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ABSTRACT

This thesigxamineghe use of the sciete ofvisual perception in the study aft. |
argue that thisapplicationof perceptual psychology and physioldugs been
neglectedin recent yearsbut contendthat it is being revived by writers such as John
Onians | apply recent scientific research to demonstrate what can be learned about
depiction fromthe scienceof perception

The thesisises the science of perception to argiat there are four main
interlinked componentsin depiction.It argues that each of these components can be
better understood by using the science of vision.

Chapter lexamines one component, namely resemblance. It uses studies of the
retina, centresurround cells, and attentional pcesses to examine hoavpicture
can vary in appearance from issibject matter, yet still represent it.

Chapter Z2xaminesa second component, namellyformativeness. It applies
.ASRSNXYIFYyQa Llaeé OKz2f 2-Bykdnpdnents © Srguddhahe T NS O2 -
depiction of volumetridormsdepends on the depiction of the verticessafch

objects, as well as that of linear perspective. From this the chapter argues that the

notion of informativeness, as developed by Lopes, should be combined wibki@n

of resemblance to create a more complete theory.

Chapter 3xaminesa third component of depiction, namely thpicturescan

include, omit, and distorthe features of their subje& The psychological theory of
scales, as developed by Oliva and Schyns, ttoesexplain certain kinds of
depictions of fabrics, and the perception of Pointillist paintingse chaptealso
examines the issue of to what extent perception and depiction are dependent on
culture rather than genetics, and shows how a combinatiorcadrgific
methodology, in the form of crossultural psychology, and historiogray, in the
F2NXY 27F . | EI yBpprodck)éan B Li®d\d iBvestigdte this issue.

Chapter 4examines a fourttomponent of depiction, namely the organisation of
pictures. It uses studies by WestpkHaich et al., and V6 and Wolfe to analyse the
patterns of Waldalgesheim grnd the images in the Book of Kells.

By using the science of visual perception, | arrive at the concltisia

combination of theories of raxgnition, informativeness, and ordedeveloped in
Chapters 12, and4, together with theories of visual decomposition, processing, and
recompositiondeveloped inChapter 3form a basis for understanding depiction.
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INTRODUCTION

ART AND PERCEPTION

Art being a thing of the mind, it follows that any scientific study of art
will be psychology. It may be other things as welhut psychology it will

always be.
(Friedlander, 1946), quoted in (Gombrich, 1960, p. 3)

Let there be, in a picturegallery, a desert scene, in which a procession
of Bedouins, shrouded in wh© A fmaréhes under the burning
sunshine; close to it a bluish moonlight scene, where the moon is
reflected in darkness. You know from experience that both pictures, if
they are well done, can produce with surprising vividness the
representation of their objects; and yet, in both pictures, the brightest
parts are produced with the same whitelead, which is but slightly
altered by ad-mixtures; while the darkest parts are produced with the

same black8

In order to understand to what conclusions this leads, | mudirst of all
explain the law which Fechner discovered for the scale of sensitiveness
of the eye, which is a particular case of the more general psycho
physical law of the relations of the various sensuous impressions to the
irritations which produce them. This law may be expressed as follows:
within very wide limits of brightness, differences in the strength of

light are equally distinct or appear equal in sensation, if they form an
equal fraction of the total quantity of light compared. Thus, for

instance, differences in intensity of one hundredth of the total amount
can be recognised without great trouble with very different strengths

of light, without exhibiting material differences in the certainty and
facility of the estimate, whether the brightest dajight or the light of a

good candle be used.
(Helmholtz, 1881, pp. 9%96)
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This thesis examines the theoretical background to the study of perception

ET AOO8 4EA 11T OETT AgAl ET AROAKND OEIAT &M /

most influential version of which was developed byart historian Ernst
Gombrich(1909z2001) in his 1960 bookArt and lllusion Gombrich

explained his position:

The art historian has done his work when he has described the changes
that havetaken place. He is concerned with the differences in style
between one school of art and another, and he has refined his methods

of description in order to group, organise, and identify the works of art

which have survived from the past8 The art historial 8 O OOAAA OAOGOO
OEA Al 1 OGEAOQGEITT 1T1TAA £ OiI 01 AGAA AU 7EI EAI

bl OOEAT A ET AOAOU DPAOET AG8 41 Agbl AEI

N\ s s oA = =z e o~ oA N~

-

EEOOI OEAT 80 AOOUh AOO xEI OA ADOOET AOGO EO

(Gombrich, 1960, pp. %4)

Gombrich turned to psychology to solve the riddle of style. His proposed
soluionwa® OEA OEI Isrin&ised By artristlriaOdodh

philosopher Dominic Lopes:

I AAT OAET ¢ O '1i AOEAESO OOOOAU 1T &# OEA EE

advances by abandoning its substitutive origins. Early art is the
product of a desire to create substitutes for things, and is consequently
free from the demands of mimesis. In later art, pictures become records

of visual experience rather than substitutes, theipurpose being to

- s A s~

AOAAOA AT EI |1 OOEITEOOEA | AOAE xEOE OEAxA

subjects.

(Lopes, 2004, p. 78)
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we will examine such ideasand other evidenceto develop a theorythat

can form a basis for thestudy of perception in art.

The examination of perception in art goes back a long way. As can be seen
in the quote aboveby scientistHermann von Helmholtz (182%1894), it

was verypopular in the Victorian era.Helmholtz notes that the visual
systemdetects light in a roughly logarithmic scale, which allows artists to
paint both bright sunlight and the moon with the same paint, even though
the sun is 80,000 million times brighter than the full moon. This is

illustrated by the below diagram, which shows how the increase in
perceived intensity levels off even as the actual intensity gets higher and
higher (Figure 1, p20.)

1.2
1

0.6

0.2
|/

1 2 3 4 5 6 7 8 9 10
actual intensity

perceived intensity

Figurel  Graph illustrating the relationship between the perceivezhd the actual
intensity of light. Diagram by the author.

Aswe can see irthe diagram, successively greater levels of ligluf the
subjectcan be depicted by smaller and smaller inerases in the level of
brightness of the picture. This is just one of the many insights the

psychological approach can provide for the understanding of art.
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Perception has been studiedby art historians, psychologists and
physiologists, and also artistsTo begin this thesis we willlook at the
history of examiningvisual perceptionvia art, followed by a summary of

the current knowledge ofthe workings of the visual system
ART AND PERCEPTIAMNHISTORY

The study of vision datedbacktothed AEAT O ' OA RBEBBBE %OAI1 EA
book The Opticgpresents an attempt to understand perspectiveaskingwhy

parallel lines appear toconverge in the distanceand why objects in the

distance appear smaller than those closer to U&uclid, ¢.300 BCE)Onians

points out that in the ancient Greeks we can also see the beginnings of

theorising on biological aesthetics. He quotes Aristotle:

The poetic art seems to have been born entirely from two causes, both
of them natural [phusikali]. First, imitation is an instinct in men from
childhood and in this they differ from other creaturespeing the most
imitative and learning the first lessons by imitation, and everybody

enjoying imitation.
(Aristotle, ¢.335 BCE, p. 1448h)yuoted in(Onians, 2008, p. 25)

Despitethe enthusiasm of the ancient Greekshe discovery of the
mechanisms of visionwas atortuous affair. Muchof the knowledgeof

vision that we now consider commonrsense s in factfar from obvious, ad
wasonly discovered after a long process gbhysical andphysiological
experiment, and philosophical examination. The extent of the difficulties of
elucidating the nature of light and vision can be seen in the strangeness of
early optical theories.For example, the fifth centuryBCEGreek writer
Empedocles belkeved that white light was detected bywhat he described as

fiery pores in the eye, and that black objects were detected by watery
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bi OAOG8 4EA 1 AOAO $AITAOEOOO AAI EAOGAA
into the air, andthat these eidola then proeed to take imprints of objects

in a way similar to waxseals, which are then returned to the eye

Furthermore, it was not even clear to writers and theorists that there is a
distinction between light and vision, demonstrating how difficult the

process of disc@ery of the properties of visionhas beenWe will see in this

thesis that even in the twentieth century there have been intense debates

about vision thateven now are not resolvedand that the discovery of the
workings of the visual systerd O D O1 AllkiGe©nol pceéd in a linear
manner (Finger, 1994, p. 67)

The duty of the man who investigates the writings of scientists, if
learning the truth is his goal, is to make himself an emey of all that he
O A A A O hattakH itAronBevery side. He should also suspect himself
as he performs his critical examination of it, so that he may avoid

falling into either prejudice or leniency.

(Ibn al-Haytham, 1011z1021)

The baton of progress was take from the Greeks and Romans by the
Islamic world. Arab scientist Ibn atHaytham (c.965c¢.1040) wrote a
number of treatises on light and vision, includingitab al-Manazir (The
Optics) which built on the work of the GreeksNotablein lbn al-Haythamé O
approach was his emphasis on the need for experimentatiofhbn al-
Haytham, 101%1021).

Medieval Europeaninvestigators continued the study of opticsput it was
in the Renaissance thamajor new developmentsbeganto take shape
Notably for us here writers on optics were joined by artists such as-ilippo
Brunelleschi (1377z1446) in developing the laws of perspectivéEdgerton,
2009, p. 74)

22
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People today tend to view art and science as separate activitiés.the
Renaissance, however, there was no clear distinction. Anatomindreas
Vesalius (15141564) and astronomer Galileo Galile{156471642) had to
be consummate draughtsmen in order to prduce drawings ofmuscles and
planets; artists such as Brunelleschi engaged in problems of the forces
involved in architecture. Edgerton notibly observesthat it was in the
Renaissance, with Brunelleschi antdeon Battista Alberti (1404z1472), that

vision science became of real importance to afEdgerton, 2009, p. 9)

The maininterest of artists in relation to optics of theRenaissancevas
againperspective.Alberti wrote extensively about this topic in histreatise
DePictura (On Painting) (Alberti, 1435). Alberti would also attempt

scientific explanations for optic phenomena:

We know for a fact about these median rayfghe less centralrays] that
over a long distance they weaken and lose dir sharpness. The reason
why this occurs has been discovered: as they pass through the air,
these and all the other visual rays are laden and imbued with lights and
colors; but the air too is endowed with a certain density, and in
consequence the rays gdired and lose a good part of their burden as
they penetrate the atmosphere. So it is rightly said, that the greater the

distance, the more obscure and dark the surface appears.

(Alberti, 1435, pp. 4Z43), quotedin (Edgerton, 1975, p. 84)

The interest in vision science by artists continued to grow, and expanded to
other areas.For example,Onians notesthe interest William Hogarth
(169771764) hadin the way that acuity of vision is lower away from the

visual focus:

Now as we read, a ray may bsupposed to be drawn from the centre of

the eye tothat letter it looks at first, and to movesuccessively withit
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from letter to letter, the whole length of the line: but if theeye stops at

a particular letter, A, to observe it more than the rest, these other

letters will grow more and more imperfect to the sight the farther they

are sittated onAEOEAO OEAA Tdithefigud O EO A@BDPOAOCOS

(Hogarth, 1753, 1997, p. 33) quoted in(Onians, 2008, p. 59)

Notably, philosopher John Lockg€163271704) wrote about the processes
of visual perception in materialist terms Though his writing was largely
speculative due tothe slim experimental knowledge of the time, his writing
of mental processes in physical terms would lay the intellectual

groundwork for the future exploration of vision in experimental terms.

The pictures drawn in our minds are laidn fading colours; andif not
sometimes refreshed, vanish and disappeaHow much the
constitution of our bodies are concerned in this; anavhether the
temper of the brain makes this difference, that in somet retains the
characters drawn on it like marble, in others likereestone, and in
others little better than sand, | shall here inquirethough it may seem
probable that the constitution of the body doesometimes influence
the memory, since we oftentimes find a disease quitgrip the mind of
all its ideas, and thdlamesof a fever in a few daysalcine all those
images to dust and confusion, which seemed to be as lasting as if

graved in marble.
(Locke, 1690)Book 2, Chapter 10, Section 5

It was the nineteenth century that saw an explosion in he study of vision
science and it was at this time that major progress was made in the various
combinations of art and vision sciencePhysicist James Clerk Maxwie
(1831-1879) wrote about colour vision, and influenced the Post
Impressionist GeorgesPierre Seurat (185%1891). Experimental

psychologist Gustav Theodor Fechner (1801887) influenced the
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Symbolists, and via philosopheErnst Mach(1838z1916), Soviet Socialist
Realism. Another contribution was by physicist Ogden Rood (1931902),
who lectured on optics at the National Acadmy of Design in New York
(Agursky, 1997, p. 249XRewald, 1956, p. 83)

Helmholtz was one of the most prolific writers on the application of science

to art in the nineteenth century. Thechapter®/ 1T OEA 2 A1 AOCGET 1T T .
0 AET &fkis$ 1881 book Popular Lectures on Scientific Subjedssone of

the most comprehensive nineteenth century applications of science to the

study of art. The chapteris divided into four sections: Form, Shade, Colour,

and Harmony of Colour. Helmholtz used a number of different scientific

experiments to explain art including& A A ET A Qd% ®e savhabove

(Helmholtz, 1881). We will see inthisthesisET x Ol I A T &£ (AT T ET 1
were challenged byanother scientist, theGermanEwald Hering (1834z

1918).

Another important example ofnnineteenth century artists being interested

in vision scienceconcerns thework of Frenchscientist Michel Eugéne

Chevreul (178&p Y Y wd8 4 EA AGAIT ETAOETT 1T &£ #EAO
Delacroix (179871863) set up a dynamic between artists and scientists that

would include the work of artists Seurat and Paul Signac (1863935), and

colour scientist Albert Henry Munsell (1858z1918) (Duichting, 1999)

(Munsell, 1905) (Cochrane, 2014)

Chevreul was a chemist who worked at the Gobelins tapestry factory in
Paris. Thefactory washaving problemsmaking their tapestries bright and
colourful, sothey asked Chevreul to examine the chemical composition of
the dyesthey used Chevreul, however, realised that the optical properties

of the arrangement of coloursare asimportant as the chemical properties
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of the dyes As a result he developed three colour theories, which he

published in the 1839The Laws of Contrast of Colagr # EAOOAOI 6 0 OE

were successive contrast, simultaneous contramtd optical mixing.

Chevreul noticed thatthe contrasting properties of light of two objects or

situations often resultin the enhancement ofthd A E A AWBEDGOA @®ET 1 O

properties. Hewrote:

(8.) IF we look simultaneously upon two stripes of different tones of
the same colour, or upon two stripeof the same tone of different
colours placed side by side, if the stripes are not too wide, the eye
perceives certain modifications which in the first place influence the
intensity of colour, and in the second, the optical composition of the

two juxtaposed colours respectively.

(Chevreul, 1855, p. 7)
7A xEIl 11T E AO #EAOOAOihédtesic AAAO ET 11
The nineteenth and early twentieth century in Germany and its close
neighbours saw a flowering oOA OE OE AAG TEANGRSIGIE AT O
produced many major art historianssuch asAlois Riegl (185&1905) and
Heinrich WOlfflin (186471945), who notably for us hereexamined art
history in terms of psychology. Podro notes that Riegl and/olfflin
attempted to find generalprinciples of interpretation in terms of
psychology. Riegl developed the idea that humans havenate senses of
pattern that are expressed through ornamentWolfflin developed ideas
such as an empathy theory of architecture, whereby we @tinctively note
the similarity between our bodies and buildings, and a&yclical theory of

artistic development, wherebyartists begin by delineating forms, move
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onto a more optical approach, then repeat the proceg¢®odro, 1982, pp. 95,

99, 103, 117)

The writingsT £ OEA OA OE O binkredible Eic@r@E AT 086 AOA
descriptive power: Podro writes ofWélffin OEAO O& O 1 AT U T £ C
our reservations, it would be hard to find a replacement fothe Principles of

Art History [Wolfflind ®15AT T EY AO A 11 AA1T &£ O OEA £
(Podro, 1982, p. 98) Podro alsg however,notes that one of the later critical

historians, Erwin Panofsky (1892%1968), argued that whatever the

richness ofWolfflind © A A O A PEMIQES bf IADHisEbryWolfflin did

not actually demonstrate theircritical relevanceto history. Panofsky

observed that studies of social life demonstrated the importance of society

in art, which called into question the idea that there are innate properties

of the mind. How, it was asked, did we know that mental properties are not

the product of society rather than beinginnate?(Podro, 1982, pp.178z7

179).

Panofsky developed an account largely based dime ideas ofGeorg

Wilhelm Friedrich Hegel (17701831), but in this thesis we will examine an
alternative account, based on the biological basis of neuroscience. We will
see that this not onlyprovides explanations for many artistic phenomena,
but the understanding of the biological properties of the mind provides the
possibility of finding a solution to the problem of differentiating between

innate mental properties and their social and enviroomental expression.

Vision science continued to be researched into the twentieth centuyyhus
providing us with many of the tools that will facilitate our quest The main
questions that have been examined in visual psychology are visual

perception, the artof young children and the personality of artists. One of
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the most important researchers was psychologist and physiologist Daniel E.

Berlyne (1924zp wx 9 d8 " AOI UT A6 O x1 OE AEAEAOAA
Helmholtz restricted himself to visual perception. Bdyne not only applied
experimental data to art but actually attempted to quantify and measure

the effect of aesthetic experience on the whole nervous system, including

the faculties of emotion and desire. He is said to have been of pivotal

iImportance to modern psychological aesthetics. He used experiments to

AEOAT OAO xEAO OOEI Ol E AOI OOA AT 1 OCAT
behaviour, and also examined the methodological problems that separate

experimental science and art history.

"AOI UT AB O Iashis iLam Cenflich Brousal, and Curiosityn this

ATTE EA AgAI ETAA Oi T OEOGAOQGETT 1T £ DAOAAL
argued that organisms are aroused by sensory stimulation, that different
stimulations cause an organism to have conflicting mivations, and that

organisms actively seek out stimulation. He argued that organisms have a

desire to seek out novel stimulations, and the arousal that uncertainty

brings, but also have the desire for relief from uncertainty; hence that

organisms have coflicting desires for arousal and relief(Berlyne, 1960).

Berlyne would subsequently develop his analyses into a quantifiable
relationship between arousal and complexity. It was with this that he
would create his most important proposal. He argued that thee is an
inverted-U-shaped relationship between arousal and increasing
complexity. As complexity increases, Berlyne argued, interest increases,
until the complexity becomes too much, and the organism begins to lose

interest.
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Berlyne based his arguments on a range of scientific sources, including

experiments on animals, observations of children and adults,

neurophysiology, and information theory. The specific theory of the
inverted-U-shaped relationship between arousal and complexity has,

however, received conflicting support in subsequent experiments, though

the methodological areasof AO1T UT A8 O x1T OE AT 1T OET OAO (
(Matchotka, 1980) (Messinger, 1998)

The twentieth century did, however, see something of a decline in the

interest in art of vision science.This might be a consequence of the division

of the intellectual worldinto OA 008 AT A OOAEATlresukingh OT CA
lack of knowledge by scientists about art and those working in the

humanities about ience. We can sethis in a 1959 quote by scientist and

novelist C. P. Sno1905z1980) about something another scientist said to

him in the 1930s:

Haveyound EAAA ET x OEA x1 OA OE1T OAI 1 AAOOAI 6 E

OAAT 6 O0I AA A TAx AAEET EOEIT xEEAE AAOOA

Rutherfordor WAAET COT T T O $EOAA 10O ! AOEAT 8
(Snow, 1959, p. 4)

Though muted, vision science remained ofterest to both artists and art

historians as the twentieth century continued. In artpainters such as

Victor Vasarely (19061997) and Bridget Riley (born 1931) expored

optical principleseT OEA O/ B ! 008 | inGidbleihthdh xEEA
1960s (Riley, 2009, p. 332) In art history, the 1960s and 1970s brought

what are perhaps the seminal examples of the application of vision science

~ ~ s o~ ~ -

the Psychology of Pictorial Representatiaghat we touched on earlier,and
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the 1979 The Sense of Order: A Study in the Psychology of Decorative Art.
These works deal with the psychology of figurative art and the psychology

of decorative art respectively.

Art and lllusion as we noted earlier,9 an attempt to answer one of the

iTO00 AAOGEA NOAOOGEITO EI AOO EEOOI OU(g (
different nations have represented the visible world in such different

x A U @ertbrich, 1960,p.38 ' 1 I AOEAE AOCOAA OEAO AO
only to describe historical change, and hence the reasons for these changes

must be found outside of art history. The source of explanation Gombrich

proposed was psychology.

Gombrichargued for the importance of psychology, butesisted

psychological reductionism. He argued that the application of psychology to
answer the riddle of figurative style might only provide some of the

answers, arguing that the study of tastefor example might not be

amenable to study by psychology. It is interesting to observapwever, that
Gombrich dedicatedthe first chapter of his laterSense of Ordéd1 0) OO DA O
4 A OO A 6 h nodiny Ehat Bibelief in what could be learned from

psychology increasedver time.

Gombrich argued for what has become known as axperientialtheory of
depiction. Newall identifies experiential theories as one of four main
contemporary theories of depiction, the othes being resemblancethe
deceptively simple theory that apicture looks like, or more precisely shares
visual properties with, what it depicts), conventionalism(the theory that a
picture is made up of symbols that the viewer decodes), andcognition or
visual responséthe theory that a picture utilises the sane features of the

mind that are used to recognise the real worldor that a picture causes the
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same visual response as would the depicted object itsg(Newall, 2011).

~ N - ~ ~ -

experiential, namely that pictures@ccasiorBa particular experience in the
OEAxAO8 )1 '11 AOEAES8O OEAT oOuh OEA A@b/
viewer is that of an illusion.

"'TT AOEAES O OEAT OU x WilDbe OfAdlue to Edmie iO AT OE A
in further depth here. Gombrich quoted thelegendary contest between

ancient Greek artistsParrhasiusand Zeuxis, whadooth claimed to be able to

createthe most illusionistic painting. Zeuxis thought he had won when a

bird came down to eat the grapes in his stillife, only to be humiliated when

he attempted to pull back the curtain orParrhasiu®d O DPAET OBt C O  /
the curtain itself was the painting. What was of interest to Gombrich in this

tale was the idea of whaheterms OEA AAEI EOU 1T &£ OEA EOI A
OE A |, iakdlydo be deceived that the image is indeed reality. We might

argue that this is an aim unlikely to be achieved; even the great Parrhasios

only achieved this illusion for a fleeting moment. Indeed, thenly way that

such an illusion could be achieved to any reasonable standard would

involve vast computing power and virtual reality implants in the brain.

Gombrich, however, would argue that this is not quite the point: one does

not have to be consciously eceived at all to appreciate art, it is as if only

part of the mind needs to be deceived. He gives the amusing example of

#EAOI EA #EADIET O EI 1 OOOOAOA OEEOq #E
forks and a couple of rolls that turn into nimble legs iEOT T O T £ 1T 60 A
no stage are we consciously deceived by Chaplin; we are fully aware that

the breadrolls do not actually transmute into a pair of dancing legs.

However, somewhere in ourmental apparatuswe have the illusion of a

pair of dancing leg. Gombrichthus argued that we camalternate between a
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number of different interpretations of an image we appreciate aDutch
landscapepainting as a landscape alternating with #at piece of cloth
covered with mineral particles andhardened oil, anda figure by
Michelangeloas a naked male alternating witha large piece of chiselled
marble. This theory of illusion was used by Gombrich to explain how
figurative styles develop and why there are, and have been, so many of
these styles across the world. Thig of interest to us here because
Gombrich created a theory that not only describes how figurative styles
arise, but links art history and psychology together{Gombrich, 1960, p.
172).

Gombrich not only argued for aheory of the experience of paintings, but

argued for a theory ofhow painting developed. An example of this is his
examination ofthe work of John Constable (17781837). Constablemight

be thought of as an artist who worked directly from nature, and is thus not

of muchinterest in terms of style or history. Gombrich argued that such a

view of Constableis wrong. Gombrichsuggestedthat Constable thought of

EEO PAET OET CcO AO AgPAOEI AT 6Oh ET OAT AA
1 AOOOAG8 )1 luchAnfain, Goinbridphiadd AubtRat i0s

naive to think that Constable would simply sit in front of a field or a river

and allow his painting to be guided by the sights he saw. Gombrich argued

that Constable would be guided in his observations of naturey pre-

AGEOOET ¢ EAAAOh xEEAE AT OI A AA OAOI AA
ideas being developed in the world around him. Gombrich noted, for

example, that Constable performed a series of copies of drawings &y

landscape painter from the generatn beforehim, Alexander Cozens

(1717z1786), and thatthrough this Cozersowork influenced Constable.

4EEO OAAI O OI AA EIT 1 pbl OEDdahrdist OT OEA
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wishes to investigak nature, he or she might do best to paint directly from
nature, and use nature as his or her only guide. Gombrich, however, argues
that it is impossible to proceed like this; an artist must begin withlthe
discoveries of othersutilise these in his or her own discoveries, and later
pass these new discoveries owtothers who then repeat the process
(Gombrich, 1960, pp. 15@152).

Two consequences of this theory are firstly that Gombrich argued for the
importance of history and historical precedent in the work of artsts, and

secondly that the individual also has a rolén art. Gombrichthus not only
proposedthat culture and the individual are ofimportance, but also

delineated a mechanism by which tley interact. Gombrich furthermore

noted that not only was Constablanfluenced by the work of other artists,

but that his depiction of clouds seems to echo the work of contempary

i AOAT OT 11T CEOOOS6 Ch@iforns into cutuiudy Orrudaad E A A O
stratus. Gombrichthus argued forthe importance of the general so@ty in

which an artist works.

Gombrich thusproposedEl O A OAZAE| ET ¢ which®@dised ET OF
data.In this he was influenced by the@earchlightStheory of perception,

which was developed by philosopher of mind Karl Poppef190271994).

This filing system begins with the filing system inherited from previous

artists and other cultural precedents, but is built upon bythe new artists by

the use of s or her own discoveries, and filing systemsaken from the

surrounding culture such as themeteorological taxonomyin the example

above Gombrichthus argued that figurative style is a process whereby the

mind organises its repertory of figurative elements in an interactive and

ongoing fashion; taking from precedent, and wdifying it with the use of

xEAAO AOI OOOA AT A OEA AOOEOOav®itsi x1 AE(
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own distinct precedentsand individual artists, andthus will develop a
distinct style (Gombrich, 1960, p. 271 Popper, 1945).

~ ~ - ~ ~ =

The Senseof Orde® ' T | AOE A E & Obodhk Arféythdlogy adEait.O
Art and lllusiondeals with depiction, while The Sense of Ordeeals with
abstract and decorative art. This thesis deals primarily witldepiction, so
The Sense of Ordes of less importance hereand thus we will examine it in
less depth.The Sense of Ordées based around a notion first developed in
Art and lllusion, namely0 T B b ge@énlkght theory of perception Popper
arguedthat there aretwowad O T £ OEAxXxET ¢ Od&hdoryl ET Ad O
that perception is a passive process; we simykit there waiting for
information to come into our minds. The searchlight theory, which bth
Popper and Gombrich favoured, assumes that the mind actively seeks out
information. We might note that this theory has similar features to

BAOI UT A6 O OEAIT @Quhapedaelaiéndhip Bdtwedh Oesife And
complexity, in which an organism activdy seeks out stimulation. What
Gombrich adds to theories such as those of Berlyne islavelopedtheory of
DPAOAAPOEIT T8 "AOI UT A0 OEAT OU &£ AOOGAO I
for that which it finds attractive, and while Gombrich does not contradict
such theories heinstead examines themore precisequestion of what it is
order in our minds. We seek out order, such as the repetitions of human
made objects like paving slabs, asell as disorder, such as crazy paving.
When we are used to order, we seek disorder, and when we are used to
disorder, we seek order. Hence we go through our environment constantly
scanning, and pick out things that do not fit our current understanding of

the world. When we see something, Gombrich gives the example of a
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perfect circle of mushrooms in the random vegetation of a wood, it grabs
our attention because it goes againgtur expectations. This process is
ongoing; when accustomed to irregularity in aituation, we become bored
and immediately focus in on regular features; but also, we quickly become
bored with regularity in pattern and our minds search out irregularity.
Gombrich noted also how this process is limited: we have the desire for
rhythm, due to the constant search for irregularity being tiring As a result
children enjoy repetitious games, and also learn the necessary skill of
observing repeated patterns; necessary, for we need to detect the patterns

as much as we need to detect irregulargis (Gombrich, 1979).

Despite there having been something of a decline in generaltime interest
In vision science in the arts, its application to artontinues into the present
day.Notably it is able to benefit from the large amount of recent scientific
research into visual perception much of which features in this thesig-or
example, reuroscientist Margaret Livingstone has continued the work of
Weber and Fechner in investigatindurther the relationship between
intensity and perception (Livingstone M. , 2002)(Livingstone, Pettine,

Srihasam, Moore, Morocz, & Lee, 2014)

The behavoural approach has been supersedelly more mgnitive-
oriented and neurobiological research. Kim and Blake, for example, have
used Magnetic Resonance Imaging (MRI) to examine how brain activity
patterns change when viewing abstract paintings with implied motiorn(Kim
& Blake, 207).

It is notable how this scientific andcognitive approach has been mirrored
by historical research. The work of art historianMichael Baxandall (193%

2008), which we will meet in this thesis, is a notable example of this. In his
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i AOET A TO&E | G\BARdudiaiEkamined the visual skills of peoples
in different periods, and showed how they affected the creation of artfo
these periods. For example, he proposdtiat the introduction of teaching
three-dimensional geometry in German schools afféed artistic

production. He argued thatGerman boysstarted to be educated in three
dimensional geometry to allow them to calculate volumes of barrels and
containers for pricing, and this developed in those boys a sensitivity to the
perception of volumetric form. This sensitivity in turn, Baxandall argued,
resulted in artists producing artworks with increasing levels of volumetric

form, such as more solidooking sculpture (Baxandall, 1980)

One of the problems with Baxandal © APDBOT AAEh ET xAOAOh
in itself propose an actualtheory and mechanism by whichthe mind

actually developsO E Eogniti@ OOUIT A6h AO " AGAT AAT 18680 A
sometimescalled.Baxandall wrote;

The light enters the eye through the pupil, is gathered by the lens, and

thrown on the screen at the back of the eye, the retin8.

It is at this point that human equipment for visual perception ceases to

be uniform, from one man to the nex8

(Baxandall, 1972, p. 29)

Baxandall dd not actually propose a mechanism which explains what goes

on in the rest of the human equipment for visual perception. Howeveryia

historian John Onians has joined together the sort of appasch Baxandall

usedwith the idea from contemporary neurosciencel £ O1 AOO] b1 AOOE
T AT ATU OEA EAAA OEAO OEA AOAET AAOAI I ¢

result of | T AeBpériencesand learning. Onians notes that
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the connections between our neurongend either to multiply or die
back, and to become better or less well insulated, depending bow
frequently and intensively they are used. We cannot yet monitor this

process in detail, but the principles by which it is regulated are clear.
(Onians, 2016, p. 9)

Hence the processes by which we learn about the visual world, for example

the study of volumetric form by Renaissance German boys, will encourage

particular connections to form between neurons, while discouragig

others.

4EA dxmO AT A dynmO OAx 1T OEAO EAAAO ADDH/
PDOi i Ol CAOT OO0 T &£ xEAO x1 Ol A AAATT A ETT>
Norman Bryson, whose 1983/ision and Painting: The Logic of the Gage

one of the major books on theopic.

"OUOTT AOCOAA OEAO '1T 1 AOEAEBO OPAOAADC
flaw. He noted as an example the way that depictions of the nativity
AANOEOAA EEQAA AEAOAAOAOEOOEAOh &I O A
mattress and the way she alwaysaclines to the right, that cannot be

explained by the idea that art proceeds towards a more accurate depiction

of reality as we perceive it. The Virgin could be placed on any number of

beddings in any number of positions, and understanding perception as it

relates to realism will not necessarily take us any further in understanding

these change¢Bryson, 1983, p. 45)

Panofsky and the tradition of iconography might be the obvious contender

for the study of such changesEl O A@GAI BT A 0AT T £A#OEUG O AE
Pl AAAT AT O 1T £ OEA AHRERCHkOO Hercules PP EAAT 8 O
(London: National Gallery)(Podro, 1982, p. 193) Bryson, however, argues
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OEAO OEAIT 1111 CUdisrehardih® Materiatity of gaktindd O O
DOAAGEAAN 111U ET A OATIT AETAA AT Al UOEC
OOECI EEZEAOS6 AT A OOECI EXZEAAG xEOEET OE/
sel-DAOAT UOET C x A AE [BA<oq 1983 p. 38TAIOsRdmMs A 6
Ol ZAEO E&£ xA A1 1 OEAAOh &£ O AgAi Bl Ah 0¢
public disputation might have had in the physical integration of the
structural elements of Rheims cathedra{Podro, 1982, p. 202) but let us
ECiiT OA OEEO O1 ZAEOT AOO EAOAR AT A ET 00/
Oi AOAOEAI EOUB8 4EA NOAOOEIT xA 1000 Ac
OEEO Oi AOAOEAI EOUdh AT A CEOAG OANOAIT |
Bryson finds lacking in iconology.
In order to answer this question, we might briefly examine some of the
ideas of semiotics that have been influential in art history. One of the most
important writers on semiotics was Charles Sanders Peirce (1834914).
Peirce wanted to put linguistics on a firmer intellectual basis. He noted that
words and signs had varying qualities: some might be totally abstract,
having no relationship to the objects they denote, while others (like

Chinese letters) might share qualies with the things they describe.

Peirce created a system of three categoriegith which to classify signs.
Firstly there is theicon, a signthat to varying extentsshares properties
with the object being symbolisedfor examplethe Chinese character for
mountain; secondly there is thesymbol a sign that isarbitrary, for example
the English word for mountain; and thirdly there is theindex, a sign that
points to or refers to the object being denoted, such as an index finger

pointing at a mountain(Peirce, 1991)
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This classification system has proved fruitful both in linguisticsand the

study of artand culture in general For example, cultural theorists often

point out that celluloid film is more embedded in the physicalworld than

digital film. The increase in digital media on the internet has resulted in

images becoming increasingly divorced from their source, in an extreme

version oftheway- AOET Ul -T1T1T OT A AEOCABMBAWMOO ET !
Diptych (1962). Cinema theorist Laura Mulveyborn 1941) usRO 0 AEOAAS O
classification systemas a useful way of expressing this concept, namely as

celluloid-asiindex and digitaltas-symbol (Mulvey, 2009, p. 190)

Another influential writer on semiotics relevant to the current discussion is

Ferdinand de Saussure (18571913). Saussure lived in a time when

linguists were preoccupied with studying the sources of words; for
example,investigating why certain words in English sound simila to

Indian words, while being very different to Chinese words. Saussure argued

that such projects aresomewhat irrelevant to people who use a language.

He proposedthat the nature of words is essentially arbitrary It does not

matter, he argued, tothe EG1 EOE OEAO OEAU OAU Ol ECEC
O1 OwWeXan note that this idea that symbols are essentially arbitrary is

OT i AxEAO ET AT 1T &£ EAO xEOE O0AEOAAB8O EA/
OAEOAAGO OAEAIT A OxI1 1 £ SusAry, EIWAA OUDA (
3A00000AB80 OEAx All OECI O AOA AOAEOOA(
important in language isstructure, which led to the movement that became

known asstructuralism (De Saussure, 1916, 2011)

Saussure arged that what is important about a language is the way the

x| OAO ET OAOOAI AGA O AAAE 1 OEAO8 &1 O
6A"©TAAOoﬁ 6AEOATOAOS AT A 6AEOATOA066F
) ©

= = A~ = - A
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3A00000A 6 Qatet dpflidd@ othek @das of studyMost notably,
Claude LéwiStrauss (190&2009) applied structuralism to mythology and
anthropology, arguing (somewhat controversially) that underlying all
mythology is the idea of two conflicting ideas, such as animal husbandry

and agriculture, and their resolution(Lévi-Strauss, 1958, 1963)

We can now return to the problem of how Bryson attempted to give

AT T OEAAOAOGETT O OEA Oi AOGAOEAI 88 (EO ¢
included the notion of realism. He noted that realism is often seen in
OAT AOET 1T O1T 01 ET UGB 0O A Afnartists®arrhagiusOEA AT |

and Zeuxisthat we saw earlier. Bryson argued that there is a problem with

this idea of realism. He wrote:
(OOOAOI 60 OAI AOEO AT 1T AAOTETI ¢ OEA OAEAT AA
attitude invite direct application to painting, at leag as theorised in the
account that stretches back in time from Francastel to Pliny. The world
is pictured as unchanging in its foundation, however much its local
appearance may modify through history; history is conceived of here as
an affair of the surfae, and, so to speak, skideep.

(Bryson, 1983, p. 5)

Bryson gave an example of how this essential reality, and the resulting

O%OOAT OEAT #1PUBh EO OTi AOGEET C T £ A

poi

While the image of a Roman family such asahof Vunnerius Keramus

(a Roman portrait of a family) seem to state the timelessness of the
human body, and would appear to confine the province of change to the
limited margin of costume, the historical reality to which the figures in
the image belong igrecisely that which the image brackets out. The
power of the image in this way to evoke an ahistorical sense of human
reality, and in particular a sense of the culturally transcendent status of

the body, is extreme.
(Bryson, 1983, p. 5)
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Bryson thus argued that theRomanportrait is not really timeless, but is in

AAAO AT 1T OOOOAOAA 1T £ A1l Al AT OO OEAO AOA
OOAT OAAT AAT 668 &OOOEAOI T OAh EA AOCOAA
conventionalioi EO EEAAAT h AT A OEOO OEA PEAOC
of an illusion.

Bryson developed this idea of realism in depth. He argued that realism, i.e.

OOEA AEAEAAO 1T &2 OEA OAAI & Ai 1 OEOOO EI A O
denotation and connotation, whee connotation so confirms and

substantiates denotation that the latter appears to rise to the level of

truth.
(Bryson, 1983, p. 62)
. AxAT T TTO0AO OEAO AU AAledtadidhddahd " OUOT 1
unequivocal symbd EOI 8 AT A AU AiT11 OAOCETT EA 1
Ol ZE@AA AU AT U A OQNeddl,R@E A R16)REcbrding C OADE |
O "oudilTh OATT1TT OAOGET T8 AlTT xO0 OAATT C

other words less clear and fixed symbolism draws attention to the clarity of

the fixed symbolism. Furthermore, according to Bryson, connotation

O0BPPT OO0 OEA OAATEOI 1T & AATT OAOEI 1T d E/
of realism, connotation thus serves to actualesits partner: because |
AAT EAOCA ET OEA AT1T11 OAOGEITh ) AAI EAOGA

(Bryson, 1983, p. 65)

7A AAT OAA ET x "OUOIT60 TTOEITT T £ OAAI
about the Roman portrait @ove. We noted that the picture is constructed

I £ AT AT AT OO OEAO AOA AT 1 OAT OETT AT AT A
OEA OOOOAOOOA 1T &£ OEA AT 1T OATOEITO EO EE
OAAT EOIi h OEA DPEAOOOABSO BHhdbadicOAOEOAS Al
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OOOOAOO0OAO 1T £ AAAAOKh AOA Al AAOh xEAOA/
example the nature familial relationships, are not clearly defined. The only
exception to this is the clear denotative element of the costumes, which

Bryson argues is thughe only element that situates the picture in time.

We might have a number of objections to Bryson. Firstly, there is the idea
I £/ OEA OAEEOOI OEAAI OAT OA 1T &£ EOGI AT OA/
I £ 17060 OAT OA 1T £ OAAIniEnGtcsuntisAnat DA O OE /
f EOY A OOAT OAAT AAT (Bryséni 1883 /i 5)additindy A CE O/
well be the case that many have seen realism in this way, but is it true that
xA CAT AOAT 1T U O Adio®mAactOe® doAld aigueBhiat teEE O A&
opposite is the case. The period clothing of the Roman family sets the
DEAOOOA ET AT 1 OAgOh 1 AEET C OEAI ADPDPAAC
example, the nudity of gods and goddesses in Renaissance paintings make
them appear more timeless, but also outside of the human realm, and thus
I A OO (BOIDAGS). 6
3AATT Al uh AT A EI Bl OOATOI U £ O 00 EAOAL
the relationship between denotation and connotatiordo not provide a
guarantor for realism. He writes:
#1171 OEAAO BANKE hx IDPOLT ®AA ET 4EIAOG . Ax 211 A1
word, of course, denotes a financial institution, a bank. The font in
which it is printed connotes a range of qualities, including traditn,
continuity and stability z all qualities considered desirable in a bank.
The qualities the font connotes thus can serve to underwrite in the
OAAAAOBO 1 ETA OEA AOAAEAEI EOU 1T £ OEA AAI
iTOA TEEAI U OF ET OPEOA AOOOI i AOOGSE AT T EEA
EOAT EAEUA BANK IO AOCEBOE T AIhT 160 OAO A OAOU AE A&/
qualities, such as modernity, change and dynamism, that sit poorly with
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the impression a bank is likely to want to project. Connotation, in this
exampe, operates in just the way Bryson describegit confirms and
substantiates denoted meaning. But it is equally clear that there is
nothing realistic, or even pictorial, in this exampleThe use of
connotation to confirm and substantiate denoted meaning does not

generate realism.

(Newall, 2011, p. 216)

4EOO0 "OUOI 1860 EAAAO T £ OAATEOI AT 1160
realism that distinguishesit from language, namely that languages are
AAOGAA 11T AOAEOOAOU 11 OETTO 1T &£ OECI 08 ¢

= o~ ~ - A = N

AT 1 AOOEA AAT ET AO8 O0EAOAA®DDis, GalnklEtheOEA O 4

EAAA T £ OEA OEATThd A OEGCT OEAO O11 EE/

OEAO xEEAE EO OAPOAOGAT 6O6h AOO "OUOT T ¢
AOCOAA xAOA TEEA '"T 1 AOEAES6O EAAAO EIT (
OE A AD BE® I(Bry#oh,388, p. 53) Bryson instead chose a modified

Al O T £ 3A00000A60 EAAAOh xEEAE EO AAC

of the sign(Bryson, 1983, p. 84)

We should note, however, that Bryson attempted to account in other ways

for the physical element of the pictorial sign, namely the fact that the sign

in painting notably relates to objects in the physical world. Bryson argued

that it is the reduction of al theoretically possible signifiers to those

PDAOI EOOAA AU OEA OAEOAT OOOAS 1T &£ | AOCAOL
materiality of the sign (Bryson, 1983, p. 84) Thus realistic pictures of

clouds in a particular culture are those pictures of clouds with realistic

features that a culture could produce: not fictitious features (pink clouds

xEOE Al OA OBl OO0 Gme feAt@&s sueH as thdsd seed Al A5 O
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cirrus and cumulonimbusclouds, and in other times various wihte or grey

shapes in various arrangements.

Bryson was clearly aware of the problems with the application of semiotics
O OEOOAI A Od3ghe ridkt mat@ibl GFAll tH@ Bigni®yingd
DOAAOEAAOh DPAET OET C EAO bDbOis@GkiA OEA

Indeed, such proclivities would become common in art history as semiotics
became more common. An example of throblem with realism when

using semiotics can b seen infollowing quote by art historian Griselda
Pollock:

When children first draw faces they tend to draw a circle, put the eyes
at the top and the mouth at the bottomLater we are taught that to

make a face look like a human face one must place thges above the

1A

i AAEAT TETA Al1TxEIC &£ O £ OAEAAA AT A AO

AAAAS rRedin®Coldidra]Ba6] refuses this convention . There
is no forehead, only curving wings of hair directly above the brows
with a curved parting running up the skull. This makes it difficult to

read this as a forehead and puzzling because to see that much of the

OEOI T xA OETOI A AA AAT OA OEA 11T AAT 11T EE

is level; because of the parapet setting the viewer is notionally below
the painted figure. This abstracted or schematized quality does not
disturb; indeed it takes some seeing. That is does not segrossly
unnatural is evidence of the fact that what we are consuming
pleasurably is an artistically imposed order not a depiction of Auman

one.
(Pollock, 1988, Intro 2003, pp. 183184), my emphases

The contradiction in this is thatPollock describes the positioning of the

AUAO 11 OEA T AAEAT TETA AO A OATT OAT Ot

44



INTRODUCTION

21 OOAOOES O AADPEAOEIT AO OCOl 601 U O1TT A
median line is only a convention, then it can hardly be described as natural
&1 O o1 111 AES8 O thareigadtb Bela Gatutal, or iederbling,

depiction for Rossetti tobe deviating from. The tendency towards

conventionalism in semiotic writing often leads to arguments such as

0T 1T 1TTAE8Oh OEAO x1 OtoMlapsklogdlpx EOA AA OT
Bryson would eventually become critical of the whole project of using

semiotics to explain realism, and as we will see he would eventually change

his position radically. He wrote:

The basic tenets of semiotics, the theory of sign and sigise, isanti-
realist. Human culture is made up of signs, each of which stands for
something other than itself, and the people inhabiting culture busy
themselves making sense of those signs. The core of semiotic theory is
the definition of the factors involved inthis permanent process of sign
making and interpreting and the development of conceptual tools that
help us to grasp that process as it goes on in various arenas of cultural

activity.
(Bal & Bryson, 1991, p. 242)

We see lere Bryson noting the major problem of the semiotic approach to

art. Semiotics reintroduces the idea of the sigmto art, but this only

reintroduces the idea of the social construction of painting; it does not

OAAT T U AAAT xEOE Og AredptidisdfpteecdureE OUS 1 A
such as the painting of the sky; for example, semiotics allows us to examine

the way different societies have different interests when depicting the sky;

ET #1171 O0OAAI A6O O1 AEAOUR &£ O AgAi Bl Ah |
Constable incorporated the latest taxonomy into his paintings, while the

Ancient Egyptians hardly painted the sky at all, only occasionally
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personifying it as the Sky Goddess Nut. However, semiotics does not deal
with the actual physical nature of clouds a# relates to painting: it only

describes which material forms happen to occur in a particular society and

culture.
7A T ECEO AOE xEU "OUOTT AEA 110 OEI BI |
AT OxAO OEEOh 1 AO OO0 11TTE AAOKAEDI T U AAI

#1171 OOAAI A0 DPAET GQtdrti§ Gaints @ouds)he @ h@8 7 EAT

necessarily leaves elements out; one can hardly paint each and every

OOOAT A 1T &£ AEOOOO ET EOO DPOAAEOA 11 AAOH
assumption that meteorological clasification will bring us closer to the
OO0OOAG &I Of 1T &£ ATl OAOh OAOEAO OEAT OEI

DAOAAAOI U OAAOI T AAT Ah xAU 1T £ OEAXEI C (
idea of realism is something artist slowly edges towards, that the artist

@djusts the schema which tradition has supplied until the image on the

AAT OAO AT OOAODPTI T AO Of (Brgserd1988ApA44)A A A £l O
"OUOTT OAI AET AA OT AT T OET AAA AAT OO OEEC
groundlessness of being that is a hallmark of modern Western philosophy

8 OEAO OO1 O OEOI OCE Ofd Witdeksig, 1 CO 1T £ ( /
$ AOOEAANQ (Brysdn, 20080 A28 4EEO OCOT O1 AT AGOT A
antithetical OT ' 1T I AOEAEGO EAAA OEAO 1 OAO OEI |
adjusting schema, can produce the scene one sees. Bryson would continue

Oif OAEADO O1 OOAE OEAxXxDPIET OO AO OAOAEAT

In the older, archaic picture of the coercion of the cultural subjec
(Marx, Freud, technological determinism) it was assumed that the
subject could be mapped, interpellated, and manipulated that the

subject of ideology could be made uniform and acquiescent.

(Bryson, 2003, p. 18)
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We will deal with some of these issues of realism later in the thesis, but we

will here consider how contemporary neuroscience might find a solution to
"OUOTT60 AEI AT T A8 /1T EAInGeforim&AO OEAO Ot
neuroplasticity, might be the way forward,and suggests that when Bryson

Al T OAA OEA AT T O 11T xEAO " OMOHUSG A AE A AAI

closed the door to a solution to his problems, namely cognitive psychology.

/| TEAT O xOEOAO OEAO OOAEOAT OOOAoh OOEA
OAT AT AET AT 6oh AT OI A All AEET A (ChilnSO0AT AT |
2016, p. 4)

Onians also notes that Bryson eventually recognised th{®nians, 2016, p.

4). We might note aecent quote by Bryson:

And as in phenomenology, the emergence of the world within human

consciousness is the result of a cooperation between self and world in

which both self and world ceinhabit and mutually constitute each

other, through a perpetual cossing-over or chiasmus where the world

01 00 OEAOAG EO ET EAAO AOCEI O AU AT 1 OAEI O
consciousness, a mind that is also a part of material reality, part of the

world itself.
(Bryson, 2003, p.11)

If the sign itself is dematerialised, then it becomes difficult to find a

relationship between the signifier and that which is signified. As noted

AAT OAh "OUOIT60 1T OECET AT O1T1 OOETTh AAI
reduction of the possibilities of signification in a particular culture, did not

actually deal with the problem of the dematerialisation of the sign; as we

saw in the 1991 quote Bryson observed that it only resocialised the choice

of signifier.
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4AEA TTOETT T £ Al [ORO A |-aibhshseshifie SIigDAET OOT

from the other end, as it were. The sign itself becomes fully physical, and
furthermore the process whereby the image that falls on the retina, is
processed in the brain, and then directs the hand of the artist on the oaars,

is a fluid and fully physical process.

Thus for Bryson, biology, and it€hild, neuroscience provides a way of re
materialising the sign without the issues hdound in Gombrich, namely the
problem of the teleology of perceptualism in ad, O E Aplrpodeds@d O
chase an essentialist core of reality. Bryson also notes that this subjectivity
does not have to be incompatible with the science that is the mother of his

new approach: he notes that his favoured view of history

is non-teleological, in the ame way that Darwin is nonteleological:
what drives the evolution of subjectivity is conflict between competing

systems.
(Bryson, 2003, p. 17)

The understanding of neuroscience thus provides a biological basis for the
study of visual culture, allowing us to make more general statements about
visual cultural production and reception. The application of contemporary
neuroscience can therefore be said to widen the door to the study of art
and visual culture in general, may aspects of which will be examined in

this thesis.

(Agursky, 1997) (Alberti, 1435) (Ibn al-Haytham, 101%z1021) (Aristotle,
c.335 BCE)Bal & Bryson, 1991)(Baxandall, 1972)(Baxandall, 1980)
(Berlyne, 1960) (Bryson, 1983) (Bryson, 2003) (Bull, 2006) (Chevreul,
1855) (Cochrane, 2014)De Saussure, 1916, 2011(Duchting, 1999)
(Edgerton, 1975) (Edgerton, 2009)(Euclid, c.300 BCE]Finger, 1994)

48



INTRODUCTION

(Gombrich, 1960)(Gombrich, 1979)(Helmholtz, 1881) (Hogarth, 1753,
1997) (Kim & Blake, 2007)(Lévi-Strauss, 1958, 1963])Livingstone M. ,
2002) (Livingstone, Pettine, Srihasam, Moore, Morocz, & Lee, 201#&pcke,
1690) (Matchotka, 1980) (Messinger, 1998)(Mulvey, 2009) (Munsell,
1905) (Newall, 2011) (Onians, 2008)(Onians, 2016)(Peirce, 1991)(Podro,
1982) (Pollock, 1988, Intro 2003)(Popper, 1945)(Rewald, 1956)(Riley,
2009) (Snow, 1959)

THE VISUAL SYSTEM

No, Cassius; for the eye sees not itself,

But by reflection, by some other things.

Brutus, Julius CaesakVilliam Shakespeare (Scene Il, Act I)

We can note then that thewentieth century saw a huge rise in the study of
the human visual system. We will here summarise this knowledg@ur
examination will start with the knowledge of the most obvious structure
involved in vision, namely theeye. Light is detected in the eye B a surface
known as theretina . The retina contains cells, known aghotoreceptors ,
that contain chemicals that turn light into electrical signals that then travel
up the optic nerve . In the centre of the retina is an area known as the
fovea, which has cés that allow for the sharpest vision. The light is
focused onto the retina by two lenses, the outermost one known as the
cornea, and an inner one known as thé&ens. The cornea is fixed in shape,
but the shape of the lens can beodified by muscles, so tht the focus of
the light can be changed. The iris is the coloured part of the eye, with
muscles that can vary the shape of the hole in its middle, the pupil. The
varying size of the pupil allows the amount of light entering the eye to vary
(Figure 2, p.50).
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extraocular muscles

aqueous humor
retina vitreous humor

lens

optic nerve

Figure2  Crosssection through the human eye. Diagram by the author.
- O0OAT AO 117 OEA AACA 1T &£ OEA AUA AlT1T1T x
rapidly. The eye is in fact hardly ever still, changing direction at least three
times a secondin what are called sacade movementgRose & Dobson,
1985, p. 62)

The photoreceptors are of two typesrods and cones. Rods are mostly
sensitive to greenyblue light, and cannot differentiate between different
colours. Their main strength isthat they are extremely sensitive, so are
useful in the dark they are used primarily in motion detection. Cones are
less sensitive, but camletect manydifferent colours. Cones are mainly for
identification. As rods are used primarily for motion detection and this

thesis is primarily about painting, we will instead focus on the cones.

Light has both wave and particle properties. Different colours are

distinguished by their wavelengths. The wavelength ofisible light is in the

range of 390to 700 nn8 6T TAT 1 1 T x Anandbdeddsjor OET OO0 A&
millionths of a millimetre ). Going fromshort to longer wavelengths, the

spectrum starts with blue shadesgoes throughturquoise, green, lime,

yellow, and orange shades, and finishes with reshades.
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There are three types of cones, known aS cones M conesand L cones,
each type sensitive to a different range of wavelengths. The S cones are
sensitive to shorter wavelengths, at the violet end of the spectrum, M to
medium wavelengths, which peak at green light, anidto long wavelengths,

at the red end of the spectrum.

It is that there are three types of cones that colour vision becomes possible.
The individual types of cone do not in themselves allow for colour vision.
The L cone will produce the same signal dither pillarbox red or yellow

light falls on it. What allows colour vision is that different colours can
activate more than one type of cone. Yellow light, for example, activates the
M and L cones more or less equally, green activates mainly the M cone,

whil e red activates the L cone while hardly activating the other cones at all.

j-uU OAAOTT & O OEA OAOI ODPEI |1 AOAT @ OA/

clear later on.)

We can see this ifFigure 3 (p. 52). The L cone stimulated on its own gives
pillarbox red light, the L and M together gives yellow light, the S driv
together gives cyan blue, etc. Note that intermediary colours are made by
varying the stimulations: a small stimulation of the L cones and a larger
stimulation of the M cones would give orange; a small stimulation of the M
cones and a larger stimulatio of the S cone will give a turquoise, etc.
Notably, we must deal with the case of the L and S cones being stimulated.
There is no spectral colour that can cause this stimulation, it only occurs
with mixtures of red and blue light. We nevertheless perceivsuch

mixtures as a colour, known as magenta (shown at the bottom of the

diagram).
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long wavelengths short wavelengths

<>
L cones
s N
< 7
M cones

L cones and S cones
stimulated

Figure3  Simplified diagram of the wavelengths stimulated by the different cones in the
eye.Diagram by the author.

Knowing aboutcones explains how television screenand artists are able

to mix different colours. The properties of materials means there are two

different types of colour mixing, known agprimary andsecondary.We

will examine this in greater depth later, but for themoment we might note

that due to there being three colour photoreceptors, three colours can be

used to make the colours on a TV screen, aadasic ® OE O O0dcan @Al AOO/
formed (Figure 4, p.53).

52



INTRODUCTION

Figure4  Primary (left) and secondary (right) colour mixing. On the left we seavtbe
screen is made up of a mosaic piflarbox red, green and deepblue rectangles that mix in
the eye. On the right we see how yellow, magenta and cyan paint can be mixed to make
other colours. Photographs by the author.

The signals that pass from theones up the optic nerve trigger cells that
measure the response to light from the cone cells. It is important to note
that it is not the case that one cone has one connecting fibre in the optic
nerve feeding to one measuring cell. Instead, each cell thadtects

responses from the eye is channelled by signai®om a number of cones.

The collectionof cones in the eye that trigger a brain cell is known as that

A A Irdcdpie field . Receptive fields vary in size, notably those involved

in light detection being larger than those involved in brightness detection.
Receptive fields are, in fact, a feature of nerves in general; finding the exact
location of pain is often exacerbated by the pain nerves feeding into a single

cell in the brain.

The difference between the sizes of the receptive fields is important. That
the receptive fields for colour are larger than the ones for brightness makes
brightness more suitable for detailed work, explaining why writing and
architectural plans are mostly in black and whiteas the differences in

brightness are strongest in black and white.
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The signals from the three types of cones, together with the signals from
the rods, travel up the optic nerve into the brain Figure 2, p.50, Figure 6,
p.56). In themidbrain , and more specifically thdateral geniculate
nucleus, the signals from the eye trigger cells that direct the ey@gnals
Ol xAOAO OEA AAAEGND AEOEBAEAQOAEEBGAU EAT IOD A
station.

The mechanism of the cells further on in the chain of vision in the retina
and the midbrain is of particular interest. The cells, known asentre -
surround cells, cetect lines and edgesThis mechanism wasliscovered by
measuring the voltage of the centresurround brain cells when light is
shone in the eyeFigure 5 (p. 55) explains how this occursThe diagram,
highly simplified, shows a receptive field of a particular centresurround
cell. The plus and minus signs repres# photoreceptors in the eye. The
@lusBphotoreceptors cause the centresurround cell to produce a positive
signal if light hits it, and the minus photoreceptors cause the centre
surround cell to produce a negative signal if light hits it. The plus
photoreceptors are concentrated in the centre of the receptive field, the
minus in the periphery. The diagram shows what happens if various
patterns of light hit the receptive field. Weshall work from the top left to
the bottom right. Picture 1 shows the fieldwith no light hitting it. The field
produces a signal of 0. Picture 2 shows a single point of light in the outer
area of the receptivefield. The signal produced i$1L. Picture 3 shows a
single point of light in the inner area of the receptive field. Theignal
produced is +1. It is with lines and contours that we see the main
stimulation of the centre-surround cells. The light in Picture 4 and Piare 5
both produce signals of¥B. It is important not to get too carried away by

the neatness of this, for sme lines do not produce strong signals. Picture 6
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shows what happens when a line of light passes through the centre ofth
cell: the signal produced i +2, which equals 0. Edges also produce
strong signals. The light inPicture 7 produces a signal o¥B, the light in
Picture 8 produces a signal of +3 (= #4B), and the light in Picture 9
produces a signal of O (= +8b). Finally, the light in Picture 10 produces a
signal of 0 (=+10VL0).

From this we see what the centresurround signals detect. Small pointef
light, as in Picture 2 and Picture 3, produce small signals. Total coverage of
light, as in Picture 10, produces no signal. Lines and edges, however, as
seen in the middle two rows of the diagram, produce substantial signals.
We should note, however,hat sometimes the visual system fails, as we saw

in Picture 6 and Picture 9, which produce no signals.

Figure5 Receptive fields of centresurround cells. Signals produced by cernssarround
cells due to stimulation by ligh with light shownas shaded areas/alues of signals

LINE RdZOSRY t AOGdz2NBE wmY ptIA Ot deNXI dzNSS  tHOYE b mtZA Ot oeN
0t AQUGdzZNS TY Lo t, PiCuirel28ID. Diagfamtby the authoh O (i dzZNB
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We see, thenthat the centresurround cells detect lines and edges rather
than points or areas of light. We should note, however, that Picture 4 and
Picture 5 produce the same signal, even though the lines are in different
directions. This can also be seen with Picta 7 and Picture 8. The question
remains of how the brain detects the orientation of lines and edges. We
shall find the answer to this when we look at the next stage of visual

processing, which happens in theisual cortex .

optic nerve

eye
. lateral

optic chiasm geniculate
nucleus

optic radiation

visual cortex

(contains V1, V2, V3,
V4 and V5 areas)

Figure6  Transverse basal (crosection from below) view of the human brain, showing
the visual system. Diagram by the author.

The signals from the LGNravel to the visual cortex, which perhaps oddly,
is at the back of the brain Figure 6, p.56). The visual ortex is possibly the
most important area of visual processing in the brain. It is divided into a
number of areas, known a¥/1 (also known as the primary visual ortex),
V2,V3,V4, andV5. Each of these areas processesriais parts of vision,

though the extent to which each area specialises and overlaps in function
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with other areas is controversial. Generally, though, the V1 area handles
initial processing (which we will examine in detail below), the V2 and V3
areas in more complex form processing, the Mdandles colour processing,

and the V5 handles motion detection.

Studies into the V1 area explain how the brain detects the orientation of
lines and edges. The signals from the centiurround cells are channelled
into V1 cells in lines of adjacent receptie fields. If a line or edge of light hits
all these lines it will stimulate the particular V1 cell, via the centre
surround cells, very strongly. Each V1 cell, then, detects a particular

orientation of line or edge of light.

This importance of lines and egesin the brain explains an important
feature of art. This feature is how we can perceive line drawings, when the
world in general is not made up of lines. The visual system detects lines
with the same equipment as it detects edges, and is indeed constted to
detect edges and boundaries.

I 0O OEEO DPIEI O OEA AOAET 80 POI AAOGOET ¢ 1
The signals from the V1 area pass through the other areas of the visual
cortex, and from there into the rest of the brain. The processing of thes
areas is highly complex, processing object recognition, pattern regnition,
and many other partsof vision, often spread over many areas of the brain.
We shall examine some of these higher properties, as well as the more

basic processes, in more detawithin the thesis.

We might, though, note an important overall property of the higher visual
system. The visual system is divided largely into two pathways, thaorsal ,
or where stream, and theventral , orwhat stream (Figure 7, p.58). Again,

it is important not to get too carried away with the neatness of this, as
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mental systems often overlap, but visual processing is largely divided up

into a stream that travels to the upper brain that deals with the position of

objects (dorsal/where), and a stream in the lower brain that eéals with the
identification of objects (ventral/what). The two streams notably have

OAOUET ¢ PDOT PAOOEAO8 4EA OxEAO86 OOOAAI
OAl AGEOGAT U OiI 1T xh AT A EO TTOIATTU A Al
stream guides motiontends to be relatively fast, and the organism is often

unconscious of its effects on behaviour.

posterior parietal

parietal lobe
cortex

superior
longitudinal
fasciculus

frontal lobe — inferior
eye

longitudinal
fasciculus

dorsal stream
(where)

temporal lobe
ventral stream

(what)

(base of which is

: . (contain:
the inferior temporal cortex) g i

visual cortex)

Figure7  Lateral (side) view of the human brain, showing the visual system. Diagram by
the author.

(Bisti & Maffei, 1974) (Blake & Sekuler, 2006)Clay Reid & Martin Usrey,
2013) (De Valois & De Valois, 19759Eysenck & Keane, 2010jGazzaniga,
Ivry, & Mangun, 2009)(Gregory, 1977)(Hubel & Wiesel, 1959)(Issa,
Trepel, & Stryker, 2000)(Livingstone M. , 2002)(Pomerantz, 1981)(Rose
& Dobson, 1985)

USE OPSYCHOLQOQGN THIS THESIS

Before outlining the precise aims and structure of this thesis, we will

examine a few preliminary points.

Firstly, let us note how psychology is used in this thesisusea total of

twelve applications of psychology to art. Tleseare:
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A preliminary examination of the role of thevisual system inart (@gainst

Smple ResemblanceSaccadesScreen ColoursScreen Resolutionand the

Cornsweet lllusion(Application of Psychology to Art 36 81) 8heories of

A O O AT MuEipld Spqtlightsd  9P) Shysiological and psychological

theories of colourj The Reliability of the Visual SystemColour \ision

(Application of Psychology to Art 36 1608, theories of recognition

j R&cognition-by-Components(Application of Psychology to Art 36 1623

theories of visual acuityj B®composition and Recomposition: Gales

(Application of Psychology to Art 50p. 210), theories of nerve reception

j B®composition and Rcomposition: Receptive Field§Application of

Psychology to Art §6 286§ theories of culturej The Selectionof Features

in the Creation of Pictures Perspective, CrossCultural Psychology and the

Period Eye(Application of Psychology to Art 36 2808, theories of visual

I OA A Ca@érflis irj Ifderpretation: Gestalt Conflict (Application of

Psychologyto Art 86 2073 OE AT OEAO 1T £ P AP0 OAAT C
Recognition,and Decorative At (Application of Psychologyto Art 96 D 8
294),0EAT OEAO 1T £ OAI| einddticdadd Syitak, a@UT OA@ | O
Figurative Art (Application of Psychology to Art 106 3653, and theories

of motion detection @ppendix. Motion Detection in Cinema (Apfication of
Psychology toArt 11)6 3298

We will alsoneed to clarify some of the terminology surrounding this area.
Firstly, there is the term psychology. This word is sometimes used to mean
solely scientific experimental psychabgy, hence excluding writers such as
Freud, but | will use it to mean any academic writing on the psyche. | will
also make a distinction between psychological interpretations by art
historians, and the application of psychological research to art histonAn
examplel £ OEA A&l O A @eridfl 6yededh@qhé, ih WHich 8 O

59



INTRODUCTION

cultural sources such as engravings aresed to reconstruct how humansn

a given period perceived qualities such as space and colour; an example of
the latteris' 1T 1 A O BrAdadllibsion, which uses theories originating in
psychology. Following Podro, | shall refer to the former process as
psychologism, and the second as an application to art history of psychology
(Podro, 1982, p. 178)

Furthermore, the application to art history of what | have termed
psychology must include teasing out the different but intertwining strands
within this area. Oneis the distinction made betweenapplications of
psychological research by art historians, and psycholagpl research on art
by psychologists.Further to this is the scope of the study of psychology
itself. The main psychological approaches are cognitive, behavioural,
neuro-biological, phenomenological and psychoanalytic. Cognitive
psychology is perhaps thanost appropriate for the study of perspective,
AOA O DPAOOPAAOCEOA AAET C 1 AOCAI U ATTA/
spatial data; hencat will be the main focus of thisstudy. However,
psychological approaches tend to overlap, so other approaches midie
useful. We should furthermore note the varying methodologies of
psychology. Behavioural psychology and phenomenological psychology
utilise experimentation; neuro-biological psychology utilises brain imaging
techniques, dissections and biochemistry; amitive psychology utilises a
combination of these techniques, and adds the use of computer modelling;
and psychoanalysis utilises intensive case studi€®Valsh, Teo, & Baydala,
2014).
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THESISTRUCTURE

The thesis develops a theory ddirt centring around depiction. It shows that
pictures are arrangements olisual features of a subject, that the visual
featuresof a picture resemble the visuafeaturesof the subject, tha artists
select relevant featuresvhen making pictures, and thatartists may distort
these features to varying degreesThe thesisalso argues that there is

another important process the visual system brings to picture making, that

s o~ A~ ~

The thesisargues thatpictures involve three elements that of the subject

itself (e.g.its shape and boundarie}, the properties of the light that carries

the information about the subject to the eye (e.g. atmospheric distortion),

and the properties of the visual system (e.ghe three types of cell that

detect colour). This was summed up byhilosopher Nelson Goodman
(1906z1998) x EAT EA OAEA OEAO A PEAOOOA EO
I1TTEO OF A AOOI EGaéenah (o6Ep. A OAET AOI D6
Most importantly, the thesis usegsychology to explainthese processes. |

argue that the properties of the visual system allow the various forms of

depiction to occur.

#EAPOAO p38 2 AOAT A1 AT AAd $1T OEAOOOAO
65) begins with a basic theory ofdepiction, namely that apicture

@esembledits subject. It goes orto examine two challenges to this, firstly

that the visual system may distort the information it receives from its
environment, and secondly that the visual systermay misrecognise the
features ofits environment. The chapter concludes that the visual system

largely does not either distort information or misrecognse objects, but that
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the possibility that it can means thata picture may distort its subject, and

that furthermore this is a key feature of depiction.

®esemblance andhe Debate about Depictio® 6P e first section of

Chapter 1 examines the concept of realism. The first problem examides

OEAO OEA x1 OA OOAAITEOI &8 EO 110 NOEOA ¢
dealing with, andwewill OAA ET x OOAOAI, lBabidgiudtd 8 E O A/
develop a better understandingof resemblance

@gainst 3mple ResemblanceSaccadesScreen ColoursScreen Resolution,

and the Cornsweet lllusion (Application of Psychology to Art 36 $1Pthe

second section ofChapter 1 examines the fact that it is notalways

necessary for a picture to send the same array of light through the pupil as

the eyedoesitself. For example, when passing through the eymaixtures of

pillarbox red light and green lightappears to be yellow, so aimage on a

television screenmight appear to resemble a daffodil, but may be

composed of very different wavelengthsWe will see how knowledge of the

visual system aids us in understandinguch phenomena.

Distortion Beyondthe Primary Visual System The Multiple Spotlights
Theory of Attention (Application of Ps/chology to Art 26  97PtBe fourth
section of Chapter 1 further examinesthe notion of visual distortion that
we saw with Panofsky We examine a psyeological theory of attention,

namely multiple spotlights, that explains how this distortion can occur.

dhe Reliability of the Visual SystemColour \ision (Application of
Psychology to Art 36 108 8he fifth and final section ofChapter 1
examines the issue that is immediately brought up by oygillarbox

red/ greendaffodil. Thisis that our visual equipment can bainreliable, for

we could mistake an object that throws ofpillar box red and green light for
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a yellow object. | will argue that in general our visual equipment is in fact

reliable.

Chapter 2. Informati veness: Going Beyond Simple Resemblance (p.
161) begins the examination of thassue that pictures tend to include
certain features oftheir subject while omitting others. It posits an
explanation for this, fromthe theory of informativeness. The chapter shows
that a picture presentsa particular selection of featursof its subject,

features whichmay be distorted inthe picture for various reasons.

This chapteradds to the observations of the previous chapteryb
incorporating the notion of informativeness. This is done by introducig
the theory of recognition-by-components, to adumbrate the idea that
pictures present a subset of theroperties of the array of light that enters

the eye.

Chapter 2also examines aplications of this approach to understandingart,
namely the work of Leonardo da Vinci and Hieronymus Bosch, and the
analyses of Heinrich Wolfflin.The overall conclusion ofChapterl and
Chapter2 will be a newunderstanding of depiction, which will argue that a
picture resemblesfeaturesof its subject matter.A picture may leave out
certain features and modfy or distort others. The features chosen by the
artist provide s theinformation about the subjectmatter that the artist feels
Is relevant. The modifications and distortions either aid the presentation,

or distort the subject matter.

Chapter 3. Features of Depiction : What an Artist Leaves In, Takes Out,
and Distorts in a Picture (p.208) further examines the problem
introduced in Chapter 2 namely explaininghow and why artists can distort

or leave outfeatures of the subject ofa picture. Chapter 3usestheories of
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theory of the decomposition, processing, and recomposition of visual
information and how it applies to depiction.Furthermore, it examines the

role of culture in this process.

Chapter 4. Order: Organising and Finding Patterns in Pictures (p.
276) addressesthe issue of how depiction and order interactto help us
understand how depiction ot only involves resemblance, distortion, and

informativeness, but alsainvolves organising principles.

Chapter 4also elaboratesfurther onET x OEA OE QMlidds inthe) OOAT 6
decomposition of elements of a stimulus allowhe varieties of depiction ©

occurthat we saw inChapter 3 We see how the visual system decompes

visual stimuli into component featureh AT A OEAO OEA OEOOAI
always to interpret a stimulus in one way or another athws artists to (a)

leave featuresout, and (b) distort features. It shows that this is because the
OEOOAIT abdmPidtd find adcoherent interpretation of a stimulus

causeit to compensate for (a) the missingeatures, and (b) the distorted

features.

Outside of the main body of the thesis iAppendix. Motion Detection in
Cinema (Application of Psychology to Art 12) (p. 322). The thesis is
mainly concerned with pairting and drawing, butmost visual information

IS moving, andthe twentieth century heralded the widespread interest in

the moving image. This appendix examines an example of how psychology

can be used to explain techniques used ymmakers.
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RESEMBLANCE ANBETDEBATE ABOUT DERONw AGAINST
SIMPLE RESEMBLANGBVMULTIPLE SPOTLIGH®S OLOUR

INTRODUCTION

This first chapter examines the notion of resemblancé&he idea that a

subject is intuitive and has a long higiry. However,the situation is

complicated.This chapter examine a range ofevidence,including ideas

AOT | THeRidual Qysterd O A A O Hritrdductliorp.@®, Aneories of

AOOAT OET T h AT A * 1 mEdoutdolour, dict Wil leéhdx€zOi AT OO
firm understanding about the waythat both pictures, and ourperception of

reality itself, can be distorted

The conclusion we will arrive atis that the visual system mayon occasion

present us with a disbrted view of reality, but that nevertheless our

perception of reality is generaly reliable. This will allow us to arrive at a

preliminary understanding of depiction that a picture records the path of

light and electric signals as they pass from the subject matter (as light),

through whatever is in-between the subject matter and the viewer (as light

through air, glass, etc.), and through the visual system (as electrical
signals).Nevertheless, the possibility of the visunk OU OOAI 6 0 AEOOI
reality presents artists with the possibility of distorting images while still
achievingrecognition. Thesedistortion s have a variety of uses, including

Improving the presentation of images for various uses, including diagrams.
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This will allow us to extendour understanding of depictionto include less

realistic pictures, such as those of Picasso.

The chapter is divided intofour O A A O Résénlanceandte Debate
about Depictionrd ¢6Fd8lineatesteri O OOAE AO OOAAI EOI 8h
AT A O OR B .8§akét 8mple ResemblanceSaccadesScreen Colours
Screen Resolutionand the Cornsweet lllusion(Application of Psychology
to Art 1)0  §1Pe8amines inconsistencies irthe idea of resemblance, and
uses knowledge from the science of vision to explain thegBistortion
Beyondthe Primary Visual System The Multiple Spotlights Theory of
Attention (Application of Psychology to Art 26  $7Peg&amines what
theories of attention might teach us about visual distortionFinally, &he
Reliability of the Visual SystemColour Msion (Application of Psychology to
Art 3)6 109 8xaminesthe current debate about colour visionand what
can be learned from theearguments about the reliability of the visual

system.
RESEMBLANCE ANBEDEBATE ABOUT DEPGIN |

The fixture of her eye has motiorE t, &
10O xA Advitharti AES

Leontes, 4 EA 7 ET OWilbainGhakedpeaketcenelll, Act V)

As we saw in thdntroduction (p. 18), the debate about depiction has
concerned art historians and philosophers since Gombrich, and indeeorf
thousands of yearsThus before we can proceed with our investigation of
the psychology of art, we need texaminethe debate sirrounding this

topic. Moreso, wewill need to delineate exactly what features of art we are
going to examine in thisthesis.One aim in art is realism, lt is it realism
that we want to deal with here and furthermore whatexactly do we mean
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A UealdmBanyway? Leonteswas overwhelmed with the realism of the
statue of Hermione but ofcourse not all art is realistic:he might have
reacted very differently to a Picasso portrait of his wifeWe thus might note

that realistic art forms a subset of art in general.

The debate on the nature of art is wide, so it would be beyond the scope of
a thesis such as this to examine theories of every type of artistic
production. As a result his thesis will mainly be restricted to depiction

for the discussion of the nature of artHowever, Iwill also consider some
decorative and abstractart, and linclude an appendix concerninginema,
which demonstrates the possibilities of extending this debaté other

media.

The main focus of this thesiss to examine the consequences vision science
has for theoriesof depiction. Understanding such theorieshowever, will
need to proceed along the lines it has histally. Ever sinceat least the

time of the Parrhasios and Zeuxistory realism has been a major goal of
art, so realism will be a major part of oudiscussion It is, however, my aim
to extricate this discussion from a focus opictorial realism, andexamine

depiction in general.

In general | will be aiming to support gperceptual theory of depiction that
incorporates elements of resemblance theory. | will support the argument
that the visual systemidentifies features of its environment, such as shapes
including three-dimensional shapesand colours. Art exploits this by
presenting the same features in picturescausing the visual systemin a
special way,to misrecognise pictures as th@bjectsdepicted: something
AAT 1 AA OO x phiBsopharRERRGWollHeith (192372003)
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(Wollheim, 1968). Issues that will need to be dealt with around such a
theory include the nature of thisO O B A A Eofrhisregodriition. If we
mEOOAAT C1 EOA ciXé2umidlejadkot@slaratér (arge rearing
horse, why do we not run in terror from Room 43 of the British National
Gallery, and then perhaps attempt tocool downin Room 41 by trying to
join the working men in theriver of Georges Seurad O [Bdthiers at
Asniere®If depiction is about recognition, whatexactlyis different about
recognition in pictures than recognition in reality ? The answer to this will
have implications for theories of both pictorial realism, and depiction in

general.

Furthermore, we must askexactly how recognition is related to
resemblance We will see that some philosophers and writers on art, such
as Dominic Lopes, would forefront recognition over resemblance, while
others, such as John Hyman, would do the opptesiWe will need to

examine these as well asother issues.

In this section, then,we will make a preliminary examination of the debates
about depiction, including realism, which will be developed in more depth
in the rest of the thesis.Wewillbegin AU A@Al ET ET ¢ OEA

further, to arrive at aclearer definition of what we want to examine in this

—
O
mh

thesis. The word realism can mean different thingsConsider, for example,
Slave Marketan 1866 painting byleanLéon Gérome (18241904) of an
But what @ealism8are we talking about?Does realism mean that it
accurately portrays the conditions of a slave market®e can imagirg the
misery and suffering ofslaves in the Arabworld and would be surprised if

it was not very different from the idealised conditionsdepicted by Gérome.
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What, then,d AO OOAAI EOI 6 FirsdyAthenvie@ mightOO E A OAe
distinguish it from what might be called social realismFor social realismit
isnotx EAOEAO 1T 0 11 O OE Aintifs q §afnarkdtsl ' i OEI
look like the models who sed in his studio,t is rather to what extent

Gérbme idealised the practice of slavemn Arab countries. We can see how

OEEO 11T OETT 1T &£ Ol AEAl OAAI EOI AA1T ADPDI
I EEAG O Edlter,doOekampléwditterh descriptions. A written
AAOCAOCEDPOEIT T &£ TTA T £ "1 0EIA8O 11T AAT O

AAOAEOI T U AAOAOEAAO OEA OAQOOOA 1T £ OE/
her hair, etc, and indeed a written description of a Arab slave market

might be realistic if it described the degrading treatment of slaves in the

Arab world. However, a written description of a model does not look like

the model,or a description of degrading treatmentput rather looks like a

series of ows of black lines and curves on a white background, or in other

words it looks like a sequence of letters.

The property we can say we are looking at, then, migbetter be described
AU OEA OAOI (Saa&IOmbI4pie)AeAvll See, lowever, that
this notion of resemblance only takes us so far, and we will need to go
beyondit, but it will be a good placeo start. One way of thinking about
resemblance is that a picture resembles its subject if it sends the same
array of light through the pupil as would the subject itself. (Adapted from
Goodman(Goodman, 1968, p. 11)

An important point needs to be cleared up before we can proceed. Imagine
a highly realistic painting of a uricorn, one in which the shininess of the
horn, the glint in the unicorn® eye, and the sleekness of its nme are

depicted as if in a photograph. We might say that thgainting resembles
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the unicorn in that it sends the same array of light through the pupias

would the unicorn itself.

The obvious problem is that no eye has ever had the light from a unicorn

passing through it, as there are no unicorns. Similar arguments can be

made about the longlegged elephants in Salvaddpalio © | EAZAT EEA DPE,
the bio-mechanoids inartist ( 8 28 ' ECAO6 O AEOAOOOEAA .
Alien. Such paintings cannot resemble their subjects, for there are no such

elephants or xenomorphs in reality.

This problemis not, perhapsdifficult to solve. What we might say isimply
O E A fictuf@ fesembles its subject matter if it sends the same array of
light through the pupil as would the subject matter itself if the subject

[ AOOAO x A.®dncedil a uliddrg, @ Supelong-legged elephant, or a
xenomorph were to exst, it would send a particular array of light through
the eye, and if a picture were to resemble the creature, it would send the

same array of light through the eye.

We mightnext note another issue, that ofan important stage in the path of

light. The light, having been directed through the cornea and the lens, hits

the retina. The retina converts the light into electric signals that can be

processed by thevisual system Theretina, then, actsn a similar way toa
photographic plate, as in an olelashioned cameraWe might thus redefine

our idea of resemblanceto be arecord oftheOOA OET Al  HdhtACAS h T

from a subject that falls on the retina.

This all soundswell and good, but contairs subtleties of reasoning that can
lead the unwary astraythat we shouldexamine here The primary
motivations for adopting the idea of the@etinal imagefare that it neatens

the conceptof resemblance, it allows thenotion of the subject matter
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OAT AET ¢ OEA OAOOAU 1 £ I ECEO mdeOi OCE Ot
preciseway, andthat it integrates the definitionwith a description of the

visual system. If light from the environment falls on the retina, and if it is

the retina that mediates between the light from the environment and the

mind, then if an artistwishes to produce a realistic picture he or she should
createonethat causes the photoreceptors in the retina to be triggered in

the same way that the subject being depicted would.

Though at face value this account of resemblance appears reasonabitere
are two issues raised by itFirstly, we should note that the retina is a
curved surface, and thus any image that falls on it will be distorted
curvilinearly. This issue requires some more detailed analysis, soewvill
examine this point later. Secondlypur account of resemblances based on
a tacit assumption whose ramifications are misleading. The subtlety lies in
the question of where the viewer is placed inthe scheme: is the viewer
looking at the subject, or ahis or herretina? We will see that ifwe choose
the latter, grave errors can result. Many writers have, however, taken the
latter view, and as John Hymanotes this idea of the mind viewing the
retina has been common in the writings about art of the twentieth century.

Psychologist Richard Grgory explicitly states:

When an artist employs geometrical perspective he does not draw

what he sees he represents his retinal image.
(Gregory, 1977, p. 174)quoted in (Hyman, 2006, p 227)
ThisOEAxAO 1T £ OEA OAOET Al EI ACA EO 1 &£OAI
little person who sits at the back of the eye looking at the retina as if

watching television, an idea that dates back at lsato René Descartes
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(159671650) in the seventeenth century (Livingstone M. , 2002, p. 24)
(Hyman, 2006, p. 225)

In order to understand the issues behind realism, it will be worth

examining the historical background to thesubjectin more depth. One of

the major themes of the Renaissanogas the notion that art should be true

to reality. The early historian of artGiorgioVasari (151171574) argued

OEAO OEO xAO ' ET 001 x(Wdsari]1068,p5%an®@EA AT 1

furthermore related a probably legendary story that illustrates the

importance that this truth had to the Renaissance:
8xEAT " ET OO xAO OOEIT A Ui oOic I AT ET #E
painted on the nose of one of thedures Cimabue had executed a fly

that was so lifelike that when Cimabue returned to carry on with his

A N o~ oz N PPN

work he tried several time® O A OOOE E I £#£#£ xEOE EEO EA
(Vasari, 1568, p. 80)

Vasari believed that this truth shouldextend to all areas of art, inluding

the depiction of space:

Filippo [Brunelleschi] made a careful study of perspective, which
because of all the errors of practice was in a deplorable state at the
time, and he worked for a long while until he discoveredbr himself a

technique by which to render it truthfully and accurately8

(Vasari, 1568, p. 136)

Though Brunelleschi was one of the most important contributors to the

development of linear perspective, the most notableheoretical discussion

of this topic of the Renaissance was the 1435 treatigen Paintingby

Alberti. In this bookAlberti, among treatments of allfeatures of painting

AOI I EOI AT POl PT OOEIT O OEA AAPEAOEII
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the most important techniques of spatial depiction that had developed over

the course of the Renaissance: linear perspective. We will see that it is this

EAAA T £ 1ET AAO PAOOPAAOEOA OEAdatAl Of A
we will look at later (Alberti, 1435, p. 196).

Linear perspective is a way of drawing that allows a picture to be depicted
accurately with the visual properties of bothrecession(whereby

increasingly distant objects are depicted as increasingly smallgand the

convergence of parallel linegwhereby sets of parallel lines not

DAODPAT AEAOI AO Oi OEA OEAxAOG6O0 1 ETA T &
what is known asaO O A1 E O E E(Figure B, p.E3). Orfear perspective

was found toaid the production of pictures thatcloselyresemble ther

subject matter,and indeedBrunelleschi created a device to prove that his

painting of the Baptistery of Florence, which utilised linear perspective,

resembled the baptistery closelg " OOT Al 1 AOAEES O AAOEAA
a mirror that would reflect his painting in such a way that it could be

readily compared to the actual scenéEdgerton, 2009, p. 5XFigure 9, p.

74).
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lines. Diagram by the author.
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painting
of subject
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\ of sight
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Baptistery to the actual BaptisteryThe line of sight is lined up to finish at the baptistery
itself. The image of the painting of the baptistetig reflected on the mirror, which can be
seen through a hole in the painting. If the mirror is removed the actual baptistery can be
seen, allowing the painting of the baptistery and the real baptistery to be compared.
Diagram by the author.

It will now become apparenthow linear perspective and the definition of
resemblance based on the retinal image come together in conflict. The light
reflected from lines in the paving of the plaza and the lines from his

painting would travel into BrunellessAEE6 O POPEI AT A 1101 E
would explain why the painting resembles the plaza, because the retina

would be stimulated by the same array of light sent by the plaza and the

painting. Panofskypointed out the clanger in this argument. Linear

perspective is created from straight lines but the retina, being a part of the

eye, is curved. From this we can deduce that the straight lineskafth the

plaza and the painting wouldappear to the viewer as curved, which means

we will see the world in a curvilinearly distorted way. We will see that an
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understanding of the workings of the eye and visual system will provide an

understanding to this problem.

Resemblance might be thought of as a more precise term than realisan

our purposes here butagain the siuation is not quite that simple. Also,

depiction in general is the focus of this thesis, rather than realism.

However, much of the debate about depiction has involved the study of

realism, andhence we might want toexamine realism again in more depth

befoOA 11T OET C 11 O1 111 ENewalndehthat, FOEUG O £
broadly, there are three current theories of realisminformati veness

habituation, and verity theories (Newall, 2014, p. 227)

Informati venesstheories argue thatrealism is related to thequality and
amount of information a picture providesabout its subject Dominic Lopes,
one of the main proponents of the theory of pictorial informativeness
notes two features of a simple theory of informativeness, from which he
develops his more complex theory. The firsteature Lopes notes about such
theories is the idea that themore information a picture has the more
realistic it is; the more detail aboutcolour, about shadow, in generahow a
more meticulouspresentation makes fora greater realism.The second
feature Lopes noteds the notion of accuracy, namely thathe more closely

an image copies reality the more realistic it will b€Lopes, 1995, p. 278)

Out of this Lopes develops a more complicated theory of realisna
informativeness, based on his theory of depiction that we will look at in
Chapter 21In this thesis | will argue for the importance of both reemblance
and informativenesstheories. We might be tempted to assumeithout

questionthat resemblance and informativenessheories cleavetogether
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rather nicely. However, many writers, including notably Lopes, oppose

resemblance theories. Lopes says:

Let me reiterate that this is not to deny that pictures are experienced as

in some sense like their subjects. My position is nicely expressed in Max

"1 AAEGO AOOAOOI AT O 1T &2# OEA OAOAI Al AT AA OE
offering a trivial verbal substitution in place of insight.8 The objection
to saying that some paintings resemble their subjects is not that they
AT180h AOO OAOEAO OGuadnOnlyGnishdsBe®Ol A EAO AAA
OAEA8G

(Black, 1972, p. 36)quoted in (Lopes, 2004, p. 35)

We might examine this further by imagining that we areviewing a white
square object in a black room. fie light reflected fromthe objectenters the
eye, where it stimulates an array o€ells in the retina. The cells stimulated
by the white light will be in a square shape, thus (a) resembling the shape
of the object, and (b) providing the visual system with the information that
the object being viewed is square. Imagine a painting of this scene, neadb
of a square painted in titanium white on a background painted in black iron
oxide. This painting might be said to be realistic in that it (a) resembles the
shape (and indeed the colour) of the object, and (b) provides the visual

system with the information that the object being depicted is square.

Consider, however, this comment bjNelsonGoodman:

Consider a realistic picture, painted in ordinary perspective and normal
color, and a second picture just like the first except that the perspective
is reversed and each color is replaced by its complementary. The
second picture, appropriately interpreted, yields exactly the same

information as the first.

(Goodman, 1968, p. 35)
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Such aBegativedpicture cannot be said taresemble the objectYet if we

accept that a picture is realistic if it either contains a lot of information, or

rAl AOGAT O ET &£ Oof AGETT h A O ACABE®OAS DEA
counterpart that scores highly on the resemblance scallnformativeness,
then, does notappearprima facieto need resemblanceBefore examining
"TT AT AT 8 O oAtbii€8ueflirth€, however, it might be worth to
examinefirst' T 1T Al AT80 OEAT OU T &£ OAAIT EOI h TAI

Habituation deviates from resemblance heory the most.In later chapters,

xA xEI1l A@AI ETA '"1TTAIAT60 EAAAO ET CO/
some pertinent ideas hereGoodman argued thapictures do not resemble

reality, but are instead symbol systems, with the symbols being in the

arbitrar y Peircian sensdhat we saw earlier. He wrote:

The plain fact is that a picture, to represent an object, must be a symbol
for it, stand for it, refer to it; and that no degree of resemblance is
sufficient to establish the requisite relationship forreference; almost

anything can stand for anything else.

(Goodman, 1968, p. 5)

His argumentfor what constitutes realismconcerns the fact that any
symbol system is familiar to its users. We all know our first language

intimately, so we considerit natural. Goodman argues that:

Representational customs, which govern realism, also tend to generate
resemblance. That a picture looks like nature often means only that it

looks the way nature is usually painted.

(Goodman, 1968, p. 39)
$1T T ETEA , 1 PAO EEOO AAAE AO OEEO AOCOI /
OA Al EeQigd@eshat(f realism involves a preexisting set of rules
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a new style appear stunningly realistic on first viewing? An English
speaker, hearing French for the first time, would not hear French as

natural, but instead as a jumble of incomprehensible sounds. Lopes writes:

For example contemporary viewers| /&£ ' &fie€dde$ éxpressed

astonishment at his accomplishments, praising his pictures as perfect
representatE | T O 1T £ OEA x §téchnigBe washhy o fneansE i OOT 6
familiar to them, its realism was of the revelatory variety. Other

pictures in initially unfamiliar systems whose revelatory realism

nevertheless impressed their early viewers include the first

photographs and the color experiments of Constable and the

impressionists. As these examples suggest, revelatory realism is no

marginal phenomena: perhaps every system now familiar and so

unrevealing was once unfamiliar and its adoption a revelation.

(Lopes, 1995, p. 280)

y £ "TTAI AT xAO OECEOh OEAT 'ET 001 60 D!
and should beincomprehensible to viewers, as English would be to a

Brazilian who only ever spoke Portuguese.

We might think, then,that habituation has been dismissedyut we will see
OEAO ,1PAO EI Z£ZAAO ET AT OPT OAOGAO PAOOO
Also, Goodrh T 6 O E A A A Qartial Ae€ukrectiolidh theXorm of what
might be calledverity theory, developed byJhn Kulvicki (Kulvicki, 2006).
+ Ol OEAEE6O EAAA EO OEIi EI AO OI OEA EAA/
E A A Antrd-sfste@ied A A D HeAwtest 1 8

In brief, a picture is realistic to the extent that it depicts its object as

having properties that we conceive of such objecis having.

(Kulvicki, 2006, p. 343)
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In this, Kulvicki follows resemblance theoryin that a picture shares

properties of an object, but makes a specific comment about those

properties, namely that those features are of aet of features that are

£O0T AAT AT OA1 O1T OEA O ths&uhxk ridgs D th® AOAAD O
notion of language, but in a way that does not require the belief that

pictures are symbolic and cannot resemble their subject matter.

This seems like a neasolution, bringing informativeness and habituation

together, butwe are still left with the problem of revelatory realism.

Kulvicki argues that each innovation in art produces a revelationyhich

changes the standard®y which realism is judged As we wil see later,

Giotto brought in volumetric form, but not linear perspective. Hence in the

realism system of the very early Renaissance, Giotto holds up well, but

xEAT 1 ETAAO PAOOPAAOEOA EO AAAAA O OF
+ O1 OE A E BrayCor nmaf foi b® tbnvincinglt essentially proposesthat

AT AOOEOO EAO A O1 00 1T £ OPAI AOOGAS 1 FE (
AA AAAAA O1T T O OAITOAA AO OEA O1 AT COA<
explanation of realism and changes in realism: tamore of the palette you

use, the more realistic a painting is, but the palette changes over time, so

realism changes. However, one could just as well argue tredements of

depiction can simply be added to increase realism, without having to use

the ideaof each culture or time period having its own set of elements that

make up a realistic image.

/ITA AOCcOi ATO +01 OEAEES8O OEAT OU EAO OE!/
however, is how it deals with nonOA AT EOOEA Al Al AT 668 + 01
allows for non-realisOEA Al Al AT O6h OOAE AO ' EI OOIT 8

problem in one system (e.g. the world after the advent of photography) but
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elements are permissible, and thus accounts for themyhile theories of
informativeness donot comment on them.Informativeness does nof for
example A@D1 AET xEU ' ET OOIT &iundéveldpedire®d AT Ol /
perspective.
In this thesis | will not be developing the notion of realism, but the above
discussion is of interest beause we can draw from it ideashat will be of
interest not in developing a theory of realism, but an overatheory of
depiction. It is from the idea of resemblance that we note that pictuse
share visual properties with their depicted objects. However, pictures
clearly deviate from the objects they resemble. Even the most lifelike
painting of a horse does not make us stand out of the way to let the horse
trot by, and most pictures, such as line drawings, deviate from a full
resemblance in many ways This necesitates bringing in ideas such as
informativeness, to explain how artists choose which elements of an object
to depict andwhich to leave out something we will return to in Chapter 2
(p. 161). We will also see that notins of informativeness areof interest in
explaining how pictures can distort the visual elements of objects, @&s
OEAAGOT 8AI T EAGdnbnl AO Ab

17A OEIT OI A 17T OAh OET OCEh OEA AQEOOATAA T &£ O i A A
Chatsworth House Violin, and thgossibly legendary storyof the audience running out in terror
to escape being run over by the train in the debut of Auguste andi OEO , 01 E1 OA8 O puyYywvu
, 6! OOEOiI A $651 4 OAHEeé Al of & Tranfat LA Biotat RtatighET OA O
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AGAINSTISIPLE RESEMBLANGEACCADESCREEN COLOURS
SCREEN RESOLUTIOND THEEORNSWEET ILLUSIARPLICATION
OF PSYCHOLOGY TO BRT

PROBLEMS WITH SIMRREESEMBLANCE

We have seen that the ideaf the retinal image causesssues because we
see straight linesand yet the retina is curved. Thisg, however, not the only

problem that arises when consideringsimple ideas of resemblance.

The second problemwe will examine can be seen by consideringigure 10
(p. 81):

Emm—— Y|

Figurel0  Photo demonstrating the mosaic of pixels that make ugamputer monitor.
Photograph by the author.

On first glance a photograph on a computer monitor certainly seems to fit

our description of resemblance. The magnifying glass shows that in fact it
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does not.In real life there would be a vast number of colours refleéed by
the subject. As we see, howeveirom the figure on a computer monitor

there are only three colours, each with varying brightnesses.

The third problem follows on from this. The array of light that reaches our
eyes is made up of waves/vast numbers gfhotons not a mosaic of
coloured rectangles. Even if we neglect the problem of there only being
three colours of rectangleswe are still left with the problem of howit is
OEAO x A -€dé Acén@ onkhe Gokputer monitor when we take away

the magnifying glass, rather than a arrangement of colouredrectangles.

Thefourth problem we will consider can be seen by consideringigure 11
(p. 82):

Figurell Cules incorporating the Cornsweellusion. Both cubes look the same, but
the comparisons of colours below show that tHeft cube involves gradiated colours
absent in the right cube. Diagram by the author
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The two cubes look identical, and yet the sides of the cube on the left are
gradiated, while the cube on the right has uniformly shaded sideklow can
we be deceived thathe light coming from a picture is the same as that
which would emanate from the subject matter itself? To answer this
question weneed to examine the workings of the human visual system
depth, and thus we will now present an overview of the human visl
system, which will answer the above questions and lay the groundwork for

the rest of the thesis

In this section we will see that the understanding of the visual system
AAOAT T DAA EThe \Odtadl SySeldA G EHitrioGUEDAN (p. 49) will

allow us to answer the gquestions raised byhese problems

APPLYING THE KNOWGEDDF THE VISUALTEN TO PICTURES

Firstly, then,we will examine the issueraised by our knowledge othe

curvature of theretina: namely thatE £ x A OOAAS OEA OAOET A
retina is curved, then wesurely mustO O A A 8 ihéar viay. AHs@én

was most notablytaken up by Panofskyin his 1925 bookPerspective as

Symbolic Formin which Panofskyutilised the physiology developed by
mathematician Hermann Guido Hauck (184%1905) argued that the very

physiology of the eye distorts the way we see the worl(Panofsky, 1925,

pp. 32, 78)

Panofsky argued that for pictures that use linear perspective to correspond
to the natural way that humans view the world, the retina, and thus the
retinal image, would have to be flat like a photographic plate. He thus
concluded that the natural way of vewing the world for a human is

curvilinear, as approximated by the bottom left picture inFigure 12 (p. 84),
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and that paintings that use linear perspective do not appear to us as we

naturally view the world. As Panofsky put it:

The orthogonals of a building which in normal perspectival
construction appear straight, would, if they were to correspond to the
factual retinal image, have to be drawn as curves. Strictly speaking,

even the verticals would fave to submit to some bending

(Panofsky, 1925, p. 33)

Figurel2  Top: Diagram of eye (left) and camera (right), showing how the light enters
the eye/camera, is focused by the lens, and isteleted by the retina/film. Bottom:
Simulation of image recorded by eye and film. Diagram and photographs by the author.

This argument has been roundly rebutted on many occasions (e.g.
(Edgerton, 1975, p. 155)Elkins, 1996, pp. 193196, 319) (Pirenne, 1970,
pp. 60z61) (Podro, 1982, p. 187), but these rebuttals have never quite
addressed theissue of whether or not the world actually appears to us

curvilinearly. An understanding of physiology&EOT |  OE AheQ/BWIOET 1T C
Systend | MatroQueti®n (p. 49) will give us the tools to understand this.

Firstly, considerthe following argument. Let us imagine someone in the
ancient world visits a Gre& temple (top image ofFigure 13, p.86). The way

the temple would appear to the viewer at first would be the middle image
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of Figure13(p.86)8 7A 11 OA OEAOh AO ET (AOGAEGO
the temple appears curvilinear. This curvature would be especially notable

in the end columns.

Now let us turn to the observation we saw in théntroduction. However,
experiments have shown that the eye moves around three times per second
(Rose & Dobson, 1985, p. 62hus, hardly a third of a second after looking,
the building is seen from a slightly different view, and appearas, say, the
bottom image ofFigure 13 (p. 86). The viaver would note that from this
angle, the temple would still appear distorted, but in a different way. Most
notably the right-hand column would now appear almost straight. Such
rapid movements of the eye would provide the viewer with a great number
of different viewpoints of the same object. In no two images would any
particular element of the building, be it columns, cornice, steps, etc., have
the same curvature. For example, the righband column is curved in the

first image on the retina (the middle imageof the diagram); then in the
second image, a third of a second later, it is straight (the bottom image of
the diagram). As a result, for our visual system to make sense of the images
it receives, it would have to be aware that the distortions are due tdée
curvilinearity of the retina. If it did not, every third of a second or so the
building would appear to have different curvatures, thus would appear to

wobble like a jelly.
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Figurel3  Diagram simulating variations in optal distortion. Top: Undistorted image.
Middle: Distorted image. Bottom: Distorted image with different centre. Diagram by the

author.

Secondly, thee is the issue othe three colours of monitor dots This can be
solved by noting that he visualsystemE AO OEOAA OAT 1T A8

television and printing has exploited to allow for colour reproduction.

Thirdly, there is the issue of resolutionThis can be solved by noting that
due to the size of the receptive fields in the eye it is not the ca®at each
photon that enters the eye triggers an individual nerve, but instead there is

an aggregating process, allowing television and printing to be done at

lower levels of resolution.

Fourthly, there is the issue of the Grnsweetillusion. The outline o the
workings of the visual system we saw in théntroduction shows thatthe

first way that the visual system processes the signals from the ej&to
detect edges. The centrsurround cells we saw are fundamental to our
perception of the world. Another example of this can be seem the optical
illusion in Figure 14 (p. 87). The large rectangle is made up of two identical
smaller rectangles. The smaller rectangles appear uniform in tone, but in

fact are a smooth progression from dark on the left to light on the right. If
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you cover up, say, the right rectanglet is fairly hard to see the variations in
tone in the left rectangle. The visual system is, therefore, weak in detecting
smooth variations in tone.If we now consider the two small rectangles
joined together, we see a marked variation in tone. The visugygtem is
thus able to detect fairly small jumps in tone. Tis canbe seenfurther if one
places a pen or a finger over the jump; suddenly, the marked variation in
tone disappears and we see an even tone. We can theref note that due to
the centre-surround cells of the V1 area, the visual system is good at
detecting small levels of contrast, but poor in detecting smooth variations
in tone. We should note that this phenomenon of the visual system
detecting edges rather than smooth transitions occurs for bbttone and

hue (Livingstone M. , 2002, p. 58)This property of perceiving the edges of
objects that allows us to perceive line drawingsThe visual system, then, is
not very adept at detecting smooth variations in tone, which results in the

sides of the differentlylit cubes ofFigure 11 (p. 82) looking so similar.

Figurel4 The Cornsweetfif dzaA 2y ® hLIIAOFf Affdz@aA2y RSY2Y
greater ability to detect edges of tonal contrast than smooth variations in tone. Diagram
by the author.

| RAMIFICATIONS FORDBERSTANDING ART

We can now go on to examine the ramifications this has for our
understanding ofart. Our earlier idea of figurative art, namely hat a
picture sends the same array of light through the pupil as would the subject

matter itself, can thusbe seen to have a problempmamely that images may
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look the same even though they might send different arrays of light

through the pupil as would thesubject matter itself.

It is here that we might introduce a quote from philosopher Nelson
Goodman. Goodman is mainly noted in art history for his theory of
conventionalism, which we will dispute later on. Howeverhe came up with
a quote that is ofinterest here: Goodman says that a picture can be

described as

the Duke of Wellington as he looks to a drunk through a raindrop
(Goodman, 1968, p. 7)

It is worth unpacking this here. Goodman identifies thregarts of an image:
the Duke of Wellington (the subject in the real world) a drunk (the
perceiver) through a raindrop (the effects ofdistortion of light on the way
from the subject to the eyg. We mght thus say that apicture is in the form

of the following:
subject A atmospheric effects A visual system processing

This gives us auseful way of talking about figurative art, by noting that
pictures might emphasise differentparts of this process. We mighthus say
that a picture documents the path of light and subsguent nerve signals as
they pass from the subject matter (as light), through whatever is in

between the subject matter and the viewer (e.g. air, glass, etc.), and through

the visual system (as electrical signals).

This allows us todelineate at least one @ the tasks of arartist. An artist
records this process, though dferent artists at different times have

emphasised different stages of this process
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The figures inJan van Eyc& The Arnolfini Portrait (1434) are painted
clearly, showing the folds of the cloths, and the textures of theood and
metal very precisely.This can be said to be emphasising the light from the
subject matter.Claude Moneb SaintLazare Train Station(1877) shows
how light from the station is distorted by the smoke from the trains This

can be said to be emphasising the medium through which the light is

travelling. In6 AT ' | C K1888. LanHoh:EN&ional Gallery Vincent
van Goghpaints the outlines of the chair thickly, demonstratingDAT ' | CE8 O

(unconscious detection of edges by his centresurround cells.

Bringing together thesethree stages, of light from the subject, of
atmosphere, and mental processing, was a major preoccupation of tRest
Impressionists. This was summed up ithe work of the Synthetists such as
Paul Sérusiern(1864z1927) and Paul Gauguirf1848z1903) (Cheetham,
1990). Painter Edouard Vuillard (186871940) delineated this process
#EAOAET 60 OOEIT 1 EZAOh OEABvexEEOA AT A COA
pleasure through their tonal harmonies and their outline shapes and
not by means of the greater or lesser degree of exactitude with which
they recall their models which are unknown to us. The difficulty of

establishing thisfirmly in my head after the long hours spent in front of

those canvases two years ago imbued with naturalist ideds
(Vuillard, 1890), quoted in (Thomson, 1988, p. 22)
6 0OEI 1 AOAh A OOAAT EOO BEURDRREGEBOExDBERA/
paintings to synthesise the different parts opainting, which we sawin the

Goodmanquote above(Thomson, 1988, p. 7)

We should note here that while tlis tells us something about art, it only

tells us about certain interestsMuch of the argument in this thesis, at least
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up to now, deak with mainly formal concerns. Sucltoncerns have been the

project of many artists, such as Cézanne:

[I will] astonish Paris with an apple.

Paul Cézanne, quoted ifGeffroy, 1922, p. 106)

Another exampleof this can be seen Maurice Denis:
O(1T x AT Ul &6 OAA OETI OA OOAAOGed AOEAA ' AdC
make them yellow; and that blush shadow, paint it with pure
Ol OOAI AOET An AT A OEI OA OAA 1 AAOGAOGe 50A O
(Denis, 1942, p. 42)

We shouldthus note that our definition of art does not help us address the
reasons why Jan van Eyck painted a weddingpéwhy Picasso painted a
brothel. What is of interest in this thesis is the contribution to the
understanding of art that can be given by examining the visual system

rather than producing a total theory of art

NONRESEMBLIN(DEPICTIEDS OF SPACE

Ifaviewerx AOA O 11T E OEOI OCE " 001 Al 1 AOAEE
monitor, he or shewould probably saythat the computer screen resembles

the baptistery. However, many pictures, such asigure 15 (p. 92), are a

long way from fooling us that they resemble realityOne of the most

obvious deviatons from resemblance ofigure 15 is that it makes no

attempt to uselinear perspective. Sofilinear perspective does indeed

result in resemblance why might artists avoid it?

Non-use of linear perspectivas a very common phenomenon, occurring in

non-Western art,and Western art outside of the period between the
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Renaissance and Cubism. Given that linear perspective is indeed the most
accurate way todepict reality, might we conclude that, say,reient

Egyptian artists painted or Tsimshian Indian artistscontinue to paint
incorrectly, perhaps due to primitive developmen? Such a conclusion may
be readily argued against, without having to resort to thantellectual
contortions of Panofsky.Gombrich noted one of the obvious problems with
linear perspective, namely that it does not allow the viewer to see around

corners (Gombrich, 1960, p. 215) In an acient Egyptianwall painting, for

example, a lake is depicted as if seen from above, but the objects associated

are presented as if seen from a different angle: the trees and lake creatures
are depicted as if seen from their side§~igure 15, p.92). This distortion
allows the trees, the creaturesand the lake to each be depicted so as to
show the maximum number of visible features of each object. Another
example is the drawing we savearlier by the Tsimshian Indians of the
Pacific Northwest(Figure 16, p.92). In this painting, a bear might be
depicted as if flattened out, thus allowing the viewer to see the creature
from all sides at onceWe canthus conclude that there are a number of

ways of depicting objects in space, and that linear perspective is tiaay

that best depicts how we see an object at any given moment, but that linear
perspective is only one way of depicting objects, and not always the best
xAU &£ O AT U CEOAT DPOODPI 6GA8 'O *TEIT

- A~ - . - - A~ -
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CHAPTER 1. RESEMBLANCE

Figurel5 Fragment of a wall painting from the tomb of Nelmnun, 18th dynasty, c.1350
BCE.

Figurel6é Flattened picture of a bear by Tsimshidndians of the Pacific Northwest
(Deregowski, 1972)
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We might examine this issue in more depth, by looking at a selection of
cultures to see how they have depicted objects in space, asekeingwhat

the pros and cons of each gpoach is. Wewill beginwith Figure 15 (p. 92),
the ancient Egygian wall painting. We see that the artist twisted objects,
and parts of objects such as the eyes and legs of figures, so that they
present the most informative aspect to the viewer. The viewer would be

left with the not difficult task of mentally reconfiguringthel AEAAOOS ODPA
relationships in his or her mind. We look down on the scene from above,
and yet the water fowl, fishes, trees and the human figure are seen from the
side, meaning that the viewer must use his or her imagination to
understand the spatial elationships between the objectsWe might note

that this method of depiction has certain advantage®ach object has the
maximum number of its features depicted, hence making the image more

informative.

If we now look atFigure 17 (p. 94), a thirteenth century Japanese painting,
we see that the artist hasiseda technique more@ealisticéthan the

Egyptian painting. The objects represented are not twisted artificially to
show their most important features to the viewer. For example, the
porticos to the left hand side would obscure objects behind them, whereas
the trees in theEgyptian painting would not cause this problem. Though
inferior to the Egyptian painting in this respect, by sacrificing some of the
ability of the artist to depict objects in their entirety, this more realistic
method is superior in the respect that it radily displays the spatial
relationships of the objects, which is notably of use in displaying the action

between the figures on the right.
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)

Figurel7 lllustrated Tale of the Heiji Civil War: Scroll of the Imperial VisitRokuhaa.
Kamakura period/13th century, @our on paper Tokyo: Tokyo National Museum.

The Japanese picture, thougresembling reality more than the Egyptian,

still leaves out an important aspect of reemblance that of recession of
space. The figures inhe foreground of the Japanese picture are the same
size as the figures in the middlegroundiue to theaxonometric projection.

In Figure 18 (p. 95), The HayWain, Constable went a step beyond the
Japanese picture bysing recession. Notably, he not only made the distant
trees smaller than those nearer the foreground, but he alsnade the

distant clouds smaller, and thus created a sky that appears to arch over the
earth. In achieving this greater resemblancethough, Constable lost another
aspect of the scene that was still available to the Japanese artist. Compared
to the Egyptian artist, the Japanese artisivas not ableto represent objects

in their most descriptive viewpoint, but by avoiding recession was still able
to represent objects in detail even if they were in the distance. Constable, in
going even further with realism, rot only cannot depict any trees that might
EADPAT O1T AA 11 OEA OEAxAOG60 OEAA 1 £ (
occluding the entire scene, but also is unable to depict the trees in the

distance in detail.

We might then note thatthere is a tradeoff between resemblanceand its

alternatives: each step we take towards reemblanceoffers benefits, for
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instance the depiction of the interactions between the Japanese figures and

#1171 OOAAI A0 AATT PU T £ OEA OEUh AOO Al ¢
example the informativeness of Egyptian painting and the ability of

thirteenth century Japanese artists talepict in detail objects in the

distance. We will examine these points in more detail in later chapters, as

well as examining how it is possible to produce pictures with distortions

that the viewer can still recognise.

Figurel8 John ConstableThe Hay Wain1821. Oil on canvas, 130 cm x 185 cm,
London: National Gallery.

CONCLUSION

Firstly, we have seen in the discussion of saccades, screen colours, screen
resolution, and the Cornsweet illusiorthat an understanding of thevisual

system helpsusto understand the properties of pictures. We have also

seen with the screen colours, screen resolution, and the Cornsweet illusion

that due to the properties of our visual system pictures can, in some

respects, deviate from a resemlance of a subject matter.

We also sawhowever, thatPAT T £#OEU8 O EAAA 1T £ OEA AOO
distorting the appearance of the world is untenableso in this respect the
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visual system cannot be said to distort our perception of the world

Furthermore, the argumentA CAET OO0 0 AT T AosttdsmissOE AOE O
not only the idea of the retinal curvature distorting our vision, but also the

idea of the mind as a viewer of the retina. If there was a homunculus that

views the image on the retina as one wodla television screen, it would see

an image that changes every 0.33 seconds, far more rapidly than even the

most frenetic pop video. Therefore, the process of vision must involve the

brain and the retina being more closely intertwined.

Secondly, we saw tht humans are capable of depicting space in a number
of ways, and that these ways do not have to resemble reality in every
respect. We saw by the fragment of a wall painting from the tomb of
Nebamun Figure 15, p.92), and the scroll of the imperial visit to Rokuhara
(Figure 17, p.94), that pictures can depict successfully even when deviating
from resemblance. We will examine the psychological mechanisms that
allow this to be possible later on. For the momentye will continue with

our slightly more narrow definitions of art. While still lacking a number of
features, we have seen ounnderstanding of depiction develop into the

(still incomplete) idea that a picture sendghe same array of light through

the pupil as would the subject matter itself.

AEEOAT Uh xA TECEO 11 O0A OIT A TOEAO bPIEI
idea of the homunculus is an important one, for its rejection shows that the
visual apparatus, i.e. the eye, its muscles, and the processing cestf the
brain, are integrated. The eye moves constantly, and yet we do not perceive
the world wobbling; our perceptions of the world are fluid and stable. It is
the integration of the elements of the visual system that we must examine

next.
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DISTORTIOBEYONDTHEPRIMARY VISUAL SYSTEHMEMULTIPLE
SPOTLIGHTSHEORY OF ATTENT(@RPLICATION OFYCHOLOGY
TO ARTY

MULTIPLE SPOTLIGHTS

In the se® E Adgaingdb$mple ResemblanceSaccadesScreen Colours
Screen Resolutionand the Cornsweet lllusion(Application of Psychology

to Art 1)0  $1Pw& saw tha despite being curved the retina does not
distort our perception of the world. Nevertheless, examples such as the
Cornsweet illusion from same section will make us wonder if other parts of

the visual system do in fact distort our perception of the world.

In order to do this we will examine the way an inconsistent depiction of

space might be misrecognised as consistetwe will investigate the

AEZAZEFAOAT AAO ET OEA AAPEAOGEITTO 1T £ OPAA/
YT T 1T AAT O OvaesrtdrgiecedviE Bucod (c.1260z¢.1319) (Figure

19, p.98), which will be our inconsistent example,and The Marriage of the

Virgin by Raphael (148%1520), which will be our consistent example |

have chosen these two paintings because of their vedyfferent approaches

to the depiction of space, despite similarities in the aims of both paintings.

Both pictures tell stories:the Duccio, that of Herod ordering the dedt of

the Israelite children; the Raphael, that of the events @EA 6 EOCET 6 O
marriage. Both paintings contain many details intended by the artists to be

focused on by the viewer: the Duccio has Herod performing the order, the

killing itself, the grieving mothers, and other details; the Raphael has the

Pl AAET ¢ 1T £ OEA wweErjaqd alvdrietydEabtiviteE P& T 6 O AE
assembled guests. The Raphael, though, has a distinctive feature of its own

its top half is devoted largely to a virtuosalisplay of architectural space in
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linear perspective, something that contrasts with the Duao, which focuses
only on the story. Furthermore, the space in the Duccio is inconsistent; as
with many of his paintings it contains impossible constructions, such as
figures at once standingpehind and in front of structures. In order to
investigate the reasons for these differences, | will firdy delineate carefully
the inconsistencies in the Duccio, apply the theory of multiple spotlights,
examine the history of the development of linear perspective, and finally
show how the theory of multiple spotlights can illuminate further our

understanding of history.

Figurel9 DuccioW{ f I dzZ3 K (i S NJ 2 Fagriekit®f tHeMag<RaBlfanpidcad Q =
1308;1311.
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| will begin, thenx EOE AT AT Al UOEO 1 £# OEA ODPAAA

OEA )111 AAT O0O68 4EA DPAET OETI C Al 1 OA

involved with the execution of the massacre (let us call them the Front
Group), Herod and the two figures either side of hintlge Herod Group),
and the two guards to the left of the Herod Group (the Guard Group). The
Front Group and the Herod Group together are the main definers of the
DAET OET C6 0 OPAAA8 4EAU AARAEET A OEA
Is clearly at the bak, the Front Group is clearly in the foreground, and the
two groups are separated by a plane that can be traced from the wall at its
lower edge, going through columns as we follow the plane upward, with a

cornice delineating its top. (I will refer to thisplane as the Dividing Plane.)

The inconsistency in this space occurs with the interaction between the
Guard Group and the Diding Plane. The heads of the guards are
positioned in front of the edge of the wall on the left of the picture. If we
follow this wall-edge up it meets the cornice, so we must assume that the
guards are in front of the Dividing Plane. However, the guard wearing
green is situated behind one of the figures in the Herod Group, so we must
assume that the guards are behind the Dividingl&ne: a clear spatial

contradiction.

These sorts of spatial contradictions were common for Duccio and his
contemporaries. For example, iMhe Depositiorby Sienese artist Ugolino di
Nerio (c1280z1349. London: National Gallerythe Virgin stands behind
the base of the cross, yet holds the face of Jesus who is in front of it.
Another example can be seen ifihe Vision of the Blessed Clare of Rimini
(c.1333z1340. London: National Gallery by Giovanni Francesco da Rimini
(died 1348), where the arms of the figue on the extreme right are in front

of the Crucified and Risen Christ, and yet the figure stands behind Christ.
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CHAPTER 1. RESEMBLANCE

Duccio often creates quite extreme spatial contradictions; other examples

from the MaestaE T A1 OAA O3 08 0AOAO &EOOGONS AT UE]
the left stands well in front of St. Peter, yet holds a handrail behind him,

AT A O4EA O0AOOET C &OI I OEA 1 BT 001 AGBh ¢
doorway on the left is depicted behind the figure group on its left side and

in front of the figure group on its right side, the reason seemingly being to

use the righthand pillar of the doorway as a device to divide the

composition. The twentieth century Dutch artis Maurits Cornelis Escher

(1898z1972) made numerous prints exploring the imaginative pogsilities

of spatial contradictions, such as his 196Waterfall, which depicts water

falling downwards indefinitely. Mathematician Roger Penrose (bm 1931)

popularised the Penrose Triangle as the quintessential example of such

figures (Figure 20, p.100), in which each vertex of the triangleon its own

depicts a consistent threedimensional structure, yetthe figure is spatially

inconsistent when looked at as a whole.

Figure20  Penrose Triangle. Diagram by the author.
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This sort of inconsistency would largely disappear frm art as the

Renaisance progressed. Hogartiwould lampoon such contradictions in his

1754 engraving Satire on False Perspectiv8pace would tend to be
AAPEAOCAA AT EAOAT OI U ET DAEITEERMagagdh AO
of the Virgin

Having idertified the problem that we are able to recognise spatial

depiction despite inconsistencieswe can now both argudor a solution,

namely the experimental psychological theory of multiple spotlights, and

situate this theory in history. The link between cogritive psychology and

historical analysis in my examination is tle constant movement of the eye.

What is important about theconstant movement of our eyess that it
indicates that the focus of our attention is constantly changing. It is this

notion of attention that is of relevance hereRecent research has resulted in

whatEO ET T x1 uliplOosbO A EGIEOOS OEAT OU 1T £ AOC

Before examining this theory, it will be worth briefly examining the notion
of attention. Attention is oftenthought of as beng atotally conscious
process; for example, if I no longer want to watch the television | will stop
looking at it and instead move my gaze to a book or my smartphon&hile
attention is indeed partly conscious, lhere are attentional processes that
are unmnscious,notably many of those concerned with spatial
discrimination. We should keep this in mind when cosidering theories of

attention (Kentridge, Heywooda, & Weiskrantz, 2004)

The multiple spotlights theory posits that attention can be divided between
different spatial areas of avisual stimulus. Experiments havaedemonstrated

that this theory is superior in explaining attentional phenomena than

alternative theories, which include O Edingl€sb 1 O1 E CE @BichOE AT OU
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posits that attention occurs in asingleO1 AT I A O Adom-1AATO% OE A
theory, which posits that attentionisi EEA A A AdeAsQdotinyg UT T |

out to a wider view, zoomngin again to a tighter view, and then zooimg
out again to a wider view(Awh & Pashler, 2000)(McMains & Somers,
2004) (McMains & Somers, 2005§jMorawetz, Holz, Baudewig, Treue, &
Dechent, 2007)

The mainfeature of the multiple spotlights theory is that attention is
localised ina number ofsmall areasbetween which attention rapidly darts,
and that we give little or no attention to the space between these areas.
Hence when viewng a painting, our attentionmoves rapidly between these
localised areas of the picture surface, but we ignore the areashhetween.
This view contrasts with thesingle gotlight theory, which would argue
that the eye focuses on a single small area of a painting agigen time, and
the zoomlenstheory, which would arguethat we view the whole of a given
painting, zoom in an area that interest us, and zoom out when we lose
interest in that detail. Furthermore, experiments have shown that we can
only give a relatively small amount ofattention to any particular area of a
scene: hence we can give attention to a number of small areas, but if we
attempt to give all our attention to fewer larger areas, our attention to each
larger area is no more than the attention for a smaller area hismight
happen, for example, in driving, when our attention might be given to a
number of small areas of the road, and thus miss areaslietween (Figure
21, p.103).
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simultaneously.a, Subjects fixated the central streawhile monitoring attended streams
for the appearance of a target letter (S or K) during each 2 s trial period. Each trial
included a 1.5 s response period indicated by the appearance of the letters X ahd 0.
Attentional deployment varied across blocks @fals. To investigate the zoom lens
mechanism, attention was deployed to a single peripheral location (SPOT) or to that
location plus one or two adjacent locations (ZOOM2 and ZOOM3). To investigate multiple
spotlight selection, two disjoint streams werattended (MULT12). As a baseline control
measurement, attention was also directed to an otherwise nevattended stream
o! 21 (MeMafds & Somers, 2005, p. 9445)

The aspect of history that is related to thenovement of the eye is an
Ei Dbi OOAT O ZAAAO 1T £ " 001 Ahaiwk xANEBEETE O A DD/
O A A (Redernblafice andte Debate about Depictiolof Chapter 1(p. 66).
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In order to achieve the aim of depictingspace realisticallyan artist would

need to exclude certain featuresf vision in image making" OOT A1 1 AOAEE
experiments to measure success in verisimilitude demonstrate thieatures

of vision that need to be excluded to achieve such an aim. He excluded
stereoscopis by simply blocking the vision from one eye, and excluded the
movement of the subjets by choosing subjects that are largely still.

' TT OEAO EAAOOOA 1T &£ "OOT A1 AOAEEGO ADD!
and this is what is of importance here: the small viewing hole allowed

Brunelleschi to exclude the consint movement of the eye itsel{Edgerton,

2009, p. 5)(Figure 22, p.104).

painting
of subject
\ removable .
mirror line

\I of sight

eye
P
mirrored
. side
painted
side

Figure22 . NHzy St f SAOKA Q& | LILJI NI G dza F2NJ O2 YLI NAR )
Baptistery to the actual BaptisteryThe line of sight is lined up to finisat the baptistery
itself. The image of the painting of the baptistery is reflected on the mirror, which can be
seen through a hole in the painting. If the mirror is removed the actual baptistery can be
seen, allowing the painting of the baptistery and theal baptistery to be compared.
Diagram by the author.
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7A AAT 11T x OAOOOAPEAAL ODAPAEOOEAT £08
spotlights theory we learn that we cannot give our attention to an entire
picture surface and the details of it at the same time.dtice, if we wish to
view a picture as a whole and then focus in on details, we must perform
two separate actions: first view the picture as a whole, then cease giving
our attention to the panel in its entirety, then perform the next task of
looking at detals. When we look at the whole picture, we cannot see
details, as according to the cognitive research cited above we cannot give

much attention to this larger area. Also, when looking at details, while we

&

AAT EAOA T AT U AOAAO 1 m&tiepne Adfriotséel 1T OEA

between the separate areas of our attention.

Hence with the Duccio painting, we can, say, look at the whole painting

Ol i AxEAO AOOOI OEi uUh OEAT 11T E AO AAOAI

dialogue between the guards; and with the Rahael, we can look at the
whole picture, again somewhat cursorily, and then look at details such as
the presenting of the ring, or the activities of the figures in the background.
The difference is that while with both paintings the depiction of space is
coherent for each of the details, with the more cursory views of the whole
of each image, Duccio makes little attempt to present a coherent depiction
of space, while Raphael presents spaogore or lessperfectly. The reason
for this can be seen in the diffeence between the importance that overall
space had for the two artists. Duccio was wholly concerned with the
narrative of his picture, while Raphael is interested in the depiction of
space itself. Duccio intended his viewers to focus in as soon as possioh
the details of his picture. Itpresents a series of events: Herod giving an
order on his throne, the finger with which he condemns the children

leading us to the weeping mothers in the opposite corner; as our eyes dart
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around, we see the cruel stabbig of one baby, the somewhat disinterested
expression of the face of the guard at the farthest left, perhaps then to dart

to the ambiguous expressions of the guards in the corner. At no stage is

Duccio really interested inmaking his audience view the paining spatially

as a whole. Hence the sial ambiguities, such as thegards being both

AAEET A OEI AOGAGO bl AO&EI Of AT A ET &OITO
O $OAAEI 8 )1 ATT1OOAOOh AOGAT OEI OCE 2¢
observed, such as tb expression of the face of the mister marrying the

couple or the figure on the far left who is looking at the viewer, Raphael is

also interested in the depiction of space itself. The upper half of the canvas

Is largely given over to this interest, thelboring of the square chosen to

create this roomy space; we might contrast this to the Duccio, which

contains little depiction of the architectural structures and is almost totally

covered with detail, barring a small portion of gold in the upper left.

We can thussay that for their overall conception of a painting Duccio and

Raphael differ: Raphael used a coherent view of space to organise a

painting, and indeed was interested in depictinggace itself, while Duccio

used a narrative scheme to organise hipainting and (in this panel) had

I EOOI A ET OAOAOGO ET 1 ETAAO PAOOPAAOEOA:
space can also be seen in the large proportion of the surface area he

devotes to architectural space in other paintings, for exampl€he School
Athens(1510z1511). Duccio was, of course, one of the most innovative

painters of his time, and in other paintings we can see him deviating from

his focus on narrative and prefiguring the interest in space by Raphael. For
example, in another fragment ofhe MaestaA1 OAODPEAAAh O4 A1 POA
#EOEOO ET OEZA311) Avk ¢ Budcio compantig the narrative

elements into one half of the picture, this time the top, hence leaving the
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other half to experiment with the depiction of the space of a buildig with a
polygonal plan. As Raphael spent time presenting space and deviating from
the narrative elements, so Duccio carefully builds up the space in the
interior of the temple, which the viewer takes a peek at through the door

on the right (Jannella 1991 36).

It is not true, though, that in the Herod panel space was unimportant for

Duccio. In order to depict the figures Duccio was obliged to take care with

space, so for individual details that depict episodes of the narrative,

coherent space was important. Herewe can say that Duccio viewed space

in a localised way, butater in the Renaissance there was an attempt to

OEAx OPAAA ET AAOI |1 OOA OAOI 68 " OOT Al /
disciplining the eye to see this absolute spa¢&hich might not be

immediately obvious to the observer

Why, though, if the perception of absolute space is not necessarily
immediately obvious to the viewer,is it possible for artists to create
spatially consistent scenes, and morso for viewers to detect spatial
inconsistencies?n order to answer this questionwe might begin by
examining the Duccicagain, andexaminingthe point that depiction has a

very important difference from the real three-dimensional world.

The way that a picture is different from reality that is importantto us here

EO OEAOh £ O A PEAOOOA OEAO xEOEAO OIi
OAOET A AO x1I OI'A OEA OOAEAAO EOOAI Eb6h
viewpoint. As we saw earlier, though, the eye is capable of moving several

times a seond and thus presenting us with many viewpoints. Hence there

Is something artificial about a picture, namely its fixed nature, and it is with

pe ~ A s o~ ~ N s o~ A~ ~
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The fixed view of a picture allows ouvisual system to create new groups of
multiple spotlights, which is why our visual systems allow us to detect the
spatial inconsistencies in in the Duccio; if we are on the lookout for
inconsistencies, we can change our spotlgs to find spatially inconsistent

areas.

It is here thatwe might be ableto resurrecOEA EAAAO T &£ 0AT T £C
examined earlier. As we saw, the retina does ndistort vision, but as we

saw with the Duccio, Eschdy @awings, and the Penrose fiangle, the

visual system further up in the brain can lead us to accephconsistent

space. It might thus be said that perceived space of pictures might not

correspond in this way to real space. This might lead us to reconsider

0AT T £OE UGS OPeigietticeAs Sgaabblic Fomsing the concept of

multiple spotlights rather than the retinal image:

Perspective, in transforming the ousia (reality) into the phainomenon
(appearance), seems to reduce the divine to a mere subject matter for
human consciousness; but for that very reason, coasely, it expands

human consciousness into a vessel for the divine

(Panofsky, 1925, p. 72)

CONCLUSND

What can we conclude from thisabout distortion in art and perception?
Certainly, artists mayconsciouslydistort objects in pictures in a way that
results in a picture that does not fullyresemble reality,aswe saw with the
Penroseillusion. We should also, however, note that is possible for artists
to depict in a way that does nofully resemble reality, but that the viewer is
not fully aware of, as we saw with the Duccio and the Rossefiihis may be

unconscious on the part of the artist, as probably ligpened with the
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Duccio, or more orless conscious, as probably happened with Rosseflihis
leads us tothe conclusion that perhaps the visual system is not very

reliable, a point that we will examine in the next sectiomf this chapter.

THE RELIABILITY GHETVISUAL SYSTEDMDLOURIBION
(AFPLICATION OF PSYCBIGY TO ART) 3

INTRODUCTION

In order to argue Pr the reliability of the visual system | will examine the
problem of colour vision and colour in art. This has been an extremely
contentious area of discussionthough we will see thatthe nature of the
contention is itself illuminating. We will see thatthere are two points of
view, colour objectivism and colour subjectivism, and we will largely follow
JohnHyl AT 8 O A OC @&dh A dolGtior{Hyman,R006).

There has been an enormous amount of study into colour visioand as

with other areas of this thesis we will find we can apply these theories to
the understanding of art. This particular area has an interesting twist,
however. As the psychophysiological basis of colour was being uncovered,
artists such as Delacroband Seurat took an immediate interest, lured both
by scientific interest and the promise of brighter colourgDiichting, 1999)
(Cochrane, 2014) Many of the theories were gedby artists despite being
either incompletely formed or misunderstood, thus leading to odd effects in
the paintings produced. The geof these incomplete or misunderstood
theories is of particular interest in understanding the interaction of science
and art.In order to benefit from this understanding, we will first examine
the development of the scientific theory of colour, then move on to exane

the debates surrounding it.
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The complexities involved in the debate about colour will illuminate the
iIssues surrounding depiction, and thevisual system in general. We will see
how the particular structure of colour vision could lead us to doubt the
reliability of the sense of vision, but we will see why in fact the colour
system does provide us with a reliablgerception of reality. Furthermore,
we will see how this affects oumunderstanding of depiction, and
importantly we will see how the debates about depiction and visual

perception in general and interlinked.

The section is divided intosix subsections.@olour Visiore Cones and Rods,
What and Where® 11P 8resentsa preliminary examination of thecolour
visual system. The visual system is complex, motivating an initial
examination of the two different paths of vision. This will provide us with a
framework that will let us move on to the topic of this section properthat

of the photoreceptors in the eye that deal with the detection of colour.
@olour Visiore Additive and Subtractive Colour Mixing  }18) 8xamines
the various elements of the physiological account of colour visiofolour
Vision? Opponent Procesdheoryd Blllarbox Red/Green andDeep

Blue/ Yellow Channel§ 326) &nd @olour Visiors Opponent Process
Theoryd Brightness Channed  13%) 8xamine themain competitor to

(AT 1T ET 1T OUandhovdrecArtyQhére has been an attempt to
combine the two into a single theory@olour Visior» Munselld  14@ 8
examinesa final important colour theory, the Munsell system, which will be
explained in terms of a prominentcolourists, Veronese& ET AThd Uh O
Conflicting Ideologies of Coloud  }46) 8xamines whatthe abovecan tell

us about the nature of visionand art.
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COLOUR VISIONCONES AND RODS, WHWAID WHERE

We will beginby recapping what we saw earlier abouthe scientific
knowledge aboutthe role of the retina in colour vision and the role in
colourvisiontheOxT ODPAOEO8 OEOOAI ssédonOheA OET 1
eye to the brain.

Firstly, there is thephysiology of the retina.As we saw earlier, here are

two types of light-sensitive cells in the retina: rods, which are
monochromatically sensitive and deal mainly with movement and night
vision, and cones, which are sensitive to both brightness and colour, and
deal with recognition and identification and operate in brigher light. It is a
common misconception that rods deal with brightness and cones with
colour; in fact both rods andconesdetect brightness. The rods, perhaps,
evolved mainly for hunting at night. The main requirement for hunting is
speed of response; preyften requires little identification except for
movement, and time spent on more complex identification would slow
down the response of the hunter. The cones, which work best in the day
and give excellent identification of colour, perhaps evolved for ideriying
different types of fruit, which would be picked during the day. It would be
important to identify the colour of fruit in order to identify unripe and
poisonous specimengJacobs, 2009) Generally, artworks do not move ath
are well-lit; they are thus are more like fruit than prey. As a consequence, in
our discussion of painting we willtend to ignore rods and focus on cones,
but we will seein the appendixthat knowledge of the workings of rods is
important in understanding cinema.

Secondlythere are theOx T ODAOQOE O3 Ab we s&n eflieOlicAOET T 8

visual systemis rather odd in that the eyes are in the front of the head
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while the main part of the brain that processes vision is at the backOn the

way to the back of the brain electrical signals from the eyes pass through an

area of the brain known as the lateral geniculate nucleus (LGN). The LGN

can be compared to a relaytation, in that it splits data into three largely

independent paths.It is locatedjust beyond the optic tiasma, shown in

Figure23 (p.11308 4EA Oxi | AET DPAOEO AOA OEA

O x E A @thwdag] which is most sensitive to information about movement,

which it gains mostly frodc OEA AUAOSE ORAAOAARI 001 ADA}
OxEAO8Qq PAOExAUhR x EE A Hailssadd coldurdudichktAT OE O

CAET O Ii1T001U EOT T OEA AUAOGSE ATTA AAII C
cone cells later. Tl third of the pathways is thekoniocellularj O+ 6 q
DAOExAUh xEEAE EO 11 00 OA1T OEOGEOA O1 EI

detecting cane cells. All three of these pathways feed information into the

visual cortex area at the back of the brain, where the initial processing of

visual information occurs. The irst area it feeds into is the primary visual

cortex, or V1 area. Due to their donmant role in vision we will focus

POEI AOEI U 11T OEA - AT A 0 PAOExAUOh 00/
and in particular how it processes information about colour.

(Blake & Sekuler, 2006)Clay Red & Martin Usrey, 2013)(Eysenck &

Keane, 2010)Gazzaniga, Ivry, & Mangun, 2009))acobs, 2009)
(Livingstone M. , 2002)
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(contains V1, V2, V3,
V4 and V5 areas)

Figure23  Transverse basal (crosection from below) view of the human brain,
showing the visual system. Diagram by the author.

'COLOUR VISIOMDDITIVE AND SUBTRALE COLOUR MIXING

Our current knowledge of colour and colour vision developed over a long
period of time. In order to continue with our examination of colour vision
we will return to the eighteenth century tosee howthe
psychophysiological basis for colour was discovere®e will see that the
pursuit of understanding visual processes was not linear, and furthermore
that the adoption of scientific ideas into art was not linear either. There
were many, often intense, debates about the properties of vision beforkd
truths of the various componentswere reached. Further to this, artists
would often misunderstand the theories developed by scientists, which we
should note were anyway still in a state of development. It is thus
Illustrative to examine how artists reactto these poblems, and what effect

it had on their work.
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All colours are the friends of their neighbours and the lovers of their
opposites.

Marc Chagall

We will begin by examininga number of people who wrote on the subject

of colour and light. Firstly, we will exanine the writings of scientist Isaac

Newton (16437 1727). Newton was able to show that white light is made

up of many different colours. He arranged these colours in a wheel shape

believing this ordering revealed an underlying system in the colours

(Figure 24, p.114). We should noteagainthat it is not necessary to follow

NewOi 160 AT 1100 1T AIi Adn EO EO bPi OOEAI A ¢
ways, some of which we will meet late(Gage, 1993, p. 168)Newton,

1704).

g 22E
¢, 0%

Figure24  Newton® colour wheel, from his 1704 boaRpticks(Newton, 1704)
The next major stage in the process of development can be seen in the
work of scientist Benjamin Thompson(1753z 1814), who in 1793 coined
the term complementary colours Thompson shone coloured light at an
object and looked at its shadow on the wall. Harguedthat the colour of

the shadow was the colour opposite to the colour of the light on theotour
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wheel. ConsiderFigure 25 (p. 115). For example, fia light of colour@dis
shoneon a white wall, Thompson argued thathe shadow will appear to be
colour ®6 h fAlight oficolour® /& 8honeon a white wall, the shadw

will appear to be colourO A & hf a Wyt &f colourO A &honeon a white
wall, the shadow will appear to be colouO.ZHte diagram shows six pairs of
complementary colours in total. Thomsonrecognised that complementary
colours, when placed nexto each other, would appear more colourful and

vibrant.

alf b
cl d
e Wf

d

f
b

Figure25 Diagram illustrating complementary colours. Diagram by the author.
Another important discovery wasthe 1793 finding by scientists Thomas
Young (L773z1829) and Helmholtz concerning there being three types of
colour detecting cellsintheey8 91 O1T C6 O AEOAT OAOU x1 Ol
important in understanding the process whereby the colour wheel and
complementary colours could be understood. Youndiscoveredthat the
eye has three types of receptor cellfor coloured light. Youngfound that
the three types of receptor are sensitive tillarbox red, green and deep
blue light, which became the basis for our knowledge of additive colour

mixing.

The final writer we shall consider in this early progression of
understanding colour is Chevreulwho we met earlier Chevreul noticed

that the contrasting properties of light of two objects or situations often
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result in the enhancement ofthd A E A AGDEODGOA @E T TeDie DOT PAOO

might recall that he wrote:

(8.) IF we look simultaneously upon two stripes of different tones of
the same colour, or upon two stripes of the same tone of different
colours placed side by side, if the stripes are not too wide, the eye
perceives cerain modifications which in the first place influence the
intensity of colour, and in the second, the optical composition of the

two juxtaposed colours respectively.

(Chevreul, 1855, p. 7)

For example, if onavalks into ahouse from the outside on a brighsunny
day,on immediately entering the house the hallway will appear very dark.
On the other hand, if one enters the same hallway from the kitchen, the
hallway may appear fairly well lit, even if the hallway is the same
brightness as when one walked into it from the sunny exteriorAnother
example can be seen ifigure 26 (p. 117). We can see that in each of the
three pairs the central squares appear different, despitboth the left and
right square ofeach pair beinganidentical colour. We should note, for
example, that the orange square on the top left &igure 26 (p. 117)
appearsless red that the one on the top rightgespite both squares being

the same colour. Chevreul called thegghenomenacontrast effects

Chevreul dentified two types of contrast:successive and simultaneous.
Succesive contrast occurs when one stimuluss followed by a contrasting
stimulus, such as the example above of walking from a sunny day into a
dark house. Simultaneous contrast occurs when the stimulus occurs at the
same timg and is physically juxtaposedrigure 26 (p. 117) shows
demonstrates three types of simulaneous contrast, that of hue, brightness,

and saturation.
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Figure26  Simultaneous contrastTop: Hue. (The middle square on thigint looks less
red than the middle squaren the left, despite both middlesquares being the same.)
Centre Brightness. (The middle square on the right looks lighter than thildle square
on the left, despite both middle squares being the same.) Bottom: Saturation. (The middle
square on the right looks more saturated than thmiddle squareon the left, despite both
middle squares being the same.) Diagram by the author.

These ideas lay the groundwork for our modern understanding of colour.

We might note that# EAOOAOI 60 EAAAO x1 OI A EAOA A
tapestry making.WeA AT Al 01 OAA OEAO #EAOOAODI 60
x EOE 4 E| TheatistiDélaorsix was eager to make his paintings
AOECEOAO AT A 11 OA AT 11T OO mistomerydfil A ET AT
simultaneous cotrast and the idea of complementary colourgnto his

work. One of hisearly applications is the paintingDante et les esprits des

grands homme$184171845, Paris). Impressionis Pierre-Auguste Renoir
(184171919) also madeuse ofthese ideasn his 1879 painting The Seine at

Asnieres

The juxtaposition ofthe orange of the boat and the blue of the water makes
the orange of the boat particularly strong, due to simultaneous contrast
(Roy, 1985, p. 19)Thisis demonstrated byFigure 27 (p. 118), wherethe

blue has been replacedavith the less contrasting red.
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Figure27  Renoir.The Seine at Asniered879. Left: original painting. Right: modified so
that river is redorange, while the boat and its reflection is unchanged. Modifications by
the author.

It is notable that Chevreul worked in a tapestry factorybecauseit is the
nature of tapestry that brought about his second discovery. Chevreul
observedthat when different dyed threads were woven together the
colours appear tomix together. Importantly , whenthreads oftwo
complementary colours were woven together theesult was a grey. This
notion of colours mixing together in the eyebecame knownas optical
mixing, which would become of great importance to the Post
Impressionists (Chevreul, 1855)(Kemp, 1990).

Optical mixing is most famous for having been used in Pointillisrmhich

was developed by Seurat and Signac. Seuiatd Signac, however, not only
usedoptical mixing, but also explored simultaneous contrasSeurat

believed thatby mixing contrasting colaurs optically, he would combine the
properties of simultaneous contrast and optical mixing to give his colour

mixes a vibrant look We will see in this thesis that Seurat misunderstood

some ofChevreub © OEAT OEAOh AOO OEAO THAOAOOEA
benefit from scientific ideas. We will also see that discoveries from more

recent vision science, namely the theory of visual scales, can explain further
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properties of Pointillist paintings. (Signac, 1899 (Editied version: 184;
Trans: 2003)) (Phillips J. , 2005)Cochrane, 2014)

Young identified that the eye has three types of receptor for coloured light,
but it was Helmholtz who developed this notion to itshighest degree. We
should note that colour mixing is not just to do with the properties of the

eye, but with the chemical properties of the paint.

Firstly, we will deal with the physiology. As we saw earlier, he colour

receptor cells in the retina are cded cones. There are three types of these

cones, which Ihavecalled pillarbox red, green and deep blue, names | am

giving to roughly describe the wavelength of light they are most sensitive

Oi8 4EA AT 11 000 PEI T AOAT @ OAGEh ACGDAGAT ¢
colours, and from these primaries other colours can be formed. Mixing

equal amounts of two primary colours makes a secondary colour, for

example mixing a pillarbox red light emitting diode with a green light

emitting diode produces cyan light. In ¢tal, there are three secondary

colours: yellow, cyan, and magentaHigure 28, p.119).

Figure28 The olour wheel. Diagram by the author.
Secondly, we shall deal with the physical properties of pair@nd light
sources Paint acts differently to transmitted light sources such als.E.D.s
(Light Emitting Diodes). If we mix pillarbox red and green light we get cyan,
but if we mix pillarbox red and green paint, we do not get cyan paint. Paint
ET OOAAA AAOO 1 EEA A £EI OAOh xEAOA TTA
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Figure 29 (p. 120) demonstrates in a simplified form how paint filters out
colours. Pant is made up of pignent, say cadmium red or tere verte,
suspended in a medium, sagcrylic emulsionor linseed oil. White light,
which contains all the colours of the spectrum, enters the paint layer. Light
hits a particle, and is either absorbed by it, or is bounced off.the light is
bounced off the particle it will travel on to either hit another particle, or if
its way is clear, it will exit the paint layer. If a retina is in the path of an

exited beam of light, it will be seen along with other beams of light from the

painting.
white
light
source
\ L—/ \ N e pigment particles
paint layer%
% medium

canvas % KARXKXRKRRXXRRKARARRRR R K AR R R KRR AR R K AR R R R R R AR KRR KRR

AN S ey
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Figure29  Subtractive colour mixing. Diagram by the author.
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If we look at the top ofFigure 29 (p. 120), we can see how yellow paint

mixed with cyan paint makes green. Thiprocessis delineatedin the table

below:

Tablel Light absorption(1)
Colours First pigment: Yellow Second pigment: Cyan Light
illumination emitted
made up of Absorbs Reflects Absorbs Reflects

Deep Blue

Deep Blue

Deep Blue

reflected

A

ABSORBEL

Deep Blue

A

reflected

reflected

A

ABSORBED.

First pigment: Cyan

Second pigment: Yellow

Absorbs

Reflects

ABSORBED.

Deep Blue

Absorbs

Reflects

Deep Blue

A

reflected

reflected

A

reflected

A

ABSORBEL

The tablebelow shows the lower pant layer of Figure 29 (p. 120), namely

what happens when pillarbox red and green are mixed. As we can see, no

light is emitted, making the mixture black.
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Table2 Light absorption(2)

Colours Light
illumination emitted
made up of Absorbs Reflects | Absorbs Reflects

Deep Blue Deep Blue

ABSORBED.

reflected ABSORBED.

Deep Blue ABSORBED.

Deep Blue Deep Blue

reflected | ABSORBED

A

ABSORBED.

Deep Blue ABSORBED.

The above diagramsand tablesare simplified in that it groups all the

colours in the spectrum into three groups, pillarbox redgreen and deep
blue, following the physiology of the eyelt should also be pointed out that
the diagram does not make clear how light bounces around inside the paint
film. If one looks at the diagram, one would think that a beam of light might
make one baince before exiting the film. One might wonder, then, why a
beam ofdeep blue light might not hit a cyan particle and then simply exit
the film. This would result in the paint ultimately giving off various
guantities of all light. This is not, however, whahappens. A beam of light

will bounce off myriad particles before exiting the paint layer. As a result in
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the top diagram all the nongreen light eventually meets a particle that

absorbs it.

We can thus say that in the subtractive process the procedurersversed,
whereby the primary colours become the secondary colours and the
secondary colours become the primary. For example, mixing cyan paint and
yellow paint results in the particles ofthe cyan paint absorbing the

pillarbox red light and the yellow paticles absorbing the deep blue light,
thus leaving one colour, green. This phenomenon provides artists with the
possibility of creating all the colours needed for a painting from only three
colours, cyan, yellow, and magenta. We might note the terminology
sometimes used: pillarbox red, green and deep blue are theditive

primaries or subtractive secondariesvhile yellow, sky blue and magenta

are the subtractive primariesor additive secondaries

This procedure for mixingcolours has remained the standardo the

present day, but suffers from a number of flaws. Firstly, the colour wheel

that most painters use Figure 31, p.124) is somewhat inaccurate. The

i AET ET AAAOOAAU EO OEAO OPBPAEOADAUDPABED
in fact be a more bluered colour, the name of which is usually given as

Oi ACAT OA68 4EA Al OOAAO AT 11 000 &I O 1| E¢«
in printing. These subtractive primaries are often included by printers in a

test-strip on the edges of newspapersKigure 31, p.124). The correct ideal

colour wheel is given, as best as is possible with reproduction technologies,

in Figure 32 (p. 124).
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Figure30  Subtractive primary colours in a test strip on the edge of a newspaper.

Figure31  Traditional colour wheel. Diagram by the author.

Figure32  Modern colour wheel. Diagram by the author.

We might note that the names of the colours can also cause confusion.
Physicists often call the additive primaries red, blue and green, while
artists often call the subtractive pimaries red, blue and yellow. To avoid
this confusion | have called thexdditive primaries(subtractive secondarigs
pillarbox red, deep blue and green, and theubtractive primaries(additive
secondariey magenta, cyan and yellow. | will thus refer to th cone cells as
pillarbox red, deep blue and green. We might note in passing that one of
these colours, magenta, is not spectral; additive mixtures of pillarbox red
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and green appear yellow, but there is also an actual wavelength for yellow,
which triggers both the pillarbox red and green cones. Additive mixtures of
pillarbox red and deep blue appear to us as a colour, magenta, but this does
not actually exist as a separate colour, but is instead an artefact of our
colour vision. Unlike our ears, which can etect different frequencies at the
same time, any area of our eye can only see one colour at a time. Magenta,
the non-spectral product of the stimulation of the pillarbox red and deep

blue cones, thus cannot be seen as two separate colours and appears as
one, fictitious colour (LIoyd, 2007, pp. 5%54). We might note here that in

the more accurate colour wheel the complementary colour pairs are

pillarbox red and cyan, green and magenta, and deep blue and yellow.

The notion of a systematic way of mixing colours has been of enormous

influence since it was developed in art in the nineteenth century. We

should note, though, that he processes of mixing colour araot at all new.

As an example we might consider again Itan pre- and early-Renaissance

AOO8 4EA DPATAI O T £ OEA *AAT BT AE #EIT T/
(1370z1371), for example, used combinations of the blue pigment azurite

and yellow lake pigments to make greefBomford, Dunkerton, Gordon, &

Roy, 1989, p. 42)

Furthermore, we should note that colour mixing is not confined to painting
pictures. Subtractive colour mixing is also used in printing and painting
houses. We should also note that additive colour mixing is used in
theatrical lighting and on television and computer screensas can be seen
in Figure 4 (p. 53).
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(Blake & Sekuler, 2006)Bomford, Dunkerton, Gordon, & Roy, 1989, p. 42)
(Clay Reid & Martin Usrey, 2013jEysenck &Keane, 2010)Gage, 1993)
(Gazzaniga, Ivry, & Mangun, 2009).ivingstone M. , 2002)(Lloyd, 2007)
(Newton, 1704) (Roy, 1985).

|COLOUR VISI®NOPPONENT PROCHSBIEORY PILLARBOX
RED/GREEN ANDZEEP BLUEELLOW CHANNELS

At this point we might think that we have a complete understanding of the
fundamentals of colour theory, and carbegin to examine how this
understanding can help us better analyse the problem of the truth of
human vision. Colours can be arranged on a wheel, which in terms of
physiology is most usefully divided up into six colours, which | have termed
here deep bluecyan, greenyellow, and pillarbox red Magenta, the sixth
colour, does not appear on the spectrum, and completes the wheel.
Additive mixture creates magenta, cyan and yellow from pillarbox red,

deep blue and green, while subtractive mixture creates pill&aox red, deep

Al OA AT A COAAT »mOTi 1T ACAT OAh AUAT h AT/
mixing allows colours to be made not only from pigment mixtures but
I POEAAT (1 E@OOOA8 #EAOOAOI G0 1 Ax 1T £ OEI

that contrasting coloursand shades look stronger when juxtaposed; more
saturated on less saturated, brighter on darker. As regards hues, the further
away two colours are on the colour wheel the stronger simultaneous

contrast will be.

While it would be impossible to disagree withmost of this, the final
statement seems less true. If we look dEigure 32 (p. 124) again, while the
deep bluel/yellow contrast is indeed strong, the pillarbox red/cyan and

green/magenta contrasts argerhapsless so. Furthermore, there is
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another contrast that seems to be strong, namely pillarbox red/green,
which are not evenopposite on the wheellt might be argued that the
strongest contrasts are the deep blue/yellow and pillarbox red/green. This
might lead us to the question of whether there is another aspect of colour

that needs to be examined.

It is here that we mightlook at ( A O Edp@fent process theory, namely
OEAO OEAOA AOA OEOAA OAEATTAI OdheOEA O
brightness channel, the pillarbox rel/green channel, and thedeep

blue/yellow channel (Figure 33, p.128).

Table 3 (p. 128) sets out how different coloured light stimukte the

different types of cone cells in the retinaand how the three channels
channel the resulting signalsaccordingto( A OE 1 C 6. Girsty Ehkre i© U
the brightness channe] which we will dealwith in the next subsection
Secondly, there is the pillarbox refigreen channel. This channel informs the
brain whether the light is red or green. Thirdly, there is thedeep

blue/yellow channel. As we have seen in the colour wheel, green light
mixed with pillarbox red light makes yellow light, due to yellow light
activating both the pillarbox red and green cones. Thaeep blud yellow
channel informs the brain about whether the light isdeep blueor yellow.
This explainshow we detect yellow, deep blue, pidrbox red, and green
light. To detect cyan and magenta the brain relies on combining
information from the pillarbox red/green and thedeep blugyellow

channel. We canthusseethit EA x A AAAADthesttoBgesET C6 O O

oppositions arepillarbox red/green and deep blugyellow .
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pillarbox red/green
channel

signals
combined

brightness

yellow/deep blue
channel

channel

Figure33  Diagram showing the initial processing of signals from the cones. Diagram by
the author.

Table3  Cones and neural paths activatel)

ConedActivated Paths Activated

Pillarbox Red/Green Yellow/Deep Blue

Pillarbox Red W W

Yellow W W W W W

Green (&) w W

Cyan W W W
Deep Blue (&) w
Magenta W W w w

There was for a long time disagreement about whether Helmholtz or

Hering was correct about colour mixingThe consensusiowadays

illustrated in the above table, is that they werdoth correct (Eysenck &
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Keane, 2010pp. 5&59). As we noted earlier, theproposed process that

brings Helmholtz and Hering together idHurvich and Jamesob dual-
processtheory, developed by De Valois and De ValokdelmholtU 6 O
trichromacy theory described the process in the retina. D&alois and De
ValoiswA OA AAIT A O1 O Epponentprickss théody OcEUrs@é O 1
the geniculate nucleus, around half way between the eyes and the visual
centre at the back of the brair(Hurvich & Jameson, 1957]Mather, 2009)

(De Valois & De Valois, 1975)

The above table explains hovthe theory of complementary colours works
according to opponent process theorylf we replace the dots in any row of
the table with blanks, and the blank spaces in that row with dots, ignoring
the brightness channel, we obtain the complementary colour. A
complementary colour is thus one that activates the channels in opposite
way to the colour. Note that if both the pillarbox red and gren cones are
activated, pillarbox red/green channel does not respond, soitis as ifitis
switched off. If this were true, it occurs in a1 analogous way with thedeep
blue/yellow channel. Though dualprocess theory is now the consensus
opinion (Eysenck & Keane, 2010, pp. ¥89), we will see later that it still

causes tremendous controversyPridmore, 2013) (Saunders, 2000)

If we acceptopponent process theory, what can it tell us aboutart and

AOlI O00OAe )OO EAO AAAT AOCOAA OEAO OEA
have calledpillarbox red, green, yellow and deep blugtogether with black

and white, have a primacy in artWe will see, howeer, that the idea that

humans have a primal sense of these colour channels needs to be

investigated carefully.
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We mightmakea preliminary examination of thisissue here.
Anthropologists Berlin and Kaydeveloped the most influential theoryof
colourincuture OEAQO A&l 1 1 Tdea@Ber(infaiKbay@@u@d that
colour terminology follows a particular route of development(Berlin &

Kay, 1969) basing their studypartially on the work of anthropologist

W.H.R. Riverg1864z1922) (Rivers, 1901)(Saunders, 2000)Slobodin,
1978). Rivers studied subjects from a number of cultures, including the
Seven Rivers people, the Kiwai people, the Murray Islanders, and the
Mabuiag people. Riverarguedthat each of these people had a set of colour
terms: for example, the Kiwai people had theerms red, white and black.
"AOI ET AT A +AU A@OAT AAA 2EOAO®S6 OOOAE/
scheme. Berlin and Kay arguethat colour terms are added to languages in
particular stages. In the below each stage is given the standard number

ascribed byBerlin and Kay:

1 II 111 v \V4 VI VII
Black ‘
(Dark) Green Yellow llz;l;llzle,

. 2> Red 2 or - or 2> Blue 2> Brown = 3
White Yell Gr Orange,
(Light) o reen or Grey

Figure34 . S NI A y s LEoloir devdlopnient progreson. Diagram by the author.

It is notable that the first four colours after black and white are the colours

that make up the colour channels.

Berinand+ AUG O OEAOEO EAO AAAT ET £ OAT OEAI
OAUO OEAO OEAEO xI1I OE EAO OAU AT A 1 AOC/
OAOOOET U 1 £ 1 EIT COE(Babd, 1988,A. 136) Hymanis DT 1 1T CE
SECEOI U i T OA OAOAOOGAA ET EEO DPOAEOAR C
remain controversial, but the simple point that basic colors are not

- - ~ s o~
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~ ~ - N s o~ pa -

AOEOEAEOAA "AOIET AT A +AUB0O xI1 OEh ET x/
that of Barbara SaundergSaunders, 2000)

Saunders looks back at the history of the academic environment and

background in which Berlin and Kayworked. She notes that( AOET C6 O
opponent process theory became popular around the tim#hat Rivers

performed his researches and thusthere was something of a seifulfilling

prophesy in RiverOfinding evidenceof it.

Furthermore, sheargues that Berlinand Kay did much the same thing. She
AOCOAO OEAO "AOIET AT A +AU80 Al AOGAT Al
descriptions used by scientists of the early twentieth century, and Berlin

and Kay made no attempt to analyse the possibility of cultural bias. She

notes that the terms red, orange, yellow, green, blue, purple, pink and

AOiT xih Al T&£ "AOIET AT A +AUd80O OAOI O /
AET OAT AU , AT T AAAOC 11 OEA AAOEO OEAO¥
most frequent colour terms in Engli€ fLenneberg & Roberts, 1956)

3A01 AAOO AOCOAO OEAO "AOIET AT A +AuUdO
notably that they did not usea random sample. This lack of a random

sampling makes the accusation that Berlin and Kay simply looked for what

they wanted to find, and disregarded information that did not fit their

thesis, very strong.

"AOI ET A bsis musiihe@iore lt2 Esedery carefully, if any of it is

to be accepted at th We shouldnote, however,that the Kiwai people, the

Murray Islanders, and the Mabuiag people, all from the Pacific areas, do

have as basic colour terms a selection from terms for black, white, red,

green, yellow and blue. Also, wehould note that Old! OAAEAGO Al 11T OC
OAOIT ETT1TITcCcU xAO AAOGAA 11 OEA AT11 0600 |
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stages(Borg, 2007, p. 266) Another example is the colour symbolism of the
Druze religion. Thsreligion dates to the eleventh centry, and exists

mainly in Lebanon, Syria and Israel. &lievers of this religion have an
interesting colour symbolism, made up of green for the min@al-'akl), red
for the soul (‘an-nafs), yellow for the word (‘alkalima), blue for the mental
power of thewill (‘as-sabik), and white for materialisation of the mental
power of the will (‘al-tali) (Abu lzzeddin, 1984) Again we sed¢he

possibility that ( AOET C6 O 1T DI 1 Al ate pRgait WAWGIO AEAT I
examine this in more dedil later.

(Abu lzzeddin, 1984)(Berlin & Kay, 1969)(Blake & Sekuler, 2006)Borg,
2007) (Clay Reid & Martin Usrey2013) (De Valois & De Valois, 1975)
(Eysenck & Keane, 2010jGazzaniga, Ivry, & Mangun, 2009Hardin, 1988)
(Hurvich & Jameson, 1957fHyman, 2006) (Lenneberg & Roberts, 1956)
(Livingstone M. , 2002)(Mather, 2009) (Pridmore, 2013) (Rivers, 1901)
(Saunders, 2000)Slobodin, 1978).

‘COLOUR VISIONOPPONENT PROCESSORYE BRIGHTNESS
‘CHANNEL

There has been a later addition téleringd O OEAT OU OEAO xA OE
namely a proposed refinemento the black and white channel.Hering

believed that there was a channel that dealt with black and white, but it has

since been shown that it is not that simple. The brightness channeaitaally

only takes information from green andpillarbox red cones.Figure 35 (p.

133) and Table 4 (p. 133) presenta completediagram andtable of the

opponent-process colour channels
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red/green
channel

I

yellow/ blue
channel

signals
combined

N\

brightness
channel

signals
combined

Complete diagram of how colour channels work, including the brightness
channel. Diagram by the author.

Table4

Gones and neural paths activate(®)

Brightness | Pillarbox Red&reen | YellowDeep Blue
Blue

Pillarbox Red (&) W W

Yellow (&) W W W W W W

Green (&) W w w

Cyan W W w w w W
Deep Blue (&) w
Magenta W W w w w

Yellow light stimulates two receptors in the brightness channkeand as a

result has two dots:deep blue stimulates neither, and as a result has no
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brightness channel dots. It is interesting to note how the stimulation ahe
brightness channel affects the apparent brightness of the colours.
Brightnesscan be thought of ashe product of intensity and frequency, as
according to quantum mechanicgrequency is proportional to energy
(Gamow, 1966) However, this does not appear to be the case when we look
at colours. Blue tends to appear darker than yellow, even though the
energy of blue light is much greater than yellow. It is the cour channels
that explain this. Table5 (p. 134) shows how yellow is the apparent
brightest, due © both brightness pathbeing activated, while pillarbox red,
green, magenta and cyan all stimate one brightness path and deep blue
stimulating no path. This has been used to explaiwhy yellow appears

particularly bright while deep blue appears particularly dark.

Table5 Receptor groups activated

Colour Brightness Path Total Number
Receptors Activated of Receptor

Green Groups

Activated
) 2
1
) 1
1
w 1
0

A possible application of how his brightness channel affects art can be
seen in$ O A AVErfida@d Child with Saint§c.12781319. London:
National Gallery),notably for among other thingsthe intense ultramarine

I £ OEA 6 E QMR e®thdt thd ceatidnf this mantle
presented Duccio with a peculiar problem associated with modelling form,
and specifically the creation of highlights and lowlights. Three of the most
important ways of creating highlights and lowlights, and ths in modelling
form, that we see in Italian pre and early-Renais&ance art are up

modelling, down-modelling, and upand-down-modelling. Upmodelling
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involves using a pure colour for lowlights, and adding increasing amounts

of white to create lighter shades. Downrmodelling also starts with a pure

colour, but instead uses it as the lightest colour, and adds increasing

amounts of black to createdw-lights. Finally, upand-down-modelling

involves using the pure colour for the midtone, and adding white for

highlights and black for lowlights. An example of wnodelling can be seen
intheyellow-A1 T OEAA ET OOA OE A Kacixieniwhite &A1 BT 2
exampleofdowni T AAT 1 ET ¢ AAT AA OAAT ET OEA 6
$ O A AVArfirda@d Child with Saird, and an example of wand-down-

modelling can be seen in the fleshtones@EA - AOOAO 1T £ 3 AET O
crucifix (c.1270z90. London: National Gallery).

) O EO xEOE OEA UAITITx 1T &£ *AAT Bl AE #EI
mantle in the Duccio that we see how the brightness channel can affect

modelling. In order to model form the dowrrmodelling needs to be darker

than the up-modelling, with the mid-tones in-between. Consider first

*AAT PI AE #EI1TA80O0 ET OOA OEAAe@ent 7TEEOA |
spectral colours than yellow, but because the deep blue light does not

trigger the brightness channel, only the pillarbox red and green cones are

triggered. We might note that yellow also triggers the pillarbox red and

green cones, and as a result vile appears no brighter than yellow. Using

yellow for the lowlights and white for the highlights results in the object
AAPEAOCAA 1 AAEET C & Ooih AO AAT AA OAAI
should also note that the desaturation caused by the whitesd contributes

to the problem, and results in the yellow appearing to come forward in

front of the white. The only chance of the white appearing to come forward

Is its brightness, which as we have seen cannot happen as the yellow

appears as bright as the \ite.
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)T OEA 6EOCET 60 i AT OI A 1T &£ OEA $OAAET >
Ultramarine is a very pure blue, and its purity of blue makes it very dark,
because there idittle to stimulate the pillarbox red and green cones of the
brightness channel. We can sehis in Figure 36 (p. 138), Figure 37 (p. 138)
and Figure 38 (p. 139). If we compareFigure 37 (p. 138) and Figure 38 (p.
139) we seethat the spectrum for ultramarine and the blue cones match
each other very closely. The only deviation is some red, though it is at the
far end of the spectrum andhus does not stimulate any of the cones very
strongly. The strongest stimulation oftherde | ECEO EO OEA PDEI I
cone, and even that is not very strongly stimulated. As a consequence
ultramarine can be said to be a very close match for the stimulation of the

blue cone, and the blue cone alone.

As it is largely the blue cone that istimulated by ultramarine, we can note
that the pillarbox red cones and the green cones are not stimulated very
much at all. Now as we have seen, the brightness channels consist of the
pillarbox red and green cones, and as a result ultramarine will not
stimulate the brightness channel very much at all, making ultramarine very
dark.

(T x ATAO OEEO AZL£EAAO $OAAEI GO0 11T AAIIEI
consider Figure 37 (p. 138) and Figure 38 (p. 139) again. Note howwhite
light will stimulate the pillarbox red and green channels very siongly,
making white light appear very bright. We might think that as white
appears brighter than ultramarine, we would have the opposite situation of
the yellow horse riders above, and thus white modelling on ultramarine
would be very successful. Howevegny attempt to use white as a highlight

for ultramarine will make a very strong brightness differential between the
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lowlights and the highlights, rather than the much subtler differences

needed in modelling.

We can see the problems this causes in artworkghere the artist has

attempted to use white in the highlights of ultramarine. Consider, for

example,the 140779 The Coronation of the VirgifLondon: National

Gallery) by Lorenzo Monacd(c.1370zc.1425). The artist has attempted to

up-l T AAT OEA OEDARKE#BOEOAS O OF AAh AT A OE
central angel at the bottom. The artist wanted to maintain the purity of the
ultramarine, and not desaturate it with white. However, we can see that

OEAOA EO O1Ti AOEET ¢ OT OOAA AMagirgBhel AAT OO
virtuoso drawing. The white highlights are too bright for the dark

ultramarine, and as a result the modelling is less successful overall. As with

the yellow horse ridersthat we looked atbefore this is exacerbated by the

white desaturating the ultramarine, making the lowlights appear to come

forward in front of the highlights.

We might notethat where the artist does not usepure ultramarine, as in

the lower angel, the modelling is much more successful. We might note that

# EOE 006 O mar&sndedsfullydngdeledthan his left, because the

artist has used less white. However, if the artist had only used this low level

I £ xEEOA AAOT 00 OEA xEI T A EZECOOAh ETAI
figure would be particularly flat.

How does Ducio approach this problem in the Virgin and Child with

Saints? Ducciodowd | AAT O OEA 6EOCEIT 60 1 AT O A x|
A 1 AOO OEOOOI O 1T TAAITTETC OEAT #EOEOOGC
while less ambitious, it is more successful overall.He down-modelling

does not stimulate the brightness channel more than the mitbnes, and as
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a result there is no large disparity in brightness, resulting in a more subtle
modelling that preserves the purity of the ultramarine. We should note,
thoughthatwe E1 A $ OAAET 860 i1 AAITEIC APPAAOO
T AGAOOEAT AOO 1 A A &ldardestripidn of vblumetficifohA T 8 O
This implies that the white up-modelling, black downmodelling, or even

white -and-black up-and-down-modelling will tend to be less successful in

modelling form in ultramarine.

!
3 530
Fredquen r
T !
el 30 580 0
avelength
I !
0 1 0z o 1] 0
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Figure36  Chart of frequency and wavelengtbf the visible spectrum.
media.pcwin.com/images/screen/wavelengt29212.png

Cone Response

380 nm Wavelength 700 nm

Figure37  Fromleft: i KS W gudve($haryivavelength, what | have termed the deep
0f dz§ 02y S0 Tunig@@&diusk waeledgghyvéhat | have termed the green cone),
I Yy R (ckn® cuwléhg wavelength, what | have termed the pillarbox red cone).

www.ronbigelow.com/articles/color-perception-4/perception-4.htm
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Figure38 Chart of wavelength spectrums for various pigments. W is white card, and U
Is ultramarine. FromBrebbia, Greated, & Collins, 201f. 130)

# 1 U A TModnfaifs in Provencéc.1886) provides an example of how

Ol OOAiI AOET A6O0 pOi PAOOU 1T £ EAOGET ¢ Al OE
useful if an artist wishes to create a colourful shadow. Cézanne used

ultramarine, together with a little lead white and black to create the small

area of intense dark blue shadow between the rocks on the centre left of

the picture (Roy, 1985, p. 17) The majority of the dark shadows in the

painting are black, so theause of the ultramarine allowed Cézanne to vary

the colour without varying the brightness.

It is alsointeresting to recall the work of the anthropologist Rivers from
earlier. We will see that Rivesdideological commitment to his view of

( AOET C6 O prbcese thdor tadsed him to miss an important
observation. Riversistudies showed that subjects of some cultures he

observed did not form a distinction between black and blue. He wrote:

z oAz oas

8OEA OET OAT OEOGEOAT AOOGS OI A1l OA TECEO AAD.
development of some physiological substance or mechanisi or it
may only depend on the fact that the retina of the Papuan is more

strongly pigmented than that of the European

(Rivers, 1901), quoted in (Saunders,2000)
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We saw earlier that Hering believed the brightness channel was rda of
white and black, whereaghe scientific consensus now ishat the
brightness channel is made of pillarbox red and green only, and notably
omits deepblue. That black and ble would be conflated into one colour is

better explained by this, instead of RiveD Botion of pigmentation.

Finally, we will note an example of an artwork that involves sange of

- N - - -

different approaches, namely AT OE - AOE OOA 6\@getalses wv p DA

(Vé&eétaux). Matissenotably juxtaposes white on darker colours, which
accentuates the white. Like Renoir he also juxtaposes blue and orange.
Most notably, though, he places a green plant motif made of thin lines on a
red background. He thus creates simultanags contrast with a large

contour in the minimum area, thus making the contrast particularly
noticeable. The contrast in question is one of Herir@ opponents, red and
green. The two qualities interact making the bottom left area of the picture

almost appea to vibrate.

(Blake & Sekuler, 2006)Brebbia, Greated, & Collins, 2011(Clay Reid &
Martin Usrey, 2013)(Eysenck & Keane, 2010jGazzaniga, Ivry, & Mangun,
2009) (Livingstone M. , 2002)(Rivers, 1901) (Roy, 1985)(Saunders, 2000)

COLOUR VISIONMMUNSELL

Afinal important aspect of contemporary colour theorythat we will need

to examine in order to evaluate the notion of the perception of colour is

-OT OA11 60 AT 1100 OUOOAI 8 4EEO OEAIT OU
vision (Cochrane, 2014) In order to explain its value in explaining art we

will use it to examine the work of he great Venetian colourists notably

6 AOT T A O A\edlingpFeagtat Cana
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In sixteenth century Venice a revolution occurredn pictorial colour. Artist

Bridget Riley describes how this revolution began with reference to two

paintings by Titian (¢.1488/1490z71576), his 1510 St Mark Enthroned and

Other SaintgFigure 39, p.141) and his 1518The AssumptiorfFigure 40, p.

142). In St Mark Enthroned and Other Saintse blue of the drapery that

Al OAOO 30 - AOEG O E$pdidlQ it &pprardtt fleaEBUAIOT O O
front of the saint, rather than sit with the figure. In the laterThe Assumption

Titian solves this problem by unifying the colours of the objects depicted by

basing the colour of each on either a variation or contra®f a warm rose.

AEOQOEAT 60 Oi 1 OOETT OI OEEO DPOIT Al Al OOAC
art on a voyage of discovery that continued into the twentieth century

(Riley, 1995, pp. 3233).

Figure39 Titian. St Mark Enthroned and Other SaintSanta Maria della Salute, Venice,
1510.

141



CHAPTER 1. RESEMBLANCE

Figure40  Titian. The AssumptionSanta Maria Gloriosa dei Frari, Venice, 1518.
A later Venetian artistwho developed the technique of pictorial colour was

Paolo Veronese (15281588). If we look at his 1563The Wedding Feast at

Cana(Figure 41, p.143), we see that it is a riot of colour without an

O AAOT UET ¢ AT 11 OO TKeRAEsumbtonadd yét Fdfoheset E OE Al
creates a convincing representation of spacé.is here that we will see how
Ei 1 O ET AOGET ¢ - O1 GAI 180 OUOOAI AAT AAs
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Figure4l Paolo VeroneseThe Wedding Feast at Canbouvre, Paris, 1563.

Munsell was an American art teacher who created the Munsell Colour

System. This system invales describing each colour in three ways: hue

(whether green, blue, scarlet or other), tone (how bright or dark) and

saturation (how pure or muddy) (Figure 42, p.144) (Munsell, 1905).

Munsell was not the first to divide colour in this way. He based his system

on the work of colour theorists such as Philipp Otto Runge (177%/810).

-OT OAT 160 x1I OE xT O1I A 1 AOGAO AA CEOAT Cc
Friedrich Wilhelm Ostwald (185%p wo ¢ Qh AOO 1T AOGAOOEAT AOC
remains the basis for later theoriedGage, 1993) Munsell used numbers in

his system in order to do away with the imprecision of words such as

green, blue, bright and muddy, but in our investigation of Veronese it is the

relations of the hues that are of importance, so we will sticto more

AAT E1 EAO OAOI 6 OOAE AO OOAA 1TA@O O1 ci

OEAT 68

143



CHAPTER 1. RESEMBLANCE

Figure42 adzyaSff Qa O2f 2 dzNJ &eTané & SduraldnPDiagrdmd¥ 0 Y | dz
the author.

This chart can also be put intiree dimensions, as irFigure 43 (p. 144).

R
=23
!

—

[
\

Figure4d3 Representation of the three featureof colour in three dimensions. Hue:
around the circle. Tone: increasing from bottom to top. Saturation: increasing as circle
radiates out from the centreDiagram by the author.

- OT OAT 160 AEOOEI | ET Cprovides apiedise DOT DAOOE A
description of how colours appear to advance orecede from the picture

surface (though we will see that many disagree with his interpretation) If

we recall the discussion of the duaprocess theorywe sawearlier, certain

huesappear brighter than others. If we start from the left ofigure 29 (p.
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120), we observe that blue seems to recede, while red and green comes

forward, and yellow comes forward even further. Furthermore, we might

note that dark tonesappearto recede, while light tones tend to come

forward. Muddy colours tend to recede, while pure colours tend to come

forward. Moreover, looking at the charts we see there is a dynamic

interaction between the properties.

I Of AA xEOE - O1 OA11 60 OwneWAddihg FeadtatA AT 11
Canato discover how Veronese used the properties of colour to depict

space We should note that, of course, Veronese had no knowledge of

- OT OAT 160 OUOOAI h AOO OEAO -0O1 O0GAI 160
A@bl AET ET C 6 A OiTheAasAsiriking prdparty bfE KORBAOAG O
colour is the use of saturation. The columns and sky in the background are

notably washed out, there is more colour on the figures of the upper

balcony, while the strongest colours are reserved for the clothes of the

figures in the foreground. W& should note, though, that there is a similarity

Ol 4 ETGEAArurdci@tionin that while Veronese scatters colours over

the painting, he unifies areas of the painting by maintaining a constant level

of saturation in each area. Greens and yellows areified as emerald

greens and bright yellows in the foreground, and earth greens and ochres

on the balcony, and the orange and yellow stonework in the foreground

AAAT T A PAT A AOAAI AT A xEEOA ET OEA AA;
both hue and tone is moresubtle, and interlinked. The blue of the sky is

bright, and thus comes forward, pushing its way in front of the dark grey

balcony, but the blue itself recedes behind the dazzling colours of the

foreground. Thus Veronese created a sky that sits behind thgdres, but

arches above to create a canopy over the scene.
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(Blake & Sekuler, 2006)Clay Reid & Martin Usrey, 2013jCochrane, 2014)
(Eysenck &Keane, 2010)(Gage, 1993)Gazzaniga, Ivry, & Mangun, 2009)
(Livingstone M. , 2002)(Munsell, 1905) (Riley, 1995).

THE CONFLICTING IDEBGIES OF COLOUR

Having examined the role colour plays in depiction, we can now turn to

examining the underlying ideologiesAs we touched on when looking at

"AOI ET AT A oleuAtbedr®is anagsibiuchBonflicting

ideologies.The most important of these conflicts to us here is the
nativism/empiricism debate. This debate goes back a long timend is

often presented in terms of the conflict betweerDescartesand Locke,

Descd OA 08 D Eab bebudindd HLby hisphraseOAT CEOT hAOLT C
OEETE OEAOAEI OA ) Al 68 spiokndwdidedn D1 AA
the mind, with the most important form being mathematics. Locke

meanwhile argued that the mindis O O A DA 1DAOS OA1 AIhE OI AOAS
contrast placing the emphasis on sensory experieng®escartes, 1637)

(Locke, 1690)

ThoughLocke believed that it was sensory experience that provided us

with ideas, he dd not believe that all sensry experience wasequal. He

described O PAOOEAO OOAE AO Oi ATl AT A ATI T
whichAOA 11 O REASG PRIOI @a®PoEUAOU NOAI EOQEAQ
number or mass are

17. The ideas of the Primary aloneeally exist.

The particular bulk, number, figure, and motion of the parts of fire or
snow are really inthem;? x EA OE A O sAdndés percefvéthem or
no: and therefore they may be called REAL qualities, because they

really exist in those bodies. But fiht, heat, whiteness, or coldness, are
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no more really in them than sickness or pain is in manna. Take away

the sensation of them; let not the eyes see light or colours, nor the can
hear sounds; let the palate not taste, nor the nose smell, and all colours,
tastes, odours, and sounds, AS THEY ARE SUCH PARTICULAR IDEAS,
vanish and cease, and are reduced to their causes, i.e. bulk, figure, and

motion of parts.
(Locke, 1690)Book 2,Chapter 8, Section 1@, 1 A E AcépdalsOOA |

With our contemporary knowledge of chemistry and physics we might say
that smell is the detection of airborne chemicals, and, important for our

discussion here, colour is the detection of the wavelengths/photon energy

of light, so we might be temptedtoddi EOO , T AEA8 O EAAA 1T &
qualities as a result of his more primitive understanding of sciengeand
OOPCOAAAS Oi ATl AT A AT11T 00 OF OEA OOAC«

OEAU OOAAIT T U.AGEOO ET 8 Al AEAOS

Hyman notes that there are two current vievpoints on colour: nativism, the

idea that concepts are inate, and empiricism,the idea that concepts are

acquired by learningthrough the environment (Hyman, 2006, p. 14)If

NOAT EOEAO OOAE A0 A&l AT GQE ADGAAIAT A ADRO(
gualities as twenty-first century science might teach us, colour concepts

would thus be empirical.

We would, however, be wrong in assuming that everyone in the

contemporary world thinks like this. Hyman provides a numberof

surprising examples of colour nativists* | ET ' ACA xOEOAO OEA(
OEi xAA OEAO Ai1100 EO ET AAAA EI1 OOET 1 ¢
x OEOAO OEAO OAT 1100 EO A DPOUAETI T CEAAI
when we look at objects and lightsnot a physical property of those objects

AT A 1 ECEOO6N TAOOT AEI 11T CEOO 3AITEO : AEE
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A~ ~ - PRV ~ A - - .

OEA AOAET h 11 O (Hymaq EOA6, x 14fHardin, bnA@ OE A A 6
other hand, observes hat manycontemporary philosophers areindeed
colour empiricists (Hardin, 2003, p. 191) Given the dissent on this topic,

however, we will need to examine this issue in detail.

We can see the opposing ideologies of gmmicism and nativism in

(AT TETTI OU AT A ( AOET CdwearlizEwkie arigidalyn x EE AT
thought 0T AA ET AT I bA Oielooinhcy tBeory id primatily I OU S O
concentrated on how we can see the spectrum of colours of the physical
world.Heringd © OEAT OUuh 1| AAT xEET Ah AAAI O xEOE
information further on inthe brain.( A1 I ET 1 OU8 O OEAT OU AAO
mechanism whereby the eye can detect a range of physical colours,

xEAOAAO (AOET C80O OEAT OU 1 AEAO POHDAAEAOL
such thatit is impossible to see a reegreen, or a bluishyellow. Helmholtz

and Heringthus had competing scientific ideologies. Helmholtzan be seen

asan empiricist, meaning he believed that knowledge is tied to experience,

while Hering can be seerasa nativist, meaning he believed that concepts

AOA BEMDBAGSG EIT O OEA AOAET £EOI I AEOOES
417 AAA AT 1T OEAO 1 AOGAI 1T &£ Alipl AGedu Ol
channels has recently been criticised. Pridmore, for example, argues that
Hurvichand AT AOT 1860 AOAI DHPOT AAOO OEAT OU EO
channels in thegeniculate nucleuscorrespond to what | have called

pillarbox red, green and deepblue, and not the pillarbox red/green,

yellow/de ep blue and brightness channelgPridmore, 2013).

In this subsection we will examine the various arguments surrounding
colour, in relation to the nativist/empiricist debate. This will allow us to

answer the question posed by this sectiornamelywhether the visual
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system allows us to perceive sensory inpuaccurately. Nativistsare more
sceptical ofthis, in contrast toempiricists. Due to it being such a

battleground, we will be able to study the relevant issuesost clearly via
the topic of colour.The above subsections corarning colour will provide

us with evidence tofacilitate this debate

Though, as we sawearlier, the current scientific consensus todays that

thereiO T 1T AT T OOAAEAOQEI T AAOxAAT (ATTETIC
in contemporary discussions ofcolour vision the empiricism and nativism

debate continuing. Considera recent paper on colour vision by C. L. Hardin.

Hardin argues against the belief that colours are physical things, and that

we can perceive those physical things. He writes:

Because the eyeantains only three types of photopigment, it has but
three degrees of freedom with which to represent light spectra. To
disentangle the spectrum of the illuminant from the spectrum of the
surface under a wide variety of conditions, it would have to haveve.
Perfect color constancy is therefore impossible, and the eye must rely

on a number of tricks to discount the illuminant as well as it does.

(Hardin, 2003, p. 192)
Hardin downplaysOEA AUA8 O AAEI EOU O1 AAOAAO A
sayingDOEAO OEA AUA OEAO AOO OEOAA AACOAAC
OADPOAOGAT O IHEWEEE) hedbBshdtOe0tidBthe fact that with
these three degrees of freedom the eye can detagiwards of 2.3 million
colours, by combining the varying information from adjacent cones of

different types (Jacobs, 2009)Pointer & Attridge, 1998).
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Might we, then,be tempted to dismiss the nativist vew, then, and go for the
empiricist view instead?Before making our decision,ét us for a moment

consider our perception of the energy of the light that hits our eye.

We noted above that Hering identified three channels, thgillarbox
red/green channel, he deepblue/yellow channel, and the

bright nesddark nesschannel. It is the brighhesddark nesschannel that is
of relevance here. Long after Hering, it was observed that the brightness
channel only takes input from thepillarbox red and green cones, nothe
deepblue. Consequently, pure blue tends to appear darker than other
colours, despitequantum mechanicstelling us that blue light has higher
energy levels(Blake & Sekuler, 2006 Gamow, 1966) As a consequence,
we might note that our perception of blue as dark is an artefact of our
colour vision, and not d the physical nature of light. Our perception is,
then, somewhat deceived when it comes to perceiving brightness, leading

us perhaps to go bak to the nativist view.

Which, then, will it be nativism or empiricism, or perhaps a combination of

the two?In his book The Objective Eyphilosopher JohnHyman presents a

AT T AET AGET T h ET OEA A (ymah 0AAHONOAIT E AL
delineatesthree components to the issue. Firstly, he asks whether colour is

areal, physical thing; secondly,he asks whyjf colour is real, has there been

so much debate about the issyand thirdly, he askshow can we reconcile

the problems of the disparities of perception with his posited belief in the

reality of colour.

Hyman begins his argument with GalilegHyman, 2006, pp. 1%29). Hyman
notesGaEl AT 6 O dbfedtsicdniie SAid tA Iave size, shape, and

position, but that other qualities, such as taste, odour, and colour, are not
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OAAT DOT PAOOEAOG8 ' AT EIAIT SO0 1 AAE 1T £ AAI
second properties is due to his bigef that they are merely the action of

objects on the sensesGalileo argued:

if the perceiving creature were removed, all these qualities [tastes,

odours, colours] would be removed from existence
(Galilei, 19291939, pp. 34%348), quoted in (Hyman, 2006, p. 12)

Hyman dismisses Galileo quicklyby noting the difference betweerseeing

red and redness

It is also true that the experiences of tasting sweetness and seeing red
could not occur if there were no sentient animals alive to have them.
And it is true that we should not predicatetasting sweetnessand

seeing rednesof a grape. But it does not folw that we should not

predicate sweetnessor rednessof it either.
(Hyman, 2006, p. 13)

Hymanis still left, though, with the problem of the somewhat arbitrary way

our colour terms (red, green, etg.group wavelengths(Hyman, 2006, p. 31)

We might agree with HymartOEAO OOAAT AOGOGSE T ECEO cCci 1
sentient creatures, whilenoingOEAO OOAAET ¢ OAAS8 AEAO «x
blood bythe final AOAAOOOA 8 &sHidad &dmitd4s b EpaeEph

AT AO T1 6 OAAOOA TAOOOA AO Qewho,ET ET 006 |
c.370 BCE, pp. 265266a), quoted in (Hyman, 2006, p. 44)8  Oig jdsi\ad

word that denoteselectromagnetic waves with wavelengths betwee620z

740 nm. The arbitrariness of this definition might remind us ofNelson

"TT AT dolo@rs® COOAS Adn Bbje@AA BGh®SD &nd only if it

Is observed beforea given timeand is green, or else is not so observed and
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is blueh T WeerBif@nd®nly if it is observed beforea given timeand is

blue, or else is not so observed and is greé@oodman, 1955).

It is here, then,that nativists might strike back, noting that to understand
the conceptOOAAS 1T 1 A hdie @orking &t theonOr@eA visual
system Tothe example of the arbitrariness of colour names nativistmight
addthe fact thatthe colour blue, which as we noted often ap@as quite
dark in comparison to sayyellow, hasaccording to quantumtheory more

energy.

Hymandoes not reject such argumentsnade by nativists but neither does

he collapse into unmitigated scepticism about ta reliability of the senses.

He arguesinstd A OEAO OOEA ET OEOEAI A OOOOAOOO
I AEAAOGO AT 11 0d EOO ATl 1 O (Hyindh@00b,i O EAC
p. 56). He makes the point hat colour cannot simply appear in the mind;

that something stimulates the visual system to se@olourd | AAT O OEAOA

must be some property out there that causes us to see. He notes:

If this is right, the correct view about coles can be described as a
qualified objectivism, since colors are in this sense logically
independent of our perceptions of color but not epistemically
independent of them. Experience is the highest court of appeal where
the colors of objects are concerned, but it does not and cannot the

facts.
(Hyman, 2006, p. 56)
Following Hymarh OEAT h xA T ECEO Al 1T Al OAA OEAO
electromagnetic waves with wavelengths betwee®20z740 nm. If we see a

OO A A8 wé darEsAyls@ntethinglefinite about it physically, namely that

it has either emitted or reflected electromagnetic waves of wavelengths
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between 6202740 nm. This provides us with evidence that the objeeen
Is one of theclass ofobjects that emit or reflect such wavelength, such as
blood, or a particular compoundof the metal cadmium. This aidshe

viewer in empirically identifying the object.

We are still left, howeverwith the issue of how the colourredE © OAAOOAAS
Plato might haveput it. It is here that we need toturn to nativism, though

we will see that controversy is not behind us.

Nativism in colour theory is found most notably in the work of
anthropologist Brent Berlin and linguist Paul Kaythat we examined earlier
To recap their 1969 study Basic Color TermsFheir Universality and
Evolution proposed that all cultures develop the same basic colour terms
(Berlin & Kay, 1969). They furthermore proposed that cultures develop

terms in the following order:

1 11 111 1AY AV VI VII
Black .
(Dark) Green Yellow g;ﬁl}{)le’

) Red = or -2 or -2 Blue 2> Brown - ’
White Yoll Gr Orange,
(Light) cHow reen or Grey

Figure4d . S NI Ay sLEololr devdlopnent progression. Diagram by the author.
We might note that instages | to V, we see the inspiration fderlin and
+ A Undr&: black, white, red, green, yellow and blue ake up the colours in
( A OE TpgibBe@t prbcess theory.

Asperhapsmight be expectedwith so bold a theory" AOT ET AT A +AUG6
caused huge controversy Barbara Saundersyho we met earlier, spoke of
OET OA xEI AAI EAOGAA ET "AOIET AT A +A

c
Qu
P~

This suspension of critical faculties must be put down to such factors as

weariness with the Relativist Zeitgeist, local factional politics,
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congruence withstructuralist and Chomskian principles, the status of
Berkeley Anthropology and asycophanticadulation of scientistic

methodology.
(Saunders, 2000)
Berlin and Kay repliedvigorously:

That S&vB [Saunders and Van Brakehnother critic] could understand

OEA OA@O T &£ "#4 +"AOIET AT A +AUBO " AOEA
that its authors lied about their assumptions is not a compelling

argument that the authors of BCTied about their assumptions.Others

have understood that text without making this assumption.

(Berlin & Kay, 1997, p. 3)

The above arguments allow us tdiscern cetain features that underlie this
AAAAOAS8 " A Qliety washbiaskd on théJaBDmption that there are
psychophysiological constants in all humans. It is not necessary to argue

that Berlin and Kay liedto observethat they, of course, made assumptions.

However, Berlin and Kay must also concede a point to Saunders, namely

that their assumptions do involve cultural bias, as all assumptions must.

3A01 AAOO AOCOAO OEAO OEA #miropaséd A£FEOA O
scheme of colour evolution were chosen by them due to enthusiasm for the

work of Hering. Sheproposesthat there was something of a selfulfilling

prophesy in Berlin and Kay finding these colours occurring in cultures. She
argues that Berinalh + AU O DPAPAO EAA [ AT U AOOIT OC¢
that they did not use random samples. This lack of random sampling forms

the basis ofher argument that Berlin and Kay simply looked for what they

wanted to find, and disregarded information that did na fit their thesis

(Saunders, 2000)
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It is here we can see another objection to nativism, namely that the human
mind is culturally conditioned. This is slightly different to the issue of
nativism vs. empiricism, in that it brings into the mix the idea that concepts

of the visual system can be passed from mind to mind via culture.

We might begin our examination of this new twist by noting that there ave
been counterargumentsto Saunders and Van BrakeHardin, for example,

Wwrit es:

Van Brakel leaves one with the erroneous impression that the study of
the neurophysiology of colour perception is in a state of general
disarray, that there is scant physiological backing for functional
Opponent Process schemes proposed Imgychophysicists, and that

these schemes have thus been rendered highly doubtful.
(Hardin, 1993, p. 140)

Ewald Hering is arguably the Galileo of colouvision theory, and it is

difficult to find a contemporary colour OAE AT OEOO A&AisO xEI i (AOEI
Opponent Process theory does not provide a cornerstone for his

thinking about the subject.
(Hardin, 1993, p. 141)

How reasonable is this"Even if we were to accept opponent@cess
theory, andbelieve that there is nodisarray in colour neurophysiology,
would it still be true to say that opponent@| AAOO OEAT OU EO A

for colour science?

Let us firstask the question of whaiopponent process theoryactually
argues about vision. Firstly, it states thatcolours are funnelled into the
brain in three channels. This explains why red, green, yellow, and blue

seem to be fairly important in colour terminology.lt can alsoexplain the
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choice of colours in the colour symbolis of the Druze religionthat we saw
earlier. Another example can be seen in awearlier observation, shown in
Figure 35 (p. 133), that the lack of contribution to the brightness channel

explains why blue tends to appear particularly dark.

We can see, then, that opponent process theoryis true it indeed doestells
us something about colour. However, its explanatory power igperhaps,
limited. It does not explain why, for example, the Druze religion chose
green to symbolise the mind (‘al'akl), red to symbolise the soul (‘annafs),
and so onNor does it explain English terms sch as gold, silver, and

notably blonde, which can be applied to a large number of different hair

colours.
Heringd O xlA@E T T A T &£ OEA 11 OEOAOQOETHUO A& O
xA OET Ol A 11T x A@AIl Enpdrtand &spect Oriosdpizt) 6 O 1 OF

Jacqies Derridahas written about this aspect in other contextsnamely the
dominance of spech in Western discoursgDerrida, 1967, 1997). We

might examine this by looking at theSapirzWhorf hypothesis, a proposition
named afterlinguists Edward Sapir(188471939) and Benjamin Lee Whorf
(189771941). The SapirWhorf hypothesis proposes that language shapes
human thought. Sapirsuggested

Even comparatively simple acts of perception are very much more at

the mercy of the social patt®©1T O AAT 1T AA x1T OAO OEAT xA 1 EC
We see and hear and otherwise experience very largely as we do

because the language habits of our community predispose certain

choices of interpretation
(Sapir, 1929, p. 210)

Notably Paul Kay, one of the authors of the Berlin and Kay thesis, wrote:
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A more cautious Whorfianism seems to be supported by the results
reported here and by other contemporary research on color. In this
view we acknowledge that there are constraints on senmdic

differences between languages, so we accept not an absolute linguistic

relativity but a modest version.
(Kay & Kempton, 1984, p. 77)

We should note that Berlin and Kay were not the only researchers to study
colournamEl ¢8 " AOI ET AT A +AUBO OOOAU xAO ¢/
anthropologist Rivers, who we met earlier in this section in the subsection
@olour Visior? Opponent Processheoryd Blllarbox Red/Green andDeep
Blue/ Yellow Channel§ 126 &Rivers asked member of cultures to sort
coloured tiles. He discovered that members of cultes who only have

terms for black, white and red sorted blue and green tiles into the same
pile, implying they can only perceive the colours black, white, and red
(Rivers, 1901). However, later researchers found thain some cultures,
even though they might perform the sorting task in terms of their language
colours,the participants were able to make discrimnations of other

colours (Davies & Corbett, 1976)It has thus been concluded by cres
cultural psychologists that colour terms are mainly abouthe

communication of colour information (Phillips W. , 2011, p. 161)

A final facet of the debatecan be seen by recalling the work of Pridmore

that we noted ealier. He writes:
ValbergOAAAT 1 © OEAO OEO AAAAT A ATiiIT1T1T AiiTlTcC
use colour terms when referring to opponent cells as in the notations
OOAA AAlI |1 Hak ABOADDE 8888 )1 OEA AAAAOA 8
psychophysicists were happy to see whahey believed to be

opponency confirmed at an objective, physiological level. Consequently,
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little hesitation was shown in relating the unique and polar colour pairs

directly to cone opponency. Despite evidences to the contrary ....

textbooks have, up tahis day, repeated the misconception of relating

unique hue perception directly to peripheral cone opponent processes.

4EA AT AlT CcU xEOE (AOEI C60 EUDPI OEAOEO EAO
as to imply that each colour in the opponent pair of unique colosr

could be identified with either excitation or inhibition of one and the

sametypeofopp T AT O AAI 186 7AAOOAGavdl O Al 8 AT A 7
conclusively re-affirmed that single cell spectrally opposed responses

do not align with unique-hue opponent colous.

(Pridmore, 2013, p. 9)

~

E EA AT 1 001 OAO«

AAT OO0 (AOET G860

O

O

O

7A T ECEO OEOO 11 OA
A

A
OOOAOAE Aix1 O1 AT OGAOO

>
O

CONCLUSION

Colour, then has been a contentious issu&Ve can, howeveraffirm what

(Ui AT AAT 1 O A ONOAI EhaR & feasbnadie Aostaie OE O 6 T
OEAO T ECEO EO A PAOO 1T &£/ OEA DPEUOEAAI >
be said to be our perception of these waves/particles. WorddOAE AO OOA/
AT A O wdchdescribéa range of wavelengths, and to some extenigth

rangesmay vary between different people Furthermore, sometimes

colours might be misidentified: mixtures of red and green light might
appearasyellow( I xAOAO EO EO OAAORRAAARAODUAR
i AAT O1 ECEO 1 £ x68007601 AT6CAE G OA ECEXD 1 £
between57cv wmt 11 8 OAOPAAOEOAI US

We have also seen that discovering what the mental processes behsuth
phenomena of the visual system as gross colour naming is fabm
OOOAECEOAI OxAOA T O 1 AAEET ¢ ET AIT T OOI O/
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OEAT OU EO AAOAA 11 OxI1 T1ahdiieimpddxanceOE A

O

I £/ 1 A1 COACA8 7A OAx OEAO AT OE OEA AAT ¢

understanding perception, andeven its truth, has been disputed. We have

also seen that the importance of language in perception has also been
disputed, with cross-cultural psychologists suggesting that language might

be important primarily in communication. We can thus conclude thathis
AOPAAO T £ OEA OAAET T AAOG OremEAOAGh 1
understanding of culture;something we will examine in more depth in

Chapter 3

What doesall this tell us aboutperception in generalWe might say that we
can indeed detect the properties of objects, which include the seemingly
less solidproperties such as colour. We might most importantly say that we
do, however, need to investigate the properties of what Gombrich called
Ch@ beholded ©  Q thds @dvihg us with the conclusion that in order to

study art we muststudy visual perception
CONCLUSION

In general, wecan draw the following conclusionsrom this chapter. The
AEOOO Redehifdfide briultte Debate about Depictiod 61 showed
OEAO &£ O 1 60 bOOPI OAO EAOA OEA x1 OA
than realism, though we will show inChapter 2 (p. 161) that the word
resemblanceitself has its limitations. The second sectiorgainst $mple
ResemblanceSaccadesScreen ColoursScreen Resolutionand the

Cornsweet lllusion(Application of Psychology to Art 3&(p. 81), examined

and refuted one of the main theories from art history that the visual

system, in this case the retina, distds the information about a subject,

causing us to view the world in a distorted wayHowever, the observation
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that a mixture ofred light and green light combined appears to us the same

as yellow light, casts some doubt on the reliability of the visual sgem.

We saw our understanding of depiction develop from the idea that a
picture sends the same array of light through the pupil as would the subject
matter itself, to the idea that a picturedocuments the path of light and
subsequent nerve signals as thepass from the subject matter (as light)
through whatever is in-between the subject matter and theviewer (e.g. air,

glass, etc.)and through the visual system (as electrical signals).

Thethird section, Distortion Beyondthe Primary Visual System The

Multiple Spotlightsd 97 @nd the burth section, Jhe Reliability of the

Visual Systen® 108 8examinedwitdh AAODPEOA OEA OEOOAI
flaws, we can generally trust our eyesyhile remembering that

misrecognition and distortion remain possibilities.

We might note that we still have two issues to deal wittFirstly, |

i AT OGET T AA OEAOG OEA x1 OA OOAOAI Ai AT AAS
OOAAIT EOQI 6h EO O Othoughwethave doxyEt dxamided FE AE AT (
what this deficiency is. Secondly, there is the fact that many pictures, from

those of Picasso to Birthern European rock engravingswhile resembling

their subject matter to some extent, deiate from it a great dealChapter 2

(p. 161) will examine the problemsi £ OEA x1 OA O adameki Al AT

3 (p. 208) will examine the issue of pictures deviating from reality
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CHAPTER 2INFORMATVENESS5OING BEYON
SIMPLERESEMBLANCE

RECOGNITICGRY-COMPONENTS

INTRODUCTION

This second chapter examingfurther the problems with theidea of
OOAOAIT Al AT AcAndbe sudred upEndh@@newhat facetious
writings of French writer Alphonse Allais (1854;1905). Allais proposeda
number of hypothetical paintings, including First Communion of Anaemic
Young Girls in the Snma and Tomato Harvesting by Apoplectic Cardinals on
the Shore of the Red Sé&ldhe seeming anticlericism of Allais does not
concern us herewhat doesis the fact that such paintings would be

unsuccessfulas pictures.

Let us examine this further withtwo more unsuccessful pictures:

Figured5 Frog on a Snooker Tabt&een from AboveBy the author.

Figure4d6  Trainon a Moonless Night in a Pow&ut. By the author.

Both of these picturesare fine with respect to the understanding of art that

we developed inChapter 1(p. 65), namelythat a picture documents the
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path of light and subsequent nerve signals as they pass from the subject
matter (as light), through whatever is inbetween the subject matter and
the viewer (e.g. air, glass, etc.), and through the vidugystem (as electrical

signals).

However,Frog on a Snooker Tablgeen from Abovand Train on a Moonless
Night in a PowerCutare hardly successful as pictures. In this chapter we
will examine why this is, by considering the notion of theinformativenessof
a picture. We will develop a new theory ofdepiction that states that a
picture resemblesvisual featuresof its subject matter, though it may leave
out certain of thesefeatures, while modifying or distorting others. The
featureschosen by the artistprovides the information about the subject
matter that the artist feels isrelevant. These modifications and distortions

either aid the presentation, or distort the sibject matter.

The chapter is divided intothree sections ®ecognitionby-Components(p.
162) examines a theory of recognition based onleas from the
psychological theory ofgeons. dnformativenessd(p. 185) examinesDominic
, T B A@%00 of the theory of informativeness, namely thédea of aspect
recognition, andhow this can be applied to the understanding vertices.
Finally, ®esemblance and Informativenessp. 196) marries the idea of

aspect recognition with the notion of resemblance

RECOGNITIGBY-COMPONENTE@PPLICATION OF PSYCBIGY TO
ART %

INTRODUCTION

Consider for a momentrigure 47 (p. 163) and Figure 48 (p. 164), Leonardo
AA 6ET AE AT A ! 1 AmMnAukciafioA MosBpAaplOwillkakeEite | 6 O
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for granted that, due to the physical properties and geometry of the eye,

linear perspective provides the most lifelike way to depict a scene in three
dimensiona space. In this minting, however, despite the linear perspective

AAET ¢ PAOEAAOI U AT i Tl OAAh OEA G6EOCET 6«
dimensional. If we now turn toFigure 49 (p. 1640 h ' HBvieddr@ khtdhé®

Golden Gatewe see that the linear perspectivés badly composed. The

horizontal lines at the top of the two towers do not line up, and the

rusticated blocks at the bottom of the towers do not recede into space.

Despite these failings, however, the buildings in the Giotto have a solid
three-dimensional EOUh OT 1 EEA OEA 6EOCET 80 ATl E
We are thus left with a conundrum: how can the correct construction of the
6EOCET 60 AiTE AOAAOAA OOEIT C likel AAO DPA<
three-dimensionality, whereas the depictions obuildings constructed with

"ET 00160 PiT O PAOOPAAOEOA OOAAAAAe

Figure47 Leonardo da Vinci and Andrea del Verrocchhonnunciation ¢.1472;1475.
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Figure48 Leonardo da Vinci and Andrea del Wecchio. Annunciation ¢.1472,1475
(Detall.)

Figure4d9  Giotto di Bondone Meeting at the Golden Gatec.1305.

We will see thatin the answer to this question also lies the answer to our
problem of Frog on a Snooker Tablgeen from Abovand Train on a

Moonless Night in a PoweZutnot beingvery successful picture. We will
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see thatthe informativeness of a pictureis another concept that needs to
be added to resemblance in anyheory of depiction, and that visual
psychology, including the idea of recognitiorby-components,can help us

to develop such theories

The section is divided intothree subO A A O Récdgfitdn-b§Componentsd
(p. 165) describes the theory of recognitionby-components, and in
particular the notion of the three vertices, T, Y, and arrow, and their role in
recognition8Ex&nplel? Hieronymus Boscld 16®) 8xamines an
application of this theory to the depiction of space in the work of painter
Hieronymus Bosch& E T ABxdmplé2> Wolffind 178 8ses
recognition-by-components to explain and extendrt historian Wolfflin 8 O

theories of the Classical and Baroque

RECOGNITIGBIY-COMPONENTS

In order to solve the problem ofOE A 6 EcOlQne wib uSeth® cognitive
theory of recognition-by-components, which was proposed by psychologist
Irving Biederman Biederman argues that we recognise objects hyentally
decomposing them into simple threedimensional shapes, such as cones,
cubes and pheresh OEADPA O OEAO Al B AKIdOdn ArfjuesA AT 1 O
that there are a limited number of these gons, perhaps 30 to 40. Geons
have properties such as rouneheadedness or pointeeheadedness, and are
prismatic or contracting; they thus consist of a wle range of shapes,
including wedges and cylinders. Geons can describe a great number of
figures; for example, a sphere on a cone can describe an-@eam; a sphere
with one big cylinder and eight smaller cylinders can describe a human; a
flat cuboid ontop of a squatter cuboid with a wedge in front and a

hemisphere to one side can desibe a desktop computer. That gons are
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simple shapes makes them easily and thus quickly recognisabtkat there
are a small number of gons makes for easy and thus quialecognition;
and that a great nuniber of shapes can be made fromegns makes it
possible for humans to recognise a great number of diffent forms. As a
result of this, recognition-by-components theory has been used texplain

our ability to recognise compéx shapegqquickly (Biederman, 1987, p. 135)

What makes recognitiorby-components theory powerful is firstly that it
delineates a mechanism that explins why we are able taecognise

complex shapesyuickly, but secondlybecause it is viewpointinvariant.
Attempts to simplify three-dimensional figures into two-dimensional

shapes would result in even simple threalimensional figures requiring
complex analysis by the visual system to achieve recognition, something
difficult to reconcile with our ability to recogniselarge numbers of three
dimensional shapes very quickly. The occlusion shape of a simple cuboid,
for example, can look like one of three different rectangles or squares when
a side is looked at face on, and a numbef different squares, rectangles

and irregular hexagons when looked at from various oblique angles. It thus
becomes necessary to hypothesise a mechanism by which we can recognise
simple three-dimensional shapes regardless of viewpoint, which would in
tur n facilitate the decomposition of complex objects into simpler objects

and thus facilitate object recognition.

The aspect of recognitiorby-components theory that is of interest here is

" E A A A Qlhedry tBatthe recognition of geons is facilitated by the
vertices of objects. Depictions of objects where the vertices are clearly
depicted are more easily recognised than objects where only the edges are

depicted. InFigure 50 (p. 167), for example, we can see that the objects of

166



CHAPTER 2. INFORMATION

the left-most column are more easily recognised in the middle column than

in the right-most column.

Figure50 Drawing of objects with setions left out, to illustrate recognitionby-
components theory(Biederman, 1987, p. 135)

Biederman classifies vertices into three typeghe arrow-vertex (the vertex
on an external edge of an object), the-Wertex (the vertex on an internal
edge of an object), and the-Vertex (the vertex that appears in
segmentation and occlusion) Figure 51, p.168). By the recognition of
vertices, the viewer gains information about the shape of objects, and

whether or not an object is in front or behind any other object.
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T-vertex
=< Y-vertex
arrow
-vertex

Figure51 . ASRSNXI yQa GKNBS @GSNIAOSad® 5AF 3N

Support for the notion of vertices fromrecognition-by-components theory
can be found in experiments performed by Biederman using line drawings
such as those irFigure 50 (p. 167). Biederman presented theedegraded
line drawings to observers and disovered that they recognised objects
much quicker in the middle drawings where the vertices are present than
the right-most drawings where the vertices are abseniBiederman, 1987,
p. 87).

One key assumption of recognitiorby-components theory is that the eye is
automatically drawn towards these vertices, rather than to straight lines.
This implies that much of human visual processing involves looking for

intersections of lines and interpreting them.

We might thus note three featuresof EAAAOI AT 60 OEAT OUS8
can be recognised from a number of viewpoints, making viewpoint
invariant; secondly, a large number of different types of object can be

recognised using the same basic faates, known as geons; thirdf, a
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Oi 1 Oi AOOEA &I Oih OOAE AO TTA T &£ 'EI O0I
according to linear perspective, but if the vertices aren the right relative
positions the viewer will identify a volumetric form, giving recognition a

degree of elasticity.

| EXAMPLET HIERONYMUS BOSCH

An example of how recognitiorby-components theorycan be applied to
the study of painting involves one of the early paintings of Hieronymus
Bosch (c.145@1516), Adoration of the Mag(Figure 52, p.171). The
technique of the cutaway depiction of the building, used to show the
activity within, is successful in its role of aiding the narrative, but is less
successful in its depiction of volumetric form(Bosing, 1994, p. 20)The
notion of the vertex from recognition-by-components theory can explain

this lack of success.

As we have seen iifrigure 51 (p. 168), one way that vertices can indicate

space is by occlusion. Occlusion occurs when one object partially obscures

another object, thus showing that the first object is in front of thesecond

object. Recognitionby-components theory posits that occlusions

indicated by a Fvertex. We should note that there is only weak occlusion in

OEA "1 OAE DPAET OEIT ClrigukeG3(QEA O1 OAOPAET OF
demonstrates.Figure 53 (p. 171) reinserts the central support of the

AOGEI AET Ch xEEAE OEA AOOEOO T AEO 100 EI
We can observe that the changes made kigure 53 (p. 171) make the

painting look more three-dimensional, by increasing the number of T

vertices. There are many of these vertices in the overpainted picture,

including one made with the central suppo® AT A 30 *1T OAPEGSO A
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with the central support and the arm of the greerrobed Magi, and a

1 0 AAO I AAA xEOE OEA AAT OOAIT 0OODPDPI OO !/
The overpainted picture now looks more threedimensional, but its three
dimensionality is still weak. The only information occlwsion provides is that

an objectin front or behind another; it does not properly depict volumetric

form. The vertices that describe volumetric form are the arrow and the Y,

and thus in order to depict volumetricform an artist should use one of

these.

How has Bosch failed to include one of the other vertices? We might note
that the vertex at the bottom of the gable nearest to the picture plane
should be an arrowvertex, thus providing a depiction of volumetric fam.
However, this is not the case. The bottom edge of the gable and the bottom
edge of the thatch instead meet together to form a straight line, thus
leaving the corner of the roof without a defining arrowvertex. We should
note that in fact the two linesdiscussed do not quite make a straight line.
However, that we would perceive the two lower edges of the roof as one
line, rather than two non-parallel lines, can be demonstrated by an optical
PEATTITATTT ETTx1 AO OEA OEUDIsttakd OOA EI
in Figure 54 (p. 172). The shape irFigure 54 (p. 172) looks like a right-
angled triangle, but in fact is hypotenuse is made up of two separate nen

parallel lines; the shape is in fact fousided.

In a similar way we can say that we perceive the bottom edge of the roof as
one straight line. We can thus argue that the vertex at the bottom of the
gable is notbest described as an arrowertex, lacking as it does the
necessary clear angle of an arrowertex. This is further demonstrated by

Figure 55 (p. 172), where the top picture shows the roof uncorrected, and
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the bottom picture shows the vertex overpainted as a clear arrowertex.
Figure 56 (p. 172) shows in full how the use of a clearraow -vertex

improves the three-volumetric form of the painting.

Figure52  Hieronymus BoschAdoration of the Magi ¢.150@;1550.

Figure53  Hieronymus BoschAdoration of the Magi ¢.150@;1550 Additions by the
author.
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Figure54  Hypotenuse llusion. Diagram by the author.

Figure55  Hieronymus BoschAdoration of the Magi ¢.1500;1550. (Detail.) Additions
by the author.

Figure56  Hieronymus BoschAdoration of the Magi ¢.1500;1550. Additions by the
author.
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Wecannowreturnto AT T AOAT AA 6ET AE AT A 11 AOAA
Annunciationand' E T OM@étidgQ@t the Golden Gatand the problem of
howthe AT OOAAO AT 1 OOOOAOEIT 1T &£ OEA 6EOCEI

perspective fails to provide a life-like three-dimensionality, whereas the
AARAPEAOGEI T O 1T £ AOEI AET CO AT T OOOOAOAA xtE
succeed.

Recognitionby-components theory provides anexplanation for this,
illustrated in Figure 57 (p. 173). The depiction of the book is similar to
fails to produce a clear vertex, thus explaining why the three
dimensionality of the book is weakFigure 58 (p. 174) shows the range of
vertices in the entire bookstand, demonstratinghow the depiction of the
base is highly volumetric, while the top on which the book actually rests is
not. Ifx A T 1T x OO0 OIMeedrig at'th& GofoléniGa®igure 59, p.
174), we notice that the towers have a range of all three pes of vertices,

hence facilitatinga strong depiction of volumetric form.

7 Rgood representations

of perspective

bad representation

et
m of perspective

Figure57 Leonardo da Vinci and Andrea del Verrocchfmnunciation ¢.1472;,1475
Detail, with a diagram describing the representation of space. Diagram by the author.
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Figure58 Leonardo da Vinci and Andrea del Verrocchhonunciation ¢.1472;1475
Detail, with vertices added. Additions by the author.

Figure59  Giotto di Bondone Meeting at the Golden Gatec.1305 Vertices added.
Additions by the author.

The psychological theory of recognitiorby-componentsadds to our
understanding of the depiction of threedimensional space in a substantial
way. Linear perspective is not in itself enough to producéfelike three-
dimensional depictions: volumetric form is required, something facilitated

by the inclusion of vertices by artists in pictures.
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EXAMPLET WOLFFLIN

The secoml application of the theory of recognitiorby-components to art

concerns thework of art historian Heinrich Wolfflin. Wlfflin is known

mainly for his 1915 book Principles of Art History but the Principleswas

preceded by other substantial works, in which his interests varied.

7El £F ET1 60 POUAEIT 11 CEOOEA vsabOl AAE | £
DAOAAPOEI T h | AEAO EEI 1T &£ ET1 OAOAOGO EAO!
was with a simple empathy theory, of a type common at the time, in which

there is an identification by the viewer between his or her own body and an

artwork. Wolfflin late r developed the more sophisticated notion of the

sense ofarchitectural fiction. For example, if one architectural structure is

supported by a second, the architect might give the second structure the
appearance of being crushed by the first structure, thctitiously augment

AT A AAT ET AAOA OEA OAATT A OOOOAOOOAGO ¢/
on to a formalist exposition of the development of Classic Art in the

Renaissance, whichledo®1 EEO £ET Al Bl OEOEIT T h OEA
basis of atwork of the Principles(Podro, 1982, pp. 98101). Hence Wolfflin

developed his opinions over time, though not all writers have seen this

development as a process of improvemer({Gombrich, 1960, p. 14)

7El £F ET60 AAOI U TTOEITO 1T &£ Al PAOEU A1l
psychology, but he did not develop them into a mature theorynstead

passing over themto work on the Principles

The Principlesis an attemptto understand style. Wolfflin argued there are

four main causes of style: the individual, the period, nationality, and the
specifically visualfacetsOE AO A OA O EWoIflin, 19551050.4H. A O O
1z713). He consideed notonly depiction, but alsoarchitecture and

ornament; OOUI A AAET ¢ O faQnbre dekeply rostedEhArEn 8
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mere questions of the progress of imitation. It conditions the architectural

xT OE AO xAl 1 AO OEA @Noldig 1917E19008® OA OAT O/
13). He also argued for the importance of colour, though this is often

neglected in discussions of Wolfflin, despite each of the five sections of the

book containing exampleqWolfflin, 1915, 1950, pp. 51, 8283, 127, 13

131, 1647165, 203).

7TEI £F1 ET 60 AOCOi ATO AAT OO OEA ODPAAE EE}
There is a cyclical historical process in which visal culture develops, an

alternation of what Wolfflin terms Classical and Baroque. The terms

Classical and Baroque can be described by five opposing pairs of contrasts:

linear and painterly, plane and recession, closed and open, multiplicity and

unity, absdute clarity and relative clarity, where the first is Classical and

the second is BaroqudéWolfflin, 1915, 1950, pp. 1417).

Wolfflin outlines his book with copious examples, including drawings,

paintings, sculptue and architecture, together with detailed analyses of

OEAEO O#1 AOGOEAATI 8 AT A O" AOI NOA8 AEAAOOC
concepts. he table belowillustrate sthe comprehensive and exhaustive

nature of 7 E 1 AAIstErhafic@escriptions
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Tade6  WOlfflin@ applications of his Classical/Baroque distinctions
Concepts Examples
(Classical Figurative art Colour Decorativeand
/Baroque) Architectural
Linear Edges continuous in Shadows made by Y{2f ARZ SYyRd
. drawing adding black T2N¥YQ
/Painterly
/Edges broken in /Shadows incorporate | /A rococo staircase forces
drawing (32.33) complementary colours | dza (2 W& dzZNNB
(51) OKIy3aAy3a @AS
Plane Figures posed in a plang Colour perspective Rectangular cupboard with
/Recession parallel to thepicture arranged in defined a selfcontained front,
plane, implying relief strata (Patenir) adzOK GKI G (K
isstill clear in

/Receding diagonal
movement between
figures (7€77)

/Strata small (Brueghel)
(8283)

foreshortened side view

/Such a cupboard with
bevelling, so that the
FNRYyGQa akKl L
from the side (118120)

Closed (Tectonic)

/Open (ATectonic)

Elements arranged
around a clear mesh of
horizontals and verticals,

/Diagonals intesecting
the mesh, figures not
aligning with the
architecture of the scene
(124¢128)

Pure oppositions of
colour (balance by
contrasts)

/Single colour in
excentric position
dominating (127, 130
131)

There is a certain necessit
of tectonic form in
architectue; straight lines
and right angles are
natural to it

K. SNYAYAQa W
over the Urban tomb,
breaks up this necessity
(14%151)

Multiplicity
/Unity

A figure is satisfactory in
itself

/Each figure needs to be
seen in relation to the
others in thepicture
(156¢157)

Multiple colours
balanced against the
whole

/Single colour dominateg
(164¢165)

Each part of a building is
clearly articulated

/Parts merged together
(e.g. floors by pilasters)
(186¢187)

Absolute Clarity
/Relative Clarity

Silhouettesdefined

K{Af K2dzSG 0 S
undefined (196197)

Colour articulates an
2028500048 T2

/Colour independent

(203)

Classical room has clear
boundaries

/Rococo mirror halls blur
GKS Nr2YQa O

(Numbers inbrackets refer to (Wolfflin, 1915, 1950))
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Itis7 E1 /EAdcantipdif conceptsthat are of interest here, the

difference betweenClassical and Baroque stylesoncerningdepth in art:

Classic art reduces the parts of a total form to a sequence of planes th
baroque emphasises depth. Plaais the elemen of line, extension in

one plare the form of the greatest explicitness: with the discounting of
the contour comes the discounting of the plane, and the eye relates

objects essentially in the direction of forwards and bckwards.

(Wolfflin, 1915, 1950, p. 15)

We have seen that there are two constituents of the linear depiction of
depth: linear perspective, and the vertices described liyecognition-by-
components theory. We will examine in turn how each of these

constituentsrelatesO1 7 EI A& ET1 60 OAAT T A DPAEO

Wolfflin dealt with linear perspective explicitly. Classical, or planar, form
refers to lines parallel to the picture plane, whereas Baique, or recessive,

form refers to those lines not parallel to the pictue plane, which appear
diagonal. Gaiger defines this precisely:

Whereas theplanimetric involves a careful ceordination of parts
across the picture surface, the recessional employs mement into
depth, obliging the spectator to cerelate background and foreground.
This is achieved through the use of diagonals or the emphatic

employment of perspective.

(Gaiger, 2002, p. 29)
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parallel to the picture surface, while Tintoretto places the figures a

diagonal line. Wolfflin writes about the Tintoretto:

The model is placed far back in the room, but lives only in relation to
the man for whom she poses, and thus, from the outset, a vigorous into
the-picture movement comes into the scene, materiallyupported by

the lighting and the perspective.
(Wolfflin, 1915, 1950, p. 77)

The first observation we take from the above ighe notion of relations
between objects in Baroque pictures. According to Woélfflin, Classical
pictures emphasise the independence of objects, while Barogue pictures
emphasise the relations between objects. The second observation we take
from the aboveis that it is the diagonallines of the picture plane that
facilitate these depicted spatial relationgips; it is the diagonas$ that join

objects in different planes of a picture together.

To illustrate this further consider Figure 60 (p. 180). The left hand side of

OEEO AECOOA EO Ai1 OOOOAOAA ET 7EI A£A EI
OEAA EO AiI T OOOOAOAA EIT T7EI AFKyuebBd O " AOI

(p. 180), the colourcoding shows how the diaghi 6 O #1 AOOEAAI OE
lines parallel to the picture plane, while the Baroque side has a mixture of

lines parallel and norrparallel to the picture plane.
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Figure60  Diagram showingplanimetric objects(left) and recessonal objects(right).
Diagram by the author.

Figure6l  Above diagram with colour indication. Purple: parallel to the picture plane.
Red: Yvertices. Amber: not parallel to the picture plane. Blue: arrevertices. Green: T
vertices. Diagram by the author.
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Linear perspectivewas described long before VIfflin, and as a result he

was able to incorporate it into his theory. Te vertices described by
recognition-by-componentswere only theorised about after Wolfflin, so we

will have to derive the relationship ourselves. If we again considéfigure

61 (p. 180) we see that the Classical side contains onlyviertices, shown in

green, while the Barogie side adds to this Yand arrow-vertices, shown in

red and blue respectively. The reason for this can be seen by analysing the

vertices themselves. The Yand arrow-vertices each have at least onlne

that appearsrecessionalto the viewer, the definingfeature of depth in

7EI1 A& ET 6 O -vericesfare Alanimétitc/As tley have ndines that

appear recessional totheviewe8 ! © A OAOOI O xA AAT OAL
scheme ¥ and arrow-vertices are Baroque, while a Classical picture will

have onlyT-vertices, making FOAOOEAAO A AAZET ET ¢ £AAO
Classicism.

7EI ££ ET 6 0 EAAA GialinAnank redpicls[bundverthéesd O A O
they provide a penetrating description of art in the Renaissance and

Baroque periods.How might the theory of recognition-by-components
AOOOEAO 7EI AATHOUYH lDearplrepaciVvE deribbdne

important aspect of art,we have seerabovewit h the Leonardo/Verrocchio

that it fails to account for all the properties of volumetric form.The most

telling example of this relates to architectureWoélfflin wrote :

4EA AOAAOGEITT 1T &£ OEA T AAITEOE EI OEA ONOAO
is also a baroque arrangement. Certainly it primarily fixes the middle of

the square, but it also takes account of thexa of the church. Now we

can imagine that the needle simply remains invisible if it coincides with

the middle of the church fagcade; that proves that this view was simply

no longer regarded as a normal one. But more forcible is the following
consideraton:AAAT OAET ¢ O1 " AOT ETE8O bl AT OEA Al
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colonnade, now open, should also have been closed in, at least partially,
by a central portion which would have left broad approaches open on
both sides. But these approaches are, or course, laid outligiiely to

the church facade, that is, the first view was of necessity a side view.
(Wolfflin, 1915, 1950, p. 119)

Wlfflin thus argues that Bernini designed the square in fronof3 O 0 AOA 08 O
facade to encourage viewersa walk to the side of the square and thus view

the facade from an oblique angle. Such views allow the volumetric form of

the facade to be clearly seeffhe side view forces the viewer to see-Yand

arrow -vertices in the facade, which ecognition-by-components theory tells

us facilitates the recognition of wlumetric form. Recognitionby-

components theory thus provides a description of an important feature of

the Baroque

We now need to ask the question ofdw this relatesto pictures. Volumetric
form as described by recognitiorby-componentstends to appear mainly in
the form of artificial objects such as buildings and furnitureAn important
object of this type with potential for strongly depicted volumetric form in
Renaissance and Baroque art is theross ofJesusWolfflin notably wrote

about scenes surrounding the crucifixion:

The baroque antithesis to Raphael anBrer is here represented by
2 O A AGhisBBearing the Crosgengraving by Pontius with a variant
anterior to the picture in Brussels).The recessional movement most
brilliantly developed, and made still more interesting by an upward
movement. The stylistically new factor we are looking for certainly
does not lie in the merely material motive of the direction of
movement, but, as it is @uestion of a principle of presentment, in the

way in which the theme is handled, how every recessional element is
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brought out for the eye and, on the other hand, how everything which

could emphasise the plane is repressed.

(Wolfflin, 1915, 1950, p. 94)

Following our combination of thePrinciplesof Walfflin and the recognition
by-components theory of Biederman, wevould expectPoussin and
Raphael generallyto supress arrow and Y- vertices, andRubensand
Rembrandt to make extensive use of them, when painting regular cuboidal
forms such aghe cross.An exampleof this of can be seen by contrasting
the clear Y- and arrow- vertices of the cross irRembrandt Harmenszoon
van Rijnd O grpedescent from the Crogsth the lack of vertices in
Rogier van der Weyderd O grliedDescent from the CragsA i AOAT AOG6 O
unusual angle for the crosslisplays thevertices clearlyon the crossbeam,
creating a strong volumetric form,while the lack of volumetric form in van
AAO 7 AU kit id caus&@ldy the lack ofclear Y- and arrow-vertices.

CONCLUSION

We can this conclude that recognitionby-components provides us with an
understanding of the depictionof volumetric form where traditional

theories of linear perspectivehave failed. We have seeihe resultant

explanations for the deficiencies of a number gdaintings, including those

by Leonardo andVerrocchio, and Bosch, as well e explanation of the
OOOPOEOETI C OOAAAOO | Meebnj & th©®oldCEate OOAE /
Visual psychology caralsobe said to bring new insights intathe work of

Wlfflin . Recognitionby-components explains that, followingwolffliné O

scheme, Classical art emphasises thevErtices, while Baroque emphasises

the arrow- and Y- vertices. This gives a greateprecision to Wolfflind O EAA A Oh
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and situates them in @&ramework of experimental psychology.This

facilitates WoIfflind O BOT EAAO 1T £ AOAAQEGaGe A ODPOUA
psychology in history, and mak€d E OO A1 kdhdogicaDU BDPOAI 1 ECE
with new depth (Wolfflin, 1915, 1950, pp. 9, 229)

We should note that the delineation of borders is not the only way of

depicting volumetric form, shading being an obvious alternativer-or

example in the Leonardo Figure 52, p.171) the lack of differentiation in

tone between the face and the edges of the pagatthe top of the bookis

another way that contributes to the weak volumetric form of the top of the

bookstand. In the Boscl{Figure 48, p164), the relative darkness of the

gable in the unamended Bosch is the main way of providing volumetric

form for the roof, and Bosch has some success with However,the

addition of the T-vertex greatly enhances the volumetric form, indicating

that linear differentiation of form is an important, though as in the case of a
tonally-described sphere, not necessatrily vital way of depicting volumetric

form.

The most important result of our examination of vertices to us heras,

however, the ideathat the depiction of vertices provides usefulnformation

that linear perspective does not in itself provide. Just abrain on a Moonless

Night in a PowerQut provides the viewer with no information about the

location of the train relative to the picture surface (or anything else for that

i AOOAoOQqh O1 , ATTAOAT 60 AT T EOCOAT A POAOG!
information about its volumetric form. We can thus note that

informativeness is a crucial featureof depiction. The following section will

examine this feature further.
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INFORMATIVENESS

The main theory of informativeness we will examine is one of the most
developed of such theories, that dbominic Lopes.Though | will largely
AAAADPO |, 1 bAibdrdde tiaEwk lshoulifadd Yesemblance to itl

will argue that resemblance is one of the defining features of depiction, and
that resemblance anl informativeness together makefor a better overall

understanding of depiction.

The problem however, as need earlier, is that Lopes is an opponent of
resemblance theorieh OT EO xEI T AA TAAAOOAOU OI
in detail so that resemblance and the sophisticated development of

informativeness created by Lopes can be reconciled.

Lopes notestwo features of depction that need to be explainedAs noted
earlier, these two questions date back (at least as far as the current debate
is concerned) to' T 1 A O BrAdadlldsion, namely theneed to explainthe
phenomenon ofpictorial diversity itself, ard the need to understand
precisely how andwhy cultures have different ways of depicting and why

they change over timeAs Lopes puts it:

But while artists have always claimed to copy what they see, the

pictures of different cultures and different eras repesent the world in

strikingly different ways. Egyptian tomb paintings, medieval

miniatures, ukiyo-e prints, north-west coast First Nation totens, the

cows and horses at.ascaux, the collages of Picasso and Braque, all

illustrate not only the diversity but also the cultural embeddedness and

histori cal development of depiction( AT AA ' T 1 AOEAESO DOT Al Al ¢
can depiction have historical and cultural dimensions if pictures are

perceptual and perception is ahistorical and universal across cultures?

(Lopes, 2004, pp. 89)
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, TPAO 11 OA Groposell shlGienAdiiiese problems. Firstly,

"TT AOEAESGO 1T OAOAT T A@bl AT AOCETT 1T £ AADI
reproduce the experience of seeing the objectiepicted: namely, an

OE 1 | & oshdl dxderience. SecondlyGombrichexplains different

cultures having different pictorial systems by the notion that elements of

pictures may be conventional, for example the colour brown being used to

depict green grass.

Gombrich might have been somewhat of two minds with this view that he
Is a proponent of a type of conventionalism. Consider this footnote from the

preface to the 2000 edition ofArt and lllusion

1 See Nelson Goodman, Languages of Art: An Approach to a Thexr
Symbols, Indianapolis, 1968 (I may here mention that the late
author allowed me to quote a letter that he wrote to me dissociating
his own views from those of the extremists:see The Image and the
Eye, Oxford, 1982, p.284); also Norman Bryson, Visiand Painting,
the Logic of the Gaze, Macmillan (London), 1983. For the history of
this approach, see my article Voir la Nature, Voir les Peintres in Les
# AEEAOO AO - O0O0i A TAOETTAI ABAOO i1 AAOT A
Voir, Art de décrire I, pp. 2243.

(Gombrich, 2000)

Thus Gombrich believed even Goodman would distance himself from the
extremes of conventionalism. | shall examine thisn more depth later, but
for the moment we might note there is an element of conventioriam in
"1 1 AOEAESO x1 OEs8

We alsonoted earlier that the history of depiction theory after Gombrich
involves four schools of thought: resemblance, experiential, conventional,

and perceptual. As Lopes noted, resemblance is an ancient theory, while as
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we sawabove Gombrich played a part in introducing the other three:
experiential, conventional, and perceptuallLopes largely rejects the
resemblance and experiential, while taking elements of the conventional

and adding it to the perceptual.

-~ ~ s o~ ~ - -

Lopes argues that Go AOEAEGS6 O | E @0 OdodventiorEfaiE iol OOET 1
explain pictorial diversity. He says:

On the one hand, Gombrich maintains a monolithic conception of an

ideal match between pictures and objects. This means that artists

ET OAOAOOAA ET Adrdepubl Adpdctthavd thek Goalcet O 6
out for them: the route of the march towards a better match is

predetermined 8

On the other hand, if the adoption of a schema in a context is a matter
of convention, then choices of schemata are arbitrary, for convaons

are arbitrary.
(Lopes, 2004, p. 10)

Lopes thus argues for a new approach, based on recognitidghough

incorporating the ideas of systems from conventionalism.nl this thesis we

will be re-introducing resemblanceto, T PAOJ O aifedry, CT EQET 1

Ol Il AxEAO ACAET OO ,1PAOGBO 1T x1 TPETEIT O
examining mnventionalism in order to find those parts Lopes useand why

he rejects otherswe will then moveonto, | PAOG O OAAT &l EOQET |

we will finally move on tore-introduce resemblance.

Gombrich might be said to have brought conventionalist theories to the
table, but it was philosopher Nelson Goodman who developed them far
beyond' | I AOEAEG O 1 OBA@Hill Hedin bizdxdnmkihgOET T 08
T T AT AT 80 E Ackainidéwhah lopesagrees Wwith and what he
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rejects8 , | PAOGSO 1T BT OEOEIT O '"1T1T AT AT80O £
resemblance, but there is a resemblance theogbjection, which | will

return to at the end.

Nelson Goaman maintained that picturesare composed of arbitrary

symbols. He arguedhis point in detail in relation to linear perspective in

his 1968 book Languages of ArtThough Goodman used linear perspective

as his example, we will see that it is readily exteled to vertices.

"TT AT AT60 OEATOU T £ 11 OAOETT AT A AADE/
idea that both are based on symbols, rather than resemblance. Notably for

the issue here, namely the depiction of space, Goodman argued that

perspective drawing is a symblic system, not something that mimics the

array of light entering the eye as we developed above. Goodman writes:

So far, | have been playing along with the idea that pictorial perspective
obeys laws of geometrical optics, and that a picture drawn accordjrto
the standard pictorial rules will, under the very abnormal conditions
outlined above, deliver a bundle of light rays matching that delivered

by the scene portrayed. Only this assumption gives any plausibility at
all to the argument from perspective, Int the assumption is plainly

false.

(Goodman, 1968, pp. 1516)

Goodman also asks:

What can the matching of light rays delivered under conditions that
make normal vision impossible have to do with fidelity of

representation?

(Goodman, 1968, p. 13)
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In order to explain his argument, Goodman asks us to considergure 62
(p. 189).

Figure 1

Figure62  Diagram showing various possible viewpoints of the eye for various
situations (Goodman, 1968, p. 18)

In Figure 62 (p. 189) b-cis the facade of a buildingd-e is a painting ofb-c,

a is an observer of the building and of the paintings, andifand j-k are two
other possible positions for the paintinga-f and a-g are lines of sight. The
view of the facade at pointawould look like A E A C O A Figu@é2@p. E 1
189). Goodman argues that a picture painted in linear perspective would
ITTE 1 EEA Hdurk@ALLO). DtAid Gdodman argues, in order
for the painting to satisfy the condition that it should pass the exact same

array of light rays as does the view itself, such a painting dse would have
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to be held n a strange position, such ak-I or j-k. As a result pictures made
with linear perspective cannot send the same array of light through the eye
as would the subject itself, as in order for this to be true paintings would, as
a rule, need to be hung in alinanner of peculiar angle§Goodman, 1968,

pp. 17219).

o]
=

Figure63 (a) View of bc from a. (b) Picture, that if held at-hor j-k, would look like
(a). (c) Picture, that if hel at d-e, looks like (a). Diagram by the author.

Goodman furthers his argument by reproducing a picture by Paul Klee,

Figure 64 (p. 190). He argues

As Klee remarks, the drawing looks quite normal if taken as
representing a floor but awry as representing a facade, even though in

the two cases tle object represented recede equally from the eye.

(Goodman, 1968, pp. 16, footnote 16)

Figure64  Diagram by Paul Klee, reproduced in Goodman, adapted by the author.
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We will look further at this argument of Goodman later, but what is of
Importance for now is to note thatLopes wants to take the idea of pictorial
systems from conventionalism, but wishes to distance himself from the
notion of the arbitrariness of depiction.One way thatLopeshas done this is
by considering the notion of realism in art. He uses the argument of

revelatory realismto explain this:

AT 1T OAT BT OAOU Osfkscde©eRpreissat astenisiinérit dt
his accomplishments, praising his pictures as pkect representations
I £ OEA x1 Ol AtschridgielwAshy rio Enéabsddmdiar to

them, its realism was of the revelatory variety.
(Lopes, 1995, p. 280)

"'ET 001 60 PAET OET CO i&disictdmp@&i€s] Butlf i Ci U
xA AAAADPO '1T T AT AT60 EAAA OEAO PEAOOOAC
IEEA A 1 AT COACAh ' EIT O0O1 60 DPAET OET CcO Ot
understandable hence leading Lopes to deny conventionalism

We might note, thoughthat the notion of a symbolic language in art does

have a history, and thus we might note that symbolic language does have a

role to play in depiction, while noting that it plays only a certain roleFor

example, the nineteenth century Symbolist critic Geges Aurier wrote that

objects should be seen

8 1 1 Isighs Phéy are the letters of an enormous alphabet of a
mystical language, but now he emphasizes the esoteric, mysterious

quality of this alphabet.
(Aurier, 1891), quoted in (Karmel, 2003, p. 6)

Something of this can be seen of this wittihe painting Cross in the
Mountains(1807z08) by Caspar David Friedrich (17741840). While being
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careful not to overstate the case, we might note #t there is little actually
depicted of the cros: we recognise the shapgbut overall its depiction is
sketchy. Its reference is based on the huge amount of cultural memory
seeing a simple cross shapeould bring to the minds of thosewho lived in
a Chrigian culture (Lucie-Smith, 1972, p. 28)

Though he dismisses the idea that pictures are composed of arbitrary
symbols, Lopes extracts fronconventionalism the ideathat pictures belong
to systems. It is the way these sysimas are based on recognition processes

that forms the heart of his theory.

Lopes delineates his theory thus:

| suggest that a picture is a representation whose content presents a

OOPAOCEAI T U Ol EXZEAAS AOPAAO T &£ EOO OOAEAA
the scene that a picture shows must be represented as standing in

certain spatial relations to every other part. What these relations are is

not absolute orfixed for every picture alike.Pictures present a variety

of different kinds of spatially unified agpects, depending on what

relations are selected and what are precluded. There is no reason why

the spatially unified aspects that pictures embody must be those

definitive of Albertian pictures, for instance.

(Lopes, 2004 p. 126)

Lopes notesthat in such a definition of a picturethe spatial relationsform

different systems: Albertian, curvilinear, First Nation splitstyle,

axonometricda (A 11T OAO OEAO AAAE OOUI A EAO b
more importantly explicitly lacks otherOAT | | EOI AT 608 h xEEAE
AREET ET ¢ ZEAAOOOA T &£# PEAOOOAOGS8 ! 1 ET CcOE

Al OO0 1 Ei Atdthe rirhberioidbs the beahas, but says nothing

about the overall distribution of its appendages it is thus implicitly non-
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committal AAT OO OEA DI OE OE iATFirst NaiorCslitAstylA A A 06 O
picture might delineate the samenotion of a bear having four limbsout it
cannot get away from positioning the limbs on other parts of the depicted

bear relative to each other in the picture.

This might lead us to the conclusion that the picture will have to follow the
positioning of limbs in the real bear, thus leading us to say that a picture

has to becommittal. However, in fact a picture might distc)OO OEA AAA OGS C
distribution, for example to fit onto a canoe paddle as in First Nation

pictures. Hence, Lopes argues for a more general theory of depiction. The

picture of the bear distorts the positioning of the limbs, thus making it clear
itwillnot ATT 1T ATO 11T OEA AAAOS6O 1 EIi A AEOOOE
the picture is explicitly noncommittal about this feature of the bearLopes,
2004, p. 129)

We might note thatLopesis left with a problem. How can werecognise

such a paddleshaped bear as a bear? Ilanglish, we simply see a beaand

I AAOT OEAO OOAE A AOAAOOOA EO ETIT x
Ibe /,orlbe } OQF¥h AT A TTA 1T &£ OEA A 111 xE
O" AAOGS h BiitBow@8ubbiv@kddy that a First Nation picture is of a

bear?

Al

]
ic .

One way of answering this is to say that in certain featureesemble those

of the object depicted, though as we saw earlier Lopes rejects reselace

theories. How, then, does Lopes explamecognition?In order to answer

OEEO NOAOOEIT T h xA OET OI A EEOOOI U AQGAI I
vertex depiction.

Lopes argues that recognitional systems can be said to Ognamic This

explains an important point, namely that if we see an objectdm one angle,
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we can recognise it from another angld.opes argues thapictorial systems
are similar, which causes pictures to have three properties: pictures are
dynamic (i.e. the same object can be recognised in different conditions),
pictures have geneativity (i.e. if one object can be recognised under
diverse conditionsthen so can others), and pictures have elasticity and
thus diversity (i.e. explaining why there can be different pictorial styles As

Lopes says:

My suggestion is, in sum, that picties embody information enabling
viewers to recognize their contents and their subjects. The recognition
skills we bring to pictures depend on and extend the dynamic
recognition skills exercised in ordinary perception. | have argued that
recognition is not reducible to description, that it is dynamic, aspectual,
and systematic, and that this explains the diversity and generativity of
depiction. The task for philosophy ends at identifying these structural
and logical properties of recognition and their implicaions for thought

and reference.
(Lopes, 2004, p. 149)

We might observethat this is a very good way of describing verticeg.o
understand this note how the three types of vertices might appear in a

picture, such as he photograph in Figure 65 (p. 195).
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Figure65 [ 200& AY DNRLAdAzZAaQa aSUG[AFS .dzAf RAY3ISZ ¥
Photograph and additions by the author.

The crucial point here is that he same vertices will appear different from
different viewpoints. Imagine fa a moment a Yvertex on a cuboid, such as
in the leftmost diagram ofFigure 67 (p. 198). If we move our eys
downward, we note that the vertex becomes a-Vertex, as in the middle
diagram. If we continue to move our eye downwards, we note that the
same vertex becomes an arrowertex, as in the rightmost diagram.

, 1 DAOBS O E AtAUS expaiBs tAréeBehtdrésOf vertex depiction
Firstly, recognition of geometric volumetric forms in pictures can be said to
be dynamic, i.e. an object in a picture can be recognised from a variety of
angles This correspondsOT OEA BT ET O ET "EAAAOI AT 6¢
recognition is oftenviewpoint-invariant. Secondly, manybjects have
vertices, and thus theproperties of vertices aregenerative, or to put it
another way it is not limited to one object This corresponds to
"EAAAOI AT 8 O E A-AariaBtiEeAagnitiOnEeXplaiBsithe Vighal

OUOOAI 60 AAEI EOU Oi OAAICIEOA 1 AOCA AI
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having to search through memories of huge amounts of previously seen

objects. Thirdly, the fact that thevisual system looks for vertices of objects

allows for a certain degree of elasticityn depiction. A volumetric form,

OOAE AO T1TA T &£ "EI 001 680 AOGEI AET cOh 1 EC
perspective, but if the vertices are in the right relative psitions, the viewer

will identify a volumetric form. In terms of picture production, Giotto

therefore had a degree of elasticity in producing volumetric forms.

Figure66  Photographs of cuboid showing a vertex at differeanhgles. Photograph by
the author.

RESEMBLANCE AND IRMATIVENESS

We can now bringresemblance and informativeness togetherexplaining

both how we will do this, and also why.

Lopes is against the notion of resemblanc&/e might look at again the

guote wesaw in the last section:

Let me reiterate that this is not to deny that pictures are experienced as
in some sense like their subjects. My position is nicely expressed in Max
"1 AAEGO AOOAOOI AT O T &2/ OEA OAOAI Al AT AA OE
offering a trivial verbal substitution in place of insight.8 The objection
to saying that some paintings resemble their subjects is not that they
AT180h AOO OAOEAO OGnwbénOnlyGnishdsBe®Ol A EAO AAA
OAEAB8G
(Black, 1972, p. 3%, quoted in (Lopes, 2004, p. 35)
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We might begin by looking closely at Lopgs O AT 1T AAPO T £ OEA O
AEAT 1 AT CA68 ,1 PAO6O Agbl AET O OEEO AU ¢/
Language:

311 An 1 GBiEA AOA OOOOOESHh T AOET 6061 U AT 1160

what they stand for8 Understanding these signs neither depends upon

nor promotes any perceived similarity betveen them and their

referents. Other signs we can grasp just by noticing their resemblance

to what they signal; the ASL sign for a duck can be understood just by

noticing its resemblance to a ducRVhen a similarity can be seen

between a sign and its referent without first knowing its meaning, the

T U N

consists of those whose similarity to their subjects is evident only once
we know what they refer to. Only once you know what the sign for a

rabbit stands for do you see its resemblance to a rabbit. Its
OAOAT Al AT AA 01 Edétio AV IAN A &8 OOAPOA

(Lopes, 2004, p. 16)

Lopes uses this analogy to argue that resemblance theories must meet the

OET AAPAT AAT AA AEATT AT CAG6h T O ET 1T OEAO
depicted without the viewer having to know beforehandwhat the object is

supposed to represent( A A O C &A@ dod& An@ers@nd pictures by

noticing resemblances, then we notice resemblances as a result of

understanding picturesd(Lopes, 2004, p36)

If we look closely at what Lopes says, we might note that he does par se
deny that features of pictures share properties with what they depict, but

only that this is not enough to explain how we perceive them.

Lopes still needs toexplain how we can recognise an object in a picture if it

Is not enough that we simply identify features of the picture with features
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of the object.Are pictures like the rabbit of American Sign Language,

namely that the sign has properties thatarethedaA AO A OAAAEOB6 O

namely a similar shape and pointing downward? American Sign Language

thus requires that we are told that the sign is the same as that for a rabbit

we cannot work it out for ourselves(though perhaps we may guess)How

does it work for pictures according toLopes?
OEAOI OEAl OAAT CI EOEIT AOOAEECQI EABPRI 6h AU
since it consists in recognizing a design as the features making up an

aspect of its subject.
(Lopes, 2004, p. 145)

In this Lopes says that a picture resembles not the object in its entirety, but

features of the picture resemble features of the object from one aspect.

We might here return to the cuboid seen from different angles that we
looked at earlier (Figure 67, p.198). We might remember thatthe same
vertices will appear different from different viewpoints. The Y-vertex on a
cuboid appears as a-vertex and anarrow -vertex aswe move our eye

down.

Figure67  Photographs of cuboid showing a vertex at different angles. Photograph by
the author.
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| would argue that these vertices are representatiosindependent. Firstly,

DAOEADPO xA OEI Ol A AEAT CA "EAAAOI AT B8O (

OAOOEAAMOBS hA@BAKXDEOD £# A OAOOA@E8 4EEO |

only one type of vertex made up of right angles in three dimensions, but it

U

can be seen in three ways. If you see a vertex, you can recognise it as one of
three aspects of vertices. Though the viaces appear different from

different viewpoints, they still resemble the visual properties of the vertex.

To argue this point more thoroughly, we might begin by countearguing
that a vertex in a picture does not resemble the real vertex in reality very
much, except that each vertex is three lines at a point. In the case of-a T
vertex, it is perhaps not even three lines, but two, one intersecting halfay
along another. If the vertex resembled reality, it could not change its

resemblance due to changes itihe viewer, such as movements of the eye.

Goodmanmade a similar argument, as we notedarlier in the figure of the
house seen from different angleseproduced here for convenience as
Figure 68 (p. 199).

a b
= X | ]
=N ==
AR

Figure68 (a) View of bc from a. (b) Picture, that if held at-hor j-k, would look like
(a). (c) Picture, that if held at-@, looks like (a). Diagram by the author.

Diagram c is indeed the very picture Goodman says cannot exist, namely a
depiction of the facade as it would look from the ground. We should note

that not only is such a picture possible, but it does not look veist all odd.

199



CHAPTER 2. INFORMATION

In fact, such viewpoints are very common in art, especially with the three
point perspective used in comic books suchs Spiderman(Figure 69,

p.200). We can thus say that pictures that use linear perspective can indeed
send the same arrayas light as would the subject itself, and we are no

further with a solution to our dilemma.

Figure69  Spidermanwww.wildsound-flmmaking-feedback
events.com/spiderman_art.html

Before dismissing Goodman, however, we shoultbte that there is some
truth in what he says about pictorial conventions. While th&piderman
viewpoints are common incomics, and not unknown in fine art, it should
be admitted that artists have tended to favour a particular viewpoint. This
viewpoint is that of the eye directly facing the scene, where thgorizon is
neither too high nor too low, but in the middle of the scendlt could be
argued that although linear perspective does indeed resemble reality, it is
often used simply as a convention in whiclebjects can be arranged around

acanvas.
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"TTAITAT60 AOCOi ATO OEAO 1 ETAAO PAOODPAI
readily extendable to the notion of vertices. We might well see the three
types of vertex, T, Y, and arrow, as merely labels for occlusion, intet
vertices, and externals vertices respectivelyHowever, just as linear
perspective presents a viewpoint that sends the same array of light through
the retina as does the eye itselso do vertices, dowing us to say that such

pictures and their subject matters share vertices.

As noted earlier, though]opes has objections to Goodman. Hence to

further the point we might note that John Hymanmmakes an argument about

the resemblancel £ OT AAT OOET T OEAPAOGSE OEAO xA

this argument that depicted \ertices resemble reality. Hymarhas

AAOGAT T PAA OEA AT TAADPO 1T &£ AT O1 AAI OOCEIT 1

an object as seen by an observer. The outline shapeaofoin, for example,

may look either circular, elliptical, or as a straight line, depending on which

angle it is viewed at. Hyman writes:
AEA AT OxAO O1 OEA NOAOOEITh O7EAO0 EO OAA
Al T EPOEAAIT AAODE OAthadtheXdcd obithekdinid ¢ AEOAOI AC
really circular and its occlusion shape, relative to an oblique line of

sight, is really elliptical.
(Hyman, 2006, p. 79)

Hyman uses the notion of an occlusion shape to answer the quiest of
xEAOEAO OEA Al 1 EDPOEAAI OEADPA 1T £ AT 1A
mental processes. Hyman writes:

It can be pointed out that as Columbus sailed away from the harbour in
Cadiz he could see the distance to the harbour growing steadily
without the harbour moving by an inch. But this does not show that the

changing distance Columbus seemed to perceive was not real or that it
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was merely a feature of his thoughts and sensations. It shows that the
distance between two objects depends on botbf their positions, which

is surely something we already knew.
(Hyman, 2006, pp. 7&79)

In a similar way we can say that the appearance of vertices to a viewer is

dependent on the relative positions of thebject being viewed and the

viewer. Hyman notes the objection that the elliptical shape of a circle

cannot be predicated of the circular object. In a similar way, it could be

objected that whether a Y, T, or arrow vertex is seen by a viewer cannot be
predicated of the vertex itself. However, just as the distance between

Columbus and the harbour was not merely a feature of his thoughts and

sensations, but a real physical thing, theelative D1 OEOET 1T | £ OEA C
eye and the vertex is a regbhysicalthing. We can thus say that while

vertices do indeed change depending on viewpoint, they nevertheless are

something real.Lopes writes:

But not all pictorial aspects are aspects that could be presented in
ordinary visual experience. Resemblance theories wronghestrict the
range of recognizable aspects that pictures may present to those that

could be presented in ordinary perception.
(Lopes, 2004, p. 147)

We might reply:yes and no. The sort of strict resemblance view, wheby a

picture has to represent as if it were a photographic plate in placed in the

AUAGO DPUOAITEA T &£ OEOEITh x1 Ol A ET AAAA
recognisable aspectA U A AT OAET C OEAAOOT dBut AT A &I
the idea that a picture can b composed ofeaturesthat resemble those of

an object, while possibly deviating from themn certain respects makes it

possible to say that a picture can in some respects resemble an object, as
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well as being dynamic, and alspossibly deviating from resemblance in

other respects.

To harden this, and argue that resemblance is essential to depiction, it

i ECEO AA x1 OOE OAOOOI sdte@enfoldapiciion:O1 , | B/
| suggest that a picture is a representation whose content presents a
OOPAOCERALEEAIAD AODPAAO T £ EOO OOAEAADO8 " U OE
the scene that a picture shows must be represented as standing in
certain spatial relations to every other part. What these relations are is
not absolute orfixed for every picture alike.Pictures present a variety
of different kinds of spatially unified aspects, depending on what
relations are selected and what are precluded. There is no reason why

the spatially unified aspects that pictures embody must be those

definitive of Albertian pictur es, for instance.

(Lopes, 2004, p. 126)
AEA EAU PTET O EAOA EO OEAO OAOGAOU DPAOC
must be represented as standing in certain spatial relations to every other
DAOOB& 8 ) I AcCmhfag, madedDEokt@dxicfes dndm line
underneath. How are we able to recognise it as a face? Becaokthe
spatial relationships between the elements InFigure 70 (p. 204) the only
recognisable picture is the lefthand one. Lopes does not argughy we
might be able to recognise such an image as a face. In the argument of
revelationary realism, Lopes argues agast convention. What allows us to
recognise the lefthand picture as a face is thus that ghares visual
properties with a face, namely thaof spatial relationships, whichwe might

note, following Hyman,are real things.
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O O}|0 O
O—@—

Figure70  Three pictures of faces. By the author.

We might note two issues arising from this. Firstly, there is the issue of

"1 1 A O Kdagdb@utconventionalism8 ' 1T i AOEAES O Al 1T OAT O

different from the arbitrary conventions of language. He wrote:

No medium illustrates the codecharacter of this gradiation more
clearly than that of the mosaic. Four graded tones of tesserae will
suffice for the mosaicist of classical antiquity to suggest the basic

relationships of form andspace.

(Gombrich, 1960, p. 37)

We might note again that it is relationships that count. To create a three
dimensional form in a flat mosaic that is reasonably lifelike we need,
according to Gombrich, four types of tesxae, of four different tones.
Imagine we wish to create a picture which has an object with sides of
reflected brightness of 10, 35 and 42 lumens under a given light source.
(Lumens being a measure of light intensity.) To make a mosaic to hang in a
gallery of the same light source that strictly resembles the objethe

tesserae would have to be of three types that reflect 10, 35, and 42 lumens.

Just say we use tesserae of 5, 20, and 30 lumens reflectance instead. It
would not be true to say that our mosai@oes not resemble the object.
There is a visual property that that is similar to both: namely the
relationships between the brightnesses, namely that 10 <35 <42, and 5 <
20 < 30.
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7A T ECEO T1Tx 00601 OI OEA OAATTA bPITET OFf
AAET DA Dg@otdmhrich, 1960, p. 154) We might argue that pictures
resemble the objects they depict, but we must also nethat there are
limitations to the extent to which they resembleAn arrangement of lines in
a pidure drawn in linear perspective can be said truly to map the array of
light that would enter the pupil from a similar set of lines in reality.
However, while the lefthand face ofFigure 70 (p. 204) does have visual
properties that are shared with a real face, but it does not share vergany
properties, and perhaps Lopes might remind us a cyclops would not

recognise it as a face.

We might, perhaps, note there are different types of pictures. Albertian
pictures attempt to reproduce the array of light that enters through the

pupil. Such amapproach has its successes its aims, as with linear
perspective, and also occasional failures. (We noted earlier that a picture of
a yellow daffodil on a television screen might appear very lifelike while in
fact being made up of pillarbox red and graelight.) Picasso had the
opposite approach, and wandered far from attempting to reproduce the
array of light that enters the pupil from the subject;though unlike many
artists of the twentieth century, he never leftfigurative art. We might draw
the condusion thatart may try to copy reality, buti EEA OEAAOOI 6 O A
deviatesit must neverthelessalways keep some visugproperties in

common with its subject matter.

CONCLUSION

What, then, can we say that we have learned in this chapter?
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Firstly, we saw that a successful picture has to do more than resemble its
subject Train on a Moonlss Night in a Powe€utis not successful because

it provides almost no information about its subject.

Secondly, we saw that linear perspective, namely the apparent cgrgence

of parallel lines, does not provide a reliable way of ensuring that enough

information is provided by a picture when depicting volumetric objects. We

saw that the psychological theory of vertices, as developed by Biederman,

provides artists with a more reliable way of depicting volumetric form

successfully.

AEEOAIT Uh xA OAx OEAO 7EI E£Z£I ET 380 OEAT Ol
AA ET £ Ol AA Au "EAAAOI AT60 OEAI Oous

&1 OOOEI Uh xA OAx Eix ,1PAOGBEO OEAT OU 1 4
understanding of depction. Our recognition of objects is dynamic, and this

can occur in pictures as well. A picture can present an object from a variety

of viewpoints. Furthermore, by noting that objects caibe recognised by

features, we can see how pictures can deviate frolifelikeness, as we saw

with the Giotto and its poor linear perspective. This furtheexplains the

varieties of depiction, such as First Nation sphstyle figures. | also argue

OEAO ,1 PAOGSO OEAT OU EO 110 ETATI PAOEAI
of the features will resemble features of the objects depicted.

This leads us to a newanderstanding of pictures, namely that a picturemay

leave out certain features, and modify or distort others. The features

chosen by the artist provides the information about the subjectmatter that

the artist feels isrelevant. The modifications and distortions either aid the

presentation, or distort the subject matter.
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What information an artist might include o leave out, and how and why
the artist might distort or modify the subject, and how this relates to

perception and society, is the topic of the next chapter.
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CHAPTER. 3 EATURESNHAT AN ARTIST DAEAS
IN, TAKES OUT, ANDSDORTS IN A PICTURE

SCALESy RECEPTIVE FIELDSCROSSCULTURAL PSYCHOL@GID
THE PERIOD EYE

INTRODUCTION

We noted at the end of the last chapter that a pictunmay leave out certain
features of a subject matter, and modify or distort others. The features

chosen by the artist providces the information about the subject matter that
the artist feels is relevant. The modifications and distortions either aid the

presentation, or distort the subject matter.

We now need to investigate whicleaturesan artist chooses toéave in,
leave out,or distort, whatpsychological processesre involved in this, and
how these processes can explain how omissions and distortions fefatures

affect and facilitatedepiction.

This raises an issu¢hat we have not examined up to now, namelthat not
many pictures actually resemble their subject mattewery closely. Ancient
Egyptian paintings, the saints in the Book of Kelland the paintings of
Picassoare a long way fromsending the same array of light through the

pupil as would the subject matters thenselves. Yet we are able to recognise
Egyptian farm workers, the evangelists, and the residents of PariBhough

, I DPAOS6O OEAT OU AO AAOGAIT I PAA ET OEA
understanding this, we will need to examine the process in a more prea

way to provide a fuller understanding.



CHAPTER BEATURES
The chapter examines how th® EOOAT O U O Odkdorapoe theAET EOU
elements of a stimulus allows the varieties of depiction to occur. #iso
OEl xO ET x OEA atempb@ivays tointedmedd sintilus
allow artists to (a) leavefeatures out, and (b) distort featuresFurthermore,
i0O OEI xO OEAO OEEO E O atieniphsfo®@rdA cobekedt OE OO
interpretation of a stimulus causeit to compensate for (a) the missing

features, and (b) the disorted features.

The chapter is divided intothree sections ®ecomposition and
Recomposition: $ales (Application of Psychology to Art 56 218 8
examines the way eachdifferent level of visual resolution forms a different
aspect inthe visual system.This provides an example of the way the visual
system divides the stimulus from its environment into differentfeatures,

and then recombines them

@ecomposition and Rcomposition: Receptive Field§Application of

Psychology to Art §6  248) 8onsidersanother example of how the visual

system divides information into component features in this case colour

andOAT AAE AT A xEEOASh AOAhirovideEaE£A OAT O
example of how the visual system atws us to perceive stimuliwithout all

the featuresbeing apparent, and thusvhy artists are able todraw without

colour. In addition, we combine this theory with the theory developed

earlier in this thesisconcerning edge detection in the V1 area, and the

theories of converging line and vertex recognitionto forma more complete
description of the visual systen®d libe detection faculty, interpretation

system, and the depictive pssibilities that arise from these.

Finally, @he Selectionof Featuresin the Creation of Pictures Perspective,

CrossCultural Psychology and the Period Ey€Application of Psychology
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to Art 7)8(p. 250) examines how the selection and distortion oEomponent
featuresare used to create picturesbuilding on the ideas of the previous

subsection about receptive fieldslt alsoexamines” A@AT AAT 1 6 0 OEAI
OPAOET A AUABOOMAMTRAOETOI EQRAATT OOOOAO OEA
of people from different periods and thus examinehow different ages saw

the world in a strictly visual sense.

DECOMPOSITION ANCCREIMPOSITIONC3LE (APLICATION OF
PSYCHOLOGY TO ART 5

INTRODUCTION

Oneof the most important areas of research in contemporary visual
psychology is the theory ocales This section investigates this theoryand
what it can explain about art. We will see that scale theory explains how we
perceive tartans and why the Pointillists often painted with different sizes

of brush stroke.

The section is divided intosix subsections@cale$ 21F) Presentsan
overview of the psychdogical theory.Jartand 2283 ADuécicdd 228) 8
examineapplications of the theory d scales to visual culture®ointillism &

(p. 225) beginsthe examination of scales in relation to an important area of
PostImpressionism. 8eura®  23P 8xtends the discussion of Pointillism
in terms of one of its most important practitioners. Finally @onclusion:
Scalesandthe Theory of Artd  248) 8xamineshow the theory of scales
can illuminate the subject of art history in generaland specifically the
topics of the decomposition and recomposition of visual stimuli and the

effect this has on depiction
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SCALES

Experiments into visual perception have shown that the visual system
breaks down ard processes images at different levelsr resolutions, with
each level containing a varying amount of detail. These levels, known as
scales are illustrated byFigure 71 (p. 211). Only two scales are represented
in the illustration, a low (blurry) and a high (detailed), but there are in fact
many such levels. The diagram shows that the low scale provides more
general information about the image, while the high scale provides the
details (Blake & Sekuler, 2006, p. 157)

Figure7l  Diagram showing different visual scales and their combination. Photograph,
computer processingand diagram by the author.

Because the visual system integrates the different scales in our perception,
we cannot normally perceivethe scales separately. Neuroscientists Oliva
and Schyns developed a technique of hybrid images to demonstrate the
separate scalesKigure 72, p.212). Two completely different images are
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present in the illustration. Which of these two images you see depends on
the detail that your eyes are able to discern. Whefar away from the image,
the details are less noticeable; when close to the image, thess detailed

information is more visible.

The image of Einstein has more detail, and hence when you look closely

you see Einstein; the image of Monroe has less detaihd hence when you

stand back from the image, you see Monroe. The same effect can be found

AU ONOET OET Cch T O OAITOET C lgeadled O ODPAAO/
detailsAAET ¢ &ZEI1 OAOAA 1 O6Oh 1T AAGET ¢ OEA EI 4
fully and repladng any spectacles will allow thegreater detail to reappear,

and with them Einstein(Oliva & Schyns, 1997)

Figure72  Hybrid imageof Albert Einstein and Marilyn Monroe. If you squint or remove
your glasses, Albert Einstein disappears and Marilyn Monroe appears. By Dr Rob Jenkins,
University of Glasgow.

The EinsteinrMonroe illusion is an extreme case where it is impossible to
see bot images at the same time. Normally, however, the difference in
resolution between different scales is not so great. We can thus see a
number of scales at the same time without having to squint or walk back
and forth (Figure 73, p.213). It is interesting to note that different species
of animal see different sales.Figure 74 (p. 213) shows that cats are
sensitive tomore detailed stimuli, while humans are sensitive to less
detailed stimuli (Bisti & Maffei, 1974).
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Figure73  Diagram showing different scales, with the objects in both scales
recognisable. Diagm by the author.
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Figure74  Diagram showing the differences in scale sensitivity between cats and
humans (Bisti & Maffei, 1974).
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artificial images can be created that do conflict, for example the Einstein
Monroe illusion above.Figure 75 (p. 214) also has a mismatch between the
less detailed and more detailed information. In this image the less detailed
information contains general information about the subject, namely that
the picture is a peahen in a cage. The more detailed information, however,
OOAE AO OEA AAOAEI O 1T £ OEA PAAEAT 80 A
cage, has been replaced by a pixilation scheme.
We might note if both a cat and a human were to see both the rdde
peahen and thepixelated photograph, the human, less sensitive to detalil,
would see the peahen in both cases, but the cat, only able to see the detail
would see the feathers, beak and cage wires in the rede peahen, but only

a meaningless array osquares in the photograph.

Figure75 Heavily pixelated photograph of a peahen in a cage. Photograph and
computer processing by the author.

Neuroscientists have also researched the process whereby the visual
systemdecomposes images into scales. Such research has demonstrated
that the human visual system utilisesvhat have become known agratings.
Gratings act like filters for visual information, in a process illustrated in a
simplified form by Figure 76 (p. 216). The human visual system is
illustrated by the middle row of the diagram.Using the sort of filters shown

in the diagram, the visual system processes the top image to create the
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decomposed image elements shown in the bottom rowigure 77 (p. 217)
shows how resolution is important in scale sensitivity, but neuroscientists
havediscovered thatresolution is not the only important aspect of scales.
Other properties of importance includecontrast, orientation, and phase, as
illustrated by Figure 78 (p. 217) (Issa, Trepel, & Stryker, 2000)Blake &
Sekuler, 2006, p. 159)
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Figure76  Diagram showing how theisual system decompa@s an image intescales.
Top: imageto be decomposed w MiddleY { K S the/Wishial sysfeMBis@sw Bottom:
top picture after passing through the filters. Photograph ampdocessing by the author.
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Figure77  Decompaed elements of gohotographto illustrate resolutions inscales.
From left: High vertical resolution w High horizontal resolution w Low horizontal
resolution w Low vertical resolution Photograph and processing by the author.

O A
HlE=

Figure78 Decomposed elements a photograph to illustratedifferent scales. From
left: Resolution (lower diagram has loweaesolution) w Contrast (ower diagramhas

stronger contrass) w Orientation (grids are in opposite directions)w Phase if the
lower diagramthe sampling starts slightly to the left). Photograph and processing by the
author.
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Such decompositions aresimilar to what is known as theFourier transform.
The Fourier ransform is a mathematical transformation whereby complex
formations of waves, such as those found in images or sounds, are
decomposed intosimpler components.Fourier analysisis the name given to
the process whereby an image or a sound is decomposedarits
components, and~Fourier s/nthesisis the name given to therocess
whereby the decomposed components are recombined into the original

image or sound.

In addition to allowing complex wave formations to be decomposed for
analysis, an image or sand transformed by the Fourier ransform can be
modified in the decomppsed state before recomposition. We will see an

application of this modification later.

The Fourier ransform is best known for its applications to sound and
music. The sounds created by musicians aodéten very complex. For
example, one sound in Jimi HerdE @6 O p CrasspowidTraffi@s known
as the chord®#78 If we look at the top ofFigure 79 (p. 219), we see the
waveform for the chord F#7 is complex. However, the mathentiaal
technigue o the Fourier transform can be used to decompose the chord

into simpler waveforms.
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Figure79  Waveforms of the chord F#7, and the notes F#, A#, C# and E. Diagram by the
author.

The Fourier ransform tells us that the sound jayed by Hendrix was made
up of other sounds. We mighbbservethat these sounds are the musical
notes F#, A#, C# and E.

The mathemaical expression of the Fourier tansform is

w0 O AAKWOMOER]I QATcd MWEh MAidd Whbh E

x AOA OUGS emaical@obEmiof, §ayh & chord F#7, and bcosx, csinx,

etc. are the mathematical forms of, say, the notes F#, A#, C# and E.

It is easy enough for listeners to identify chords, and as a result chords are
used extensively in Western music as well as otherumical traditions such

as that of African Pygmy tribes (Turnbull, The Forest People, 1961)The
complex chords used by Jimi Hendrix could be readily identified even by
casual radio listeners. Psychologists of sound have thhgpothesisedthat

the mental apparatusmust perform asimilar action to the Fourier

transform when listening to chords. Hence, when Jimi Hendrix plucked four

strings on his guitar, one tuned to F#, another to A#, another to C#, and
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another to E, themental apparatusof membersof the audience would
decompose the resulting sound from the amplifier, the chord F#7, back into
the notes F#, A#, C# and E.

Perceptual psychologists have proposed that the mental decompositions
illustrated by Figure 77 (p. 217) and Figure 78 (p. 217) are also essentially
the same process as the Fourieransform (Royer, Reeszotarski, & Gilmore,
1983). Thus, just as the brain performs grocess similar to the Fourier
transform to decompose chords into simpler sounds, the brain uses a
process similar to the Fourier tansform to decompose complex images

into simple patterns.

This idea has found an application in computing to solve the problem of
compressing computer images in order to reduce file sizeshe visual

system is more sensitive to certain scales than others. As a result, if these
scales that the brain is lessensitive to are stripped out of an image, then
the information content, and thus the file size, can be reduced without a
noticeable difference in the quality of theecomposed image. The Fourier
transform used in computer image compression is thus similao visual
OUOOAI 60 POI AAOGO T £ PAOAAEOGET C 111U A/
procedure is used in the JBG image format, which is usd for most internet
images and is thus the main way artworks are viewed today. When creating
a JPEG file, the image isst divided into 8 x 8 pixel blocks which then
undergo a Fourier tansform of the form shown inFigure 80 (p. 221). Note
how each cell of the table combines the corresponding cells from the
uppermost row and leftmost column. The information stripped out by the
compression process is thdine frequencyinformation in the cells towards
the bottom-right of the table. The fine frequency information is taken out

because, if we recall frontigure 74 (p. 213), humans are less sensitive to
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this information. We might thus note that mat artworks viewed on the
internet have large amounts of high contrast and detailed information
removed (Pennebaker & Mitchell, 1993)
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Figure80  Diagram of the gratings used in JPEG compresdiam the mathematical
process known as the Discrete Cosine TransformaiiBennebaker & Mitchell, 1993)

‘TARTAN

Writers have usedscales to explain a number of features of aftivingstone
M., 2002, pp. 7272). Blake & Sekuler, for example, describe how the
textile pattern known as a plaid is processed by the visual systerfigure
81 (p. 222) shows such a plaid, withFigure 82 (p. 222) showing its high-
scale element, andrigure 83 (p. 222) showing its low-scale elementBlake
& Sekuler, 2006, pp. 159161).
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The decomposition process of scales explains how we perceive a plaid,
namely as overlying grids, bydecomposing it into a number of scales. We
should note that if we did not mentally decompose a plaid in this way, the
only way of decomposing it would be ito squares and rectangles, as in
Figure 84 (p. 223). Conplex tartans would thus appear as a jumble of

shapes rather than intersecting lines.

Figure81  Plaid. Diagram by the author.

Figure82 ¢ KS | 62 @S -scalelelanie@l.DiadgtdmbKthe shor.

Figure83 ¢ KS | 0 2 @S -sdale eldmBr@ Biagiagh by the author.
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FigureB4  The above plaid shown as the visual system might decompose it if the visual
system did notusescales. tagram by the author.

DUCCIO

Scales can also be applied to understanding an inconsistency in the
depiction of the background cloth oFigure85h  $ O Riécéllai H&dlonna
(p.224). If you look carefully at the geometric pattern, it does not crease
and fold in accordance with the modelling. Instead, Ducclmas simply
painted the pattern as if the cloth is flat, ad then glazed the modelling

directly over the pattern.

Why is it, then, that we can perceive thpainted cloth as a cloth, when such

a fabric could not exist in reality? The theory of scales can bsed to

explain this. The cloth can be divided into two scales, that of the underlying
geometric pattern, a high frequency/high contrast scale, and that of the

Al TOEGO T TAAITTETCh A 11 x /mgukeBOAT AUTI A
224). That the background appears as a draped cloth, despite the

inconsistencyin the depiction noted aboveimplies that the visual system

processes the two scales of the cloth separately. The trick Duccio used in

his painting of the cloth is not noticed by the viewepn first inspection, due

Oi OEA OEOOAI OUOBdihageintoisdparateé spadle©@E OET T 1
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Figure85 Duccio di Buoninsegn&ucellai Madonnal285. FlorenceUffizi Gallery.
(Detall.)
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Figure86  Duccio di Buoninsegn&ucellai Madonnal285. FlorenceUffizi Gallery.
(Processed etail.) Outer square: background cloth with finer scale; inner sgea
background cloth with loweresolution sca¢. Processing by the author.
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POINTILLISM

This subsection uses the theory of scales to explain howe perceive
Pointillist paintings. We shall begin by considering the point that in some
ways, Pointillist paintings are rather odd. Consider, for exampl&rand

Canal (Venicef1905, Toledo, Ohio, Toledo Museum of Art) by Paul Signac
(186371935). The surfaice of the canvas is covered with fairly large slabs of
paint. Somehow, though, we are able to see boats, jetties, domes, columns
and reflections in the painting. How are we able to see objects in such a

painting where the painting isvery obviously composd of brushstrokes?

This phenomeron, of collections ofvisible brush strokes making up objects
In paintings, of course goes on outside of PointillismAn example of this @n
be seen inVincent van Gogh 188&unflowers(London, National Gallery) A
smooth impasto describes the shapes and textures of the petals, while a
thick stippling impasto describes the brown centre of the flowers. Similar
AgAi b1 A0 AAT AA OABeliroom In Ared(first velsignE 6 O p Y
(Amsterdam: Van Gogh Museum), whereve see that the wood on the floor
and the bed is painted with long brushkstrokes that describe the
longitudinal aspect of the wood grain, and thick, linear impasto lines
describe the wickerwork of the seatsHowever, the more regular size and
arrangement d the brush strokes in Pointillism will provide us with a more

readily analysable example.

Pointillism was an artistic technique initially developed by the French
painter GeorgesPierre Seurat (185%1891). The development of

Pointillism was complex. Furthemore, writings about its history have been
characterised by confusion. Before we use scales to explain the perception

of Pointillist paintings, we will need to examine the history of Pointillism
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and disentangle its multifaceted theoretical background. Wehall see that
the confusion surrounding it was a product not only of the writings about
Pointillist artists, but the understanding of science by the Pointillists

themselves, and most notably Seurat.

- EOADPPOAEAT OET 1T O AAT 00 6ckiGFarexadplex | OE 4
in18861 AOOOAT EOO xOEOAO 0AOI '1I AGEO AAOA
) | POAOOEIT 1T EOOG6h OAAIET CIU ECITOETC OE!/
considered, working methods and the fasen plein airapproach of early

Monet and Ra&oir. Smithfinds another example of misapprehensions about
Seuratin! | AGEOS6 O AOOAI PO OI 1T ETE )i POAOOEI
|dealist ideology, which Smithnotesx AO ET 1T bpbT OEOETT O1 3
the consistency between a deef in the material world and idealism. Smith

also notes that Seurat may not have discouraged writers like Alexis from

making their comments. Critics expressing a variety of interpretations

would have given Seurat a commercial advantage, by letting a potential

buyers see inhis work what they wished (Smith, 1997, p. 4) Seurat, then,

might be considered as possibly encouraging the confusion that has

surrounded his work.

Another view of Seurat is that h@éook from Impressionism only its

approach to colour, and thathis work is amethodical application of

scientific principles. This tends to be the view of Seurat that has filtered

down into popular understanding. Consider, for example, this extract from

the article on Pointillism from thepopular0 OOT AT 1 60 . Ax %l CI E!
Encyclopediaof 1965:

By temperament Georges Seurat was a highly disciplined artist who
was born with a scientific interest in his forms and the relationships of

colour and volume. He took up the ideas of Chevreul and applidtem
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systematically, evolving a technique that built up colours and shapes

with a multitude of small dots.
(Wolfenden, 1965, p. 4804)

We will see that the idea that Seurat methodically applied science is

somewhat distantfrom the truth. Alan Lee argues that the lack of critique

of 0 I ET O Esbnie&hatisds@®ct science has perpetuated a distorted view

I £ 3AO0OAO6 0 x1 OE HAkeQlog7jpi208f OAAAT O OEI /
To begin with, then, it wil be of use to outline briefly the historical and

theoretical development of Pointillism. We should start with the

observation that Seurat did not begin as a Pointillist. His first major

painting, the 1884 Bathers at Asniéress a transitional work. Mosty this

painting is not in the Pointillist method, in fact veering away from the

broken colour of the Impressionists. This is especially notable in the even
gradiations of tone of the skin of the shirtless bathers, reminiscent of

)T COAOB8 p Imeyalpihdoi Bathér indged, Ingres was the teacher

I £ (AT OE , AEI AT 1T h (éh@ ARG ©8)I xT OAAAEAC
Bathers at Asniéresontains some of the main features that we associate

x EOE 3 A O ane@bgby corhpoditional process.and the emphasis

on balancing colour and tone to create both a balandeomposition and a

convincing depiction of three-dimensional space. This indicates that
3A00A060 AOOEOOEA AT 1T AAOT OBathdrdlat AAUT T A
Asniereshowever, that we see the beginnings of Pointillism.

A few years after it was first exhibited, Seurat began to add Pointillist

elements to the painting. This is most notable in the hat on the bather on

the far right, which Seurat covered with orange dotdHis next major

painting, A Sunday Afternoon on the Island of La Grande Jét&8471886)
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was similar in being a friezelike depiction of Parisians at leisure by a river.
La Grande Jattdyowever, was painted with fulkblown Pointillism
(Leighton & Thomson, 1997, pp. 8482).

What, then, was the motivation for Pointillism? The main worgknormally
cited as the source oPointillist theory are the writings of French chemist
Michel Eugéne Chevreul (17881889). As we sawearlier, Chevreul
developed two of the most important ideas used by the Pointillists, namely
optical mixing and simultaneous contrastOptical mixing involvesobserving
that instead of mixing two colours of paint on a palette, for example mixing
cyan and \ellow to make green, colours can be mixed optically, as with the
dots used in Pointillist paintings. Simultaneous contrast describes the
feature of the visual system that two colours placed next to each other
appearto accentuate in the mind each othéy @operties. Hence putting a
dark colour next to a light colou will make the dark colour appeardarker
and the light colour appearighter, and putting blue next to yellow will
make both the blue and the yellovappearmore intense(Duchting, 1999, p.
45).

We tend to assciate optical mixing with the Pointillists, though it would

have been known long before. We shall examine tti® ET OEI 1 EOOOS
optical mixing in the next subsection, but it is useful to note that it is
something that has been widely used in art. This was certainly known to
artists of the Italian pre- and early-RenaissancePainters such as the

Master of Saint Francis (active ¢.126fc.1272), Duccio di Buoninsegna

(active 1278, died 1318/19), and Ugolino di Nem (active 1317, died

1339(?)), created tone by ging fine hatched brushstrokes(Bomford,

Dunkerton, Gordon, & Roy, 1989, p. 28)
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Mosaics would be an obvious example of a type aft@ork that uses optical
mixing, and this is certainly true for large mosaics used on high ceilings,
intended to be seen by viewers far beneath. However, many mosaics were
intended to be seerclose up and thus for optical mixing to have been a
goalartists would had to have used very small tesserae, something that was

quite rare (Demus, 1953)

The normal account of Pointillism is that Seurat, searching for a scientific
basis for colour, adopted the ideas of Chevreul. Thisowever,somewhat

oversimplifies the situation.

In order to explain this we might begin by noting thatthe use of a range of
different hues in broken colourto brighten the imagelong predates Seurat.
"ACA NOT OAO $AI AAOT E@60O0 AEOAOOOEIT I

He has interspersed in his @iffures, in his fabrics, in his fillets, a lilac of

exquisite freshness, coloured borders and the attraction of a thousand

pretty ornaments, but they do nothing at all to create colour. The livid

and leaden tones of an old wall by Rembrandt are far richéhan this

abundance of clashing tones applied to objects which he will never get

to relate to one another by reflections, and which remain crude,

isolated, cold and gaudy.
(Sand, 1896, pp. 7779), quoted in (Gage, 1993, p. 201)

#1 1 OEAAONh OAUhR safforaibas théd Aposte Paup ¢ p
(Amsterdam, Rijksmuseum). The paper of the book in the painting is
painted with an array of red earths, yellow ochres, and a number shades
of greenishrgrey. Many of these tones are juxtaposed rather than merged to
create the overall colour of the paper. Broken colour would again reappear
in Impressionism, makingthe past masters of painting an alternative to
Chevreul asa reason for adopting broken colour.
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Alan Lee argues that there were two main aims for Pointillism: a desire for
painting to reflect natural processes, and the desire to use natural
processes to enhance the strength of the colours in paintingBhese
combined desires cased Seurat to study (though not very diligently) the
work of a number of scientists, including Newton, and notably Chevreul
Artists and writers other than Seurat were studying colour science and
optics at the same time We shall see both the positive infienceof, and the
problems caused by their often somewhat lesthan-scholarly approach tq
science(Lee, 1987, p. 204)Gage, 1993, p. 175)

Additional confusion occursby the fact thatthe artists involved in

Pointillism and Postimpressionism did not always produce clear written

statements about their theories and practices. The contemporary critics

who stepped in to fill this gap were not always especially reliable. Ar

writer Félix Fénéon (186171944), for example, had an ambiguous

relationship with Seurat,and Seuratwould alternate between approval and
disapproval of& i T 1 1 1 6 O A O GAeChbifudst 0O | £ EE

Seurat may well have been influenced by science, but perhapete are

I OEAO OAAOIT O £ O AAI POEI C 01 ET OEI 1 EOI
Bathers at Asnieresye see that heoroduced a large number of preparatory

sketches and paintings, indicating a desire to work in a methodical fashion

to produce a balancecomposition. This is somewhat different to the

) i POAOOET T EOO AAOGEOA OI AAPOOOA OEA £
Seurat can be seen to be interested in sonaeeasof Impressionism, namely

the compositional benefits of broken colour. If we retun again to the quote

by Delacroix aboveye note that Delacroix observed EAO ) T COAO6 O b
AOA AT i1 Dl OAA 1T £ O1 AEAAOOS OEAO AOA OEC
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would generally be considered homogeneous in colour, is painted by

Rembrandt in a rarge of colours that, in contrast with Ingres, interrelate.

This notion of using the areas of broken colour to interelate every portion
of a painting, rather than merely the objects within a painting, can be seen
as a reason for Seurat to adopt the Poirlist method. Furthermore,
Pointillism allows painters to take the method of aHover composition a
stage further; if one can hardly see the points in a Pointillist painting, then
the composition would be more orless invisible to the ge, and would thus
allow for a totally integrated painting (Lee, 1987)

-ECEO xA OAuUh OEATh OEAO ,AA EO xOiITC
be seen primarily as a product of the application and misapplication of
scientific ideas? Was Seat, perhaps, instead influenced by ideas of art that
had been developed within artistic environments and circles, and not by

scientists? We will see that this is not the case.

3A00A0 AT A 1T OEAO AOOEOOO 1T £ OEA OEI A &t
that icCEO EO | AAA Ob OAOEI 0O POOA OOPAADGO
colours were various admixtures of these colours. It would seem that
#EAOOAOI 60 OEAT OU 1T £ 1 POERAIAAGIGEGT@ Al
theory to provide anatural basisfor painting. Newton had discovered that

the rainbow contained all the colours that made up lightSeurat and other

artists were captivated by the idea that what hit the eye were these spectral
colours, and felt that by using only these colours an artist could copy the

processes of light itself. If brought together with the theory of optical

mixture, it becomes possible to imagine an artistic technique that follows

the very processes of nature. One begins with the spectral colours, and

make mixtures of these not on the palé¢, but on the eye.
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This is what occurs in nature, according to the Htonceived combination of
the theories.We will see how these Pointillist theories were based on a
poor understanding of science, but that the approach was nevertheless
attractive, andperhaps artistically useful. We will also see what specifically

the problems with Pointillist theories are (Dlchting, 1999).

It is, then, most reasonable to conclude that the reasons behind Pointillism
are multi-faceted. Seurat ceainly investigated science, but perhaps did not
systematically evaluate his reading. He could, perhaps, be said to have
picked up ideas and usethem if they appeared useful and attractive,
rather than carefully understanding and appraising them. The cdasion

this causes for historians is compounded by the fact that the half
understood science nevertheless often opened up artistic opportunities for
Seurat, meaning that the halinderstood science metamorphosed into
successfulart. We are thus left with Bintillism being a soup made of the
following ingredients: artistic ideas unrelated to science (such as the use of
broken colour to aid overall composition), badly understood science with
little artistic value, well understood science with artistic valueand
misunderstood science with ceincidentally good artistic results.

) O EO xEOE #EAOOAOI 60 Oxi OEAT OEAO
science can be seen. Ahistorians often argue that the use of these two
theories by Pointillists is often corfused. Pointillists believed that optical
mixes made of small dots of contrasting colour would be more vibrant than
colour mixes made on the palettedue to a combination of the effects of
optical mixing and simultaneous contrast Certainly, that the contast of
different hues results in more vibrant hues is beyond doubt; this can be
seenbeyond Pointillism in the Renoir illustration we saw earlier(Figure

27, p.118). The actual colour of the boat is the same in both pictures, but
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the boat appears to bea much richer orange in the left picture than the
right due to the simultaneous contrast effect. We can thus say that there is

one genuine and correct use of sciend®tichting, 1999, p. 45)Lee, 1987)

Roy notes how Renoir uses optical mixture with some subtlety. The
foreground of the picture is quite Pintillist in its approach, with the paint
strokes of the grass and the ripples in the foreground being large and
clearly discernible to the eye, tbugh without too much variation in size.

We might thus be reminded of the large dots of a Signac painting. A
chemical analysis of the foreground painshows thatmuch of the painting
follows the same technique as Seurat, namely pure colours with only white
as an additive The middleground sees the areas of paint becoming smaller,
but the background dispenses with most optical mixing, and is formed
mainly with palette mixtures. We thus see Renoir using the notion that
optical mixing creates vibrant areas otolour in order to delineate pictorial
space. The vibrant optical mixtures of the foreground proceed from the

picture, while the duller palette mixtures recede(Roy, 1985, p. 19)

It is the use ofoptical mixes that involve simultaneous contrast that is to be
qguestioned. That such optical mixes would not be vibrant can be seen in the
top-right image ofFFigure 87 (p. 234). We note that the yellow and the deep
blue, when mixed together optically, create a dull grey. Here we have a

totally erroneous reading of science. That such optical mixes could be dull

xAO T1T OAA AU 3ECT AAh xEIT OPTEA T &£ o1 EI
COAUG8 4EEO OAOOI OAA ET 3ECT AA-IKRAOAT T +

brush strokes (Duchting, 199, p. 45)
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Figure87  Top row, left to right: Twguxtaposedcontrasting colours w Mixture where
the separatecolours are still visible w Mixture where colours are barely visiblew
Mixture where colours areno longer visible. Bottom row: as with top row but with non

contrasting colours. Diagram by the author.

We must however, ask the question of whether Pointillists actually
intended their brush strokesto mix optically. Given the confused nature of
the writing of the Pointillists, and the conflicting information from their
paintings, it is not easy to judge this. Certainly, amny Pointillist paintings
contain brush strokesthat are clearly visible,implying that optical mixture

was not the intention.

Notably, 3 E C T l&efpaidings, such asAntibes, Evening1914), are
painted with such large brushstrokes that it is difficult to believe that he
wanted optical mixture to occur.However, hehad written quite

emphatically:

by the opticalblending of these re colours, and by their varying
proportions, they [the NeoImpressionists] obtained an infinite

quantity of colours, from the most intense to the most grey.
(Signac, 1899 (Editied version: 1964, Trans: 2003), p. 16)

It might be illustrative to compare paintings Signac produced before the
above quote, such a€omblat le Chateau. Le P(#886), with later paintings
such asAntibes, Evening p wpt1 8 (EO OOAEI 1 &£ COAUS
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must have becomeware that there wassomething wrong with the theory
that optical mixing produces brighter colours, casing him to increase the
size of his brushstrokes. Wecanconclude that the increased size of

~ ~ e ~

that this would indeed occur.

We might, then,arguethat what was importantin Pointillis m was the
shimmering effect the dots gave the paintings, as well as the compositional
benefits to an organised approach to broken colour. Gageovides some
further evidence on this whenhe notes how Seurat added Pointillist dots to

the back of the central bather of his 1888Bathers at Asnieres

The retouchings in bright blue and orange on the back of the central
bather fuse at a distance to a warm bluisipink, which is veryclose to
the original palette-mixed shadows under his arm. It seems clear that
Seurat was not so much interested in the opticallynixed tone as in the

lively texture created by the separated dots themselves.
(Gage, 1987p. 452)

A consequence of optical mixing not occurring is that it becomes possible

that Pointillists could use simultaneous contrast in their matrices of brush

strokes. This is illustrated by the image second to the top left &figure 87

(p. 234). The brushstrokes are clearly visible, so the contrast effect still

works. Furthermore, the ratio of the total length of the boundaries between

the areas and the areas themselves is increas, so more of the contrast

effect can occur.

4AEEO AEEAAO AAT AA OAAT ET OEA AOEI AEI
Port-en-Bessin(Minneapolis Institute of Arts). Even from a fair distance, the

matrix of blue and orange dots that make up the buildigis clearly visible,
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thus allowing simultaneous contrast to occurAs with the top left of Figure

87 (p. 234), the colours in the matrix appear stronger and more vibrant due

O0i OEA Oi All OEUA 1T &£ OEA Al OOh AOO OE/
COAudh AAAAOOA OEA AT OO AOA OOCEI 1 OEOE
The point thatthe brush strokes of Pointillist paintings often do not

optically mix leaves us with the question noted at the beginning of this

section of how objects depicted by Pointillists can be perceived as objects,

and not just an array of brushstrokes. This queston does not only concern

Pointillism. In mosaics, the tesserae are often large enough to see quite

clearly, even when standing some distance away. Despite this, we perceive

mosaics and Pointillist paintings as depicting the objects they were

intended to depict. Pointillist paintings and mosaics can be read at two

levels: as points and tesserae on one level, and Parisian pleasure seekers

and Roman gods on another.

The theory of scales can be used to explain this. A Pointillist painting is
processed by the isual system into a number of different scales. This
includes a general level and a more detailed level. We might observe that
Pointillist paintings and mosaics, being made of two conflicting scales, are
similar to the pixelated image of the peahen we sawarlier (Figure 75, p.

214). The visual system separates out the two levels, and as a consequence
the array of brushstrokes that form the image are not perceived by the
OEOOAI OUOOAI A0 OEA AAOAEI O 1T £ OEA EI
decomposition of an image, as seen Figure 71 (p. 211), produces two
different aspects of the ame image. With a Pointillist painting, however,

one level of the decomposition has information about the objects depicted,

and the other is an abstract matrix of bruslstrokes. The viewer is thus kept
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in a state of tension: the image is seen as both array of brush strokes and

the objects depicted

In conclusion, we might summarise the elements of Pointillism here,
beginning with its motivations, which might be said to be: to create a lively
surface, simultaneous contrast in paintings with larger bruslstrokes, and
the compositional approach obreaking down a scene intorisual

components.

We might also delineate the theoretical components of Pointillism, and the
results of our analyses of themkirstly, there is the ndion of optical mixing.
As we havenoted, this occurs in many Pointillist paintings.When used in
DAET OET Ch 1T POEAAI [ E@EI C OAT AO Oi
in other words washedout pastel colours; a possible disadvantage.
Secondly, there is the issue of simultaneou®ntrast. As we saw, this
cannot occur simultaneously with optical mixing, but can occur in
Pointillist paintings if the brush strokes are large enough. Thirdly, there is
the related issue of the size of Pointillist brush strokes, namely that if the
brush srokes are visible we should perceive a painting as an array of brush
strokes and not as a depiction of objects. In the next section we will see

how the theory of scales can explain this phenomenon.

SEURAT

We will now examine how thetheory of scales can b used to analyse
Pointillism in more depth. For example, scales can be used to explain why
Pointillists, and Seurat in particular, used a varigy of different sized brush
strokes. Seurat varied significantly the size of brusktrokesin any one
painting. Gage notes a possible explanation for this, namely that different

colours optically mix at different distances, and as a result need to be
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painted at different sizes so they will mix when viewed at the same

distance. Gage notes a criticism of thistheorg. A AOCOAO OEAO 3AC0
sizes do not actually correspond to the sizes needed for optical mixture.

Gage argues that Seurat could not have tested optical mixture very

thoroughly, and it is thus unlikely that smooth optical mixture was of any

real importance to him(Gage, 1987, p. 452Furthermore, the idea that the

variation of dot size could be of importance in optical mixing seems to

contradict the fact that the pixels of television screens do not vary in size,

and yet consistent optical mixing appears to occur.

)yl 1T OAAO OF ~EET A OEA OAAOIsiokeEiw® 3 AOOAC(
xET 1T AT 1 OEA AGreyavdath& ACtaddd JatiRhilpdelphia

Museum of Art). We might begin by noting the specific variation of dot size

in the painting. The small boat to the right of the central boas made up of

larger brush strokes than both the bush and tree in front of it and the boat

to the left (Figure 88 (p. 238), Figure 89 (p. 239)).

Figure88 Georges Seuratsrey weaher, Grande Jatte1888 Philadelphia: Philadelpia
Museum of Art.
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