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Renk karışımlarında mevcut objektif kaideleri araştırmak üzere 
tecrübeler yapılmıştır. İki - renkli karışımlarla yapılan üç seri inceleyne-
nin, birinci ve ikinci kısımlarında renk çiftlerinin uygunluğuna tesir 
eden faktörler araştırılmıştır. Üçüncü seri araştırmada ise kısa süreli göz
lemlerde renk - çiftlerinin tefrikine ne gibi faktörlerin tesir ettiği ince
lenmiştir. Tecfübî neticeler, renk • çiftlerinin uyuşmasına tesir eden, doğ
rudan doğruya objektif tembih özelliklerine bağlı bir takım temel fak
törlerin mevcudiyetine işaret etmektedir. 

Experiments were carried out to- test the possibility of an objective 
law governing combinations independent of the affective values of the 
particular colours forming them. Three sets of experiments with two-
colour combinations were conducted, two of them to determine the fac
tors contributing to the pleasantness or unpleasantness of the pairs 
the third to investigate the conditions influencing discriminations 
of pairs at very short durations of exposure. Experimental evi
dence renders it quite plausible to predict the presence of a funda
mental factor, dependent on objective stimulus properties in the appre
ciation of colour combinations. 

* Address given at the Internazionale Farbtagung Luzerne, 1965, and originally 
published in The Proceedings, 1966, Volume 2, 895-907. 
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I N T R O D U C T I O N 

Aesthetic appreciation is. generaly believed to be governed by subjec
t ive cr i ter ia . This belief is held b y laymen and scientists alike. Yet, a great 
number of behavioural aspects of human beings such as learning, t h ink ing , 
remembering, etc., are known to be l awfu l . They are accepted to depend 
on his properties as an organism, on his capacities f o r response t o s t imu
lat ion, and the s t ructure of his nervous system. To accept the aesthetically 
oriented behaviours as subjective and unlawful is not compatible w i t h this 
overail t rend. Tha t such behaviours contain many in terac t ing variables 
enabling a well controlled scientific investigation very di f f icul t , is t rue . B u t 
so is his many other behavioural aspects. Yet , t h r o u g h rigidly controlled 
scientific experimentat ion i t was possible to probe in to many human acti
vit ies i n the laboratories the world-over. 

Previous at tempts by the author to investigate basic and objective 
principles under ly ing preferences of simple colour combinations and f o r m 
combinations s t rongly indicated the possibil i ty of the existence of some 
objectively definable principles governing such combinations (Togrol , 
1958). A more thorough invest igat ion of th is problem was made possible 
du r ing her tenure as a Research Fel low of Newnham College at Cambridge 
Univers i ty . A series of experiments conducted w i t h various sorts of colour 
combinations yielded some quant i ta t ive ly definable relationships as exist
i ng between the members of these combinations (Togrol , 1961, 1964). The 
experiments w i t h 2-coIour combinations f r o m this f i r s t group of investiga
tions, along w i t h two recent addi t ional groups of experiments of 2-colour 
combinations w i l l be reported i n th is paper. I t was the hypothesis of these 
experiments t h a t : (1) Pretences of colour combinations are governed b y 
objective principles dependent on stimulus properties, and (2) These pre
tences are l i ke ly to be dependent on physiological properties of the human 
visual mechanism. 

Munsell System of Colour No ta t i on was chosen fo r w o r k w i t h surface 
colours as i t fu l f i l l s the requirements of the psychological colour solid. 
Thus, the three dimensions of chromatic colour sensation, namely Hue, 
Brightness (Value) , and Saturat ion (Chroma) , and the i r relative effects 
and interactions i n colour combinations could be investigated. A s i t is 
a w e l l known system, i t is on ly sufficient here to r emind tha t a complete 
Munsell notat ion fo r any chromatic colour is w r i t t e n as Hue Value /Chro
ma, or symbolical ly H V / C . A par t icu lar sample o f vermi l ion m i g h t then 
have a Munsell No ta t i on of 5R 5/12. 
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Standard Mimsel l papers 2.5x3 inches i n size were used as materials 
throughout the experiments. This size would be sufficient when he ld at 
arm's length to subtend an angle equalling the size of the fovea. 

G E N E R A L P L A N O P E X P E R I M E N T S 

I t has been decided to repor t the experiments seperately since the 
problems considered a t each phase were somewhat different, and the re
sults o f preceding phases were direct ly relevant to the design of the suc
ceeding phases. 

E X P E R I M E N T I 

The problem of th is series of experiments was, (a) to determine 
wha t sort o f i n t e rva l differences wou ld be employed along the Hue, Value 
and Chroma dimensions i n different sorts of colour combinations when 
the subjects were free to compose their own combinations, and (b) the 
influences of preferred individual colours on such combinations. 

S u b j e c t s : The 20 Ss were men, students of Cambridge Unive r s i ty 
w i t h o u t any par t icu lar t r a in ing o r interest i n arts . Consideration influenc
ing selection was t ha t a l l Ss should be of normal colour vision. The I s h i ' 
hara Test of Colour Blindness (9 th Ed i t ion) was used fo r screeing pur
poses. 

M a t e r i a l : Ten Munsell major hues f romj No, 5 series; were se
lected to represent the Hue variable i n these experiments. Nickerson's 
(1936) suggestion as to the p ropor t ion o f visual steps o f value to satura

t ion being 1/2 was kept i n m i n d while choosing the Value and Chroma steps. 
In tervals 2 / , 4 / , 6 / , and 8 / were chosen f o r Value intervals and / 4 , 
/8 , and /12 f o r the Chroma scales. However, owing to the inava i lab i l i ty of 
some pigments a t some higher saturat ion levels, adjustments had to be 
made and a sample of 71 colours w i t h addit ional 10 neutrals were selected. 

P r o c e d u r e : The experiments, were conducted i n â  da rk room, 
i l lumina t ion being provided b y using "Siemens - Ediswan Indus t r i a l Colour 
Match ing U n i t " , p rov id ing a suitable source o f a r t i f i c ia l dayl igh t w i t h co
lour temperature o f about 6500 °K, approximat ing i n energy d is t r ibu t ion 
to C L E . I l l u m i n a n t C. 
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Ss were tested one at a t ime. They were seated at the table where the 
experimental mater ia l was randomly l a id out. There was sufficient space 
lef t fo r Ss to place the i r own compositions. They were f i r s t instructed to 
compose three different 2-colour combinations by choosing only t w o co
lours f r o m the table tha t they though t would go we l l together. They were 
free to use same colours repeatedly i n the i r different compositions. B u t 
they were not allowed to change the size of the colours by superimposing 
them. The experimenter noted the code number of the colours and replaced 
them before S s tar ted to compose his next combination. The S's next task 
was to make three combinations b y choosing any two colours t h a t they 
thought wou ld look unpleasant together. They were las t ly asked to indi 
cate the i r most preferred r ive colours i n their rank order. There was no 
t ime l i m i t . 

T r e a t m e n t o f D a t a : The differences between the H V / C 
dimensions of colours were calculated prov id ing certain interval-diffe
rences along a l l three dimensions o f the pairs. The in te rva l differences 
determined f o r the Hue variable were between 0 and 5, i n accordance w i t h 
the placement of different colours on the Colour Circle. Brightness diffe
rences were between 0 and 5 + , and Saturat ion differences were between 
0 and 10 + . To give an example; i f t w o colours used b y a S i n one of his 
combinations had the fo l lowing notations, 

R 6/10 , Y 4 / 6 
then, th is combination would yield the fo l lowing in te rva l differences : 

H U E = 2, V A L U E — 2, C H R O M A 4. 

Fo l lowing the determinat ion of the frequencies of in te rva l differences 
fo r H , V and C, the chi-square (x2) test was given. Owing to the inva
riability o f some of the pigments, a l l three dimensions were not equally 
represented i n the experimental set. F o r th i s reason, the expected proba
b i l i t y of occurance fo r each in te rva l difference along the the different 
dimensions had t o be calculated indiv idual ly . 

R e s u l t s : 

(1 ) Pleasaiit-Colour-Combinations. x1 analysis fo r Hue, Value and 
Chroma interval-differences gave the fo l lowing results: 

Hue : x2 = 2.5 P > ,10 
Value f x 2 = 891.8 P < .001 
Chroma : x2 = 5.2 P > .10 
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These results indicate a marked influence of the Value In te rva l Differences 
( V I D ) on two colour combinations. I n F i g . 1 i t is seen tha t the d i s t r ibu t ion 
fo r V I D had 3-ID as i ts peak point . 

0 1 2 3 4 5 
Interval d if fere nee 

Fig. 1: Distributions of interval differences of value for two coiour combinations. 

(2) Unpleasant-colour-Combinations. The results of x2 tests fo r 
this set of combinations were as fo l lows : 

H u e : x2 = .7 P > .10 
Value : x2 = 281.6 P < .001 
Chroma : x2 = 4.6 P > .10 

Value seems to be as significant a factor fo r unpleasant colour combina
tions as fo r the pleasant ones. However, the d is t r ibut ion of i n t e rva l dif
ferences f o r th i s variable fol lows an ent irely different t r end f r o m the 
previous one. I n F i g . 1 i t is seen tha t the curve fo r such combinations is 
o f a descending type w i t h zero-ID as i ts modal point . 

(3) Colour-Preferences. On the whole Ss' preferences seemed 
to pool towards cool-chromatics: 49 % (Short-wave colours; as blues and 
greens) fol lowed b y w a r m chromat ics : 39 % (Long-wave colours; as reds 
and yellows) and neutra ls : 12 %. M a x i m u m frequencies were fo r saturated 
colours i n bo th the cool and the w a r m series. The differences between these 
preferences were significant a t the .05 level o f confidence. 
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A n interes t ing poin t was the avoidance of preferred colours b y the 
Ss i n the construct ion of the i r combinations. Only about 4 % were em
ployed i n pleasant colour combinations, and 2 % i n unpleasant colour 
combinations. T h a t most of these preferred colours used i n the combina
tions consti tuted the "f i rs t -p icks 1 ' of the Ss was an addit ional in teres t ing 
point . 

E X P E R I M E N T I I . 

The purpose of this group of experiments was to ver i fy the f indings of 
the f i r s t series of experiments w i t h a different national group of subjects 
w i t h i n a new experimental design. 

S u b j e c t s : 10 men were used as Ss. They were students of 
Is tanbul Un ive r s i t y and thei r colour vision was normal . 

M a t e r i a l s : Two sets of 16 pairs of Munsell Colours were 
used. These colour pairs were mounted on whi te cardboard side by side. 
The f i r s t set was prepared to represent four in te rva l differences along a l l 
three dimensions o f colour. A 4x4 Greaeco-Latin Square arrangement 
was employed i n the randomizat ion of different variables. I n the second 
set Chroma difference was held constant at zero in te rva l difference, and 
Hue and Value differences were changed. 

P r o c e d u r e : Ss were tested one a t ime in a quiet room w i t h 
ample n o r t h l i gh t i ng . The colour pairs were presented to the Ss four at 
a t ime on a wh i t e background i n random order. The Ss were inst ructed 
to pick the most pleasant pair among the 4 pairs presented, and t o hand 
i t over to Exper imenter . H e was then asked to select the most unpleasant 
pair of the remaining 3. H i s next task was to score these t w o pairs ind ivu-
dual ly on a six-point-scale w i t h 5 as the highest score and 0 the lowest. 
There was no t ime l i m i t . 

R e s u l t s : 

(1 ) Pleasant-Colour-Fairs. Analysis of the data yielded 
s ignif icant influences of Value and Hue differences o f the combining pairs 
on preferences. P-ratios were significant at P<\01 level of confidence bo th 
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90 

0 1 2 3 4 5 
interval dif/erence 

Fig. 2: Distributions of interval differences of hue, value and chroma 
dimensions for pleasant pairs. 

fo r Value and Hue differences as shown i n Table 1. F i g . 2 presents d i s t r i 
butions of various in te rva l differences of H V C dimensions of preferred 
pairs. F r o m th i s f igure i t is indicated t h a t larger V b u t smaller H and C 
in te rva l differences may be contr ibutors fo r preferences of colour pairs. 

When the Chroma In t e rva l Differences were held constant at zero 
and H and V differences varied i n the colour pairs, Value Differences again 
s tand out as a most s ignif icant fac tor f o r preferences as can clearly be 
seen i n Table 2 and F i g . 3. 

T A B L E 1. Analysis of Variance fo r Effects of H , V , C in te rva l 
Differences o n Pleasant Colour Combinations (4x4 Graeco-Latin Square) 

SOURCE OF VARIATION SUM OF 
SQUARES 

d.f, MEAN 
SQUARE 

F 

Value difference 413 3 134 P < . 0 1 
Hue difference 298 3 99 49 P < . 0 1 
Hue 7 3 4 
Chroma difference 126 3 42 21 
E r r o r 90 3 30 15 
To t a l 934 15 
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90 

Interval Lift erence 

Fig. 3 : Distributions of interval differences of hue and value dimensions for 
pleasant pairs when chroma differences was held constant at zero 

T A B L E 2. Analys is of Variance fo r effects o f H and V In t e rva l Differences 
on Pleasant-Cblour-Pairs (Chroma Difference = 0) 

SOURCE OF VARIATION SUM OF d.f. MEAN F 
SQUARES SQUARE 

Hue difference 3 
_ 

1 
Value difference 620 3 207 207 P < . 0 0 1 
E r r o r 506 9 56 
To ta l 1129 15 

(2) t tapleasant -Colour-Pa irs. Table 3 presents the F ra-
t ios f o r effects o f i n t e rva l differences along the three dimensions f o r 
unpleasant combinations. I n t h i s set of experiments Hue differences yielded 
ve ry significant results f o r th is task ( P < . 0 1 ) . Dis t r ibut ions of in te rva l 
differences along H V C dimensions indicate larger H and C b u t smaller 
V differences as cont r ibutors f o r choice i n th is s i tuat ion (F ig . 4 ) . Hold ing 
Chroma differences constant at 0 level again pushes Value differences as 
the most impor t an t factor (Table 4 ) . I n F i g . 5 i t is indicated t h a t when 
Chroma difference is kept at 0, when Value difference reaches a 0 level, 
the colour pairs are most often judged as unpleasant. 
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Interval difference 

Fig. 5: Distributions of interval differences of hue and value dimensions for 
unpleasant pairs when chroma difference was held constant at zero. 



20 B, TOGROL 

T A B L E 3. Analys is of Variance fo r Effects of H . V . C I n t e r v a l Diffe
rences on Unpleasant Colour Combinations (4 x 4 Graeco-Latin Square). 

SOURCE OF VARIANCE SUM OF d.f. MEAN F 
SQUARES SQUARE 

Value difference 171 3 57 14 
Hue difference 604 201 50 P < . 0 1 
Chroma difference 322 3 107 -27 
Hue 13 3 4 
E r r o r 214 3 71 18 
To t a l 1324 15 

T A B L E 4. Analys is of Variance f o r effects of' H , V , C In t e rva l Dif fe-
rences on Unpleasant Colour Combinations (Chroma Difference • = 0) 

SOURCE OF VARIANCE SUM OF d.f. MEAN F 
SQUARES SQUARE 

Hue difference 7 3 2 
Value difference 763 3 254 127 P < . 0 1 
E r r o r 1446 9 161 
T o t a l 2216 15 

E X P E R I M E N T I I I 

The purpose of th i s phase of experiments was t o investigate the con
di t ions con t r ibu t ing to discriminations of colour pairs a t very br ie f dura
tions of exposure. 

S u b j e c t s : The 10 Ss were women, students of I s tanbul U n i 
vers i ty . They a l l had normal colour vision. 

M a t e r i a l : Two sets o f 9 pairs of Munsell Colours were 
used. The f i r s t set was prepared "with Chroma difference at 0 (zero) level, 
Hue and Value intervals of the pairs d i f f e r ing at three levels: 0, 2, and 
5MD. I n the second set of 9 pairs Value differences were held constant at 
0 (zero) v a r y i n g Hue and Chroma at three levels. 

The colour pairs were presented to the Ss w i t h a tachistoscope. Two 
durat ions o f exposure, 1/100 and 1/50 were used. These were very shor t 
durations to obstruct the eyes f r o m changing the i r f i xa t i on points dur ing 
the exposure. 
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P r o c e d u r e : Ss were tested one at a t ime. They were 
seated comfor tably i n f r o n t of the apparatus and were inst ructed to say 
"whatever they saw" i n the apparatus, to the Experimenter 's "Ready 
N o w " signal. They were no t to ld beforehand tha t the stimulus mater ia l 
was composed o f colour pairs. They a l l seemed, however, to get the h i n t 
soon. A lmos t no addit ional instruct ions were needed. The two sets of 18 
pairs were randomly mixed fo r each repet i t ion w i t h different Ss. 9 pairs 
were presented at 1/100 sec. f i r s t , the remaining 9 pairs were exposed at 
1/50 sec. afterwards. Ss responses were scored on an all-or-none basis, any 
response containing perception of pairs, i.e. d iscr iminat ion of some sor t 
were scorer " 1 " , the others lacking this qua l i ty "0" . 

R e s u l t s : Analysis of variance fo r effects of H and V i n 
te rva l differences on perceptions of colour pairs when C differences, were 
held constant at zero, yielded significant results fo r Value differences 
( P < . 0 I ) , Hue differences ( P < . 0 5 ) and exposure t imes ( P < . 0 1 ) . 

When Value differences of colour pairs were held constant (0-level) , 
then exposure times and Chroma differences proved to be h igh ly s igni f i 
cant: P < . 0 1 and P < \05 respectively (Table 6 ) . , 
cant: P < . 0 1 and P < . 0 5 respectively (Tablo 6 ) . • 

La rge r differences o f the Value gave bet ter discriminations f o r shor
ter exposures, whereas medium differences 1 fo r Value contr ibuted s l igh t ly 
better discriminations at comparat ively longer durations. When Value 
differences were held constant at zero, and Chroma intervals were varred, 
larger differences yielded, bet ter results at bo th exposures (Tablo 7 ) . , 

T A B L E 5. . Analysis of Variance fo r Effects of H and V In te rva l Di f fe 
rences (Chroma Difference = 0) on Perceptions of Colour Pairs at Short 
Durat ions of Exposure (1/100, 1/50 second). 

SOURCE OP VARIATION SUM OF d.f. MEAN F 
SQUARES SQUARE. 

Exposure Time 16 1 16 32 P < . 0 1 
Hue difference 9 . 2 5 10 P <'.05 
Exp . Time X Hue 0 2 . 0 
Value difference * 37 . 2 19 38 P < . 0 1 
Exp . Time X Value 8 2 4 8 
Value X Hue 11 4 3 6" 
E x p ; Time X Hue X Value 2 4 .5 
Tota l 83 17 
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T A B L E 6. Analysis o f Variance f o r Effects of H and C I n t e r v a l Dif fe
rences (Value Difference . = 0) on Discr imina t ion of Colour Pairs a t Short 
Dura t ions o f Exposure (1/100, 1/50 second). 

SOURCE OF VARIATION SUM OF 
SQUARES 

d.f. MEAN 
SQUARE 

F . 

Hue difference 5 2 2.5 
Chroma difference 49 2 24.5 49 
Exposure Time 20 1 20.0 40 
Hue X E x p . Time 1 2 .5 
Chroma X E x p . Time 2 2 1.0 
Hue X Chroma 2 4 .5 
Hue X Chroma X E x p . 

Time 3 4 .8 

To t a l 82 17 

T A B L E 7. D i s t r i b u t i o n of Scores fo r Various In t e rva l Differences ( I D ) 
at T w o Levels of Exposures. 

E X P O S U R E V A L U E D I F F E R E N C E C H R O M A D I F F E R A N C E 
0 2 5 + 0 4 1 0 + 

1/100 sec. 12 22 25 7 16 19 
1/50 sec. 21 30 25 15 19 27 

C O N C L U S I O N S 

I n th i s paper evidence has been presented t h a t : (1) differences of 
brightness levels between the members of colour pairs s ignif icant ly 
influenced the pleasantness or unpleasantness of the i r combinations, and 
(2) perceptions o f colour pairs f o r short durations of exposure were again 
dependent on the differences o f the i r brightness levels. 

A l t h o u g h much more w o r k needs to be done these f indings help to 
indicate towards an exis t ing p a r a l l e l i s m between the s t imulus factors 
con t r ibu t ing t o our perceptive capacities and to our activities of a r u d i 
menta ry aesthetic character. Julesz (1965) i n his ingenious experiments 
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on visual perception w i t h computer generated random dot pat terns has 
found the i r perceptive characteristics to be dependent on the i r adjacent 
brightness levels. When brightness levels of adjacent dots were nearly 
s imilar spontaneous discriminations were impossible, and they were per
ceived as one, when th i s was altered they were perceived as two . He sug
gests t ha t the visual system incorporates a slicer mechanism t h a t seperat-
ed adjacent brightness levels in to t w o broad categories: da rk and l igh t . 
A n d i t is impossible to perceive as s imi lar and f o r m clusters b y sh i f t ing 
our a t tent ion to dots t h a t are not adjacent i n brightness. Recent neuro-
physiological experiments on frogs (Muntz , 1964) and cats (Hubel, 1963) 
have disclosed t h a t their visual system extracts certain basic features of 
a scene p r i o r to more complex processing. Th i s early f i l t e r i n g of significant 
i n fo rma t ion b y ret ina, i n t e rm, makes f o r efficient uti l ization, of t h e Umited 
number of optic nerve fibres. W h a t is physiological ly determined t o be 
t rue of frogs and cats, has been perceptualy proved t o be t r ue b y Julesz's 
experiments w i t h humans. A l l th i s confirms our f indings a t the perceptual 
level and provides f o r speculations f o r our activities at h igher levels, a t 
least w i t h i n the context of these experiments. We may now say tha t our 
appreciations of pleasant 2-colour combinations is dependent on the rela
t i v e in format ion passed f r o m the adjacent pairs to the centra l nervous 
system t h a t provides fo r simpler and more economic processing of in-put 
relationships. I f the "slicer mechanism" can easily different iate the s t imul i 
as consisting of t w o entities then judgements of pleasantness are more 
readily passed. Opposite is t rue f o r in -put relations t h a t obstruct the 
smoothness of th i s mechanism. 

A n y t w o colours w i t h in te rva l differences of zero or near ly so along 
the Value and Chroma dimensions are generally judged as unpleasant 
(Figs. 1, 4 and 5 ) . Using the Munsel l Nota t ion , we may now suggest t h a t 
a general f o r m u l a indica t ing the difference levels of dimensions f o r un
pleasant pa i rs .could be w r i t t e n : H 0/0 . 

To suggest a fo rmula f o r pleasant pairs is more d i f f i cu l t . A difference 
of 3 Value intervals has almost consistently occupied the modal point i n 
large number of our results (Figs. 1, 3 ) , w i t h comparat ively smaller H and 
C differences. I n F i g . 2 i t is 2 I D fo r Hue and zero I D f o r Chroma. I t could 
ten ta t ive ly be suggested tha t op t imum difference level f o r pleasant pairs 
may be w r i t t e n as: 2 3/0, or, considering the numerical value of H as r , 
the op t imum relationships along the three dimensions of colour pairs, at 
least f o r medium in te rva l differences migh t be formula ted to be : 

r r + l / r — 1 . , 
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