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ABSTRACT

The present r'asearcisi was concerned with the effects of 

visible radiation of various 'wavelengths on the perception of 

distance and time. In particular, the ef^cts of red and blue 

light were investigated. The selection of these two colours 

was made on the basis of their effect upon certain psycho- 

physiological functions.

The present study coiisisted of three parts. The first dealt 

with the effects of colour on the estimation of distance. The 

results showed that objects under red light appeared to be nearer 

than under blue light. A further experiment with infra-red - 

radiation shov;ed that perceived hue and activation together 

might be responsible for the phenomenon of an apparent decrease of 

distance under red light.

The second part dealt with the effects of red and blue 

illumî iation on the estimation of time. The results showed that 

time seemed to pass more slowly under red illumination than under . ̂ •
blue illumination.

The third part studied the effects of red and blue light 

on the estimation of time and the relationship between EjijG 

activity cind time estimation. The results showed that under 

red illumination alpha activity increased ^ d  time seemed to pass 

more slowly. Under blue illumination, on the other hand, alpha 

activity decreased comparatively and time seemed to .pass ^
•

, comparat'ively less slowly.



The results of the.second and thit^ part of the present 

study were explained in tej'-u!--, of a hypothnticai wavelength 

sensitive biological oscillator the rate .of wM may indicate 

the human ":ime sense.

Dhaka University Institutional Repository



AcknowIedRements

The author wiches 15 express his deep gratitude to the many 

people and organizations who gave invaluable aGsifitance in
*

carrying out this research. First, ho :;xpresses his gratitude and 

indebtedness to Dr. N.F. Dixon, Reader in Psychulogy at University 

College London for his generous help and useful critic: all through

this work. Secondly, the author expresses his indebtedness to the 

Dep.vrtment of Psychology for providing research facilities.

The author expresses his gratitude to the Government of 

Pakistan (East) for financing the research project to a great
■

extent. In this connection, the author acknowledges with deep 

gratitude the help provided by University College London for 

partly fincii’cing the research project. In this respect, the author 

is grateful to Professor G.O. Drew, Head of the Depcirtment of 

Psychology, and Professor R.J. Audley for their sincere efforts in 

getting the financial help for him.

Last, but not the least, gratitude is expressed to the members 

of the technical staff of the Department of Psychology, University 

College‘London, who helped in building the apparatus and conducting 

the experiment. The author is specially grateful to Mr. J.W, Chamber 

Laboratory Superintendent, and his assistants for their help in 

the EEG experiment. The author is also indebted to Mr. R.J. Slone, 

Senior Technician and his assistant for their hylp in building the 

Oepth Perception Apparatus and the apparatus for investigating 

,̂infra-red activation in the human eye.

Dhaka University Institutional Repository
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1. Introduction

In this introductory chapter we will diiicum." the aim and 

plan of the present study, define the concept of light and colour 

and review the literature on the psycho-biological effects of 

light'and coloor.

The present study consists of three p-xrts. Part 1 will 

deal with the perception of distance and the effect of light of 

different colours; Part 2 with that of time and the effect of 

light of different colouj-s; and Part 3 with the estimation 

of time and EEG activity under coloured illumination.

Light is defined here as "the aspects of radiant energy 

of which a human observer is aware through the visual sensations 

which arise from the stimulation of the retina of the eye" 

(Committee on Calorimetry, 19^^). Light is characterized by its 

wave notion, its location in the radiation spectrum being defined 

by wavelength. Radiant energy consisting of cosmic rays 

encircles the whole universe. From the g;uii!!..i. ray, which is one 

ten-billionth of a centimeter long, the wavelengths of ".lii; 

electromagnetic radiation extend through an enormous range up 

to radio waves which are miles in length. The radiant energy 

visible to the human eye, with which we are concerned in this 

study, lies within the range of wavelengths 38O-76O millimicrons. 

This range is that of photo-biology.

Our main aim in this study is to investigate how the variati 

of wavelength of light affects the human organism in his spatial

Dhaka University Institutional Repository



and temporally oriented behaviour. More specifically, we wish to 

study the effects of coloured light on the perception of distance 

and time.

«2. Ps.YchQ-biolop:ical action of visible radiation

Evidence exists for the fact that visible light influencô j 

and affects living organisms. All plant life survives and

prospers in visible light and will die under infra-red and ultra­

violet radiation. Within the visible spectrum different colours 

act differently. An experiment of Flariimarion' s (quoted by Havelock, 

1900) has shown clearly the different reactions of plants to red 

and violet rays. He had four rooms designed as follows; (l) covered 

by ordinary transparent glass; (2) covered by red glass; (5) covey 3d 

by green glass; (̂ ) covered by dark blue glass. Seeds were sovm

on the same soil in each room. After forty days there were notable

differences in height of the plants under the different colours.

After three months, it was found that while those under blue

glass had made no progress, those under red had attained extraordinar

development.

The physical effects of red light on animals seem to be 

opposite in character, but the results so fai’ obtained are 

somewhat contradictory. Bedard (quoted by Havelock, I9OO) found 

that the larvae of the flesh fly raised under violet glasi; were 

three-fourths larger than those raised under red glass. In order 

of effectiveness for stimulating growth the colours were violet, 

blue, red, yellow, white and green in descending order. , Young
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(quoted by Havelock, igOO')̂  found that violet or blue was more 

favourable to the growth of frogs. He also found that fish hatch 

most rapidly under violet light. Marti (quoted by Havelock, 1900),' 

on the ̂ Jther haiTd, found red light, exclusive of violet, exerts 

beneficial effects on the haemoglobin of the blood and on general 

metabolism. Ked rays, with the exclusion of violet, have healing 

effects on skin diseases. Finsen (quoted by Havelock, 190O) treated 

small-pox in red rooms. He also found beneficial effects from red 

rays in the treatment of measles.

To return to plants again, the phenomenon of photosynthesis, 

the process by which carbohydrates are formed, is directly 

related to visible light. Many experiments have been performed with 

light ..nd the greatest effect has been obtained within the red ;ind 

blue ends of the spectrum, the infra-red and ultra-violet regions 

contributing nothing to th<-.- process of carbohydrate metabolism 

(Wald, 1959; Rabinowitch, 19^8). The development of time-lapse 

photography has led to a number of interesting observations on 

plant and animal growth responses to variations in light energy 

wavelengths. Ott (196'+) has shown the effect of light on the growth

of apples, pumpkin vines and on the responses of morning glories. •

He found that the use of ned filters prevented the morning 

glories from opening normally, but the addition of dark blue 

cellophane filters resulted in the morning glory buds opening 

all the day. The apples inside a box under the ordinary window-

*'glass sky-light remained green and kept on growing larger and were
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a p p r o x i m a t e l y  twice the size of those on the sams tree but outaide
%

of the box. Ott also found that microscopic time-lapse pictures 

of the streaming of chlo^plasts within the cells of Elodea •

grass showed that all the chloroplasts streamed actively to the 

full extremit ol the cells under direct sun-light. Whnn sun-light 

was filtered through ordinary glass, most of the chloroplasts 

continued streaming, but some moved to the centre of each cell 

and remained motionless. Exposure to blue light would cauf.e 

abnormal pseudopodial activity in the pigment epithelial cells, 

while red light woi.ild cause the cell walls to rupture and allow the 

cytoplasm to run out.

A recent discovery by Albert Kelner (19^9) was that visible 

light might stop or reverse the injurious effects of ultra-violet 

light. “Subsequent investigations (Blum ;ind Metthews, 1952;

Rieck, 1954; Rieck and Carlson, 1955) have shown that the death 

rate of animals brought about by severe expofjure to ultra­

violet rays may be significantly reduced by re-exposing them to 

visible light. Rieck and Carlson (1955) first performed the 

experiment on mammals, albino mice. Each of the animals was 

exposed to ultra-violet radiation fî e days a week. One half ,

of the animals were kept in darkness between each exposure, the 

other half were exposed to visible illumination between each 

radiation period. The result was a higher mortality rate in the 

dark group than in the light group. Secondly, those animals 

•■which remained in darkness between exposures to ultra-violet 

radiation exhibited a much greater damage to the ears than those
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5

which were kept in light.'

The experiments on tne effect of colour upon ernotion are

few in number and the results often contr'adictory. It hao been *

found by some observers that red rays sire far more soothing and 

comfortable, l^ss irritating than the total range of coloured 

lights. Garbini (189 )̂, for example, found angry infants were 

soothed by the light through red glass only, slightly through 

green glass, and not at all. by other coloured lights. Working 

wdt.h infants, Smith (quoted by Havelock, I9OO), on the other 

hand, found that blue li.ght tended t'o lessen activityiuid crying.

In spite of this apparent contradiction, it has been shown quite 

clearly that red rays increase activity and muscular tension 

and blue and green lessen them. (Pancoast, l8?7; Babbit, 1925;

Wood, 1929; Gerard, 1958)-

Fare's (1900) result is interesting and convincing in this 

respect. Experimenting on normal as well as nervous subjects, 

with coloured lights, he found notable differences in muscular 

power as measured by a dynamometer and in the circulation as 

measured by plethysmographic tracings of the fore-arm. He

found with one subject whose normal muscular power was represented •

by 25 kilograms, that blue light increased his power to Zk, green 

to 28, yellow to orange to 35 an<̂  to ^2. Fere's result 

was confirmed by recent studies in which a muscular tonus 

reaction was reported to occur with coloured lights (Blum, 19^1)*

*' Blum relates that muscul'jr tension rises with colours of long
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wavelength and relfixes with those of short wavelength. Metzzer (1931) 

found that with lights directed on one eye a tonus condition could • 

be produced in the corresponding half of the body of many animals 

,-md human beings. Metzzer also reported that his subjects, who had 

their two hands stretched out horizontally in front of their bodies, 

spread away their arms from each other in red light and brought 

them closer in green light. Goldstein (19^2) made an extensive 

study of this effect of colour and found a muscular tonus reaction

with colour and light.

It should be noted that colours need not be seen by the 

subject.'̂  to produce this effect. Fere (1900) reports that in 

one subject who was unable to see colours with one eye, the colour 

stimulus had, nevertheless, the same dynamogenic effect even when 

applied to the defective eye. Deutsch (193?) also found the same 

effect even when the eyes of his subjects were tightly sealed to 

exclude light. Some animals change the colour of their bodies 

with the corresponding change in the rjnvironmental colour to 

hide themselves from their enemies. For example, frogs change 

thoir body colour. Hollwioh (196 )̂ found that this change In 

body colour in frogs could be effected even if the eyes of the 

frogs were completely closed. All this shows that to some extent 

the reaction to colour and light may be spread over the whole body.

Of particular importance vis-a-vis its extra-visual function 

is the photo-endocrine effect of light. Various experiments 

have pointed out that visible radiations of longer wavelengths _

Dhaka University Institutional Repository



(essentially the red oneri) have effects u^on gonadal development
«

of ducks (Benoit, 196 ;̂ Hoj.lwich, 196 )̂. In one experiment 

(Benoit, 196^), ultra-violet, indigo, green, yellow, or-nge and 

red rays were used. It was found that the testes of ducks only 

responded to orajige and red radiations (liglit being ttirown on the 

duck's eyes). *It was also found that lî jht had considerable 

effect on ducks in reaching sexual maturity and presenting 

sexuaJ- cycles though light was not absolutely necessary for the 

development of sexual activity, as total absence of light did not 

prevent ducks from attaining such activity. The influence of 

light on the endocrine system has been thoroughly investigated 

by Hollwich (196'+).

Thus we see the effects of visible light on the living organisr 

Plants df'pend directly on visible light. Animals live on plants for 

their food. So animals also depend on visible light directly 

or indirectly. Animals depend on visible light, gro" with it, 

see with it and become delighted with it. Rightly has this 

range of the effects of visible light been described as the 

range of photo-biology.

3 . Affective and cultural factors in the perception oF colour

Experimental evidence exists for the fact that when two stimul*; 

are perfectly matched in all aspects other than colour, a measurable 

difference occurs in their perception (Drechsler, I960). Chromatic 

stimuli tend to arouse responses accompanied by affective phenomena, 

such ys associative blocking, strong emotional reactions, and symptoms
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of conceptual and behavioural disorganization. Thus, cnlour is 

said to be affect-laden.

But the question arises: Does the mere presence of colour

in ail object endow it automatically with affect-arousing property? 

Siipola (1950) ^fowers this question with an emphatic 'no.' She 

offera an explanation according to which tht9qe eymptoms of affective 

involvement are regsurded as an indirect effect of the presence 

of colour rather than a direct effect of hue as such. The addition 

of hue to an object (inkblot in her case) is likely to introduce a 

new difficulty, a hue-forrn incongruity, for the subject which 

causes conceptual conflict and emotionally toned behaviour.

This is a probable explanation. Siipola found that only 

certain coloured blots, mainly those characterized by hue-form 

incongruity, showed striking effects upon perception. This 

hue-form incongruity variable, however, can be experimentally 

controlled. And if even after that the effects are evident, 

we can definitely attribute thsm to the presence of colour.

Ten years after Siipola, Drechsler (196O) overcame t’ome 

of the methodological dil’ficulties inherent in using Rorschach 

cards as crucial mat-̂ rials in such experiments. In his experiment,* 

he used homogeneous rectangles of either red, green or grey 

projected on a screen during the presentation of word-association 

test. The results supported the hypothesis that coloured stimuli 

elicit more emotional responses than do grey stimuli. These
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results challenge Siipola's hypothesis that colour itself has no 

emotional impact. Drechsler offered an "intrusion" hypothesis 

aii a possible explanation for the role of colours as affect- 

stimulating agents. By "inbrusion" he means that bright colours 

intrude on the perceiving person in such a way that his on-going 

thought processes are interrupted or disrupted until the intrusive 

stimulus is removed or otherwise assimilated.

Notwithstanding these explanations, the qusstion still 

remains as to why different colours should produce different 

results. Thus red is said to arouse more emotionally toned 

responses than either green or blue. How could these differential 

characteristics of colours be explained? An "intrusive" or a 

"hue-form incongruity" hypothesis is not sufficient to explain 

this phenomenon. We shall discuss below this problem in terms of

a learning hypothesis.
Colour perception is associated with feelings of pleasure or 

displeasure. According to a learning explanation the two occur 

by differential conditioning. Thus, a child does not at first 

distinguish red flowers or other red objects from red flames or 

blood. Later, however, through injury assnciaS.ed with blood or 

fire, he learns a differential response to red. Later still, whyn 

he observed that red is used as a signal for danger, his differential 

response to the colour is further reinforced.

Next comes the question of colour preference. Most people 

have preferences for certain colours rather than for others.
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1 0

This order of preference sterns to be fairly consLanb within a 

culture. According to Eysenck (l9^l)j affiong Western peoples it io 

as follows: blue, red, green, purple, or;inge and yellow. To

Eastern peoples, though there is not much uniformity, t ie order 15 

quite different* and green, yellow and white will be preferred.

The distributicm of colour preferences in Eastern countries, 

mainly Ajsian, will be discussed later on. Â âin, particular 

colours may give rise to particular emotional reactions: red to

excitement or anger, green to freshness and vigour, blue to calm and 

pleasure, white to modesty, and black and grey to sadness or 

depression (Havelock, 1900, 1906; Gerard, 1958). It is difficult 

to measure as to what extent these emotional reactions are 

spontaneous, or whether they .-Jre symbolically associated through 

cultural traditions. These intra-species differences would 

appear to support a learning hypothesis.
If we look at the development of cultural tradition we can 

see its effect on the perception of colour. Studies show that 

primitive people do not perceive colours as we do, since their 

languages do not include the colour names included in ours.

In some cases the name us-Td by such peoples may be that of an •

object whith it characterizes. Thus the word green is often the 

same as or derived from the name for grass or other vegetables. In 

an experiment, Bro'vi- and Lenneberg (ig'+D found that recognition 

of colour was easier as colour becomes more codeable (consistency 

with which a name is applied to a stimulus). In the experiment
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with European adults, eight*colours with well-kmu-m namec (red, 

pink, oranb'e, yellow, green, blue, purple, and brown) were pre rented 

together with sixteen other colours. The cubjects were asked to 

recognise them from among a set of 120 different colours. They 

recognised the eight colours more quickly and with greater 

consistency than the other sixteen. But Zuni Indifms, who 

performed the same'task, frequently confused orange and yellow 

when they tried to recognise them. These Zuni Indians use the 

same name for these two colours.

Experimental evidence also exists for the fact that past 

experience and social factors play a vital part in the percepticin 

of colour (Duncker, 1939; Bruner, Postman and Rodrigues, 1951; 

Harper, 1953; Baker and Mackintosh, 1955; Fisher, Hull and Holtz, 

1956; Rosenblith, 19̂ )1). Children imitate their parents and other 

near ones in the choice of colour, even in a controlled experimental 

situation. By the same token, past associaiJuns influence the 

perception of colour. We do not perceive a colour alone. We 

perceive it gene.r-Oly with a form. Thus, the hue-form incongruity 

which Siipola refers to is a phenomenon of learning. Colour 

judgements are not only influenced by adaptation conditions of the 

eye or by other stimulus factors but also by experience factors.

One convincing demonstration of sucli an influence is found in 

the experiment by Bruner, Postman .md Rodrigues (1951)* They 

^ave shown that colour matches for familiar forms or objects
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(i.e. tomato, lemon, etc.)<were in accordance witVi the usual 

colour attributes of the objects depicted even when tho forms were 

presented as silhouettes of grey paper against a blue-green 

background. Baker and Mackintosh (1955) have shown thab t'lis 

influence is al^o evident even in a few colour-form exposures of 

unique nonsense fortriiB, previously associated with colours.

Related to the perception of colour is the "Stroop 

phenomenon." This refers to the interference of words in naming 

colours when the word and the colour appear in incongruent 

combinations, e.g. the word "red" printed in the colour yellow, 

the word "yellow" in the colour blue, and so on. This? phenomenon 

was first experimentally studied by Stroop (1935)- Recently,

Klein (1964) investigated the basis of this interference and found 

that the word's semantic structure, its meaning and relatedness to 

the colour-naming response, was responsible for this interference. 

Where the word and the colour name were semantically distant, 

the effect disappears.

Apart from the experimental studies reported above, there 

are sociological sind antliropological studies which also show that 

cultural factors play a part in determining the emotional feeling 

attached to a particular colour. The following is a review of 

such studies in the perception of colour in different races of the 

world. We group the review of such studies into the following 

headings: ~

 ̂ 1 , Perception of red

2. Colour vocabularies and colour perception '
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. I •
5. Perception of.̂ êllow, and

4̂. Perception of blue sind green

Perception of red 

Red, amon.i’- all coloars, is undoubtedly the moat emotionally 

toned colour. Gerard (1958) found greater cortical and automatic 

arousal under red than under blue. Red is the colour that even 

idiots learn to recognize easily (Havelock, I900). It is the 

colour that, catches attention most readily and on primitive levels 

of perception, as shown by the fact that small children and some 

primitive tribes react, only or primarily, to red. This will be 

dealt with in greater detail below.

In many par-to of the world red is the symbol of joyous 

emotion. Scarlet garments were at one time the exclusive privilfjge 

of the royal family in France and Madagascar (Havelock I9OO). Among 

the aborigines in Australia red is a predominant r,olour. In times 

of joy and merry-making they paint themselves red. The same 

practirie still exishs among Indian Hindus (the ancient religious 

group) which is seen in their observance of "Holy" (a Hindu 

festival of rejoicing in which they paint themselves red). •

In paintings and rock carvings the native Australians mainly used 

red. Spencer and Gillen (cited by Havelock, I9OO) in their works 

on the natives of central Australia, have described the significance 

and importance of red ot;}ire in the lives of the natives who would
• .coat their implements, weapons and sacred objects with red ochre.
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•, unifci[^Red was not, however, unifij^ly used as a symbol of joy. Havelock ,

says "a great many different colours are symbolical of mourning
A ̂

in various parts of the world .... but so far^I am aware, red

never" (p. 365). But Dana (19OO, p. 661) opposed this by quoting

the following: "•....reed clothes ben layed upon deed men in

rememberance of theyr hardness and boldness ...."• "It apperenth

in the time of Saxons the manner over their dead was a red cloth,

as we now use black ...." This shows that red was also used as a

symbol of mourning. But it is also clear that red was used in 

rememberance of valour, courage and hardship.

In years gone by, Europeans have followed exactly the same 

pratitice. German women, in the early ages, used red and yellow 

colours to adorn their faces and bodies (Havelock, 1900)- With 

the advent of civilization this practice ha;.; gone except, perhaps, 

vestigially with the current use of lip-stick.

It seems that the distinct, affective value of colour is 

closely related to the capacity for an aesthetic experience of 

colour. This is a relatively late development of highly differentiated 

cultures. Rivers (1901, 1905, 190?)) after his extensive studies 

of colour sense of different races, is of the opinion that as long • 

as the colours presente'l have primarily aesthetic value and no 

practical significance, primitive peoples seem quite indifferent to 

them. On the other hand, the Maories have about 3OOO separately 

designated colours all of which have practical significance for 

tliem (Reche Emil, I926). In the same way, the Kaffir language has
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more than twenty ralx termsj|̂ o designate the different colours 

and markings of horned cattle (Magnu,-; I'litjo, I880). The abundfuice 

of words for practically significant colours contrast:': w i'::i the 

absence or scarcity of ĵords for colours with no practical value.

In the Niger theri? rire'only three words for colour, namely red,
■ •

white and black. All that is not white 01̂ black is called red.

So, one ohould not be surprised if in RorHchach recordti of anme 

of the primitive tribes no colour responses are found. This was 

found to be so in the Pilaga Indians (Rorschach Analysis of 

Pilaga Indian children).

Colour vocabulary and colour responses 

That colour response is, in part, influenced by cultural 

development is shown by the study of colour vocabulary and colour 

response. It is seen that in every country the words for tin- 

colours at the red end of the spectrum are of earlier appearance, 

more definite, and more numerous than for those at the violet end. 

The careful investigations, of Uralis and Sholagas, and of the 

natives of Egypt, by Rivers (1905, 1903), of the Cambridge 

Anthropological Expedition, have shown that in all these communities 

there are definite names for red, less definite for yellow, still 

less for green, wliile no definite name for blue could be found. 

Similar phenomena were found in Europe. The same precision and 

conspicuousness of the colour vocabulary at the long wave end of 

iihe spectrum are found among earlier Europeans as well as among
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primi.I-.Lve people. This is ̂ lown by the fact that (l) Latin was 

especially rich in eynonyrns for red yjid very poor in aynonyms for 

green and blue; Latin had to borrow a word Tur blue from Teutonic 

speech, "caeruleus" originally meant dark (Havelock, 1900) and
*

(2) Greek colour vocabulary, especially at the violet end of the 

epectrum, is vague. ‘
In large measure, relying on the exajnination of 3OO chukchis 

during the Nordenskiold Expedition, Magaus Hugo (cited by 

Havelock, I9OO) concluded that although the colour vision of 

uncivilized people has the same raJige from red to violet as that 

of the civilized, there is a certain dullness, a sort of hasiness,

as regards green and bluej while the colours at the other end of

tliH spectrum are perceived with much greater vividness. The 

investigations of River,1, as mentioned before, have confirmed the 

conclusions of Hugo. Rivers found that corresponding to the

defect of colour terminology there appeared an actual defect of

vision for colours of short wavelength.

It is a noteworthy fact in this connection that in normal 

persons a colour sense may be acquired. This has been experimentEilly 

derronstrated by Fere (quoted by Havelock, I9OO), who by means of 

his chronotoscopic boxes containing very dilute coloured solutions, 

found that by practice it was possible to recognise solutions which 

had previously seemed uncoloured.

 ̂ The studies of colour sense in children show that the 

familiarity with the red end of the spectrum is earlier and mgre
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perfectly acquired than wifeh the violet enrf. Gcirbini has thrownI
much light on this matter, ^arbini (l89̂ f), with 600 North Italifui 

children, found that the order of perception is red, green, 

yellow, orange, blue and violet. Garbini's experiments are worth- 

noting in detail. He found that for the firoL; few days after birth 

the child avoids light, and at the l^th day, he ceases tt- be photo- 

phobio and starts snjoying light which is shown by the fact that thrj 

nfiild becomee quiet when brought into light rind cries when taken 

from it. It is not until after the l8th month that the child's 

chormatic perception begins, any preference for red or yellow 

objects at an earlier age being due merely to their greater 

luminosity. Between second and third years children are found to 

be most successful in recognizing red, then in green, but they 

very often confuse orange with red and mix up yellow, blue, 

violet and green. In the 5th and 6th years, red, green and yellow 

are always correctly chosen. In the 6th year children are 

perfecting their knowledge of orange, blue and violet and thereby 

completing their knowledge of colour designations.

From the above studies and discussion it may be concluded that 

primitive people and children primarily react to red. What about 

the normally developed civilized adult? Does he not still react 

emotionally more to red than to o1;her colours? If the answer is 

'yes', how might this be explained? The following points are 

relevant:

1 . What are the chief coloured objects that are of most vital

concern to human beings? Among many races, the colour of fruits
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might be a powerful '^ctor in developing a sensitivity 

for red and with such sensitivity was assor,Lnted the emotional 

satisfaction derived from it. Those people who depend on the 

colour of fruits to deterinine their ripeness or edibility 

may develop a i-'tj-jcial sensitivity to th-̂ t colour. Pickford 

points out that the frequency of red-greeri colour blindness 

has increased among the people with growing civilization. 

Whereas it is less frequent among some primitive peoples 

who must take right fruits (the selection being made by colour)

to avoid food poisoning (Pickford, 1964).

The second factor is that red is the colour of fire. Fire 

is a source of mansive physical satisfaction. Fire is 

associated with food; it is also a protection from the wild 

beast (to nomads or triba.1 people) and the accompaniment 

of festival (camp-fire). Fire is also associated with pain 

and anxiety.

Another very powerful factor in its emotional influence is

the the fact that red is the :olour of blood. In many

languages blood is a synonym for red. In Bengali, for

example, the word "rakhtim," meaning red, comes from •

"rakhtho" (pronounced rakh-tho), meaning blood. Blood is

a.lso associated with accident, injury or murder.

Red is not only the colour of ripe fruits, of fire, and of

blood, it is also the colour of love and sex. This is

certainly an ancient and powerful factor in the emotional
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attitude towards red. This association of red with love and
A

sex might be tlie i’lportant factor in the em.itional arouBal in 

Drechsler'e experiment (mentioned befor!̂ *) in which red and 

a picture of a nude aroused more emotional reaction than did 

'the same picture when grey.
■

PerceBtion of yellow

The emotional response to red is fairly uniform among all 

peoples at all levels of civiliKation. But the emotional tone 

of yellow is very difficult to define. It varies to a marked 

extent at different historical periods, in different regions of 

the world, even under the same civilized conditions, at different 

ages in the same individual. In one part of the globe it is 

highly honoured, while in the other it is highly disliked.

Children like yellow after red, sometimes they even prefer 

the former. But this preference changes with 'ige. Loebsion 

Cigo't), investigating the colour preferences of a large number of 

school children, found that children's love of yellow diminishes 

with age. Wissler (cited by Havelock, I906), in comparing colour 

preferences of freshmen and seniors of both sexes, found that with 

age there is a shifting of preferences towards the violet end of 

the spectrum.

Investigations on students in v&rious countries of Western 

civilization have shown that yellow is the least attractive and 

preferred colour. The most preferred colour is blue. Cohn
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(Philosophische otudien, vol. lO), in Germany, found jaJTiong sturlenbs, 

that yL'llow, even in any degree of saturation, was never the 

preferred colour. Blue was the most preferred colour. Major 

(1895), at Corne.ll University, in a series of carefully designed 

experiments, foî nd that among all hie subjects yellow was the 

least pleasant colour, while blue was the most preferred colour.

In determining the colour preferences of ^500 men .'ind women in 

Chicago, Jastrow (I89 7) found that yellow was the least preferred 

colour, though women seemed to like yellow more often th;m did 

men. Again, the most frequently chosen colour was blue.

According to Havelock (I906), in ancient Greece and Rome, 

yellow was especially worn by women at marriage and by the priests. 

In Homer's Iliad, a bed of saffron is prepared for lovers.

Ancient Greeks liked saffron coloured frocks and dyed their hair 

yellow. But yellow today is the least preferred colour.

Havelock explains this decline in the love of yellow by the advent 

of Christianity. In Christian ecclesiastical us'--.g-, yellow was 

regarded with disfavour and finally yellow garments were prohibited 

for the priests. Yellow hî came the colour of jealousy, cowardice 

and treachery. Jews, writes Havelock, in some countries were 

compelled to dress in yellow.

Why did Christianity view yellow with suspicion? Yellow had 

been the colour associated with wanton love. At the beginning 

it was associated with legitimate love. It has already been said 

fhat brides' garments were of yellow. But courtesans in different
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countries, especially in <Jreece and Rome, began to exploit this 

association. Later o«, a situation arose whereby chaste women 

were discouraged from wearing yellow garments. Thus yellow became 

symbolic of adultery. In modern English the word "golden" has 

replaced anythijig (meaning) yellow and the word has come to mean 

largely what if.’ beautiful or brilliant without any reference to 

colour•
Another association which made yellow gradually a less 

desirable colour is that yellow is the colour of bile and of 

jaundiced skin. The degree to which mankind has been impressed 

by the yellowness of bile is sufficiently proved by the fact that 

bile has served to supply a n.me to yellow. Thus, according to 

Rivers (1901), among the Eskimo, the Chuk.-jhis, the Samoyeds, the 

Voguls and other sub-arctic races yellow is called by a word which 

means bile.
Thus, the attitudes initiated by early Christia/iity and the 

subsequent emphasis of all its unpleasant associations, may 

possibly account for the kind of emotional response to yellow

among people on both sides of the Atlantic.

That the modern Western dislike for yellow is due to ,

cultural and historical factors seems to be evident from the 

observation that children like yellow as much as red, as has been 

stated above, and only later in life is yellow disliked. Emery 

(1938) reports an experiment in which patients were asked to 

foint out, without stopping to think, the mo.-3t desirable colour from 

a box filled with large balls of wool in red, green, blue, violet
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and yellow. The choice of patients who had regressed or failed ,

to progress beyond infantile level was yellow. Another i'\i I’resting

finding, in this connection, has been reported by Latta (190^)

in his careful investigation of a man operated on at the age of

thirty for cong^ital catfu'act. After recovery, the colour he

first saw was red, while green took him the longest time to

recognise. But yellow had a remarkable effect upon him. Latta reports,

"the first time he s h w  yellow he became so sick that he thought

he would vomit" (p. 1^5). From the report we know that this man
f

was exceptionally interested in the outside world. He even used 

to prepare garlands with different colours and as such he was 

aware of different colours by their names. So it was quite possible 

that this man had absorbed current ideas about yellow and that 

the appropriate emotional tone was associated with the colour  ̂

before he had even seen it. There is no mention in Latta's 

report that the patient was shown yellow without being informed 

of its name. When he first saw the red carpet on the floor of his 

bed in the hospital, his fellow patient told him it was rfjd.

The same thing might happen when he first saw yellow. The moment 

he saw yellow and could identify the name "yellow” (probably •

suggested by somebody) the emotional tone already associated was 

aroused and he felt sick perhaps remembering that yellow is the 

colour of envy, of adultery, of jaundiced skin, and of bile.

So far we have discussed only one side of the picture. If we 

t̂ u-n to the other side of the globe, from the Atlantic to the Pacific,
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we find that yellow is the most respected colour. It is still 

the most sacred and supreme colour in India, Malaya, China, Ceylon 

and even in Persia. The geographicEil distribution of the love of 

yellow has been investigated by Arnold (quoted by Havelock, I9O6).

In India and CeyJ.on yellow is highly preferred and respected. There 

has been an interesting study of the sacred uses of yellow in ' 

India by Dymock C189O). The love and adm.ir.'tion for yellow in 

India is expressed in language, songs, music, rituals and ceremonies. 

Yellow, in Sanskrit, is described as "charu" fair, "saurabha'' 

flagrant, and "mangalaya" propitious. Termeric is known as 

"haridra" in Sanskrit and has as many as forty-six synonyms.

In Hindu ceremonials termeric is essentd;d. The most 

important occasions in which it is used are the marriage ceremony, 

the "puja" ceremony (Itforship of gods and godessess) and in other 

day to day rituals. Yellow and plants having that colour have an 

erotic significance. That is why, we Fiini them playing an 

important part in marriage ceremonies and in the relations 

between the sexes. Termeric in Ramayana (Hindu sacred book) is 

the loftiest colour as it is one of the eight ingredients of the 

"Axghaya," a respectful oblation to the gods. Krishna (sacred ,

god and sun-god) is represented as clothed in yellow garments.

The "Baishnabs" (the followers and admirers of Krishna) wear 

yellow garments.

The reason why Indian Hindus hold yellow in high esteem 

pCissibly follows from the fact that the Hindus are great worshippers
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of the solar system. They hold in especial estjjĤ tion those 

plants wldch yield a golden yellow dye^remembering sun light.

It is the sun's rays that quicken life, sustain it, and through 

them new life springs up. Through this they have formed tb-- idea 

of the sun-god who is considered as the personification of youth 

and beauty.

Yellow is also the sacred colour of the Buddhists. In China 

yellow is regarded as the niost fortunate colour. In Malaya, 

yellow, after white, is the most sacred colour. Yellow is a royal 

colour in Malaya and the ordinary people may not wear yellow 

garmentf. i.n public while even the use of yellow handkerchiefs or 

curtains is prohibited.

While discussing the colour preferences above we have seen 

that in the whole of tĥ ; Western hemisphere blue is the most 

preferred colour. But still in some other regions of the world the 

tendency to prefer green is found. This is found in countries now 

or formerly Mohammadan and also in countries with an arid or 

desert climate.

In the scientific world, too, the position of yellow is 

uncertain. In the trichromatic theory of colour vision, for 

example, yellow is omitted from the list of fundamental colour.

But some scientists regard yellow as the most fundamental colour 

in the whole colour sp'.-ctrum. C.V. Raman (1965) says,

" .... that hypothesis (trichromatic hypothesis) regards red,

green and blue as the major visual sensations and relegates the
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sensation of yellow to a minor and secondary or derivative 

position. Actually, it is yellow which is the major visual 

sensation, wJiile red, green and blue though more colourful 

are only its subsidiaries. They are perceived as full colours only 
»

when the ye]low is put out of the way." (page l6).

To summorizo, it would seem that the individr.i»uil(ls up 

a cognitive structure or schema for the perception of colour on 

the basis of information received from various social Bources both 

private and cultural. '
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P A R T  I

The effects of red and blue illumination or. the estimation

of distance
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PART 1

The perception of (iistemce and the effect of lip;ht and colour:

(l) A review of the studies of the effect of colour on the 
perception oF distance

The judgement of distance depends upon different factors,
*

Euch as relative size, relative height, interposition, texture 

gradient, aerial perBpective, accommodation and monocular 

parallax and, in binocular vision, retinal disparity and convergence. 

However, we know very little about colour as a cue. Experimenta]. 

studies in this field are very few, some of the results are 

contradictory and the explanntions of the results offered are 

diverse. We propose here to go througli some of the available 

works and review their methodology, which may be helpful to our 

present study. In one of his observations, Helmholtz (I867) 

looked through a tube, painted black inside, at two vertical slits, 

one cover0{J by red glass and the other by blue î-l.-iss. After the 

two markings had been compared for a considerable length of time, 

the impression left was that the red mark was nearer than the blue 

one. In a similar observation, Katz (1935) reported the occurrence 

of the same phenomenon. He found that when he drove a series of 

broad-headed nails into a board and then covered alternative nails 

with red and blue papers, the red ones seemed, when viewed from 

a distance of 80 cm., to be strikingly nearer than the blue ones. 

Luckiesh (I918), in his experiment, presented two letters, X and 

Y, in a dark room in red and blue light respectively. The result
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was that seven oiit of nine subjects perceived rfft as nearer than 

blue. One subject was inconsistent, and one perceived blue

nearer. .
In a study by Taylor and Sumner C 19̂ +5). Hering's coloured

papers (rerl, green, blue, white, black aJid neutral ^rey)

were made into tubes which fitted snugly over the vertical metal 

poles of the Howard and Dolman depth perception apparntio. The 

depth perception apparatus, illuminated by a ^0-watt fluorescent 

lamp, consisted of a stationary pole and a movable pole. The 

stationary pole to the S's left was always covered with the 

neutral grey paper while the six coloured paper tubings were 

used in the movable pole in the course of the experiment. Their 

results showed that all colours appeared nearer in cottip.arison 

with neutral grey, the order being white, yellow, green, red,

blue and black.
Johns and Sumner (19^8) repeated the study of Taylor and 

Sumner in identical conditions with the one important change in 

the methodology that the movable pole to S's right was constantly 

covered with neutral grey paper while the six coloured tubings 

were rotated on the stationary pole. Their results confirmed the 

earlier finding that brighter colours appeared nearer than 

dark colours.
In an out-door viewing condition Mount et al. (1956) 

found a clear demonstration of the.effect of hue on the perception

* of distance, but he could not get any clear-cut differences
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between one hue and another.

Other rese;u’r;hers, such as Bruecke (I868), Einthoven (I885), 

and Belaiew-Exemplarsky (1925) inveGtigated the phenomenon. In 

aji experiment by Belaiow-Exemplarsky, tho distance of iiJ.uminated 

bits of Hering's,papers were compared and equated as to di.stance 

by moving the one that seemed nearer back until i I', seemed to be 

as far away as the other. The long wave colours seemed nearer 

th;m short wave colours. Red find blue showed striking differences.

Pillsbury and Schaefer (1957), using red and blue lights, 

found, contrary to the findings of the earlier studies, that 

blue seemed nearer than red for eleven of the fifteen subjects.

For two subjects red appeared nearer.

To attach any value to these studies we mutjt examine their 

experimental conditions, methods and controls used, for the 

results in a particular experiijitnt may be artifacts of the 

experimental conditions. Most of the experiments mentioned above 

had defects in their controls. These are discussed below:

1 . Inadequacy of the fixation objects: The screen edge, used

in several investigations, could not possibly provide an

accurate fixation point. In any case where head-position 

is not rigidly controlled, the results cannot be accurate. 

Slight movement of head may change the situation.

2. The intensity and size of the objeci-: In most of the studies

intensity of light was not controlled. In the study by

• Taylor and Sumner, stated above, intensity and brightness

factors were not effectively controlled and they got the
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results that the brighter the colours the nearer tkny appear. 

Si'/.e is a powerful cue to distance, but in many studies the 

size factor was not controlled.

3 . Other factors; In many of the experiments, mentioned above, 

there were two stimulus objects; one was called mo\/able; 

the one the subject moved near or farther, and the other 

stationary. And in some, the movable pole was always on the 

right of the subject. As a result, the movable pole might 

get more attention and due to that, the movable pole (that 

is the object or colour on that pole) might appear nearer.

On the other hand, in some experiments, the coloured 

objects appe.ared always on the preferred hand side (to be 

moved near or farther) which might cause them to get more 

attention and so appear nearer.

Many of these defect;; were removed and effective controls 

introduced in a recent study by Over in which subjects were

presented with two stimuli subtending the same vitjû l angle and 

of the same luminous intensity but of different wavelength.

He found that the stimulus of longer wavelength would be judged to 

be both larger and neaj'er. In this experiment Over did not 

control the size of the stimulus in the sense that the siz,e was 

dependent on distance. As the stimulus was moved farther away or 

nearer, the projected size decroased or increased accordingly.

So size was a cue. He predicted in his experiment that a stimulus
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of longer wavelength would appe.3T larger in size and rie;:irer in 

distance. With this hypothesis, he divided his subjecbo into 

two groups; one group made size judgements and the other group 

distance judjjî ments. From the instructions he gave to his 
«

subjects, it appears that the former group IjHcanie size-oriented and 

the latter diatanne-oriented, We are not Bure whether l̂he 

distance factor in the size-oriented group and the size factor in 

the distance-oriented group were eliminated or not- Over then 

combined the T'̂ snlts of both the groups and concluded that a 

stimulus of longer wavelength would .?.x>peai' bigger (given by the 

size-oriented group) and nearer (given by the distance-oriented group). 

But, in fact, the two groups overlapped each other in many respects.

In the review, above, we have seen the findings of different 

experiments and discussed the methods and controls used in them.

Here we shall discuss bhe different theories that have been put forward 

to explain the phenomena. The following hypotheses have been 

offered by different authors as an explanation of the phenomena: _

1. Difference in brightness rather than hue;

2. The effect of chormatic aberration of the eye;

3. Colours are originally depthless and acquire depth as a 

result of learning;

k. The different refractive indices of the eye media for

radiant energy;

5. An attention factor;

6 , Insistence quality of certain colours.
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It is very difficult to find a commonali t;y imong these 

diversified theories, though they are offered to explain the 

same phen >menon. The explanation that it is a brightness effect 

rather than hue effe>-t was put ,forward by tliose investigators 

who failed to rontrol brightness and inf tensity factors. This 

theory cannot explain the resulbs where brightness is equated.

Secondly, ciiromatic aberration has been offered as an 

explanation of the phenomenon. Before we go to discuss the role 

of chromatic aberration in depth pefcepbion, we propose to study 

critically the phenomenon of chromatic aberration.

A beam of light, which consists of rays of all wavelengths,_ 

when it passes through a wedge-shaped piece of glass or some other 

transparent dense medium, is refracted towards the base of the _ 

wedge. During this refraction the rays of short wavelength, 

such as violet, green and blue, suffer a greater amount of 

refraction thajri do the rays of longer wavelengths, such as yellow 

and red rays. to this factor, the foci for different colours

do not lie exactly at the same distance back from the lens.

The coloured images, as a result, do not exactly lie on the s.'ame 

point. This phenomenon is known as "chromatic aberration".

It is to be noted here that by means of special combinations of 

refracting surfaces the foci for light of different colours can be 

made to coincide and in that case the phenomenon of chromatic 

aberration disappears.
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This phenomenon of cJiromabic abtirTation, which is found to 

occur in physical optics, is also said to occur in physiological 

optics. Ma:iy investigators have studied what they call "chromatic 

aberration of the human eye." Thomas Young (18OI) was of the 

opinion that tie lens system of the eye suffers from chromatic 

aberration. Fraunhofer (l8l4), Matthiessen (l8̂ -t7)) Helmholtz (I8 6 7) 

and m£uiy others have medisured the chromatic aberration of the eye_.

A recent study was made by Hartridge (19^7; 1950)-

The effects of chromatic aberration in the eye are said to

be:

1 . -hat the foci of light of different wavelengths do not lie 

on the same point;

2. That colours of short wavelengths, such as violet, blue

and green, stand nearer than those longer wavelengths, 

such as red and yellow.

5 . That a blur circle is formed in tne retina instead of a

clear image of the point source,

There are strong criticisms against the notion of chromatic 

aberration in the eye. Some of such criticisms are mentioned 

below.

1. In ordinary vision, colour dispersion and the reported blur 

circle are .'jcarcely noticeable at all.

2. Many experimenters did their experiments with artificial

eyes composed of pure water assuming that the dispersion

* rate of ^ier is the same as that of the acqueous and

vitreous humors (Helmholtz’s Treatise on the Physiological
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Optics, Vol. 1 8c 2, p. 173)* But this is a doubtful 

assumption. The vicsosity of water is not the same as that 

of the humors. The temperature may be different. Even if 

the temperature of water is taken to be the same as that of 

the humoi-̂ , the temperature of humors (in a living 

physiological system) may quickly change, being affected by 

light more than that of water. The increased temperature would 

have the effect of reducing both refraction and dispersion. 

Moreover "the eye media do not consist of pure water but 

also of protoplasm containing proteins, salts, and other 

substances which would have the opposite effects" (liartridge, 

1950, p.87).

J. As the distinctness of visual images is so little afCe::led

by chromatic aberration that some investigators, such as 

D'Alambert (176?) and Forbes (18^9), pointed out that the 

eye is absolutely perfect so far ;iij tlie effect of chromatic 

aberration is concerned. Ganot (I882) suggested that ihe 

aperture of the eye is sm-Ll 1 and that light rays meet the 

refracting media at almot<t the normal incidence.

Another group of investigators think that there is a 

possible physiological mechanism which tends to neutralize 

the effects of chromatic aberration in the eye. Gullstrand 

(192 )̂ has offered such an explanation. Gullstrand pointed 

out that chromatic aberration results in two related

* phenomena: chromatic difference of focus and chromatic
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difference of magnification- By the foriiier is meant the 

distance-between the two focal points due to two different 

kinds of light; and the latter is proportional to the 

difference between the primarif f jcal lengths of the system. 

Hartridge* Cl9^l) showed that there are two factors which 

lend to reduce chromatic difference of focus: one operating 

where the diameter of the pupil is large, and the other operating 

when it is small. The former is the retinal directional effect 

on light intensity, discovered by Stiles ajid Crawford (193^). ^

They found that light rays passing through the peripht?ry of the 

pupil are less effective than are those which have passed througlri 

its centre. In effect, in order that the two rays match one 

another in brightness, the peripheral ray has to be as much as four 

times the intensity of the central one.

The second factor which operates at small pupil diameter is 

diffraction. Hartridge contLnues, "at a certain aperture between 

these two extremes the two defects are found largely to neutralize 

one another to produce an almost colourless image," (p. 97-98).

Gullstrand (1924) explains that perhaps the cliromatic 

difference of magnification is neutralized by the same physiological 

mechanism as for the focus difference. What happens when the size 

of image is larger? The chromatic difference of magnification 

increases with the size of the image, but at the same time the 

ability to see the coloured borders diminishes, because they fall 

on parts of the r'̂ tina that are farther removed from the place of

most distinct vision. Now, if this decrease of visual acuity
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wore proportional to tho increase of the width of the coloured 

border, the phenomenon of the chromatic difference of magnification, 

although physically present on the retina, would nob he physiologically 

revealed by the visible appearance of coloured fringeE, This 

physiological mechanism is adequate to mask the cVirom'itic 

difference of magnification in the outlying portions of a largo.T- 

retinal imtiga. '

Thus from the above discussion, it may be concluded that 

the physical phenomenon of chromatic aberration is physiologically 

neutralized or effectively masked in the eye. Perhaps when such 

a mechanism is disturbed due to some defect or injury in the eye, 

the effects of chromatic aberration may reappear. This 

conclusion seems to be validated by the findings of Allen (196'+).

He found that most of the drivers he investigated had eye defects 

(called chrome steropsis) which caused them to think that red bail 

lights are farther away than they are (a chromatic aberration 

effect). The physiological mechanism to neutralize the effect of 

chromatic aberration in the eye might have been impaired due to 

this defect (chrome steropsis).

Even if we accept the view that the eye suffers from 

chromatic aberration, this hypothesis has 'lu t with great difficulty 

in explaining the perception of depth due to coloui’. The I’o Li= of 

chromatic aberration in depth perception has been extensively 

studied by Karwoski and Lloyd (19!51). Red, yellow, green and 

blue spots of light were judF̂ ed for depth perception. They found
«
that accuracy for judging depth for differenl. spectral lights
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decreased in the order yellow, red, green ;.ind blue. They framed 

a further hypothesis thnt the above order was due to cliromatic 

aberration effect, i.e. where the stimulus object was perceived 

ai5 blurred. This blurredness accompanying chromatic aberration, 

which according to them was the highest in blue, was given as the 

causal factor for blue bein^ pr;iceived as further. On bhe other 

hand, the threshold detectability curve plotted against wavelength 

by Harvich and Dorothea (1953) shows that the visual sy.stem is 

most sensitive to light in the green part of the spectrum and 

least to that in the red. In this connection Dember (196O) says,

".... if it is desirable to maximise the detectability of a

stimulus and that stimulus must be monochromatic, then green is 

the colour to choose. On the other hand, to minimise detectability, 

you would use red light." (p. 126-12?). Further, if chromatic 

aberration witli its blurredness effect is offered to explain blue 

as the most blurred light, and ats such, percei'/'ed as farther 

away, how can the results of Pillsbury and Scheff>r, and the 

negative results of Luckiesh, as mentioned above, be explained 

where blue was perceived as nearer? Hence, from the above 

discussion it may be concluded that the chromatic aberration 

hypothesis can not effectively explain this phenomenon.

A third kind of theory put forward to explain this phenomenon 

iK Uiat colour is originally depthless but acquires depth as a 

result of learning. This explanation, of course, partially 

accepts hue as a distance cue. When the situafcjon of perceiving 

the distance of a brightly coloured object occurs, the conscious
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sensation involves the associfition of past experience with aerial 

perspective as a learned cue in depth perception. This theory 

tends to account for the results in terms of an associative _

ratVier than a retinal mechanism. Johns and Sumner, reported 

earlier, suggest, for example, that blue objects are judged to be 

farther away than red objects bncause of past experience with 

aerial perspective.

In essence this theory is not very different from that of 

chromatic aberration. The theory of chromatic aberration of the 

eye explains blurredness as a cue to distance by a retinal 

mechanism, whereas the ass'̂ ciation theory explains the same thing 

(that is, shady and hazy objects appear further and distinct and 

clear objects nearer) by an association process with past 

experience. This theory cannnt explain those results where blue 

objects acpeareri nearer.

Another explanation is that the different refractive indicos 

of the ocular media for radiant energy may be responsible for 

causing this effect. Blue light suffers refraction more than red 

light. Microelectrode and EBG studies (Bushkirk, 195^) show 

that the nerve impulse due to blue rays is weaker (smaller) 

than that due to red rays. Moreover, blue light loses much of 

its intensity in the ocular media than red light (Benoit, 196^)-

Attention has also been used to explain the phenomenon 

under investigation. Arguments are put forward that those 

tetimuli which are more interesting, pleasant and attractive will
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catch a sahj'ict's attenhion and .30 bhosc t.ninfj;; wil.L appear 

nearer than dull thing ;. Thir, axf>lan:-\ti.m hac been especially 

offered by those investigators who did not control the stimulus 

presentation. For example, ir the study by Taylor and Sumner, 

reported earlier, the movable pole was always on the one side of 

the subject, mainly on the right. Some of the investigators 

asked the subjects to move the coloured objects con:.;istently 

with the right hand. As a result, those objects inif̂ ht get more 

attention. But this effect could be neutralised as far as 

poa.:i.i.ble by providing one stimulus on the stationary pole half 

of the time and on the ;tiov.jble pole another half of the time and 

appearing at subject's right ha.lf of the time and at left another 

half of the time.

Another explanation, offered by Katz (1935)i Exner (I906), 

Belaiew-Exemplarsky (1925) and others, is the insistence qual:. ly 

of certain colours. Certain colours are more intense or in 

Katz's term more "eindringlich" by which is meant that they seem 

to stand nearer. Red has certainly this quality. To quote

Katz "this difference in insistence is .... the basis for the

fact that .... reds seem to stand nearer to us than blues" (p. 69).

What does this term "insistence" or its German counter-part 

"eindringlich" really mean? Katz defines "insistence" (his own 

translation of eindringlich) as "the power of catching the eye more 

readily and of holding it more steadily" (p. IO8). But why is red 
• , 
more insistent than blue? Katz does not seem to answer this 

question. Belaiew-Exemplarsky uses the term "grellheit" to
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describe the quality that makes a colour appear nearer. The two 

termc are almost identical in their meaning, but grellheit is 

more specific. It means the strength with which light affects, 

stimulates physiologically. Actually speaking, they are not 

explanations, they are merely descriptions.
*

From the above review, it appears that many of the studies 

mentioned were lacking proper control.''' rjid that most of the 

theories, many of them ;irising from the experimental conditions, ' 

are ei."hi-?r unsatisfactory or inadequate to explain the phenomenon 

of the effect of colouj’ on the perception of distmoe.

(2) The present investipiation 

The hypothesis

Our hypothesis is that for red and blue light spots, at the 

same distance, of the same intensity and of the name size, when 

presented in reduced cue conditions (in dark-room, using one eye 

and with rigid head fixation), red would appear nearer than blue.

A preliminary experiment

To test the above hypothesis we carried out a pilot experiment 

with ten students of the Psychology Department, University College 

London. The apparatus consisted of a wooden box (67 cm. x I5 cm. x I8 cm.) 

painted black inside and outside and divided longitudinally into two 

alleys. At the end of each alley there was a +̂0 watt flourescen^ 

lamp giving an illumination of 15 FC. Red and blue f:Iters (Kodak 

Wgatten Gelatine Filter) were used to provide coloured illumin-'ition.
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The stimulus objects were two circular grey spots (1.') cm. 

in diameter). The two grey spots were, under the coloured

illumination, visible by both the eyea of the observer. -j.ibjefcts

were asked to equate them for distance by moving them nearer or

farther by means.of striiigj and pulleys. The results showed that

to equate the two spots, Ss had always to move the spot under 

red illumination. This means that under red light the spot 

appeared nearer than it did under blue light.

MAIN EXPEî IMENT

Sub.jects

Forty Ss, thirty four males and six females, were employed 

in this experiment. They were all students of the University of 

London. Each S was tested for colour blindness by the Tijhihara 

Test.

Apparatus and method

On the basis of the pilot study the apparatus was modified 

as follows:

1. Though there was a partition separating the two light

spots in the box, the two spots sometimes superimposed on 

each other malting their perception difficult. This difficulty 

was removed in our new apparatus by introducing mirrors so 

that Ss could see the l-wo spots quite clearly without their 

being superimposed.

2f The size of the spot was used as a cue by almost all Ss.

When Ss moved either of the spot forward or backward, the
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size changed with corresponding change in diGtfince. Thu;3 

they used sisc r̂s a cue to distance. Over (1962) i'ound that 

a stimulus of longer wavelength would appear bigger :uid 

neELrer than the one of a chorter wavelength. The question 

arose: to what Ss responded, to size or to distance? It is 

difficult bo get the answer from Over's design. To avoid 

these two difficultins we presented the stimuli in our 

new design of the apparatus in such a way that the size of the 

retinal iriâjra of the stimulus would remain constant no 

matter whether it is moved farther or nearer. This was 

achieved by having a light-chamber run over a rail. The 

aperture of the light-chamber became smaller or bigger -̂s 

it was moved nearer or farther. Figures 1, 2 and 5 show 

the general features of the new apparatus. Two scales were 

attached to two sides of the box over which ran a pin

attached to the rail to givo a reading of how far S had

■ moved the light-chamber.

3 . We did not use a head-rest in the pilot study. But we

found that slight head movement could change successive 

perceptual readings. So, we introduced in the new apparatus 

a chin-rest and a rigid head-rest.

General procedure

The two light spots (red and blue), equated for brightness 

by each individual S, were presented at five different distances 

from Ss eyes / 55 cm., 6o cm., 65 cm., 70 cm. and 75 cm., the order
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r

“Pig.l. Apparatus used for the investipation of 
the effect of ooI.oi’t* nn the ’̂ erce^^tlon 

of distpTioe.
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being randomised and the two light spoto being pr’esenLed aL oq lal 

distances each time. In half the trials S mo/ed the red spot, 

blue being fstationary, and in another half he moved the blue spot, 

red being statiohary. So, in each position t'ler-'e were two 

conditions (once Ted being movable,and once blue being movable) 

and for each co.-jdition S had two trials. Thus, in all there were 

twenty trials with each S. With alternative Ss, stimulus-sidu -flias 

changed, i.e. with one S red having on the right and blue on the 

left, the next S had red on the Ifft and blue on the right and 

so on.

The experiment was carried out in a dark room. Before the 

start of the experiment each S was given a colour blind test (the 

Ishihara Test). When he qualified in the test, he was led to the 

experimeal.al room and was seated before the apparatus. He had 

his chin and head rigidl.y fixed by a chin and head rest to prevent 

the head moving laterally.

He was then given the following instructions:

When right-hand side spot is movable:

"You are to look through this aperture wit)' your one eye.

You may use your preferred eye. You are seeing two coloured 

spots. Wha-c 1 want you to do is to make them appear equal in 

distance from you by moving this knob at your right (showing the 

knob). Remember, clock-wise movement of the knob moves the right- 

hand side spot farther and anti-clock-wise movement brings it 

nearer. When you think that the two spots are at the same

distance from you, say 'yes' and take your hand from the knob."
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When the left-haJia ,ri ie spot .is movable:
"Now you at'e to do exactly whnt you huvG done bofoire; but

this time you are to use tbv ]:nob at your left. i?cmrtiiib..T, in 

this case clock-wise movement of the knob brings the coloured 

■it your left-hand side nearer and anti-clock-v;it;e movement moves

it farther.” .
To make if- sure whether S had followed the instructions, 

he was given some practice trials befoi'e the experiment was 

started. Befori-; each trial the light in the box was put off and 

the two spots were reset. Care was taken that S might not know 

at all where E was putting the two spots before each trial. -Each 

S had some rest duriig the resetting of the two spots before each 

trial. He had, in addition to that, a five minutes' rest at the

middle of the experiment.
Though the projected size of the two light spots waG made 

independent of distance, it is possible that under red light 

the spot may appear bigger to Gs. To check this the last five 

Ss in Group A were instructed to report on the relative sizes 

of the two spots before they s t a r t e d  moving them.

In Group A, Ss compared red and blus spots directly. In 

Group B, red and blue spots were compared indirectly. In this 

group there were two sections, in one section Ss compared red 

with neutral grey and in another they comp.u-ed blue with neutral 

grey. This was done to see whether red appears nearer in 

comparison with neutral grey and blue appears farther arfay in 

ccSmparison with neutral grey. ■
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Variable aT)ert;ure lipht-chamber shov.'n-* (L) in
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After the experiment Ss were taken out from the oxperimental 

room and were interviewed about their experiences during the 

experiment.

48

RESULTS
*

The following figures show the actual physical distances in 

centimetres between the red and blue light spots when the two 

appeared to Ss to be of equal distance. Plus ( + ) sit̂ n means red 

was behind blue and minus C-) sign means red was in front of blue. 

Group A Table I
(Compar.:son between red & blue)

1 2 3
Ss Distances at 

presented ,
55cm. 60 cm.

which the stimuli were 

. 65cm. 70 cm. 75 cm.
Score

Sign

X
ve-

^-ve+ve -ve

1 +11.4 +13.2 +24.1 +23.3 +23.5 5 0 + 95.5

2 +5.6 +11.3 ' -2.5 +5.6 +1.3 1 + 19.3

3 +10.5 -2.5 +6.5 -1.0 +16.2 3 2 + 29-7
k +20.7 +1.0 +7.4 +8.9 +8.9 5 0 + 46.9

5 +4.7 +.9 +4,2 +14.9 +15.9 5 0 + 40.6

6 +19.5 +50.4 +49.0 +36.1 +46.7 5 0 + 181.7

7 +25-5 +27.2 +21.6 +'i0.4 +35-9 5 0 + 150.6

8 +5.2 +6.7 +8.1 +8.4 +7.4 5 0 + 35.8

9 -9.k -2.7 +21.5 +36.5 +40.5 3 2 + 86.4

10 +k.O +10.7 +7.1 +9.5 +5.9 5 0 + 37-2

11 -15.0 -7.6 -15.4 -2.1 -5.0 0 5 - -43.1

12 -10.8 -13.3 +2.8 -5.3 +27.1 2 3 — 0 .5
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Table 1 (contd.) 49

■ 1 ■ 2 3
Ss Distances■at which the stimuli were Xpresented Score A

=J+ve-
yj cm. 60 cm. 65 cm. 70 cm. 75 cm. +ve -ve Sign :^-ve

15 +18.9 +3 2 .7 +20.0 +1 .8 +10.6 5 0 + 84.0
I't +l'i.l +2 3 .̂ +10.2 +1 7.9 +20.0 5 0 + 85.6

15 +20.2 +9-5 +4.2 +3 7 .0 +38.5 5 0 + 1 109.4

1 6 . +h.7 +14.8 -4 .3 -5 .5 +9.2 3 2 + 20.9

17 +5.0 +7 .8 +1 5 .2 +1 .5 +21.8 5 0 + 5 1 .3

18 +32.0 +16.5 + 36.5 +3 6 .3 +23.0 5 0 + 144.3
19 +1 6 .7 +1 9 .3 +26.1 +1 1.8 +1 3 . s 5 0 + 8 7 .7

20 +31.3 +48.5 +46.3 +54.9 +60.0 5 0 + 241.0
21 +8.5 +16 .3 +19-5 +1 2 .5 +9 .0 5 0 + 65.8

22 +19.5 +16.0 +20.8 +8.2 +10 .2 5 0 + 7 4 .7

23 +1 7 .3 +2 1.5 +26.0 +4 5 .7 +3 8 .1 5 0 + 146.6
zk +2 1 .7 +3 1 .7 +42.3 +44.5 +4 5 .7 5 0 + 185.9

23 +9.5 +1 3.0 +8.0 +1 2 .3 7̂ .3 5 0 - 5 0 . 1

2d +26.3 + 3 8 . 7 +48.0 +56.4 +5 8 . 2 5 0 + 227.6

27 +1 5 . 8 +24.4 +41.1 + 3 2 . 7 +3 4 . 8 5 0 + 148.8
2 8 +9 . 2 +2 3 . 0 +26.0 +42.1 +2 1 . 5 5 0 + 1 2 1 . 8

29 +2.5 +7.8 f6.5 +'̂ .l +0 . 3 .5 0 + 2 1 . 2

30 0 . 0 +2.8 -0 . 5 +6 . 2 +4.5 3 1 + 1 3 . 0

Mean 1 1 . ^ 3 14.77 1 7 . 6 1 1 9 . 8 5 21.63 - - - 8 5 . 2 9

Statistical analysis

1. Sign test: Sign test (Siegel, Non-parametric statistic,

p. 68) was computed between positive and negative scores (column

2, Table 1) as follows:
Z  ̂(x  ̂ .5) -
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Whfire X = number of lesser signs, 2 in oui‘ cuoe;

N = total number of signs, 30 case.

If Z > ^  then Z is significant, where oC = probab:i lity at which 

level the test is to be (c< = .0 5) judged.

Z = ^.5 6, P .001, GO Z is significant.

2. Analysis of variance

One way classification analysis of vtu’lnnce was done for all 

five diotances in order to determine whether distance was a 

significant source of variation.

Table of analysis of variance

SoixL’ce d.f. Sum of squares Mean F 
Sum of squares

5% F Conclusion

Between k 1976.55 hsk.ik kc)k,lh
250.07

2.if3 F not
significcUit 
so distance

Within

Total

1^5
1^9

36259.70

38236.25

250.07 = 1 .9 3 was not a 
significant 
source of 
variation

3 . t-test (related measure) was done between sum of plus 

scores (red being behind blue) and that of minus scores (red being 

in front of blue) C 2,+ve - ^-ve, Column 3 , Table 1).

t = X / ¥

(T

X = 85.29

N = 30

6- = 1 1 0.5^

t = 4.22
I ■
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d.f. = 29, t is significant (P .OOO5 , one-tailerj

test)

This meaJTLB the difference between red and blue with reference to distaiioe 

is highly significant. That is, according to our hypothesis red 

appears nearer than blue.

Group B ^

The following figures show the actual physical distances in 

centimetres between red and neutral grey when they appeared to Ss 

to be of equal distance. Plus sign means red was behind neutral 

grey and minus sign means red was in front of neutral grey.

Table 2
(Co:riparison between red S; neutral grey)

1 2 3

Ss Distances at 

cm. 60 cm.

which the stimuli were 
presented

65 cm. 70 cm. 75 cm.
Score 

+ve -ve Sign

X
=̂ '+ve- 
£ -ve

1 +1 1 .7 +1^ .5 +1 2 .0 +19.0 +5 .4 5 0 + 62.6

2 +3i+.0 +50.5 +18.2 +33-0 -3 .3 4 1 + 152.4

3 +2 .2 +16 .8 +7.6 +1 .8 +27.9 5 0 + 56.5

it +16 .5 -1 .8 +5 1 .1 +3 5 .1 +28.3 4 1 + 109.2

5 +̂i-.8 +14.5 +12.8 +1 3 .1 +1 3 .8 5 0 + 59.. 0
6 +1 3 .5 +23.0 +2 3. +29.? +24.5 5 0 + 1 13 .9

7 +2 .3 +5 .1 +11.4 +1 1 .0 +5.9 5 0 + 3 3 .7

8 +9.̂ + +1 1 .5 +1 1.2 +6 .0 +19.8 5 0 + 5 7.9

9 (■2.3 +1 3 .2 +1 7 .1 +0.8 0 4 0 + 3 3.4

10 +4 .9 +10.8 +5 .3 +21.8 +3 .2 0 + 46.0

Mean 10.16 15.8 1 1 5 ,0 1 1 7 .1 3 1 2 .3 5 - - - 70.44
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Statistical analysis

1. SigA test

Sign test (between positive and negative scores, Column 2,

Table 2) showed that minu.s aigns (fewer GLgns) had a one-tailed

probability of occurrence under//^of P = .001.

2. t-test

t-test (related measure) was done between sum of plus 

scores (red being behind neutral grey) and thal of minus scores 

(red being in front of neutral grey) (£+ve - Column J>,

Table 2) as follows:
4. X >Tnt —

(T
X 70.^^

N = 10

8?. 10

t = 2.71
d.f. = 9 i t is significant (P .025t one-tailed 

test)

Significant t shows that red appeared nearer than neutral grey.

Group B '

The following figures show the actual physical distances 

in centimetres between blue and neutral grey when they were 

equated in distance by Ss. Plus sign means blue was in front 

of neutral grey and minus sign means blue was behind neutral 

grey.
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labXe ^
(Compjirison between blue & neutral grey)

Sk

1

2

5
k

5
6

7
8 

9
10

Mean

1

Distances at which the stimuli were 
pr'=̂ sented

55 cm. 60 cm. 65 cm. 70 cm. 75 cm.

+5.9
+9.9

- 12 .6

+5.0
+7.^
+9.9

+7.^ +22.0  
+9.6 +6.9
+11.2 +11.7 
+11.2 +19.5 
+ 9.6 - 1.8 
+12.0 +21.'i 
-5.0 -2.2

+11.7
+1.7
+9.8
+25.7
+5.0

+2 0 .1

+22.0

-5.7
+29.0
+5.6

+11.
- 8.0

+18.1
+8.i+
+2i|.9
+28.5
+5.6
+27.2
+15.2

+8.7
+10.9
+22.0

+26.0
-0.7

+28,7
+20.4

+1 . 6

+25.0
+18.3

+ve ~ve

5.92 9.78 12.^9 I'+.S? 16.09

5

5

0

0

2
0

1
0

0

2
0

2

Sign

+
+
+
+
+
+
+
+
+
+

3

43.7
41.3
21.1
97.2

29.2 
96.6

101.6

11.3
n  4.6

31.9

58.85

Statistical analysis

1. Sign test

Sign tesb (between positive and negative scores, Column 2 ,

Table 3) showed that minus signs (fewer sign.'i) had a one-tailed

probability of occurrence under^y^ of P = .001.

2. t-test

t-test (related measure) was computed between sum of plus 

scores (blue being in front of neutral grey) and that of minus 

scores (blue being behind neutral grey) (Sl+ve - ^-ve, Column 3 i 
■

Table 3) as follows:
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X  ̂Nt =

X = 58.85

10

73.25

t = 2.5^

f. = 9, t is

test)

Significant t shows that blue appeared farther away than neutral 

grey.

DISCUSSION

From the results (Table l) it appears that to equate in 

distance Ss had to move the red light spot farther away or the 

blue light spot nearer towards them. The differenct' Ijct-een 

the two light spots in physical distance, when they appeared to 

be of equal distance, was highly significant (P<^0 .0005).

Hence, it may be concluded that red appe-ared nearer than blue. 

Only one subject(Sll, Table 1) consistently perceived blue as 

nearer•
In our design of the apparatus (Figures 2 and 3), the 

presentation of the stimulus objects was Guoh that their 

projected sizes rem;£lried the same no matter whether they were 

moved farther away or nearer. That is, the effect of size on the 

judgement of distance was minimum. Frnin this it may be concluded 

that Ss responded to the variation in wavelengths of the radiant
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energy and not to the size of the stim u lu G . To check this, 

we asked the last five Ss in Group A to repor' "i the re.lutLve 

sizes of the two coloLir'-d spots before they started moving them 

before each trial. They all reported that the two spots were equal 

in size. After the experiment, each S was asked as to how h'- 

made the adjustment (to equate the two spots in distance). No 

one could give any definite clue, and most of them said that they 

did it just by seeing them.

In Group B, we found that w?ien Ss were asked to equate the 

red and neutral grey spots, red was moved farther away. This 

means that red wao perceived nearer than neutral grey. Secondly, 

when they were asked to equate the blue and neutral spots, blue

was brought nearer. This means that blue was perceived as farther 

away than neutral gray. So, it may be concluded that red advances 

and blue recedes.

Error in the judgement of distance under coloured lip;ht

Figure shows the percentage error in the perception of 

stimulus objects under red and blue light. There is more error 

in the perception of distance under blue light than under red 

light. And the direction of error was that under red light 

things appeared nearer than under blue. Contrary to these findings, 

Allen (196^), in his study of night vision of drivers, found that 

most of the drivers sl̂ udird, perceived red as farther than, blue 

or green. How can these contradictory results be explained?
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rip;.4. Error in of diptarce
■ h l ’ie li.p'ht:, •
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Let us consider the method-and procedure oT Alien'e an-; cuj’ 

experiments. The distance judged in our experiment waG compai-atively 

short, ra:iged between 55 cm. - 75 cm. Though there is no mention 

of the range of distance Allen used, it i.rij- b: assumed from

the surroundings of his experiment, that he was concerned with ^

longer disl’.aiTce. We are not sure, whether the phenomenon we

studied would be reversed in cases of longer distance. Mount

et al. (1956), however, found that comparatively red appeai-’ed

n5arer than blue when the stimuli were presented at a distance
of 200 ft, from Ss.

The second factor to be considered is that whereas we 

were concerned with nionoculiir viL'lon, Allen was concerned with 

binocular vision. At this stage we cannot say how far this '

f'ictor was responsible for l,he differences in results in the

two experiments. However, Mount et al. C1956) obtained results 

similar to ours in binocular vision.

Thirdly, Allen noted that most of the drivers he studied 

had eye defects (called chromestereopsis) which he said made them 

think that red was farther than green or blue. We may not

rightly comment on this point because we did not test our '

subjects for chromestereopsis. Allen may be right that in persons

with chromestereopsis the perceived relative locations of red,

green and blue change in which red appears farther than blue or

green. Allen also described two other defective visions which
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might reverse the phenomenon we studied. One is protanopic 

vision in which there is a reduced sensitivity to red. The loss 

in perceived brightness or sensii'.ivity to red is interpreted 

by protanopic- persons as an increase in distance. The uecond 

factor is hypermetropic vision. Under this condition, wrote Alien, 

red objects will appear most blurred. This condition of the eye 

causes red light to appear less bright and out of focus as a 

result of which red appears farther away than blue or green.

However, we can only conclude that in shorL distance and in 

monocular vision red appears nearer than blue. To determine 

whether this error in perception was a function of different 

distances judged, analysis of variance for tli'; five distances 

was done. The F ratio (2.^5) was not significant at the .05 level.

This shows that the error in the judgement of distance under the

two coloured lights was independent of distances judged. Nevertheless,

65 cm. distance (Fig. k) had distinct but opposite ( ffects on

the judgement of distances under red and blue light. At this

point, the error increased under red light but decreased under

blue. It is, however, not clear why it so happened at this

particular point.

The question still remains as to the rea:jnn for these 

results. There is, however, experimental evidence for the 

proposition that red light stimulates physiologically more than 

blue does (Goldstein, 19^2; Gerard, 195 )̂ and it is possible it 

is this difference between the two colours to which underlies the
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distance judĵ iiig phenomena. Regarding thfi effects of colour 

as a physiological stimulus, Gerard (195 )̂ has reported;

(a) blood-pressure increases under red light and decreasiis under 

blue light;

(b) in palmar conductance, both colours produced immediate 

increase, but conductance after a period of time wac 

consistently higher for red than for blue;

(c) respiratory movements increased during exposure to red 

light and decreased during exposure to blue light;

(d) in heart rate there was no appreciable difference between 

the stimulation by red and blue light;

(e) frequency of eye blinks increased during exposure to red 

light and decreased under blue light; and

(f) about EEG arousal, the brain was mai-'cedly affected by

the introduction of the two lights, but with time, activation 

remained consistently greater for red than for blue. Data on 

the differential effects of red and blue liglit on EEG 

activity have been reported by Carterette and Symmes (1952) 

and recently by Sanders and Liske (196?).

We have seen that red activates, but what abCMl- blue? Why 

does it not do so? Why red affects the autonomic nervous system 

more than blue was extensively studied by Benoit (196 )̂ and 

Hollwich (196'+). Their studies were mainly concerned with the 

photo-neuro-endocrine effects of light.
• ^

Lena, cornea and other optic media absorb light in the
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blue end of the spectrum more tlitui in the red enr3. This has been 

clearly shown in duck experiments by Benoit. As hcis been already 

mention'd, immature male ducks were submitted to illumination 

by monochromatio l:i.glit (ultra-violet, indijj;o, green, blue, yellow, 

orange and red being studied) with the sami: qMantities of energy

(kO.k foot' candle). The testes of the ducks (light being applied^

to llie eyes of the ducV:;i) only responded to orange and red radiations. 

Hollwich (1964), in a similar experiment on immatui’e male ducks, 

confirmed this maximal activity of red radiation.

When Benoit repeated the same previous experiment with a 

quartz rod technique which eiaabled him to throw light directly

on the hypothalamus, the testes responded to shor-t wavelengths

(indigo and blue) as well as to long wavelengths (red ajid orange). 

Another experiment by the same author proves this conclusively. Two 

ducks were placed at a distance of two metres from a 25 watt source 

of light. One duck was intact, another was submitted to removal 

of the eye and orbital tissues and perforation of the orbital 

bones, so that light could fall directly on the hypothalamus. Under 

these conditions, the size of the testes increased more in the 

operated than in the intact animal.

Penetration of light to the hypothalamus across the eye and 

the orbital tissues has been studied by Benoit by means of both 

photographic and photo-electric methods. He found the transmiltance 

through the tissues is very weak for short wavelengths (violet,
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blue, [^een) but greater for longer wavelengthc (yellow, red).

So, red rays can penetrate to the hypothcilanuG with sufficient 

intensity to activate the deeper photo-receptive structures than 

c'i.uri the shorter wavelengths such as blue.

Another quality of red is that its nerve transin'.usiua ir. 

faster than that of blue. Chang (1952) found that the conduction 

velocity of nerve iiripulses due to red light is fastor than the 

nerve impulses due to blue light. Lennox (l95 )̂ "ilso found that 

short wavelengths (blue end) are preferentially signalled by 

fibres of slow conduction velocity and long wavelengths (red end) 

by fibres of faster conduction velocity.

Thus it has been established that red light is more potent 

in causing arousal in the organism than is blue light. But it is 

still necessary to see that this quEilihy of red is responsible 

for red being perceived as nearer. We shall describe below an 

experiment to investigate this problem further.

A further investigation into the problem of distance perception 
as a function of colour

Our first experiment has shown that light of long wavelength 

produces an apparent decrease in distance as opposed to light of 

short wavelength. We tried to explain this phenomenon in terms 

of the differential physiological effects of the two colours on the 

organism. It was not, however, clear from the previous experiment 

whether perceived hue as opposed to incident wavelength was the 

crucial factor. In this experiment we want to examine whether long
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wavele;î t'i radiabion ouLside the visible Kpecl:rum also provides an 

apparant decrease in dijstance. Infra-red radiation wac chosen 

to study because to infra-red there is no perceived hue but the 

wavelength is near to that of red.

With l.liis purpose we had two stimulus conditions, one, 

white light with I-iTra-red and the other, white light without 

infra-red. We wanted to investigate whether the white light 

with infra-red would be perceived as nearer than the white light 

with infra-red being cut off.

The hypothesis

Hot white light would be perceived as nearer than cold 

white light.

Sub.jects

Ten subjects were employed in this experiment. All of them 

were students of the Psychology Department of University College 

London. Their ages raiit;ed between l8 years and 24 years.

General procedure

A plan of the app.aj’atus used Ln this experiment is shown in 

Fig. 5. The apparatus consists of two powerful lamps (JOO watt, 

emitting white light and infra-red heat). There is a water-cell 

in front of one lamp and during the experiment cold water was 

passed through the cell with the help of a water pump. The ivifo 

light spots were at a distance of 35 inches from the observer's 

eyes. There was a screen before the observer with two holes 

2f inches apart through which he would look at the light spots.
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Ss HE HR HL .m HL

1.. - + + - - +

2. + - + + +

5- - + + - - ■ -

+ - + + - +

5. + - - - +

6 . + - - h - +

7. - + + + + +

8. - + + - + +

9. - + + - + +

1 0 . - + + - -I- -

(P = 0.60). So, it seems that infra-red did not havR any perceptual 

effect of any significance on the observer. In other words,

].ong wavelength radiation outside the visible spectrum fails to 

produce the effect observed in the first experiment. This is, 

however, not surprising. The human eye may not be sensLtivo to _ 

infra-red radiation. Griffin and Hubbard^^(19^7 ) found that the 

human retina (central fovea) is not sensi.tive to radiation beyond 

1000 *>i'A . They also found that the peripheral retina is not 

sensitive beyond 1030 .̂̂ .̂ Beyond this range, they found, radiation 

should be felt more readily as heat by the skin than seen as light 

by the eye.
’ The non-significant results in this experiment nuegest the

following alternatives:
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(a) Hue is important for the phenomenon observed in the first 

experiment; or

(b) Infra-red is not as activating as ’̂ed, or indirectly, 

activation is important for the phenomenon to occur; or

(c) Both (a) and (b). That is, perceived hue and activation 

together may be responsible for the phenomenon of an apparent 

decrease in dict.-Jice observed in our first experiment.
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The perception of time and the effect of light and colour
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1. A review of the studies of the phenomenon of time gsrception 

"The psychological problem of time is no longer to Knov/ 

either what time is or what is the nature of our notion of time, 

nor is it even to seek the genesis of time in some intuition or 
construction of the mind; it is to understand how man reacts to the 

situation imposed on him of living in time," (Fraisse, 1963, P- lO)- 

With this notion, the phenomenon of the perception of time (which 

once was in the domain of purely philosophical speculation) has been 

subjected to scientific experimentation more vigorously in this 

century. Since then different aspects of this problem have been 

studied, such as:
Cl) The perception of short and long time intervals;

(2) The perception of filled and unfilled time;

(3) Individual differences in the estimation of time (Woodrow, 1953);

(if) Sex differences in time estimation (McDougall, 190 )̂;

(5) Sleep and time pfercepbion (Boring and Boring, 1917; Brush, 1930);

(6) The estimation of,time under hypnosis (Richardson and Stalnaxer,

195O; Loomis, 195I; Cooper and Ericson, 195 )̂;

(7) Occupation and estimfition of time (Gulliksen, 192?);

(8) The judgement of temporal intervals and the spatial 

circumstances in which they arise (Abe, 1935; Abbe, 193 ;̂
*

Price-Williams, 195 ;̂ Cohen et al., 1955);

(9) Physiological variables, such as, circulation, heart rate, 

respiration, temperature, and chemical changes of the 

metabolism, and the estimation of time (Pieron, 1929, 1952;
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Francois, 1927; Hoagland, 1933, 193^-35i 19^3 i 1950;

Gardner, 1935; Schaffar and Gilliland, 1938).

A detailed discussion of these phenomena would be out of 

place in ou.r presenb study. Hov/ever, there are one or two 

interesting findings in some of these studies which require

S0D18 considijration. Some of the stud:ies show that there is a

wide discrepancy between real time and perceived time. An 

interval of physical time that is filled with pleasant events 

usually seems to be shorter than the same interval which is 

filled with monotonous or painful events (Gulliksen, 1927).

The time spent in learning a single task will seem to be shorter 

than the same period of time spent in learning several shorter

tasks of identical character (Harton, 1939)- A familiar

joxirney seems to take less time than an unfamiliar one (Cohen, 195 )̂* 

On the other hand, that man is able to estimate time 

accurately is proved by every day experience and by results 

from controlled experiments. Certain individuals, for example, 

are able to awake at a predetermined time (Boring and Boriug,

1917; Hall, 1927; Brush, 1930; Clauser, 195 )̂, to state the time 

of the day on demand without any reference to environmental ' 

changes (Hall, J.895), and to reproduce time intervals with great 

precision (Woodrow, 1930; Sturt, 1923)* Animal studies also show 

this temporal orientation. Bees were given water containing 

different concentrations of sugar at different times of the day,
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after a few days most of them arrived at the time v/hen the 

strongest concentration was due CWahl, 1935)- Fish used to come 

every day at the same time to the same place at which they were 

fed (Braunsch:nid, 1930, reported by Fraisse, I963). The experiment 

by Renner in 1955 (reported by Fraisse, I963) is (jvea more conclusive,

He trained bees to come for food at a certain hour in an

experimental room in Paris. They were then moved, between two 

feeding times, from Paris to New York. Here they were placed in an 

identical room and deprived of food. On the following days they 

came for food at the same time as in Paris, regardless of the 

difference in the time of day between Paris and New York.

When the experiment was repeated taking back the bees from New

York to Paris, the same result was obtained.

Different theories have been put forward to explain these 

phenomena. '

According to one group of theorists "duration" is a fundamental 

aspect, attribute, or dimension of experience, and this forms the 

basis of temporal judgements (Titchner, I909). Others hold the 

view that judgements of temporal interval are derived from the 

synthesis of sensory data, chiefly from sensations or feelings of 

strain (Munsterberg, I889). For another group, the perception of 

duration arises only with change. According to them, time stops,

if all change stops. " .... that time does not exist without

change" (Aristotle Physics, Book IV, reported by Fraisse, 1963)'
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Sti.ll aiiother group talks about temporal signs. Lipps C1883), 

for instance, that ŝ jnoations are born and then obliterated;

the degree of obliteration of two sensations at a given trioment 

corresponds to their position in time. James (1908) adopted the 

viev/ of Lipps, save that he restated it in terms of brain traces. 

The fainter the trace, be held, the longer seems the time since the 

impression that carried it.

Another group proposes that temporal cues consist of 

processes connected with the activity of attention. As a result 

of the act of attention various feelings or sensations may be 

supposed to occur. Some sort of strain, attributed to the 

process of attention, is the cue for judgements of duration.

Katz (1906, reported by Fraisse, 1965) has expressed this as 

follows: "Every time we turn our attention to the course of

time, It seems to grow longer." In connection with attention, 

Schumann (1893) also stressed the role of the feeling of surprise 

when the end comes sooner than expected and that of the feeling of 

intensified expectation when the end is delayed.

Another group of experimenters have shown that the perception 

of time is related to and dependent upon the perception of space 

and movement. Abe (1955) Abbe (1956) in Japan and recently 

Cohen and co-workers (1955) have shown this phenomenon. The 

experiment by Cohen and co-workers is interesting. They showed the 

subject a repeated succession of three equal flashes of light. Tne 

distances separating the lights were varied by the experimenter.
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S was asked to adjust the time interval, which he could do by 

adjusting a lever, so that the temporal interval between flashes 

1 and 2 was equal to flashes 2 and 3- Curiously enough, S 

increased the temporal interval as the relative distance between 

the corresponding flashes was increased. The authors designated 

this phenomenon as the 'Kappa-effect' to distinguish it from 

its counterpart the 'tau-effect* which was discovered by Helson 

and King (1931) • Price-Williajns (195 )̂ has carried out independent 

experiments confirming this effect,

A distinct and quite different approach to the study of time 

perception was introduced by Pieron (l929, 1952) and his pupil, 

Francois (1929). Pieron (1923, quoted by Fraisae, I963) first 

put forward the hypothesis that experienced time will be proper I'ionsil

to the speed of certain on-going physiological processes: " .......

And :.£■ the speed of organic processes is modified, by variations in 

temperature for exainple, mental time will increase or decrease 

proportionately." In line with this, Francois (1929) showed that 

raising temperature of his Ss by diathermy was accompanied by an 

increase in the unit of perceived time.

This work has been elaborated further by Hoagland (1935,

19351 1936, 19^3 ) 1950)* was influenced by the work of Pieron

and Francois and by those v/orks on the spontaneous firing of
*x

nerve cells by Adrian and Buytendirjjk (1931). Investigators have 

shown that rhythmic fluctuations of electrical potential occur in 

groups of cells in respiratory centres of the nervous system. These
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fluctuations produce bursts of nerve impulses over efferent

nerve fibres. This basic activity has been shown to be quite

independent of afferent control (Adrian and Baytendi^, 1951) ■

The relation of temperature to the rhythmic execution of creeping

movements in poikilothermic animale, and of such rhythmie

phenomena as the stridulations of crickets led Crozier and Stier

(192^-25) to s-uĵ g'ist that the particular mechanism underlying
Jxieach of these effectŝ ^̂ ĵ̂  of the nature of an irreversible chemical 

reaction in cells of the nervous system. The frequency of the 

■̂ mission of bursts of efferent impulses was assumed to be directly 

proportional to the velocity of the underlying reactions.

The repetitive discharge of nerve impulses from the lateral- 

line receptors of fishes (Hoagland, 19?6) and the effect of temperature 

on the frequency of these impulses considered in the light of the 

fore-govLng facts, suggested to Hoagland the possibility of 

investigating■the estimation of duration as a f:uaction of 

temperature. If our judgements of time depend upon an underlying 

chemical 'master-reaction* in cells of the brain, modification 

of the internal body temperature might be expected to alter judgements 

of time.

In his first experiment, Hoagland asked an influenza patient 

to count 60 seconds to herself at a rate of what she believed to be

1 per second. The actual duration of the count was maj:-kad with a 

stop watch. Following are the data of this experiment taken over 

a period of ^8 hours:

■'M. ,
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Table 5

Mean secs, per 
counted minute

37-5

36.0 

it6.0 

i+8.0 

^5.5

52.0

Temperature C°F)

103.0

102.0 
99.6  

99.0

100 .0  

97.^
(from Hoagland, 1935)

To eliminate the influence of pathological factors which 

might have been involved in this experiment, he repeated the 

experiment on a normal subject, who agreed to submit himself to 

diathermy treatment. The subject was exposed to a high 

frequency alternating current until his temperature (by mouth) reached 

38.8°C. At each of several temperatures the subject was asked to 

estimate the intervals of one minute by the method of the 

previous experiment. The results confirm the findings of the

previous experiment.
These data led Hoagland to suggest that there is a sp-scific 

chemical clock located in the nervous system which furnishes its 

possessor with a subjective time scale. Various changes in the 

immediate environment of this chemi-̂ al clock may modify its velocity. 

Such changes may be those of temperature or variations in the 

activity of sensory and motor areas of the brain, acting to

Dhaka University Institutional Repository



75
accelerate or to inhibit thp continuous chemical mechanisni. A good 

exeunple of this icind of effect is provided by the activity of ohe 

respiratory centre. The excised brain stem of the goldfish 

has been shown by Adrian (195I) to emit rhythmical fluctuations 

of electrical potential at exactly the frequency of normal, 

resting opercular breathing rhyth^ms of intact fishes. "It is. 

not unreasonable," says Hoagland, "to suppose that chemical 

changes locally produced in the brain by excited groups of neurons 

would increase the velocity of our hypothetical clock, making time 

appear to pass more rapidly when we are active" (Hoagland, 1935>

p. 277).
The basic notion of this chemical clock of Hoagland has 

been challenged by the works of other experimenters such as those 

of Stevens C1902), Schaffer and Gillilaaid (19?8), Gardner (1955) 

and others. But their results cannot be accepted without criticism, 

for, there seem to have been some flaws in the methodology 

of some of these experiments. For example, in their experiment, 

Schaffer and Gilliland, it appears, used the same group of 

subjects in the two sessions of the experiment, namely z-\e normal 

session (physiological readings normal) and the excitation session 

(increased physiological functions followed by vigorous exercisey.

It seems that tkiey used the same intervals of time to be estimated 

in both the sessions. As a result, learning to estimate time in 

the first session helped Ss in the second session. So, the effect 

of increased physiologicail functions (physiological processes 

studied were pulse rate, heart-beat, breathing rate, and blood
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pressure) on the estimation of time mig>it have been compensated 

for by the effect of training which Ss got in the first session.

So, although these findings show that one should be cautious about 

accepting the 'chemical clock' hypothesis of Hoagland, they xn 

no way pose a serious counter-argument against this hypothesis.

Animal experiments also lend support to the internal 

physiological clock hypothesis of Hoagland. In an experiment 

it was found that bi3ss, trained to come for food at a certain 

time, would come early if the temperature is raised and late if 

it is lowered (Wahl, 1932, quoted by Fraisse, 1955)- Reiner's 

experiment on bees, mentioned earlier (page7 o), also supports 

this hypotiiesis.
The phaxmacodynamic effects of certain substances on the 

estimation of ti.ii'3 also provide evidence for this hypothesis.

Laverty and Franks (1956), who admi-nistered sodium araytal, a 

depressant, to a group of neurotic patients to observe its effect 

on their behaviour, found that many of the patients reported the 

experir.ient was soon over and it did not take a long time. But ohe 

control group reported that it took a long time. The physiological 

effect of- the drug was that it significantly reduced the respiratory 

movements of tî e patients. The drug had a differential effect 

on the EEG readings, depressing the function relating to the 

orbital surface (where respiratory movements are controlled) to a  ̂

greater extent than those related to the convexity surface.

Lindemann (1932) found that normal Ss also tend to underestimate ■
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time when undex- Lhe influence of sodium amytal. Grabensberger 

(193 ,̂ quoted by Fraisse, I963) found that bees and wasps trained 

to a hour rhythm arrived early in the next morning if they 

were given iodothyroglobulin, which accelerates cellul;ir 

exchanges. But they arrived late when administered with quinine.

As a general rule, it seems that all drugs which acceleraT;e 

vegetative processes lead to the overestimation of time and tnose 

which inhibit them have the opposite effecta. Under the influence 

of hashish and mescalin (both stimulants) time seems to be longer 

(Moreau de Toui-s, 18 5̂ ? Pick, 1919; Bromberg, 195 ;̂ Favilli,

1937). Similarly, thyroxine (Sterzinger, 1935i 193S), caffeine 

(Frankenhaeuser, 1959) and metamphetamine (Frankenhaeuser, 1959) 

have the effect of making time appear longer. On the other hand, 

pentobarbital (Frankenhaeuser, 1959) and nitrous oxide (Steinberg,

1955; Frankenhaeuser, 1959), both depressants, make us under­

estimate time (all the studies referred to in this paragraph, 

have been reported by Fraisse; the Psychology of Time, 19^5 ,

p. 228-2291
While reviewing the different studies on the problem of 

time perception, we have seen the different aspects of the problem; 

the effect of environmental factors, internal as well as external. 

Hov/ever, one factor was found to be conspicuously absent. It was 

the effect of light and colour on the perception of time. Experimental 

evidence exists for the fact that light and colour do cause a 

significant change in the physiological processes in the organism 

(Goldstein, 19^2 ; Gerard, 1958; Benoit, 196^; Hollwich, 196 )̂.
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We have seen above, while discussing Hoagland's experiments, 

that changes in the immediate environment of the 'chemical ■ 

clock' may modify its velocity. So, the external factors, 

such as light and colour, which cause marked physiological changes 

in the orgajiism may also affect such a hypothetical clock and thus 

influence the Judgement of time. '

This hypothesis is investigated in the following experiment.

Z. The present investigation

The problem: The problem of fcJie present study is to investigate

the effect of light and colour and darkness on the estimation 

of time.

The hypotheses: _

1. Time would seem to pass more slowly (in other words, would

appear longer) under red light than under blue light.

2. Time, during a dark interval, would appear to pass less slowly

in comparison to that under red and blue light. V/e would

expect that the order ol the change of time under these

three conditions would be as follows: red (more slowly),

blue (less slowly) and darkness (far less slowly).

Subjects: ^0 subjects, all students of the University of London,

l4 females and 2f> males, were used in this experiment. Their 

average age was 23 years. Each subject was tested for colovir 

blindness by the Ishihara test.
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Xethod, terninoIoKY and procedure

Inveatigators have pointed out four major methods by v/hich 

short time intervals are judged in time estimation experiments. 

They are:

1. Method of verbal estimation; In this method, E delimits a

given interval operationally (i.e. demonstrates the duration 

of the standard) and S is asked to estimate verbally

its duration in terras of seconds or minutes.

2. Method of production: In this method, S is instructed to

delimit an interval (the judgement) operationally of a given 

duration (the standard) stated verbally by E.

3. Method of reproduction: In this mokliod, E operationally

delimits an interval (the standard) and then asks S to 

reproduce operationally an interval (the judgement) of the 

saitie duration.

Method of r.nmparison: In this method, E presents two

intervals consecutively and asks S to jud̂ 'e their relative 

duration by saying which one is the longer. It resembles 

the mel̂ hod of r'̂ p̂roduction in that both involve an operative 

presentation of the standard.

This matiiod has been mainly used in the investigation of , 

contextual effeorts upon the estimation of time (Wright, Goldstone, 

Boardman and Lhamon, 1958; Weinstein, Goldstone and Boardman,

1958; Goldstone, Boardman and Lhamon, 1958; Weinstein, Goldstone 

and Boardman, I958). _
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The relative effect of the different methods on the judgement 

of temporal intervals has been inveatigated by different researchers 

(Clausen, 1950; Gilliland and Hutnphj.'eys, 19^3 ; Bindra and Waksberg, 

1956; Wallace and Rabin, I96O; Kruup, I961). Ko^t of them 

investigated the first three methods. Gilliland and Humphreys ■

(19̂ 3) and Clausen (1950) found no significant alterations in 

results in the three methods. Kruup (l95l)) on the other hand, 

found noticeable diTferences between the methods.

Clausen (l950) found that the method of verbal estimation 

results in more o'/erestimation of time than the other methods employed 

and that the method of reproduction is less consistent and less 

reliable. Contrary to Clausen's finding, Kruup (I96I) found that 

in the method of verbal estimation, the majority of Ss estimated 

the int'̂ i'vals as shorter than the actual stimulus intervals.

On the basis of the above discussion, and considering the 

nature of the present study, the method of verbal estimation was 

used in this experiment. It has been pointed out that the 

method of verbal estimation deals with the relation of subjective 

time to objective (clock) time (Clausen, 1950; Kruup, I96I). So, 

this method would be best suited to the present problem, as this 

method allows aj-i investigation of the length of the subjective 

tempora]. scale. Secondly, this method was found useful from the 

point of view of eliminating all possible cues which Ss might 

use. For example, in counting or in tapping situations, the

Dhaka University Institutional Repository



81
repetition of the sequent','; may iialp Ss as a cue. But, iiie t-.iiod of 

verbal est Lrr.ation leaves S5 to oaly. ThiiS au’njeotive guess

was emphasised in this experiment. Thirdly, this method was 

espocially useful v/hen S's EEG was recorded along with his 

estimation of time. Movements on the part of Ss to indicate the 

estimation operationally during the experiment would have 

disturbed the EEG recording.

Some confusion has arisen from the ter.Vis u.sed to describe 

the results from time studies. In some cases, for example, 

overestima&ion has been used when the response interval was 

longer than the stimulus interval, in other cases when the 

stimulus interval was longer. An apparent confusion may also 

arise about the terms over- or underestimation from the actual 

procedure by which S will indicate his estimation of time. For 

example, consider the data in Table 5 (pag® 7^)- The standard 

interval was 60 sec. and S's estimates are given in the right hand 

column against the temperature readings. The estimates are shorter 

than the standard. Nov consider the results if the same experiment 

were done with a slight change in procedure, namely, S h&d to 

count at a rate what she believed to be 1 (one) per second until 

E stopped her, and E stopped her after 60 secs, (clock time, 

standard interval). As it appears, G would count faster with 

higher temperature and as such she would count more numbers giving 

larger estimates than the standard. Though the nature of Ss

Dhaka University Institutional Repository



82

response remained the &.ajr.e Cfaster counting under higher terriperature) 

in the two cases, the results are described in the first case in 

terms of underestimation, and in the second in t<̂ rms of over­

estimation. Thus, the terms over- or underestimation may give a 

wrong impression about the results if we do not take into account 

the method which was followed for time estimation.

We found it more reasonable to take the stimulus interval 

delimited by E as the standard interval and use the term over­

estimation when S's esti.mated time is longer than the standard, 

and underestimation when the estimated time in'.erval is shorter than 

the standard. '

General procedure

Ss were required to estimate time under three different 

conditions: (a) in darkness, (b) 'under red lî lit, and (c) under 

blue light. The physical temporal intervals to be used v/ere 

10 sec., 25 sec., 5̂ sec. and 60 sec. To these conditions and 

time intervals Ss were randomly assigned.

The illumination was provided by a watt tungsten lairip 

37 inches from S's eyes. Kodak coloured filters (no. 25 for 

red and 38A for blue) were used to provide coloured illzimination.

The two colourê d lights (red and blue) were equated for orightness.

Ss were asked to look at the light as aoon as it was switched 

on and to keep on looking until it was switched off. They were 

then required to report as to the length of time (in seconds) for
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which the light had been on, Immediately belToi-e the beginning 

of each trial E gave a warning signal. Ss were asked not to 

count during the period of illumination. The same procedure 

was followed during the dark session, ŝ .ve that Ss were asiced. to 

sit quietly without counting and to report the time between two 

audibory signals given by E (the words 'yes' and 'now').

3. RESULTS ,

The following figures show the time in seconds estimated 

by S. L,C = different lighting conditions. T.I. = physical 

time interval in seconds.

Table 6

L.C. Dark Red Dark Blue i?ed Blue Red Dark Blue Dark Blue Red

T.I. 10 25 60 5̂ 25 10 25 10 &0 45 60

Ss
1 50 50 5̂ 80 60 ko 20 35 20 70 60 90 ;

2 25 35 60 75 65 4o 20 40 20 80 60 85

3 7 20 35 30 22 10 Ik 9 4 29 18 45 ■

k 12 30 60 90 70 40 28 40 25 120 50 120

5 30 60 65 65 65 35 20 55 12 65 54 70
6 10 12 25 23 15 10 k 10 4 18 15 28 ■

7 10 60 70 120 1^0 60 20 50 20 150 100 l8o

8 7 20 ^5 50 40 20 10 20 10 40 40 55 ■

9 18 35. 90 97 76 52 19 53 17 lie 77 125
10 7 10 2k 30 25 10 5 12 3 25 25 30

11 12 15 28 55 25 20 8 20 5 45 30 50

12 17 20 35 35 38 12 if 28 5 60 ’ 40 75
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Table
L.C.
T.I.

6 (contd.) 
Dark ffei 

10 25

Dark
45

Blue
60

Red
5̂

Blue
25

Red
10

Dark
25

Blue
10

Dark
60

Blue
^5

8 4
Red
60

Ss
15 10 20 30 28 25 12 3 18 2 30 • 25 35

Ik 15 30 45 60 60 25 6 30 5 75 45 75

15 10 15 35 30 25 15 7 13 8 4o 2 ; 35

16 9 12 15 25 20 15 7 12 5 25 15 35

17 5 15 25 30 30 15 5 10 5 40 25 36

18 10 25 45 45 30 20 5 15 4 30 20 45

19 8 13 25 30 18 10 5 12 4 40 16 35

20 8 20 35 40 25 14 8 20 6 35 25 45

21 9 15 30 40 25 20 10 20 5 35 15 50

22 Ik 20 35 55 35 20 12 28 10 80 35 80

23 9 27 35 60 50 25 10 25 10 55 30 60

2k 10 25 50 60 30 15 5 20 5 50 20 60

25 10 15 25 25 25 8 3 15 4 30 20 40

26 20 50 100 100 45 35 10 25 7 50 40 98

27 18 36 50 60 55 40 12 45 11 75 50 65

28 7 10 15 15 20 10 4 12 3 60 15 25

29 5. 10 15 30 28 10 5 15 5 40 30 60

50 20 30 55 45 30 10 5 15 5 20 20 50

51 19 20 50 45 48 30 ■ 15 20 10 45 25 60

52 5 25 35 40 40 30 12 20 10 50 35 45

53 18 25 30 40 20 15 8 18 0 33 '2 5 42

3k 15 20 ■ 40 45 30 25 10 20 10 60 35- 60

35 10 25 40 50 45 20 8 25 7 70 35 50

36 13 18 50 40 35 15 6 25 5 56 25 45
37 25 ^5 55 45 40 25 7 15 5 50 35 55

38 5 12 12 20 10 6 4 12 5 15 10 25

• 39 7 30 32 28 14 12 17 7 30 24 34

> 0 10 28 35 35 30 25 10 25 10 45 30 45

Mean 12.72 24.75 40.60 47.50 3?-57 21*82 9.65 22.^7 8.05 51.90 33-10 58.;?2

Percent 
of OS +27.2■ -l.C) -9.7 -20.8 -14.2 -12.7 -3.5 -10.1 -19.5 -13.5- -26.4 -2.4
or UE
N.B. OE = overestimation of time (+) sign means overestimation

UE = underestimation of time (-) sign means underestimatxon
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The rcllov/in̂ -' riv'ure.; qV.' '̂r.c per■csntcift'■ft or■ or
ostiination of overall t.iint ir.tr.■rv- Is. + ) -n ;?.-ari5
ectiastion and niinuB t \ < \-i r,irrn UH'4.erooti on of T-.iro

3 5 •'sd F.lue li'irk DiT:’ cefi
( :.w .JJ

1 +70.83 1-50. 00 +6 4.16 -i-l'^.17 -rO .67 -7.-0
^56.52 ^5-08' ^69.16 + 1.9^ -1 2.6 -̂ -l̂ ■. 58

3 -57.50 -41.C.7 + 43.̂ : 7 C. ' m94 -l;^.33

L ■1.8 B. 88 ■; '73. -15-55 ■35 •"’I • Vi.''.) .00

r. t7 3 .27 -22.08 ■: 73.1̂ ' +55.19 . J Oc -"1.11

6 -55.00 -6':. 08 -43.61 . 4 . OS -1 4.39 ' -is.47

7 .16? .7 7 a i 5 .55 +76.33 +47.22 +8 6.59 -39 .17

8 -9 .86 -11.94 -,:.0 .S3 + 2 .OS •rIO.97 .f',. 89

9 -75.97 i77.69 +9 3.83 -1.72 _T '7... , •86 -16 .1 4

10 -51-11 .11 -4 6 ."5 +5. CO
11 -;-50.2o -36.25 -15.69 •̂5 .9 7 -1 4.59 -,'0."6

12 -1 7.b'i -58.69 H I'-f- . +•■'1 .05 58 -5 3•63

13 -44.05 -57.44 - " 3 -1 3 .̂ 1 -16. 20 -Z'\'. 61

lî +9.58 -12 .50 ^23.75 ■ij- *uC -I--.17 -;„ ..2 5

13 -39.03 -41 .39 -25.89 *-1: •14 -1;). ~'Ci

16 -4'-:-.oO -53.75 -46.75 +5 .95 C -7.00

17 -’+0.33 -4 .11 -4 6.9^ ,■5.20 6 .11 -0.53
18 -2?.0c -4 0.1^ ■ -22.50 +13-06 -4 .c;0.7'-- -17,64

19 -•"3 .'i-? -pL , O.L -37.4U + . .1 4 -l".03 - ] .17

20 -2 7.36 - 4 0 . ''-4 - -5 .9 7 •̂i;-’.o8 -V,59 -14 .4 7

21 -25.23 .50 -26.25 H’ 1_ *7 • -rO.97 -1 6. f.y

•2.̂ h-2 .77 -■.640 -̂15 .7 7 ■. 15- 00 -V ;4i

23 +4.77 -in.15 ■l.MO +1 4.90 . 3-. 3o
Zh -.'0.8 3 -3 - ■ 3S- -6.34 +15.56 - j.— X • 4-3 -30.05

25 -47.19 -60.47 “5 3• +13. 2i:) -13.
c -2(i. 86
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Ss i;(?d Lv:e Jo-.]
*K'V I jx i * : anr.

/ *1 \ V (2- V rK - -■)

?/■ + ifO■ '-O  ̂r . * . * ' -10 .p5 _ ■■ . .VC
27 ■ ' ■ y /* -P ■ c,■ ?7 T *-* ,■ «W> . . >■ ■ . ”,6 -23 ..■■9 -?3

28 -53 -67,.Q1 -; 7 - ■- -. 7 . ■'! 'i - '7.. t'S .—•
-36 .9 -̂ -4F,. 33 .30 +11.39 10. ‘̂6 -7 • ■ 3.

J'O -20 .00 _ i L ”•■ ̂.64 ..1. ' 1 1 .̂-1 : ■.?7.C~k -2~. 2R ;.
•1 . lo -l- ‘ , vl'f.02 +21.32 - .c>o -27

52 -'4.03 — 0 ., S9 .22 ; . Sb ■' • 7' •19 ■il̂ .33

. -39 -3" ■. hh -I)• 3- ■■13 ■ 05 -I':''.1> - - ■ .36

!:>.33 —.̂_i_ 1, oO ■■ •'!. 72 -1 .53 -1 ' .03 -I6 .32

>5 “9 -a. ..22 ■hi .■ 3S ■!-13«06 -10. rL .£0
- /" ;>o -2t-. 80 i -» , 9'- ■rb ..61 -,■13.14 -37. 41 -30 • 33

37 7̂ .63 -2-,.30 \-28 . So •.•31.93 -21. 23 -53 . 1

38 -0̂ ' .03 -7 2.. 61 -52,.3S -.10.50 +0. -10 .05

39 - - 3 .23 ~‘̂1..33 -3^ -r j_u . +1 . ’ ri

40 -11 .50 -1. ..75 -11 . Sc -7.17 •■0. ">:: -  ̂I-'

86

i-:csn -19. C6 - l o 3 -18,
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Statistical atialysis 
t-test (related measure):

(a) Comparison bi3'twf;en red and blue:

Mean diff. = l̂ .'+l

s  = 12*39 

t = 7.35
d.f. = 59, t is significant at 0.0005 level Cone tail)

(b) Comparison between red and dark:

Mean diff. = 3*92

6  ■= 21.57 .

t = 1.15

d.f, = 3 9) t is not significant Cp!> .03)

Cc) Comparison between blue and dark:

Kean diff. = 18,33  

(5“ = 20.2̂ + 

t = 5.72

d.f. = 39t t is sigriificant at 0.001 level (two tail)

. DISCUSSION

1 . The effect of red and blue illumination on the estimation of time 

From the results (Table ?) it is seen that the mean percentage 

difference between the estimation of time under red and blue light 

is highly significant (P < 04005). Thus ‘onder red light time 

appeared to pass more slowly than under blue light. Under ooth 

colours time was underestimated, but the degree of underestimation
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was significantly greater und*E;r blue light thai: vnder red light.

This is shown in Figure 6. , .

Underestimation of time under blue light v/as expected 

according to the hypothesis of photo-activation. It is not clear, ■ 

however, why time was generally underestimated under red light.

It is not possible to indicate how far the underestimation of 

•time in the present experiment is due to the metlu)i we used (method 

of verbal estimation). Clausen (l950) found that the method of 

verbal estimation generally gives rise to the overestimation of ̂ 

time than the other methods. Kruup (196I), on the other hand, 

reported data supporting the view that the method of verbal 

estimation results in underestimation of time.

Whatever may be the reason, the uaderestimation of time under 

red light does not necessarily go against the photo-activation 

hypotheGis. The comparatively higher percentage of underestimation 

of time Ci9.86?6) under blue light and the low percentage of 

underestimation of time (^.^3%) under red light show that comparatively 

time seemed to pass more slowly under red light than under blue 

light. That is, the speed of the physiological clock went up 

under red light more than under blue light. The physiological 

clock, running, in ordinary conditions, at a very slow speed and 

thereby giving rise to a higher degree of underestimation of a 

physical temporal interval, may be speeded up thus decre.-ising 

markedly the degree of underestimation, but still may remain below 

the threshold of overestimation. So, perhaps, it all depends upon
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F i g . 6 .  r n t i m t i o n  tlTr’e T*'ef̂  ■̂ n-'l b,i.ne arid, in darknesn.
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the initiad. speed oT Lhe individual's pnysiologica], cIock as v/el i. 

as upon the intensity of the stimulation.

The effect of colour on the estimation of time was recently 

investigated by Nalcshian (196^). He got no significant differences 

between red, green and grey on the est;.niation of time, his non­

significant result may be attributed to the method and pro.'-aure he 

followed. He desiijiied his experiment to investigate the effect of 

coloui'ed surroundings on the estimation of time. As coloured stimuli, 

he painted the wall of his .experimental cubicle red, green and grey. 

During the experiment, the overhead lî jit in the room was switched 

off. Moreover, it is not clear from Nakshian’s report v,/hether his 

Ss were instructed to look at the painted wall during the experiment 

or they were free to engage their attention anywhere they liked.

In the latter case, Ss might have ignored the coloured surroundings 

and instead paid their whole attention to the estimation of time.

2 . The effect of darkness on the estimation of time

From the results (Table ?) it appears that red and dark 

periods had similar effects on the estimation of time. When the 

results of red and dark periods are compared, the difference 

is not significant (P ̂  .05). When the results of blue and dark 

periods are compared, the difference is highly significant (P</ 0 .001) 

As under red illumination, time seemed to pass more tJiô /ly in the 

dcirk period than under blue illumination.
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In line with the photo-activation hypothesis, i" v/as expected 

that time, during a dari*: interval, would seem to pass less slov/ly 

than -under red or blue illumination. But the results do not 

support this expectation. It was also expected that the order of the 

mean percentage change of the estimation oi ‘'ime under the 'cnree 

different conditions would be red (more slowly), blue (less 

slowly) and darkness (far less slowly). But the results show that 

the mean percentage for izrk period occupies the middle position.

A closer aJialysis, however, shows the effects were dependent upon 

the length of intervals judged. Thus, the curve (Fig. 6) for the 

dfu-k period had its highest peak at the 10 sec. interval, a 

27.20% overestimatioii. At the 25 sec. interval there was a 10.10^ 

underestimation and at 60 sec. a 13-50^ underestimation. Thus, the 

short interval was overestimated and longer intervals were under­

estimated. It is possible that for short intervals, particularly 

during a dark period there may be a feeling of boredom which 

decreases with habituation to the situation. So, the results 

suggest that short intervals in the dark may produce overestimatiojn 

of time and long intervals may, on the other hand, prodiR-3 under­

estimation of time. There is, however, evidence to support that long 

periods in the dark are underestimated. Thus some French miners 

(reported by Fraisse, , following a pit disaster were trapped

in a gallery from which they escaped after three weeks of effort. 

Their estimate, however, of the time spent undergrouna ws.s only _ 

four or five days. A similar experience has been described by 

Ferrari (1909, re-reported by Woodrow, 1951; Fraisse, 1965)-
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Tliree brothers v/ere entombed for l8 days by the earthquâ te of 

Messina. When they were askeii, (I'ter rescue, to estimate the tiRe 

they spent, they estimated it to be four or five days. There is_ 

some experimental evidence for this phenomenon. In recent studies 

in France (reported in The Times, London, March 15, June 2 ,̂ 25 and 

July 6 , 1965 and Nova:.'.li-ir -l9o6), it was louncx th.̂ t the ^onger the 

period spent in the dark, the hi^er w-j.3 the degree 01 under­

estimation, a finding consistent with those of Vernon and KcGill
„ ( )

(1965) who reported that timewas consistently underestimated in 

darkneso.

To sum up, the results of the present experiment show that, 

relatively, time seems to pass more slowly under red light thaii 

under blue light. One explanation (Hoagland, 1933) is that tii.j 

rate oC the physiological clock upon which time estimations are 

made may vary as a f’onction 01 temperature and illumination 

wavelength. We do not know yet what effects, if at all, red and 

blue lights have on biochemical events in the CN3 . But experimental 

evidence exists for the fact that light and colour affect temporal 

parameters .jf cellular activities in plant life. Some of these 

experiments relevant to the present problem will be discussed 

• below.

Thus many experiments have demonstrated the existence in 

plants of such periodic changes as leaf movements, growth, 

photosynthesis, respiration and flowering (Wilkins, 195 ,̂ 1959i 

I96O; Ingold and Cox, 1955; Sunning, 1957) 19591 19^0; Ball, .

Dhaka University Institutional Repository



• 9 3
Dyke and Wilkins, 1957; Hastings and Sweeney, 1958; Pittendrigli

et al., 1959)- The observation that these rhythms cont.i.nue in 

plant tissue deprived of periodic stimuli indicates ^he presence ' 

of a time-keeping rr.echanism or oscillator.

Recent investigations (Wilkins, 19o0 ; Karaner, 19o0) have 

a].so shown that plant rhythms are affected by light. V/ilkins 

C196O) found that the rate of carbon dioxide emission increases 

when leaves are illunjinated and decreases during a dark period.

Ott (196^) found different streaming movements of chloroplasts 

within the cells of Slodea grass 'onder different wavelengths of 

light. Attempts have been made to determine which wavelengths of 

light are active in regulating the biological clocks. In 

Odeogonium (Bulmemann, 195 »̂ quoted by Wilkins, 1960), although 

blue light is effective in entraining the rhythms, red light is 

far more efficient. Continuously iiraminating plants v/ith light 

of different wavelengths has shown that the blue region of the 

spectrum is active in inhibiting the clocks (Wilkins, I96O;

Ball and Dyke, 195 )̂.

A few experiments of the types described above have been 

carried out with animals. These studies show that a similar 

time-keeping mechanism may be involved. Thus rhythmic fluctuations 

of electrical potentials, which are quite independent of environmental 

influences, have been found to occur in groups of cells in the 

nervous system (Adrian and Buytendijk, 1931; Adrian, 1931).

Crozier and Stier found rhythmic creeping movements in
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poikifothermic miimals and such rhythmic phenomena as t’ne chirping , 

of crickets. Heiiner's experiments Cl955i 19^0) with bees show 

quite clearly that bees have a time-keeping mechanism which is 

able to function independently of diurnal exogenous factors.

From these goneider^M.ons and the praser.t data it may be 

argued that humans, who display by far the most precise temporally 

oriented behaviour, may also possess such a biological time­

keeping mechanism located somewhere in the cells of the nervous 

system. Thus, Halberg (I96O) reported diurnal variation in 

(a) the number of certain cells of the blood; (b) the frequency 

of mitotic division in epidermal tissue and (c) the body temperature, 

Halberg supported the viev/ that these variations are endogenous by 

noting tliat they persist through periods of electric shock.

Aschoff (1965) has found rhythmic activities in body temperature, 

urine excretion and in sleep and wakefu.lness. He concluded that a 

self-sustained oscillator with an inherent frequency, 'underlies 

human 24 hour rhythmicity.

However, the natui’e of the biological oscillator, the effect 

of liffht and colour on the activity of such an oscillator and 

its relation to the individual's estimation of time, remain to be 

studied experimentally. This problem was investigated in the 

experiments described in Part III of the present study.
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1 . A revievJ of the relevant literature ,

In Part II of the present study we found that time estimation 

depends to some extent upon the wavelength of incident light.

A particular time interval was estimated to be lon̂ n.r under red light 

in con'.parison with the san;e interval passed under blue light.

In Part III we wish to investigate whether cerebral cellulcir 

processes, especially E5G activity, are in any way related to 

this phenomenon of time perception. Before stai’ting the 

experimental study we shall review some of the relevent studies 

on the nature of E£G activity, its activation pattern and EEG 

activity and the perception of time.

(a) EEG, its components, orig:in and activation pattern

While Caton C1875) was the first to rê iort observations 

of the electrical activity of the cortex in animals, it v/as Berger 

(1929) who first demonstrated electrical activity recorded from 

the human brain through the intact slcull. This electrical 

activity was termed the electroencephalogram (EEG). In normal 

records EEG components are classified as follows:

(a) Alpha rhythm: A rhythm of 8-15 c./sec.

Cb) Beta rhythm; A rhythm with a frequency of l^-JO c./s^c.

(c) Gamma rhythm: A rhythm with a frequency of 3O-5O c./sec.

(d) Delta rhythm: Frequencies of J .5 c./sec. or below

(e) Theta rhythm: Frequencies from  ̂to 7 c./sec.
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It should be noted thctt most oC the EEG studies so far 

reported are mainly concerned v;ith alpha rhyth:rti. The present 

study will also deal .na-inly v/ith alpha rhythm.

The nature of alpha rhyv-hni ar.d its origin

Alpha rhythm refers to the synchronized electrical activity 

of the cerebral cortex. It is charactoriaed by (i) its size 

or amplitude of waves (in resting alpha the aT.plitudfi is generally 

longer), (ii) its.frequency or number of waves per unit time 

(generally, S-IJ c./sec.) and Ciii) the cycles that are repetitive,

i.e. a particular wave is similar to its predecessor as, well as to 

its successor. Another characteristic of alpha rhythm is that 

it is abundant in the occipital region of the cortex. Alpha 

waves are mostly found in normal human adults when they are av;ake 

and relaxed.

Orip;in of alpha activity .

Cortical areas;

By placing electrodes in many different positions on the 

human skull, investigators have found that different v/aves are 

stronger in different places. There are,four foci for the alpha 

waves (Liadsley, I938). One is in the lower occipital region 

around the striate area, a;iother is in a higher occipital region 

of the postcentral anv] precentral cortices, and the fourth one is 

in the temporal region. The strongest source of alpha is usually 

the occipital region and particularly the upper part of it.

For that reason some have thought that alpha is generated in the
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occipital cortex and carried to other regions (Adriari ar̂ d Yair.iguva,

1935), However, alpha rhythm is not necesLjarily related to the 

visual cortex. '

Cortical origin

Our knowledge of the physiological origin 01 the normal 

alpha rhythm is still scanty. The electrical potentials arise 

from the cortical cells, probably the large pyrar.idal ceils 

(Hughes, 196I; Ochs, 19^5)• The destruction of successive layers 

of the cortex abolishes the brain waves in the region of injury 

(Dusser de Barenne et al., 193&, reported by Jasper, 1937)- 

Such experiments as these might make us think that brain waves come 

from the cortex.

Other experiments, however, make it seem that waves in 

the cortex are conveyed from lower, sub-cortical centres. It 

is possible, for example, to abolish the waves in a corticnl 

region simply by destroying the fibres that project to the region 

(Walter and Dovoy, I9H). Brain waves comparable to alpha waves 

moreover occur in the thalaj:nus of an that is completely

decorticate (Korison and Bassett, 19^5 )- Some have seemed to 

locate some waves in the hypothalamus (Morphy and Gellhorn, 19^5 )- 

So it seems that brain waves involve not only the cortex but other 

centres as well.

Alpha rhythm, its behavioui-al correlates and the effect of activating; 
stimuli

Behaviotirally; the alpha rhythm is connected in some way with 

ttie subject's state of activity, having "optimum alpha rhythm" in
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relEOced wakefulness, and a depression of alpha rhytnm in strong 

emotion (Lindsley, 1952)* Lindslay (1952) has presented a 

table of psychologic^ states, their EEG and behavioural -o-relates 

showing that behavioural efficiency is closely related to the 

alpha rhythm, The state of v/akefulness and sleep of normal 

individuals has been related successfully to chanses in'EEQ (Adrian, 

Bremer and Jasper, 195 )̂- A number of investigators (31ai-;e,

Gerard and Kleitmaii, 1939; Loomis, Harvey and Hobart, 1937) 

have found Lhat varying depths of sleep, as measured by the 

intensity of tones required to awaken the subject, are related to 

the amplitude and frequency of delta-type electroenceplialographic 

patterns. Simon and Emir.ons (195 )̂ foixnd that as the quality and 

quantity of alpha increases so does the probability that a 

stimulus will be report̂ d̂ heard when it occurs, and correctly 

recalled later. They employed 21 normal adult male subjects.

The subjects retired to sound-proof and air-conditioned rooms for 

their night's sleep. Their £EG was recorded continuously.

They were asked factual questions on history, science, sports and 

the like. Their results show that (l) the ability of suDjects 

to recall and give immediate responses corresponds to the alpha 

amplitude and freqû Ticy, and (2) when alpha and delta frequences 

are mixed, the *probability of recall is related to whichever of 

these components predominates; if alpha predominates the probability 

of recall is greater. In other words, as the percentage of alpha 

continues to decrease in ar.plitude and frequency, there is a 

corresponding decrease in the probability of responding or recalling.
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The pattern of SEG activatign and its behavioural correlates

By means of electrodes placed in the- Vi'ain-stem reticular 

fortr.ation (BS2F) in relaxed or son-inolent cats, MoL’uzzi and Magoun 

(19̂ 9) were able to show that repetitive stimulation was efiectivti 

in transforming a slov; wave sleep pattern to lov/ amplitude, 

fast wave pattern characteristic of the waJtefu;. state. These 

authors have called this EEG change as 'arousal' or 'desynchronization. 

On the other hand, progressively more rostral sectioning 01 the 

BSKF results in the appearance in EEG of hypersynchronous 

activity (characterized by the presence of distinct slow waves 

and frequently also rhythmic faster activity called sleep 

spindles), very similar to that seen in normal sleep, with 

corresponding behavioural somnolence (Lindsley, Bowden and Magoun, 

1949). After bilateral lesions of the thala.nu5, through which 

the ascending neuronal relays funnel, hypersynchronous EEG 

activity is persistent with corresponding behavioiiral somnolence 

(Starzl, Taylor and Magoun, 195 )̂- Chronic cats, with oilateral 

hypothalamic lesions or with rcstral-raidbrain section of the ESRF, 

remain somnoleiit as long as they survive, and hypersynchronous 

activ:. ty persists in their EEG (Lindsley, Schreiner-; Knowl'̂ s and 

Magoun, 1950). If, however, some of the_BSRF is spared, there is a 

tendency for E2G pattern (along with b'jhavio’oral pattern) to return 

to normal with time (Knott, Ingram, Wheatley and Su.T',m'5rs, 1951-'• 

Animals prepared with lateral destructions including the specific 

sensory pathways appear to be alert and awake, but animals with
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midbrain destruction of the BSRF are somnolent v/ith hypersynchronous 

ESG activity (French and iMagoun, 1952).

The above experimentaj. studies show the EEG activation 

pattern and its behavioural correlrjtes, the arousal trachanism 

lying somev/here in the brain-stem reticular I'orination. nowever, 

recent findings shov; that this relationship is not zhat simple.

There are certain situations where this parallelism does not work. 

There are two such situations, the first arises from the recent 

works on SEG in sleep and the second arises fron experiments with 

drugs. First, the studies on EEG in sleep. The work of Adrian, _ 

Bremer and Jasper (195 )̂ and those of others (Blake, Gerard and 

Klietman, 1939; Loomis, Harvey and Hobart, (l937)i mentioned earlier, 

show that the state of v/ales fulness and sleep of normal subjects , 

is related to changes in EEG pattern. Thus the lov; voltage, high- 

frequency desynchronized pattern v/as related to waking state and 

the high voltage, low-frequency SEG pattern to sleeping state. But 

the rei'.eat works of several investigators (Aserinsky and Klietman, 

1955; Dement and Klietman, 1957; Dement, 1958; .Jouvet, 19ol, I965 - 

reviewed by Souttenberg, I9S6) have shown that this parallelism does 

not always hold good. Thus Dement and Klietman (1957a) have shovra 

that during certain periods of sleep (called REM periods) the 

EEG showed a desynchronized pattern, simil.ar to that seen in the 

waking subjects. Jouvet (I96O) called this period of sleep 

"paradoxical sleep." '
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However, a close exa-nination of those results shov/s that tne 

desynchronized pattern of SEG during the REK period of sleep ;n-v 

be justified since this period is akin to the v/aking state. Thus, 

Aserinsky and Klietir.an (1955) noted that during the period when 

subjects' ESG records shov/ed a desynchronized pattern, subjects 

also sho'wed rapid eye rriOvements. Dement and Klietman (195?d) showed 

that during the HEM periods subjects were most likely dreaming.

The finding that barbiturate (a depressant) suppresses RSM periods 

(Rossi, 1962; Oswald et al., 1963) shoves that there may be some 

relationship betv/een arousal and dreaning, at least in the sense 

that HEM periods are not states of non-arousal relative to other 

stages of sleep.

Secondly, the paradoxical situations that arise from the 

experiments with drugs. It seems that the lov; voltage fast 

activity SEG is not an inevitable concomitant of behavioural arousal. 

Thus in animals treated- with atropine, behavioural alerting occurs 

against a background of a slow EEG similar to sleep record (Funderourk 

and Case, 1951; Bradley and Elkes, 1953)- 0^̂ other hand,

reserpine may produce a sleep like state associated with low 

voltage fast EEG (Killam et al., 1957)- Similarly, a high voltage 

slow activity following stimulation of ponto mesencephalic HI’ 

in anaesthetic animals has been reported by Prince and Shanzer (i960).

It seems that the above res'ults cannot be explained by the 

present concept of the arousal mechcLnism (the ascending reticular
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activating system oi Moruzzi and Magour.). One solution to this 

problem has been ofi’ered by Routtenberg \.19o6). He has suggesised 

tv;o arousal systems, one based on the classical arousal system 

originally described by Koruzzi and Magoun (19^9) ai:d the other 

on the limbic midbrain system described by Nauta (1958). Thus

in the case of atropine, it may be possible that atropine

^differentially affects the 2.arousal systems, so that alertness 

is maintained by one, while high voltage slow SEG synchrony is

brought about by the depression of the other-

(b) BSG activity and the perception o.f time

Comparatively little attention has been given to the problem 

of time perception and its possible relation to EEG, especially 

alpha rhythm, activity, Hoagland (1933) was probably the first 

to suggest that there might be a possible relationship between 

the individual's appreciation of the passage of time and his cerebral 

molecular processes, Ke demonstrated that with increased body 

temperature, psychological time passed more quickly and physical 

time more slowly. From this he suggested "it is not unreasonable 

to suppose that chemical changes loca].ly produced in the brain 

by excited groups of neiurons would increase the velocity of o'or 

hypothetical clc^k, making time appear to pass^more rapidly when we 

are active. This effect might be especially apparent when the 

activity involves extensive excitation of higher levels of the 

central nervous system" (Hoagland, 1935> P- 27?)• Next, he
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hypothesized tliat chemical or metabolic processes of the cerebral 

cortex v;ere altered by changes in body teiiperature and that these 

metabolic processes were the essential causal r.echar*is.a (Hoagland,

1936). Hoagland (l95o) found that increased body jeflperature 

resulted i:a an increase of the frequency of the alpha rhytiis.

He suggested therein that the frequency of the alpha rhythm 

reflected the velocity or rate of the underlying cortic tabolic

processes. Thus Hoagland foresaw a possible relationship betv/oen 

alpha rhyths: and the perception of tine, but since his original 

work suggesting,' a constitutional cerebral factor in zlae perception, 

little attention has been directed to the study of cerebral ^

processes affecting time judgement.

Only recently, Holuber (I9o0 ) found, in conditioned reflex 

experinient, that alpha rhythm plays an important role in xhe 

raechanisui of tiiae sense in man. He established, in normal human 

subjects, conditioned GSR to temporal intervals, using nociceptive 

stimulation as the US presented at regular 50 sec. intervals.

Changes in SEG v.'ere recorded continuously. The conditioned time 

reflexes v;ere tested in ohree conditions, namely darkness, 

continuous illumination and flickering light. In dark and 

continuous light conditions, the intervals of conditioned responses 

v/ere found to be very accurate, but during the flickering condxtion,
•

the intervals changed profoundly, depending bn the rate of 

flicker per sec. During flicker of 7 cycles per sec. the interval 

was shortened to l4 sec. and during 1^-15 cycles per sec. to 

15.5 sec. Inuring flicker of 10 cycles per sec. no shortening of
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interval was observed and during flicker of 5 and 20 cycles per 

sec. only an insignificant change was noted. Holuber concluded 

that the disturbance of time sense by photic stimulation v;as due 

to the fact that the rhythms induced by flicker spread quickly 

over large areas of the brain thus affecting alpha frequency.

Holuber and Machek C1962) verified these findings in an 

investigation on epileptic patients. Their aim was to see 

whether in epileptics there is a correlation between alterations 

of the time sense and changes in the EEG. Their study revealed 

the importance of brain waves in. the mechanism of time sense.

The pathological activity of slow waves in epileptics was in 

most cases accompanied by changes in the temporal intervals.

In most cases the intervals were prolonged. This suggests that 

slow alpha rhythm betokens a decrease in velocity of the 

biological clock with a consequent increase in experienced time. 

Werboff (I962) carried out similar studies on normal human subjects. 

He found that subjects with more than 30 percent alpha in their 

eyes closed resting EEG overestimated time in the eyes open condition 

in contrast to those subjects with less than 50 percent alpha.

This fact shows that there might exist important and significant 

correlations between EEG activity and time sense.

Another study on this problem was made by Anlinker (1963)- 

His study also demonstrated the positive relationship between 

alpha rhythm and the perception of time. In his study, human
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subjects were instructed to respond to 3-second intervals 
regularly v/hile their brain waves were recorded. V.'hen subjects 
were in their normal condition, the time between two successive 
responses did not vary greatly. But when they became increasingly 
drowsy, the interval of responses lengthened and the mean of the 
alpha frequency decreased. This suggests that slow alpha frequency 
is an index' of a decrease in velocity of the physiological clock 
with a consequent decrease in experienced time.

More recently, Surwillo (1966) reported results of an 
experiment on the relationship between EEG and the estimation of 
time. He selected two groups of subjects, one group consisting 
of subjects ('old' Ss) with alpha frequencies less than 9 c./sec. 
and the other group consisting of subjects (’young' *ss) with alpha 
frequencies more than 10 c./sec., to estimate a 30 sec. interval. 
The results showed no significant difference between time estimates 
of the two groups.

There were some difficulties with Surv.'illo’s procedure.
He himself pointed out the following flaws in his procedure.
2EG records in his study were resting records and, since EEG
frequency varies with a subject's level of alertness, they might 
not have been representative of the electrical activity present 
when subjects made their time estimates. The age of his subjects
was not mentioned, but it may be supposed that one group (old;
might have a better notion of the duration of a (physj-caj.) 
second than the other (young) group.

In order to meet these difficulties, Surv/illo suggested the
,following:
(1 ) EEG to be recorded v;hile Ss were making their estimates;
(2 ) data to be obtained from a single S in a single test session; 
and (3) the hypothesis to be tested in each individual ii rather 
than in a group. Later, in an experiment employing one individual 
subject and using a 'high intensity flash' as photo-stimulation,
he got a significant correlation between alpha rhythm and time
estimation. ■
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In sum, the above reviev; suggests that EBj activity, 

especially its alpha rhythm component, may be relatr3d to the 

organism's appreciation of the passage of time. However, it still 

remains to be seen whether alpha rhythm, the so-called biological 

oscillator, is affected by the wavelength of the incident light 

with a consequent change in the individual's time sense. This 

problem has been investigated in the experiments described below.

2 . The Present Investigation

The -problem .
The nature of the present problem is to investigate the 

phenomenon of time perception as a function of EBG activity as 

influenced by.red and blue light.

The hypotheses:
Since an activated EEG is characterized by a decrease or 

abolition of synchronized 8-13 c./sec. (alpha) rhythms and the 

appearance of low amplitude fast activity, it was predicted 

(l) that red light will cause a greater decrease in alpha amplitude 

and time percent alpha than will blue light, and (2) that with 

fast activity low amplitude alpha under red light, time would 

appear longer t̂ ian with comparatively slow activity and high 

amplitude alpha under blue light.

Subjects:
Twenty-four subjects, eight females and sixteen males, were 

employed in this experiment* Their ages ranged between l8-28 years.
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All were tested for colour blindic:.js by the Ishihara Test. 

Experimental Dgsign

The stimulus, red or blue light, was presented to the 

subject at an interval randomly selected from 10 sec., 25 sec., 

k3 sec. and 60 sec. It v/as evident from a preliminary study that 

the estimation of a particular interval of time may be affected 

according to whether il; appears at the beginning, in the middle 

or at the end (i.e. by the order of presentation). This effect 

may be minimized by randomly presenting the intervals in such a 

way that each interval has an equal chance of appearing at the 

beginning, at the end or in the middle. Subjects were divided 

into eight groups of three subjects in each, with each group given 

a different colour and temporal sequence as follows:

Sequence Ss R-10 3-60 r-6o 3-10 ' R-25 B-k3 R-45 B-25

I
1
2
5

B-10 i?-25 B-25 R-60 B-i+5 R-45 B-60 R-10

II
1.
2
3

B-60 R-10 S-25 B-Jt5 3-25 R-6o B-IO'

III
1 •
2
3

R-45 B-10 R-25 B-25 R-60 R-10 B-60

IV
1
2
3

i>
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Sequence

V

VI

VIII

Ss

1
2
3

1
2
3

1
2
3

1
2
3

3-25 H-10 3-60

r-6o B-25 B-10

B-if5 R-50

R-60 B-10 3-45 R-25

h-45 3-60 R-10 R-25 B-45

B-60 B-10 R-25

R-25 B-oO R-10 B-10 R-45 B-25 R-60

Laboi-atox-y conditions and ap-paratus

Figure 7 gives a general picture of the experimental room,

S was seated on an easy chair in a sound-proof cubicle. E had his 

table and apparatus in a second room outside S's cubicle. The 

EEG machine, tape recorder and the EEG frequency analyser were placed 

in a third room. A technician was in charge of the recording 

devices. S was provided with a microphone via which he gave his , 

time estimates. A record was kept of air temperature in the 

experimental cubicle.

The Kodait colour filters (No. 25 for red and 3Sa for blue) 

were used to provide coloured illumination. The light source was
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a 300 v:att tungsten lamp, 3O inches from S's eyes. Light v̂ as 

thrown on a screen (2-J x 3̂ ) in S’s cubicle, the screen being 

25 inches in front of him. The two coloured lights were equated 

for brightness.

Figure 8 gives a general picture of the recording devices 

of the EEG. A four-channel Offner Dynograph Type R amplifier was 

used. Bipolar electrodes were positioned on the parito-occipital 

region, on the same hemisphere approximately 5-^ cm. apart and - 

about 8 cm. above the inion. A general featiore of the electrodes 

used is given in Figure 9- The earth one was placeê  on S's ear 

lobe. With a separate channel EEG was recorded on electro-magnetic 

tapes for further analysis. S could indicate in the 'Gracing papers 

and tapes when the light was on and when it was off by pressing 

push-buttons.

Methods of BEG analysis

(a)^ analysis: The electro-magnetic tapes were

replayed and fed through a Muirhead lo\i/ frequency analyser, the 

output :.)f which was fed to an integrator which drove a .low inertia 

motor and counter. Figure 10 shows the sequence of frequency 

analysis.

(b) Alpha index classification: Alpha waves in the range of

8-13 cps. with a minimum amplitude of were underlined and the

time of these periods measured. The total alpha time divided into 

the total time during a particular interval multiplied by a 

hundred determined the time percent alpha (alpha index).
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GencrEtl. p ro c e d u re :

S was seated on an easy chair in the sound-proof cubicle

and EEG suction electrodes for bipolai* recording were attached

on his skull, as described on page//̂  ̂. Following a resting record

for one minute in the dark with eyes closed, S was given the

followins instructions:

"You need to sit quietly and not move. You will see a 
light on the screen before you. As soon as you see the 
light look at the screen and keep on looking until it is - 
turned off. You are required to estimate; the time for 
which it was on. When the light goes off, tell me the time 
you think the light wac on for in terms-of seconds. You 
must not count. I am concerned only with the time as you 
feel it is, that is, as it appears to 'you. As soon as the 
light goes off, just speak your ej-3timate into the microphone."

S was given 20-25 sec. rest before each trial so that alpha 

rhythm may settle down. The four stimulus intervals (10 sec.,

25 sec., 45 sec., and 60 sec.) under each colour (red or blue) 

were presented to S ia rando.Ti order as shown on page /OS - /o?.

Each S had eight trials.

A technician remained in the recording room throughout 

the experiment to check the various recording devices.

After the experiment S was taken out from the cubicle 

and interviewed about his experiences during the experiment. The
*following information was obtained: _

1. Naine, 2. age, 5. education, how he estimated time, 5- what 

was his feeling during red or blue illumination, and 6. what was 

his feeling regarding the passage of time during (a) the red
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interval, (b) the blue interval.

' RESULTS

1. EEG and coloured light 

Alpha aniplitude

The change in integrated alpha amplitude as recorded 

magnetically, under red and blue illumination was examined. 

Table 8 shows the results.

Table 8. Alpha amplitude under red,and blue illumination

(The following are integrator readings; their voltage 
reference was: an EEG input of 1.75^/at S-13 cps.

= 100 units)

Ss Under JRed Under Blue Resting

1 148.82 195.91 20if.51

2 ll̂ t.58 195*12 k6k.l2

3 108.98 166,86 516.75

4 131.16 188.09 761.08

5 127.20 166.13 466.66

6 135-39 . 204.23 671.33

7 231.75 274.47 418.28

8 ' 93-45 141.75 628.66

9 72.53 139.22 492.90

10 161.23 267.30 512.33

11 112,39 155.90 461.67

12 86.82 140.85 473.82
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Table 8 (contd.)

Ss Under 3ed Under Blue Resting

13 103.02 ^ 145.48 511.18

1^ 71.^9 128.80 302.50

15 129.97 185.58 861.78

16 146.25 188.87 449.00

17 189.37 154.28 655.71

18 89.30 171.83 576.21

19 106.13 128.44 395.00

20 99.68 148.48 639.97

21 1^1.39 262.70 83^-75

22 123.11 125.54 200.21

25 103.18 150.76 ' 265.55

zk 192.32 704.90

Mean 124.02 175.70 51.9-53

Statistical analysiti

Related t-tests were perforM-d between meaji alpha amplitude 

changes during red and blue illumination as follow's:

(red) - 12'+.02 t = 8.88 _

(blue)= 175.70 d.f. = 25

Mean diff*. - 51.68 t is significant (P<CCi0005, one tail)

Sigma = 28.^5 

Time percent alpha

Next the change in time percent alpha under red and blue 

illumination was examined. Table 9 shows the results. ̂
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Table 9- Time percent’alpha under red. and blue illumination

Ss Under Red Under Blue Heeting
%

1 10 A4 28.71 95-13

2 9.77 33.01 96.86

3 5.98 28.15 94.00

k 12.04 28.82 93.60

5 11.67 34.31 86.73

6 10.76 28.79 95.20

7 24.74 44.83 83.54

8 4.57 24.23 82.93

9 8.65 26.66 71.20

10 10.30 32.40 78.00

11 5.15 24.36 83.46

12 10.78 27.83 67.60

15 9.57 ' 26.28 76.93

14 5.09 19.36 69.33

15 10.80 52.00 91.53

l6 13.79 29.54 96.66

17 35.79 25.80 97.06

18 8.06 35.07 92.20

19 5.86 17.92 48.00

20 19. iB 32.06 83.52

21 10.74 30.74 82.86

22 7.62 16.82 52.20
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Table

m

9 (contd.) .

Ss Under E.ed 
%'

Under Blue Resting
% ' '

23 10.2.1 28.65 87 ..60

2k 11.98 32.00 9^.86

Kean ll.ifO 28.68 83.37

Statistical analysis

Related t-tests were pepformed betv/een mean time perceiiL.

alpha changes during the two coloured lights as follows:

(red) = 1 1.'+D t = 12.33

(blue) = 28.68 d.f. = 23

Mean diff. = 1?.28 t is significant (P‘CO'0005, one tail)

Sigma = 6.85

Cii) Time estimation and coloured lights

Next the change in mean time estimation under red and blue

illumination was examined. Table 10 shows the results.

Taole 10. Percentage of over- or underestimation of time under 
red and blue illumination. Pius (+) sign means  ̂
overestimation and minus (-) sign means underestimation

Means of four time intervals (10 sec., 25 sec., 45 sec. and 60 secs.)

Ss Under Red Under Blue Diff. (R-B)

1 +7.08 -ko.05 +53.13

. 2 -8.9^ -49.03 +if0.09

3 -18.89 +k .03

•

■ . -V •

I

V
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Table 10 (contd.)
•

Ss Under Hed Under Blue
*

Diff.CR-

h -45.22 . -53.00 +7.78

3 -45.78 -51.30 +17.52

6 -30.86 -60.83 +29.97

7 + 5.05 -28.11 +33.16

8 +26.11 -12.22 +33.33

9 +26.52 0.00 +26.52

10 , -37.86 -62.91 +25.05

11 -5.83 -15.22 +9.39

12 +29.99 -6.94 +56.93

13 +21.61 -7.78 +29.39

14 -18.33 -26.58 +8.25

15 +15.22 -37.50 +52.72

l6 -26.58 -42.94 +16.36

17 -41.19 -32.50 -8.69

18 +44.58' -55.89 +100.47

19 -26.58 -31.66 +5.08

20 +16 .11 -22.50 +38.61

21 +10.86 -11.94 +22.So

22 +18.56 -25.89 +42.25

23 +40.08 -7.08 +47.16

2k +4.24« -37.00 +41.24

Mean -1.42 -31.32 +29.90

Statistical analysis

12 0

Related t-tests were performed between the mean percentage
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changes of underestimation pf time under red and oiue light as

as follows:

(red) = -lAZ% t = 9-^9

(blue) = d.f. = 23
. Mean diff. = 29-90 t is significant (P<O‘0OO5, one tail)

Sigma = 15*^S

(iii) EEG activity and time estimation under coloui'ed lights:

An attempt was made to compare the data for EEG activity and 

time estimation under red and blue illumination. Tne Pearson 

Product Moment Correlation Coefficient (r) v/as computed, ^or

■ purpose the data were divided into three sub-groups according to 

Ss' over-or underestimation of time as follows:

Sub-group A (Underestimatioii of time under blue light)

Compsirison between time estimation and alpha amplitude 

(time estimation) = 31.52 <5", = l8.95

(alpha amplitude) = 175-70 6'̂ = ■̂ l-8o

r = .7̂ , r is significant (P<1̂ 0.001) at d.f, = 22.

Compcirison between time estimation and time percent alpha 

(time estimation) = 31-32 5', = l8.95

(time percent alpha) = 28.68 6*2, = 5-79

r = .56, r is significant (?<('.01).

Sub-g*oup B (Underestimation of time under red lignt)

Comparison between time estimation and alpha a:nplitude 

(time estimation) = 27*3^ ^  = 13-9^

(alpha amplitude = 125.79 ~ 30-57

r = .62, r is significant (P<(,05).
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Comp--Lrison between time estimation and time perG-»'J: alpha 

(time estimation) = 27-5  ̂ =13.9^

(time percent alpha) = 1 1 .2^ SV = 8.57

r = .5 ,̂ r is not significant (P^.05)

Sub-rroup C (Overestimation of time under red light) 

ComparisQn between time estimation and alpha a-nplitude

<5; = 1^.25

C5V = 59.55

r = -.72, r is. significant (P %  .01)

Compririson between time esti-nation and time percent alpha 

(time estimation) =20.^5 ^  =12.25

(time percent alpha) = 11.53 ^ 2 ~ 5.00 ■

r = r is not significant (P^ .10)

(time estimation) = 20.^5

(alpha amplitude) = 120.9^

DISCUSSIOM

From the results it appears that under red illumination 

there was a greater reduction in alpha ar.iplitude and time percent 

alpha than under blue illumination (Tables 8 and 9)-* The mean 

differences of the parameters under the two coloured lights were
%

highly significant (P<0'<K)05 for both the paraineters). Figures

11 and 12 show that at the introduction of both the lights there 

was analaost similar reduction in alpha amplitude and time percent 

alpha respectively, but with time there was a large gain in alpha 

amplitude and time percent alpha under blue illumination. There 

was no marked increase in these pararaeters under red illumination. 

These results confirm the similar findings by Gerard (I95S).
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TIME IN SECONDS

AJohR !̂ Tnnl.itiid(=? ch?n<^eR iinder red nrd blue
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Similar re3ults oT the effects of dixferent coloured lights on
a

brain potentials were also reported by Carterette and SyiHmes

(1952) and by Van Buskirk et al. (1952) and Dixon (1966). in

a recent experiiaent, Dixon (1956) reported data showing' more

reduced incidence of alpha under red lisht than under green

litjht. The present data together v/ith these findings suggest

that there is a relation betv/een the v.'avelength of light and arousal.

The findings of Gerard (1958), Dixon (I96O) and Wilson (I966)

support this hypothesis pit a nur?h inora viider psycho-physiological

(Gerard:- S2G, GSR, blood pressure, heart rate, respiratory 

movecients and eye blinks; Dixon:- recognition threshold;

Vjilson:- conductance level and GSR). More recently, Sanders 

and Liske (I967) have reported findings of the potency of red 

light in altering the visual-evoked potentials. They repo±’ted a 

double-peaked, positive-going evoked response to red light in 

the eyes closed condition. White, green or blue flash, on the 

other hand, did not evoke the double-peaited v/ave.

From our results it appears that cortical activation 

remained high under red illumination, but not under blue illumination. 

This pattern of recovery under blue illu;r.ination was further 

•investigated. In the present experiment, it ivras found that v;ith 

time the recovery was far greater under blue light than under 

red light. In this experiment the longest time interval in which 

light was administered v/as 60 sec. In two subsequent experiments 

the time interval v/as increased as follows. In the first experiment
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TIME IN SECONDS

Fig. IP. Time ’percent alnha. changes iindeT- red bine liP'Tnts,
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the interval was increased to 300 sec. ArrcUigements were made 

to m̂ ATk the EEG records for every 60 sec. In the second experiment, 

the time interval was farther increased to qOO sec. Sesults are 

summarised in Tables 11 and IP..

Table 11. Alpha arnplitude changea under red and blue lights
(The following are integrator readings; their v_^tage 
reference was as follows: an ijiiG input of 1 .75, at 
freauency 8 - = 100 units)

1 min. 2 min. 3 mini 4 min. 5 min.
Resting

Red Blue Red Blue Red Blue Red Blue Ra d Blue

KEAN 109.̂  ̂188.28 116.93 180.60 116.75 207.50 111.72 205.94 114.75 220.6^ 412.89

Per
cent 26.50 45.60 28.32 43.74 28.27 50.25 27.06 49.39 27.79 53.4^ 100

Table 12. fllpha amplitude changes under red and blue lights

2 min. 4 min. 6 min. 8 min. 10 min.
Resting

Red Blue Red Blue Red Blue Red Blue Red Blue

IffiAN 167.50 216.61 197.69 226.72 182.11 247.93 193.76 250.05 196.25 270,96 451.52

Per
cent

 ̂ .
33.14 47.97 45,7s 50.21 40.35 54.91 42.91 55.00 43.46 .60.05 100

The data in Tables 11 and 15 were plotted graphically in 

Figures 13 and 1^ respectively. These two figures snow that
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there was a greater recovery in alpha ainpiitude (the only 

parameter investigated) with time under blue light, vjhereas 

comparatively there was a very little recovery under red light.

This suggests that only red light maintains a state o.f ■■’-.•l=itive 

desynchrony. However if we compare Figure 13 with Figure 1̂ , we 

find that though there is an overall greater recovery in alpha 

amplitude under blue light with time, the rate of increase under 

red light is greater. For example, in 5 min. there was an increase 

of in alpha amplitude under blue light with a corresponding

increase of 60.05?o (a difference of 6.Sl%) in 10 min. Under red 

light there is an increase of 27.79% in alpha amplitude in 5 min. 

with a corresponding increase of (a difference of 15.^7%)

in 10 min. This suggests that possibly after a certain period of 

time the photic stimulating effect of red light decreases at an 

increasing rate.

FXG activity and its relation to the estiniation of time under 
the influence of red and blue illumination

During the verbal estimation of temporal intervals under 

the two coloured lights, /lEGs were recorded and subsequently 

analysed in terms of alpha amplitude and time percent alpha.

When the results, i.e. the physiological data of cortical 

arousal and the verbal estimation of temporal intervals, are 

compared, it is found that under red light there v/as, on the one 

hand, a reduction in alpha amplitude and time percent al.pha and, 

on the other, an increase in the unit of perceived time. Secondly,
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under blue lig^t there v:as, on the one hand, leas reduction and 

quick recovery in alpha amplitude and tirae percent alpha and, 

on the other hand, a decrease in the unit oT experiencea tine.

This shows that EilG activity, especially alpha rhythjr̂ , raay be related 

to the individual’s personal temporal scale.

, The Pearson Product Moment Correlation (r) was computed for

the data o; time estiaiation and £ZG activity. The tests show 

that alpha amplitude is inver^^sely related to the overestimation 

of time Cr = -.72, significant at .0 1 level). Tiî e percent alpha 

is also inversely related to overestiniation of time, but r is not 

significant in this case (P^ ,10). On the ocher hand, alpha 

amplitude is positively correlated v;ith the underestimation of 

time (r = .7 ,̂ significant at .001 level under blue light, r = .62, 

significant at .05 level under red light). Time percent alpha 

is also positively correlated v>/ith the underestiniation of time '

(r = .5 6, significant at .01 level under blue light, r = .5^, 

not significant at .05 level under red light). The inverse 

relation of alpha amplitude and time percent alpha to the over­

estimation of time is in agreement v/ith the activation hypothesis 

that the smaller the alpha aiiplitude or tiise percent alpha 

(signifying the cortical activation, i.e. oiological clock running
*

fast), the greater is the degree of overestiraation of time. On . 1

the other hand, the longer the alpha amplitude or time percent

alpha (signifying the cortical synchronization), the greater is ^

the degree of underestimation of time. Again, the relationship

between activity and time sense seems to be more clear from

the following facts. Under red light, thirteen Ss overestimated
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time and eleven Ss underestimated it. In spite of tne same 

stimulating agent (red light) EEG activity was correlated to 

Ss' time estimates as predicted (i.e. alpha aiiplitude being 

correlated inversely to the overestimation of time and posii-iveXy 

to the underestimation of time).

Thus, from the consistency with which temporal intervals 

were estimated and its relatipn to alpha rhythm in the 3EG records, 

it may be concluded that alpha rhythm indicates the speed of the 

human physiological clock and is related to the individual's estimation 

of time. This relationship between alpha rhythjr, and time sense 

was found in positive as well as in negative results. This is 

evident from the results of SI? (Table 10) which are different from 

others in the group. Unlike other subjects in the group, S±7 

underestimated time more under red light than under blue light.

That is, in his case the unit of experienced time reduced under 

red and increased comparatively under blue. In terms of activation 

hypothesis, then, his EEG should show more desynchronisation 

under blue light than under red light. Now let us consider his 

EEG records. Figure 15 shows these (Figure l6 however, shows the 

general pattern of EEG activity under red and blue light).

Alpha rhythm disappeared with the introduction of blue light 

and remained so until the light was turned off. But under red 

light, though alpha rhythm disappeared v/ith the introduction of 

the light, it reappeared quickly with relatively longer amplitude.

The reason for this deviant result, however, is not clear to us.
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This subject vjas not colour'blind according to the Ishihara 

Test. It is relevant to isGntion here that talker et al. (19^^) 

found that blue light v;as a more potent photic driving stimulus 

in laonkeyc. ’.vhatever may be the reason for the deviant responses 

by S17, the interesting point here is the relationship betv/een 

the pattern of EEG activity and his estiniation of time under the 

two coloured lights. This instance gives more weight to the 

theory that the state of EEG activity is related to the

individual's time sense.
Some subjects in the present experiment overestiiaated time

and sô ie underestimated time. They were, however, consistent 

in their estimates all along. This raises the question whether 

individual differences in the estimation of time can be explained 

in terras of individual differences in the pattern of activity.

An answer to this question requires further research. Kov;ever, 

V.'erboff (1962) found that subjects with raore than 50 percent 

alpha overestimated time under conditions of photic stimulai,ion 

more than subjects with less than 5^ percent alpha, xn the 

. present study, thirteen subjects out of twenty-four overestiir.ated

time under red light. Most of these thirteen subjects belonged 

to the more than 70 percent alpha group. But this study could
• '«

' not confirm '-.'erboffs findings that persons with more chan 50

percent alpha tend to overestimate tiae under conditions of 

photo-stimulation, as most of the eleven subjects who under- 

^ estimated time under red illumination belonged to the more than
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• 13 5
50 percent alpha jroup.

EEG activation and time sense in psychopathQlo^i-ical conditions *■

The activation theory oT tine sense and the experiruental 

data supporting the theory lead to the examination of cases of 

time distortion in psych.opatholcgical conditions. Psychopathologicax 

conditions v/hich produce chano,-es in cerebral rhythnis, nay produce 

corresponding; changes in human time sense. It i£i a v;ell Kno’*n 

fact from human pathology that alterations oi cerebral r**yi.hiis 

occur in various kinds of epilepsy, particularly in seizures

or even in subclinical paro:::yins characterized by slo'.v iJSG rhythms 

(Holubar and Machek, 19^2). These authors found that in epileptics 

there is a correlation between the alterations of the tiae sense 

and those of EEG rhythms. These authors concluded that cerebral 

rhythms, especially alpha rhythm, represent the speed of the 

'biological pendulum' of human time sense.

The distortion of time sense is a common symptom wxth 

schizophrenic patients. Thus, schizophrenic patients tend to . 

overestimate time (Lhamon and Goldstone, 195*̂ i Pearland jerg,

1963; Lhamon, Goldstone and Goldfarb, 1965; Lehmann,. 19̂ 50).

Hov.-ever, Sabin (1957) reported data showing that scnizophrenics i

tend to underestimate longer periods of time ir.ore often than -ney

overestimate.
V.'hy do schizophrenic patients tend to overestimate time?

Can it not be explained in terms of the cortical arousal hypothesis? 

There are, hoivever, studies showing that there is a correlation 

between the schizophre^cs' behavioural aspect and level of
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physiological arousal (Venableij and .vxng, 19o2; v'̂ enoiblcs,

Venables reported that there is a close and consistent rela-cionship 

in chronic schisophrenic patients between the degree of social 

withdrawal and level oX physiological arousal. ' The more v/ithdrawn 

a patient, the higher his arousal. We are not yet sure whether 

. this arousal mechanism is related to the tendency of overestiniation 

of tine by schizophrenic patients. This assumption (oi physiological 

arousal being related to overestiniation of time in schizophrenics), 

however, has been supported partly by experimental evidence (i-̂ earl 

and Berg, I963). These investigators reported data shovving that 

schizophrenics would exhibit greater distortion in the eotimation 

#0x time for stimuli relevant to their aiajor conflict areas i/han j.or 

other stimuli. But it is difficult at the laoment to postulate 

that the teLiporal disturbance in schizophrenic patients is related 

to arousal level. On the basis of Venables' data (19^2, 1963) 

on the arousal mechanism in schizophrenics, it may be assumed that 

the degree of temporal distortion in schizophrenics may be related 

to the patients' SEG activity. Iiov;ever, this assumption requires

experimental support.

Another fact, reported in the literature on the distortion

of time sense in schizophrenics, is tna^ this aistortion is ^

•perhaps related ijiore to conceptual disorganization tnan to tne 

patient's internal timing mechanism. Temporal Judgements depend 

upon many factors, such as focal, background, residual and organismic • 

factors. It might be argued that schizophrenic patients*due to 

their general impairment in thought process fail in narnessing
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residual and otlier socially developed conceptual factors in a 

temporal judgemental situation. Ae a result, they may misjudge 

a particular temporal interval. Their temporal* ûdger̂ ient raay be 

impaired yet they may react accurately to a temporally oriented 

' situation. They may fail to conceptualize time yet they .-iiay 

react to it accurately. "The schizophrenic patient may report 

temporal immobility in a î rorld of the present where tijne stands 

still and yet perform tasks that require adaptation to succession 

and change. This patient may oTfer judgements about the clock 

and calendar that reveal altered temporal orientation and yet 

^conform to the work, feedins and sleep schedules of a hospital," 

(Lhamon, Goldstone and Goldfarb, 19^5 )• apparent paradoxical

response by a schizophrenic patient requires careful attention and 

extensive experimental and observational studies.

Alpha rhythm a-sa sensory timin,T mechanism

Alpha cycle has been assumed as an alternating excitability 

cycle (Bartley and Bishop, 1955^ Bishop, 1936; Bartley, 1939;

‘ Chang, 1950, 1951, 1952). Bishop (1955) demonstrated that impulses 

initiated in the optic nerve of the rabbit found access to the 

•cortex in the fop of evoked responses only at certain intervals 

corresponding to the spontaneous rhytnmic or alpha activity 

cycle. Accordinijly, Bishop (1956) interpreted this as evidence of 

a cortical excitability cycle.
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As£umin.ij that alpha cycle represents an excitability cycle, 

it has been proposed as a means of codin."- or timing sensory impulses 

"in order that our perceptual v;orld and our reactions to it are . 

not distorted or sir.eared by the more or less continuous influx 

of sensory stimuli," (Lindsley, 1952). The proposed r:echanisa 

v.'orks as foilers. ^he probability of incorcing impulses >6 causing 

a neuron to fire will vary with the phase of the excitability 

(alpha) cycle. Impulses arriving at synapses v;hen the trans- 

synaptic neuron is in the phase of increased excitability v;ill be 

nore likely to fire the trans-synaptic neuron. Those arriving 

•during the phase of lowered excitability v.'ill be less likely to 

do so. And when the excitability cycles of a group of neurons 

are synchronised, then the flov/ of impulses through that group will 

be timed by the frequency and phase of the cycle. Secent findings 

(Van der Gon and Van Hinte, 1959; Mundy-Castle and Sugarsian,

I96O; Surwillo, 1963t 1964a, 1964b; Dustman and Beck, I965) 

lend support to this hypothesis.

The great difficulty faced in identifying alpha cycle as 

a sensory timing mechanism is that the alpha rhythr:i blocks during 

the onset of stimulation to which the organisia is paying attention, 

^'his difficulty i^, hov;ever, met by drav;ing a distinction bet'ween 

alpha rhythm and alpha activity (Lindsley, 1952). Alpha activity 

cycle is presumed to be a basic metabolic or respiratory rhythm 

of the individual brain cell, and it is only when thousands of
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cells a.re acting in synchrony that there is sufficient voli-age 

, surcnation to produce a recordable alpha rhythm. A lov; voltage last _ 

::SG, as when the subject is alert, may represent a "fractional 

synchronization" in smaller ajr;gre£;ates of cells, but with random 

phase relations. This v/ould mean that alpha activity cay exist in 

smaller aggregates of cells in the absence oi a recordable alpha 

rhythm in liSG.

Keuro-^hvsiolor-'ical substratum underlyin?-- human time sense 

The anatomy and physiology of huiaan time sense are complex 

and far from being coir.pletely understood yet. IJeceni- experxmental 

*work on rats (^llen and Powell, 1963) has shown that the extra- 

pyrajBidal system, the zona incerta and the globus pallidus in 

particular, are involved in the temporal patterning of behaviour. 

Spiegel, Wycis, Orchinik and iresd (1956) reported observations 

on human patients after bilateral lesions in the region of the 

dorsomedial and anterior thalamic nuclei. These patients experienced 

transitory confusion for time (chronotaraxxz) w.'iicn was usually 

associated v;ith memory defects. The authors concluded that
■

connections of the thalamic nuclei v;ith frontal lobes, the mammilary 

bodies and perhaps also the parietal lobes and gyrus cinguli '

* constitute the cfomplex netv/ork of circuits involved in the 

processes of experiencing time. Efron Cl9o3) reported x.hat 

damage to certain brain areas causes disturbances in time judgement 

which are regularly associated with aphasia. He speculates that 

dysfunction of the temporal lobe may be responsible for a
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disorder of the ' tine-labeliing .T.eciianisiTi’ v/hich gives rise to tie 

'deja vu' phenoraenon and he further proposes that analysis of 

tine sequences, intervals and ainiultaneity is periorcied in tlie 

left cerebral hemisphere. Potzl and Hoff (195^t 1937->3, 1959) 

reported by Lehmann, 1966) published clinical and pathological 

studies on a number of neurological patients who experienced a 

time lapse phenornenon. They felt that time v/as passins v;ith 

far greater speed. All these patients had lesiLons in the ri^ht 

occipital lobe. It may be postulated that possioly the speed v/ith 

which time passes (slowly or rapidly) is mediated through the 

activity of the occipital cortex. This is in line v;ith the
• . experimental findings that the speed vath which tiaie passes is 

related to alpha rhythm which is predominant in the occipital 

cortex. The cortical and sub-cortical mechanisms that are responsible ‘

for the determination of alpha activity (and in turn human time 

sense) will be discussed belo’.v.

Thalaciic -oaceniaker for EiiiG activity

The question whether there is a rhythmical stimulation of 

the cortex by volleys from a diencephalic pacemaker is not yet 

fully clear. However, on the basis of the experimental evidence *

so far available* this would seem to be the moat likely possibility. 

211ingson (1956) and Ochs (196^) have reviev.'od such works in 

detail. By means of subpial knife cuts, 'chronic islands' of

.140
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\cortex inay be ■Dre'oared v;ith all neuronal connections cut, keeping* I‘ * 
the blood supply from the surface pial vessels intact (Kristiansen 

and Courtois, 19^9)* Only a low level , of activity was found 

ramaininc in ouoh lelando. 'I'hough iaol£i.tod lolando OS' eoi'tex 

may not shov: spontaneous EEG activity, they have the ability to 

respond rhythmically. This is shov;n by the rhythmic after­

discharges v;hich can readily be elicited by means of single shocics 

(Ochs, 1965). The inference drav/n fro:.' these findings is that 

the various regions of the cortex although capable of giving 

rise to rhythmic activity, require iinpulses -cranscitted to them 

*iroin a pacemaiter region to excite rhythmicity. Certain regions 

in the thalamus appear to have this pacemaker function. Dempsey 

and norison (I9^2a) found that stiaulation of the non-specific 

thaleuiic nuclei at pulse rate of 5-10 per second could trigger 

v-ave discharges in the cerebral cortex which v;ere recorded from 

all cortical areas. The repetitive v;aves so evoked in the cortex 

v/ere similar to 8-13 c./sec. waves wiiich appear spontaneously.

Dempsey and Moris on (1942b) tried to shov; a common neural origin 

for the spontaneous cortical v?aves and the thalanically triggered 

recruiting waves.

• I^ecently, jlndersen and Sccles (1962) provided a possible

thalamic mechanism controlling the phase differences in the 

cortical rhythm. Their hypothesis is that the brain waves recorded 

in the cortex are generated intrinsically in the cortical! neurons
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/Mankind changed by need
fires burning

F R O W r o U R  O W N  C O R R E S P O N D E N T — N e w  Y o r k , o J

The discovery o f  fire m ay have deter­
mined not only man's cultural develop­
ment but a  significant part o f  his 
biological inheritance as well.

TTiis striking am plication o f the 
Promethean m yth w as presented to the 
National A cadem y o f Sciences, meeting 
in Durham , N orth Carolina, by D r. K urt 
Richter, o f Johns Hopkins Llniversity. 
Baltimore,

He said that (he absence— or at least 
submergence— oE a daily a lternation o f 12 
hours’ liveliness and 12 hours' lassitude 
was a hitherto unrecognized difTerence 
between m an and o ther prim ates. He has 
detected in ra ts and several species of 
m onkey an alternation so distinct that it 
seemed as if a switch had been thrown.

estiges apparent
D ^ tn jg tio n  of the liypotha‘iam us> ^  

speciali^etl pa rt tlLJJie mldcrtc brainr  eradi- 
caies_ thc^^^Io log ica l clocIT". which Dr. 
K T ^ e r  believes fcT tic 'a  group o f  specific 
cells which function together to arouse and 
relax the creature in turn. N o such cells 
h a ^ y e t  been identified, 
tX A s a mechanism  apparently  independent 
o f anything else that affects the anim als. Dr. 
Richter said, the “ clock ” determ ined when 
they could  em erge from  shelter in the 
m orning and When they should return  at 
night. It was a safety device fa r m ore 
effective than direct dependence on light 
and dark .

This, he suggested, would haVi?
also o f  early m an before he  i______
fire. Fire gave him light throughout 
flight and changed his entire pattern ol 
existence. He had to  stay aw ake or wake 
frequently to tend the fire. Its protection 
allowed rnany individuals to gather together 
to discuss the day’s activities and plar 
ahead without danger o f attack  from  w ilt 
animals.

As a result man cam e to function or 
a com paratively even level throughout th( 
entire day, and over some 300,000 yean 
there had been natural selection in favoui 
o f those whose " biological clock ” was no 
pow«tfully effective."

v ^ e s t ig e s  o f its influence could  still b« 
seen in thg^daily pattern  o f ri.siaE a nd fallin; 

_b p d y  te.mnerature  and in people who foum 
it dilTicuit to wake early in the morning. If 
some m ental patients the cycle reappcarec 
as an ab rup t change o f m ood at 12-houi 
intervals.

HERR BRANDT BRIEFED 
FOR BRITAIN VISIT

[■ROM O UR  C O R R E S P O N D E N T

Berlin , Oct . IQ 
Dr. Schroder, the west G erm an Foreigr 

M inister, had  talks in Berlin today witt" 
H err Brandt, the chief burgom aster, tc 
prepare H err Brandi for his official visii 
to Britain from  October 24 to 29.
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and a phasing device controlling the rhytha is located in the 

thalaaus. The uniqueness of their hypothesis, however, lies in 

the fact that the essential phasing device is due to widely 

dispersed inhibitory postsynaptic potentials that are generated 

through a recurrent pathway from the axon collaterals -of the 

thalamic neurons. A series of thalamic neurons with their axons 

projects to the cortex and each receives one excitatory synapse 

from the aedial lenniscus fibres. Collaterals from the axons 

of the thalamic neurons end in excitatory synapses on interneurons 

which in turn have inhibitory synapses on the thalajaic neurons. 

They believe that inhibitory interneurons are excited by axon 

collaterals so that when the thalainic cells discharge, the 

inhibitory cells are excited and the resulting effect maintains 

an inhibition of thalamic cells for the duration of one wave of 

an alpha rhythm.

The above studies elucidate greatly the mechanism of alpha 

activity which in turn represents the velocity of the human 

biological clock. The present vreight of evidence goes in favour 

of a biological event-count cechanism the rhyth::iiic phase of which 

is sub-cortically regulated. liecent findings of I^ichter (1966) 

that the destruction of hypothalamus eradica-ces the biological 

clock in rats give strong support to this hypothesis.

*

SUI'-i7-IAHY AI'ID C C K C LU S IO N

The present study was 'designed to investigate the effects
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of visible radiation of various v;avelen.£jths on the esL.iniation of] 
distance uiid tirae. '̂'he study v/as divided into three parts. ^ne | 

first part dealt with the effects of red and blue li^ht on the
• '

estimation of distance. The second part dealt v;ith the effects 
of these tv;o colours on the estimation of tine. finally, the 
third part studied the effects of red and blue light on the 
estimation of tinie and the relationship betv/een iBG activity 

and time estimation.
A revievf of the literature on the effects of li^ht and .

colour on the organisir. revealed that light does affcct the v;hole 

organism. It also showed that light of different colours 

"affects the organisrTi differently. Generally, red light v;as 
found to be energizing and blue depressing.

Part I
Part I of the study '.viis designed to investigate the effects 

of red and blue lighb on the estimation of distance. The nature 
of the problem was to investigate the phenomenon whereby of tv;o 
stimuli on the same pla^ie, subtending the sane visual angle and 
of the sanie luminous intensity but of different v/avelengtn that 

of the longer '.wavelength one would be Judged as nearer than that . 

*of the shorter v/^velength one.
The hypothesis was that under the above conditions red would 

appear nearer than blue.
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The results shov;ed thLt under red thiUiSS do indeed •

appear nearer than under blue,

To determine whether this eifect oi an. apparent decrease in 

distance under red light v.-as due to the perceived hue or to the 

wavelength of incident lisht, a further experimental investieation 

v/as carried out. It was desijjned to investigate. v.'hether long 

wavelength radiations outside the visible spectrum would produce 

a similar effect. V.'ith this purpose, the effect of infra-red. 

radiation, which has no perceived hue but whose v/avelength is 

near to that of red, on distance perception was investigated.

The results showed that infra-red did not have any significant
I
effect on distcince perception. These non-significant results 

suggest that (i) perceived hue is necessary for the phenomenon 

■observed in the main experiment; (ii) infra-red is not so activating 

as red, or (iii) the phenomenon is a combination of both of these.

Part II

Part II of the study was designed to investigate the effects 

of red and blue illunination on the estimation of time. The 

following hypotheses were investigated:

1. Time would seeii to pass more slowly under red light than
«under blue light.

2. Time, during a dari: interval, would appear to pass less

slowly in comparison to that under red and blue illumination. 

It v/as expected that the order of the change of time under 

these three conditions would be as follows: red (more

\
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slowly), blue (less slov.-ly) and darl'ijiess (far less slov;ly). 

The results confirmed the first hypothesis that tine passes 

more slov;ly under red illuciiaatioa than under l>lue illumination. 

Tiiiie, during dark interfals, also seemed to pass more slowly 

than under blue illurr^ination, *̂ ed lig;ht and darkness nad sinilar 

effects on the estiir.ation of time. This appears contrary to the 

second hypothesis. But a close analysis of the data shovjed that 

in darkness,^short interval was overestimated and longer intervals 

were progressively underestiaated.

Part III
In this part an attempt was made to study i-he effects of red 

and blue illumination on the estimation of time and the possible 

relationship between S2G activity and time estimation. The 

" following hypotheses v/ere investigated,

1 . Hed illumination v;ill cause a decrease in alpha amplitude

and time percent alpha more than that due to blue illumination.

2. V.'ith fast activity lov: amplitude alpha under red light, time 

v/ould appear to pass more slov;ly than that v/ith comparatively 

slow activity and high aiiiplitude alpha under blue light.

, The results confirmed the hypotheses. Time seemed to pass

more slov;ly under red illumination than unaer blue illumination.

The results also showed that there is a significant correlation 

' between alpha amplitude and time estimation. Alpha amplitude 

v.'as correlated inversely to overestimation oi time and positively . » 
to underestimation of time.
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The results were exi'laineci in teras of a wavelength ■

sensitive hypothetical biological oscillator the rate of wnich 

may indicate the hû ian tir*e sense.

Conclusion

ExperiEental evidence evists for the fact that the perception 

of time and distance are interdependent pheno.-nena (Kelson and Kins,

1931; Cohen, iianscl and iylvester, 1955)- i-̂ eprcsent research

investigated whether the perception of distance and time is affected 

by the v/avelength of visible radiation. The results showed that 

red and blue (the two colours studied) nad opposite ej.iects on tne 

perception of tiiae and distance. Under red light, v;hile there is 

an. apparent decrease in distance, there is an apparent increase 

,in time. On the other hand, under blue i while there is an

apparent increase in distance, there is an apparent decrease in 

tiae interval. An explanation for these phenomena v/as not easy, 

however, an activation hypothesis to explain the phenomenon of 

time perception under red and blue light v/as supported oy results 

froni the E£G experiment. It v/as found that with comparatively 

desynchronized alpha under red illumination time passed more 

slowly than v;ith relatively Siov/ v/aves under blue illuiiiinawion.

But it was difficult to test this hypothesis experimentally in 

case of distance perception under the tv;o coloured illumination.
*

However, a further experiment v;ith infra-red radiation showed that 

probably perceived hue and activation together might oe responsible
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for tiiis phenomenon. A-propos of this we do not, of course, knov/

(a) v;hether the infra-red radiation used Vfas non activating, 

nor (b) v/hether the activating effect of red is through its 

perceived hue. '

Before concluding, the follov/ing aay be suggested for further 

resGcirch:

1. We discussed before that the present set of theories cannot 

explain adequately the effects of colour on the perception

of distance. ?or exaiEple, the learninc; theory or perspective 

theory explains these phenomena in terms of past learning 

and does not take into account the differential physiological 

, effects different colours rnisht ĥ >ve on the organism

during perception. Nor can this theory explain those 

results where red appears farther than blue or green.
«

However, no experiir^ental evidence exists to discard the 

learning theory at the sioaent. The present experiment v;ith 

huraan adults could not contribute siuch on this aspect of 

the problea. 3o, experiments with anicials and/or children 

nay be undertalcen.

2. Due to methodological difficulties and shortage of time, ^

it v;as not possible to put the photo-activation theory, ^

I in case of distance perception under red and blue light,

to further experimental verification. It is proposed that

v;ith improved techniques the hypothesis may be put to •

experimental tests. *
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3, As distance and time perception is found to be affected 

by the wavelength of incident light, it is proposed to 

study the kappa-effect (the perception oi tirae being dependent 

upon that of distance) of Cohen et al. (1955) under different 

coloured light.

A study of time estimation with all colours of the visible 

spectrum to investigate the order of effects.

An investigation of individual differences in both time 

estination and alpha index.

6. An investigation v.dth schizophrenic patients on the

relationship between the degree of the distortion of ticie 

sense and the level of physiological arousal (especially 

EiG activation). The apparent teriporal disora'anization 

‘ in schizophrenics (as shov/n by tl.eir time estimates) while

reacting accurately to a tenjporally oriented sj.i-uai,ion 

(as shovm by their accurately reacting to hospital feeding 

and sleep schedules) poses a great challenge to the 

researchers of the human tiae sense. Such atuuies may

■ reveal whether the defect lies v/ith the dysfunctioning of

an internal timing mechanism or with their conceptual 

disorganisation.
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