN RATIO IN EXISTING APPLICATIONS

The golden ratio has been used and discovered imy ma
existing applications, and these can be categoriistd two
groups: in nature and in the arts. In this sectlwre will be
summaries on creations that have been interpreiéd the
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golden ratio.

4.1 In Nature

The following sections addresses on creations tfraghat
appear to follow the golden ratio. Some of thessesaare
subjective as they do not have credible sourcesveider,
anything that claims it follows the golden ratiousually just
interpretations.

4.1.1 The Human Body The human body is an interesting
subject because it seems to have many cases arsehef the
golden ratio.

Fig.6. Golden Section in Human Body

Fig.6. shows an image of the human body with thielago
proportions between different parts of the body.

* The Aline and A’ line are the height of the body.

* The B line is the distance from the top of the h&athe
finger tips and the b line is also the distancenftbe naval
to the base of the feet, which are golden sectidrtbe A
line.

* The C line is the distance from the top of the hiathe
naval and elbows, which is a golden section oBhiae.

¢ The D line is the distance from the top of the haadhe
shoulders, the d line is also the shoulder widtti te D’
line is also the distance from the elbows to tingdt tips.
These are all in golden ratio of the C line.

* The E line is the golden section of the D line. Théne is
the distance from the top of the head to the dnid, also e
line is the width of the abdomen.

Scientists say that these lengths are for the idealan body,
where the suggested proportions will look natural attractive

to the human eye. Therefore a person with the golde

proportions is a visually attractive person.
Some other proportions in the human hands thatests
golden ratio include:

Natural Sections in Pro@egign

* Length of finger : Length of the first two section the
finger
* Length of middle finger : Length of little finger

4.1.2 Human Face : An attractive human face, like the
human body, seems to follow the golden ratio. Tammany
Marquardt Beauty Analysis Inc, California, researche®
human visual aesthetics to understand visual #tteaess.
Fig.7. shows the perfect face as a mathematicalpaten
model built up from a database of attractive fa8exth repose
and smiling expressions can be seen in front alel\sews.

Front view Side view

Front view

Side view
Fig.7. Mathematical models of perfect face

Some proportions in the face that share the goldsio
include:

* Length of face : width of face,

e Length of mouth : width of nose,

* Length of face : Chin to the eyebrows,

* Lips to the eyebrows : length of nose,

* Width of nose : distance between nostrils,

» Distance between pupils: distance between eyebrows.

Fig.8. shows an interesting comparison range betwee
attractive and unattractive faces which shows hdffereént
faces match up to the perfect computer modeled fatients
can download the perfect face mask and overlayet their
self photographs to compare the differences. Theknsauseful

as an aid when putting on make up, or for cosmatigery
purposes.

Fig.8. Visually attractive face range to unattreetiace
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4.1.3 Human Teeth :
to the design of human teeth, and it is useful novk this
subject when practicing dentistry. Dr. Levin of “Drevin’s
Phi Dental Grid” lectures about his software ance th
applications of the golden ratio in dental aestsefi4]. Fig.9.
shows an image of a set of teeth that follows tieali golden
proportions. The golden proportions apply to thdthé of the
teeth as seen from the front and not the actuathwid they
were individually measured.

e’y
Fig.9. Golden Sections in human teeth

Fig.10. shows a client that had unattractive tektd to the
lack of gums or gingiva above the two front tedilsing the
golden ratio the dentist can use artificial gingteacreate a
golden rectangle for the two front teeth. The befand after
can be seen in the images. Dr. Levin is also teator of the
Golden Mean Gauge which will be reviewed in sectigh5.

Fig.10. Gums fixed following golden rectangle

4.1.4 Plants : The golden ratio and the Fibonacci numbers

were first seen in plants and nature. It was wihéndiscovery
was made that scientists and designers starteeligve in this
phenomenon. In botany or plant biology, the terimyffotaxis”
is the arrangement of the leaves/seeds of a pl&ht The basic
patterns of phyllotaxis are Distichous, Whorled,ir&8p and
Multijugate. For plants that have spiral or mulgiae
phyllotaxis, the leaves/seeds grow one by one fiteencentre,
each at a constant divergence angle close to tdemgangle of
137.5°. Plants intuitively grow like this becausdet
arrangement allows the plant to have optimal peréorce.

75

The golden ratio can also be applied When leaves are arranged in rotation of goldenemnghe plant

can take in the maximum amount of sunlight [20].

Fig.11. shows an image of the Echinacea Purpurther
coneflower, a beautiful flower with its petals argad in spirals.
When the spirals are counted you can find thatettee 55
spirals going clockwise and 34 spirals going atdickwise.
These two numbers are important numbers as they
consecutive Fibonacci numbers [3]. As shown in iBacg,
these two Fibonacci numbers 34:55 give a ratio letpughe
golden ratio.

Fig.11. Spiral phyllotaxis in coneflower

All plants that have spiralling leaves/seeds seeimet based
on the golden ratio, for example an ordinary pimecwill have
8 spirals clockwise with 13 spirals anticlockwisedaas before
8:13 gives a result close to the golden ratio. Aroexample is
a pineapple which has many spirals due to the lenagcales
on the surface, with 5, 8, 13 and 21 spirals afeasing in
steepness. Perhaps the most commonly chosen edt to
describe the beauty of the golden ratio in natwethe
sunflower. Sunflower heads can be large, but honevge the
spirals within the seeds are always adjacent Fitmmambers.
Fig.12. shows an image of a sunflower with the apir
illustrated.

Fig.12. Spiral phyllotaxis showin in sunflower head

are

4.15 Shells: The Nautilus Seashell is the most popular shell

and example when showing how the golden ratio esldb
nature. The spiral seen from the shell is a lolanit spiral,
which is created by golden rectangles.

Fig.13. shows an image of the Nautilus and itsIsa®la
cross section.

Fig.13. Logarithmic spiral in nautilus shell
The internal spirals grow with the animal and thesiinal
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chambers provide buoyancy in the water. The goklstion
spiral can be constructed using golden rectangtesged in a
spiral fashion.

By using the length of the sides of the rectangla aadius
for the arc of the spiral, the golden section dpiam be created.
Other shells that have golden proportions includeAtlantic
Sundial Shell, Moon Snail Shell and the Tibia Shell

4.1.6 DNA : It is interesting to know that the golden ratio
can also be found in the structure of DNA. DNA gl is
arranged as a double-helix, with spirals windinguad each
other. In between the DNA strands there are twowgs, the
Minor groove and the Major groove, (See Fig.14hds been
measured that the Major groove is 21 Angstroms aiule the
Minor groove is 13 Angstroms wide. These two nurabeme
adjacent Fibonacci numbers which relate to theegol@tio.

If we look at the cross section of a DNA doublebhel
(Fig.10.), a regular decagon shape can be seend&dsgon is
a special shape as the ratios between certain Viitbin the
shape are equal to the golden ratio.

Minor groove
e

/ Major groove
# .-’..

Fig. 14 Fibonacci numbers in DNA grooves

4.2 IntheArts

Designers, engineers, musicians, artists and [nzets been
using the golden ratio for a long time as a toal deeating
beauty in their work. In this section there will bgamples of
pieces that have relationships with the goldemrati

4.2.1 Paintings and Sculptures Perhaps the most famous
piece of art that an artist has knowingly usedgblelen ratio in
the painting is Salvador Dali’s “The Sacrement loé tLast
Supper”, (Fig.15.)

Fig.15. Golden Sections in The Sacrement of thé Sapper
Dali has created the painting in a golden rectangi¢h the

Tom Page, Joong Gyu Ha: Natural Sections in Pro@egign

table at a golden section from the height of thimtpey, and
positioned the two disciples at a golden sectiamfthe two
sides. The whole piece looks balanced as it is sgtmical and
has used good proportioning techniques.

Dali has also painted windows in the backgroundh wie faces
being from a dodecahedron solid. A dodecahedranpigtonic
solid made up from 12 regular pentagons, which lgolden
ratio relationships in their proportions.

Another painting that exhibits a lot of golden smus is Piet
Mondrian’s “Komposition mit grper roter Flache”, (See
Fig.16.). This painting has golden sectioning mixetith
squares and rectangles of various sizes. The fiiegle looks
attractive and somewhat mathematical as it is @epitat
seems to have a lot of numbers.

Pttt B it o8 | oo oot dhas e G fh s Sem
s ] B, [ BF G b i — T, o
g, e B

Fig.16. Golden rectangles in Mondrian’s piece

Fig.17. shows an image of a sculpture called “GolRatio”
contributed by an Australian sculptor Andrew Rogétds a
fifty ton stone and gold installation situated ierusalem,
which is a tribute to the Fibonacci numbers andgiiden ratio.
It can be seen from the left looking to the ridigre are blocks
in units 1,1,2,3,5,8,5,3,2,1,1, which is the Fibamasequence
in palindrome fashion [17].

Fig.17. Golden Ratio Sculpture in Jerusalem

4.2.2 Architecture : The Parthenon is a beautiful piece of
architecture built by the Greek sculptor Phidiastfte Greek
goddess Athena in 447-432BC. Many believe that Phidsed
the golden ratio to proportion a lot of the dimemnsi of the
temple; however more recently studies have beenentiaat
dispute the claim. The argument is that there iswidence that
Phidias employed the golden ratio into his architex; even
though the building seems to show it. Did Phidiasurally
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build the temple to the golden ratio proportions?gblden
proportioning a natural instinct? Fig.18. showsrange of the
Parthenon with some illustrative lines showing tieden
sections.

s v

Fig.18. Golden sections in the Parthenon

The pyramids of Egypt are said to have been crewitu
golden proportions. When a right angled trianglefdemed
with phi being the hypotenuse, the angle create81i83°.
These matches with the angles of the slopes opyhamids
(see Fig.19.).

Fig.19. Golden Proportions in the Egypt Pyramids

Frederik Macody Lund, a historian who studied tle®ergetry
of gothic buildings, claimed that the Notre-Dame laion
cathedral (1157-1205) was designed to the goldén, reee
Fig.20. He measured dimensions from the buildind farund
many accounts of golden section proportioning. H@xeother
scholars argue that architects knew nothing abloeitgolden
ratio as Pacioli's book “Da Divine Proportione” wits
published until 1509. Is this another case of ratgolden
proportioning?

Fig.20. Golden Sections in Notre Dame of Laon

4.2.3 Music: Some musicians have gone as far as employing
the golden ratio and Fibonacci numbers into themgositions.
Musicians such as James Tenney with his piece “&um
(Rising)” have used the golden ratio in places ldetween
starting note intervals. Brian Transeau is anothgsiomn who
has created a track “1.618” in homage to the gotdén in his
album “This Binary Universe”. The golden ratio ca@ dften
found in the timing of musical compositions, susttlee climax
of songs will usually be near 61.8% in the songalB2 bar
song this would mean the climax will be in the 20é.

It sits there, the raven, black as night, lookihgna with its
dark eyes in the dark night. Inspiration comes. #gdiorm in
my head. Evermore

4.2.4 Poetry : Poets have even used the golden ratio and
Fibonacci numbers as a way to compose their poems.
“Inspiration Comes (Fibonacci)” by Jim T. Henriks&@006, is
a poem that uses the Fibonacci sequence 1,1,2183%8,34 as
a sequence for the amount of syllables used per Tihe poem
can be read below.

I
am
sitting
quietly,
listening for the
quiet noises in the darkness,
ghostly images flying between the tall pine trees,
illusion created by the mind, made by shadows, the brain playing tricks on itself
It sits there, the raven, black as night, looking at me with its dark eyes in the dark night.
Inspiration comes. Words form in my head. Evermore

4.25 Products The golden mean gauge is a product
designed by Dr. Levin which can always open up \tgheeth
to the golden section, (see Fig.21.). This gaugesiful for
designers that want to create or measure goldetiosgc
visually. Dr. Levin has used his gauge in his dsntijob to
create visually attractive teeth. The gauge is n@dgtainless
steel and comes in various sizes.

Fig.21. The golden mean gauge

Dr. Levin has also created another product, theMRtirix, (see
Fig.22.). This is a piece of software designedtfar dentistry
market, as a computer alternative to the goldennngzauge.
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Users can upload photographs and place them und&ixm
lines that are positioned in golden section witeach other.
This software is useful to produce visually attrseteeth, and
the calculations can all be done using the software

& Ur. Levir's Phi Dent... [ |IC)[%)

Fig.22. The Phi Matrix

Another product that uses the phenomenon of thdegotatio
as a selling point is the Phi Chi Sticks. It isuaved stick that
Master Rob Moses uses in his Tai Chi lessons to eehtme
workout and keeps the body aligned and balanced.skid to

be “an easy and enjoyable way to move with grace ane styl

both mentally and physically{Moses,2009). (Fig.23.)

r

Fig.23. Phi Chi Sticks

There are not many products in the market thathiseolden
ratio as a selling point; however, there are mamypcts that
have used it so that they have been designed aesthetically
better. One example is the Volkswagen Beetle.

Fig.24. Golden Sections in VW Beetle

Many of the elliptical shapes of the body, windowgheel

arches, and the division lines for the doors anwiles follow

the golden ratio, (see Fig.24.). The credit cardpks and

envelopes are a few more examples where they ddergo
rectangles.

5.METHODOLOGY

In this work there will be an experiment to test tlife
application of the golden ratio in products affegioduct
appeal. The experiment shall test the recipierfe of appeal
to certain proportions of designs. It shall testdonsistency, as
well as cognitive thinking. This experiment will violve
appropriate research methods possibly in a form aof
guestionnaire. The questionnaire will be designgdirest the
following specification:

* The questionnaire should not allude, imply or nmamti
anything to do with the golden ratio. The recipishall
answer the questions without knowledge of the sibje
matter. This is so that there will be no biasednems and
as every answer will affect the outcome of theltesu

e The first question can be a variation of Fechner's

experiment, a set of 10 different sized rectanglgse

recipient shall answer the question by choosingntiost
visually attractive rectangle. The results will tadlied up
and compared with Fechner’s.

The following questions shall be designed with iemgf

consumer products with a series of varying proposgi

The recipient shall answer the questions by chgotie

image with the product that is most visually attirse

There shall be several of these questions, so alever

designs of common products shall be designed. The

minimum is 3 designs.

* The images shall be large enough so that they asitye
seen and compared.

* The designs shall be all the same shape, size @odrc
The only difference is the proportioning of splihds,
contours and edges.

» Different proportioning ratios shall be used inéhgithe
golden ratio in the designs.

*  The proportions in the designs shall differ enosghthat
they seem significant from each other.

*  The golden ratio shall not be the proportion which the
middle of the variations. The golden ratio shallVagied
in the positioning of the proportion range i.e. stimes
the golden ratio can be the smallest proportion.

e There shall be a question that allows the recipieniraw
their own proportions onto a design. This may be a
division of a rectangle, or the placement of a sctbabove
a background. There shall be at least 1 questiantést
the recipient’s individual cognitive thinking.

e The questionnaire shall be asked to at least Spiesds
of any age and gender. The results should be the far
every recipient if the universal law of the goldetio
does exist.

* The results shall be expressed as tables and grapts
reviewed against the key questions.

An example of the Fechner's rectangles can be belw in
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Fig 25. 5. Which car looks the most comfortable in propmor

soooooondU '

Fig 25. Fechner's rectangles from ratio 1:1 to 2:5.

5.1 Questionnaire

The following is the master copy of the questiomrmailhe
copy that was actually used in the investigatiahrdit have the
answers shown below. The answer with tlié rectangle is the
answer with the golden proportions. The answer withstar is
the image with the original proportions.

1. Which rectangle do you prefer?

—

5:6 1:1 2:5 4:5
3:4 13:23 21-34 20: 29
1:2 2:3
2. Which iron looks the most comfortable in projp® *
7. Place the hot air balloon in the sky whereétdeight.
{ T { /
i : = =

The hot air balloon has been positioned in the roostfortable
position to the eye according to the golden sectahn

* proportioning. The hot air balloon is a separaté-oau for
_ o which the recipient of the questionnaire must place the
4. Which camera looks the most comfortable in propo? landscape according to where it “feels right”. Tigestion will

test their cognitive intuition, and so it will réaltest if the
answers are consistent among many recipients.

For questions 1 — 6, the sequence order of smaljjnal,
golden, and big proportions were not consistentthey were
placed in a random order.

For the images in questions 2 — 6, only one vagialhension
was changed so that the recipient would see thdesylof
difference clearly. For these images only the xatfigion was
varied i.e. the height of the images were all kbptsame.

For question 7, the quality of the answer will bdged by how
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close they are within the target circle. What %aiél votes
will be needed to be able to claim that the goldatio is
instinctive?

The answer may vary from question to question, tne
prediction is that if the total votes is more tha®%6 on the

Question 5: Which car looks the most comfortable in

golden rectangle, then the golden ratio can be ddem Car 3:

instinctive.

6. SURVEY RESEARCH

A total of 50 recipients were asked to complete the

questionnaire, 25 male and 25 female. The quesdionihad a
total of 7 questions. The answers that were giverewiven as
a total free choice, and there was no biased assgieen in
any way. The following section is the collectedutes

6.1 Data Collection
Question 1: Which rectangle do you prefer?

Male Female Total
Rectangle 1:1: 1 2 3
Rectangle 5:6: 3 3
Rectangle 4:5: 2 2
Rectangle 3:4: 1 5 6
Rectangle 20:29: 1 5 6
Rectangle 2:3: 5 5 10
Rectangle 21:34: 7 3 10
Rectangle 13:23: 7 7
Rectangle 1:2 2
Rectangle 2:5: 1 1

Question 2: Which iron looks the most comfortabte i
proportion?

Male Female Total
Iron 1*:
Iron 2: 13 10 23
Iron 3: 9 12 21
Iron 4: 3 3 6

Question 3: Which mobile looks the most comfortalrie
proportion?

Male Female Total
Mobile 1: 10 8 18
Mobile 2* : 5 7 12
Mobile 3: 10 10 20

Mobile 4:

Question 4: Which camera looks the most comfortable
proportion?

Male Female Total
Camera 1:
Camera 2*: 17 15 32
Camera 3: 8 10 18
Camera 4:

proportion?

Male Female Total
Car 1: 3 9 12
Car 2: 10 14 24
Car 4* 12 2 14

Question 6: Which ipod looks the most comfortabte i
proportion?

Male Female Total
Ipod 1*: 5 6 11
Ipod 2:
Ipod 3: 14 15 29
Ipod 4: 6 4 10

Question 7: Place the hot air balloon in the skenelit feels
right.

40 in the target circle
10 outside the target circle

6.2 Summary

* Question 1: Which rectangle do you prefer? Inisiiesting
to see that the golden rectangle had got pickedrhst, with
the slightly smaller rectangle having the same arhot votes
too at 10 votes each. The rest of the votes weite gandom
when counted cumulatively, but it is clear that thales voted
more to the larger rectangles and the females votme to the
smaller rectangles. Is there a reason for thigpatietween the
sexes? A total of 20% picked the golden rectanglehis
question, which 70% were male.

* Question 2: Which iron looks the most comfortabie
proportion? The golden rectangle had 23 votes whiahk the
favourite. Iron 3 which is quite close to the goldectangle
had 21 votes. It is interesting here how therenargotes on the
original iron. Is this a symbol for bad design?ciat of 46%
picked the golden rectangle, which 57% were make \otes
were quite even between the sexes.

* Question 3: Which mobile looks the most comforeainl
proportion? The golden rectangle was picked 18djraed the
original mobile was picked 12 times. The most vogesto
mobile 3 which looks like the middle proportion ki20 votes.
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No votes go to the largest sized mobile. A totaB6%o picked
the golden rectangle, where 56% were male. Doegdiden
rectangle look too big for a mobile phone in a gatien where
slimmer and smaller is better?

* Question 4: Which camera looks the most comfoetabl
proportion? Only two options were voted on in thigestion.
The golden rectangle was picked 18 times and tlginat
camera was picked 32 times. Does the golden reetdagk
too big or do they prefer the more squared shapagbbithey
could pick the most natural looking camera as ihdes may
have turned ellipses in some of the answers. A ft86%
picked the golden rectangle, where 56% were fentade.the
first time the females have more votes on the goldetangle,
however, it is pretty much even.

e Question 5: Which car looks the most comfortabiie i

proportion? The golden rectangle got 12 votes is question,
and car 2 the slightly larger sizes got 24 votdg ®riginal car
got 12 votes as well, and car 3 had no votes.rbtsa surprise
that car 3 had no votes because it does look rafigeand out
of proportion. The most votes go to car 2 whichhis middle
sized car. Here we see the trend where the malesvred on
the larger longer sized cars, whereas the females picked
the smaller sized cars. Are the recipients choosiags
according to what they would drive in reality? Aaoof 24%
picked the golden rectangle, where 75% were female.

* Question 6: Which ipod looks the most comfortalrie
proportion? Ipod 3 received 29 of the votes wipchsented
an interesting split amongst responses.

* Question 7: Place the hot air balloon in the skere it
feels right. It is tough to see where all the vatese placed on
the photo, but it was counted that 40 placed thealidalloon
somewhere within the target circle, closest to twden
position. 10 placed the hot air balloons close ibutandom
positions. There were no individual male or femadges on
this question. A total of 80% placed the hot ailidmn within
the target circle. Is an instinctive feeling to rama that we can
visually place an object on a background becauseviuit
“feels right"?

There were collectively a possible 350 votes on 7ll
questions. A total of 150 votes were voted cornyecth the
golden rectangle. That is a total of 43% of totales. This is
less than half of the total votes and it begs thestion, is the
golden ratio actually instinctive within nature?

7. CONCLUSION

The investigation was conducted successfully aedélults
were collected and analysed. The total votes deliethat were
correctly on the golden rectangle were 43%. Thise®w our
prediction so is it possible to say that the goldato has no
real effect? If we look at which questions had test golden
rectangle votes on, we will find that it was 4 067 questions.
1 out of the remaining 3 questions was a close Imated the
remaining 2 had chosen other answers as the mode.

Question 7 was the question with the most golderangle
votes on, and it was the only question where tegient had
to instinctively find the golden position. This vitswas quite

81

surprising and does suggest evidence that peopie‘feal”
what's right. However, when the same recipientsensrbject
to a choice, not all of them can instinctively ckedhe correct
answer. It is a possible that some of the questi@asanswers
that were too similar to differentiate, but cargfldnning of the
questionnaire had eradicated this problem. It $® glossible
that because of the skewing of some of the phataspuld
look obvious that the skewed photo did not have dgoo
proportions, even though it was an attempt to skets the
golden rectangle. The camera question was a goahme of
this, as the there were too many regular circleshan shape
which meant that any skewing turned them into sl
Therefore for that point, the answers for that tjopascan be
ruled out. Even so, 132 golden rectangle votesob300 total
votes equals to 44% which is still under the prioiic

It is therefore determined that the golden rati@dusn
proportioning isn’'t always the preferred choice.wdwer, it is
clear that the rectangles that are close to thdegotectangle
will suffice. This result can be seen from questigmwhere the
3 main rectangles 2:3, 21:34 and 13:23. The ingastin
shows that using the golden ratio to proportiorigieswill be
useful, but there can be an allowance of +/- a teits. The
golden ratio can affect product appeal, as seesoine of the
results; a badly proportioned product may not ggtsales.

This investigation agrees with the following quoby
Kimberly Elam, 2001 [5], The purpose of Geometry of Design
is not to quantify aesthetics through geometry taiher to
reveal visual relationships that have foundations the
essential qualities of life such as proportion agdowth
patterns as well as mathematics. Its purpose i€mal linsight
into the design process and give visual coherenceesign
through visual structure. It is through this instghat the artist
or designer may find worth and value for themsebuas their
own work’ [5]. What Elam suggests in her book is that using
system such as golden proportioning, or any othalidv
geometric proportioning system, it will add somdlsleought
structure to the design, rather than a random ehat
dimensioning. When limitations allow, the goldeticacan be
useful.
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