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PRE FACE 

At a meeting held by Commission Internationale de l'Eclairage 
(CIE TC 3.5) in Berlin 1977 I was asked to try to summarize 
research related to physiological and psychological activation 
from light and colour. Receiving financial support from the 
Swedish Council for Building Research the work of the sub­
committee has taken the form of an annotated bibliography. 

A preliminary manuscript of the bibliography was presented 
at the international conference of CIE in Kyoto in 1979. 
The manuscript was discussed in detail at a seminar in Lund 
in the beginning of 1980. The same summer at a symposium on 
daylight in Berlin I had the opportunity to summarize the work 
in a paper. Since then the manuscript has been up-dated and 
rewritten and is hereby presented in its final form. 

The material included in the bibliography concerns normal 
physiological and psychological effects of light and colour 
including effects of infrared and ultraviolet radiation . 
Pathological reactions lie outside the scope of the bibliography. 
About nine/tenths of the references are concerned with studies 
on human subjects. 

lt is the nature of a bibliography that it must stay very close 
to the original research material. Thus, it directs itself to 
light and colour specialists, and also to researchers within 
the environmental sciences. lt is hoped that the broad scope of 
the bibliography will serve to further an interdisciplinary 
approach. 

In the planning and designing of modern society, and especially 
as a consequence of the energy crisis, light and colour are 
important factors. The bibliography als o directs itself to 
architects and lighting engineers who are trying to design the 
human environment. 

A large number of persons have contributed to the bibliography 
in various ways. The projects was conceived by the late professor, 
John E. Flynn, in his capacity as chairman of TC 3.5, and he 
continued to encourage it in his very personal way. 

During the course of work, I received valuable suggestions 
from hundreds of researchers from many countries. Several persons 
sent me articles and books. Unfortunately, it has not been 
possible to include all this material within the framework of 
the bibliography . . I have also been allowed to partake of 



ongoing bibliographic work in related areas. Numerous 
persons have contributed to the discussions inside and 
outside the CIE. I wish to express my sincere gratitude to 
all these persons. I also wish to thank Marianne KulIer, 
who constituted the other half of the sub-committee. 

I will take this opportunity to ask the readers to comment 
upon the bibliography, and, if possible, send me further 
reports, reprints, and references within the field. 

Lund, October 21, 1981 

Rikard KulIer 
Docent 

Environmental Psychology 
School of Architecture 
Lund Institute of Technology 
Fack 
S-220 07 Lund 7 
Sweden 
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AB S TRACT 

Solar radiation has a profound effect on the human organism. 
This effect might be transformed by artificial illumination. 
The aim of this bibliogra phy is to bring together in a 
comprehensive form the existing knowledge regarding the 
normal physiological and psychological effects of light and 
colour, including the following topics: Effects of solar 
radiation on the skin; physiological effects of daylight 
and artificial illuminat:ion entering the eye; preferences 
for light, colour and visual patterns ; the impact of culture 
and personality; light and colour in the built environment. 
Amongst others, the review indicates artificial light might 
cause stress-like reactions, if it is intense, if the spectrum 
considerably deviates from that of natural daylight, or if it is 
flickering and glaring. The bibliography was compiled at the 
Environmental Psychology Unit, Lund Institute of Technology, 
with financial support from the Swedish Council for Building 
Research. It constitutes a CIE TC 3.5 sub-committee report. 
(240 pages, 1.700 references) 
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INTRODUCTION 

When designing human habitat architects. and lighting engineers 
rend to assume that the only significant role of light and 
colour is to provide for adequate illumination without causing 
disability glare and to contribute to a general ly pleasant 
visual environment. During the last 20 years it has become 
increasingly clear, however, that solar radiation · has a 
profound effect on the human organism and that this effect 
might be modulated and transformed by artificial illumination. 
The reason for this is firstly that solar radiation was important 
for the genesis of life itself, actually without light there would 
be no life. The second reason is that the development of higher 
life and man to this day has occured under the constant influence 
of solar radiation affecting living tissue from the single cell 
of the skin to the specially adapted light-sensitive eye. Thus 
the amount of light, the quality of light, the distribution of 
light and the variation of light between day and night and winter 
and summer are closely tied to the genesis of man and we are 
gaining better understanding of same of these ties. 

There is much research going on in the fields of biochemistry 
and physiology but also in psychology and - maybe somewhat 
astonishingly - in social psychology, focusing on light and 
the single cell, the brain, emotions and social interaction 
respectively. The aim of the present review is to bring this 
knowledge together in a comprehensive form in the interest of 
environmental research and design. 

This is not the first attempt to bring together factors of light 
and colour in a wide perspective of man-environment relations 
- several similar undertakings will be referred to - but this 
review differs from previous bibliographies in at least two 
respects. Firstly there is an attempt at theoretical integration. 
Work dealing with effects of light and colour of ten 
favour one central hypothesis at the expense of others in order 
to account for the data. It seems however, that light and colour 
affects man along many different pathways and in man y different 
ways, and therefore we must resort to a number of hypotheses if we 
want to account for the phenomena. Since man is one highly 
unified organism, these different effects are bound to interact 
and it follows there is a need also to include the different 
hypotheses into a general theoretical framework . At the present 
stage there is no such framework into which data from biochemistry, 
physiology and psychology can be put. Still one might dare to 
outline a sketchy model indicating at least how some of the 
hypotheses might fit tagether. 

Aseeond aspect in whic.h this bibliography differs from others is 
the selec tion of materi.al which in turn is a resul t of the 
theoretical model referred to above. During the course of work 
it became clear that the following topics should somehow be 
included: Effects of radiation on the human skin as far as these 
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effects would have any general significance for health, well-
being and behaviour; primary effects on the nervous and ho.rm~:mal 
systems of light entering the eye as weIL as secondary effects 
on mood and performance; light and colour preferences and 
connotations including the estimation of apparent warmth, weight, 
etc; light and colour in the appreciation of architecture and 
the built environment including interioras weIL as exterior 
space; those cases where light and colour seem to interact with 
other environmental factors, physical as weIL as social; and 
finally .. effects of light and colour mediated by the characteristics 
of the organism itself like emotionaI state , personality traits 
and culturaI background . 

It was equally evident that other areas had to be excluded . 
Firstly, everything bearing directly and solely on visual 
performance and disability glare was to be left out as weIL as 
theories of light and colour vision , the reason for this being 
that this is exactly what most books on lighting and illumination 
are about . The reader will probably find one of these books on 
his own booksheIf . Although the bibliography covers effects of 
daylight as weIL as artificial light, including such parameters 
as intensity, spectral composition and temporal patterns , research 
related to the 'light sources per se are excluded as weIL as fields 
like colorimetry and colour rendering which are either mainly 
physical or ma i nly visual . Certainly , man is not only affected 
by light and colour but he uses them actively in art, architecture 
and in many of his everyday undertakings . However, these aspects, 
leading into the realms of creativity and art and the history of 
art, are beyond the scope of this bibliography . 

Other exclusions might be more difficult to justify. This is the 
ca se for a large part of the medical literature dealing with 
pathological effe cts of light radiation on the eye or skin, 
for instance , visual cataract or skin cancer of photoallergies 
as weIL as studies on a cellular or molecular level including 
phototoxic and mutagenic effects on DNA. Although by no means 
uncommon , especially in industrial work environments, these 
problems will probably remain outside the scope of the general 
designer . In medicine , light radiation is also use d for curative 
purposes like in the common skin disease psoriasis or in 
hyperbilirubinemia . In prema turely born babies the liver might 
not be sufficiently developed to dispose of the waste product 
called bilirubin. Left unchecked, this condition, hyper­
bilirubinernia, will result in permanent brain damage. Until a 
few years aga the only treatment for this condition was a total 
blood exchange transfusion, a completely new blood supply, and 
the high risk , that went with it . Now , treatment with artificially 
generated natural light is all that is required, and it offers 
little or no danger to the infant. References to this and other 
types of medical phototherapy - the use of light to treat 
illness - are not included . 

In certain areas most of the studies hav e been made not on man 
but on animals , plants, bacteria or on specially prepared cell­
cultures . Although very important for the specialist in the 
specific are~ subhuman studies will generally be of little 



interest to the environmental designer and has therefore been 
excluded except in a fe'w cases, where the .. results are either 
unique or of irmnediate relevance . Except,jn those few cases 
all the studies referred to concern man. 

In addition to the problem of relevance , there has also been 
problems of language and critical evaluation . Some authors, for 
instance, talk about red light or blue light when they refer to 
radiation of a certain spectral composition , a habit which is 
not only confusing to t h e reader but very of ten - so it seems -
even to the authors themselves. When presenting and commenting 
on abstracts I did not find it possible to correct such 
inconsistencies but have instead adopted the language as used 
by the author. As for t h e quality and control of each single 
study I have tried to adopt a critical view but this has not 
been an easy task. S'ome of the abstracted studies have obviously 
lacked in experimenteral control while others have been vaguely 
presented making a critical evaluation impossible . Some papers , 
especially those of Russian origin, were available only in 
second hand versions . Also, it can not be denied the subject 
area holds something of mystical fascination which sometimes 
seems to have affec ted even very serious writers . Whenever 
possible original abstracts have been used. However, in many 
cases it has been necessary to make excerpts or surmnaries directly 
from the actual texts . A large number of the titles in the 
reference list have been included on the basis of abstracts or 
titles only. 

In collecting the material several different methods have been 
employed . A manual search was carried out at the University 
Library at the University of Lund; using their different registers 
and selected abstracts, foremost the psychological and ergonomi c 
abstracts . In order to include material related to the built 
environment a computerbased search was carried out at BYGGDOK 
in Stockholm . in 1977 . The search was followed up in 1980. Further­
more , handbooks on light , colour and photophysiology as well as 
collected papers from conferences were searched in detail, the 
most important of the latter being reports from the CIE and AIC 
coriferences and proceedings of the various congresses of photo­
biology . Other reference sources include reports from conferences 
on Architectural and Environmental Psychology and a selection of 
journals on light and colour and other scientific journals. 
Concormnitant with this search an inventory was mailed to 54 
researchers and 16 research institutions in the Scandinavian 
countries and to 153 researchers and 18 institutions in other 
parts of the world; the main reason for this being a wish to 
include as much fresh material as possible . About half of the 
inventories were returned, giving references, enclosing in some 
cases reports or ev~n books . A request for information also 
appeared in. the Architectural Psychology Newsletter and the CIE- . 
circulations . 
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As a result of the initial phase several hundred original 
books and articles were collected, and all lists of 
references were checked for additional material. I will not 
go into a detailed description of how theactual review work 
was carried out, nor will I try to put up a defense for the 
way the material has been grouped and presented. There have 
been practical and theoretical considerations which will 
hopefully be recognized by the reader, without further comment. 
A last note should however be made. Although a total of l 700 
ti tles has been included and many more discarded, this 
bibliography, like most others, is incomplete. It should be 
regarded" not as a finished product but as a starting point 
for a better understanding of the impact on man of light and 
colour. 



HOW THE BIBLIOGRAPHY IS ORGANIZED 

The material has been grouped in three major sections, each 
one consisting of commentaries, a selection of surnmaries, and 
a list of additional references. Summaries and references are 
arranged according to the English alphabetic order. The letter 
v appears before w. No difference has been made between u and ti. 
However, the Scandinavian letters å, ä, and ö are added at the 
end of the alphabet. 

The arrangement of the publications is based on: l. authors' 
surname; 2. initials of first (given) name(s); 3. year of 
publication. Surnames containing a prefix, like de, le, van, von, 
etc, are placed according to the prefix. Publications where the 
name of the author is not given are placed at the end of the 
alphabetic order. 

Summaries are also numbered consecutively throughout the 
bibliography. These numbers are used regularly whenever an 
abstracted article is being referred to in the text. Whenever 
an additional reference is cited this is done by giving the 
author's surname and the year of publication. During the course 
of search several important bibliographies appeared. These are 
referred to in the commentaries at the end of each sub­
section. 
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SECTION l 

PHYSIOLOGICAL EFFECTS OF SOLAR RADIATION ON THE (HUMAN) SKIN 

Ultraviolet radiation 

There are several rather well known processes going on in the 
human skin which depend on the photochemical (actinic) effects 
of ultraviolet radiation .. Ultraviolet radiation is usually 
considered to be in the wavelength range between 100 and 400 
nanometers (nm = one millionth of a millimeter). Out of 
convenience this range is subdivided inta three bands, 
ultraviolet A, ranging from 400 to 315 nm, ultraviolet B from 
315 to 280 nm and ultraviolet C from 280 to 100 nm (59). 

While radiation in the ultraviolet A range passes through most 
types of glass and produces practically no vitamin D or erythema 
(reddening of the skin), radiation in the ultraviolet B range 
has both an erythemal and pigmenting effect on the human skin 
and also forms the vitamin D in the body. All investigators 
agree that skin reflectance is very low, 2-8% in the waveband 
250-300 nm for all kinds of human skin. The maximum effectiveness 
of the ultraviolet radiation is placed by different authors 
samewhere between 290 and 297 nm (2, 3, 9, 11, 17, 20, 22, 
24, 39, 40, 44, 45, 51, 52, 55, 60). 

Ordinary window glass absorbs essentially all radiation in the 
B range. Considering the facts that millions of people work 
behind glass, underground or in the extreme north, travel to 
and from work in closed vehicles and venture outdoor only in 
the early morning and in the late evening, when ultraviolet 
radiation is minimal, this situation might be regarded as 
serious. Also, incandescent lamps emit very little ultraviolet 
radiation and the small amount from ordinary fluorescent lamps 
is usually absorbed by the fixtures on which they are mounted. 
Due to this fact many people in the northern countries get very 
little radiation in this range, especially in winter. 

Radiation in the ultraviolet C range has a strong germicidal 
effect. Also, superficial erythema and conjungtivities may be 
caused. The latter is an inflammation of the mucous membrane 
that lines the inner surface of the eyelid, and the exposed 
surface of the eye ball (59). 

Rickets is eaused by a deficiency of solar ultraviolet 
radiation which is necessary for the synthesis of calciferol 
and other D-vitamin. Normally these hormones are released 
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into the bloodstream by the skin. Without them not enough 
calcium and phosphorus will be laid down in growing bones. The 
crippling deforrnities of rickets are the consequence in small 
children while aged persons might get brittle or easily broken 
bones or bone softening, osteomalacia. It is now common knowledge 
that only small traces of ultraviolet radiation are necessary 
to help the body develop calciferol in amounts needed to 
promate calcium retention and bone growth. Some evidence 
concerning the minimum required dose can be obtained from 
the fact that rickets can be cured by repeated exposure to 
l/10th MED (minimum erythemal dose), i.e. l/10th of the dose 
that is required to obtain reddening of the skin. One author 
states that the amount of radiation invalved seemed to be 
roughly equivalent to the radiation that would impinge upon 
a resident of Washington DC who took a daily 15 minute walk 
out of doors at lunchtime in midsurnrner (36). Although rickets 
are nowadays prevented and cured mainly through dietary 
intake of vitamin D, there is still inconclusive data on the 
relative importance of this dietary intake. In fact, several 
studies indicate the existence of a delicate interaction 
between ultraviolet radiation on one hand and the intake of 
vitamin D2 and D3 on the other (23, 36, 39, 51, 52, 55, 60). 

It is possible that vitamin D deficiency may cause an increase 
in the incidence of dental caries (55). In experiments on 
hamsters and cotton rats it was shown that the nature of the 
illumination had a profound influence on the incidence of 
dental caries (13, 47). These results were followed up in a 
study camparing the influence of different lighting conditions 
on the incidence of caries in two windowless classrooms near 
the beginning and again near the end of the school year. 
Children supplied with cool-white fluorescent lighting 
developed significantly greater incidence of dental caries 
than did children exposed to full spectrurn lighting (29). 
However, it is not advisable to draw any definite conclusion 
from these few studies and certainly the results if they turn 
out to be reliable are open to several possible interpretations. 

An overdose of ultraviolet radiation may cause reddening of the 
skin (erythema) which in turn may lead to an increase in 
pigrnentation and a thickening of the horny layer of the skin. 
In sensitive persons lacking in protective pigmentation an 
overdose might also give rise to a variety of photoallergies 
or even skin cancers (20, 52, 60). People in tropical regions 
avoid these dangers by their heavy dark pigmentation consisting 
of melanin granules in the outer layers of the skin. In the 
northern countries on the other hand, people often suffer from 
the lack of ultraviolet radiation, and because of this there 
has been a natural selection for an unpigmented skin (23). 

Interesting from our point of view is the fact that UV­
radiation might also have effects of a general physiological 
nature, including a lowering of the pulse rate, a fall in blood 
pressure, changes in skin temperature, and metabolic rate, 



in reaction time and general activity level, as well as an 
improvement of health conditions and resistance to certain kinds 
of infection. Sigmund,for instanc~found a considerable reduction 
of visual reaction time which could be observed even three weeks 
after the irradiation with ultraviolet had taken place (48). 
Zarnkova and Krivitskaya were able to show that irradiated 
subjects had a shorter reaction time to light and sound, a 
lower fatigability of the visual receptor and improved working 
capacity (57). In one study on children in Swedish day-care 
centres a clear-cut earrelation was demonstrated between 
duration of outdoor activity on one hand and resistance to 
infections of the respiratory passages on the other (25). 
In a few studies, so far carried out only on animals, ultraviolet 
radiation had a strong influence on consumptian of aleobol (53, 
See also references, seetian 2). Thus we might be quite 
confident that daylight has a general physiological effect on 
man eaused by UV-radiation of the skin. As far as is known today, 
vitamin D is one likelymediator of these effects (6, 7, 10, 25, 
42, 48, 51, 52, 57, 58, 60). 

There is no evidence, however, for the existence of an UV­
selective mechanisrn either on the autonomic or the perceptual 
level. Because ultraviolet and infrared radiation are both parts 
of natural daylight, they are bound to occur tagether and when 
man seeks out the warrnth of the sun he will at the same time get 
a certain amount of ultraviolet radiation. Loomis suggesw,however, 
that a certain amount of UV-selection might take place on a 
cognitive level. According to him social habits like the June 
wedding, which tend to bring the first baby in springtime, and 
the habit of taking babies outdoors even in the middle of the 
winter for same sunshine,constitute ways of selection laid down 
in the cultural consciousness of people living in northern 
countries where the access to ultraviolet radiation is sparse. 
However, too much ultraviolet radiation will be harmful to the 
unprotected, untanned skin highly characteristic of northern 
people during springtime when the demands for warrnth and 
vitamin D are at their highest. In order to avoid erythema or 
even more severe damage during this period,man seems to rely 
entirely on cultural and individual experience. Even children 
know that to spend too much time exposing naked skin to the sun 
might be painful- afterwards (23). 

For a good account of the effects of ultraviolet radiation on 
the human skin, the readers are referred to Johnson et al 1968 (20), 
Urbach 1969 (52), Brundrett 1973 (3) and Magnus 1976, and also to 
the popular accounts in Scientific American by Loomis 1970 (23), and 
Wurtman 1975 (174) and the report by Tibbs 1979 (166). For an extensive 
list of references to all kinds of actinic effects of optical 
radiation consult Therington et al 1978 (165). A discussion of the 
physiological basis of health standards for dwellings was given 
in WHO's Public Health Papers 33 (Goromosov 1968, see references, 
seetian 2). An authoritative and up-to-date review of effects of 
ultraviolet radiation is to be found in WHO's Environmental 
Health Criteria 14, 1979 (60). 
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Infrared radiation 

Just like the ultraviole~ the infrared radiation is subdivided 
into three ranges, IR A from 780 to 1.400 nm, usually called 
the short wave region; IR B from 1 . 400 to 3.000 nm , the medium 
wave region; and IR C from 3.000 to 1.000.000 nm (= l mm), the 
long wave region. Infrared radiation is invisible to the human 
eye, it can not be seen but is felt as heat. It passes through 
a vacuum or through clear air without any appreciable loss of 
energy. On ly when radiation strikes an object in its path is 
the energy absorbed, and in being absorbed, converted into heat. 
All radiation can be absorbed and degraded to heat but the 
infrared waveband and in particular its short wave region has 
the strongest heating effect of all types of radiation. 
Shortwave infrared radiation behaves in many respects the same 
way as visible light. It can be reflected and concentrated into 
an area thus obviating many of the heat loss problems associated 
with other methods of heating (59) . 

When the surrounding temperature is above that of the body, 
heat will be taken up by radiation. Actually, the radiant 
temperature of the total environment is of ten as important 
as the ambient air temperature in determining the heat load on 
man. In respect to bodyeconomy, the sun is by far the most 
important source of radiant heating, and our own skin is the 
source of radiant cooling. In an evolutionary perspective this 
is a very old mechanism . The reptiles, who were in existence 
already 100 million years before the mammals made their 
entrance, were completely dependent on solar radiation for the 
maintenance of an adequate body temperature . Being "cold-blooded" , 
they did not produce any body heat themselves , but acquired it 
directly from the environment . 

Mamma l s , on the other hand, maintain a relatively constant and 
warm body temperature independent of environmental changes . 
From an evolutionary point of view this is a great advantage. 
It makes it possible to develop complicated organ systems that 
would suffer damage if the body temperature was not held 
within strict limits . It also allows metabolic functions to go 
on during the night , when the temperature of the environment 
is low , or to survive in the cold zones of the world. Thus, 
the substitution of the outer regulator of body temperature, the 
sun, by an inner one enabled mammals not only to conquer the 
cold areas of the planet but also the dark part of the 24 hour 
eyele. Still there are the environmental variations to be coped 
with, like those between day and night or summer and winter. As 
far as man is concerned the radiation from the environment to 
the skin and vice versa constitutes one important factor of 
heat regulation, the others being conduction , convection and 
evaporation. 

Man has learnt to a certain extent to regulate the temperature 
of his environment to fit his needs . Should the body temperature, 
however, become excessively high or low the organism becomes 
alerted and tries to restore the balance. Olesen et al found, 



for instance, that subjects introduced in to a thermally 
asymmetrical room seleeted that uniform environment which 
rendered them thermally neutral (38). Actually, man spends 
much time orienting towards or away from sunlight, preferring 
a shady place during the summer but looking for a glimpse of 
the sun during the winte.r. Any person is likely to uncover 
himself, part his legs, raise his arms from the body or begin 
to sweat when he is too warm, but will pull himself together 
in order to minimize radiation when he is freezing. 

While the primary action of infrared radiation on the skin is 
that of heating, this will general ly lead to a vasodilation of 
cutaneous blood vessels. The infrared energy contained in daylight 
will penetrate into the skin and muscles resulting in an increased 
circulation of the blood. When the radiation is instead from · skin 
to environrnent there will be a constriction of cutaneous blood 
vessels. The heating or cooling in tur n will give rise to a host 
of other reactions involving the metabolism of the skin itself 
as weIl as the metabolism of the entire organism (5, 15, 16, 18, 
21, 44, 55). 

The changes in skin temperature produced by exposing the body 
to any type of radiation from the sun, infrared lamps, and other 
sources which penetrate appreciable distances into the skin,depend 
not only upon the optical properties of the skin but also upon 
thermal conductivity, the density and the thermal capacity of 
the living skin, as weIl as the influence of blood flow. The 
heating curve of the intact skin,when slowly heated with radiation, 
indicates the skin tempe.rature first rises and then falls. This 
fall in the temperature results from the cutaneous vasodilation 
secondary to the heating. Since the dilation occurs only in the 
heated area it is believed due, for the most ·part, to the direct 
action of the heat upon the superficial blood vessels. Other 
experiments, however, indicate that this effect is not a simple 
one, and tha t the skin c.an be "condi tioned" by previous exposures 
(8, 15, 16, 18, 21, 44, 54, 55). 

Sensations of warmth and cold are evoked by radiation exchange 
between the skin and the environment. These sensations, which 
are important to body economy as thermal detectors for 
regulating body temperature, are evoked when even the slightest 
change in skin temperature occurs. Also important arnong the 
sensations evoked by radiation is pain. It seems the pain 
threshold for any level of skin temperature represents that arnount 
of radiation which is required to raise the skin temperature to 
45°C . Physiologically this means the pain threshold is dependent 
on skin temperature alone and not upon the rate of heating of the 
skin nor upon the rate of change of internai thermal gradients. 
It appears the cutaneous pain threshold is independent of race 
and culture as weIl as of sex and age. There is also a relationship 
between skin temperature and the production of burns; skin 
temperatures lower than 45°C do not in general produce a burn 
(15, 32). 
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lt is a weIl established fact that body temperature will 
influence physical as weIl as mental performance on a wide range 
of acitivites. Concerning visual performance, for example, an 
interaction has been established between body temperature, 
level of illumination, and task difficulty. In one study, Löfberg 
et al found that increasing the level of illuminance during 
moderate heat stress might even have a negative effect on tasks 
where viusal concentration was less essentiai (26, 27). There 
might also be a relationship between ambient temperatures and 
the preference for varinus colours. Kearney found preferences 
at low temperatures were positively correlated with the wave-
1ength of light. At high temperatures the correlation became 
negative (106). Some attempts have also been made to study the 
possible influence of body 'temperature on social behaviour. The 
results soo far are not conclusive (46, 50, 81). 

Thus, radiation nf the human skin serves as a regulator that 
will influence the general activity level of the organism. This 
regulation is partly autonomic. The hypothalamus is the primary 
centre for regulation of body temperature and general body 
metabolism. Therefore, any description of the impact of light 
on man that sets out to be general must by necessity include the 
infrared-radiation/hypothalamus system. However, the 
regulation also involves mental mechanisms. We do not like to be 
too hot or cold. Intense cold or heat which might cause tissue 
damage is extremely painful, while moderate heat is experienced 
as comfortable. Thus, feelings of pleasure and displeasure are 
directly tied in with infrared radiation of the skin (16, 30, 
31, 38.49, 232). 

The readers are referred to Hardy, Gagge and Stolvijk, 1970, for 
a gond description of heat transfer in the environment as weIl 
as heat transfer and regulation in the body (16)" A thorough 
discussion of thermal comfort will be found in Fanger 1970 . 
Application to dwellings are discussed in Goromosov 1968 
(references, section 2) and in Turner 1969 (255). 

Light radiation 

As we have seen, solar radiation within the ultraviolet: and infrared 
regions will initiate numerous processes when it impinges on the 
human skin. But what happens in the intermediate range usually 
referred to as light radiation? Light radiation can be divided 
into a number of approximate wavelength ranges each of which 
generally make a certain colour impression on the human eye. The 
follnwing division is widely accepted: Violet, ranging from 380 to 
436 nm, blue from 436 to 495, green from 495 to 566, ye llow from 
566 to 589, orange from 589 to 627, and red from 627 to ' 780 nm (59). 
In contrast to many lower animals, the human skin does not contain 
any specific receptors sens i tive to light radiation. Still, there 
exists some evidence that light radiation rnight not onl y have a 
general but also a specific effect on the human skin. 



The first data on what might be called the dermo-optic sense 
was published in the Russian scientific literature at the end 
of the 19th century . A physician from Tambov, Khovrin, 
studied a patient who read ordinary· p'f'inted and hand written 
texts by touch, and in the same way recognized colour tones on 
paper and fabrics. Later on, Leontyev, using the so called 
chock and avoidance technique was able to demonstrate the palm 
of the human hand could react to light rays. Some ten years 
later, in the beginning of the sixties , a well developed sense 

.was discovered in the famous Russian subject, Rosa Kuleshova 
(19, 43) . 

In order to check different ·hypotheses about the dermo-optic 
sense an experiment was set up with 80 subjects at the Graphic 
Art Department at the Nizhne-Tagil Pedagogic Institute (37). 
The results showed that approximately every sixth person 
recognized the colours in pairs af ter 20 to 40 minutes of 
prac tice. If the training was repeated systematically over a 
period of a few weeks, the subjects learned to recognize five 
to seven colours by touch. Questioning of the subjects 
indicated that colour tones were distinguished subjectively 
primarily according to degrees of smoothness and roughness and 
their breaking effects on the fingers when touched. 

The hypothesis that the identification was based on the 
perception of surface structure was ruled out by putting 
cellophane or glass on top of the colour samples or printed 
letters. The hypothesis that the identification was based on 
thermal differences bet:ween different colours was not confirmed 
in experiments using heat absorbing filters. However, as Makous 
points out "heat filters do not eliminate this effect, for no 
filter can pass light and not pass energy which can be converted 
to heat upon absorption" (28). 

The experiments seemed to confirm that the dermo-optic sense 
extinguishes in darkness . The first colour tones ceasing to be 
sensed in darkness were orange and yellow, then light blue and 
dark blue. In this respect the phenomenon resembles the Purkinje 
effect typical for normal vision. The hypothesis about the 
existence of photo-receptors in the skin was, howeve~ ruled out 
by using aluminium foil placed on top of the coloured papers or 
letters which in turn ",ere placed on glass and lit from below. 
The subjects were still able to give correct and clear answers. 
However, if the metal foi! or the hand of the subject itself 
was grounded, identification gradually became impossible. 

Just like Rosa Kuleshova,many of the subjects began to react 
to the colour of the paper, with their hands in the air at a 
comparatively great distance. The students actually felt a 
barrier at the distance of between 20 and 80 centimeters above 
the paper, and they gradually began to recognize and distinguish 
the characteristics of the respective colour field. Finally, 
experiments with blind and visually handicapped persons showed, 
as a result of systematic practice, these groups could 
learn to read with their palms large text and numbers at a 
distance. 
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These remarkable r .esults caused sensation not only in the 
Soviet Union but also in the rest of the world, especially 
in the United States, where a number of experiments on 
dermo-optic' perception were ini tiated . Studies by among 
others, Youtz, confirmed the 'Russian results more or less, while 
others, one of th~Buckhout, obtained negative results (4, 56) . 

The studies supporting the existence of dermo-optic perception 
we re in 1966 severely criticized by Gardner, editor for 
Scientific American, who also has a long personal experience 
in the field of magic and "mentalism". Gardner claims that 
all the results ,might be explained either by conscious 
deception or a lack of adequate controls (14). According to 
Martin Jonsson, professor of parapsychology in Utrechts, there 
is however no reason to believe that the main body of results 
regarding dermo-optic perception is fraudulent. The systematic 
variation of results in relation to experimental circumstances 
seems to rule out an explanation in terms of extra sensory 
perception. On the other hand, the fact there has been some 
difficulty in replication shows there is a rather poor 
understanding among the experimentalists themselves of what is 
real ly going on, thus making prediction difficult (Personal 
communication). 

The criticism by Gardner met with strong opposition and 
Razran presented a bibliography of 60 recent Russian technical 
reports and press statements in favour of the question at 
stake (41). Nash utilized a suggestion made by Gardner and 
instead of a blindfold used a light weight box to cover the 
subject's head , and in spite of this , reported positive 
results (34, 35). 

There have been some promising attempts to explain the mechanism 
be hind dermo-optic perception. Looking at all the available 
facts it might very weIl be that several different mechanisms 
are at work . Novorneisky and other s conclude dermo-optic 
sensations are connected with the action of electric charges 
rising under the influence of light on the coloured surface of 
paper,etc (37). One theory propos ed by Yout z suggests that the 
discrimination is based on temperature differences in the skin 
caused through absorption of radiant energy from objects of 
different colour, lightness, etc (56). If the object itself is 
in the dark, the radiant energy might be a reflection of the 
energy emitted from the hand or the human body itself . By means 
of thermo-dynarnic calculations,Makous was able to demonstrate 
the theoretical soundness of this suggestion and also show it 
is in agreement with many of the experimental results. By 
means of a simple laboratory demonstration including subjective 
reports as weIl as measurements of skin temperature, he was able 
to show it is possible for almost any subject to make a kind 
of crude discrimination (28) . 

Working along a different line, Becker and Cone were able to 
show that when excised patches of skin were exposed to an 
intense flash of light an early electrical response can be 
detected from its surface. The authors found the signals which 
occured during the first few milliseconds af ter the flash are 



sirnilar to electrical signals observed in the eye from cell 
layers containing melanin. Since they also obtained a response 
- although somewhat weaker - from albino skin they conclude 
that possibly the melanin in skin augments, but does not 
directly generate, the electrical response. In addition , a 
late response which arises hundreds of milliseconds af ter 
the flash also occured, but so far only in frog skin. Unlike 
the early response the late response was sensitive only to 
"violet" and short wavelengths of light. The authors suggest 
a likely mechanism for the production of the response is heat, 
thus if the early response is generat ed by the heating of the 
cellular structure , the melanin could well augment this effect , 
because it would absorb more of the flash energy (l). 

In her study -reported in 1971, Nash gave further support to 
the theory of heat radiation . With visual cues procluded by 
use of a head box , her subjects were able to give appropriate 
responses to black and red target papers more of ten than chance 
expectation . Also the subjects were able to distinguish the 
colour of paper targets that were uncovered or covered with 
plastic but not the colour of targets that were covered with 
picture glass . Tests perforrned with a Beckman IR-10 
spectrophotometer showed that the cellophane sheet was almost 
completely transparent to infrared wavelengths while ~n 
contrast, the picture glass considerably reduced the 
transmission of infrared radiation (35) . 

Af ter 1972 there has been very little experimentation or even 
discussion about the dermo-optic perception . However , in 1976 , 
Feher et al presented a study which seems to be related to 
the field of dermo-optics. Nude subjects wearing black glas ses 
we re exposed to monochromatic light. Af ter a few minutes, pulse 
rate , blood pressure and body temperature were measured and 
compared with values obtained before exposition . The results 
indicated the existence of a relationship between dominant 
wavelength and pulse rate . In some cases blood pressure and 
body temperature were also affected (12) . 

Until further proof is put forth we might conclude that light 
radiation of the skin will have certain effects sirnilar to those 
obtained by means of infrared radiation . Some individuals seem 
to have developed an extreme degree of sensitivity to these 
effects. Careful physiological measurement will be neeeded in 
order to make the conclusions more valid and reliable. 

A review of the Russian studies is given by Razran 1966 (111) . 
An overview of the derrnal light sense in lower animals will be 
found in Steven 1963 . 
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SECTION 1: SUMMARlES 1 - 60 

1 Becker, RE. & Cone, RA. 1966. Light-stimulated electrical responses 
from skin. Science, 154, 1051-1053 (10 references) 

When skin is exposed to an intense flash of light, an early electrical 
response can be detected from its surface. The signals that occur 
during the first milliseconds af ter the flash are similar to electrical 
signals recently observed in the eye from cell layers containing 
melanin, Possibly the melanin in skin augments, but does not directly 
generate, this early electrical response. In addition, a late response, 
which arises hundreds o f millisconds af ter the flash , also occur in 
skin. Unlike the early response, the late response is sensitive only 
to violet and shorter wavelengths of light and hence is probably 
mediated by a pigment other than melanin . 

2 Brodthagen, R. 1969. SeasonaI variations in ultraviolet sens~t~v~ty 
of normal skin. In: Urbach, F. (ed). The biological 
effects of ultraviolet radiation (with emphasis on the skin). 
Pergamon Press, London, New York, 459-467 (9 references) 

Investigations repor ted by Ellinger in 1935 concerning the variations 
in light sensitivity of human skin during 1 year sholVed a spring 
maximum and a summer minimum. Furthermore, he stated that the light 
sensitivity in women is 20% higher than in men. By reflex-photometric 
studies, Lasker found a 10-20% decrease in reflection from the area 
of the glabella during the summer. The reported study shows that: 
(a) A significant decrease in uv light intensity, determined by the 
MeD (minimal color dose) is observed during the summer in either sex 
but, an increase has also been found in females during the month of 
August; (b) Determinations of the MCD proved to be of less value, 
since readings af ter 48 hr represented mainly the erythemal and not 
the pigmentary component; (c) The colour of the skin varies significantly 
throughout the year beacuse of an increase in the melanin con tent of 
the skin during the summer months and a decrease during the not too 
sunny autumn, winter and spring in Denrnark; (d) Differences dependent 
on type of the skin content of preformed (primary) melanin influence 
the level of the reflectance, so that in the fair types these curves 
showa significantly higher level than in the black-haired types; (e) 
The difference in reflectance found bet,ween females and males must 
be explained by the fact that the vaseularity of the male skin is more 
pronounced than that of the female skin. In Denmark it will usually 
be possible to develop pigmentation during the summer months whether 
one is red-haired or black-haired - this results in a decrease in MCD. 
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3 Brundrett, GW. 1973. Ultraviolet irradiation of human skin: A review 
of the literature on erythema. The Electricity Council Research 
Centre ECRC/M576, Chapenhurst, Chester (43 pages, 49 references) 

The action spectrum for erythema from ultra violet irradiation is 
examined in detail for the waveband of particular interest to 
lighting engineers (290-310 nm). The 1935 CIE recommendation gives 
a good guide to this action spectrum but more refined recent data 
shows a maximum effec tiveness at 290-293 nm rather than the CIE 
figure of 296.7 nm. Act i on spectrum must also be related to an 
erythemal dose so that absolute levels of sensitivity can be computed. 
10 nWs/cm2 at 290 nm is a mean value for facial skin. The variability 
in erythemal treshold dos e is given for different people, for 
different anatomic skin l ocations and for seasonal changes. The 
normal population range is 10 to l. Little work has been done on 
long exposure low intensity irradiation or on the effect of repeated 
doses. There is evidence of a improvement in fitness and ca lcium 
absorption following irradiation but conflicting evidence on whether 
this cou ld be achieved equally well by s uppl ementary vitamin D added 
in the diet. Medical opinion is divided on the usefulness of irradiation. 
Habituation occurs with repeated exposuresdue to skin thickening or 
pigmentation and protects the body from further exposures. If ultra 
violet irradiation becomes necessar y then it would appear to be more 
appropriat ely provided by an occasional medical exposure matched to 
the sensivity of the subject than by a general level of continuous 
exposure. 

4 Buckhout, R. 1965. The blind fingers. Percep tual and Motor Skills, 
20, 191-194 (2 references) 

An investigation of "aphotic digical color sensing" (finger vision) 
was conducted wi th s tud ents attempt ing to detect an odd color with 
their fingers when normal visual contact was eliminated. The results 
did not support the hypothesis that dermal color discr imination 
occurs in man. Interpretation of the data raises doubts about 
previousi y published statistical support of the hypothesis. 

5 Bullard, RW., Banerjee, MR., Chen, F., Elizondo, R. & MacIntyre, BA. 
1970. Skin temperature and thermoregulatory sweating: A control 
systems approach. In: Hardy, JD., Gagge, AP. & Stolwijk, JAJ. (eds). 
Physiological and behavioral temperature regulation. Charles C. 
Thomas Publisher, Springfield, Illinois, 597-610 (11 references) 

In studies of the regulation of human eccrine sweating the role of central 
body temperature and the resulting brain temperature has become we ll 
established. Af ter some years of controversy, a marked effect of skin 
temperature on the rate of sweating also has become estab lished. Studies 
in our laboratory have centered on both the quantitative influence of 
skin temperature upon the regulation of sweating, as well as on the 
experimenta l e lucidation of the involved mechanisms. The evidence we have 
obtained leads us to conclude that skin temperature exerts an influence 
through two widely differing mechanisms. One of these is of a local nature 
whereby the temperature at the l eve l of the swea t gland directly affects its 
function. The second is of a neural nature which involves thermal receptors 
and integration in the central nervous system. Both of these influences act 



as feedback loops. In this chapter the experimental evidence we have used 
for developing our concepts of both the neural and local mechanisms will 
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be presented . Secondly, we will present our ·ideas on how these mechanisms 
fit into an overall controi systems model for regulation of eccrine sweating 
in the resting, heat exposed, man. 

6 Colebrook, D. 1929. Irradiation and health. A. Ultraviolet irradiation 
in school children. a Irradiation of varicose ulcers. Medical 
Research Council, Special Report Series No 131, His Majesty's 
Stationary Office, London C47 pages, 6 references) 

A. 101 children were irradiated by light from a carbon arc lamp with 
a high output of ultraviolet rays. 94 children were exposed to a similar 
lamp from wich radiation of wavelength shorter than 3.200 A.U. was 
cut off by window glass . 92 children received no irradiation. Records 
were kept of height and weight, of incidence and duration of colds and 
allied conditions, of attack rate of infectious diseases, of occurrence 
of chilblains, and of progress in school work. Comparison of these 
result show Ca) for controi and unscreened lamp groups, an advantage 
to the former group in every respect except in progress in school work 
in which the figures are equal; Cb) for controi and screened lamp 
groups, an advantage to the former group in every case except in 
incidence of whooping cough and progress in school work in which the 
advantage is to the screened lamp group; Cc) for screened and unscreened 
lamp groups, an advantage to the former group in all points except the 
average "duration per cold" in which the figures are equal, and gain 
in height in which the advantage is to the unscreened lamp group. In 
many of the results, the numerical differences are very. small and 
in no case are they large enough to signify either a harmful or a 
beneficial influence in either typ e of irradiation . 

7 Colebrook, D. 1946 . Artificial sunlight treatment in industry - Areport 
on the results of three trials - in an office, a factory and a 
coalmine. Medical Research Council, Industrial Health Research 
Board, Report No 89, His Majesty's Stationary Office, London 
C4l pages, 20 references) 

An enquiry into the effects of ultra- violet light treatment on the 
health of clerical and industrial workers was carried out in three 
separate communities during the winter months of 1944 and 1945. 
The criteria used were: Ca) sickness absence in each of the three 
communities; Cb) the duration of colds in the clerical and factory 
workers; and Cc) injury and total absence among the miners. In each 
c ommun i ty, the group of persons irradiated with the full range of 
rays from mercury arc la.mps was compared with two control groups, 
viz.: Ca) a treated group irradiated with lamps of the same type, 
but from which the shorter ultra-violet rays were cut off, ·and 
Cb) an untreated group. Thus, the treated control group shared with 
the fully trea ted group the , experience of attendance at the clinic 
and of irradiation with the long rays, i.e. rays of wave-length 
3.300 A.U. and longer, for which no therapuetic effect, save 
possibly with massive doses, has been claimed . Half of the members 
of the trea ted control group in addition received a maintenance 
dose of vitamin D. 
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8 Cunningham, DJ. 1970. An evaluation of heat transfer through the skin 
in the human extremity. In: Hardy, &D., Gagge, AP. & Stolwijk, JAJ. 
(eds). Physiological and behaviora~ ·temperature regulation. 
Charles C. Thomas Publisher, Springfiel~ Illinois, 302- 315 
(12 references) 

The characteristics of heat transfer throught the skin are an important 
consideration to the physiologist in view of the importance of this tissue in 
mqdulating heat exchange between the body and the environment. This is 
particularly emphasized when considering the overall heat exchange between 
the human extremity and the environment under conditions of thermal stress. 
Recently we repor ted forearm conductance values obtained with a locally 
applied flow calorimeter. In a further extension of these studies we have 
measured the rate of conductance on other sites of the arm over a wide range 
of app1icator temperatures. In addition, water bath calorimetry studies on 
the hand were carried out at bath temperatures ranging from 18 to 45°C, 
to determine the rate of heat gain or heat loss by the hand at several 
water temperatures. Our second approach to the study of heat flow through 
the tissue of the extremity has been a theoretical one. A mathematical mod.e1 
of the arm was written indicating the routes of heat f10w within the arm, 
between the arm and the trunk, and the arm with the environment. Simulation 
of the two experimental procedures were carried out using the mode1 in order 
to gain further insight into the physical characteristics of heat transfer 
in the extremity. 

9 Daniels, F. 1969. Optics of the skin as re1ated to u1traviolet radiation. 
In: Urbach, F. (ed). The bio10gica1 effects of ultraviolet 
radiation (with emphasis on the skin). Pergamon Press, Oxford, 
151-157 (23 references) 

While it has long been argued that the Negro is protected from u1travio1et 
radiation by a thick stratum corneum, actua1 measurement of separated 
stratum corneum indicates that there is no difference in thickness between 
Negro and white. However, the stratum corneum is variously me1anized in 
different peop1e. While not providing ultraviolet protection by its 
thickness, the stratum corneum has turned out to be even more complex and 
fascinating than had been expected, and further studies of its optical 
properties should be Iewarding. The studies of epidermal transmission 
indicate that in white human skin the re is significant transmission of 
sunburn radiation of the dermis. Even if only 1% is transmitted, in 
Texas where in summer the minimal erytham time may be 10 min,not less 
than a quarter of an MED should be delivered directly to the dermis in 
about 4 hours around noon. 

10 Dantsig, NM., Lazarev, DN. & Sokolov, MV. 1967. Ultraviolet installations 
of beneficial action. In: Commission Internationale, Compte Rendu, 
Seizieme Session, Washington, June 1967, Volume A, Bureau Central 
de la Commission, Paris, 225-231 (Il references) 

If the human skin is not exposed to solar radiation (direct or 
scattered) for long periods of time, disturbances will occur in the 
physiological equilibrium of the human system. The result will be 
functional disorders of the nervous system and a vitamin-D deficiency, 
a weakening of the body's defenses and an aggravation of chornic dis ­
eases. Sunlight deficiency is observed more particu1arly in persons 
living in the polar regions and in those working underground or in 
windowless industrial buildings. The simplest and at the same time 



mos t effective measure for- "the prevention of this deficiency is the 
irradiation of human beings by means of ultra-violet lamps. Such 
irradiation is conducted either in special rooms called photaria or 
directly in locations were persons are regularly present - in 
workshops, schoois, hospitals etc ... As a rule, the daily dosage 
of ultra-violet does not exceed half the average dose which produces 
a just perceptible reddening of an untanned human skin. It is 
preferable to use fluorescent lamps which use phosphor and have 
a maximum emission of 315 nm. The heneficial effect of ultra-violet 
irradiation has been confirmed by many years of experience. Ultra­
violet irradiation is also benefical for agriculturai animals. In 
addition to the lamps used for irradiation of human beings, high­
pressure mercury lamps in a quartz envelope are used to irradiate 
animals. Irradiation doses vary according to the species and age of 
the animals. New portabl e measuring insturments for the evaluation of 
ultra-violet irradiation in terms of its biological action have been 
developed. 

11 Everett, MA., Sayre, RM. & Olsen, RL. 1969. Physiologic response of 
human skin to ultraviolet light. In: Urbach, F. (ed). The biological 
effects of ultraviolet radiation (with emphasis on the skin). 
Pergamon Press, Oxford, 181- 186 (15 references) 
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It is evident that the recent research on UV erythema conducted independent ly 
by several investigators necessitates a re-evaluation of concepts regarding 
the erythema reaction. Tt appears that in the spectral range 250- 310 nm, 
ultraviolet erythema is directly wavelength dependent (the shorter the 
wavelength the less the MED) but is modified by such factors as anatomic 
location, time of observation, size of the field of exposure, angle of the 
incident light and thickness of the stratum corneum. Interruption of the UV 
beam or stripping of the stratum corneum produced no difference in response 
to either long or short wavelength UV. With these accumulated data for 
ultraviolet erythema providing a physiological bakground, the application 
of recent ultramicroscopi, histochemical and microbiochemical techniques 
to the problem of erythema should lead to early clarification of this 
fascinating physiological reaction. 

12 Feher, M., Nemcsics, A. & Alföldy, A. 1976. The influence of coloured 
environment on various physiological and patho-physiological 
parameters. AIC Color Dynamics 76, Budapest, 236 

The nude experimentees vlere exposed to light reflected from 
a me tal mirror. They wore black glasses to sense the 
illumination only through their skin. Af ter 3 to 5 minutes 
of illumination with monochromatic light we measured their 
pulse, blood pressure and bod y temperature and compared them 
with the va lues obtained before illumination. Even this 
short time of illumination was sufficient for producing 
changes in the pulse rate (sometimes also in the blood 
pressure and body temperature) . These changes were diff erent 
af ter illumination with different colours. 
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13 Feller, RP., Edmonds, EJ., Shannon, IL. & Madsen, KO. 1974. Significant 
effect of environmental lighting on caries incidence in the cotton 
rat. Proceedings of the Society for Experimental Biology and 
Medicine, 145, 1065-1068 (12 references) 

The effect of differences in environmental lighting on dental caries 
in the cotton rat was studied. The animals were exposed to either 
incandescent, cool-white fluorescent, or artificial sunlight 
environments over an l8-day period while ingesting a diet containing 
approximately 6% sucrose. Both the incidence and extent of caries 
were significantly (p< 0.001) higher in animals housed under cool­
white fluorescent lighting than for either of the other two groups. 

14 Gardner, M. 1966. Dermo-optical perception: A peak down the nose. 
Science, 151, 654-657 (27 references) 

The author who is a scientific editor and also has a long experience 
of magic and "mentalism" claims that all the studies supporting the 
existence of dermo-optical perception might be explained away due to 
lack of adequate control. All the ~ignificant results might actually 
be caused by conscious deception; a peek down the nose. It is impossible, 
according to the author, to prepare a blindfold that does not permit 
a tiny aperture, on each side of the nose, through which light can 
enter the eyes. Other precautions used in this type of studies might 
be explained away in terms of previously memorized information. 
As a means of adequate control a light-weight aliminium box is 
suggested, that fits over the subject's head. 

15 Hardy, JD. 1956 . Influence of thermal radiation on human skin. In: 
Proceedings of the First International Photobiological Congress. 
Veenman & Zonen , Wageningen, 205-225 (26 references) 

So far as is known, the only important- action of thermal radiation 
on the skin is that of heating and cooling . By "this is meant that 
these radiations have a non-specific effect rather than clearly 
demonstrable photochemical effects, such as the photosynthesis up on 
which plants depend for life. Nevertheless, secondary to heating 
and cooling the skin, many physiologic effects can be demonstrated. 
Sensations of warmth, cold, heat, and pain can be evoked as well 
as vasodilation and constriction of cutaneous blood vessels. These 
effects, in turn, give rise to a host of other reactions which 
affects metabolism of the cells of the skin and thus influence the 
health of that essential organ . In respect to the bodyeconomy, the 
sun is by far the most important source of radiant heating, and our 
own skin is the source of radiant cooling. Knowledge of the spectral 
distribution of the radiation coming from the sun and from the skin 
is important to an understanding of the physiological effects of 
these radiations . 



16 Hardy, JD., Gagge, AP. & Stolwijk, JAJ. (eds). 1970. Physiological and 
behavioral temperature regulation. Charles C. Thomas Publisher, 
Springfield, Illinois (944 pages, 1.603 references) 

Historical introduction (2 chapters). Heat transfer in the environment 
(11 chapters). Heat transfer in the body (11 chapters). Analysis of the 
passive system (3 chapters). The controlling system - temperature 
signals (9 chapters). The controlling system - signal integration and 
effector systems (8 chapters). The closed loop system: Physiological 
regulation (8 chapters). The closed loop system: Behavioral regulation 
(8 chapters). 

17 Hausser, KW. & Vahle, W. 1969. Sunburn and suntanning. In: Urbach, F. 
(ed). The biological effects of ultraviolet radiation (with 
emphasis on the skin). Pergamon Press, Oxford, 3-21 

Previously reported studies on the dependence of light erythema (sunburn) 
and pigment formation (suntanning) on the wavelength of the applied 
radiation have been repeated and expanded. The previous observation that 
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all visible light and the long wavelength ultraviolet light is ineffective 
has been confirmed. At about 300 nm there is a sharp effectiveness maximum 
with a steep drop towards long wavelengths, and a flatter drop towards short 
wavelengths. At about 280 nm there is a minimum and at 250 nm a secondary 
effectiveness maximum. The results are independent of skin color of the 
experimental subject within wide limits and hold also for a Negro. The 
erythema formation due to various wavelengths is qualitatively different. 
The increase of intensity of redness with increasing dose is steeper with 
longer wavelengths than with short ones. The time course also differens 
and is faster wich shorter wavelengths. The transformation of erythema 
into pigmentation that occurs af ter som time is stronger with the longer 
wavelengths. Measurements of absorption in skin show agreement with old 
observations of Hasselbalch that light transmission of skin rapidly drops 
where marked erythema formation begins. Our previous assumption that the 
dec reas e in effect of shorter wavelengths is due to very great absorption 
which prevents penetration of the light to sufficient depth is made more 
probable by the fact that the effectiveness minimum at 280 nm corresponds 
to our absorption maximum, and that the skin shows a secondary transmission 
maximum at 250 nm. Apparently the absorption relationships of the skin are 
determining for the qualitative differences in erythema and pigment formed 
in response to irradiation with various wavelengths. Some experiments on 
skin fluorescence are also described. The marked variations in the erythema 
producing capacity of sunlight occuring with season and time of day are due 
to the fact that the steep rise in erythema effectiveness lies in a narrow 
band of wavelengths around which the ultraviolet end of the sun's rays 
varies. The results of these studies together with other data are used to 
obtain theoretic considerations for radiobiology. 

18 Iggo, A. 1970. The mechanisms of biological temperature reception. In: 
Hardy, JD., Gagge, AP. & Stolwijk, JAJ. (eds). Physiological and 
behavioral temperature regulation. Charles C. Thomas Publisher, 
Springfield, Illinois, 391-407 (36 references) 

The significant features of the thermoreceptors are the following: l. A 
temperature dependency of the frequency discharge, so that for any particular 
unit the response is maximal at a midpoint in the range of temperatures that 
excite; 2. A dynamic sensitivity which results in a frequency of discharge 
more than five times greater than the maximal resting discharge. The dynamic 
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and static response curves are sirnilar in shape, with more or less coincident 
maxima; 3. The dynamic sensitivity is directional, i.e. some receptors are 
excited by a fall in temperature (cold receptors) and vice versa for the 
warm receptors; 4. The pattern of discharge ·may be a significant parameter 
for the coding of information, particularly in the primate cold receptors; 
5. All the thermoreceptors have an insensitivity to nonthermal stimuli and 
can readily be distinguished from slowly adapting mechanoreceptors by 
testing their differential sensitivity; 6. There is an absence of good 
electrophysiological evidence for thermoreceptors in the central nervous 
systern. One problem of identifying central therrnoreceptors is the need to be 
able to apply some kind of differential test - it may be insufficient simply 
to equate thermal sensitivity with thermoreception. 7. The detailed mechanisms 
by which the therrnoreceptors act as transducers are unknown, but it can be 
presumed that the receptor terminal or accessory cells act to set up a 
generator potential which in its turn initiates impulses in the afferent 
fiber; 8. There is no doubt, however, that the re are cutaneous and lingual 
temperature detectors which have a high selective sensitivity or specificity. 
These thermoreceptors probably play a major part in the transmission of 
information about the temperature of the external surface of the body and 
tongue. There is still insufficient evidence to establish whether the re are 
proprioceptivethermoreceptors in the deeper tissues of the body. 

19 Ivanov, A. 1964. Soviet experiments in "eye-less vision". International 
Journal of Parapsychology, 6, 5-23 (7 references in Russian) 

The ability of Rosa Kuleshova to "see" with her finger-tips - to identify 
colors and to read print - when blindfolded was first reported in an 
article published in a local paper in Nizhniu Tagil and subsequently 
r eprinted in a Moscow popular s c ience magazine. Eventually, the girl's 
"peculiar faculty" attracted widespread attention in Soviet scentific 
circles. Rosa was carefully tested by various scientific organizations 
using various methods. By invitation from the magazine's editor, five 
scientists contributed to a symposium presenting hypotheses to account for 
Rosa's ability to "see" with her finger-tips. One hypothesis was that the 
subject, in reading and identifying colors with her finger-tips does what 
one would do if the eye's retina were located there. Another hypothesis 
was that the faculty was a case of extra-sensory perception; given certain 
conditions, man can acquire the faculty of discerning objects in the 
outside world without the aid of the organ of sight. Finally, the 
hypothesis of derrnal-optic perception was advanced. Subsequent to the 
publication of the symposium, the possibility of thought suggestion 
was ruled out by additional experiments with the subject. It was stated 
that a well-pronounced derrnal-optic sense is a rare but not a new 
phenomenon and that examples of it are found in the literature. It was 
proposed that photo-sensitive substances sirnilar to those existing in 
the retina are also contained in the skin. Tactile "sight" is an 
electromagnetic or an electric phenomenon. Rosa's faculty may be accounted 
for by the fact that the derrnal-optic sense allows the subject to identify 
colors and print by indirection, to trans late the language of tactile 
sensations into that of visual sensations. 



20 Johnson, BE., Daniels, F. & Magnus, lA. 1968. Response -of human 'skin to 
ultraviolet light. In: Giese, AC. (ed). Photophysiology IV. Current 
Topics. Academic Pr ess, New York, London (63 pages, 327 references) 

Introduction; historical review. Skin as a special organ: Human 
skin, The skin of experimental animmal. The optics of the skin: 
Anatomical ccnsiderations, Measurements on skin. Sunburn: 
The reaction in human skin, Erythema studies with sunlight and 
artificial sources, Pigmentation, Hyperplasia, The reactions of 
animal skin to ultraviolet radiation, Histological and Histo­
chemical studies, Biochemical changes in ultraviolet-irradiated 
skin, Photoreactivation in ultraviolet-irradiated skin, Discussion. 
Clinical Photopathology. Chronic effects of ultraviolet radiation 
on human skin. "Aging", solar elastosis. Carcinogenesis. 

21 Kenshalo, DR. 1970. Cutaneous temperature receptors - Some operating 
characteris tics for a model. In: Hardy, JD., Gagge ,AP. & Stolwijk, 
JAJ . (eds). Physiological and behavioral temperature regulation. 
Charles C. Thomas Publisher, Springfield, Illinois, 802-818 
(53 references) 

Theories of the neurological basis for differentiation among cutaneous 
sensory qualities have varied from the proposal of specific receptor 
structures in the skin that govern stimulus selectivity to those based 
solely on temporal and spatial patterns of peripheral nerve activity. 
Electrophysiological evidence dictates the conclusion that, while 
patterns of nerve impulses are important in the neural code of cutaneous 
qualities, there is also a high degree of selective sensitivity exhibited 
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by cutaneous afferent nerves to various forms of stimulation. But histological 
methods have generally fa iled to provide a structural basis for stimulus 
selectivity. At least tl<lO hypothesesmay be developed to account for the 
stimulus selectivity exhibited by cutaneous, peripheral afferent nerves. 
According to one, The Specific Terminal Hypothesis, some princip le within 
the nerve terminals or their membranes governs the selective sensitivity 
shown by the fibers . According to the other, the Specific Tissue Hypothesis, 
the characteristics of the nonneural tissue on which the afferent fibers 
terminate determine the energy form effective for stimulation. The evidence, 
pro or con, relative to either hypothesis is meager. That tending to 
favor the Specific Tisslle Hypothesis and cutaneous smooth mllscle as a model 
temperature receptor has been reviewed here. 

22 Koller, LR. 1965. Ultra"iolet radiation. John Wiley & Sons, New York, 
London (312 pages , numerous references) 

The book answers fundamental physical and biological questions concerning 
the ultraviolet portions of the spectrum. It con tains extensive chapters 
on: Arcs; Incandesc ent sources of radiation; Solar radiations; 
Transmission; Reflection; Applications and effects of ultraviolet 
radiation; Detectors of ultraviolet radiation . 
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23 Loomis, WF. 1970. Rickets. Scientific. .. American,. 223(6), 76-9l 
(4 references) 

Rickets is caused by a deficiency of solar ultraviolet radiation, 
which is necessary for the synthesis of calciferol, the calcifying 
hormone released in the bloodstream by the skin. Without calciferol 
not enough calcium is laid down in growing bones, and the 
crippling deformities of rickets are the consequence. The history 
of rickets is closely associated to the industrial development in 
Europe. Due to the far northern location of the entire European 
land mass and the sunless alleys of old European cities, the 
introduction of industrial smog in many places cut down the 
remaining ultraviolet radiation to such an extent that actually 
rickets may be regarded as the earliest air pollution disease. The 
article summarizes the important steps towards understanding and 
curing rickets, discussing its biological and social significance. 
It might be regarded as the main evolutionary factor determining 
the degree of skin pigmentation in different regions of the wor ld. 
Also, it might have influenced marital behavior in those regions 
were an infant born in the dark season was almost certain to develope 
rickets. Fish, unlike birds and mammals, are able to synthesize 
calciferol without ultraviolet light . Due to this fact arctic 
animals as well as the Eskimos must obtain their calciferol oral ly 
from their staple diet of fish. Today, the addition of ergo­
calciferol to milk has essentially eradicated the disease in Europe 
and America. However, the author argues that this treatment is 
artificial and therefore the conclusion that rickets is cause~by 
"Vitamin D deficiency", i.e. by not undertaking the treatment, must 
be regarded as wrong; the correctly identified cause of rickets 
being a deficiency of ultraviolet radiation . Actually, to call 
calciferol "vitamin D" must also be wrong because no specific 
substance should be called a dietary vitamin unless it is present 
in normal foods in significant amounts. Instead , calciferol should 
be regarded as asteroid hormone. 

24 Lorincz , AL. 1954. Pigmentation . In: Rothman, S. (ed). Physiology and 
biochemistry of the skin. University of Chicago Press, Chicago, 
(48 pages, 311 references) 

Skin color: Methods of measurement . Determining factors; primary 
pigments, light-scattering phenomenon, anatomical variations. Racial 
differences. Skin pigments other than melanin : trichosiderin, melanoid, 
carotene, hemoglobin pigments. Melanin: Definition and functions, 
Elementary composition and general properties, Enzymatic nature of 
formation, Meirowsky phenomenon, Tyrosinase concept for melanine 
formation; chemistry of tyrosinase reaction, role of redox potential, 
points of tyrosinase action, properties of tyrosinase, Inhibitors of 
melanin formation; direct enzyme poisons, competitive inhibitors, 
induction-period-prolonging factors, compounds reacting with melanin 
precursors, reducing agents, incompletely understood inhibitors, 
Melanurai. Biology of dendritic melanocytes: Anatomical and embryological 
considerations, Nature of melanin granules, Phenomenon of pigment spread. 
Nutritional factors in melanin formation: Trace metals, Amino acids, 
Vitamins. Endocrine factors in melanin formation: Pituitary, Thyroid, 
Adrenal, Gonodal. Neural factors in melanin formation. Factors 
influencing skin melanin content. Sun-tanning. 



25 Lykken, KB. & Olsson, N. (undated). Utevistelse ger daghemsbarn lägre 
frånvaro i ÖLI (förkylningssjukdomar). Work repor t (in Swedish). 
ArvikaSjukhus, 671 00 Arvika (4 pages, 8 references) 

In a study on children in Swedish day-care centres a clear-cut 
correlation was demonstrated between duration of outdoor activity 
on one hand and resistance to infection of the respiratory passages 
on the other. 

26 Löfberg, HA., Löfstedt, B., Nilsson, I. & Wyon, DP. 1973. The effect ·of 
heat and light on the mental performance of school children 
- introduction to a climate chamber experiment. In: Kli II er , R. (ed). 
Architectural Psychology. Proceedings of the Lund Conference. 
Studentlitteratur, Lund & Dowden, Hutchinson & Ross, Stroudsburg, 
64-67 (2 references) 

Experiments on the effect of moderate heat stress on the mental 
performance of school children is extended to test situations where 
both heat, light and noise are studfed. This paper gives an introduction 
to the first climate chamber experiment in which both illuminance and 
room temperature are sys tematically varied. 

27 Löfberg, HA., Löfstedt, B., Nilsson, I. & Wyon, DP. 1976. Combined 
temperature and lighting effects on the perforrnance of repetitive 
tasks with different visual contant. In: Commission Internationale 
de l'Eclairag~ Compte Rendu,18e Session, London 1975. Publication 
CIE No 36, Paris, 450-455 (13 references) 

In a climate chamber experiment on the combined effects of 
temperature and illumina.nce on the perforrnance of 144 ten-year 
old children, three illuminances (60, 250 and l 000 lux) were 
combined with two levels of heat stress, one equivalent to 
normal room temperature (c 22") and one to a moderate level of 
heat stress (C 27·). The results of performance tests with 
Landolt rings of different sizes and of an addition test are 
reported. In the addition test both a high (C = 0.90) and a low 
(C = 0.42) level of contrast were used. At the neutral temperature 
the illuminance had no effect on the addition test with high 
contrast, but the expected positive effect on a visually more 
difficult task such as Landolt rings with l' gap was found. This 
effect was highly significant. During moderate heat stress, 
especially in the afternoon, it was found .that a high level of 
illuminance had a negati.ve effect on the tasks where visual 
concentration was less essential. In the addition test with low 
contrast, raised illuminance had a positive effect on performance. 
For the visually most difficult task (l' Landolt rings) there 
also was a significant increase in performance even at moderate 
heat stress. No significant interactions between sex, IQ or 
personal ity and temperature and lighting were found in these tests . 
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28 Makous, WL. 1966. Cutaneous color sens~t~v~ty : Explanation and 
demonstration. Psychological Review, 73(4), 280-294 (33 references) 

Past reports that humans can, in complete darkness, sense with their 
fingers the colors objects would have if illuminated, have understandably 
been received with skepticism. A previously proposed hypothesis, based 
on differential rate of absorption of infrared radiation by different 
layers of the skin, is inconsistent with the thermodynamics of the 
situation. Quantitative analysis of the system consisting of a room­
temperature surface juxtaposed to the higher temperature skin, however, 
leads to the conclusion that large differences in emissivity of different 
room-temperature surfaces almost certainly could be detected by the 
associated effects on skin temperature. Easily repeatable demonstrations 
show that this is true, and a few simple temperature measurements confirm 
the theoretical identification of the mechanism. 

29 Mayron, LW., Ott, JN., Amontree, EJ . & Nations, R. 1975. Caries reduction 
in school children . Applied Radiology/Nuclear Medicine . July/August 
(3 pages, Il references) 

The six-year molars of first- and see ond-grade school children were 
regarded as a neopopulation of teeth in which caries incidence and 
susceptibility could be studied. These teeth were examined before 
and af ter a nine-month school year during which school rooms were 
lit only by cool-white fluorescent light or by full-spectrum fluorescent 
light plus radiation shielding. Initially, the two populations of 
children (52 and 46, respectively) were equivalent in the distribution 
of children with and without caries in these teeth (8 with and 44 without 
compared to 4 with and 42 without). At the end of the time period, the 
relationship skewed to 27 with and 25 without for the cool-white 
population, and 10 with and 36 without for the full-spectrum population 
(p<0 . 005). Further analysis of the data revealed significantly high 
caries development over the time period in the cool-white group in 
first-graders and in second-graders who had been under cool-white 
light the prior year as weIl . 

30 MeIntyre , DA. 1976 . Thermal radiation from light and its effect on comfort. 
In: Commission Internationale de l ' Eclairage,CompteRendu,18e Session, 
Londres 1975, Bureau Central de la CIE, Paris , 445-450 (9 references) 

The trend towards the use of higher lighting levels raises the problem 
of the effect of thermal radiation from the lighting installation on 
the thermal comfort of the occupants . Overhead radiation affects 
comfort in two ways; it increases the overall warmth of a person, 
and the asymmetric nature of the radiation may itself produce dis­
comfort. These effects may be quantified in terms of the mean radiant 
temperature and the vector radiant temperature. Experimental results 
are quo ted to show that complaints may be expected when the vector 
radian~ temperature exceeds 10·C (equivalent to a radiation vector of 
60 W/m ). Measurements on several different types of lampsshow that 
the thermal radiation may be predicted from the illuminance; for 
fluorescent lamps the relation is 8 W/m2 per 1.000 Ix. The effect on 
warmth may be compensated by reducing the design air temperature by 
0 . 3 · C per 1 . 000 Ix ; an illuminance of 7.000 Ix will produce avector 
radiant temperature of 10°C and possible complaints. Equivalent 
figures are quoted for other lamp types . 



31 McIntyre, DA . & Griffiths , ID. 1973. Radiant temperature and comfort . 
In: Thermal comfort and moderate heat stress . Proceedings of the 
CIB Commission W45 (Human requirements). Symposium held at the 
Building Research Stations, 13-15 September 197'2 , Department of 
the Environment, Building Research Establishment, Her Majesty's 
Stationary Office, 113-132 (26 references) . 

The influence of thermal radiation on warmth and comfort has of ten 
been more a matter of controversy than argument. Recent work at 
Capenhursthas attempted to deal with the problem in its various 
constituents: (a) The relative effect of me an radiant temperature 
and air temperature on vJarmth; (b) Subjective differenc€s between 
predominantly convective and '.predominantly radiant environments of 
the same warmth ; and (c) The influence of asymmetry in radiation 
on warmth and other sub j ective responses . The paper puts the 
Capenhurst experiments into their context in the wider literature, 
and the implications for both measurement techniques and heating 
systems are briefly discussed. 

32 Meehan, JP . , Stoll, AM. & Hardy, JD. 1954 . Cutaneous pain threshold in 
the native Alaskan Indian and Eskimo . Journal of Applied Physiology, 
6, 397-400 (9 references) 

As no significant difference in pain threshold was found to exist 
between the Indian, Eskimo and white subjects, it must be concluded 
that l) in these groups culturai differences are not such as to 
affect the pain threshold as determined by this method, and 2) 
the ability of the Alaskan Indian and Eskimo to expose his skin to 
extreme cold without pain is not associated with an elevation of this 
theshold. It is possible, however, that exposure to cold stimulation 
might reveal a relative elevation of the "cold" pain threshold in the 
Alaskan Indian and Eskimo as compared to the populations of warmer 
climates. Information on this point is not available at this time. 
Aslo, the similarity of the pain thresholds in the three groups does 
not me an that reactions to situations in which pain is a prominent 
feature will be similar. 

33 Monahan , EM . 1976. Application of Gibson's theory of sensory integration 
to the training of the blind or visually occluded individuals in 
the distinguishing of primary colors. Dissertation Abstracts 
International, 36 (IlA), 7344-7345 

Blind individuals have been at psychological, sociological and 
economical disadvantage due to their inability to discriminate among 
colors . James J. Gibson theorized a system of sensory integration in 
which he considered the senses to be perceptual systems. He further 
theorized that the perceptual systems overlap one another , and are 
mutually exclusive. This study evaluated the application of Gibson's 
theory of sensory integration to the training of blind or visually 
occluded individuals in the distinguishing of primary colors. The 
literature review indicated that researchers have delved into the area 
of obstacle perception by the blind and color discrimination without the 
use of eyesight . Despite research findings which indicate that the blind 
of ten display and can be taught obstacle perception and color 
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discrimination without the use of eyesight, there is no evidence of an 
attempted synthesis of this research. Gibson's theory of sensory 
integration holds that individuals can learn to sense their environment 
more effectively. In the literature reviewed there is no indication of 
an attempt to apply Gibson's theory of sensory integration to teaching 
the blind and visually occluded to distinguish primary colors . The 
findings of this study suggest that Gibson's theory of sensory integration 
is applicable to the development of a teaching modality to train blind 
or visually occluded individuals to distinguish among primary colors. 

34 Nash, CB. 1969 . Cutaneous perception of color. Journal of the American 
Society for Psychical Research, (63-64), 83-87 (7 references) 

The purpose of this experiment was to determine (l) whether subjects 
could distinguish between black and red paper touched with the finger­
tips but concealed from vision, (2) whether the color could be 
identified when the paper was covered with transparent cellophane 
. 03 mm, in thickness, and (3) whether the color could be identified when 
the paper was covered with glass one-eighth inch in thickness. Each of 
thirty-six subjects were tested in three runs in which he touched the 
target paper directly ; in three runs in which he touched the cellophane 
cover of the target paper; and in three runs in which he touched the 
glass cover of the target paper . The run consisted of twenty-five trials, 
the twenty-five target papers being placed in random order in a stack 
within a cardboard box. The box was open on the side next to the 
experimenter and closed on the side next to the subjects except for an 
opening through which he could insert his hand. The results on the tests 
in which the target papers were directly touched were at the .01 level 
of probability . This is also the case in the second test, where the 
target papers were covered with transparent cellophane . Results of 
the third test, where the targets were covered with glass, are not 
significant . While the results could be attributed to ESP , they are 
suggestive of an energy transfer between the paper target and sense 
organs in the skin which was transmitted through the .03 mm cellophane, 
but not through the one-eight inch glass. 

35 Nash, CB. 1971. Cutaneous perception of color with a head box. Journal 
of the American Society for Psychical Research, (65), 83-87 
(6 references) 

Subjects who wore a head box to preclude visual cues could distinguish 
the color of red or black paper when it was uncovered or covered with 
thin clear plastic .03 mm thick, but not when it was covered with 
picture glass 1/8 inch in thickness. Greater infrared radiation was 
transmitted by the plastic than by the glass. Presumably neither the 
plastic nor the glass would produce a differential between the two 
colors of paper with respect to touch or ESP . These facts suggest that 
nonvisual identification of color was accomplished by cutaneous 
perception of infrared radiation and not by touch or ESP. The 
results are in accord with the hypothesis that the different infrared 
emissivities of different colors would differ in the skin temperatures 
they induce. 



36 Neer, RM. , Davis, TRA., Walcott, A., Koski, S., Schepis,: P., Thorington, 
L. & Wurtman, RJ . 1971. Stimulation by artificial lighting of 
calcium absorption in elderly human subjects . Nature, 229, 
255-257 (21 references) 

Ordinary window glass absorbs essentiailyall radiation of the 
wavelength necessary for the in vivo synthesis - between 275 
and 310 mm - of vitamin D4-7. Millions of people work behind glass, 
underground or in the extreme north, travel to and from work in 
closed vehicles, and venture outdoors only in the early morning 
or late evening, when ultraviolet radiation is minimaL Incandescent 
bulbs emit little ultraviolet radiation; the small amount from 
ordinary fluorescent bulbs is usually absorbed by the fixture in 
which they are mounted. Changes in calcium absorption were examined 
af ter exposure of eighten male subjects aged 57 to 80 years to 
a fluorescent lamp designed to duplicate daylight. About 5% of it's 
total radiant power was in the range between 290 and 380 nm. The 
subjects stayed indoors for four months and avoided food rich in 
vitamin D. The results suggest that relatively small amounts of 
ultraviolet light can stimulate calcium absorption among elderly men . 
The amounts involved seem to be roughly equivalent to those that would 
impinge on a resident of Washington DC who took a daily 15 min walk 
out of doors on lunch time in midsummer. The data also suggest that 
there is seasonai variation in calcium absorption at least among 
individuals who are exposed to little sunlight. 

37 Novomeiskii, AS. 1965. The nature of the dermo-optic sense. International 
Journal of Parapsychology, 7, 341-367 (11 references in Russian) 

In order to check different hypotheses about the dermo-optic sense 
an experiment was set up including 80 subjects at the Graphic Arts 
Department of the Nizhne-Tagil Pedagogic Institute. Experience showed 
that approximately every sixth person recognized weIL the colors in 
pairs even af ter 20 to 30 minutes of exercises. If the exercises were 
repeated systematically over a period of two or three weeks, then 
individual subjects learned to reconize up to five to seven colors of 
the spectrum by touch. The hypothesis that the identification should 
be based on the perception of surface structure was · ·ruled out by 
putting cellophane or glass on top of the colour samples or printed 
letters . The hypothesis that identification is based on thermal 
differences between the different colours could not be confirmed in 
experiments using heat-absorbing filters. The experiments confirmed 
that the dermo-optic sense extinguishes in darkness. The first color 
tones whose indices ceased being sensed in darkness were red, orange 
and yellow, then afterwards light blue and dark blue . In this respect 
it resembles the Purkinje effect, typical for vision. The hypothesis 
about the existence of photoreceptors in the skin was however ruled out 
by using aluminium foil placed on top of the colored paper or letters, 
which was placed on glass, and lit from below. However, if the metal 
foil or the hand itself were grounded identification became impossible. 
Performance improved when the objects for identification were placed 
on an insulating tray and when a rubber mat was put under the chair 
and feet of the subject. The conclusion suggest itself that dermo-optic 
sensations are connected with the action of electric charges, arising 
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under the influence of light on the colored surface of paper. Many 
students began to react to the color .. -of the paper with their hand in 
the air at a comparatively great height. Also, the experiments showed 
that, as the result of systematic exercises, the blind and visually 
handicapped apparent l y can learn to read with their palm large text 
and numbers at a distance. 

38 Olesen, S., Fanger, PO., Jensen, PB. & Nielsen, OJ. 1973 . Comfort limit s 
for man exposed to asymmetric thermal radiation. In: Thermal comfort 
and moderate heat stress. Proceedings of the CIB Commission W45 
(Human requirements). Symposium held at the Building Research 
Stations, 13-15 September 1972, Department of the Environment, 
Building Research Establishment, Her Majesty's Stationary Office, 
133-148 (22 references) 

Sixteen college-age subjects were tested individually in a climate 
chamber. A pair of opposite walls could be held at different 
temperatures, while keeping the mean-radiant temperature constant. 
Each subject, virtually naked, seleeted that uniform environment 
which rendered him thermally neutral. The asymmetry was then 
increased in steps at half-hour intervals until the temperature 
difference between opoosite walls was 40·C. Judgements of 
perception of asymmetry and discomfort from asymmetry were obtained 
for three orientations of the subject. A formula is derived for 
the upper limit of comfortable local radiant exposure for clothed 
persons in thermal neutrality. 

39 Paulsson, LE. 1979. UV-radiation from fluorescent tubes. National 
Institute of Radiation Proteetion, Stockholm (20 pages, 4 references) 

Ultraviolet radiation was measured spectroradiometrically 
on the surface of standard fluorescent tubes of several 
types and makes. Results are presented written as absolute 
values or as a maximum permissible exposure time for human 
skin at an illumination of 1000 lx. A minority of the tubes 
was potentially capable of producing acute skin erythemas 
during a working day in highly illuminated areas. The amount 
of UVB-radiation from fluorescent tube s was found to be 
dominantly affected by the absorption properties of the 
tube glass. 

40 Ponnamperuma, C. 1968. Ultraviolet radiation and the or~g~n of life. 
In: Giese, AC. (ed). Photophysiology. Current Topics, Volume III. 
Academic Press, New York, London, 253-267 (22 references) 

Life in the universe: extraterrestrial life, chemi cal evolution, 
abundance of life in the universe, how did life begin? The primitive 
atmosphere, Rise of oxygen, The solar spectrum, Experiments: survey 
of previous work, recent experiments, hydrogen cyanide, formaldehyde, 
condensation reactions, nucleosides and nucleotides, peptides, 
Conclusion. 



41 Razran, G. 1966. Dermo-optical perception of human extraoccular color 
sensitivi ty: A clarif ica tion of current Soviet research and an 
article in Science. Soviet Psychology, 5, 4-13 (62 references) 

As a reply to recent criticism by Martin Garner in Science 1966 and 
others the article summarizes research in USSR on denno-optic 
perception and also contludes that account must be taken of the fact 
that the Russian scientists have reported two types of human extra­
ocular color sensitivity: one that becomes manifest in the dark, 
and one that is active on ly in presenee of visible light. 

42 Ronge, HE . 1948. Ultraviolet irradiation with artificial illumination. 
A technical, physiological, and hygienic study. Acta Physiologica 
Scandinavica, 15, Suppl 49 (191 pages, 275 references) 

A brief survey of ul traviolet radiology. Hygienic ,applications of 
ultraviolet radiation. Dosimetric principles and basic design. 
Technical arrangement of the UV-illumination system. Radiation 
climate of the experimental rooms. Physical metods employed. 
A comparison with daylight ultraviolet conditions. A general 
scheme of the investigation. Effects on some constituents of 
blood. Effect on physical fitness. Effect on air-borne bacteria. 
Effect on absenteeism. General discussion. 

43 Rosenfeld, A. 1964. Seing color with the fingers. Life, 12, June, 
74-, 76-78 (no references) 

The article summarizes m.any of the experiments and demonstrations done 
on dermo-optic perception in USSR and USA and also gives an account 
of a visit to a clinic in Moscow and a demonstration by the famous 
Russian subject, Rosa Hileshova. Also, the dermo-optic ability of 
some other Russian and American subjects are described . The article 
also gives an account of studies made by Alexei Leontyev, Abram S. 
Novomeiskii, Gergory Razran and Richard P. Youtz. It is concluded that 
although there is, in some respects, reason to be doubtful, the 
existence of denno-optic perception can not be denied . However, the 
explanation of this phenomenon will have to await further research. 

44 Rothman, S. 1954. Physiology and biochemistry of the skin. University of 
Chicago Press, Chicago (741 pages, numerous references) 
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Mechanical properties; Electrical behavior; Percutaneous absorption; 
Circulation and vaseular reactions; Sensory functions; Sweat secretion; 
Composition of eccrine sweat and aqueous surface film; pH of sweat and 
skin surface; Insensible water loss; The roI e of skin in Thermoregulation; 
The sweat-retention syndrome; Sebaceous-gland excretion; Composition 
of the lipid surface film; Nitrogenous constitutents,general data; 
Epidermal proteins; The keratinization process; Collagen, reticulin and 
elastin (2 . Felsher); Connective-tissue ground substance ' (GC. Wells); 
Carbohydrates; Lipid Constituents; Water and Electrolytes; Pigmentation 
(AL. Lorincs); Enzymes (AB. Lerner) ; Carbon dioxide delivery; Biology 
of epidermal cells (H. Pinkus); Hair growth (P. Flesch); Nutritional 
influences (AL. Lorincs); Pathophysiology of Blister formation. 
8 contributers, 28 chapters including bibliographies. 
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45 Ruff, HR . . 1976. Biological uv control. The role of erythema. In: Commission 
Internationale de l'Eclairage, Compte Rendu, l8e Session, Londres 1975, 
Bureau Central de la CIE, Paris, 785-795 (12 references) 

A survey of accepted and suggested biological efficacies indicates that 
a full understanding of changes produced by natural or artificial 
radiation would be promoted by a knowledge of the amount of each 
reaction produced. A table shows the basis of biological subjective 
units for weighted radiated power (vitons) and weighted irradiance 
(Finsen), which can be calculated by combining the spectral power 
distribution from lamps with these biological efficacies. Finsen 
meters can measure the selected irradiance. Erythema has the advantage 
that it can be detected visually and cross checked by skin tests. 
Experiments confirm that the irradiance-time reciprocity law can be 
applied for exposures up to 8 hours and suggest that the efficacy 
data should be continued to 400 nrn. It is suggested that knowledge 
of individual skin sensitivity would be useful for preventing severe 
sunburn. A calculator has been developed to put into perspective 
the effects of individual sensitivity variation and skin adaptation 
and recovery. 

46 Schneider, FW., Lesko, WA. & Garrett, WA. 1980. Helping behavior in hot, 
comfortable and cold temperatures: A field study. Environment and 
Behavior, 12(2), 231-240 (14 references) 

A field study was conducted in which the helping behavior of 
440 adults was measured under hot, comfortable, or cold 
temperatures. A subject was given an opportunity to help an 
experimenter by (l) answering a questionnaire, (2) picking up 
dropped groceries, (3) looking for a lost contact lens, or 
(4) picking up a dropped book while the experimenter walked 
on crutches. No support was found for the hypothesis that hot 
and cold temperature inhibit the display of helping behavior. 

47 Sharon, IM., Feller, RP. & Burney, SW. 1971. The effects of light of 
different s·pectra on caries incidence in the golden hamster. 
Archives oral. Biology, 16, 1427-1432 (12 references) 

Golden hamsters, exposed to fluorescent light which sirnulated both the 
visible and ultraviolet spectra of natural outdoor light, had one­
fifth as many caries as animals exposed to conventionaI fluorescent 
light. Total body, gonad and submandibular glands weights were greater 
for the animals raised under the sirnulated natural light. Differences 
in gonad and submandibular gland development were histologically 
demonstrated with haematoxylin and eosin stained sections. Thus, 
light affected caries incidence, submandibular gland development and 
sexual maturity. 

48 Sigmund, R. 1956. Die Wirkung ultravioletter Strahlen auf die 
Reaktionszeit des Menschen, Strahlentherapie, 101, 623-629 
(18 references) 

In order to ascertain the influence of ultraviolet rays, measurements 
of the time of reaction to optical stimulations have been carried 
out with healthy children and adults. There was a considerable reduction 
of the time of reaction which could be observed even three weeks af ter 
the irradiation. 



49 Stevens, JC., Adair, ER. & Marks , LE . 1970 . Pain, discomfort, and warmth 
as functions of thermal intensity. In: Hardy, JD . , Gagge, AP . & 
Stolwijk, JAJ . (eds). Physiological and behavioral temperature 
regulation . Charles C. Thomas Publisher , Springfield, Illinois , 
892-904 (26 references) 

The three psychological dimensions of pain, discomfort and warmth all 
follow the general rule ln the domain of the human senses that judged 
sensory magnitude grows as a power function of the magnitude of the 
physical stimulus . Each of the three dimensions can be characterized in 
terms of the sizes of the constants of the power equation. 1. Pain 
aroused by brief, intense irradiation of small spots on the forearm or 
the forehead grows as a power function of the difference between pain­
inducing flux and the flux necessary for a just-sensible pain . The 
exponent equals unity . Over the range studied, this result agrees well 
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with the dol scale of pain . 2. Discomfort aroused by the thermal exposures 
of the whole front surface of the body grows as a power function of the 
increase in the operative temperature from the temperature that feels 
comfortable. For discomfort in the warm, the exponent (about 0 . 7) is less 
than half as large as that for discomfort in the cold (about 1 . 7). 3 . Warmth 
aroused by irradiation of the front of the body grows as a power function of 
the difference between t:he warmth- inducing flux and the minimum-sensible 
flux. A power function ,vas obtained for each of five stimulus durations 
between 2 and 12 sec. AB a function of duration, the exponent varies 
from a little below to a little above uni ty . Over the range studied, apparent 
warmth changed little with increased duration, even though superficial skin 
temperature rose continuously . Several possible physiological explanations 
of this fact are examined with the aid of a computer simulation of the 
thermal events that take place in the skin . 

50 Teicher, WH. & Kobrick, JL . 1954. Effects of prolonged exposure to low 
temperature on visual motor performance, flicker fusion , and pain 
sensitivity . vs A:rmy, Qm Res Dev Cent environ Protection Div Rep, 
N 230 

Five subjects lived under constant low temperature in a chamber 
for 41 days. This seemed to have no effect on the CFF . The 
radiant heat pain threshold was raised , and did not recover 
normal sensitivity. Visual motor performance was markedly 
and immediately imparied , but recovered gradually to a lower 
limit . 

51 Thorington, L . , Parascandola, L. & Cunningham, L . 1971. Visual and 
biologic aspects of an artificial sunlight illuminant. Journal of 
the Illuminating Engineering Society, October, 33-41 (53 references) 

A modest approach has been made to the simulation of the natural 
spectrum at 5500K in a practical fluorescent lamp . Extensive research 
studies involving the artificial sunlight spectrum in practical 
fluorescent lamps have shown significant differences in biological 
responses for plants, animals, people and microbes as compared with 
conventional office and commercial interior lighting spectra . This, 
together with the fact that vision is served better, rather than 
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compromised, by such a full spectrum illuminant at least suggests 
serious consideration of the adoption of the natural light spectrum 
as the criterion for the day time lighting of our artificial 
environments. 

52 Urbacn, F. (ed). 1969. The biological effects of ultraviolet radiation 
(with emphasis on the skin). Pergamon Press, London, New York 
(704 pages, numerous references) 

The book comprises 70 articles and discussions on the following topics: 
Chemical and biological effects of ultraviolet radiation, Artificial 
production of ultraviolet radiation, Optics of the skin, Biologic 
action spectra, Production and measurement of ultraviolet erythema, 
Model systems for ultraviolet erythema, Pigmentation, Physics of 
the atmosphere, Measurement of natural ultraviolet radiation, 
Physiological effects of solar ultraviolet radiation, Pathologic 
effects of ultraviolet radiation (general), Symposium on photo­
toxicityand photoallergy, Pathologic effects of ultraviolet 
radiation (cancer), Phototherapy and protection from ultraviolet 
radiation. 

53 Wilson, P., Webb, MGT. & Becket, PGS. 1976. Induction of alcohol 
selection in laboratory rats by ultraviolet light. Journal of 
Studies on Alcohol, 37(7), 976-979 (10 references) 

Rats exposed to ultraviolet light with maximum emission at 350 nm showed 
a stable intake of alcohol over water. A controi group of animals 
exposed to white fluorescent light did not drink more alcohol than 
water. 

54 Wright, G. 1954; Sensations of warmth due to light: Some factors 
affecting the sensory threshold. In: Proceedings of the first 
international photobiological congress. Veenman & Zonen, 
Wageningen, 235-237 (2 references) 

When determining the threshold energy for a sensation of warmth one 
must consider not only the intensity of the incident light, but also 
the area of skin that is irradiated and the duration of the exposure. 
There are indeed three types of threshold, intensity-, area-, and 
duration-threshold, which vary interdependently. There is also gross 
individual variation. These factors must be taken into account when 
one compares the sensitivities of two sites - in this paper, the 
epigastrium and the back of the hand. 

55 Youmans, WB. 1957. Fundamentals of physiology. The Year Book Publishers, 
Chicago (no references) 

Contains a description of the physiological and biochemical effects 
of heat radiation (pp 170-173) and ultraviolet radiation (pp 455-456, 
466) on the human skin. 



56 Youtz, RP. & Broome, RS. 1969. Cutaneous color discrimination (DOP) at 
two stimulus temperatures. Proceedings of the 77th Annual 
Convention of the American Psychological Association, (4), 17-18 
(12 references) 

The present research measured Ss' abilities to discriminate, without 
touching the stimulus, between two stimulus surfaces differing in 
brightness when the stimuli were: (A) at room tempera.ture of 79·F, 
or (B) at 50·F. The stimuli were 1/8 in. polished aluminum plates, 
9 x 14 in. On one side of each plate, half (7 x 9) was left polished 
and the other half was sprayed with a thin layer of flat-black paint. 
The result is that the S reports a fairly strong sensation of "cool" 
when her hand is over the black surface in Condition B. The rate 
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of heat loss by the skin is apparent ly an adequate stimulus for the 
sensation "cool". In Condition B,with the plate at 50·F, the heat loss was 
at a higher rate than in Condition A with the plate at 79-F. 

57 Zamkova, MA. & Krivitskaya, El. 1966. Effect of irradiation by ultraviolet 
erythema lamps on the working ability of school children. Gig. iSanit., 
Vol 31, April, 41-44 (Translation by Duro-Test Corporation) 
(11 references) 

The biological action of ultraviolet radiation ,has been rather 
profoundly studied, its favorable effect on the human organism 
has been shown by a number of authors. Several investigators 
emphasize the need for artificial compensation of seasonai 
ultraviolet deficiency in the natural environme~t. The data 
permit certain conclusions. Systematic irradiation by EUV lamps 
in the dosage employed (according to the instructions of USSR 
Academy of Medical Sciences) has an undoubted favorable effect, 
expressed in a number of favorable shifts. The irradiated pupils 
had a shorter reaction time to light and sound, a lower fatigability 
of the visual receptor, and improved working capacity. The 
improvementof academic standing in the experimental class is 
probably also connected with these favorable shifts. All this 
provides grounds for widely recornrnending the irradiation of 
school children by EUV lamps during the seasons of diminished 
natural radiation. This irradiation may be arranged ~ithout 
disturbing the usual program of school activities. 
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58 Anonymous. 1974. Light of life. Environmental Design, 14(4), 6-9 
(no references) 
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In several types of disease treament can be accomplished through 
the administration of radiation directly on the skin. Only small 
traces of ultravioler radiation are necessary to help the body 
develop the calciferol (also called Vitamin D) in amounts needed 
to promote calcium retention and bone growth. A deficiency of 
calciferol may result in rickets in small children and in aged 
people in brittle or easily broken bones. In prematurely born 
babies the liver might not be sufficently developed to dispose 
of a waste product called bilirubin. Left unchecked this condition, 
hyperbilirubinemia, will result in permanent brain damage. 
However, treatment with artificial light approximating daylight 
will in a few days time clear the condition completely. Also, 
it has been demonstrated that certain virus infections respond 
to light treatment. The fact that light can modify body 
chemicals like calciferol and bilirubin makes the author suggest 
that light also may be modifying many other body chemicals. 

1975. Lighting Manual, N.V. Philips, Bindhoven (12 pages, 
sections 16 and 17, no references) 

This handbook contains a section on ultravioler radiation describing 
the properties of different UV-bands. It also gives information on 
the following sources of ultravioler radiation: actinic lamps, 
black-light lamps, sunlamps, germicidal lamps and ozone lamps as 
well as advise for their proper application. There is also a 
section on infrared radiation. 

1979. Ultravioler Radiation. Environmental Health Criteria 14, 
World Health Organization, Geneva (110 pages, 318 references) 

This document is based primarily on original publications listed 
in the reference section together with several recent reviews 
of the health aspects of UVR. The topics discussed are as 
follows: Properties and measurement of ultravioler radiation. 
Biological effects of ultravioler radiation on unicellular 
organisms, mammalian cells and tissue, and invertebrates. 
The biological action of ultravioler radiation on vertebrate 
animals. Effects of ultravioler radiation on man. Evaluatian of 
health risks to man. Guidelines for health protection. Summary 
and recommendations for further studies. 
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SECTION 2 

PHYSIOLOGICAL EFFECTS OF DAYLIGHT AND ARTIFICIAL ILLUMINATION 
ENTERING THE EYE 

The pineal/hypothalamus system 

Life on earth evolved under the influence of solar radiation with 
its characteristic spectral composition and the typical 
variations in intensity depending on the rotation of our planet. 
Certainly this influence was modified by a number of ecological 
factors like the atmosphere, the green forest, the sea, but 
still solar radiation played the dominant role. The most 
conspicuous relationship between daylight and man is the diurnaI 
rhythm, relating the light and dark cycle of day and night to 
complex physiological and biochemical variations of wakefulness 
and sleep. Most mammaIs, including man, are active during the 
day, moving about, collecting food and avoiding predators, thus 
being high ly dependent on daylight. During the dark hours of the 
night when the animals are standing close together in shelter or 
reclining in weIl isolated hideouts body temperature and 
metabolism general ly go down. Other mammaIs, however, are 
nocturnal which means their peak of activity is not during 
day but during night. 

The timing of diurnaI and nocturnal rhythms and the functional 
variations related to them depends on internaI processes 
usually referred to as the biologicalclock. Such a clock would 
not be very useful if it did not keep time with sunrise and 
sunset, and in order to do this there must be some kind of 
synchronizer. It seems that the synthesis of melatonin in the 
pineal gland holds a central position in media ting the effects 
of occular light. Wurtman and his associates have put forth the 
so called melatonin-theory of pineal function, which holds that 
the pineal bodyacts as a neuro-endocrine transducer converting 
a neural input to hormonal output. The rate of melatonin 
synthesis is thought to be controlled by environmental 
illumination. Recently they have discovered a pronounced 
daily rhythm in the rate at which humans excrete melatonin. 
Results from subsequent studies have implicated melatonin in 
the functional activi ties of numerous organs includi·ng the brain, 
pituitary, thyroid, adrenal and smooth muscles (77·, 84, 129, 131, 
133, 140, 141, 152, 176, 177). 

Interestingly enough, there is also some evidence relating 
melatonin to psychiatric disorders. Wetterberg, in 1978, found 
that patients with schizophrenia and mental depression exhibited 
certain disturbances in their melatonin metabolism (170). 
However, a note of caution might be needed here. It is not clear 
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to what ex tent the light-dark cycle actually generates different 
biological variations or merely serves as a synchronizer of 
inbuilt biological clocks. Furthermore, in humans, psycho-social 
factors are .probably of equal importance as the light-dark 
cycle in generating or synchronizing biological rhythms (62). 

Another group of studies deal with seasonaI variations like 
annual rhythms in sexual activity, and in animals' hibernation 
and migratory behavior. Hurtman mentions, for example, that 
sheep ovulate and can be fertilized only in the fall, thus 
anticipating the spring by many months, when food will he 
available to the mother for nursing the newborn (174). This is 
an example of the kind of secondary effects the pineal causes, 
in this case, the regulation of the estrous cycle. The effect on the 
human ovary has als o been studied and the re might be stimulating 
or inhibiting effects on the ovarian activity in women. This might 
account for the fact that blindness in human females is associated 
with an age of menarche which is earlier than normal (128, 151, 
161, 171, 175, 179). 

Even if the evidence in favour of daylight as a synchronizer is 
substantiaI we do not know exactly what the characteristics of 
light are that controI the process of ovulation. Is it the total 
amount of light that is decisive, or the spectral composLtLon 
which differs slightly between summer and winter, or perhaps the 
variations occuring in the length of the day? For each one of 
these alternatives there seems to be some support. There is little 
doubt the excretion of melatonin by the pineal is a mediator also 
where long term variations are concerned. In experimental animals 
melatonin induces sleep, inhibits ovulation and modifies the 
secretion of other hormones. There might however be alternative 
factors at work and we must not hasten to explain all recurrent 
events solely in terms of daylight variations. Actually, seasonaI 
rhythms associated with changes in daylight have not yet been 
unequivocally demonstrated in human physiology. They are, however, 
so weIl known in other animals that to quote Wurtman: "It would be 
surprising if they were absent in man" (174). 

The amount and quaIity of light entering the eye will influence 
food and water consumption, body temperature, hormone secretion, 
ovulation and a variety of other basic functions of the human 
organism. Results obtained by Hollwich and co-workers might 
illustrate this. In comparative studies on blind and temporarily 
bLind persons due to a cataract in both eyes, these authors 
found significantly lower levels of ACTH and cortisol. The levels 
normalized af ter cataract extraction. According to Hollwich, 1979, 
these and similar effects of light might be accounted for in terms 
of the energetic portion of the visual pathway. "Light stimuli 
entering the eye induce biological functions in the animal and 
human organism. For this purpose they use separate pathways 
independent of the visual process. Thus, as a working hypothesis, 
it seemed practical to distinguish an energetic portion of the 
visual pathway in contrast to the optic portion. This energetic 
portion represents the link between retina and hypothalamus". 
(97, 98, 99, 100, 102, 103, 140, 141, 149, 159, 172) 



Mayron and co-workers, in 1974, were able to demonstrate that 
illumination simulating daylight decreased the hyperactive 
behaviour of students as compared to standard cool white 
fluorescent lighting (12.7). Others have focused on the influence 
of daylight versus artificial light, or incandescent versus 
fluorescent lamps. Ho11wich and co-workers state: "Increasing 
the intensity of artific:ial light with fluorescent tubes leads 
to 'light stre~s' proved by increased hormone production 
- especially the stress hormone cortisol. The belief that 
artificial light is the same as natural light and that it can 
fully replace it, is inappropriate in the medical view and needs 
correction" (100). 

There seems to have been a great interest amongst researchers 
for comparing "red and green surroundings". Effects of various 
kinds have been found like an influence on EEG and galvanic skin 
response, on time estimation and reaction time, on posture, and 
many more. This has lead some authors to suggest the use of back­
ground colour to increase performance, but also for developmental 
and therapeutic purposes. During 1980, for instance, articles 
appeared referring to "t:he tranquilizing effect of pink" (144). 
Many of the studies are badly controlled. Sometimes physical 
radiation is confused with subjectively experienced colour or 
light. Still, there remains an impressive amount of significant 
evidence showing that the illumination and colour of architectural 
space have a profound influence on the physiology and behaviour 
of man. Some of the results might be related to the flickering 
nature of fluorescent i l lumination. A discussion of this 
hypothesis will be found below (61, 65, 66, 74, 76, 79, 88, 100, 
103, 104, 108, 109, 110" 111, 116, 120, 126, 127, 135, 137, 139, 
144, 146, 148, 152, 156" 158, 162, 163, 236). 

One plausible mechanism for the differential effects of various 
wavelengths has been proposed by Wurtman, 1975. He writes: "j.Je 
found that green light i s the most potent in changing the phase 
of the temperature cycle and that ultraviolet and red wavelengths 
are the least potent. The action spectrum plotted from these 
results closely follows the absorption spectrum for rhodopsin, 
the photosensitive pigment in the rods of the retina. In 
separate studies a similar action spectrum, peaking in the green, 
was found for the wavelengths of light that are most effective in 
inhibiting the function of the pineal gland of rats" (73, 77, 174). 

We may safely conclude that daylight entering the eye controls 
or affects man y of the highly complex endocrine and autonomic 
processes taking place in the human body. The isolation of 
melatonin and its use in experimental research has provided 
considerable support for the now widely accepted melatonin-theory 
of pineal function. It is beyond doubt that the hypothalamus is 
playing a major part in mediating the effects of light on man 
mentioned so far. 

An account of early work in the field can be found in an article 
by Hol1wich, 1955, entitled Auge und Zwischenhirn. For a more 
recent account the reader is referred to the following general 
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overviews: Giese 1964 (86), Goromozov 1968, Wurtman 1975 
in Annual Review of Psychology (173), Tibbs 1979 (166), 
and Hollwich 1979 (97). A popular account is given by Wurtman, 
1975, in Scientific. American (174). Studies focusing on the 
pineal gland are summarized by Minneman and Wurtman 1975 (131). 
Also refer to the extensive and up-to-date list of references 
compiled by Thorington et al, 1978 (165), and the photochemical 
and photobiological reviews edited by Smith from 1976 and onwards. 

The ascending reticular activation system, ARAS 

It was in 1949 that Moruzzi and Magoun published physiological 
observations that would prove to be of importance to the 
understanding of · man's general reactions to stimulation (134). 
They found that every impulse, which via afferent nerves reached 
the central nerv'olls system' s higher centres, first activated 
part of the brain stem, the reticular formation, which in turn 
activated the entire nervous system. In addition to activation 
theremight also be inhibition; together these will determine 
the arousal level of the nervous system including cortex. The 
functional unit identified by Moruzzi and Magoun is known today 
as the ascending reticular activation system, ARAS. 

Since then numerous investigators have studied the effect of 
visual stimulation upon the ARAS. This if of ten done by means 
of the reaction of the electroencephalogram called alfa-attenuation, 
which is known to be one of the best indicators of cortical 
activation. Examples of other types of measurement are reaction 
time, muscle strength, galvanic skin response, and subjective 
estimation. Several studies contrasting light dominated by short 
and long wavelengths respectively, or blue/green versus red 
surroundings, have been carried out. In the classic paper from 
1942, Goldstein published his observations concerning the influence 
of colours on the function of the organism. Based on the study of 
patients suffering from Parkinson's disease, Goldstein stated 
that red colours tend to worsen the patients' pathological 
conditions, while green colours on the other hand seem to 
improve them. Goldstein also point ed out certain normal effects 
of colours on motor behaviour (88). 

Attempts at replicating Goldstein's findings have been partly 
successful (135). Nourse and Welch, in 1971, exposed subjects 
to 'violet' and 'green' light for 60-second intervals, 
assessing arousal by means of the galvanic skin response 
technique. Arousal was greater to violet than to green (137). 
Using the same technique while their subjects were looking at 
coloured patches, Jacobs and Hustmyer, in 1974, could 
demonstrate that red was more arousing than green and green 
more arousing than blue or yellow (104). Employing EEG-
analysis, Ali, in 1972, found that the cortical habituation 
response became more delayed when the subjects were made to look 
into a 'red' light than into a 'blue' light (61). Also this result 
may be interpreted in terms of greater arousal following the 
stimulation with 'red'. Taken together the results seem to show 
that light or colours richer in long wavelengths are more arousing 
than those of short wavelengths. However, inconsistent results are 
not altogether lacking (61, 69, 74, 83, 88, 103, 104, 108, 111, 
126, 135, 137, 144, 146, 148, 156, 158, 162, 163, 188, 236). 



Other factors bound to influence the ARAS are the intensity of 
light and glare caused by the light-source. Stone et al, 1974, 
found an increase in pulse rate which occured as soon as the 
high intensity lighting was switched on and remained for the 
whole period. They also found an increased sense of fatigue as 
weIl as a decrease in feelings of social affection and thermal 
comfort. As the authors themselves point out, the problem of 
most laboratory studies on high intensity lighting is the 
disturbing fact that the intensity of natural daylight is even 
higher. Thus i t can harelly be the high level per se that gives 
rise to the negative effects, or to put it in the words of 
these authors: "The results might indicate that glarefree high 
intensity lighting is unlikely to evoke stress responses, but 
when the lighting has a discomfort factor added • .... then 
possible stress mechanisms will come into operation" (100 , 
101, 105, llO, 122, 124, 126, 148, 159, 172, 268). 

In other studies the foeus of interest has been the relationship 
between illumination on one hand and learning or performance on 
the other. Ramage, in 1976, was able to demonstrate a small but 
consistent improvement in the performance of routine tasks under 
the influence of a scanning light source which swept over a work 
area with sharply focused bands of light. (76, 114, 116, 146, 150, 
160, 180). Naturally this kind of experimental result must never 
be directly applied in practice. Sometimes, the increase in 
performance may be a sign of a true improvement of the environment 
while, at other times, :lt may occur at the cost of discomfort and 
physiological stress. 

By its nature,arousal can be divided into a phasic and a tonic 
component. The phasic component is the immediate response to 
stimulation, while the tonic component is the arousal level 
averaged over a prolonged period of time . Depending on the 
occurance of phasic reactions, tonic arousal level will gradually 
be altered either upwards or downwards. Through participation 
of the reticular system the arousal level is normally maintained 
and attuned to the task at hand. But it might also malfunction, 
as has been demonstrated in experiments on sensory deprivation 
and in stress research. 

In the 1950's, a group of researchers in Montreal began to 
study sensory deprivati on, and their lead was soon followed by 
others. By means ' of elaborate arrangements like enveloping a 
person in wadding and covering his eyes and ears or placing him 
in a dark, soundproof room, the experimenters were able to 
register very mark ed changes. Af ter a period of sleep or boredom 
isolated persons generally show symptoms of excessive emotionai 
response. They become irritated, have difficulty in thinking 
clearly, and lose their power of concentration. They become 
increasingly susceptible to propaganda, they suffer reduced 
precision in locomotion and dexterity, disturbed colour vision, 
show alterations of brain wave frequency, odd sensations of 
their bodies and in certain cases hallucinations. 
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One of the normal procedures in most of thes e studies is to 
keep the subject in darkness (sensory deprivation) or to rob 
him of the structure and meaning usually signifying the visual 
field (perceptual deprivation). In addition to this he is 
usually deprived of other kinds of stimulation as weIl: 
auditive and tactile cues being reduced to a minimum. In a 
few cases the effects have been directly tied to the 
illuminous situation, like the study by Davis , 1959, who found 
a reduction of somatic activity during deprivation of light 
and sound, or the study by Stern, 1964, on the effects on 
gastrointestinaI motility caused by variations in visual and 
auditory stimulation (80, 85, 122, 153, 155, 157) 

In addition to light and colour, visual patterns will have 
an influence on the ARAS. Visual patterns standing out against 
the background not only serve to attract the attention but may 
also cause a considerable change in arousal level. A number of 
studies have been carried out in order to assess the arousing 
quaIity of visual patterns employing factors like size, shape, 
brightness, hue, contrast, complexity, novelty and information 
content. Berlyne and. McDonnell, for instance, found that more 
complex or incongruous visual patterns evoke longer alpha­
attenuation of the EEG . This may be interpreted in terms of 
an increase in phasic arousal level (63, 68, 77, 119, 185, 224) . 

KulIer, in 1976, demonstrated that the colour and pattern of the 
visual environment not only had a profoud e ffect on the EEG but also on 
pulse rate and on the subjective emotionaI feelings experienced 
by the subjects (111). This may be taken as a corroboration of 
the fact that the ARAS affects not only cortex but the entire 
autonomic nervous system. Also Matulionis, in 1978, was able to 
show that certain changes in the visual surroundings significantly 
modify human physiology. Heart and respiration rate as weIl as 
muscle characteristics of visual motor tasks were affected by 
the visual environments employed in his study (126). 

Of special interest are a few recent studies relating illumination 
level to various aspects of social behavior. Sanders et al, in 
1974, varied the level of illumination in a natural setting and 
measured the amount of noise produced by groups of people 
gathering in the area. There was a significant reduction in noise 
level under the low-illumination conditions. A study by Page and 
Moss, 1976, indicates there might be a relationship between 
illumination level and aggressive behaviour. (82, 87, 143, 
154) 

Whereas many kinds of variation ~n light and the visual field 
will have an effect on the ARAS it is important to realize that 
light is only part of the total stimulation constantly impinging 
upon man. The ARAS might be regarded as a clearing station for 
all kinds of stimulation ranging from sensory deprivation on 
one extreme to sensory overload on the other. Therefore, light 
must always be considered together with the other sources of 
stimulation at hand. Actually, a certain light, a certain sound, 
or a certain smell, may hold exactly the same arousing potential. 
There may also be an interaction between the different senses, 



of ten referred to as intermodal facilitation or competition. 
For instance, Thomas, i n 1941 , presented his subjects with a 
sound located between a steady light and a light flickering 
with the same rhythm as the sound. A lateralization effect 
was found such that the subjects were inclined to localize 
the sound in thedirection of the flickering light source (164) . 
Gregg and Brogden, in 1952, found that a change in illumination 
level might have an influence on the auditory threshold (90) . 
Taken together the results indicate that the requirements on 
illumination must be determined not only by the task at hand 
but by the total situation including factors like temperature 
and noise (26, 27, 50, 64, 69, 78, 8l, 91, 92, lOS, 106, 117, 
121, l25, 231, 236). 

A few studies have been carried out where the response of the 
nervous system under different lighting conditions is related 
to the subject's personality. Examples of this type of research 
are the study by Hocking and Robertson, 1969, using verbal scales 
of sensation-seeking as a predictor of need for stimulation, 
and the study by Markle " 1976, relating the physical 
characteristic of eye colour to responses of physiological 
arousal (96, 123, 145, 180). 

In order to understand the function of the ARAS we might think 
of light as a complex set of signals . In nature light signals 
are employed in various ways. Daylight is used by animals ånd 
birds as a means of getting information about the major 
directions of north and south, east and west, up and down. In 
the thick forest a shade or a highlight might mean a route of 
escape, while a red glare might me an the danger of forest 
fire. Fishes and birds, who have weIl developed colour vision, 
including cones as weIl as rods in their retina, employ colour 
and pattern in a most vivid way in order to defend their 
territoryor to attract a partner of the opposite sex. Some 
insects and frogs employ colour and pattern in an even more 
sophisticated way. Thei r way of protecting themselves is to 
be poisonous or bad tas ting but in order to avoid getting 
hurt their bad taste or poison must be advertized well in 
advance, and this is of ten done by means of strong colour and 
pattern. Mammals generally do not have a well developed colour 
vision, a fact that is related to their nocturnal history . 
However, when mannnals climbed up the trees and developed a 
way of jumping from one branch to the other, the demands on 
visual acuity and depth perception greatly increased and 
they also developed a refined colour vision. Monkeys are 
amongst the most colourful of all mammais. They use their 
coloured parts to show off or threaten and also to advertize 
their species and sex. 

Any good system of signals, however, must work over a distance . 
Therefore the impact described here can not be explained in 
terms of the pineal/hypothalamus system. The oc currence of a 
red spot in the visual field, however intriguing it might look, 
will not cause any significant change in the radiation 
impinging on the retina, as would be demanded by the 
melatonin-theory of pineal function. Yet the reaction on 
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behalf of the animal may weIl be noticeable even if the 
object is far away. The active use of colour to catch 
attention must depend on a weIl developed colour vision, 
not always on behalf of the individual sending the signals, 
but always on the one receiving them. Actually, flowers, 
mushrooms, fruits and berries also employ colour in order 
to advertize their existence. On the other hand, the effect 
of light radiation on the pineal organ does not seem to be 
dependent on colour vision but more likely on the activity 
of the rods. In many studies of the impact of light and 
colour this .basic difference seems to have been over100ked. 
Thus, we must realize that physiological effects which at 
first glance might look similar, may have to be accounted 
for by means of different functional systems in the 
brain. 

The ARAS of man will react to light and colour signals with 
responses put down in the biological heritage over the 
milennia. These reactions will be similar from one individual 
to the other and they are highly resistant to change. 

A review of various electrophysiological reactions to light 
stimulation was presented by Childers and Perry in 1971 (75). 
Reviews of general inte rest concerning the effects of light 
and colour on human behaviour will be found in Hayward, 1972, 
Plack and Shick, 1974 (147), and Birenbaum and Hayward (70). 
For a review of the effects of s~nsory and perceptual 
deprivation refer to Zubek 1973. A bibliography on intermodal 
phenomena is given in Cohen and Christensen, 1966 (78). A 
thorough discussion of visual patterns and arousal will be 
found in Berlyn~sbook from 1971, Aesthetics and Psycho­
biology. Concerning human factors in lighting,refer to 
Boyce 1981. Also refer to the list of general references by 
Thorington et al, 1978 (165). 

The descending reticular activation system, DRAS 

When we consider light as a part of the visual field, there 
is always a context and con tent. Thus, light will be the 
carrier of all kinds of visual information, some of which 
might be far more important at the moment than the quality of 
light itself. A great part of this information will be 
highly complex and must therefore be analyzed on the mental 
level in order to be proper ly dealt with. This will involve 
the highest of all the non-visual systems, the descending 
reticular activation system, DRAS. 

It is now weIl established that reticular activation occurs 
not only by means of externaI stimulation but also through 
impulses coming from the highest nervous centres, thus descending 
from the cortex on the reticular formation. The consequence 
of this process is to place the cognitive mechanisms in charge 
of arousal regulation. Thus, light might either influence the 
arousal level via the ARAS, already before the impulse has reached 
the cortex, or via the DRAS, af ter the cortex has had the time 



to make a more elaborate analysis . If the light is of high 
intensity , monochromatic , glaring , and contrasting against 
the background , or moving and flickering , it is likely to 
cause an increase in arousal directly via the ARAS . The more 
complicated information inherent in the visual field, on the 
other hand, will affect arousal via the DRAS, only af ter an 
analysis has been made on the cortical level. Some visual 
patterns might be biologically programmed and result in 
direct activation, while others, being complicated or perhaps 
culturally determined, might influence activation indirectly. 

Employing emotionally lo,aded pictures as means of visual 
stimulation, Libby , Lacey and Lacey , in 1973, were able t :o-demonstrate 
effects on pupil size and heart rate . Pupillary dilatation 
and cardiac slowing were correlated to the interest value 
and unpleasantness of the pictures. It is conceivable that 
these kinds of arousal effects are dependent on mental 
processes in the cortex itself (68 , 115) . 

In order to separate the two reticular activation syst ems 
it might be useful to distinguish between "light as signal" 
and "light as symbol" . While the ARAS seems concerned mainly 
with light as signal , I 'will put forth the hypothesis that 
the DRAS concerns itself with light as symbol. Unlike other 
functional systems concerned with the non-visual effects of 
light , the . DRAS is depending on cognitive mechanisms including 
thinking on the conscious level . Personal experiences aquired 
through learning and stored in the long-term memory will play 
a decisive part in this process . Here we are caught with the 
idiosyncrasies , preferences and dislikes , specific to the 
individual . Here we will also find al l the di verse culturaI 
meanings assigned to light . Each cul ture or subculture seems 
to have its own light-tradition which is conveyed to its 
members through the mechanism of repetition. By using the same 
light , colour or pattern over and over again in a specific 
context every single member of the group will get to value it the 
same way , while other groups may value it differentlyor not at all. 
This pertains also to the use of day light in modern society . We will 
find different daylight habits in different parts of the world, and 
this will have influenced architecture as weIl , including the 
important transition zone that windows represent. 

Thus, in the DRAS, light has taken the role of symbol, the 
meaning of which might change over time and from one individual 
to the other . Allegedly, symbols might turn into signals by 
means of the mechanism of automation ; once we have learnt to 
react in a certain way, we do not need to think about it any 
longer , meaning that the ARAS has taken over the control . This 
does not alter the fundamental role of the DRAS , however , it 
only sets it free to carry out new tasks, many of which will be 
related to the complex visual world, bringing us into the realm 
of psychology. 

Numerous examples of effects mediated by the DRAS will be found 
in the last section of this paper . For a discussion of the 
relationship betweeen the ARAS, the DRAS , and other physiological 
systems media ting the effects of light and colour, r efer to 
Hayward and Birenbaum , 1980 (93) , and KUller, 1980 (112). 
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Generalized reactions to flickering light sources 

In a letter to a British journal, Garrett, 1972, points out 
the possible damage which can be caused by stroboscopic light 
sources, frequently used in discotheques, art galleries and 
exhibitions. Re cites several instances from his experience of 
such usage where no precautions were taken to protect visitors 
or staff. In his reply to this letter, Tate, a lighting 
engineer, states he has never come across any ill effects from 
the type of stroboscopic flicker used in industries operating 
at 100 cycles per second upwards, but also mentions that 
flicker employed in discotheques usually is about 25 cycles 
per second or less. Discussions such as these point to the 
need for better definitions of what is meant by flicker and 
also to the fact that many different physiological as well as 
psychologi~al mechanisms might be involved in a typical flicker 
situation. 

It seems clear that flickering light does have a general effect 
on the central and autonomic nervous systern of ten resulting in 
fatigue, headaches , and other stress symptoms. It might also 
influence the basic electrical activity of the brain itself. 
Montagu , 1967, has shown that the size of the EEG response 
varies with the intensity and :.frequency of the photic 
stimulation (132). Also, the so called stroboscopic effect 
caused by a flickering light source might give rise to the 
impression that things do not move the way they acutally do , but 
backwards, at another speed or in small jerking movements. This 
might be very disturbing and actually cause inadequate behaviour, 
for instance in a working or traffic situation (67, 71, 83, 
169) . 

Flicker sensitivity depends on the characteristics of the 
luminous field. The improving levels of illumination that occur 
in many working places today mean that flicker will become 
increasingly important . Research shows another key factor is 
the total area of the visual field which is flickering, witha person's 
sensitivity increasing with larger fields. Sensitivity is also 
dependent upon age . For some frequenciesthere is an increase up 
to 20 years and then a slow decline. The principal factor for 
this seems to be a reduction of retinal illumination caused by 
the thickening of the lens and the r eduction of pupil diameter, 
which accompany age, but there are also central nervous factors 
affecting sensitivity to flicker. Actually , there is a large 
variability in sensit i vity between people, and it is possible 
for some persons to find a given level of light modulation 
intolerable while others can not see it (71, 81, 107, 121, 
138) . 

Reactions of individuals to photic stimulation have been used 
for many years as means of psychiatric and medical diagnosis. 
A typical study was made by Ulett et al , 1953. They studied 
subjects by means of psychological tests and psychiatric 
interviews and also recorded EEG during intermittent photic 
stimulation . By means of electronic brain wave analysis it was 



possible to show the existence of a significant correlation 
between proneness to developing anxiety under stress on one 
hand and the pattern of so called driving response on the 
other, i.e. the displacement of the alpha-rhythm of the EEG 
by me ans of repetitive photic (or other) stimulation (167). 
Thus, it is well established that cortical reactions to 
flicker are related to personal ity and it also seems to be 
the case that mood states will influence flicker sensitivity. 
In addition to this wide variability between people, there is 
also a small diurnaI rhythm in flicker sensitivity which in 
some individuals is related to the oral temperature cycle. And 
in this connection there are also some studies indicating that 
the rhythmicity might have an effect on temporal experience . 
Critical flicker fusion frequency has been used to study 
reactions to toxic components, for instance, in some recent 
studies by Hellberg, where it was used as a diagnostic 
instrument of methyl mercury poisoning. (71, 89, 94, 130, 
136, 168) 

The fact that flickering light can be transmitted so strongly 
to the cortex that it might influence the brain's basic rhythms has 
been used in several studies in an attempt to distinguish 
between incandescent and fluorescent lighting. Zaccaria and 
Bitterman, in 1952, compared the effect upon visual fatigue 
of fluorescent lamps operated with direct and alternating 
current, On ly 25 per cent of the subjects detected a 
difference between the two conditions, but those who did 
uniformly expressed a preference for the DC condition (178). 
Thiry, 1951, recorded EEG activity synchronous to light flashes 
at frequencies up to 70cps, which was weIl beyond the fusion 
frequency of approximately 50 cps. Cortical responses to flicker 
at rates over 100 cps have actually been found in some cases. 

To assess whether flicker sensitivity in terms of EEG response 
could be related to complaints of eye strain and headaches in 
offices, tests were conducted by Brundrett, 1974, on ten subjects 
who had 'experienced at least a few months' work under fluorescent 
lighting. One group of five reported headache or eye strain and 
the controI group of five were content with their situation. 
Headache and eye strain sufferers tended to have a low rate 
of evoked signal attenuation, while the evoked potentials of 
the controI g~oup t ended to show rapid decline with increasing 
frequency (71). Colman and co- workers, 1976, observed the 
repetitive behaviours of six autistic children under two 
conditions of background illumination - fluorescent and 
incandescent. Subjects spent significantly more time engaged in 
repetitive behaviour under fluorescent conditions. The authors 
suggest these findings might be related to the flickering nature 
of fluorescent illumination (79). There have also been some 
studies comparing ordinary fluorescent lamps to high frequency 
lighting. (71, 72, 116) 

Flickering light is likely to involve those areas of the brain 
where the basi c brain wave patterns are set up and moderated. 
However, at present very little is known about these mechanisms. 
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By 1949 a model for thedescription of non-visual effects of 
flicker was set up by Walter and Walter and this model might 
be worth looking at even today (169). A review of electro­
physiological responses to photic stimulation is given by 
Childers and Perry, 1971 (75). An extensive overview of flicker 
fusion is given by Pieron, 1965. A more recent review of human 
sensitivity to flicker is given by Brundrett 1974 (71). 
References will also be found in Thorington et al, 1978 (165). 
The study of flicker induced seizures is not included in this 
bibliography . Readers are referred to Hess et al, 1974, for 
further information on this topic (95) . 



SEeTION 2: SUMMARlES 61 - 180 

61 Ali, NR. 1972. Pattern of EEG recovery under photic stimulation by 
light of different colors. Electroenceph. clin Neurophysiol, 
33, 332-335 (8 references) 

Cortical habituation response (CHR) to constant stimuli has been 
investigated. The amount of alpha recovery af ter the onset of the 
stimulus is taken to be a quantitative measure of the response 
habituation of the central nervous system. The present study was 
designed to investigate whether the CHR is affected by the variation 
of the stimulus wave length , specifically, wherher CHR is delayed more 
under red light than unde r blue light. The subjects were ten normal, 
male adults. Their ages ranged from 22 to 30 years. The colored stimulus 
(red or blue light) was thrown directly on the eyes of the subject 
through a projector. The maximal duration of the stimulus presentation 
was 600 sec. EEG were recorded throughout the period of stimulation 
following a l min record ~nder resting condition. The EEG data (from 
electromagnetic t apes) were quantified by passing them through a Muirhead 
low frequency analyzer to a low-inertia motor-driven counter. The data 
were analyzed in terms o f the percentage of alpha gain during the period 
under the two colored lights: t for related measure was computed. The 
percentage difference in alpha gain under the two conditions was found 
significant. The results of this study show that there is agreater 
recovery in the alpha wave under red than under blue light . This finding 
indicates that CHR under red light is delayed more than under blue light 
and the results is interpreted in terms of agreater cortical arousal 
following the presentation of red light. 

62 Aschoff, J., Fatranska, M., Giedke, H., Doerr, P., Stamm, D. & Wisser, H. 
1971. Human circadian rhythms in continuous darkness: Entrainment 
by social cues. Science, 171, 213-215 (14 references) 

Three groups of two subjects each were kept in underground chambers, 
first for 4 days in an artificial light-dark cycle, and thereafter for 
4 days in complete darkness. They l i ved on a rigorous time schedule. 
Physiological as weIl as psychological functions were measured at 3 
hour intervals. There were no differences in the results between the 
two sections of the experiment. Social cues are sufficient to 
entrain human circadian rhythms, and absence of light has no 
immediate effect on the func tions measured. 

63 Baker, G. & Franken, R. 1967. Effects of stimulus size, brightness and 
complexity upon EEG desynchronization. Psychonomic Science, 7(9), 
289-290 (6 references) 

Measures of duration of EEG desynchronization were taken while Ss 
were exposed to a series of slides varying in complexity as weIl as 
size and brightness. There was a positive relation between duration 
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of EEG desynchronization and level of complexity but no effect due 
to size or brightness . Significant habituation to temporal as weIl 
as spatial aspects of complexity were observed. 

64 Baker, RA., Ware, J. & Sipowicz, RR . 1962. Vigilance: A comparison in 
auditory, visual and combined auditory-visual tasks . Canadian 
Journal of Psychology, 16, 192-198 

Subjects monitored brief interruptions of a continuously presented 
(i) source of sound , (ii) source of light, or (iii) both, for a 
three hour period. The differences between group (iii) i . e. those 
given simultaneous auditory and visual signals and the two controi 
groups were not significant, There was no evidence of intersensory 
interaction or arousal effects . 

65 Ballowitz, L., Heller, R., Natzschka, J . & Ott, M. 1970. The effect of 
blue light on infant gunn rats. Birth Defects : Original Article 
Series, 6(2), 106-113 (21 references) 

From the fourth through the 12th day of life homozygous (jaundiced) 
and heterozygous infant Gunn rats were exposed directly to blue and 
to white light for six to ten hours per day . The infant rats treated 
with blue light showed more stunting than those treated with white 
light, as· compared to nonilluminated litterma.tes. The retardation 
was more pronounced in female than in male homozygous Gunn rats. 
Mortality was increased in homozygous animals exposed to blue light . 

66 Bartholornew, R. 1975. Lighting in the classroom. Building Research and 
Practice, 3(1), 32-38 (5 references) 

A seminar room was equipped with two independent fluorescent light 
sources, only one of which was "on" in any given seminar hour. The 
first, Vita-Lite, was a full-spectrum light closely approximating 
to natural sunlight. The second was the standard cool-white 
fluorescent light commonly used in institutional settings. The 
physical structures of the lamps are identical, but they are 
distinctly different in the colour of the light they emit . The 
conclusion is that while the re was a negligible differential effect 
on mood, classroom performance , and classroom interaction from 
the lighting conditions, there is a clear difference in the 
qualitative characteristics of the conditions when direct 
observations and appraisals are made. While this does not leave 
the designer with positive data for lighting design decisions, it 
does provide a methodology for additional studies and illustrates 
the need to evaluate the lighting behaviour issue further. 

67 Bartley, SH. & Nelson , TM. 1963. Some relations between sensoryend 
results and neural activity in the optic pathway. Journal of 
Psychology, 55 , 121-143 (56 references) 

It is costumary to move step by step from the periphery to the central 
nervous system in tracing what happens in the optic pathway . This procedure 
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1S not always the most appropriate, if we want to know as soon as possible 
something about what takes place in the neural structures that immediately 
underly sensoryend results. Since the work in the thirties, considerable 
improvement and increased use of the microelectrode technique has taken 
place. Since it is now common to record from single neurons, it has become 
quite customary to think in terms of the fine detail that this technique 
provides. Nevertheless it is thinkable that use of this technique alone, 
simply moving single-unit analysis from periphery to center, would not yet 
have disclosed the broad over-all patterning of activity we now know to 
exist in the pathway. Since we now possess a broad outline regarding the 
relation of the receptivity of the cortex to peripheral inputs, we should 
now be better able to evaluate and utilize microelectrode findings. 
The present paper has i.ndicated a number of facts about temporal features 
of response in the retina, optic nerve, lateral geniculate body, and in 
the cortex which seem to support the theory that sensoryend result produced 
by photic input to the eye depends upon various features of timing. A 
theory based upon these facts and certain interpretations, called the 
alternation of response theory was restated. This provides an understanding 
of the neurophysiological basis for brightness, particularly brightness 
enhancement, and of several other features of vision. A number of predictions 
which Etern fro m the theory in regard to brightness and brightness 
enhancement have been confirmed. In fact, in no instance in which any 
test has been made has negation resulted. The final section of the paper 
pointed out that individual channels in the pathways serving addition, 
touch,and kinesthesis manifest a form of alternation of response akin 
to that theorized for the optic pathway. 

68 Berlyne, DE. & McDonnell, P. 1965. Effects of stimulus complexity and 
incongruity on duration of EEG desynchronization. Electro­
encephalography and Clinical Neurophysiology, 18, 156-161 
(14 references) 

Human subjects were exposed to a sequence of visual patterns, 
each shown twice consecutively. Exposures lasted 3 sec and 
were separated by intervals of 15 sec. The patterns belonged to 
eight categories, representing various complexity and incongruity 
variables. More complex or incongruous patterns evoked, on the 
average, longer desynchronization than less complex of incongruous 
patterns (6.3 sec as compared with 5.8 sec). The difference was 
found to be statistically significant when the data for all 
eight categories were examined together and when the data for 
four of the categories (representing Irregularity of Arrangement, 
Amount of Material, IncClngruity and Random Redistribution) were 
examined separately. No significant difference appeared between 
first and second presentations of the same patterns or between 
subjects who were intrinsically motivated (told to attend ' 
carefully for the sake of a later recognition test) and not 
extrinsically motivated, and none of the interactions was 
significant. There was, however, a significant tendency for 
desynchronization to grow shorter as the session continued. 
The findings are discussed in relation to theoretical and 
experimental work on motivational aspects of exploratory behavior 
and related phenomena. 
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69 Berry, PC. 1961. Effect of eolored illumination upon pereeived temperature. 
Journal of Applied Psyehology, 45(4), 248-250 (3 referenees) 

There is an almost universal tendeney to speak of green or blue 
as "cool" eolors, and of red or orange as "warm". The study 
set out to answer the following questions. Can a person's 
judgment of the temperature of the air around him be biased 
by the hue of his surroundingR? Can this eonventionaI 
association between eolors and temperature be used to improve 
the eomfort of individuals? It may be eoneluded that : Subjeets 
did not show any ehange in the levels of heat they would tolerate 
as a funetion of the eolors of illumination, and Subjeets 
nevertheless persisted in the eonventionaI belief that green 
and blue are "cool" eolors whim asked to rank the eolors that they 
had experienee. 

70 Birenbaum, L. & Hayward, DG. (undated). Lighting and Behavior: A coneeptual 
framework and bibliography. University of Massachusetts, Amherst 
(14 pages, 73 referenees inelusive of 1977) 

The purpose of this bibliography is twofold . First, it provides 
a starting point for people who are interested in references for 
research about how lighting influences behavior . Second, it organizes 
the research into a framework which helps to elucidate the different 
ways in which lighting affects behavior as weIl as points to areas which 
lack reaereh but may prove to be vital in understanding how people are 
influenced by their environment. Because the organization is general, the 
bibliography includes some categories for which there are no references . 
The categories which describe howlighting influences behavior are as 
follows: I . Behaviors Associated with Lighting for Visual Tasks : 
A. Specific Legibility Tasks: l: Learning and Academic Performance; 
2 . Other. B. General Task Performance . C. Specific Behavioral Response 
while Involved in a Task. II . Behaviors Assoeiated with Lighting for 
Room Ambiance: A. Social Interaction; l . Interpersonal distaneing; 
2 ; Noise levels; 3. Counceling interaction; 4 . Length of stay: behavioral 
duration; 5. Cues for appropriate social behaviors. B. Individual 
(non-interactive) behavior; l. Orientation/circulation; 2. Emotion/ 
anxiety/arousal; 3. Attitude/well-being; 5 . Sensory deprivation . III. 
Interaction between I. and II. Finally, it should be noted that these 
categories are not mutually exclusive or exhaustive but describe most 
clearly the relationships between lighting and behavior . 

71 Brundrett, Gl~. 1974. Human sensitlvlty to flicker. Lighting Research and 
Technology, 6(3), 127-143 (63 references) 

The factors influencing flicker sensitivity are reviewed . Sensitivity 
is increasing because of improving lighting standards and personal 
peak sensitivity occurs for people approximately 20 years old. There is 
wide variability between people and the effect of flicker is related to 
the individual threshold. Office surveys reveal that significant numbers of 
people see flicker and that this feature is assoeiated with the 
"unsatisfactory" ratings of the lighting. Some headaches and eyestrain 
are related to seeing flicker . Light modulation from fluorescent lamps 
at 50 and 100 Hz has been measured and the growth in the 50 Hz component 
with time has been studied. The 50 Hz component is the one which is 



normally seen. The lamp characteristics show this 50 Hz modulation to 
remain at a low value for the first 7-8000 hours operation and thereafter 
to rise more rapidly with operation. Planned lamp replacement is now 
essential. 

72 Brundrett, GW., Griffiths, ID. & Boyce, PR. 1973. Subjective response 
to a.c. and d.c. fluorescent lighting. Lighting Research and 
Technology, 5(3), 160-162 (4 references) 

There has been criticism of fluorescent lighting eve r since its 
introduction for commercial and industrial interiors. The purpose 
of the experiment described here was to examine one possible 
cause of these complaint.s, i.e. the flicker modulation that is 
characteristic of all fluorescent lamps when operated on an a.c. 
supply. The conclusion for the study is that when care is taken to 
remove all visible flicker there is no preference for either a.c. 
or d.c. fluorescent lighting. Both are said to provide reasonable 
conditions. 

73 CardinaIi, DP., Larin, F. & Wurtman, RJ. 1972. Action spectra for effects 
of light on Hydroxyindole-O-Methyl transferases in rat pineal, 
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retina and harderian gland. Endocrinology, 91, 877-886 (31 references) 

The relations between the spectrum emitted by a particular light source 
and the modifications in pineal, retina and harderian gland hydroxyindole­
O-methyl transferases (HIOMT) were examined by exposing rats previously 
maintained for 7 days in darkness to each of 7 different light 
environments for O to 96 hours. Exposure to green, blue or yellow 
bulbs caused time-related decreases in pineal HIOMT activity; green 
light was most effectivl=. No significant changes in pineal HIOMT 
were observed among rats exposed to red light; UV produced a transient 
stimulation of the pineal enzyme. Common fluorescent light (cool-white) 
was more effective than a light source that simulates natural sunlight 
(Vita-Lite) in decreasing pineal HIOMT. Retinal HIOMT was significantly 
inhibited in rats expos ed to green, cool-white, and Vita-Lite bulbs 
for up to 96 hours, blue light produced a bi-phasic effect, i.e. 
inhibition for the first 48 hours and stimulation afterwards. Harderian 
gland HIOMT activity was not modified by any of the light sources. 
The exposure of rats to continuous green light for 17 days resulted in 
almost total loss of pineal HIOMT and in significant stimulation of the 
retinal enzyme; harderian gland HIOMT was not modified. When similar 
rats were subsequently placed in darkness for 7 days, retinal HIOMT 
activity remained stimulated and pineal HIOMT rose significantly. A 
second period of exposure to green light aga in depressed pineal HIOMT. 
These results indicate that the action spectrum for the photic controI 
of rat pineal is similar to the absorption spectrum of rhodopsin, and 
that the "neureoendocrine" photoreceptor cells in the rat retina 
continue to function even af ter animals are consinuously exposed for 
17 days to green light. 
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74 Chatterjea, R. & Rakshit, P. 1966. Estimatian of temporal interval. 
Perceptual and Motor Skills, 22, 176 (2 references) 

In several studies on the estimatian of temporal intervals investigators 
have used either white light or white noise to mark the stimulus times. 
The purpose of the present study was to probe inta the effect of colored 
light, white light and sound in the estimatian of short intervals. The 
hypothesis was that preference of an individual for a color affects his 
estimatians of time considerably. Colored light, however, did not have 
appreciable effect on individual estimation. The sound data followed 
the same trend, although the indifference interval was between 0.6 and 
0.8 see. 

75 Childers, DG. & Perry, ffiv. 1971. Alpha-like activity in vision. Brain 
Research, 25,1-20 (101 references) 

Alpha rhythm and alpha-like activity are discussed with regard to 
empirical findings in psychophysics, brightness enhancement, flicker­
fusion, EEG, ERG, VER, late receptor potential, ganglion cell responses, 
lateral geniculate body and cortical responses for photic stimulation. 
Various models and theoretical considerations advanced in the literature 
to explain these finds are considered. 

76 Churchman, AT. 1971. Physiological effects of high light levels . 
Electronics and Power, January, 4-7 (no references) 

An important but little-considered condition of work is that of 
illumination. For any given task, there is an optimum level of 
illumination which will help to increase efficiency and reduce fatigue. 
Such advantages are in the interest of both the employer and the 
employee. 

77 Cohen, DB. & Nelson, WH. 1966. Effect of differently colored incidental 
stimuli on cued discrimination. Perceptual and Motor Skills, 22, 
143-146 (6 references) 

The effect on choices of geometric form~of using differently colored, 
similar, geometric forms as incidental cues was investigated. For this 
task the re was a significant difference in frequency of choice of cued 
form associated with sex, but none associated with the 5 different colours 
for the 18 male and 22 female Ss tested. The use of colored incidental 
cues did not result in significantly more frequent choice of cued form than 
did the use of non-colored incidental cues. 

78 Cohen, J. & Christensen, I. 1966. A note on intermodal phenomena, with 
an annotated bibliography. Estratta dalla Rivista IKON, Suppi. al. 
N. 56, Gennaio-Marzo, Milano (53 pages, 14 additional references) 

The bibliography consists of 80 items in three categories viz, 
general interest, facilitiation and competition respectively. 
Items 1- 6 report matters of general interest. Items 7- 52 repor t 
facilitation of one mode by another, as follows: Auditory by 
visual, auditory by gustatory, Visual by auditory, Visual by 



gustatory, Visual by olfactory, Visual by vestibular, Visual 
by thermal, Visual by motor and postural activity, Visual by 
cutaneous, Visual by algesic, Tactile by visual, Cutaneous by 
visual. Items 53-8 O report intermodal competition, as fo11ows: 
Auditory by visual, Auditory by gustatory, Auditory by olfactory, 
Auditory by cutaneous, Visual by auditory, Visual by gustatory 
Visual by olfactory, Visual by vestibular, Visual by thermal, 
Visual by postural, Visual by interoceptive, Tactile by visual, 
Cutaneous by auditory, Algesic by thermal. 

79 Colman, RS., Franke l , F., Ritvo, E. & Freeman, BJ. 1976. The effects of 
fluorescent and ineandescent illumination upon repetitive behaviors 
in autistic children. Journal of Autism and Childhood Schizophrenia, 
6(2), 157-162 (17 references) 

Repetitive behaviors of six autistic children were observed under two 
conditions of background illumination. During two sessions, the room 
was illuminated by fluo r escent light and during two other sessions, 
byequai intensity incandescent light. Subjects spent significantly 
more time engaged in repetitive behavior under fluorescent light . 
Previous research suggested that these findings were related to the 
flickering nature of fluorescent illumination. Practical and theoretical 
implications were discussed. Further experimentation was suggested 
to assess relationships between flickering illumination and arousal. 
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80 Davis, RC. 1959. Somatic actLvLty under reduced stimulation. Journal of 
Comparative and Phys iological Psychology, 52, 309-314 (10 references) 

To determine the condition of somatic variables under low levels of 
stimulation, two group s of Ss were compared. One group lay on a cot in 
a dark, soundproofed room for about 40 min. The other af ter 5 min . was 
givencontinuous moderat e light and sound. Muscle potentials from three 
locations, circulatory and respiratory variables, were recorded, and the 
changes over the period in the two groups compared. In general, the 
reduced-stimulus group showed increased muscular and circulatory 
activity and discreased respiration, apattern which may be characteristic 
of "anticipation". A hypothesis of increased sensitization may explain 
these and other results of "sensory deprivation". 

81 Dobriakova, OA. 1944. The influence of gustatory, warm and cold, olfactory 
and aural stimuli on the critical flicker frequency of monochromatic 
lights. Probl fiziol Optiki, 2, 81-84 

The author claims reduction in C.F.F. for green-blue illuminations 
and increase in orange-red, under secondary olfactory stimulation 
(odours of bergamot oil and geraniol). No effects were noted for 
yel1ow, or for extreme spectral red or violet. On cessation of 
secondary stimulation C.F.F. returned to normal and frequently 
went beyond in the reverse direction to that shown under 
secondary stimulation. Similar effects were found with gustatory 
and thermal secondary stimulation. 
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82 Dumont, F. & Lecomte, C. 1975. The effects of lighting and interpersonal 
distance on counseling interactions. Canadian Counsellor, 9(1), 
9-19 (25 references) 

This study investigated the effect of intensity of lighting 
and interpersonal distance in an analog counseling situation 
on an array of counseling variables; e.g. communication of 
empat~y, duration of silence, duration of speech, number of 
interactions. Excerpts from initial sessions were randomly 
selected, rated, and analyzed. Results showed a significant 
interactive effect of lighting and distance on the communication 
of empathy . Both singificant and non-significant results we re 
discussed. 

83 Erwin, CW., Lerner, M., Wilson, NJ. & Wilson, WP. 1961. Some further 
observations on the photically elicited arousal response. 
Electroencephalography and Clinical Neurophysiology, 13, 391-394 
(4 references) 

Observations on the effects of intensity and wave length of light on 
EEG arousal responses have been studied. In addition arousal res ponse 
durations of the left and right hemispheres of left and right-handed 
individuals have been investigated. Results of studies related to 
hemispheric dominance indicate that although there was a tendency for 
the right cerebral hemisphere to showa longer response, statistical 
analysis of the data revealed no significant difference between the 
sides. There is a significant decrease in arousal duration if an 
individual is stimulated with serially decreasing stimuli intensities. 
If the stimuli are serially increasing in intensity, the duration of 
the response is the same as if the intensity remained constant. 
Responses obtained were not significantly different from those obtained 
in the initial period with the lowest intensity. Variations in response 
to light of different wave lengths cannot be explained using the present 
data. Further studies using stimuli of varying wave lengths, but of 
equal intensity, are required to investigate more adequately the 
relationship. 

84 Fiske, VM., Bryant, GK. & Putnam, J. 1960. Effect of light on the weight 
of the pineal in the rat. Endocrinology, 66, 489-491 (12 references) 

Twenty-two day old male and female rats were places in continuous light, 
almost continuous darkness or under usual day-night conditions, for 
six to twenty-five weeks. At au topsy it was found that the pineals 
of the animals housed under continuous light were significantly 
smaller than the pineals of either the laboratory controls or the 
rats kept in darkness. This suggests that the pineal may playa roI e 
in the changes in reproductive activity seen in rats exposed to 
continuous light. 



85 Fuerst, K. & Zubek, JP. 1968. Effects of sensoryand perceptual 
deprivation on a battery of open- ended cognitive tasks. Canadian 
Journal of Psychology, 22(2), 122-130 (24 references) 
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Two experiments were conducted to test the hypothesis, advanced by several 
investigators, ~hat performance on open-ended congitive tests will be 
impaired by exposure to an impoverished sensory environment. The Guildford 
battery of creative thinking (10 tests) was administered before and at the 
end of three days of either sensory deprivation (darkness and silence) or 
perceptual deprivation (unpatterned light and white noise). In both 
experiments, no significant differences were found between the isolated 
and controi Ss on any of the ten cognitive tests. However, when the data 
of the two experiments were combined, the isolated Ss performed significantly 
wo rse than did the controls on a test of ideationai fluency. In a further 
analysis of the data, it was observed that the pre-experimental scores of 
a group -of six isolation quitters were consistently lower, relative to those 
of the successful isolation endurers and controi Ss, on all ten tests of the 
Guildford battery. Although none of the difference s were statistically 
significant, probably because of the small sample of quitters, the results 
suggest that low pre-experimental scores on open-ended cognitive tests 
may be indicative of isolation intolerance. 

86 Giese, AC. 1964. Historical introduction . In: Giese, AC. (ed). 
Photophysiology. Volurne l. Academic Press, London, New York, 1-18 
(66 references) 

Historical introduction.: The development of photochemistry, Photo­
sensitization in biological systems, Photosynthesis, Phototaxis, 
Vision, Photoperiodism, Diurnai rhythms and visible light, Medical 
uses of ultraviolet light, Effects of ultraviolet radiation upon 
cells, Bioluminescence, Reference books on photobiology. 

87 Giesen, M. & Hendrick, C. 1974. Effects of seating distance and room 
illumination on the affective outcomes of small group interaction. 
Social Behavior and Personality, 2(1), 87-96 (9 references) 

Three experiments explored the effects of variation in room illumination 
and in seating distance between members of a small group on moods, 
evaluations, attraction, and opinion expression. Groups of three 
subjects and a moderator discussed a social ly relevant issue and then 
made several ratings. During the di scuss ion, group members sat either 
very close to each other or far apart. In the first two studies room 
illumination ranged fr om normal lighting to darkness, and in the third 
study the room was either red or blue in hue. Check questions indicated 
sucessful manipulation of the variables. However, across the three 
experiments there were only slight effects for the several measures of 
affective r esponse. The results indica te that, contrary to expectation, 
interaction distance is not per se a very powerful variable. Very likely, 
pleasant or unpleasant effect will depend on distance on ly under 
relatively circumscribed boundary conditions, which are, as yet, 
undetermined. 
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88 Goldstein, K. 1942. Some experimental observations eoneerning the influenee 
of eolors on the funetion of the organism. Oeeupational Therapy and 
Rehabilitation, 21, 147-151 (4 referenees) 

In human life the various eolors are related to various emotionaI 
eonditions. The influenee of eolors is inereased in neurotics and 
psyehoties. If you stretch out your arms in front of you and distraet 
your attention from them, then your arms deviate a little outwardly 
without your intention and your will. Af ter they have deviated to a 
eertain point, they eease to move, if you do not interfere. It seems 
that red produees a removal of the arm from the center of the body; 
green brings the arm nearer to it. The different eolors effeet the 
organism in sueh away that some inerease the pathologieal deviation; 
others deerease it; or, in other words, some bring the pathologieal 
behavior nearer to normal i t y - others inerease the abnormaIity. The 
eontrary effeets of green and red - the one improving the pathologieal 
condition, the other inereasing it - are to be observed not onlyas 
disturbanees of position, Experiments show that the movements whieh 
are exeeuted with the same intention by the patient are performed more 
exaetly as to extent and eorreetness in green light than in red. Red 
is not always disturbing; in normal life it of ten stimulates to 
aetivity. The similarity of the deseriptions of sensitive normal 
persons and our patients shows that we have to deal with normal 
phenomena whieh probably oeeur in every individual. All the faetors 
mentioned ask for special attention in relation to our problem of 
eolor therapy. Some eonditions in Parkinsonism can at times be 
diminished in severity if the individuals are proteeted against red 
or yellow eolors, if they wear, for instanee, spectacles with green 
lenses. 

89 Goldstone, S. 1955. Flieker fusion measurements and anxiety level. 
Journal of Experimental Psyehology, 49(3), 200-202 (5 referenees) 

This study involved 33 high-anxiety patients, 18 low-anxiety 
patients, 2 high-anxiety normals, and 21 low-anxiety normals. A 
flieker fusion test was administered to all Ss and the following 
reliable differenees were found: 1. Those group s designated high 
anxiety had a lower FFT than those groups designated low anxiety, 
suggesting redueed sensitivity to flieker assoeiated with high 
anxiety. 2. Those groups designated high anxiety had agreater 
intraindividual variability of judgments than those groups designated 
low anxiety. 3. Those group s designated high anxiety had a great er 
decline in sensitivity to flieker (FFT) assoeiated with eontinued 
exposure to the flieker test than those groups designated low 
anxiety. 

90 Gregg, LW. & Brogden, WJ. 1952. The effeet of simultaneous visual 
stimulation on absolute auditory sensitivity. Journal of Experimental 
Psyehology, 43, 179-186 

Auditory thresholds were measured under three eonditions of 
auxiliary illumination (2.050, 2.065, 2.105 millilamberts). 
Experimental subjeets were asked to report on the presenee 
or absenee of the light as weIl as that of the tone. The 
eontroI subjeets reported on the presenee or absenee of the 



tone only. The results for the former group showed a 
significant tencency for the auditory threshold to rise with 
increase in illuminatioll. Results for the lat ter group showed 
a significant lowering of the auditory thresholds as the 
brightness increased. 

91 Gregson, RAM. 1964. Modi fication of pe,ceived relative intensities 
of acid tastes by 1llllbient illumination changes. Australian Journal 
of Psychology, 16(3), 190-199 (19 references) 

The measurement of intersensory facilitation, arising when 
ambient light modifies the subjective stimation of gustatory 
intensity differences, ,yas attempted . Artificial light at two 
intensities and citric acid at concentrations of .00115, .00100, 
and .00085 gm/mI in tap water were used with 24 Ss, mean age 
20 .9 years, Mean relative intensity ratings fitted a linear 
trace decay model almos t exactly, leaving very small super­
imposed intersensory effect . Examination of significant 
heteroscedasity (p<.OOOOl) in results related to changes in 
illumination showed large intersubject differences : some Ss 
showed consistent facilitation and others a consistent opposite 
effect with increased illumination. The intersensory effect is 
probably multiplicative on perceived intensities, and not 
consistent with a simple absolute threshold shift effect. 

92 Gulick, WL. & Smith, FL. 1959. The effect of intensity of visual 
stimulation upon auditory acuity. Psychological Record, 9, 29-32 

Intensity of irrelevant visual stimulation on auditory 
diserimination was investigated. Twelve adult subjects with 
normal hearing listened to tape recordings of 36 pitch and 
36 timbre discrimination tasks under three conditions of 
illumination. No evidence was obtained to indicate that visual 
stimulation from a homogeneous field affects auditory acuity. 

93 Hayward, DG. & Birenbaum, L. 1980. Ligh ting and human behavior. In: 
Proceedings of the 19th CIE Congress. Kyoto 1979. Commission 
Internationale de l'Eclairage, Paris, 283-286 (14 references) 

This paper presents a conceptual framework for lighting- behavior 
relationships which incorporates physical parameters of lighting, 
a person's internal states and dispositions, perceptual and 
cognitive appraisal of environmental conditions, a range of 
potential behavioral outcomes, and a pe rson's ongoing evaluation 
of such behaviors. This propos ed conceptual framework is used 
as a context for a more. thorough examination of behaviors which 
affect and are affected by lighting conditions: the principal 
categories of behavior are task performance, social behavior, 
spatial behavior, and adaptive behaviors. An agenda for further 
lighting- behavior resea rch is presented, followed by a discussion 
of the implications of abehavioral perspective for a generalized 
design process. 
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94 Hellberg, J. 1978 . The influence of fatigue and different light wave­
lengths on critical flicker fusion intensity in scotopic VLSLon. 
Psychological Research Bulletin, 18(2), Lund University, Sweden 
(10 pages, 6 references) 

Measured cffi in scotopic vision and the level of dark adaptation by 
using a modified, automatic adaptometer. Flicker was held constant at 
10 cps. Light on two different wave lengths (5650 A and 5900 A) was 
used. The subjects (22 males and 27 females) were mainly university 
students that volunteered for the test. Cffi for the two wavelengths 
was compared to an earlier inves tigation where 5650 A had been used. 
The results showed that time of the day did not influence cffi. A 
significant increase of cffi occured when the wavelength was changed 
from 5650 A t o 5900 A. An extrapolation was made that pointed t o a 
72%-ga in in sensitivity of the apparatus if one could use a light 
sourc e which emits the wavelengths 5000 A. This was considered 
important since the apparatus is meant t o be used as a diagnostic 
instrument in epidemiological investigations of populations exposed 
to methyl mercury (MeHg). 

95 Hess, RF., Harding, GFA. & Drasdo , N. 1974. Seizures induced by 
flickering light. Am J Optom & Physiol Optics, 51(7) , 517-529 
(73 references) 

Intermi ttent photic stimulation can induce epileptic seizures in 
some patients. These seizures may take various forms which are 
charac terized by overt phenomena or atypical EEG signals. Many 
adventitious s timuli in the environment have been found tö be capable 
of producing the se attacks. The neurophysiological mechanisms under­
lying this condition are only partially under stood , and are the 
subject of considerable research effort at the present time. Various 
therapies have been proposed including some involving spec tacle 
devices. 

96 Hocking, J. & Robertson, M. 1969. Sensation seeking scale as a predictor 
of need for stimulation during sensory restriction. Journal of 
Consulting and Clinical Psychology, 33(3), 367-369 (13 ref erences) 

The study tested the hypo the s i s that the Zuckerman 'Sensation Seeking 
Scale (SSS) predicts strength of need for stimulation under conditions 
of sensory restriction. During a 3-hour isolation period, 15 high- and 
15 low-SSS scorers were free to button press for visual, auditory, 
and kinesthetic stimulation. Except for visual stimulation high-SS S 
scorers but t on pre ssed at a higher rate than low-SSS scorers, but the 
differences were not significant. Low-SSS scorers showed a significantly 
greater need for visual stimulation than high-SSS scorers . High-SSS 
scorers showed a significant preference for kinesthetic st imulation, 
while low-SSS scorer s had a singificant preference for visua l stimulation. 
Results were discussed in the light of future research strategy. 



97 Hollwich, F. 1979. The influence of occular light perception on 
metabolism in man and in animal. Springer Verlag, New York 
(129 pages, 634 references) 

The following topics are discussed. The energetic portion of the optic 
nerve. Light and the pineal gland. Light and growth. Light and the 
body temperature. Light and kidney function. Light and blood count. 
Light and metabolic func:tions. Light and thyroid function. Light and 
sexual function. Ligth and adrenal and pituitary functions. Natural 
sunlight and artificial fluorescent light. Light pollution . The 
importance of light in metabolism in man and animal. Summary. 

98 Hollwich, F. & Dieckhues, B. 1980. The effect of natural and 
artificial light vl.a the eye on the hormonal and metabolic 
balance of animal and man. Ophthalmologica, 180(4), 188-197 
(31 ref erences) 

Color change of the plaice and frog, and development of the 
testes in duck are induced by light stimuli via the eye. 
Eliminating experiences on the frog (Hollwich) and on the 
duck (Benoit) showed that these stimuli - bes ides vision -
use a separate way, the so-called "energetic portion" of the 
visual pathway (Hollwich). In compared studies on blind and 
on temporarily blind patients involved by cataract in both 
eyes, we found significant low levels. of ACTH and cortisol. 
The levels normalized af ter cataract extraction. - Furthermore. 
we studied the influence of strong artifical illumination 
(3.500 and 3.200 lx) on healthy persons with considerable 
and, on the other hand, with minimal difference of their 
spectral composition to daylight . We found stress-like levels 
of ACTH and cortisol in the first group. These findings 
explain the agitated mental and physical behavior of children 
staying the whole day in school under artificial illumination 
with strong spectral deviation from daylight. Therefore, to 
avoid mental and physical alterations, the spectrum of 
artificial illumination should be largely similar to that of 
natural light. 

99 Hollwich, F., Dieckhues, B. & Meiners, CO. 1975. Die physiologische 
Bedeutung des Lichtes fUr den Menschen. Lichttechnik 27(10), 
388-394 (40 references) 

Over the many thousand of years of its development the human eye 
has completely adapted :ltself to natural daylight. Artific:lal 
lighting, however, to which many of us are exposed for the major 
part of the day, differ s from natural daylight as regards spectral 
composition, intensity and monotony. The paper discusses the 
physiological effects of artificial lighting on man on the basis 
of experimental and clinical investigations on humans and animals. 
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100 Hollwich, F., Dieckhues, B. & Schrameyer, B. 1977. Die Wirkung des 
natlirlichen und klinstlichen Lichtes liber das Auge auf den Hormon­
und Stoffwechselhaushalt des Menschen. Klin Mbl Augenheilk, 
171, 98-104 (Il references) 

Examinations of hormone levels in blind persons compared with almost 
blind and people with normal vision and hormone evaluation with 
increased artificial light exposure show a definite stimulating 
effect of light on the human hormonal balance. The effect of light 
is media ted by an intact perception of light by the eye over an 
"energetic part" of the visual pathway - hypothalamus - hypophysis 
- periphal endocrine gland (Hollwich 1948). Increasing the intensity 
of artificial light with fluorescent tubes leads to "light stress" 
proved by increased hormone production - especially the stress 
hormone cortisol. The belief that artificial light is the same as 
natural light and that it can fully replace it, is inappropriate 
in the medical view and needs correction. 

101 Ilyanok, VA. & Samsonova, VG. 1971. Effect of brightness distribution 
in the visual field of the observer on the functional state of 
different human brain regions. In: Commission Internationale 
de l'Eclairage, 17 Session, Barcelone, Bureau Central de la 
Commission, Paris, p 71. 29 (16 pages, .5 references) 

A direct effect (unrelated to object discrimination) has been found 
of the brightness distribution in the visual field on the magnitude 
of rhythmic evoked potentials at higher levels of the human brain. 

102 Ishisu, T. 1962. The effects of exposure to light on the body. Part l. 
Effects on the body under light and dark conditions. Mie Medical 
Journal, 11(3), .509-.521 (39 references) 

Under both the light and dark conditions the au thor performed 
experiments on 6 subjects on the amount of urine, the amount of 
urinary l7-ketosteroids and its steroid pattern, and uropepsin, 
serum Na and K, and cholesterol, blood sugar, lactic acid, pyruvic 
acid, and cholinesterase. The significant effects up on the body 
are, under the light conditions, the increase in the amount of 
urinary l7-ketosteroids, and the increase of the gonodal steroid, 
the gluco-steroid, and cortical male hormone groups. The value 
of uropepsin and the concentration of serum K and pyruvic 
acid in blood also showed an increase. As to the adrenal cortex 
of rabbits bred under the light conditions, many fuchsinophil 
granules appeared in the shallow layer of the zona fasciculata 
by Zinsser's stain, and the PAS positive substances were present 
in a large number iri the deep layer of the zona fasciculata. 

103 Ishisu, T. 1965. The effect of exposure to light on the body. Part 2. 
Effects of exposure to colored light on the body. Mie Medical 
Journal, 15(2), 121-128 (9 references) 

The effect of blue- and red-lights on living body was observed in 
healthy male students ranging from 21 to 23 years old. The maximum 
peaks in blue- and red-lights were 470 m~ and 650 m~ respectively, 
and their illuminations were 700 lux. The amount of urinary 17-KS 



and its fractional pattern, that of uropepsin, volume of urine, 
specific gravity of urine , K and Na in the serum, blood sugar, 
lactic and pyruvic acids in the blood, ChE in the blood and cell 
plasma, cholesterol in the blood, thiamine content in the blood 
and urine were measured with the following results. The amount of 
urinary 17-KS increased in either colored light exposure. The 
increase was more significant in the red-light exposure . The 
increase in uropepsin was not significant at the colored light 
exposure. No effect of colored light on K and Na in the serum was 
found. Volume of urine increased significantly in both lights and 
showed the tendency to excrete hypotonic urine . Thiamine in the 
blood slightly increased at the beginning of exposure, while its 
excretion increased during exposure. ChE in the plasma showed the 
tendency to increase in the blue-light exposure. No c hange was 
observed in K and Na concentrations in the blood under the colored 
light expo sure. 

104 Jacobs, KW. & Rustmyer , FE. 1974. Effects of four psychological 
primary colors on GSR, heart rate and respiration rate. Perceptual 
and Motor Skills, 38, 763-766 (8 references) 

Judges selected from ISCC-NBS patches those colors which were most 
representative of red, yellow, green, and blue . These colors were 
presented for l min. each with GSR, heart rate, and respiration 
being recorded. There was a significant color effect on GSR but not 
on the other measures . Red was significantly more arousing than blue 
or yellow and green more than blue . 

105 Kallman, WM. & Isaac, W. 1977. Altering arousal in humans by varying 
ambient sensory condi tions . Perceptual and Motor Skills , 44 (l) , 
19-22 (13 references) 

Reaction times of 6 male and 6 female college students were 
used as a measure of arousal under different levels of ambient 
sensory stimulation. Subjects we re tested under conditions 
of light-quiet, light-noise, dark-quiet and dark-ncise with 
a non-signalled reaction-time task using a tactile stimulus. 
All sensory conditions were presented to each subject in a 
counterbalanced order and replicated in a second session 
3 to 8 wk. later. Significant main effects were noise and 
replication. Improvement in performance across replications 
was related to the sex of the subject. White noise and level 
of illumination interacted to produce the typical U-shaped 
function. Results are discussed in terms of their relevance 
for research using behavioral and physiological measures of 
arousal. 

106 Kearney, GE . 1966 . Rue preferences as a function of ambient temperatures. 
Australian Journal of Psychology , 18(3), 271-275 (8 references) 

Preferences for hues at three different temperature levels and three 
levels of brightness were determined using the method of paired 
comparisons. Three group s each of 34 Ss took part. Preferences were 
influenced by hue and not by brightness. Preferences at low 
temperatures were positively correlated with the wavelength of 
light, and at high temperatures were inversely related to wavelength. 
Intermediate temperatures showed no significant relationship . 
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1,07 King, V. 1972. Discomfort glare from flashing sources. Journal of 
the American Optometric Association, 43(1), 53-56 (3 references) 

An attempt was made to relate certain aspects of the pupillary light 
respon:se to intermittent stimuli which also produced a sensation of 
discomfor.t. The glaring stimtlli were presented to the left eye and 
·the consensual pupillaryreflex of the right eye was made of: 
1./ the effects of various sizes of circular glare sources 2) the 
effects of different ba,ckground luminances and 3) the effects of 
innnobilizing the pupil with a .drug. The results indicate that the 
pupillary responses are related ·to the threshold sensation of dis­
comfort. This relati·onship is not the simple one of a certain amount of 
constricti,on always 'occurring at the threshold nor is it one of the 
threshold being determined by the pupil constricting to a critical 
·diameter. It may be that the rapid stretching of the iris to an amount 
that is dependent on the initial size of the pupil produces impulses 
in. t'he fifth nerve br.anches terminating in the iris which lead to the 
unplea'sant or painItll sensation that is known as discomfort glare. 

i!. O 8 Kingma, A. " Backers, G. & Boekhoudt, M. 1978. De invloed van de kleur 
van een ruimte op de uitvoering van een aandachtstaak. Heymans 
Bulletins Psychologische Instituten, R.U. Groningen, Nr SW 
HB-79-430 EX, Haren (44 pages, 9 references) 

The influence of the color of a room on the execution of an 
attention-task was examined in an experimental situation. There 
were two experimental conditions: a red-painted and a green­
painted room. Red and green had been chosen, as surning those 
colours have an 'Opposite and maximum effect; respectively 
"expansive, arolisal generating'" (red) and "contractive, slowing 

' ,down" (green). The 32 female Ss (students) passed all through 
both experimental conditions. In both rooms the Ss performed 
the same task. 'This task was a derivation of the so-called 
'''Stroop'' experiments. The Ss had to reac·t to the colour of a 
vi'Sual stimultls, being a colour-printe·d word, and to neglect the 
meaning of the word. We did not find any e,jidence for an influence 
of the color of a room on the attention-task; neither for error­
ra'te nor for reaction-time. 

109 Kleiber, DA., Musick, PL., · Jayson, JK., Maas, JB. & Bartholornew, RP. 
1974. Lamps - thei'r effect 'On social interaction and fatigue. 
Ligbting Design and Application, 4(1), 51-53 (no references) 

Two experiments were conducted to determine the relative effects of 
differ·ent lighting conditions on the quaiity of classroom seminars and the 
resistance to fatigue. In the first experiment, using video tape 
and questionnair·es to provide data, it was determined that the re were 
no differences between the two light sources in terms of actual clas s­
room behavior. In the second experiment, students did not report greater 
or lesser fatigue under each lighting condition, but physiological 
measures indicated that they showed less fatigue under Vita-Lite 
whether they were aware of it or not, suggesting that this is the 
more stimulatingoI the two light sources. 



110 Krtilova, A. & Matousek, J. 1980. The importance of dayligb.t for 
human organismus and its function in integrated lighting system. 
In: Krochmann, J . (ed). Proceedings of the symposium on Daylight. 
Physical, psychological and architectural as.pects. Connnission 
Internationale de l'Eclairage, Institut flir Lichttechnik, TU 
Berlin, 226-237 (13 references) 

The daylight has big importance for human organismus l) from 
biological point of view - the influence on circadian rhythms and 
on the levels of hormones etc. 2) from physiological point of view 
- the influence of various psychological functions, expecially on 
visual functions (visus, visual performance, c.olour perception etc), 
3) from psychological point of view - the variability of daylight 
and its glare non-uniformity has big influenc e on psychological 
condition of man. The experiments in laboratory with integrated 
lighting 500 Ix and relation of daylight component: artificial 
light component 1:1, 1:2, 1:3 and 1:5 have shown the best results 
for human organismus from biologieal, psychological and physiological 
point of view in reiation 1:1 and 1:2. 

III Kliller, R. 1976 . The use of space - some physiological and philosophical 
aspects . In: Korosec-Serfaty, P. (ed). Appropriation of space. 
Proceedings of the Strasbourg Conference, CIACO, Louvain-la-Neuve, 
154-163' (16 references, also available in French) 

The research subjects, six men and six women, were placed in two rooms 
in balanced order for a period of three hours . The one room was grey 
and sterile, the other c.olourful and diversified. The two rooms differed 
in visual complexity and visual unity but not in pleasantness. 
Measurements taken during the first, second and third hour showed that 
the subjects generally experienced a lack of emotionai controi in the 
colourful room. The chaotic visual impact made them feel silent and 
subdued. Also, the alpha-component of the EEG was considerably lower 
in the colourful room t han in the grey one as long as the subjects' 
eyes we re open, This difference disappeared more or less when the 
subjects closed their eyes. The difference in alpha level between the 
subjects in the two rOOUIS can be explained in terms of cortical arousal. 
Stress reactions were more noticeable in men than in women. The men 
also become more bored in the grey room. In contrast to the women they 
might not have been able to relax mentally although there was little 
to look at . This assumption is supported by a general clinical experience, 
name ly that stress and tension diseases occur more af ten and more 
seriously in men than ' in women. Subjects' EKG (heart rate) was slower 
in the colourful room than in the grey one, which is in agI:eement with 
a hypothesis of Lacey, Kagan, Lacey and Moss, 1963, i.e. intense 
attention might be accompanied by cardiae decel e ration. Thus, it was 
demonstrated that colouring and visual patterning of the interior space 
might have a profound physiological and psychological effeet and this 
effect might vary between different group s of subjects. 

ll2 Kliiler, R. 1980. Non-visual effects of daylight. In: Krochmann, J. (ed). 
Proceedings of the symposium on Daylight. Physical, psycho1ogical 
and architec.tural aspects. Commission Internationale de l 'Eclairage, 
Institut flir Lichttechnik, TU Berlin, 172-181 (18 references) 

Daylight will influence man along various routes and on many 
different functional levels . We m.ust. r _ealize at least five 
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major functional systems and probably several minor ones (not 
mentioned here) . Two of the sys tems act through radiation of 
the skin, while the other three act through light entering the 
eye. They are likely to interact in a rather complicated way 
that it will take great exper imental skill to break down into 
its basic compcnents. The synthesis of vitamin D in response 
to ultraviolet radiation of the skin is like ly to have a general 
physiological effect on the organism, amongst others influencing 
the individual's health status. Infrared radiation will influence 
the metabolic state of the organism by means of the hypothalamic 
function of hea t regulation . Day light reaching the eye will 
affect the endocrine and autonomic systems of the entire 
organism. Toge ther these three will set the stage for the 
reticular activat ion system by means of which the visual wo rld 
may be decoded in terms of signals ascending from the environment 
or symbols descending from cortex, as a result of a cognitive 
analysis of the visual field. 

113 Köhler, W. 1969. Dynamische Beleuchtung. AlG Golor 69, Stockholm 
L4:ll42-ll48 (no references) 

Biological basis of lighting - The inseparable dual ity of light and 
co l our - Biogenetic consideration - Space as perception - Architecture 
as a rt of light - Illumination l eve l and biological we ll-being 
- Teleological planning of co l our conditions as a task of the art 
of illumination - An appea l to bibliography and new research. 

114 La Giusa, FF . & Perney, LR. 1974. Further studies on the effects of 
brightness variations onattention span in a learning environment. 
Journal of Illuminating Engineering Society, 3, 249-252 
(3 references) 

This study is focused on the visual environment; on a method by 
whi ch lighting can be used as a direct aid to the learning 
process by manipulating brightness variations with in the visual 
environment. The study 's findingsaffirm the hypo the s is that 
attention react i on t o visua l aids can be enhanced by reinforcing 
brightness patterns. It further demonstrates that such manipulative 
lighting techniques can be an effective means of improving pupil 
attention while in l ong term use in an actual classroom. 

115 Libby, WL., Lacey, BG. & Lacey, JI. 1973. Pupillary and cardiac activity 
during visual attention. Psychophysiology, 10(3), 270-294 
(56 references) 

Thirty pictures, rated on 22 scales, we r e shown to 34 males, 
while pupillary diameters and heart rates were recorded, t o 
t est the prediction that attention to the environment l eads to 
sympathe tic-like dilutation and parasympathetic-like cardiac 
s l owing, and t o study the relationships of the responses to 
stimulus-attributes. The prediction was satisfied, demonstrating 
directional fracti onation and si tuationaI stereotypy. Tonic 
levels changed significantly during the experiment and also 
showed .directional fract ionat ion . A few individuals and stimuli, 
however, yielded reliable pupillary constriction, demonstrating 



intra-stressor sterotypy. Four factors characterized the ratings, 
two of which were associated with the autonomic responses. 
Pupillary dilatation and cardiac slowing increased as the 
Attention-interest value increased. Pupillary dilatation was 
greatest to pictures midway on the Pleasantness-Evaluation 
factor, and greater to unpleasant than to pleasant stimuli . 
Cardiac slowing was linearly related to pleasantness, with 
unpleasant stimuli provoking the greatest slowing. The two 
responses were correlated less than measurement reliability 
would have allowed, demonstrating quantitative dissociation. 
When base-corrected scores were used the correlations again 
were low and highly variable among subjects and stimuli, even 
in direction. 

116 Lion, JS. 1964. The performance of manipulative and inspection tasks 
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\.lnder tungsten and fluoresc ent lighting. Ergonomics, 7,51- 61 (8 references) 

The influence of different lighting systems . giving the same 
level of illumination upon performance of manipulative and 
inspection tasks was studied. Fifty-three students were given 
a battery of four tasks, once under tungs ten light and once 
under fluorescent light. Three manipulative tasks consisted 
of size-grading ball-bearings,needle threading and measuring 
steel rods. The fourth task, a clerical one, involved reading 
columns of paired numbers. Results showed that on the three 
manipulative tasks subjects worked significantly more quickly 
under fluorescent light than under tungs ten light but did not 
make significantly more errors. The type of lighting appeared 
to have no effect on performance of the clerical task. It is 
suggested that working under a tungs ten light (filament) may 
produce more fatigue due to increased glare. Differences in 
performance by males and females, and the effect of practice 
are also shown. Future experiments on this subject are outlined. 

117 Lishman, JR. & Lee, DN. 1973. The autonomy of visual kinaesthesis. 
Perception, 2, 287-294 (7 references) 

Kinaesthesis, the sensing of body movement, which is essentiaI 
for controlling activity, depends on registering the changes 
which accompany body movement. While there are two basic types 
of change - mechanical (articular, cutaneous, and vestibular) 
and visual - and so two potential sources of kinaesthetic 
information, the mechanical changes have traditionally been 
considered the basis of kinaesthesis, vision being considered 
a pure ly exteroceptive sense. JJ. Gibson, on the other hand, has 
argued that vision is a powerful kinaesthetic sense. To test 
this idea visual-mechanical kinaesthetic conflicts were 
created by moving the v i sible surroundings linearly forward 
and backward around a passively or actively moving subject. 
In most cases vision dorninated. Therefore vision is not a pure ly 
exteroceptive sense, nor is visual kinaesthesis simply an 
adjunct to mechanical kinaesthesis. Vision is an autonomous 
kinaesthetic sense. 
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lIS Logan, HL. 1976. Light and the benign indoor environment. In: Commission 
Internationalede l'Eclairage, Compte Rendu, lSe Session, Londres 1975, 
Bureau Central de la CIE, Paris, 795-803 (15 references) 

The introduction of artificial electrical fields has upset the balance 
between people and theii: environment. There is more to "light" than can 
be ~een by the naked eye. This paper discusses the need to redress the 
balance in the indoor environments. lt explains how man escaped from 
his ecological niche, and why he can now only survive artificially, 
protected by his inventions; and is now, and must, increasingly work, 
learn and live indoors. lt explains that the basic "substance" of his 
environment is energy - seaievei solar radiation and its accompanying 
electrostatic-ionic and other energy fields, and what profound effect 
they have on human health. lt gives the principal elements in designing 
the optimum indoor environment, which are summed up in a "Design Clock". 
In concludes that lighting equipment of the future will provide every 
service required to deliver the optimum indoor climate, being based 
on satisfying the vital needs of the body as weIl as the eyes. lt ends 
with the hope that the CIE will widen its purview to include all the 
effects on people of sea-level solar radiation and its artificial 
substitutes, and includes an Appendix listing the main established 
effects from 250 to 2800 nanometers. 

119 Lukins, NM. & Sherman, IC. 1941. The effect of color on the output of 
work of psychotic patients in occupational therapy. Occupational 
Therapy and Rehabilitation, 20, 121-125 (l reference) 

The color of the materials used had no effect on the output of 
work of psychotic patients when weaving on the Todd 100m or performing 
rake knitting, utilizing red, black or white materials. 

120 Maas, JB., Jayson, JK. & Kleiber, DA. 1974. Effects of spectral 
differences in illumination on fatigue. Journal of Applied Psychology, 
59(4), 524-526 (4 references) 

An experiment was conducted to determine the effects of different spectra 
of environmental illumination on fatigue af ter a period of studjing. 
No significant differences in the subjects' self-reported states were 
identified. However, objective measures revealed less perceptual fatigue 
and better visual acuity under lighting which closely approximated the 
spectral quality of natural sunlight than under traditional cool-white 
lighting. 

121 Maier, B., Behar, r. & ·Bevan, W. 1961. The effect of auditory stimulation 
upon the critical flicker frequency for different regions of the 
visible spectrum. American Journal of Psychology, 74, 67-73 

The authors report that. an increase in the loudness· o·f a tone 
is associated with a decrease in the C.F.F. of an orange light; 
that a similar increase has no effect with a green light, but 
raises the C.F.F. of blue lights. Pitch, they claim, has no 
influence on C.F.F., but in conjunction with loudness and colour, 
seems to have a significant effect. 
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122 Marjerrison, G. & Keogh, RP. 1967. Electroencephalographic changes. during 
brief periods of perceptual deprivation. Perceptual and Motor Skills, 
24, 611-615 (14 references) , 

16 schizophrenic Ss, exposed to a bright structureless visual field in a 
perceptual deprivation situation, showed mean decreases of 0 . 25 cycles/ 
second (p< .05) in alpha frequencies measured from occipital EEGs . The 
mean decreases in alpha frequency occurred during both sessions in a 
drug-placebo test and retest, without the amount of the mean change 
significantly differing between drugs vs placebo, or first vs second 
testing. The decreases correlated with a measure of perceptual field­
dependency but not with ratings of symptomatology or of the amount and 
quaiity of visual imagery reported by Ss. Such fr equency decreases , 
comparable to those measured by other inve stigators over 7-day periods 
of pe rceptual deprivation , are suggested to depend up on conditions of 
high input levels of unpatterned optic stimulation . 

123 Markle, A. 1976 . Eye color and responsiveness to arousing stimuli . 
Perceptual and Mot or Skills, 43, 127-133 (14 references) 

The hypothesis was advanced that dark-eyed subjects are more responsive 
to arousing stimuli than light-eyed subjects. 40 subjects listened to 
neutral and arousing auditory stimuli and viewed scenes which were 
neutral , violent, or sexual in nature . The dependent measure of -arousal 
was a score derived from a combination of physiological responses 
record ed on a polygraph. Scores were significantly higher for dark­
eyed that light-eyed subjects . Significant sex differences were also 
found , females having higher scores than males . Implications for 
further research and application were discussed . 

124 Marrnolin , H . & Lisper , HO. (undated) . Reaction time as a measure of 
night vision ability. Report 158 . Department of Psychology, 
University of Uppsala, Sweden (18 pages, 7 references) 

The hypothesis tested wa s that the amount of increase in reaction time 
(RT) due to decreased light intensity could be used as a measure of the 
light sensitivity of S. The results supported this hypothesis. A 
considerable interindividual correlation between the threshold for 
light and the amount of increase in RT was obtained . The relation 
between RT and light intensity could be described by an equation 
that allowed prediction of the threshold from the amount of increase 
in RT . 

125 Maruyama, K. 1961. "Contralateral relationship" between the ears and 
the halves of the visual field in the sensory interaction . 
Tohoku psychol Folia, 19, 81-92 

To test the assumption of intersensory "c.ontralateral relationship" 
five experimental s'eries were used , of which four were concerned 
with the effect of tone on visual sensitivity, and the other with 
the effect of light on auditory sensitivity . The t ,one delivered 
to one ear influenced the opposite half of the visual field and 
illumination of the right periphery of vision facilitated the 
sensitivity of the left ear . 
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126 Matulionis, RC. 1978. Effects of achromatic luminance intensities and 
contrasts on human performance. Man-Environrnent Systerns, 8(4), 
159-166 (21 references) 

The aim of the study was to investigate whether and to what extent 
iuminous conditions as found in an everyday environment affect human 
performance. The effects of varied lurninance levels were investigated 
in six subjects in six different v isual environrnents. The sequence of 
the visual conditions presented to the subjects were vertical surfaces 
df gray, white, black, black-white, white-black, and gray, combined with 
work plan of gray, white, black and gray. Four activities were performed 
by each subject in each of the visual activities consisting of closing 
and opening the eyes, drawing of squares, viewing a projected image of 
a triangle, and attempting at its reproduction. The responses of the 
subjects performing these activities were investiga ted for each 
environrnental condition by monitoring visual motor performance, postural 
orientation, and phys iologic events. The events moni tored consisted of 
thirty- six dependent variables, twelve of which were investigated in 
conjunction with the performance of the visual motor tasks. The results of 
the experiment show that certain changes in the visual surrounds 
significantly modify human behavior. Heart and respiration rate as weIl 
as muscle characteristics of the visual motor tasks are affected by 
the stimuli of the visual environment. These implications are highly 
pertinent to the design of human environrnent. 

127 Mayron, LW., att , JN. , Nations, R. & Mayron, EL. 1974 . Light, radiation, 
and academic behavior. Ini tial studies on the effects of full­
spectrum lighting and radiation shielding on behavior and 
academic performance of school children. Academi c Therapy, 10(1), 
33-47 (6 references) 

It has been demonstrated that the use of full-spectrum fluorescent 
lighting and radiation shielding decreased the hyper-active behavior of 
s tudents in t wo first-grade rooms as compared t o the students in two 
contro i room s wi th standard cool white fluorescent lighting (p<0.0005). 

128 MeDonaid, RL. 1966. Lunar and seasonai variations in obstetric factors. 
Journal of Genet i c Psychology, 108 , 81-87 (18 references) 

This study was designed t o assess lunar and seasonai variations in 
obstetric factors such as birth rates, birthweights, and incidence 
of prematurity. Subjects for the study were 1909 full-term Negro 
deliveries occuring over a six-year period at a southern community 
hospital. Births via Caesarean sec tion or induc tion were excluded. 
Significant findings were as follows: (a) more births occur during the 
new-moon and full-moon phases than during the quarter phases; (b) 
monthly variations a r e observed in female birth rates, highest rates 
occuring in August and September; (c) there is a spring birth through 
(March, April, May) for female births; (d) mean ma le birth we ight s 
are reliably larger than mean female birth weights; and (e) mean male 
birth weights for fall months (September, actober, November) are larger 
than those for spring months (March, April, May). These findings are 
discussed and r e lat ed to prev ious results. 



129 Miles, LEM., Raynal, DM. & Wilson, MA. 1977. Blind man living in normal 
society has circadi.an rhythms of 24.9 hours. Science, 198, 421-423 
(18 references) 

107 

A psychologically normal blind man, living and working in normal society, 
suffered from a severe c:yc:lic sleep-wake disorder. Investigations showed 
that he had circadian rhythms of body temperature, alertness, performance, 
cortisol secretion, and urinary electrolyte exc:re tion which were 
desynchronized from the 24-hour societal schedule. These rhythms all 
had periods which were longer than 24 hour s and indistinguishable from 
the period of the lunar day. 

130 Miller, AR., Frauchiger" RA. & Kiker, VL. 1967. Temperoal experiences as 
a function of sensory stimulation and motor activity. Perceptual and 
Motor Skills, 25, 997-1000 (8 references) 

This study was concerned with establishing quantifiable continua of 
phenomenai temporal judgments. Using 6 levels of sensory input and 
3 levels of motor behavior, a linear relationship was found between 
sensory input and tempoJ~al estimations for a 90- sec . . interval. Both 
sensory input and motor behavior had significant effects, but not the 
interaction. It was postulated that the so-called unfilled interval 
could be better understood if it could be re lated to various levels of 
information input . 

131 Minneman, KF. & Wurtman, RJ. 1975. Effects of pineal compounds on mammals. 
Life Sciences, 17(8), 1189-1199 (149 references) 

It has been suspected for many years the the mammalian pineal body 
secretes biologically active compounds. As earlyas 1938, investigators 
demonstrated that minute quantities of an extract of bovine pineal 
organs could de lay sexual maturation in immature female mice. In 
1958 the .modern era of pineal research was initiated by isolating 
from bovine pineals the substance, melatonin, that aggrega tes the 
pigment granules in amphibian melanophores, and identifying i s 
structure. Within a few years this comp ound was shown to be 
physiologically active in mammals: it surpressed ovarian 
growth in female rats. Subsequen t studies have implicated melatonin 
in the funtional activities of numerous additionalorgans, including 
brain, pituitary, thyroid, adrenal, and smooth muscle. The isolation 
of melatonin and its US'e in exper imental research has provided 
considerable support fo :r the now widely accepted "me latonin theory 
of pineal function". This theory holds that the pineal bodyacts as 
a neuroendocrine transducer, converting a neural input to a 
hormonal output (melaton in); moreover, the rate of melatonin synthesis 
is thought to be controlled by environmental illumination. 
This paper briefly summarizes the literature concerning the effects 
of melatonin and ot her pineal compound s on mammais. 
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132 Montagu, JD. 1967. The relationship between the intensity of repetLtLve 
photic stimulation and the cerebral res ponse. Eleetroeneephalography 
and Clinieal Neurophysiology, 23, 152-161 (12 referenees) 

Sixteen healthy s ubjeets were subjeeted to flieker at four intensities 
(modulation depths) of square wave stimuli from an eleetro-lumineseent 
souree. Eaeh subjeet was s tirnulated at eight flash rates ranging from 
6 to 30 e/see at eaeh of the four intensities and the whole proeedure 
was performed twiee in one session. Reeordings were taken from a 
s ingle pair of eleetrodes on the oeeiput and vertex. The cerebral 
rhythms were analys ed by me ans of a frequeney ana l yser. The principal 
results were as follows: (l) During stimulation at the lowest rate 
(6 e/see) and at the higher rates (16-30 e/see) the fundamental 
r esppnse inereased wi th eaeh inerease in intensity. The relationship 
was approximately linear when the log response was plotted against 
intensity on a linear scale. (2) During stimulation at the intermediate 
r ates (8-12 e/see) the fundamental response inereased with the intensity 
only up to a eertain point. A further inerease in intensity resulted in 
a deerease in response. (3) During stimulation at 8-12 e/see the second 
harmonie response showed a sirnilar trend with intensi ty to that of the 
fundamental response. The relationship between the pattern of response 
to stimulation and the frequeney speetrum of the spontaneous rhythms 
was examined between subjeets. 

133 Moore, RY., Heller, A., Wurtman, RJ. & Axelrod, J. 1967. Visual pathway 
mediating pineal response to environrnental light. Science, 155 , 
220-223 (14 references) 

Activity of the melatonin-forming enzyme, hydroxyindole-O-methyltransferase 
in rat pineal is increased when the animal is exposed to eontinuous 
darkness, and it i s decreased by exposure to eont inuous light. Response 
to environrnental light is ini tia ted in the retina and transmitted to 
the pineal by way of the centra l nervous system and the eervical 
sympathe tics. The central visual pathway essentia l for mediation 
of this response is the inferior aceesory optic traet. Visual path­
ways t o thal amus and tectum do not participate in thi s r esponse. 

134 Moruzzi , G. & Magoun , HI-l. 1949. Brain s t ern reticular f ormation and 
activation of the EEG. Elec troencephalography and Clinical 
Neurophysiology, l, 455-473 (42 references) 

Transitions from sleep to wakefulness, or from the less extreme states of 
relaxation and drowsiness to a lertness and attention are a ll eharacterized 
by an apparent breaking up of the synchronization of discharge of elements 
of the cerebral eortex, an altera tion marked in the EEG by the repl acement 
of high-voltage slow waves with low-voltage fast ac tivity. The magnitude 
of the e lectrical change parallels the degree of transition, and that most 
comrnon l y observed in clini ca l e l ectroencepha l ography i s a minimal one, 
cons i s ting of an alpha- wave blockade during attention to visual stimulation. 
Such activation of the EEG may be produced by any type of afferent stimu lus 
that arouses the subject to a l ertness, or it may be centra l ly generated, 
but the. basic processes underlying it, like those involved in waking from 
sleep, have remained obscure. Experiments on eats have identified a 
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cephalically directed brain stem systern, the stimulation of which 
desynchronizes and activates the EEG, replacing high-voltage slow waves 
with low-voltage fast activity. This systern is distributed through the 
central core of the bra i n stem and appears to 'comprise a series of reticular 
relays ascending to the basal diencephalon. Its effects are exerted general ly 
upon the cortex and are mediated, in part, at least, by the diffuse thalamic 
projection systern. Possible implications of this systern ~n the arousal 
reaction to afferent stimulation and in the maintenance of wakefulness is 
discussed. 

135 Nakshian, JS. 1964. The eff ects of red and green surroundings on behavior. 
Journal of General Psychology, 70, 143-161 (19 references) 

Three hypotheses derived from Goldstein's theory concerning the 
differential effects of red and green "environments" on behavior 
were tested as to their validity for a normal population. 
Hypothesis Istated that efficiency of performance on tasks 
requiring relatively fine psychomotor coordination will be greater 
under green than under achromatic, and greater under achromatic than 
under red. Hypothesis II made the same statement in regard to the 
accuracy of psychophysical judgrnents. Hypothesis III stated that red, 
as compared to achromatic, will have an expansive effect, and green, 
as compared to achromatic, will have a contractive effect on the 
performance of arm movements made laterally both away from and toward 
the vertical midline of the body. The Ss were surrounded on three 
sides by colored surfaces. The results indicated some support for 
Hypothesis I, but no support for Hypothesis II and III. The overall 
results gave very limited support to Goldstein's theory and to widely 
held assumptions about the effects of colored surroundings on psychomotor 
and intellectual functions. The effects found were limited to two tasks, 
Hand Trernor and Motor Inhibition, which appear to share a common factor 
of measuring inhibitory ' control over motor expression. 

136 Nelson, TM., Bartley, SH. & Jordan, JF. 1963 . Experimental evidence for 
the involvement of a neurophysiological mechanism in the diserimination 
of duration. Journal of Psychology, 55, 371-385 (20 references) 

In three experiments, naive subjects discriminated the duration of 
intervals filled with intermittent photic stimuli. The photic 
presentations selected were such as to vary amplitude and synchrony 
of optic pathway activity. The results indicate that (a) amplitude 
and synchrony of optic pathway activity do have an effect although 
this effect perhaps interacts with autochthonous cortical activity; 
and (b) the continuum of duration discrimination is linear but not 
precisely parallel to the time continuum, the indifference point 
depending up on adaptation level and the specific nature of interval 
filling. There is some evidence indicating that self-produced standards 
are used when the experimental design makes this possible and are likely 
an important variable in discrimination of longer intervals. A 
methodology was devised to eliminate this practice. 
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137 Nourse, JC. & Welch, RE. 1971. Emotional attitudes of color: A comparison 
of violet and green. Perceptual and Motor Skills, 32, 403-406 
(4 references) 

14 human Ss were exposed for 60-sec intervals to violet light and to 
green light, in alternating order, for a total period of 6 min. 
Electrical skin conductance was rnanitared throughout the session. 
The crucial measure was the galvanie skin response (GSR) occurring 
in the first 12 see of exposure to a given color. As predicted, 
GSR was greater to violet than to green. 

138 Nyström, M., Bogren Hansson, M. & Marklund, K. 1975. Infant preference 
of intermittent light. Psychological Research Bulletin 15(4), Lund 
University, Sweden (11 pages, 19 referencesi 

Obtained systematic fixation behaviour for five frequencies of 
intermittent light presented in pair combinations to two groups of 
infants aged 4-8 and 8-12 weeks respectively. The fusion frequency 
100 Hz induced less visual fixation than the other four frequencies, 
l, 5, 10 and 20 Hz, among which a higher one generally evaked longer 
fixations. The results support the assumption that the same type of 
proximal stimulation underlies infant preference for complexity, 
rnaving objects and intermittent light. Furthermore, the data are ln 
line with a developmental frarue of reference in which preference for 
spatial as well as temporal camplexity is governed by a principle of 
age-related optimal stimulation. 

139 O'Leary, KD., Rosenbaum, A., Brook, S. & Hughes, PC. (undated). Fluorescent 
lighting: A purported source of hyperactive behavior. Accepted for 
publication in the Journal of Abnormal Child Psychology, April 1977 
(19 pages, 15 references) 

Sevenfirst grade children with conduct disorders and/or hyperactivity 
attended full day sessions at a laboratory school classroom. During 
an eight week period, the classroom lighting conditions alternated 
at the end of each week. During odd numbered weeks, the classroom 
was illuminated by a standard cool white fluorescent system. On 
even numbered weeks illumination was a daylight simulating fluorescent 
system of equal foot candles with controls for purported soft x-rays 
and radio frequency (RF). There were no effects of lightingconditions 
on hyperactive behavior as assessed by (a) independent observations of 
task orientation or (b) ratings of activity level. A Critical Flicker 
Fusion measure, a reported indicator of visual-sensory fatigue, indicated 
that the daylight simulating condition was associated with a decreasing 
CFF across weeks. 

140 Orth, DN. & Island, DP. 1969. Light synchronization of the circadian rhythm 
in plasma cortisol (17-0HCS) concentration in man. Journal of 
Clinical Endocrinology, 29, 479-486 (18 references) 

In order to determine whether the pituitary-adrenal cycle of normal 
man is synchronized by the dark-light cycle or by same other 
phenomenon associated with the sleep-wake cycle, normal subjects 



underwent experimental alteration of their dark-light schedules 
in such a way that partial dissociation of the dark-light schedules 
from the sleep-wake schedule was achieved. In addition, 3 blind 
subjects were studied. The normal subjects were allowed several 
days to become adapted to a given schedule prior to sampling of 
blood for plasma 17-hydroxycorticosteroid (17-0HCS) determinations. 
Hourly blood specimens were obtained through indwelling venous 
catheters in such a manner as to avoid disturbing sleep or 
exposing the subject to light during dark periods. Each subject 
slept 8 hours each day from 10 pm to 6 am, and the schedule of 
meals and activity was identical for all studies; only the dark­
light schedules were altered. When the hours of darkness were 
scheduled in the middle of the waking day, from 10 am until 6 pm, 
normal subjects exhibited, in addition to the usual 17-0HCS 
peak at the time of awakening, a seeond peak in plasma 17-0HCS at 
the time of illumination. When darkness began at 10 pm but was 
prolonged until 10 am, 4 hours after awakening, the peak in plasma 
17-0HCS occured only when the lights were turned on, not when the 
subjects awakened. When normal subjects were kept in total darkness 
except for l hour of light from 6 to 7 pm, the peak usually seen at 
the time of awakening was delayed and diminished and a seeond major 
peak was observed during the brief period of illumination. Two of 
the 3 blind subjects were found to have plasma 17-0HCS rhythms 
that were not normally synchronized with sleep. One blind subject, 
studied on 2 occasions, appeared to have a shift in the timing of 
the 17-0HCS cycle, suggesting that he had a fre-running circadian 
rhythm. It is concluded that the dark-light cycle may be an 
important synchronizer of the pituitary-adrenal cycle in man. 

141 Osterman, PO. 1974. Light synchronization of the circadian rhythm of 
plasma 11-hydroxocorticosteroids in man. Acta Endocrinologica, 
77, 128-134 (15 references) 

The levels of plasma 11-hydrocorticosteroids were studied in 
4 healthy subjects with a eonstant sleep-waking cycle and a 
eonstant activity schedule before and after experimental 
alteration of the dark-light cycle. The subjects slept in the 
dark from 10.30 pm to 6.30 am. During a control period of 
10 days the subjects stayed in rooms which were well lighted 
after 6.30 am. During the following 10 days darkness was 
prolonged by 4 h until 10.30 am. Hourly blood samples were 
obtained from 2.30 to 11.30 am on days 9 and 10 of each period. 
Following the period of prolonged darkness there was a shift 
in the rhythm of the plasma 11-hydroxycorticosteroids. The 
secretion period in the morning started later than during 
the control period. Present data indicate that in man the 
dark-light transition is important for the synchronization of 
the circadian plasma cortisol rhythm in the morning. 

142 Ott, JN. 1976. Health and light. The effects of natural and artificial 
light on man and other living things. Pocket Books, New York 
(222 pages, 91 references) 

The light side of health- How i t began - The electromagnetic spectrum 
- Reluctant apples and timid tiger lilies - Light and the endocrine 

lll 
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system - I break my glasses - An experiment with phototherapy on 
human cancer patients - Chioroplasts and light filters -Animal 
response to light - Bilogical effects of tinted lenses - Effects 
of radiation on biological clocks - The TV radiation story - Trace 
amounts of radiation and full-spectrum lighting - Photobiology 
comes of age - Routine opposition to new ideas as standard procedure. 

143 Page, RA. & Moss, MK. 1976. Environmental influences on aggression: 
The effects of darkness and proximity of victim. Journal of Applied 
Psychology, 6(2), 126-133 (14 references) 

It was hypothesized that darkness acts as a disinhibitor, and that 
subjects would deliver higher intensity shocks to a victim in a dimly 
lit setting than in a brightly lit setting. It was also predicted that 
this effect would be greater when subject and victim were in close 
prox~m~ty than when they were isolated from each other. The results 
supported these predictions. It was suggested that lighting mayhave 
important effects on social behaviors, and that further research on 
the influences of lighting on human behavior is needed. 

144 Pelligrini, RJ. & Schauss, AG. 1980. Muscle strength as a function of 
exposure to hue differences in visual stimuli: An experimental test 
of the kinesoid hypothesis. Orthomolecular Psychiatry, 9(2), 
144-147 (19 references) 

The study was conducted to test experimentally the kinesoid 
hypothesis that visual stimuli of different hues may differentially 
affect muscle strength. Thus, the maximum squeze strength of 
N = 72 subjects (36 males, 36 females) was measured using a hand 
dynamometer, as Ss stared at blue or pink cardboard plate. The 
results of 2(sex) x 2(plate colour) mixed design factorial ANOVA 
indicated significantly higher squeeze strength scores: (a) for 
males than for females; and (b) in response to the blue as 
campared with the pink plate. In view of the limited magnitude 
of the plate color effect, however, the results were interpreted 
as providing only partial support for the kinesoid hypothesis. 

145 Philipp, RL. & Wilde, GJS. 1970. Stimulation seeking behavior and 
extraversion. Acta Psychologica, 32, 269-280 (41 references) 

According to Eysenck, extraverts require more external stimulation 
than introverts in order to maintain optimal arousal levels. 
Manipulation of stimulation was attempted, by markedly reducing 
sensory input without the S's prior expectancy, thereby minimizing 
the possible occurrence of differential demand characteristics. 
Seven measures of extraversion were used to select the final S samples. 
A lever-pulling task was reinforced with light and music. Extraverts 
had significantly higher initial and overall response rates than 
introverts. Predieted performance decrements and reminiscence were 
not manifested. Findings concerning extraverts' higher need for 
stimulation were discussed in terms of Eysenck's theory, hedonic 
value of reinforcement, differential drives and "time-out" from 
positive reinforcement. 



146 Pieree, DR . & Weinland, JD. 1934. The effeet of eolor on workmen. 
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Personality Journal, 13, 34-38 (no referenees) 

The experiment deseribed here was undertaken to examilne the effect 
of eolor upon men working at the Bogardus factory test machine. 
Various eolored lights were used, one by one, in a room painted 
white. The men were paid wages and employed for regular working 
days . Output was measured and introspective reports of bodily 
feeling were taken every fifteen minutes. The findings favored 
white and indicated that nervous excitation resulted when the 
colors deviated from white. Introspective feeling reactions were 
marked but not eonsistent. Green for instance did not appear to be 
charact-eristically stimulating nor blue soothing. There was no 
evidence supporting the view that red is warm and green is cool. 
The results indieate that feeling responses to eolor are due to 
association of eolor with objects rather than to any inherent feeling 
response to color itself. 

Plack, JJ . & Shick, J. 1974. The effects of eolor on human behavior . 
Journal of the Association for the Study of Perception , 9(1), 
4-16 (75 referenees) 

The purpose of this article was to review selected color research and 
relate it to motor performance. The eolor research was classified 
according to physical variables, perceptual variables, eolor 
preferenees and moods . Following the review , the writers discussed 
implications of the research for motor performance and advanced 
hypotheses which may be produetive to pursue. It is hoped that the 
reader will be motivatecl to adapt and/or extend the hypotheses to 
the individual's educational disciplines. 

148 Pressey, SL. 1921. The influence of color upon mental and motor 
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efficiency. American Journal of Psychology, 32, 326-356 (40 referenees) 

First to be considered are possible differences among the hues, in 
their effects up on mental and physical activity. The writer feels 
that there is no adequate evidence in previous work to show any such 
differences. Re has found no such differences in the present 
experimentation. The eorrnnon notion that certain hues have a marked 
influence upon emotional tone and mental work is the result, he 
believes, of such subtie and pervasive influences, arisi.ng from 
figures of speeeh, custom, artistic and social convention, and 
everyday association of certain hues to other sensations of a 
strong affective toning. The misconception may also be due in part 
to a failure to differentiate the influence of brightness from the 
influence of hue. If there is an effect of illumination upon mental 
work, it would appear, then, that brightness must be the important 
factor. Certain of the experimental results obtained by the writer 
have suggested a slowing of mental work under dim light and a 
stimulation under bright light. Such an effect is at least not 
incompatible with what little previous work has been done in this 
field; and the hypothesis of a stimulating or dynamogenic 'influence 
of brightness upon mental work and neuro-muscular tone seems by no 
means unreasonable . It need.hardly be aclded that, if there is such 
an influenee it is a matter of great general importance, from a 
practical point of v iew . 



114 

149 Radnot, M. 1964. Die Wirkung der Beleuchtung auf die vegetativen 
Funktionen des Menschen. In: Commission Internationale de l'Eclairage 
Compte Rendu, Quinzieme Session, Vienne 1963, Volume C, Bureau 
Central de la Commission, Paris, 530-533 (no references) 

Light, more precisely visible light, does not only enact a psychological 
action but also has a stimulating effect upon the human organism. The 
effect manifests itself in the human body by the neuroendocrine system. 
In weak daylight or insufficient illumination , the stimulus of light 
is missing . The effect of light can be registered by the change in 
the number of eosinophil cells of the blood. The light can only 
perform such effect if the eye , or better to say the corresponding 
part of the retina, is intact , and if an adequate quantity of light 
reaches the retina . Accordingly, for the physiological function of 
human organism a sufficient amount of light is wanted. 

150 Ramage, WW . 1976. Task performance under stimulating light . In : Commission 
Internationale de l'Eclairage Compte Rendu, l8e Session, Londres 1975 , 
Bureau Central de la Commission, Paris, 261-267 (14 references) 

An experimental "scanning" light source which cyclically swept a work 
area with sharply focused bands of light was evaluated as a stimulating 
light source . It was hypothesized that the moving edges of the light bands, 
although above fusion threshold, would help maintain arousal and 
performance by creating activity on the visual pathways and in the 
activating centers of the brain . Performance under the experimental 
light was compared against performance under conventionai incandescent 
light . Three tasks of a routine nature were used to measure performance 
changes . These were a vigilance task , a typing task, and a s i mulated 
driving task. The measure of performance was basically rate: typing speed 
or reaction time. The me an of this measure for each subject under the two 
light sources was compared for significant differences. The experimental 
results showa small but consistent improvement in task performance 
und e r the scanning light source. During two hour sessions, the reaction 
time performance in the vigilance and driving tasks were signifi cantly 
better with the scanning light as compared to the incandescent light. 
In the typing task, the typing speed was maintained better with the 
scanning light source . These results are preliminary i n that the 
experiments were primarily exploratory . The scanning light parameters 
were chosen arbitrarily a nd no attempt was made to optimize t hem. It 
is expected that even greater performance gains can be obtained by 
studies which lead to the enhancernent of the relevant physiological 
effects. 

151 Reinberg, A. 1967. Eclairement et cycle menstruel de la femme (Lighting 
and the human menstrual cycle). In: La photoregulation de le 
reproduction che z les oiseaux et les mumiferes . Rapport au Collegue 
Inter du CNRS, Montpellier , 529-548 (40 references) 

This problem can be discussed in the light of indirect evidence only . 
l) Descriptive statistical studies on human population suggest that 
a) menarche occurs predominantly during the winter in the northern 
hemisphere; b) later at 600 m altitude than at lower levels; and 



c) earlier in blind girls than in girl s with normal vision . 
2) Least square spectral analysis of rectal temperature series of a 
woman of 26 years age before, during and af ter 80 days of isolation 
under-ground without known synchronizer and with light on a self­
seleeted schedule during isolation (intensity not exceeding 50 lux 
at l meter from source) revealed that several spectral components 
persist during isolation: the period of the circadian rhythm lengthens 
during isolation from 2L, to 24 . 5 hours , whereas a circatrigintan 
spectral component of about 29 days shortens duri~g isolation to 
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25 . 9 days on the average; menstrual cycle length undergoes changes 
comparable to those of the circatrigintan component of body temperature. 
Such various descriptive statistical (l) and physiological approaches (2) 
yield indirect tentative evidence suggesting that the environmental 
lighting regimen , (among others environmental factors) which is known 
to affect gonodal function in small mammais , also influence the ovary 
of women, although one can not differentiate between a possible 
stimulating effect of darkness and/or an inhibition of ovarian 
activity by light. 

152 Saltareiii, CG . & Coppola, CP . 1979. Influence of visible light on 
organ weights of mice . Laboratory Animal Science, 29(3), 319-322 
(10 ref erences) 

153 

Hau:ICR mice sep~rated by sex, were reared for 30 days under 
various fluorescent lamps; pink , blue, black UV, cool white 
and full spectrum . Body weights and absolute organ weights 
were compared. Af ter light exposure, female body weights were 
not significantly diffe r ent between any groups; however, a 
difference in mal e body weights was observed. Light affected 
the weights of the pituitary, adrenals, kidneys and prostate 
in male mice and the adrenals , thyroid and pineal gl ands in 
females . The weight of adrenal glands of both males and 
females were most sensitive to changes in lighting. 

Salzarulo, P ., Lairy, Ge. & Baneaud, J. 1976. Striate cortex potentia l s 
related to eye movements in the light and in darknes in the waking 
human. Perception , 5 , 303-308 (17 references) 

Potentials in relation to eye movements were studied by means of 
direct recording of the striate cortex in a waking man . In a lighted 
environment, the usual evoked potential - lambda response was obtained 
and was clearly visible af ter each eye movement . In complete darkness 
no individual potential was observable by means of visual analysis 
af ter each eye movement, but a slow potential of low amplitude could 
be obtained by superimposition and averaging of the cortical striate 
activity time-locked to the start of a series of eye - movements . This 
eye- movement potential showed a longer lateneyand a lower amplitude 
than the lambda response . These data are discussed in reference to 
those obtained in the cat and the monkey; the significance of this 
eye-movement potential in darkness as a "corollary discharge" is 
considered. 
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154 Sanders, M., Gustanski, J. & Lawton, M. 1974. Effect of ambient illumination 
on noise level of groups. Journal of Applied Psychology, 59(4), 
527-528 (13 references) 

The ambient illumination level was varied in a natural setting. 
Unobtrusive measures of the noise produced by groups of people 
gathering in the area revealed a significant (p<.OOl) reduction 
in noise under the low-illumination conditions. Suggestions for 
future research are presented. 

155 Saunders, MG. & Zubek, JP. 1967. EEG changes in perceptual and sensory 
deprivation. Electroencephalography and Clinical Neurophysiology, 
Suppl 25, 246-257 (28 references) 

Observations on changes in the EEG produced by 7-14 days sensoryand 
perceptual deprivation in healthy young adults have been explored and 
attempts made to correlate the EEG changes with other factors. Continuous 
exposure to unpatterned light and noise produces the greatest effect on 
the occipital EEG activity. Absence of stimuli produces alesser effect. 
Kinesthetic deprivation in the presence of otherwise normal backgrounds 
of stimulation also produces EEG changes whilst increase in kines the tic 
stimulation during perceptual deprivation decreases EEG changes. Prior 
knowledge of the duration of deprivation appears to modify the rate 
of change in the EEG activity. There appears to be no clear evidence 
as to the cause of the EEG changes but deprivation appears to have marked 
effects on the individual both in the psyche and the soma. 

156 Smets, G. 1969. Time expression of red and blue. Perceptual and Motor Skills. 
29, 511-514 (8 references) 

The present investigation was designed to test the hypothesis that 
an observer perceives the time interval spent before a red co10ur 
stimulus as shorter than objectively the same time interval spent 
watching a blue colour stimulus. The hypothesis was supported. 

157 Stern, RM. 1964. Effects of variation in visual and auditory stimulation 
on gastrointestinai motility. Psychological Reports, 14, 799-802 
(6 references) 

The purpose of this experiment was to investigate the effects of three 
different stimulus eonditions on gastrointestinai motilityas measured 
by eleetrodes on the surfaee of the abdomen. The 16 Ss were each run 
for two 40-min . sessions, during whieh they were instructed to lie 
quietly on a eot. Arnplitude differentiated between a group that reeieved 
diffuse stimulation and groups that reeeived normal stimulation and no 
stimulation, with the former showing greater aetivity throughout the 
session. The increase in gastrointestinai activity for Ss in the diffuse 
stimulus group is attributed to the novelty and ambiguity of the stimulus 
situation. 



158 Stolper, JH . 1977 . Color induced physiological response. Man-Environment 
Systems, 7, 101-108 (20 references) 

Color theory has produced the concept of "warm", or advancing, and 
"cool", or receding colors. It describes the psychological effects 
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upon a subject viewing colors at opposite ends of the visible spectrum. 
The purpose of this study was to determine if advancing and receding 
colors in the bakground of a reading task could induce advers e stress in a 
subject. Twenty subjects performed a reading task under six experimental 
conditions while the investigator recorded changes in the accomodation 
of the lens of the eye, changes in retinal color, and shifts in the face 
plane. The results showed that accomodation of the lens was increased 
with a red bakground and decreased for a blue bakground . Retinal color 
changed in the subject performing a reading task against either a red 
or blue background. A shift in face plane was measured in 90 percent of 
the observation. Accomodation and face plane shift were used as indicators 
of the presence of adverse stress in a subject. Conclusions drawn from 
the investigation lend support to the theory that advancing or receding 
color in the background of a visual task i nduces differential responses 
in a subject. Response to colors was predictable,and blue, of the 
specifications used in this study, in the background of a close visual 
task could induce adverse stress in a subject. 

159 Stone, PT ., Harker, SDP ., Coley, WZ., Ruff, HR. & Jones, G. 1974. Light, 
endocrine mechanisms and stress. In : Stone, PT. et al. Human 
reactions to high intensity lighting. LUTERG Report No 156, 
Section 2, Department of Human Sciences, Loughborough, 9-100 
(47 references) 

Six males aged 23 to 47 years were subjected to two levels 
of illumination for 4 hours during two consecutive mornings. 
The illumination consisted of 51 fluorescent tubes along the 
ceiling of the experiment room giving a diffuse light of 1.000 lux 
on one occasion and 11 .000 lux on the other. The methods employed 
to study the effects of the different illumination levels 
included, besides two questionnaires of room and mo6d assessment, 
pulse rate as well as biochemical analyses of urinary steroid 
excretion, plasma growth hormone and plasma cortisol. The most 
clearcut result was an increase in pulse rate which occurred as 
soon as the high intensity lighting was switched on and remained 
for the whole period. Also, according to the verbal response the 
higher lighting level gave rise to an increased sense of fatigue, 
decreased social affection, and thermal comfort. The result is 
interpreted on a neuroendocrine basis suggesting a model where 
light, via the retina regulates the activity of the sympathetic 
nerves to the pineal. The results might indicate that glarefree 
high intensity lighting is unlikely to evoke stress responses, 
but when the lighting has a discomfort facto r added, i.e. an 
affective component, then possible stress mechanisms will come 
into operation. The article includes an overview of studies on 
biological effects of lights. 
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160 Sucov, EW. & Taylor, LH. 1976. Behaviors affected by non-uniform light 
distributions. In: Commission Internationale de l'Eclairage,Compte 
Rendu, 18e Session, Londres 1975, Bureau Central de la CIE, Paris, 
737-743 (10 references) 

Two experiments were performed. The first demonstrated that, under 
equal illumination at left and right side, 67% of the people chose 
the right side. When the illumination ratio was 100 to l, 100% of 
the subjects chose the right side when it was brightest and 75% 
chose the left side when it was brightest . The second experiment 
s howed that performance, as measured by two simultaneous visual­
mental tasks, was best under non-uniform illumination as compared 
with uniform or psychedelic illumination. 

161 Tasso, J . & Miller, E. 1976. The effects of the full moon on human 
behavior. Journal of Psychology, 93, 81-83 (3 references) 

Data were gathered in a large metropolitan area over a period of one 
year as to nine categories of 34 .318 criminal offenses committed 
during the phases of the full moon and non full moon . It was found 
that the eight categories of rape, robbery and assault, burglary, 
larceny and theft , auto theft, offenses against family and children, 
drunkenness, and disorderly conduct, occurred significantly more 
frequently during the full moon phase than at other times of the year. 
Only the category of homicide did not occur more frequently during 
the full moon phase. The results support further exploration and 
research related to cosmic influences on man's behavior. 

162 Terstenjak, A. 1962 . Motorische Reaktionswerte einzelner Farbtöne und 
ihre statistische Erheblichkeit. Die Farbe II, Nr 1/6, 147-152 
(2 references) 

By two series of experiments the reaction times have been determined 
for the hues blue (two shades), green, ye llow, red (four shades) and 
white. The values of the reaction time have been found to be inversely 
proportional to the respective wave-lengths. Among 36 differences, 19 
have been found of statistical significance. 

163 Terstenjak, A. 1967. Zur Frage der "langweiligen" Farben. Die Farbe, 
16, Nr 1/6, 131-138 (no references) 

The question under examination is whether a scientific foundation can 
be found for the popular distinction between colors that are found 
"boring" and those that are not, in other words, whether or not the 
exclusive influence of a given color causes the viewing time to be 
overestimated as against other colors. An experiment with 84 observers 
showed that the duration of viewing was underes timated only with 
yellow and brown; for the other colors it was overestimated. In a 
second series of experiments under the same conditions individual 
sympathy for different colors was tested. Analys is of variance showed 
that there is considerable statistical correlation between a given 
color and the degree of sympathy evinced, but the degree of sympathy 
among the subjects tested showed insignificant variance. Therefore in 
order to meet "functional color" demands it is not absolutely essentiaI 
to take into account differences in the subjective taste for colors. 



164 Thomas, GJ. 1941. An experimental study of the influence of vision 
on sound localisation. Journal of Experimental Psychology, 26, 143 

Subjects were presented with sounds located between a steady light 
and a light flickering with the same rhythm as the sound. A 
lateralization effect was found such that the subjects were inclined 
to localise the sounds in the direction of the flickering light. 

165 Thorington, L. (ed). 1978. Actinie effects of optical radiation. 
Bibliography and keyword index. First Draft. CIE TC 1.7, Duro-
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Test Corporation, 2321 Kennedy Boulevard, North Bergen, New Jersey, 
07047, USA (840 pages of references) 

The references have been accumulated and the keywords have evolved 
over a period of more than, ten years. Lis ting 1.400 keywords and 
more than 800 pages of references this is probably the most extensive 
bibliography in the field. For the most part the bibliography deals 
with the effects of optical radiation on animate life although some 
peripheral related items are included. 

166 Tibbs, BC. 1979. Light and Man's health. BC. Tibbs. 13 Wyatt Road, 
London N5 2JU (46 pages, 143 references) 

Introduction. Light and light absorption. Photobiology: Photosynthesis. 
Vision. Non-visual light responses in man. The non-visual role of the 
eye. Responses to wavelength and colour: Colour effects in animals; 
Colour effects in man; White light effecm;Near ultraviolet; Full spectrum 
light; Mediating mechanisms. Phototechnology. Conclusion. Bibliography. 

167 Ulett, GA., Gleser, G., Winokur, G. & Lawler, A. 1953. The EEG and 
reaction to photic stimulation as an index of anxiety- proneness. 
Electroencephalography and Clinical Neurophysiology, 5, 23-32 
(23 references) 

One hund red and nine ty subjects (patients and controls) were utilized 
in an attempt to develop an EEG measure for seleeting anxiety- prone 
individuals. All were carefully studied by psychological tests and 
psychiatric interviews and rated for their proneness to develop anxiety 
under stress. EEGs were taken under resting conditions and during 
intermittent photic stilnulation. An electronic brain wave analyser 
was used. There was a significant correlation between the criteria of 
anxiety-proneness and the following: 1. per cent of fast, slow and low 
alpha activity in the electronically analysed resting EEG. 2. Pattern 
of fundamental driving response. 3. Amount of harmonie driving response 
particularly in the 20-30 e/see. range to stimulation with flicker 
frequencies 1/2 or 1/4 this rate. Amount of subjective dysphoria 
produced by intermittent photic stimulation. A check list of EEG anxiety 
indicators derived from the above correlated 0.51 with the validating 
criterion of anxiety-proneness. 
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168 Walsh, JF. & Misiak, H. 1966. Diurnai variation of critical flicker 
frequency. Journal of General Psychology, 75, 167-175 (10 references) 

The effect of hour-to-hour variability upon critical flicker frequency 
(CFF) thresholds of 60 college resident students, 30 males and 30 fernales, 
was investigated. Monocular thresholds were obtained by the method of 
eons tant stimuli from 8 a.m. to 8 p.m. in five sessions spaced three 
hours apart. A diurnai effect was found in which there is an inverse 
relationship between CFF thresholds and time of day (p< .05). The highest 
values for CFF were obtained at 8 p.m. and 11 a.m., indicating a non­
linear relationship was also present (p< .05). In addition, three 
patterns of response were detected: (a) positive slope - indicating an 
increase in CFF values with time of day; (b) negative slope - showing 
a decrease in CFF with time of day; and (c) zero slope - reflecting no 
basic change in threshold values over time. The validity of the three 
patterns of responding needs to be explored systematically in CFF as weIl 
as in other perceptual and cognitive areas. Such patterns would be strong 
evidence against using averaged data in making evaluations of a function 
or an agent. 

169 Walter, VJ. & Walter, WG. 1949. The central effects of rhythmie sensory 
stimulation. Electroencephalography and Clinical Neurophysiology, 
l, 57-86 (58 references) 

Records obtained during photic- stimulation may be described in terms of 
the following components, any or all of which may be present at any 
time, or from time to time. A. A series of descrete elementary evoked 
responses, B. Fusion of evoked responses giving an . accidental appearance 
of rhythmicity, C. Instrumental summation of evoked response and 
spontaneous rhythms, D. True augmentation or "driving" of local rhythms 
at the frequency of the stimulus, E. Augmentation of harmonically 
related rhythms in other areas. Differences between individuals are 
attributable in some cases to anatomical variations and correlate also 
to some extent with the character of their spontaneous act ivity, with 
age and with differences in personality. Alterations in the response in 
given individual s are produced by somatic, mental and emotionai changes 
whether spontaneous, voluntary or induced. Somatic, mental and emotionai 
changes can be induced in the subject by stimulation at appropriate 
frequences. The above effects can interact with one another in both 
regenerative and degenerative fashion. Subjective visual effects are 
attributed to interference between rhythmic evoked responses and 
spontaneous rhythms at cortical and possibly thaiamie l eve is. Anomalous 
(non-visual) effects in normal and abnormal subjects are attributed to 
interac tion between the evoked activity and harmonically related 
spontaneous rhythms in other circuits at a thaiamie level. Evocation 
of activity in non-visual circuits can be used to study their physio logy 
and as an aid to diagnosis of some pathological conditions. Some 
theoretical impli cations of these findings are speculativel y discussed. 

170 Wetterberg, L. 1978. Melatonin in humans. Physiological and clinical 
studies. Journal of Neural Transmission, Suppl 13, 289-310 
(26 references) 

Studies are repor ted of the variation of melatonin in serum, plasma 
urine and cerebrospinal fluid in normal subjects and in patients 



with various diseases. The diurnaI variation of plasma and urine 
melatonin found in healthy controls on a regular dark-sleep pattern 
persisted when the subjects slept in light. The effect of sleep 
deprivation and of rapid light exposure at night is reported. There 
was a correlation between melatonin in morning urine and plasma at 
2 a.m. Four hours of extended darkness in the morning as weIl as a 
9-hour shift of sleep and activity cycles following travel affected 
the melatonin rhythm. The night increase in plasma melatonin 
preceeded both the cortisol and prolactin rise. A single oral dose 
of 4.3 x 10 5 nmol of melatonin given to a 44-year healthy male gave 
a peak plasma value of 624 nmol/l af ter 30 min. Plasma melatonin 
was not affected by electro-convulsive therapy, TRH-injection, L­
Dopa or bromoergocryptine orally. Patients with alcoholism, migraine, 
postoperative pinealoma, panhypopituitarism, hereditary dystonia and 
schizophrenics on propra.nolol exhibited a dicreased amplitude of 
their diurnaI rhythm of melatonin. Two patients with pituitary tumors 
had occasional high levels of plasma melatonin. The change in 
melatonin secretion in human is apparently controlled by a mechanism 
which is at least partly influenced by environmental lighting 
conditions, drugs and different disease states. 

171 Wetterberg, ·L., Arendt, J., Paunier, L., SizonenkQ, PC., van Donselaar, 
W. & Heyden, T. 1976. Human serum melatonin changes during the 
menstrual cycle. Journal Clin Endocrin Metab, 42, 185-188 
(9 references) 

Serum melatonin concentration in early morning during the menstrual 
cycle, studied in five healthy women, showed that melatonin was elevated 
at the time of menstrua1 b1eeding and had its nadir at the time of 
ovulation. It is possib1e that me1atonin is involved in the regu1ation 
of the menstrual cycle in humans. 

172 Worthington, CS. 1972. Sensory input and circadian effects upon cage 
activity in two species of cebid monkey. Psychonomic Science, 
28(3), 165-166 (S references) 

Day and night measures of cage activity in the duirnaI squirre1 
monkey and the nocturnal owl monkey were obtained under various 
sensory input conditions. Significant activity differences were 
obtained between the · species, due to the circadian factor and 
due to illumination and sound factors. The circadian and 
illumination variables produced opposite effects from one 
species to the other. The overall species effect was not 
significant. 

173 Wurtman, RJ. 1975. The effect of light on man and other mammaIs. Annual 
Review of Psychology, 37, 467-483 (62 references) 

Introduction: Light as an environmental constituent. Characteristics 
of naturallighting; Spectral composition, Intensity. Responses of 
humans and other mammals to light; Direct and indirect effects of 
light, Photoreceptors, Effects of light on the skin and subcutaneous 
tissues; Cellular injury, Protective responses, Vitamin D and light, 
Light and plasma bilirubin concentrations, Photosensitizing foods 
and drugs. Effects of l ight mediated via retinal photoreceptors; 
Light and biological rhythms, Light and the mammalian pineal organ, 
Light and mammalian gonodal function. 
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174 Wurtman, RJ. 1975. The effects of light on the human body. Scientific 
American, 233(1), 68-77 (4 references) 

Sunlight tans skin, stimulates the formation of vitamin D and sets 
biological rhythms. Light is also used in the treatment of disease. 
Such effects now raise questions about the role of artificial light. 
Some direct and indirect effects of light on the human body are outlined. 
Indirect effects include the production or entrainment (synchronization) 
of biological rhythms. Such effects are evident ly mediated by photo­
receptors in the eye and involve the brain and neuroendocrine organs. 
For example, excretion of melatonin, a hormone produced by the pineal 
organ, follows a daily rhythm. In animals melatonin synthesis is 
regulated by light. The hormone acting on the pituitary, plays a role 
in the maturation and the cyclic activity of the sex glands. Ultraviolet 
radiation acts on the skin to synthesize vitamin D. Erythema, or reddening 
of the skin, is caused by ultraviolet wavelengths between 290 and 320 
nanometers. In response melanocytes increase their synthesis of melanin, 
a pigment that darkens the skin. Simultaneously the epidermis thickens, 
offering further protection . In some people the interaction of light 
with photosensitizers circulating in the blood causes a rash. Light can 
be used to treat psoriasis and other skins disorders. In infants with 
neonatal jaundice . light is also used therapeutically to lower the amount 
of bilirubin circulating in the blood until infant's liver mature enough 
to excrete the substance. The therapy prevents the bilirubin from 
concentrating in the brain and destroying brain tissue. 

175 Wurtman, RJ., Axelrod, J., Chu, EW. & Fischer, JR. 1964. Mediation 
of some effects of illumination on the rat estrous cycle by the 
sympathetic nervous system. Endocrinology, 75, 266-272 (33 references) 

When mature rats are placed in continuous illumination, their 
"incidence of estrus" is enhanced; darkness has the opposite effect. 
Removal of the eyes or of both superior cervical ganglia blocks this 
effect of light. These procedures also eliminate the light-induced 
hypertrophy of the ovaries and the uterus and prevent the associated 
decreases in pineal weight and melatonin-synthesizing ability. 
These findings demonstrate that the autonomic nervous system plays 
a role in the regulation of the rat estrous eyele, and suggest that 
this roI e may involve control of me1atonin synthesis in the pineal 
gland. 

176 Wurtman, RJ., Axelrod, J. & Fischer, JE. 1964. Melatonin synthesis in 
the pineal gland: Effect of light mediated by the sympathetic 
nervous system. Science, 143, 1328-1329 (12 references) 

Exposure to light reduces the ability of the rat pineal gland to 
synthesize melatonin and decreases the weight of the gland. When 
the sympathetic nerves to the pineal gland are cut, light no longer 
has an effect on melatonin synthesis or pineal weight. The response 
of the gland does not require that the gonads or the pitiuary gland 
be present. 



177 Wurtman, RJ., Axelrod, J. & Phillips, LS. 1963. Melatonin synthesis ~n 
the pineal gland: Controi by light. Science, 142, 1071-1073 
(15 references) 

In rats placed in continuous darkness for 6 days, there is a striking 
increase in the activity of melatonin-synthesizing-enzyme in the 
pineal gland, but no change in the activity of monoamine oxidase. 
Since melatonin appears to have a hormonal role in mammais, and 
its synthesis is confinE~d to the pineal gland, the inhibition of 
hydroxyindole-O-methyl transferase by l ight may constitute a 
mechanism of neuroendocrine regulation. 

178 Zaccaria, A. & Bitterman, ME. 1952. The effect of fluorescent flicker 
on visual efficiency. Journal of Applied Psychology, 36, 413-416 
(20 references) 

The exper iment here reported was designed to study the effects of 
fluorescent lamp flickeJ: upon visual fatigue. Performance of a 
standardized visual task was measured for two 30-minute periods 
under 20 foot-candles of fluorescent daylight illumination. During 
one of the periods the l amps were operated with direct current, while 
during the other period they were operated with alternating current. 
In this way spectral characteristics, brightness level, and 
distribution were constant, with flicker being the only variab l e. 
Performance did not differ significantly under the two conditions, 
but the AC condition produced a significantly greater drop in 
critical fusion frequency than did the DC. Only 25 per cent of the 
subjects detected a dif fe rence between the two conditions of 
illumination, but those that did uniformly expressed a preference 
for the DC condition. II: may be concluded that single-lamp, or in­
phase, multiple-lamp fluorescent installations are undesirable. 
Further experimentation is needed for the evaluation of out-of­
phase installations. 

179 Zacharias, L. & Wurtman, RJ. 1964. Blindness: Its relation to age of 
menarche. Science. 144, 1154-1155 (31 references) 

Blindness in human females is associated with an age of menarche which 
is earlier than normal. When blindness is accompanied by a total loss 
of light perception, menarche is even earlier. It is weIl known that 
emotionai factors can influence ovulation in humans. It might be 
conjec tured that the relation between blindness and human ovary function 
is nonspecific, and a consequence of the emotional stress and behavioral 
adaptations associated with blindness. This hypothesis seems unlikely; 
although there are many instances of nonspecific inhibition or delay 
of human gonad function, few if any are known in which acceleration 
occurs without some specific disturbance in neuroendocrine function. 
It seems more probable that s timulation of the retina by environmental 
lighting produces a specific effect on the human ovary. 
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180 Östberg, O., Stone, PT. & Benson, RA. 1975. Free magnitude estimation 
of discomfort glare and working task difficu1ty. Göteborg 
Psycho1ogica1 Reports, 5(15), University of Göteborg, Sweden 
(18 pages, 30 references) 

The first part of this investigation required 32 subjects to develop 
their own magnitude scales of discomfort glare. Then in part two, 
they emp10yed their individual scales to assess degrees of working 
task difficu1ty and glare discomfort. The task consisted of four 
different levels of difficulty in compensatory tracking. The glare 
originated from a bright light source set to give four different 
levels of discomfort to the subjects. Each subject was scored on 
the dimensions of augmenting/reducing (Petrie), category width 
(Pettigres), and extraversion/introversion and neuroticism (Eysenck) 
and all were given a visua1 screening test. Only the test of 
neuroticism correlated significantly with glare variance. The subjects 
were very skilfu1 and consistent in using their individual scales. By 
transforming each subject's ratings into a common score scale, it was 
found that the subjective ratings were highly correlated to the 
corresponding objective G1are lndices. Of particular interest was 
the finding that increased task difficulty meant increased discomfort 
glare, and vice versa. lt is conc1uded that future studies of discomfort 
glare aspects of lighting could profitably employ the free magnitude 
estimation technique in order to a110w for individual differences in 
sca1ing behavior. 
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SECTION 3 

PSYCHOLOGICAL EFFECTS OF LIGHT AND COLOUR 

Preferences for light , co10ur and visua1 patterns 

Almost every year since the end of the 19th century there 
has been so~e study concerning co10ur preferences. Eysenck, 
in 1941, compiled over 20.000 colour preference ratings 
previously carried out in diverse experiments and concluded that 
people prefer colours in the following order : blue, red, 
green , violet, orange and yellow (198) . He also found sex 
differences and a personal component, some people preferring 
shades and others tints. However, owing to the lack of 
control of various colour characteristics, there were many 
inconsistencies in the original studies (184, 192, 193, 198, 
204, 236) . 

Preference ratings of colours might be regarded as part of an 
emotional eva1uation process in terms of liking and disliking. 
There are many other secondary meanings associated with colour , 
so called connotations. Numerous studies have been carried out 
in order to analyze and describe such connotations, mostly 
employing semantic ratings of colours, using adjectives , e.g. 
beautiful, ugly, warm, cold, fast, slow, strong, weak, and 
subsequently treating data with factor analysis (211, 242, 
243, 251, 256, 265). 

In studies of this type it seems the three fundament~l dimensions 
initially identified by Osgood in his studies on meaning 
- evaluation, activity and potency - might also be used to 
differentiate between colours. Hogg, in 1969, found four 
dimensions, which he ca1led strength, pleasantness, warmth, 
and usua1ness (209) . 

Guilford was one of the first to vary not only hue but also 
tint and chroma of the colour (204 , 205). The systematic 
approach was carried on by Sivik in his work on colour 
connotations, where the relations between co10urs and meanings 
are illustrated by means of iso-semantic mapping based on the 
Natural Color System. (Developed by Hård and Sivik and now 
employed as Swedish Standard.) Sivik's studies show the 
affective value for a certain hue varies wide ly with its 
coloristic position. It is, for instance, quite easy to find 
a yellow sample that is preferred to a blue one, etc (246, 
247, 249, 250). Another technique is exemplified in a study 
by Wittenberg, 1969, where a thousand men and women had to 
select the most and the least sympathetic co10ur out of ten 
and tell about their associations to the colours selected 
(263). From results such as these the emotional values or 
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mood-tones of colours might be assessed with reasonable 
accuracy (189, 211, 219, 234, 236, 254, 261, 262, 265). 

In many of the studies special attention has been paid to 
the apparent warmth and coolness of colours and also their 
apparent heaviness. The former is obviously related to the 
subjective redness or blueness of the colour sample and the 
latter to the whiteness-blackness. Some authors prefer to 
interpret their findings in physical terms of wavelength and 
intensity; a habit which might give rise to confusion 
(106, 217, 229, 235, 236, 237, 253, 254, 264). 

An objection which can be raised against many of the 
psychological colour studies is that the colours were applied 
to pieces of paper and the like. This lack of context means 
we do not know if the preference order obtained will be valid 
when it comes to real life situations. In one study it was 
even concluded that colour names and hues are virtually 
equivalent in terms of the connotative meanings which they 
evoke (262). Furthermore, while an astonishing amount of 
effort has been spent studying preference for or meaning 
of colour samples one at a time, there have been rather few 
studies of colour combinatiöns. There do exist a few studies 
where colours have been assessed two or three at a time. The 
conclusion in one of these is that pleasantness of a colour 
combination is derived not merely from the summation of the 
affective tones of its components but from another factor 
depending on the combination itself (259). Results such as 
this makes one wonder whether it is sensible to go on with the 
single-colour-without-context studies. Instead there seems to 
be a definite need to study light as weIl as colour as part of 
a complex and meaningful situation (210, 230, 259). 

A number of studies have been devoted to the subjective assess­
ment of light and illumination. Here, the evaluation of 
discomfort glare takes the foremost position. Various kinds 
of subjective methods have been employed, i.e. verbal 
description ranging from 'intolerable' to 'comfortable' 
or 'imperceptible', or magnitude estimation where the subject 
is requested to assign different numbers to different glare 
leveis. Östberg et al, 1975, found that the subjective 
ratings weTe highly correlated to the corresponding objective 
glare indices. Of particular interest was the finding that 
increased task difficulty meant increased discomfort glare, 
and vice versa (268). 

A related group of studies concerns the perceived quaiity 
of illumination, comparing various types of fixtures or light 
sources. One classic study was repor ted by Kruithof in 1941. 
He found that when the illumination was intense, subjects 
preferred a rather cool colour temperature. When the 
illumination was low, a warmer colour temperature was 
preferred. In a study carried out in an office landscape, 
KulIer demonstrated that the preference for fluorescent day­
light tubes decreased in the evening. When there was no natural 



daylight outside the windows, the artificial daylight indoors 
became unpleasant, unnatural , monotonous, cold and hard (Kiiller, 
fortheoming) . 

Ross, in 1938, studied the mood-reactions to light of various 
colours as it might be seen in the theatre. The author concluded 
that warm coloured lights were associated with activity and 
comedy, and cool coloured lights with tragedy and possibly 
romance (240). Influenced by these results, amongst others, Kohn, 
almost thirty years later, explored the influence of colour 
and illumination on the interpretation of tape-iecorded 
emotionaI phrases. There were, however, no signifitant 
differences in the judgment of an emotion's intensity with 
variation of room colour or illumination (219). There also 
exist a few studies dealing with the subjective response to 
flickering light sources (72, l38, 180, 183, 190, 195, 196, 197, 
218, 219, 236, 240, 241, 268. Concerning flicker, see also 
references, Section 2). 

Regarding psychological reactions to visual patterns this is in 
itself a large and weIl exp lored field, usually referred to as 
experimental aesthetics. I have chosen to include two studies 
by Berlyne and Boudewijns on the hedonic effects of uniformity 
and variety, which illustrate the importance of patterns in 
any study of the visual field. A study on the relationship 
between colour, graffiti and supergraphics was repor ted by 
Mikellides in 1979 (185, 186, 229). In reality, light and 
colour almost always appear together with - or as parts of -
a visual pattern. The evaluations, or even the physiological 
reactions, might therefore depend not on the light and colour, 
but to a certain extent, on the pattern itself. 

The psychological world of man encompassing not only the 
thoughts and feelings about the environment but also about 
himself is extremely complicated. It is therefore difficult 
to make specific statements about the emotionaI impact of light, 
colour and patterns . It is quite feasible, however, to indicate 
in general terms how the physiological processes of the nervous 
system might have their psychological counterparts. Any change 
in the visual field is likely to start a train of physiological 
events, the first step being the orienting response on behalf 
of the subject. In man, behaviors like turning toward, looking at, 
and paying attention to the light, colour or pattern will have 
their mental counterparts in feelings of interest, curiosity, or 
apprehension. There will also be an immediate increase in the 
arousal level of the nervous system. The shift in arousal level 
will be experienced in terms of heightened awareness, activation 
or even· excitement. At the same time, the cause of stimulation 
will be assessed and classified according to its significance 
for the subject in question. The classification process will 
include aspects of h edonic evaluation including feelings of 
pleasure and displeasure. Finally, if the resulting action 
on behalf of the subject turns out to be satisfactory, there 
might be feelings of control and dominance of the situation. 
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Let me apply this model to the main result from the many 
studies of preference ratings. Why did the subjects in 
Eysenck's compilation prefer blue to red, green, violet, 
orange and finally ye llow? The problem lies in the very 
nature of preference ratings. Somebody might prefer one 
colour to the other simply because it attracts attention to 
a higher extent. In this way a strong red might be preferred 
to a weak red, or to a brown. It is a lso a fact that some 
colours are more exciting than others in a physiological sense. 
This, in itself, might be another reason for preference. Other 
persons might instead prefer the colour because they find it 
pleasant or beautiful. The red of an apple is pleasant because 
it tells us that the apple is ripe and edible. Preference s of 
this kind are based on biological experience acquired over the 
millennia. There might also be personal reasons for liking or 
disliking, e.g. a colour that we remember because of a 
pleasant experience. Finally, a colour might be preferred 
because it is useful in a specific situation, thus giving 
rise to feelings of control and satisfaction. The average 
rank order of colour preference s found by Eysenck might 
obviously depend on all these factors, intermixed in away 
that makes further analysis impossible. 

The classic review on colour and affect, by Norman and Scott, 
1952, is still useful today (236). For a more recent review 
refer to Plack and Shick, 1974 (147). It may be supplemented 
by the chapters on colour preferences in Pickford, 1972, and 
the meaning of colours, in Kreitler and Kreitler, 1972. A 
review of various techniques of subjective scaling and 
discomfort glare wi ll be found in Östberg and Stone, 1974 
(268). Concerning experimental aesthetics, refer to Berlyne, 
1971 (reference, Section 2). 

The impact of cul ture and personality 

One of the most striking features of the results concerning 
preferences, connotations and colour-mood associations is the 
consistency from one individual to another, from group to 
group and cross-culturally. There has been a great number of 
cross-cultural studies comparing subjects in ,America, Lebanon, 
Kenya, Botswana, Greece, just to mention a few. Monkeys have 
been compared to Man, men to women, children to adults, laymen 
to architects. As one author concludes: "It wou ld indicate 
either that our heritage is such that we all learn the 
'correct' responses, or that there is some innat e mood-
reac tion to different colour s." (240). However, there is no 
reason to search for an explanation in terms of either-or. 
In the previous sections we have seen that the biological 
experience common to mankind has left its mark on every level 
of the organism from the single cell to th e brain itself. At 
the same time there is the continuous impact of the traditions 



and artifacts of society. It would be strange indeed, if 
biology and cul ture were found to be in total opposition to 
each other. A much more sensible hypothesis will be that they 
interact, giving rise to similarities as well as differences 
in a comp1icated but not: altogether incomprehensib1e way 
(188, 192, 198, 203, 205, 211, 212, 223, 229, 233, 236, 246, 
254,257). 

Each cu 1 ture, or sub cul ture, seems to have i ts own colour­
and-pattern tradition,which is conveyed to its members through 
the mechanism of repetition. By using the same colours of 
patterns over and over again in specific settings, every 
member of the group will incorporate them and value them in 
the same way. Other groups may va1ue them differentlyor not 
at all. Any attempt at exp1aining co1our preferences must 
consider this cultura1 impact. In a study on the effect of 
hues of wa11s and spect r a1 composition of 1ight-sources on 
perceived magnitude of space, Aksugur, 1979, using data from 
the indexes of paint sales in Turkey, was ab1e to show the 
inf1uence of cultura1 factors (182). In a personal communication 
drawing on as yet unpublished data, Aksugur stressed the 
importance of economical, geographica1 and re1 igious fac tors, 
the educationa1 leve1 of the consumer and a1so fluctuations of 
tas te occuring on an internationa11eve1. As an examp1e he 
mentioned a certain green colour of specific significance in 
the Is1amic re1gion. This co1our, Munse1l 7.5G 8/4, was 
preferred in high1y re1igious parts of Turkey and a1so brought 
along by peop1e moving into the big cities. 

Studies on co1our connotation, performed by Sivik both in 
Sweden and in Greece, further il1uminate the importance of 
the cultural context (246). While the overall correlation was 
high between the Greeks and the Swedes, there we re some obvious 
differences. Whi1e the Greeks interpreted all co1ours as equally 
cu1tivated, the Swedes judged the saturated co1ours as more 

' vu1gar than the unsaturated ones. The Greeks a1so judged all 
colours as more feminine than did the Swedes. Concerning the sca1e 
'summer-winter', discrepancies appeared for certain light-blue and 
light-green co1ours which the Swedes associated with snow, ice, 
and winter, while the Greeks thought that they belonged to summer. 
On the other hand, certain grass-green co1ours were associated with 
summer by the Swedes but not by the Greeks, because not much of 
grass-green is to be seen in Greece during the summer (192, 193, 
198, 211, 213, 233, 236, 240, 246, 257, 266). 

For many years the psycho1ogist has been using co1ours as a 
means of testing his patient. It is possib1e to identify two 
main approaches, the first one based on co1our preferences. 
The subject is presented with a set of co1oured cards and 
asked to make a first choice, a second choice, etc, or to 
sort or place the cards according to certain instructions. The 
idea behind this is that the response - interpreted according 
to rigid ru1es or in some studies by means of multidimensional 
sca1ing - will revea1 something about the subject's 
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personality. Well known examples of tests of this kind are 
the Luscher Color Test, the Frieling Test and the Color 
Pyramid Test of Pfister and Heiss (184, 191 , 193, 202, 
222, 236, 244, 245). 

The second approach is bas ed on the ide a that colour in itself 
is emotionally loaded. This is exemplified by the famous 
Rors chach t est, consisting of a number of cards with 
apparently nonsens ical inkblot s, which are use d as ameans 
of e liciting the subject's unconscious fantasies. Most of 
the ink blots are in black and white but a few are in colour 
and these are supposed to be especially potent in evoking 
responses of an emotional kind (184, 191, 194, 201, 224, 
236, 244, 258). 

The literature on colour and personality is enormous and would 
demand a separate bibliography. Furthermore, a large part of 
it is rather naive . Therefore I have tried to include only 
examples of the different t echniques and some critical reviews 
as well as some studies which seem more relevant to our 
point of view than the conventional clinical material. 

Personal ity may also be assessed in t erms of psycho­
physiological status. Concepts like 'arousal-seeking tendency' 
and 'emotionality' are in common use today. So called arousal 
seekers are bel ieved to have greater inclination for intens ive 
stimulation and to enjoy lively environments. The arousal 
avoiders, on the other hand , are supposed to prefer environments 
with a rather low degree of st imulation . The emotional person 
seems to be pred isposed to react intensively to various types 
of stimulation, while the stable person seems predisposed to 
show milder react ions. These various differences are part ly 
related to inherent differences of the nervous system. The 
t endency of certain persons to react with strong affect might 
also be at work as far as light and colour are concerned. 
Naturally, the physiological status of the person inc ludes 
factors like age, v isual capacity and health. These factors 
might also have an influence on light and colour preferences. 
Unfortunately, there seems to be very little research with 
direc t bearing upon these questions (96). 

Colour has been use d for therapeutic purposes in order to induc e 
mood changes in depressive or anxious patients. Using a 
combination of music and colour, Neboschick, in 1975 , managed 
to direct a depressed group of patients towards a mor e happy 
mood-state (231). It is evident, that studies of this kind 
suffer from the lack of experimental control. There are simply 
too many factors at work to enable any firm conclusion about 
the relative importance of colour. However, seen toge ther 
with the results of other studies, it would not be astonishing 
to find that colours and coloured light do have a therapeutic 
influence. This line of approach will certainly profit once 
we have a better understanding of the mechanisms behind the 
physiological effects described in section 2 (231, 236). 



General reviews of research on colour and personality will 
be found in Norman and Scott, 1952 (236), Cerbus and Nichols, 
1963 (191), Schaie, 1966 (244), Pickford, 1972, and Kreitler 
and Kr.eitler, 1972. A crit ical review of the relationship 
between colour and affect in the Rorschach test is given by 
Frank, 1976 (201). The books by Pickford, and Kreitler and 
Kreitler,also contain discussions of the cultural impact 
on colour choice. 

Light and colour in the built environment 

Light and colour belong in a very concrete way to the daily 
environment of man. But not always are they at the centre 
of attention - they are there without being noticed. When 
we .ask questions about effects on man we must therefore 
consider light and colour not by themselves but, as 
constituents of man-made environment as a whole. Unfortunately, 
systematic studies are scarce, where light and colour are 
related to architecture and the built environment. There ~xists 
a small group of studies where the appreciation of an 
environment as a total ity is studied as a function of its 
colours. Typical for this group of studies is the attempt 
to vary coloration in a systematic way and analyze the changes 
in appreciation by means of multivariate statistical techniques. 
The results indicate there exists a number of lawful relation­
ships between various colour dimensions on one hand and the 
appearance of the built environment on the other (181, 182, 
211, 213, 220, 221, 229, 238, 248, 256). 

In spite of the general colour preference order established by 
Eysenck and others, studies employing drawings of interiors 
as weIl as full scale and model rooms seem to show that 
neither hue, lightness nor chromatic strength will affect the 
pleasantness of the interior space in any consistent way (181). 
Other studies indicate that the presence of colour gives rise 
to positive evaluations while the absence of colour is 
general ly considered to be negative (KulIer, 1980). In one 
study of building exteriors, yellow buildings were found to be 
more pleasant than others (248). 

In a study by KulIer, 1971, it was demonstrated that the use 
of strong or saturated colours in interiors will contribute 
to the impression of complexity. This is true not only for 
the bright reds but also for the strong yellow, blue and green 
hues. However, at the same time, the impression of unity will 
decrease when many different colours appear in the same space. 
If the complexity is far exceeded by unity the environment might 
appear dull and monotonous , whereas if the scale tips the other 
way the environment may appear too chaotic. The balance between 
complexity and unity might be thought of in terms of over-
and understimulation. More recent experiments by the same 
author indicate a change in the bålance between complexity and 
unity of an interior space by means of light, colour and pattern 
may be accompanied by a change in mood of the subjects staying 
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in the space. The choice of light or dark colours on walls, 
floor and ceiling of an interior space will have a considerable 
influence on the impression of enclosure. The use of dark 
coloration may also lend an expression of wealth and power 
to both building interiors and facades. (111, 220, 221, and 
Kiiller 1980). 

Another main group of studies deals with effects of lighting 
on the appreciation of interior space. A systematic approach 
to the problem is exemplified in the various studies by Flynn, 
Hendrick, Martyniuk and Spencer, employing semantic rating 
scales, factor analysis and observation of over t behaviour 
in a full scale lighting laboratory. Their findings suggest 
that as the designer changes the character of light in the 
room, he changes the composition and relative strength of 
visual signals and cues and this in turn alters some shared 
impressions of spatial meaning for the room occupants (159, 
183, 190, 200, 207, 218, 227, 241). 

Using scale modeis, Watson and Payne, in 1968 studied the 
effects of different fluorescent lamps on the assessment of 
room volume. Their results indicate that cool whi t e light 
will contribute to an impression of largeness, while warm white 
light ,will give the opposite impression. The results of Aksugiir, 
in 1979, support this conclusion. He found the model space 
illuminated by daylight fluorescent tubes appeared larger than 
the same space illuminated by tungsten filament lamps. Aksugiir 
also found the type of illumination interacted with the colour 
of the walls (66, 182, 195, 260) . 

A related group of studies concernsthe importance of windows 
for the appreciation of interior space. A study of human 
requirements for sunlight inside schoois, offices, hospitals 
and housing was carried out by Neeman and Hopkinson, in 1976, 
employing social surveys, on-site observations, as weIl as 
model and full scale experiments. People liked the sun to 
shine indoors provided it is not associated with visua l or 
thermal discomfort. The visual experience of sunshine seems 
to produce- physiological well-being and act as a contact with 
the outdoor world. The thermal experience of sunshine is 
wel comed in conditions of insufficient heat . The authors 
claim, the duration of sunlight penetration and not the size 
of the sunny patch, is the basic criterion by which sunlight 
indoors is appreciated . However, the location of the patch, 
in relation to the body and main direction of view, are also 
of great importance (232). In a number of studies Inui and 
Miyata investigated the relationship between window des ign on 
one hand, and behaviour and subjective assessment of view, 
spaciousness, satisfaction and friend1iness on the other. 
Views of greeneryor sky provided a sense of spaciousness 
whi1e full facade views gave the occupants a sense of 
oppression (214, 215, 216). 

The question of windows in school buildings has attracte d 
mu ch attention. Stewart, 1975, concludes that children like 
windows and th e factors associated with them such as 
'to see out', 'to see what is going on', 'to see nature', 



and 'sun and light'. According to this author children also 
prefer positions in the classroom near the windows, 
a conclusion proven by the fact that children with high 
sociometric status occupy such positions (252). Comparing 
overhead windows and eye-level windows in ten classrooms , 
Tikkanen, in 1976, found that the quality of light affected 
the pleasantness of the interior environment (253). Wyon and 
Nilsson, 1980, niade extensive interviews with people working 
in windowless factories, offices, shops and colleges in the 
south and the far north of Sweden. The attitudes towards windows 
depended on latitude as well as on category of employment and 
also differed from the attitudes of comparable groups working 
in rooms with windows (266). In conclusion, there seems to 
be no doubt that windows are of emotional importance not only 
because of the daylight and sunpatches entering the inte rior 
space but also because of the outlook they provide (226, 255). 

Several of the studies mentioned above employ various methods 
of simulation like colour slides, or scale models, or as in the 
case of Rowlands and Loe, 1976, a small cube which was 
positioned with the faces parallel to the main surface of a 
room. These papers of ten include an appraisal of the simulation 
technique per se (181, 190, 207, 215, 232, 241, 248); 

Although of small amount, the research on problems related to 
light and colour in the built environment have already been of 
great practical importance. Concerning light, the arguments 
today are in favour of quality rather than quantity or to cite 
Liljefors, 1973: "Good lighting does not need more energy, but 
better planning, with respect for individual needs and for 
good perception of the environment. To solve this problem is 
more important for the lighting planner than the calculation 
of illuminance va1u9s" (225). 

As far as colour is concerned the awareness of its emotional 
impact seems to be growing amongst researchers in various 
fields. Unfortunately, here the 'application gap' is much 
wider. Therefore, it is strongly recommended that much more 
full scale field research be done within this area 
(187, 206, 225, 228, 238, 255). 

Readers are referred to the following reviews: Lighting and 
the environment by Hewitt, 1976 (208), Environmenta1 lighting 
by means of windows-daylight and sunshine by Klingenberg, 1980, 
and The influence of color in architectural environments by 
Flynn and Piper, 1980 (199). A treatise on windows and 
environment was edited by Turner, 1969 (255). An interesting 
collection of essays on colour for architecture was edited 
by Porter and Mikellide s, 1976 (238). There also exist a 
number of handbooks on principles of colour and lighting, that 
a1so include discussions of non-visual aspects . The reader 
will find some of these in the reference list. 
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SECTION 3: SUMMARlES 181 - 268 

181 Acking, CA. & KulIer, R. 1972. The perception of an interior as 
a function of its colour. Ergonomics, 15(6), 645-654 
(17 references) 

Co10ur is abasic aspect of human perception. This paper considers 
whether it is possible to study how this aspect influences the 
perception of a total environment. In order to do this, co10ur was 
described in terms of two different versions of the Swedish Natural 
Co10ur System. Perception of the environment was measured by semantic 
scales which had previously been worked out for this purpose. In the 
experiments a drawing of a room was vari ed with respect to colour 
composition of walls and interior details. Some of the main resu1ts 
were then checked in full scale rooms. 

182 Aksugur, E. 1979. The effect of hues of walls on the perceived 
magnitude of space in a room under two different light 
sources having different spectra1 energy distribution. 
Architectural Bulletin, 4, Karadeniz Technical University, 
22-47 (no references) 

The present study was concerned with the effect of the hues of 
wa1ls on the perceived magnitude of space in relation to the 
spectral qualities of different light sources. In the first 
part, the visua1 properties of the physical environment which 
affect the "perceived ma gnitude bf space" is examined in the 
three different percepti.on modalities. The second part of this 
study dealt with two color properties of the physical 
environment. These were color characteristics of the wall 
surfaces and spectra1 characteristics of the light sources. 
In the third part, a ne., experimental method was suggested. 

183 Aubree, A. 1978. Artific:ia1 lighting during the day of a deep room. 
Studies of the replies of the subjects as a function of the 
different proposed lightings. Paper presented at Illuminating 
Engineering Society Conference 1978 (also Centre Scientifique 
et Technique du Batiment, Nantes) (30 pages, no references) 

If one wishes to· give some reconnnendations about the artificial lighting 
of a deep room in daytiule, so far as this investigation is cancerned, 
we have brought out an important difference between the professionai 
category (labourers and clerks) and higher grade students, which is 
valuable both for moderatly costly lighting systems and for expensive 
lighting systems. The labourers and clerks like and prefer lighting 
systems for which the light is uniformly distributed. The higher 
grade students like and prefer directional lighting systems 
(indirect lighting of the test wall). Nevertheless, there exist many 
other lighting systems" more expensive and better ones, which might 
be proposed if the economical point of view was not so important, 
e.g. indirect lighting of the wa11s and the periphery of the cei1ing 
by fluorescent tubes, wbicb was we1l accepted by all subjects in 
the study. 
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184 Barrett, DM. & Eaton, EB. 1947. Preference for color or tint and 
some related personality data. Journal of Personality, 15, 
222-232 (4 references) 

This paper is a report of some experimen~which were developed 
to test the hypothesis that a preference for tints on the one 
hand or strong colomon the other hand is associated with 
certain characteristics of personality. The data of the 
experiments have been interpreted to mean that individuals 
who prefer colors respond more directly and with greater 
interest to the objects and objective events of the external 
environment whi le the persons who prefer tin~' view the external 
world from the point of view of subjective values and live more 
in their own thoughts. Preference for color has been associated 
with extratensiveness and preference for tints with introversiveness, 
concepts suggested by Rorschach. 

185 Berlyne, DE. 1972 . Uniformity in var{ety: Extension to three­
element visual patterns and to non-verbal measures. 
Canadian Journal of Psychology, 26(3), 277- 291 (6 r e ferences) 

Subjects were required to rate patterns of three elements, 
presented simultaneously or successively, for complexity, 
interestingness, and pleasingness. Judged complexity 
generally vari ed inversely with the number of identical 
elements in a pattern and directly with the number of 
properties in which elements differed. Interstingness behaved, 
on the whole, like complexity with suceessive presentation, but 
showed no significant influence of any of the independent 
variables with simultaneous presentation. Pleasantness 
was heightened by the presence of similarities between elements 
when presentation was simultaneous and by the presence of 
variety when elements appeared successively . Other findings, 
intercorrelations of scales, and comparisons with the results 
of previous experiments using two- element patterns are discussed. 
A third experiment showed exploratory choice to favour two­
element patterns that had been judged more complex and more 
interesting but less pleasing. A final experiment, using both 
two-element and three-element patterns, revealed no effects of 
the independent variables on looking time. 

186 Berlyne, DE. & Boudewijns, WJA. 1971. Hedonic effects of uniformity 
in variety. Canadian Journal of Psychology, 25, 195-206 
(20 references) 

Two experiments used visual patterns each consisting of two elements 
that differed in zero to four properties but were otherwise alike. 
Different Ss rated the patterns for pleasingness, interestingness, 
1 iking , and complexity. With successive, but not with simul taneous, 
presentation of elements, pleasingness and liking reached maxima 
when there were both differences and similarities. Interstingness 
increased with the number of differences in both modes of 
presentation. Judged complexity increased with the number of 



differences but was significantly higher when elements appeared 
simultaneously. When the hedonic ratings are plotted against 
judged complexity, the result can be related to the findings 
of previous experiments on hedonic effects of complexity. 

187 Birren, F. 1973. The practical application of light and colour 
to human environment. In; Colour 73. The second congress of 
the international colour association, University of York 1973, 
Adam Hilger, London, 179-189 (18 references) 

Colour is very much in the psychological and emotional realm. Judge­
ments of it are always difficult to rationalize and values are 
difficult to establish. This paper is concerned with the environmental 
use of colour in man-made surroundings where work tasks may be 
performed, e.g. offices, schoois, industrial and institutionai 
facilities. On the basis of a few decades of active experiences and 
the conscientious screening of authoriative research, the author 
s'ets forth what he has found to be tangible benefits for light and 
color. These principles he believes to be scientifically valid and 
they are offered as acceptable guides to the specification of light 
and colour in functional environrnents: Artificial lightingsystems 
in a functional interior should emit some measure of ultra-violet 
radiation; Light for the sake of light is not enough: there should be 
balance of spectral emission in artificial light sources; High 
brightness in the field of view should be avoided in functional 
interiors; Monotony of illumination, brightness and colour should be 
avoided; The choice specification of brightness, brightness differences ' 
and colour promises a new order; If there are no set rules in the 
choice of individual colours, the re definitely are acceptable 
principles. 

188 Bornstein, MR., Kessen, W. & Weiskopf, S. 1976. Golor vision and 
hue categorization in young human infants. Journal of 
Experimental Psychology: Human Perception and Performance, 
2(1), 115-129 (61 references) 

Two studies examined the organization of color perception in 4-month­
old human infants. In Study 1, infants looked at selected spectral 
stimuli repeatedly until their visual attention waned. The stimuli 
represented instances of basic adult hue categories - blue, green, 
yellow, and red. Following habituation, infants were shown a series 
of wavelengths which were the same as or different from the stimuli 
first seen. Analyses of infant attention during this dishabituation 
phase of the study indicated that infants categorize wavelengths 
by perceptual similarity; that is, they see hues in the spectrum 
much as adults do. In Study 2, a group of infants who looked at the 
alternation of two wavelengths from the same hue category habituated 
as did a group of infants who looked at the repetition of a single 
wavelength from that category, but a group of infants who looked 
at two wavelengths from different categories habituated at a slower 
rate. Data from the two studies suggest a high degree of 
organization of the colorworld prior to language acquisition. 
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' . An ideal compromise would be to use a set of words which 
stable in meaning and (b) uniformly spaced along the continuum 
faction: the word-reactions of subjects can thenbe treated as 
for statistical analysis. An experiment has been carried out to 
the stability and spacing of fourteen words used to describe 
tion in previous lighting surveys, with the object of 

a smaller set of words which approximates this ideal compromise. 

HD. & Naude, DEH. 1963. Color-rendering preferences for 
hting the face. Transactions of the Illumination Engineering 
iety, 28(4), 149-154 (5 references) 

mum spectral distribution of warm white lighting for social 
was investigated in a mass test: 1.300 observers compared 

c sources for lighting giris' faces. The results indicate 
amp with enhanced red and green at the expense of the yellow 

con tent would be widely preferred to ametameric Plankian 

HJ. 1941. A critical and experimental study of colour 
ferences. American Journal of . Psychology, 54, 385-394 
references) 

~stions were investigated, all connected with preference s 
le colours. The results of the experiments agreed with 
11 reassessment of the results repor ted by other 
ltors. These results were: (1) There is a certain 
: agreement between the colour preference s of people. 
~ement is as high as that between intelligence tests; 
: restricted to Europeans, but also found among coloured 
Id it is connected with a general factor of aesthetic 
:ion discussed elsewhere. (2) Subsidiary to this general 
: preference for colours is a bipolar factor, which 
:hose who prefer saturated colours from those who prefer 
:ed colours, i.e. tints and shades. (3) There is a high 

between the two sexes with regard to their colour 
:es. Apart from a slight preference for orange among the 
'or yellow among the women, the average order given by 
exes are identical, the correlation between them 
5. 

.. & Piper, HA. 1980. The influence of color in 

.itectural environments. Department of Architectural 
neering. The Pennsylvania State University (118 pages, 
references) 

y is a review of knowledge and procedures that support 
cision-making in the field of color. It is an attempt 
the status and adequacy of specification procedures 

ield of architectural color. The authors are 
rly searching for research patterns and taxonornies 
t be useful in facilitating an understanding or 
tion of design performance applicable to the field 

The review contains the following sections: 
e review and org'anizational matrix. Color systems 
metrics. Color harmony systems. The potential of 

(environmental) color studies. Conclusions and 
ations. 
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200 Flynn, JE ., Spencer, TJ., Martyniuk, O. & Hendrick, C. 1976. 
The influence of spatial light on human judgment. In: 
Commission Internationale de l'Eclairage , Compte Rendu l8e 
Session, Londres 1975 . Bureau Central de la CIE, Paris, 
39-46 (14 references) 

The paper is a discussion of findings concerning study procedures 
for research into the subjective effects of lighting. It focuses 
principally on the interpretive potential of "semantic differential" 
and "multi dimensional" scaling procedures. The findings suggest 
that as the designer changes lighting modes (i.e. the character of 
patterns of light in the room), he changes the composi tion and 
relative strength of visual signals and cues .. and this in tur n 
alters some shared impressions of spatial meaning for the room 
occupants. Utilizing the two scaling procedures an experimenter 
(or designer) can develop insight into the ways that light settings 
"cue" subjective impressions. 

201 Frank, G. 1976 . On the validity of hypotheses derived from the 
Rorschach: 1. The r,elationship between color and affect. 
Perceptual and Motor Skills, 43, 411-427 (173 references) 

177 

Interpretation of response to colo r on the Rorschach tests on Rorschach's 
assertion that eolor has affeetive connotations. His assumption was 
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based on the connection of eolor and affect in eulture and as regards 
the differential response to co l or by patientshe tested. This review 
focused on research which cou l d lend support to Rorschach's empirically 
derived notion. Ignoring elinical studies of psyehiatric patients (in 
the absence of any theory of affects unique to specifie psychiatric 
groups), this review foeuses primarily on psychological tests of the 
hypothesis. Affeet does seem to be associated with colors but not so 
specifically as to be useful in interpreting the meaning of the 
response by any one person. Moreoever, affects was seen to affect the 
many dimensions of the Rorschach stimuli. Interpretation of the response 
to color must take in to account the unsystematic way in which factors 
that influence response to color on the Rorschach, e.g. saturation, 
context, area covered, etc, vary from card to card. These factors 
alone influence the response to co lor and make it impossible t o draw 
conclusions using the plates as constructed. The interpretation of 
affeet from response to e olor on the Rorschach was serious l y questioned. 

Frieling, H. & Frieling, E. 1969 . Farbwahl und 
Epileptikern. In: AIC Color 69, Volume I 
1118-1122 (4 referenees) 

Farbbevorzugung bei 
and II. Stockholm, 

With 285 epileptic subjects their colors of preference and rejection 
and their behavior in working with the colors of the Frieling test 
were investigated. The strong increase of preference for red took 
no effect when placing the color chips on a given support. Some 
characteristie differences in the frequeney of choice, placing and 
placing direction were observed. These differences, however, do not 
allow to state "epilepsy" from data sheet, but they point obviously 
to psychical characteristics of these patients. 
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203 Garrett, A. 1967. Colour stimulus . Building Materials, No 26-27, 
July, 69-72 (no references) 

To meet the disciplines of science and to add something of value to the 
study of aesthetics and psychology, it was decided three years aga to 
produce a survey of colour schemes worked out professionallyas weIl as 
by architecture students . By ruling out external influences, creative 
thinking could show clear patterns. With this survey, the personal colour 
idea when made visible can be accurately analys ed and the elements and 
structure of colour language counted to produce irrefutable evidence 
of how creative people think when working on complete colour schemes . 
This is the nearest approach that can be made to uninhibited thinking 
in the infinite possiblities of colour. 

204 Guilford, JP. 1934. The affective value of color as a function of 
hue, tint, and chroma. Journal of Experimental Psychology, 17, 
342-370 (32 references) 

Fort y colors, evaluated for hue, tint, and chroma on the Munseli 
scheme, were judged repeatedly for affective value by five men 
and five women subjects .. With tint and chroma held fairly 
constant, the functional relationship between affective value (AV) 
and hue appeared to be of aperiodic type. Fourier analysis 
revealed two important harmonies (first and third) in this 
relationship, and two others of less important (second and fourth). 
With hue held constant, linear relationships we re found to hold 
between AV and tint and chroma. Complete empirical formulas 
we re set up, predicting AV from the three attributes of color. 
Some theoretical consequences of the periodie relationship 
between AV and hue are: (l) There ·are two distinct systems of 
color preference, the one being more primitive and fundamental 
than the other . (2) The more fundamental system is a yellow-blue 
affective discrimination, the short light waves being more 
agreeable than the long . (3) The other system is a red-green-blue 
preference over yellow, blue-green, and red-violet. (4) These 
two systems correspond in a striking way to the two evolutionary 
stages of the Ladd-Franklin color theory. 

205 Guilford , JP . & Smith , PC. 1959 . A system of color-preferences . 
American Journal of Psychology, 72(4) , 487-502 (9 references) 

This report pertains to a systematic and relatively exhaustive study 
of the affective values of 316 different color specimens, each of 
which had been calibrated in terms of color-specifications of the 
Munseli Book of Color. The color-stimuli were in the form av 2-in. 
squares of paper on a neutral gray background. Each was rated by 
20 men and 20 women students on two different occasions . Smoothed 
graphic adjustments of the data were made to curvilinear funcional 
relationships, from which isohedonie charts were constructed showing 
the loci of equal preference-values applying to all colors in the 
color solid . Considerable consistency in ratings of affective values 
of colors was found from day to day for the same Os, from one set of 
Os to another within the same sex, and even between Os of different 
sex. Men rated colors general ly a little higher than did women. 
Agreement as to relative affective values was better for colors of 
certain hues than for others, both within and between sexes. Preferences 



were highest in the region of green to blue and lowest in the region 
of ye llow and yellow-green , when brightness and saturation are held 
constant . With few exceptions, affective value is positively related 
to brightness and to saturation , all relationships being curvilinear . 
Predictions of affective values from the specified hue , brightness 
and saturation of colors were generallyexcellent within the sample of 
Os who rated the colors. Predictions of a more general scope will 
depend upon information concerning other populations, other variables 
of color-stimuli, other viewing-conditions , and particular uses of 
colors. Considerable gain in accuracy of prediction should be possible 
from further basic research of the kind reported here . 

206 Guth, SK. 1970. Lighting for visual performance and visual comfort. 
Journal of the American Optometric Association , 41(1) , 63-71 
(14 references) 

The increasing complexity of educational and commercial activities 
and industrial operations in our modern world make it imperative 
that occupational vision specialists are fullyaware of the many 
factors which influence human performance, efficiency , comfort 
and safety . Light and lighting are important environmental factors . 
However , full consideration must be given to the entire visual 
environment to in sure that all brightnesses are in proper balance. 

207 Hendrick, C. , Martyniuk, O., Spencer, TJ . & Flynn , JE . 1977. Procedures 
for investigating the effect of light on impresson . Simulation of 
a real space by slides . Environment and Behavior, 9(4), 491-510 
(9 ·.references) 

This paper rep orts findings concerning the effect of environmental 
lighting as a medium that affects user impressions and judgments. Our 
previous work on this problem used multidimensional scaling and 
semantic differential techniques to assess changes in impression as a 
function of variation in the lighting arrangements . This research 
was conducted in a lighting demonstration room at the General Electric 
Lighting Institute at Nela Park in Cleveland. Six different lighting 
arrangements were used . Results from both multidimensional scaling and 
ratings on semantic differential scales showed that user impression 
changed in orderly ways for different lighting arrangements . The 
present study assessed whether sI ides of the lighting arrangements could 
adequately simulate results from the real space . Comparable results 
would indicate that sI ides are a useful simulation tool, and would also 
be of general theoretical interest . The data indicated that in man y 
important respects the results for the slides matched the results for 
the real space for ratings on semantic differential scales, but that 
less consistent results were obtained for multidimensional scaling. 
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208 Rewitt, R. 1976 . Lighting and the environment . Progress Report. 
In: Commission Internationale de l'Eclairage . Compte Rendu 
l8e Session. Londres 1975. Bureau Central de la CIE, Paris, 
329-332 (97 references) 

The report reviews the approach of the Committee to the study of 
lighting in the env irorrment, pointing out that this involves 
considerations which do not arise in the lighting of visual tasks. 
Appraisal work is shown to have had educational value in encouraging 
more critical observation by those concerned about quality in lighting. 
The work of the committee has helped the development of the prelude 
to a design process which starts with the nature and function of the 
interior and requires a decision about the visual qualities to 
which the lighting must contribute before proceeding to the 
engineering cons iderations . This process, together wi th ,typical 
questionnaires , appears in a draft Technical R~port also submitted 
by the committee . Much work remains to be done in this field of 
lighting, and the report includes proposals for its future programme 
and also a revised and extended bibliography. 

209 Rogg, J . 1969 . A principal components analysis of semantic differential 
judgements of single colors and color pairs. Journal of General 
Psychology, 80, 129-140 (22 referen~es) 

Two Principal Components analyses were carried out on Sh ratings of 
single colors and color combinations . Similar factors were found in 
both analyses . These related to strength, pleasantness, warmth, and 
usualness. The relation between these dimensions and the attributes 
of the colors is described . The present findings are compared in 
detail with previous work on color. 

210 Rogg , J. 1969. The prediction of semantic differential ratings of 
color combinations. Journal of General Psychology, 80, 141-152 
(22 references) 

The logical relation between experiments on the predict i on of 
preference for color combinations and Ge s talt theory is discussed . 
Logical difficulties entailed in interpreting the implications of 
such experimental work for Gestalt theoryare noted . Existing work 
on color is extended by investigating the prediction of SD ratings 
of color combinations on four dimensions of judgement relating to 
pleasantness, strength , warmth , and usualness of the combinations . 
Statistically significant prediction of varying accuracy was found 
with the us e of two simple additive predictive formulae. 

211 Rogg , J . , Goodman , S., Porter, T., Hikellides , B. & Preddy , DE. 
1979. Dimensions and determinants of judgements of colour 
samples and a simulated interior space by architects and non­
architects . British Journal of Psychology , 70 , 231-242 
(19 references) 

Architects and non-architects made Semantic Differential ratings 
of colour samples (chips) and a simulated interior space (a model). 



In analyses of the total sample's ratings five factors occured: 
These were: (i) dynamism; (ii) spatial quality; (iii) emotionaI 
tone; (iv) evaluation; (v) complexity. Linear correlations between 
parameters of the MunselI Color Systern and the above factors were 
calculated, while paralIeI analyses were carried out employing 
a graphical technique described by Sivik (1974) involving iso­
semantic maps. In all analyses, linear correlations between the 
colour parameters and judgements were found for the dynamism 
factor, spatial quaIity factor, and emotionaI tone factor. They 
were associated respectively with chrorna, value, and hue. 
Inspection of the isosemantic maps indicated subsidiary effects 
of the non-dominant dimensions of a non-linear sott, though the 
maps also exhibited the linear relations. Linear correlations 
were low or non-existent for the evaluation and complexity factors, 
and the complex nature of their determinants was clear from the 
isosemantic maps. The determinants of judgements were sirnilar for 
architects and non-architects, with the exception of evaluative 
judgements for the models in which märkedly different determinants 
were noted. Comparability of the present findings with other studies 
carried out in a variety of countries over a 20 years period was high 
for dynamism, spatial quaIity, and emotionaI tone, and it is 
suggested that there may be something inherent in the response to 
colour in relation to such judgements. Recent physiological work 
is discussed, and its limitations in terms of colours sampIed and 
an overconcentration on the hue dimension noted. In contrast, it 
is suggested that dimensions of judgement, such as evaluation or 
complexity, reflect to agreater extent cul ture or training, and 
are hence independent of the basic colour attributes. 

212 Humphrey, NK. 1971. Colour and brightness preferences in monkeys . 
Nature, 229, 615-617 (2 references) 

A method was developed for testing the preferences of monkeys 
for simple visual stimuli. Preliminary results for colour and 
brightness were obtained. Monkeys had strong preference s related 
to both brightness and c:olour. These preferences were not, as 
might have been expected in a two-choice situation, allor none, 
but were finely graded. The brightness preferences were 
monotonically related to brightness over the range used, and, 
more surprisingly, the c:olour preference s were monotonically 
related ho wavelength. Repeated measurements were highly consistent, 
and there was remarkably little variation even between the 
monkeys . 

213 Inui, M. 1969. Colour in the inte rior environment. Lighting Research 
and Technology, 1(2), 86-94 (9 reference s) 

Work carried out in Japan on planning the colour of interior environrnents 
is reported. A survey has been made of the colours used in cinema and 
hotel foyers, hospitals, schooIs, homes and flats located mainly in 
Tokyo. The results are analysed and presented as frequency curves for 
MunselI hue, value and chrorna. Preferences are also discussed in terms 
of MunselI notation and the ISCC-NBS designations. The balance point 
for each type of room i s computed and the type of colour composition 
is classified. From a s1.lbjective appraisal of different colour schemes 
using slides and modeIs, acceptable colour schemes for the different 
types of room are given in terms of the balance point and colour 
composition. 
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214 Inui, M. 1980. Views through a window. In: Krochmann, J. (ed). 
Proceedings of the symposium on daylight. Physical, 
psychological and architectural aspects. Commission Internationale 
de l'Eclairage. Institut fur Lichttechnik, TU, Berlin, 323-332 
(7 references) 

A series of studies undertaken at the Building Research Institute 
in Tokyo is described which investigates the relation between 
preferred window arrangements and views through a window. These 
studies were carried out by means of scale models in which 
observers assessed the spaciousness of predetermined conditions 
using the method of magnitude estimation, or alternatively, adjusted 
a variable window aperture in order to arrive at the most 
satisfactory arrangement. Views of greenery from a window 
appeared to provide more spaciousness in interiors than views of 
buildings; this suggests that the former does not give the 
occupants a sense of oppression which the latter, most typically 
the facade of a nearby building, does. It was also found that 
views having certain amount of sky produced more spaciousness 
than full facade views, but that open sky did not necessarily 
produce the maximum spaciousness because of the lack of visual 
cues. Since those views providing much spaciousness were 
abundant in attractive features like open space, greeneryand 
information content, a bigger window was preferred for such 
views. The classification of window types is also discussed. 

215 Inui, M. & Miyata, T. 1973. Spaciousness in interiors. Lighting 
Research and Technology, 5(2), 103-111 (6 references) 

Since traditional criteria for window design, e.g. the daylight factor, 
have lost their force, interest in re-evaluating the function of windows 
has been growing rapidly. The concept of spaciousness as an alternative 
criterion is introduced, and observations in scale models differing in 
spaciousness under an artificial sky have been carried out. From these, 
spaciousness for different sky luminances has been shown to be a 
function of interior illuminance, room size and window size. Observations 
in full scale interiors were also made to confirm the validity of the 
results. From additional experiments, it has been found that a lower 
limit of just acceptable spaciousness does exist. This would be a useful 
criterion for use in design. 

216 Inui, M. & Miyata, T. 1977. Spaciousness, behaviour and the visual 
environment. Journal of Light and Visual Environment, 1, 59 
(21 pages, 3 references) 

The paper describes the results of a study which examines the degree 
of relevance of various aspects of behaviour to the visual environment 
as weIl as the relationships between behaviour measured and the 
subjective assessments of spaciousness, satisfaction and friendliness. 
Some correlations between these assessments are also examined. 



217 Kimura, T. 1950. Apparent warmth and heaviness of colours. 
Japanese Journal of Psychology, 20(2), 33-36 (in Japanese 
with English sunnnary) 
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This study was intended to determine experimentally the orders of 
apparent warmth and heaviness of colours. We arrived at the following 
conclusions: The order of apparent warmth of colour was: R+O+Y+G+Bk+Be+W. 
Excepting achromatic colours (W and Bk), this is roughly in accordance 
with the order of wave-lengths of light. In the case of apparent 
heaviness, the order was: Bk+Be+R+V+O+G+Y+W. Except achromatic colours, 
this order corresponds roughly with the inverse order of apparent 
brightness. 

218 Knave, B., Ottosson, A., Werner, M., Bergqvist-Poppen, M. & 
Paasikivi, J. 1974. Belysningen i kontorslandskap - risk 
för kontrastbländning vid höga belysningsstyrkor. Nordisk 
Hygienisk Tidskrift:, 55, 116-128 (5 references) 

The present investigation was performed on a large office 
land scape, in which 22 per cent of the personnel comp lained 
of bad lighting. On inquiry most of the employees, who 
complained of the lighting stated subjective eye discomfort 
and g lare . High illuminance values were general ly registered 
in the working places as we Il as relatively high luminance 
contrasts between different adjacent areas within the vision 
fields of the employees .. Thus, the basic conditions are 
fulfilled for so called discomfort glare, which then is 
supposed to be the reas on behind the complaints presented 
by the personnel. 

219 Kohn, IR. 1967 . The influence of color and illumination on the 
interpretation of (,motions. Thesis for Masterof 'Arts, Department 
of Psychology, University of Utah (108 pages, 53 references) 

The study explored differences in the interpretation of an expressed 
emoti on's intensity as a f unction of painted hues and light intensities 
within the environment. In the main experiment 135 men and 135 women 
were divided into groups and each group was assigned to one of 54 
experimental conditions (combinations of 3 colors, 3 hue lightnesses, 
3 light intensities, 2 sexes, 3 time periods, and 6 emotions). A tape 
recording, which contained 204 emotional portrayals of fear, anger, 
indiffernce, happy, sad, and, flirting, was used as the emotionai 
stimuli. Data from previous research were used t o generate the following 
hypotheses: l/ The judged intensities of emoted phrases differ 
significantly across varying combinations of color and light for all 
six emotions. 2/ the mean judgment of one emotion increases significantly 
over the mean judgment o f the other emotions under the following 
conditions: (a) anger in a red room and a yellow room (illumination 
level "dim"), (b) happy in a room of dark hue lightness and medium hue 
lightness (illumination level " comfortab l e"), (c) fear in a blue room 
and 'a yell ow room (illumination level "dim"), and (d) flirting in ' a dark 
red room (illumination level "dim") . 3/ The mean judgment of each 
emotion differs significantly between men and women. 4/ The mean judgment 
of each emotion differs significantly with increased exposure of the 
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subjects to the varying conditions. The first two hypotheses were not 
supported by the results; there were no significant differences in the 
mean judgment of an emotion's intensity with variations of room color, 
hue lightness and illumination. The third hypothesis on differential 
judgments of emotions by sex was confirmed in part, and the fourth 
hypothesis on differential judgments over time was confirmed in full. 

220 KulIer, R. 1971. The perception of an interior as a .function of its 
colour. In; Honikman, B. (ed). Proceedings of the architectural 
psychology conference at Kingston Polytechnic, 1970, Kingston 
Polytechnic & RIBA Publications, London, 49-53 (22 references) 

Colour is abasic factor of human perception. The question was raised 
whether it is possible to study how this factor influences perception 
of an environmental totality. In order to do this, colour was described 
in terms of two different colour-systems, the natural colour system 
and the modified version of it . Perception of the environment was 
measured by semantic scales that had previously been used to describe 
the perception of the built environment. In the experiments a drawing 
of a room was varied with respect to colour composition of walls and 
interior details. In spite of the very limited design rather meaningful 
conclusions could be drawn. The pattern of significant main effects and 
correlations hinted at several general tendencies. The relations between 
pleasantness evaluation and the colour variables turned out to be very 
complicated. The material also pointed to the existence of individual 
differences. The social evaluation varied with lightness and to a 
lesser extent with chromatic strength. Perceived openness also increased 
with a corresponding increase in the chromatic strength of interior 
details. The perception of complexity showed a marked dependence on 
chromatic strength. The results also gave rise to a further question. 
Is the dependence on colour in large surfaces comparable with the 
dependence on the same colour in two smaller surfaces? Can we add up the 
colours in a milieu, each colour variable by itself, ' and thus predict 
the total experience? The problem "whether the whole is more than the 
sum of the parts" is implicitly contained in this line of reasoning. It 
might eventually be necessary to find variables of a higher order. It was 
concluded that the approach has been promising and that further experiments 
should be done along the same lines. 

221 KulIer, R. 1977. Psycho-physiological conditions in theatre 
construction. In: Arnott et al (eds). Theatre Space. International 
Federation for Theatre Research. Prestel Verlag, Munchen, 158-180 
(also in German, 166-189) (46 references) 

The auditorium of a theatre is a framework either facilitating in 
various ways, or prohibiting contact between the actors and the 
public. The design of theatre auditoriums has been analysed on the 
basis of the psychological and physiological processes taking place 
in actors and spectators as a result, among other things, of changes in 
the degree of activation of the nervous system. While an actor can be 
regarded as having a high degree of activation which must find an outlet 
during the performance, the public instead has a demand for being 
activated. In both cases special demands are placed on the auditorium's 
design, colour scheme, articulation and acoustic properties as weIl as 
the design and lighting of the stage. A number of studies indicate 
that the total impression of an auditorium in terms of enclosure and 
complexity are particularly important when a suitable level of 



activation must be mainUlined from communication view-points. 
Especial1y in old theatres there is of ten a wealth of detail and 
a variety of colour, the theatre hall abounding in golds and reds. 
Intense hues will contribute to visual complexity and also red hues 
seem to provide higher physiological arousal than green and blue hues. 
Therefore, it is probably no coincidence that red has been and still 
is a very popular hue in theatre design. The effect of colour is 
discussed i in relation to many other factors influencing the total ity 
of theatre buildings. The report al~o discusses the design of foyers 
and actors I back-stage areas as well as the importance of these 
areas during preparations for a performance and for rest and 
relaxation during intermissions. 

222 Lakowski, R. & Melhuish, PW. 1973 . Objective Analysis of the Luscher 
Color Test. Die Farbe 22, Nr 1/6, 239-250 (also in: Color 73. 
Second Congress of the International Colour Association. 
University of York, Ju1y 1973. Adam Hilger, London) 
(19 references) 

Objective ' analysis of three versions of the Luscher color test shows 
significant colorimetric: differences between versions, particularly 
between the blue- green samp1es. Luminance measurements by red-green 
color defectives are compared to those of normal subjects. The 
implications of these findings in terms of structure and 
interpretation of the Luscher test are discussed. 

223 Law1er, CO. & Lawler, EE. 1965. Color-mood associations in young 
children. Journal of Genetic Psychology, 107, 29-32 
(3 references) 

Twenty first-grade children were divided into four groups of five 
Ss each for the purpose of studying effects on subsequent response 
variability of the prior experiences of fixed-ratio, variable­
ratio, and regular-reinforcement schedules. Similarities and 
differences between res ponses for first graders, used in the study, 
and kindergarten and preschool children, used in previous similarly 
designed studies, are discussed. 

224 Levy, JR. 1950. Changes in the ga1vanic skin response accompanying 
the Rorschach test. Journal of Consu1t. Psychology, 14, 128-133 
(25 references) 

Record was made of change ~n palmar skin conductance accompanying each 
,of the Rorschach plates upon presentation, by means of a Guhin card 
changer, to 50 male college students individually. On the assumption 
that increased conductance is indicative of "affective tone", a 
finding of significantly greater increases accompanying the colored 
and the heavily shaded plates would serve to strengthen the position 
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of Rorschach theorists who maintain that these cards possess "affective 
value" for the subject. To counteract the adaptation effect of the GSR 
and at the same time to preserve as nearly as possible the normal 
Rorschach sequence, the order of presenting the cards was systematically 
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rotated. Significant individual differences in galvanic response to the 
cards were obtained, implying differences in "affective" reaction to 
the test as a whole. The sample was found to be normally distributed. 
Change in conductance among the cards was not found to be significantly 
different: therefore, the re is not statistical evidence that the cards 
differ among themselves in "affective value". The experimental design 
introduced consideration of effect on the GSR on card position. Position 
in the series was found to have a significant effect on changes in 
conductance for the sample investigated. 

225 Liljefors, A. 1973. Light planning with minimum energy consumption. 
The quality of light. In: Kuller, R. (ed). Architectural 
Psychology. Proceedings of the Lund Conference. Studentlitteratur, 
Lund & Dowden, Hutchinson & Ross, Stroudsburg, 68-75 (2 references) 

When energy is restricted, it is no longer possible to plan light 
according to the principle ordinarily used: general lighting at 
highest possible illumination. The more light the better it has been 
said. This is wrong because it does not give good lighting but 
costs a lot. Good lighting does not need more energy, but better 
planning, with respect for individual needs, and for good 
perception of the environment. Also needed is a technique that 
permits ajustable light on the work pla~e. This is fairly simple 
in the office but more difficult in industry. To solve this problem 
is more important for the lighting planner, than the calculation of 
illuminance values. 

226 Markus. TA. 1967. The function of windows - a reappraisal. Building 
Science, 2, 97-121 (28 references) 

Traditional criteria for window design relate to daylight and ventilation 
requirements. Some criteria deriving from sunlight studies are also 
used. In the light of rapidly developing technology, rising standards 
of environment and changes in the depth of buildings, these criteria 
are beginning to lose their force. This paper exarnines current 
knowledge on the contribution of windows to sunshine awareness and 
desire and to the provision of a visuallink with the outside world. 
It also describes working hypotheses and current experimental work 
concerning interference "meshes", such as woven or slatted blinds 
which to a greater or lesser degree obscure external views. Same data 
in summary form is given on a survey in a new office block and critical 
point s on which further research is needed are given. 

227 Martyniuk, O., Flynn, JE., Spencer, TJ. & Hendrick, C. 1973. Effect 
of environmental lighting on impression and behavior. In: Kuller, 
R. (ed). Architectural Psychology. Proceedings of the Lund 
Conference. Studentlitteratur, Lund & Dowden, Hutchinson & Ross, 
Stroudsburg, 51-63 (13 references) 

The study presented in this paper is concerned with a search for 
evidence that the "behavior setting", modified or altered by environmental 
lighting, produces (creates) environmental cues or signals, and that 
the participants may tend to respond or act upon these cues in some 
consistent way. The experiment was conducted in a room in which the 



only physical alterations we re changes in the lighting arragnements. 
The methods for evaluating the subjective quaiity of space were a 
number of scientific techniques, most notably: (l) semantic differential 
rating scales for factor analysis, (2) multi.dimensioiJaLsc·aling, and 
(3) observation and mapping of overt behavior. 

228 Medd, D. 1967. Colour tolerance. Building Materials, 26-27, July, 
59-61 (no references) 

Colour tolerances are not specified in architectural practice. The 
increasing use of factory made coloured materials and ready mixed 
paints, in place of mixing colours on the site, emphasises the 
need for accurate colour specification. The architect's responsibility 
is for the appearance of materials and coloured surfaces in or on 
completed buildings , and ~e is therefore more concerned with the 
several factors affecting this appearance than he is with the 
physical and chemical properties of the colour. Variables of concern 
to the architect include: size of surface, distance of viewing, 
effect of sunlight and shade, effect of inter-reflection, character 
of situation. 

229 Mikellides, B. 1979. Conflicting experiences of colour space.­
In: Simon, JG. (ed). Conflicting experiences of space. 
Proceedings of the 4th IAPC. Torne II. Catholic University 
of Louvain, Louvain-la-Neuve, 679-703 (12 references) 

The aim of this paper is twofold: To summarize the' state of art '. 
on conflicting experiences of colour space based on psychological 
and architectural interpretations, and to present the preliminary 
findings of ongoing longitudinal studies at Oxford on colour 
attitudes to full scale colour spaces by architects and laymen. 
Architects and laymen evaluations of 2 large seminar spaces one 
painted Red (BSI 04E53) and the other Turqoise (BSI l6E53) are 
compared using R. Kuller's theoretical model for describing 
perceived colour space. The results are related to L. Sivik's 
isosemantic maps and give support to the apparent warmth and cold­
ness of colours as being hue dependant. Both spaces are considered 
by the participants as exciting giving support to the importance of 
chromaticness (saturation) on the calming/exciting dimension. 
Architects and laymen tas tes to external colour on buildings are 
reported by reference to Oscar Newman's experiments at Clason Point, 
New York and an experiment carried out at Oxford where 
participants were shown slides of coloured buildings, supergraphics, 
and colour restoration work. Despite the fact that architects 
expressed stronger preference for colour than laymen on personal 
evaluation architects did not consider the buildings as consistent 
with or fitting in to the urban milieu, while laymen did. The 
relationship of colour and graffiti is repor ted by reference to an 
experiment where 6 identical library cubicles at Oxford were painted 
in different colours B, Y, O, G, R, V, and the amount of graffiti 
in them was compared to a white cubicle. The distinction is made 
between synchronic conflict - apparent conflict arising at most 
levels of conceptualising at any given time - and diachronic 
conflict - brought about through changes mainly of the time 
factor but also in taste, habituation. 
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230 Nayatani, Y., Tsujimoto, A., Asano, C., Machihara, S., Ikeda, J., 
Namba, S., Sobagaki, H. & Hirata, M. 1969. An analysis of" 
affective values on three-color harmony by the semantic 
differential method . In: AIC Color 69. Volume I & II, 
Stockholm, 1073-1081 (9 references) 

Affections on three-color harmony consists of pleasantness (23 to 24%), 
floridness (Il to 15%), contrast (12 to 17%), warmth (6 to 9%) and 
bal'ance (2 to 6%) in most cases. Four representative affections were 
predetermined by using physical quantities of three component colors. 
For example, for the affection of floridness, the correlation coefficient 
is 0.67 between factor score and estimated values. By using the 
established relations, several three-color harmony samples have been 
performed. 

231 Neboschick, MR. 1975. A treatment of the psychopathology of depression 
through inducement of appropriate mood changes by a combination 
of music and comparable colors with complementary counseling. 
Dissertation Abstracts International. 35(10-B), April 

This study suggests that the treatment of employing color/music therapy 
andcounselingboth separately and together shows promise as a 
potential ly useful therapeutie intervention in a clinical depressed 
university population. All clients who were available af ter the 
treatment repor ted being helped in some ways. Throughout the treatment 
the general trend was a movement from the baseline to more happy mood­
states. When compared to the other phases of the treatment, the 
composite treatment consisting of color/music theraphy combined with 
counseling appeared to be the most effective. 

232 Neeman, E. & Hopkinson, RG. 1976. Sunlight in buildings. Requirements 
and recommendations. In: Commission Internationale de l'Eclairage 
Compte Rendu l8e Session, Londres 1975, Bureau Central de la CIE, 
Paris, 431-444 (9 references) 

A study of human requirements for sunlight inside buildings was carried 
out with the aim of using its conclusions as a basis for new 
recommendations for the admission of sunlight indoors. SchooIs, offices, 
hospitals and housing were investigated. The experimental procedure 
consis"ted of social surveys, visi ts by a team of experienced observers 
in a selections of buildings in sunny conditions, experiments in a 
controlled room and ascaled model. A detailed analysis of the availability 
of sunshine was also carried out. Results have shown the importance 
occupants attach to sunlight indoors and outdoors, and where they put it 
in the ranking order of other environmental and social preferences. 
People like the sun to shine indoors provided it is not associated 
with visual or thermal discomfort. The visual experience of sunshine 
seems to produce physiological well-being, to enhance colours of interior 
surfaces and to act as a contact with the outdoor world. The thermal 
experience of sunshine is welcomed in conditions of insufficient heat, 
but it is not desirable when warmth is not" required. However, attempts 
to correlate physical 'measurements with subjective asses sments of 
preferences and visual comfort have now shown a significant relationship. 
It seems that the duration of sunlight penetration, and not the size of 
the sunny patch, is the basic criterion by which sunlight indoors is 
appreciated. However, the location of the surface in the sun, in relation 
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to the body and main direction of view, are of great importance. While 
prepa ring the draft of the proposed recommendations for sunlight admission, 
it ' was anticipated that planning for sunlight has to be c losely integrated 
with all other aspects of design related to the type of building and 
surroundings. The proposed rec ommendations relate to a class ification of 
interiors according to their "use" and an "Activity- Position- Di rec tion 
of View" grouping. A classification for the need of solar control is 
also given. The recommendations are based on available sunshine and not 
on possibl e sunshine, which ignores the effects of cl oud ' and heavy 
haze. They spec ify a given number of hours, to be spread over at least 
6 months of the year, during which pene tration of sunlight . indoors 
should be secured. To make the recommendation readily usable, a sunlight 
protr ac tor , as well as an easy procedure, were also developed. 

233 Nemcsics, A. 1969. Les preference s de coul eurs de l'homme dans les 
epoques historiques et aujourd'hui, In: AIC Color 69. Volume I 
& II, Stockholm, 1096-1104 (5 references ) 

The at tempt to establish relationships between several million co lour­
preference test data ha s demonstrated that man's a ttitude towards 
colour depends essentially on his age, sex, personality, but also 
on his occupation. Rather than to depend on man,'s experience alone, this 
a ttitude depends also on the collective colour sensations of mankind, 
by the way of colour tradit ions . Cul tures also are divided by their 
a ttitude t oward s co lours. Correspondences can be detected between 
colour attitudes of different periods of the European cultural s phere 
and co lour preferences of today' s man in his different ages. Colour 
preference values as colour charac teri stic s can exac tly be described 
on the colour spheroid. 

234 Nemcs ics, A. 1976. The theoretical and' ex perimenta l exp loration of 
the relationship between man, colour and th e env ironment. 
AIC Color Dynamics 76. Bud~pest (17 pages, 14 references) 

In conc lusi on we would like to stress that theoretical colour 
dynamics should explore the e1ementary re1ationship between man 
a nd colour and the complex relationship between man and his co l our ed 
environment. We intended to formulate these relationships theoretically 
to exp l ore the relationships experimentally and to es tabli sh th em 
into a systern to be ab le to utili ze them directly in the practise 
of establishing coloured spaces. 

235 Newhall, SM. 1941 . Warmth and coolness of colors. Psychological 
Record, 4, 198-21 2 (19 r e ferenc es) 

Our purpose was twofol d , i.e., to s ecure estimates of thi s apparent 
warmth and coolness from numerous closely stepped samples, and if 
possible , to secure evidence testing an hypothesis which has long 
been favored implicitly. That i s the view that the apparent warmth 
and coolness are due to hue association with chrornatic thermal objects. 
Within the experimental limitations, severa1 generalizations seem 
indicated; The reds and yellow reds a re the thermally "warmest" hues. 
The cool hues range from yel l ow through gr een and blue to purpl e with 
no un equivoca l " coolest: " mode. This result comfirms the r ea li ty of 
the artist ' s dif ficulty which instigat ed thi s study. The preceeding 
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supports the plausible view that the apparent warmth and coolness of 
color depends upon dimodal reception from common chromatic sources of 
temperature stimulation. There is overlapping of the warm and cool 
colors in the yellow and the purple blue regions, and this overlapping 
may be due in part to conflicting associations. 

236 Norman, RO. & Scott, WA. 1952. Golor and affect: A review and 
semantic evaluation. Journal of General Psychology, 46, 185-223 
(93 references) 

Ignoring operational considerations, leads many investigators to 
drawconclusions outside the limitations of the experiment, or to 
assume that the phenomena they have measured are equivalent to 
those concepts represented by words in common usage. In order to 
measure the effect of color on the human organism 'color' must be 
regarded as something in the external world, as weIl as in 
psychological experience. Similarly, the response of the organism 
must be defined in terms of behavior, rather than by inference words 
referring to assumed psychological experience. 'Psychological 
experince' may be successfully measured only when terms are 
operationally defined. The paper discusses the following topics: 
Tests of color preference; Factors presumed to influence preference, 
Guilford's system of color preferences, Gonditioning of preferences, 
Semantic considerations of preference studies. Experimental studies 
concerning the association of color and emotionaI pattern; Mood 
associations with colored lights and designs, Mood associations of 
color and music, Relation between personal ity traits and preference, 
Golor and non-color attitude, Jaensch's color vision types and 
personal ity types, Relation between mental/emotional disorder and 
preference, Suggested experiments to relate color and mood. Glinical 
studies; General consideration of color on the Rorschach test, 
Experimental validation of color reactions on the Rorschach test, 
Other projective tests. Behavior correlates of color; Physiological 
effects, Effects on mental and motor skills, Goldstein~s theory, 
Golor and psychotherapy. 

237 Payne, MG. 1961. Apparent weight as a function of hue. American 
Journal of Psychology, 74, 104-105 (4 references) 

The present study indicates that the hue of an object does 
influence the perceived weight of an object. The extent of this 
influence does not appear, however, to be as great as that of 
brightness (reflectance) which was shown by the earlier study 
to correlate very great ly (p= 0.94) with apparent weight. 

238 Porter, T. & Mikellides, B .. (eds). 1976. Golour for architecture, 
Studio Vista, London (151 pages, 29 references) 

Introduction. l. The effects and meaning of colour (a short review). 
The need for colour and light in future man-made-spaces (Birren, F), 
The dialectics of colour (Smith, p). 2. Golour in the architectural 
environment. The primitive and ancient environment: the modern 
concept of form. The separate paths of architecture and art: the 
modern concept of space. The artist and architecture: the promise 



of a new environmental colour tradition. Colour, competence and 
cogn~tlon: notes towards a psychology of environmental colour 
(Friedman, S. & Thompson, S.). The future role of the artist 
(Vasarely, V). 3. The functions of colour in architectural settings; 
Colour as a function of multi-dimensional space: a new architecture 
of urban environment (Pasmore, V), The use of colour and texture at 
Clason Point (Newman, O), The temptation of colour: a legitimate 
attitude for an architect (Deroche, J), Colour in buildings (Esherick, 
J), The colour approach of Piano and Rogers (Rogers, R), On the use 
of colour in buildings (Foster Associates), Notes on a colour 
palette (Sussman, D & Prejza, P), Living in colour colour (Lenclos, JP). 
4. A definition of colour for the designer; Light, Object, The 
eye and brain, Psychological factors. 5. Test findings, observations 
and notes on the effects of colour. Studies on the psycho-physiological 
effects of light and colour: Coloured Illumination and the environment 
(Preusser, R), The signi ficance of light and colour in the urban 
environment (Bir~en, F), Colour preferences; The colour currency 
of nature (Humphrey, N)" The effect of colour on our perception of 
space. The study and application of colour in extraterrestiai 
habitats (National Aeronautics and Space Administration). 6. 
The Natural Colour System and its application to interior and 
exterior environments (The Swedish Studies). The Natural Colour System 
and its universal applieation in the study of environmental design 
(Hård, A). Interior spaee and colour (Acking, CA & Kulier, R). 
The language of colour; Colour connotations (Sivik, L). Towards 
the meaning of environmental colour. 

239 Rathbone, A. 1969. The generation of aesthetic reponses to colour. 
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In: AIC Color 69. Volume I & II, Stockholm, 1056-1063 (16 references) 

The generation of aesthetic responses derives from the satisfaction 
achieved by pattern recognition due to faculties which have evolved 
from elementary sensory response mechanisms. Tension-seeking and 
avoidance of incapacity and uncertainty distress are key aspects of 
an extension from instinctive responses to conscious sensory 
exploration and aesthetic manipulation. 

240 Ross, RT. 1938. Studies in the psychology of the theater. I. 
Preliminary studies of audience reactions to color. 
Psychological Record, 2, 127-190 (no references) 

The studies represent an attempt to measure the mood-reactions of 
audiences to lights of different colors as they might be seen in the 
theater. Only single colors on even ly illuminated surfaees were 
presented. The scales used in these studies allow the audienee to 
State the suitability of the various eolors for seenes aeeording to 
their emotionality, affeetivity (pleasantness or unpleasantness), 
activity," tension, temperature, tragedy, comedy, melodrama and 
romance. One of the most striking features of the results is their 
eonsistency from group to group. It would indieate either that our 
cultural heritage is such that' we all learn the "correet" responses, 
or that the re is some innate mood-reaction to different colors. 
Irrespective of the hue, the results indicate that highbrightnesses 
are associated with hot, active and comie seenes, whereas low bright-
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nesses are associated with emotional, tense, tragi c, melodramatic 
and romantic scenes. High saturation, on the other hand, goes with 
scenes which are emotional, tense, hot, comic and melodramatic. The 
temperature is related to the brightness and saturation of a color, but 
a further analysis indicates that hue is by far the most determining 
factor. The warm colors are associated with activity and comedy, and 
the cool colors with tragedy and possibly romance. Agreement between 
the experimental results and many of the artistic intuitions which 
are extant in the theater; that warm colors denote comedy and cool 
ones tragedy, for example. 

241 Rowlands, E. & Loe, DL. 1976. Preferred illumination distribution 
in interiors. In: Commission Internationale de l'Eclairage. 
Compte Rendu 18e Session, Londres 1975 , Bureau Central de la 
CIE, Paris, 333-342 (Il references) 

The inadequacy of illuminance on a horizontal working plane as a 
design parameter for interior lighting installations has been frequently 
acknowledged, but proposed alternative procedures which will provide 
preferred overall appearance using techniques such as luminance design, 
and incorporating parameters such as vector/scalar ratio and lighting 
effectiveness factor (LEF), have not come into very general use partly 
because they are considered t o be complicated. This work studies the 
distribution of illuminance on the surfaces of a small cube: this 
concep t ' can l ead to a simplified design procedure particularly 
if the surfaces of the cube are positioned with the face s parallel 
to the main surfaces of a room. Investigations have been conducted 
for a variety of light distributions in laboratory and real conditions, 
and observers, including both experienced and inexperienced persons ln 
lighting work, have made subjective assessments of people, objects 
and office interiors using a series of bi-pOlar scales and forced 
choice tests. Recommendations are provided in the form of arange 
of illuminance relationships with reference t o the surfaces of a cube, 
for a preferred illumination , pattern in office interiors. These 
indicate that although the lighting should not be too soft, it should 
not be too dramatic: the illumination of vertical surfaces is important 
and azimuth modelling r equires careful attention. It is found that the 
recommended conditions are not usually obtained with conventional 
lighting installat i ons and therefore some other lighting arrangements 
have been considered particularly those with a strong horizontal 
component. 

242 Schaie, KW. 1961 . A Q- sort study of color-mood associations. 
Journal of Projective techniques, 25, 341-346 (12 references) 

The association beween eleven ad jective mood-descriptions with ten 
colors was rated by 20 professional judges by means of a Q-sort of 
110 cards each containing a description and co lor patch. The analysis 
of variance of the ratings showed that significant differences exist 
in the strength of association depending upon the specific colors and 
mood-tones rated. A factor analysis o f the correlations among raters 
resulted in the identification of four distinct rating patterns. A 
rationale for the use of response to color as a means of personality 
study is provided by showing that color associations conform to 
cons i stent group stereotypes. 



243 Schaie, KW. 1961. Scaling the association between colors and 
mood-tones. American Journal of Psychology, 74, 266-273 
(9 references) 

The association between 11 adjectival mood-descriptions as we1l as the 
term "p1easant" with 10 colors .was scaled by means of a variation of 
the constant-sum method using the constant- stimulus model. Scale­
values show reasonably good replication from one group of raters to 
the other and for the same group over time. Some colours are found to 
be associated with several mood-tones and some mood-tones are 
associated with more tha n one color. Intereorrelations of scale­
values between colors and mood-tones were factored and four factors 
were identified. These factors we re interpreted as the dimensions of 
activity-passivity, quality of emotional tone, mood- strength and 
emotional control. 

244 Schaie, KW. 1966. On the. relation of color and personality. 
Journal of Projective Techniques and Personal ity Assessment. 
30. 512-524 (41 references) 

The history of psychological studies of the relation between 
color and personality was reviewed. Models were related which 
conceptualize response to co10r as a means of studying emotional 
behavior, personality differentiation and the indirect influence 
of observable behavior traits. The relation of response to 
color and emotional behavior was discussed in terms of the color 
attributes of excitation potential, arousal value and affective 
content. Attention was drawn to the possibility of identifying 
modes of personality differentiation along the dimensions of 
rigidity-flexibility and. stability-instability from extent of 
color use and from the study of color-form dominance. Finally, 
color preferences were applied to the actuarial prediction of 
personality patterns in terms of observable traits . 

245 Scott, lA. (ed). 1969. The Llischer Golor Test. Random House, New York 
(also 1970, Jonathan Cape, London. 1971, Pan Books, London, 
1971, Pocket Books, New York) (207 pages, 142 references) 

Instructions for conducting the test. Color Psychology; The origin 
of colour significance, The physiology of colour, The. development 
of colour vision. "Colour blindness" makes no difference. The 
Llischer Te~t. Functional psychology; The significance of the 
eight positions, Interpreting the functions. The basic and 
auxi liary colours; colour-coding of the eight colours, Categories 
of the four basic colours, Combined basic colours, Basic colours 
should be preferred, The auxi l i.ary colours. Grouping and marking the 
eight- colour sequence. Anxieties, compensations and conflicts; 
Stress-sources, Compensation, Exaggerated compensations, Intensity 
of the anxiety and compensation, Prognosis, Summary of rules for 
marking anxieties and compensations, The "actual problem", Ambivalence, 
The rejected or supressE~d characteristic, "Emotional" personalities. 
Conflict between objective and behaviour, Instability of the 
autonomic nervous system, Work and exhaustibility. The meaning of 
the eight colours: Grey, Blue, Green, Red, Yellow, Violet, Brown. 
Black. Structural meaning of the colour pairs. Test interpretation; 
A word of warning, Examples of test analyses. Interpretation tables. 
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246 Sivik, L. 1969. Colour connotations and perceptive variables. 
AIC Color 69. Volume I & II. Stockholm, 1064-1072 (no references) 

An investigation showing the connectio~ between the perceptive dimensions 
of colors and connotative variations of meaning. The color variables 
af ter Natural Color System and the connotation variables operationally 
defined as semantic differential scales. It is possible to map out 
graphically the required relations as isobar structures in various 
sections from the color solid. This graphical ,method of presentation 
makes comparisons between hues possible - with the other perceptive 
color variables constant. The method also gives diversified information 
on systematic differences between color areas, between meanings and 
between people. The studies were performed both in Sweden and in Greece. 
A factor analysis of the scales used gave four distinct, independent 
factors. 

247 Sivik, L. 1974. Color meaning and perceptual color dimensions: A 
study of color samples. Göteborg Psychological Reports, 4(1), 
University of Göteborg, Sweden (31 pages, 19 references) 

71 color samples were judged with 26 SD-scales and the results were 
factor analysed. The factors of meaning were congruent with those of 
earlier studies. It is claimed that the relations between colors and 
meanings are advantageously illustrated and understood by means of 
so-called isosemantic mapping of the color-descriptive model used. 
Isosemantic , patterns, bas ed on factor-scores, for each of the four 
factors and for each of the four elementary hue triangles (according 
to the Natural Color System) are analysed. Localized variations of 
semantic dimensions within the color world show complex, though 
systematic, relations with the color variables, indicating the 
importance of "secondary" color areas as brown, orange, pink and the 
like. 

248 Sivik, L. 1974. Color meaning and perceptual color dimensions: A 
study of exterior colors. Göteborg Psychological Reports, 4(11), 
University of Göteborg, Sweden (41 pages, 13 references) 

The present repor t deals with an investigation of colors on the 
exterior of buildings. Sixty-seven different colors were individually 
considered as if they were applied to each of two different types of 
buildings; this was done by using a photographic means of simulating. 
The relationships are presented both in the form of linear correlations 
and also as isosemantic mapping of the color space; the lat ter is 
claimed to be the better when making psychological analyses of the 
results. Results obtained were compared firstly as between the two 
types of buildings and secondly as between the ratings of exterior 
colors and ratings of isolated colors. The variables were grouped by 
means of factor analyses. The different types of variables gave 
results which were further investigated with respect to their 
varying results in the color space and the extent to which they 
varied in different contexts or modes of appearance. Attempts to 
validate the experimental results have been made in interview 
enquiries about actual buildings and areas, which have given promising 
results. A theory is suggested concerning ways in which the connotative 
patterns (that subsume ,the evaluative patterns) derived from the 
condition of isolated color differ from those derived from other modes 
of color appearance. 



249 Sivik, L . 1974 . Measuring the meaning of eolors : Reliability and 
stability. Göteborg Psyehologieal Reports, 4(12), University 
of Göteborg , Sweden (14 pages, Il referenees) 

Two kinds of reliability estimates eoneerning semantie differential 
measurements of eolor connotations are diseussed : l. test-retest for 
the same groups and 2 . eonsisteney between groups. Studies of 
stability are presented from a number of different studies. The 
stability of eolor connotations seems to depend on the relevanee of 
the seale to the eolor judged . As a particular seale differs in 
relevanee to different eolors , this impliesthat interaetion between 
scales and eoneepts affeets the reliability. Finallyanother 
interaeting faetor is demonstrated, namely inter-individual 
differenees in stability of judgement . 

250 Sivik , L. 1974 . Measuring the meaning of eolors: Problems of semantie 
bipolarity. Göteborg Psyehologieal Reports, 4(13), University 
of Göteborg, Sweden (13 pages, 15 referenees) 

The bipolarity of semantie variables are diseussed and studied in the 
context of eolor connotations . Nine llnipolar scales of the type: 
Warm (little ....... mueh) were eompared with their opposites. Three of 
these opposite-pairs deviated signifieantly on the level of group 
data from the expeeted -l.O-eorrelation. Analysis of the data for 
eaeh individual reveals that individuals differ eonsiderably in their 
perception of seale-antonymy in judging eolor . The present results 
support earlier studies of eoneepts other than eolors, whieh eoneluded 
that the general assumption of SD-bipolarity is unwarranted. Unipolar 
scales, sueh as those used in this study, may reveal sourees of 
varianee that remain hidden when ordinary bipolar methods are used. 

251 Stamm, JS. 1955. Fourier analyses for eurves of affeetive value of 
eolor as funetions of hue . American Journal of Psyehology , 68, 
124-132 (7 referenees) 

The present analysis is eoneerned with a series of eurves of affeetive 
value (AV) of eolor as funetions of hue, for eons tant tint and ehroma 
designations, aeeording to the Munsell eolor notation. The eurves 
were eonstrueted by Guilford, as the result of judgments for 316 eolor 
samples by a group of 20 women. The series of eurves ineludes the 
tints and ehroma available for the total range of hue. When these 
eurves were subjeeted to Fourier analyses the following results were 
obtained. (l) The constant terms of the Fourier equations inerease 
linearlyas funetions of both tint and chroma . (2) The first two 
harmonie eomponents aeeount for approximately 75% of the 
fluetllations of the eurves of AV. No appreeiable eomponent higher 
than the fifth harmonie we re obtained. (3) The magnitudes of the first 
two harmonies are related to tint and ehroma by flrst o~ second order 
equations. (4) The maxima l and minimal point s of the first and second 
harmonies fall within relatively narrow limits on the hue scale . 
The aeeuraey of these findings may be limited by inconsisteneies in 
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the spaeings of the Munsell notation. More eorreet designations have 
reeently been developed and these should be applied to further 
investigations on colorpreferenee as a funetion of the visual dimensions . 
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252 Stewart, DM. 1975. Primary school children and their attitude 
to visual environment. School of Architecture, University 
of Liverpool (214 pages, 8 references) 

How of ten do we ask the children? Do they have views on the 
building which forms the environment around them? And if they 
do, are they important and helpful to the architect in his task? 
It is the contention of this thesis that even comparatively 
young children may weIl have such views and that they are worth 
inves tigating . The investigation was concentrated upon the 
visual environment, but regard was had to other environmental 
and social factors. Children prefer outside positions - that 
is positions which are relatively near to windows. This does 
not appear to apply to children in old schools with windows 
which have high cills and restricted outlook. Their movements 
in a completely ' free choice are outwards towards windows. Variety 
in the visual environment over the room is probably an 
influencing factor. Children like windows and the factors 
associated with them such as "to see out", "to see what is 
going on", "to see nature", and "sun and light" . Children of 
very high sociometric status occupy outside positions near 
windows. Sociometric cliques bear some relationship to table 
groups. No convincing evidence could be found of a relationship 
between the personality measures for extraversion and neuroticism 
and position in the classroom or visual stimulus . 

253 Tikkanen, KT. 1976. A study of emotionaI reactions to light and 
colour in a school environment. Lighting Research and Technology, 
8(1), 27-30 (4 references) 

A fi e ld study was made of five Swedish comprehensive schools ·. Two 
classrooms per school were used for testing in the darkest season 
and the same ones were reused in spring. A total sample size of 
400 pupils averaging 16 years of age was taken during two seasons. 
The overhead window test group consisted of 160 pupil s in four c las srooms. 
The other group with common eye-level windows consisted of 240 pupil s 
in six classrooms. It is concluded that the observed sensation of 
colour changed with the quaIity and quantity of light . There was a 
rela tionship be t ween the quality of light and the pleasantness of the 
observed environment. Warm was associated with the pleasantness and 
cold with the unpleasantness in this cold climate for both light and 
colour. 

254 Tinker, MA. 1938. Effect of stimulus-texture upon apparen t warmth 
and affective value of colors. American Journal of Psychology , 
51, 532-535 (5 references) 

The purpose of this experiment is to investigate the effect of 
stimulus-texture upon apparent warmth and upon affective value of 
colors in two situations where the surface-texture is considerably 
different. The two types of stimulus-objects are, respectively, 
cloth and coated paper. Surface texture, as represented by coated 
paper versus cloth, has little or no effect up on apparent warmth 
or affective value of colors . Warm colors tend to be preferred 
over cool colors or achromatic stimuli. The ranking for apparent 
warmth of colors by men is practical ly identical to that for 
women. There is, however, a slight tendency toward sex differences 
in color preferences. 



255 Turner. DP. (ed). 1969. Hindows and environment. McCorquodale 
& Co on behalf of the Pilkington Environmental Advisory 
Service (204 pages, 150 references) 

Authors: H Burt, DA Button, P Foulkes, JA Lynes, TA Markus, 
PGTOwens, PH Parkin. The book contains the following six parts: 
Light and life, Hindows and light, Windows and heat, Windows 
and sound, Hindows in buildings, Overlays and charts. The book 
is built around parts 2, 3 och 4 which examine the physieal 
facts of the lighting, heating and aeoustie eomponents of the 
environment and the ways that they are affeeted by the window. 
These faetual analyses are proeeeded by a dissertation, mainly 
pietorial, on the less tangible features of window design, the 
requirements of view and contact, the effeets of form and 
symbolism. The fifth part reassembles the faets of the first 
four parts, for a variety of building types, and discusses them 
in a form of annotated bibliography. The eharts and overlays 
are paeked in the separate part 6; they are working tools 
and, to keep them to a useful scale, the principles of size 
standardization had, reluetantly, to be abandoned. 

256 van Es, M., Drexler, H. & Bottema, V. 1978. De invloed van de 
kleur der wanden op de beoordeling van een ruimte. Nederlands 
Tijdschrift voor de Psyehologie, 33, 389-402 (12 references) 
(in Duteh with English summary) 

One room was pain ted in three different eolors. In every color 
the room was judged by about 30 persons on a number of rating­
scales. Correlations between rating-seales were obtained and 
faetor analys ed (principal eomponents). The results of the 
factor analysis were somewhat ambiguous. By gathering new data, 
it eould be proved however that three faetors were at least to 
some degree stable. These faetors eould be interpreted as an 
evaluative faetor, an aetivity faetor and a light-dark faetor. 
Differenees between the different rooms were only signifieant 
for the last faetor. Further .elear differenees were only found 
for the items eold, cool ., and ·conservative. These 
differenees were thought of as rather trivial by the researchers, 
espeeially in view of the literature that suggests numberless 
differenees. Another rather astonishing result was that the 
mean eorrelation between persons who judged the same room was 
not signifieant higher than the mean eorrelation between persons 
who judged different rooms. Besides this, the man eorrelation 
between persons who judged the same room, was very low (.19). 
These results seem to indieate that propositions over the way 
in whieh eolors are pereeived, are as good as useless. The 
question is raised, why these inter-individual differenees are 
so enormous . 

257 van Essen, J. 1960. Wesen und Herkunft der Farben. Die Farbe 9, 
Nr 1/3, 31-47 (no referenees) 
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About nature and origin of eolors (a more metaphysieal theme rather than 
a seientifie one) some seientifically useful statements may be made today. 
It is pointed out here that the sensoriai peeularity of . eolors, i.e. 
their speeifie chromaey, probably is to be redueed to the history of 
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light on the earth. The hues are genetic reminiscences and, as such, have 
an archetypical meaning. This is immediately related to their biological 
meaning which is so much fluctuating. Co10rs have little biological tasks, 
therefore they are at the disposal of man's mental life as a means for 
symbols of his cultural experiences. 

258 Wallen, R. 1948. The nature of co10r shock. Journal of Abnormal 
and Social Psychology, 43, 346- 356 (6 references) 

In order to study affective reactions to the Rorschach cards, men at 
a military training station were asked to tell whether they 1iked or 
dis1iked each card. By constructing achromatic renderings of the 
co10red cards, and by varying the method of presentation, several 
aspects of the stimulus situation could be isolated. Resu1ts justified 
the fol10wing conc1usions: l. If cards appear late in the series they 
are more popular than if they appear ear1y in the series. 2. Inverting 
the cards has little effect on expressed liking for them. 3. Mu1ti ­
co10red cards are better liked in the standard form than when they are 
rendered achromatically. 4. Cards II, VI and IX elicit more dislike 
reactions among uns table men than among stab1e men, but on1y for card II 
does color appear to be important as the source of the dislike. 
5. Simultaneous comparisons of chromatic and achromatic versions of the 
five colored cards reveals that uns table men show more preference for 
the achromatic version in the case of three cards. 6. Questioning 
discloses that the unstable men dislike color cards frequently because 
the red reminds them of b1ood. In the discussion it was pointed out that 
color produces shock because it facilitates associations which have 
a disturbing effect upon the individual. The same principle will explain 
shading shock. In some instances the shape of the blot makes it hard to 
develop a meaningful percept, and this difficulty may produce an 
emotional reaction in the insecure person. These princip les operate in 
other situations than the Rorschach test, but usually the re is no way 
of observing the reactions satisfactorily. The data provide some 
evidence of the diagnos tic validity of the Rorschach method, because 
they objectively demonstrate that uns table persons show affective 
reactions different from those of stable persons. 

259 Washburn, MF., Haight, D. & Regensburg, J. 1921. The relation of 
the p1easantness of color combinations to that of the co10rs 
seen singly. American Journal of Psychology, 32, 145-146 
(no references) 

The design of our own experiments was to see whether the principle 
that the pleasantness of a color combination varies directly as 
that of its components would hold good when absolute rather than 
comparative judgments of affective value were made. These figures 
support the conclusion to which ordinary experience points, that 
the unpleasantness or pleasantness of a color combination is derived 
not merely from summation of the affective tones of its components 
but from another factor dependent on the combination itse1f. 



260 Watson, N. & Payne, I. 1968. The influence of fluorescent lamps of 
different colour on. the perception of interior volume. 
Environrnental Resea.rch Group, University College, London 
(6 pages, 4 references) 

An experiment was designed to study the effects of certain fluorescent 
lamps on the assessment of volume, using scale models. The greatest 
discrepancies were not found in the predicted lighting combinations 
but there were some indications that white fluorescent light tending 
towards the blue end of the visible spectral range gave an impression 
of alarger volume than white fluorescent light tending towards the 
red end of the visisble spectral range. Reasons for the results are 
speculated and a further experiment is suggested. 

261 Wexner, LB. 1954. The degree to which colors (hues) are associated 
with mood-tones. Journal of Applied Psychology, 38(6), 432-435 
(14 re'ferences) 

In an attempt to deterrnine to what degree colors (hues) are associated 
with mood-tones, 94 subjects were presente'd with eight stimulus colors 
(red, orange, yellow, green, blue, purple, brown, and black) and a 
list of eleven moods. It: was found, however, that for each mood-tone 
certain colors were chosen to "go with" that mood- tone significantly 
more of ten than the remaining colors, and the results were stated. 

262 Williams, JE. & Foley, JW. 1968. Connotative meanings of color names 
and color hues. Perceptual and Motor Skills, 26, 499-502 
(7 references) 

The study was designed to investigate the connotative meanings of 
color signs and corresponding color significates among young adult 
subjects. Semantic differential ratings of 10 color names and 10 
corresponding color hues revealed highly similar meanings along 
Evaluation, Potency, and Activity dimensions. It was concluded that 
color names and hues are virtually equivalent in terms of the 
connotative meanings wh i ch they evoke. 

263 Wittenberg, JJ. 1969. Der psychodiagnostische Wert der Assoziationen 
zu Farben mit subjektivem Gefiihlswert. In: AIC Color 69. Volume I 
'& II, Stockholm, 1109-1117 (no references) 

6.16 men and 351 women had to select the most and the least sympathetic 
color out of 10 colors and to tell about their associations to the 
colors selected. From the results of these tests the emotional value 
of the colors is concluded. 

264 Wright, B. 1962. Influence of hue, lightness, and saturation on 
apparent warmth and weight. American Journal of Psychology, 

75(2), 232-241 (21 references) 

Forty-five colors were rated independent ly on the semantic differential 
adjective-pairs "kalt- warm" and "leicht-schwer". The effect of hue on 
apparent warmth seems to be established beyond the need for further 
research. The effects of lightness and satuaration, however, while 
strongly implied, still need additional study. It may be worthwhile 

199 



200 

to investigate the existence of non-linear terms, especially interactions 
between hue and lightness and hue and saturation, in the relation between 
color and apparent warmth. Research on the effect of lightness on 
apparent weight seems complete. The effect of saturation, while strongly 
suggested by the present study and by Monroe's data, needs further 
investigation. 

265 Wright, B. & Rainwater, L. 1962. The meanings of color. Journal 
of General Psychology, 67, 89-99 (23 references) 

This lS a report on a factor analytic study of the connotative meanings 
of colors. The report is divided into three parts: first, a description 
of the mechanics of the study; second, a presentation of the six 
dimensions of connotative meaning found in the factor analysis; third, 
an analysis of the linear relation between the se color connotations 
and the color perceptions of hue, lightness and saturation. 

266 Wyon, DP. & Nilsson, I. 1980. Human experience of windowless 
environments in factories, offices, shops and colleges in 
Sweden. In: Krochmann, J. (ed). Proceedings of the symposium 
on daylight. Physical, psychological and architectural aspects. 
Commission Internationale de l'Eclairage, Institut fur 
Lichttechnik, TU Berlin, 216-225 (6 references) 

Attitudes to windows are usually dominated by daylight and view­
out considerations. The other functions performed by windows 
are of ten taken for granted, since window size affects primarily 
the above aspects. Only when windows are totally absent ' are these 
other functions likely to be missed. Attitudes to windows 
among people working in windowless environments were thought 
likely to reveal the relative importance of various window 
functions to the occupants of different categories of building. 
About 250 people working in windowless environments in factories, 
offices, shops and colleges documented their experience in 
carefully structured invidual interviews. An equal number of 
people in comparable employment, of ten within the same 
organisation, but working in rooms with windows, were similarly 
interviewed and formed a control group. Statistically significant 
differences in attitudes to windows were found between categories 
of employment and across the window/windowless dichotomy within 
each category. Office workers in the far north of Sweden differed 
in their attitudes to windows from comparable office workers 
in the south of Sweden. A number of blind people were 
similarly interviewedon the non-visual aspects of windows. Their 
attitudes differed significantly from those of the rest. 

267 Z immermann , W. 1969. Äussere und innere Farben des Menschen. 
AIC Color 69. Volume I & II, Stockholm, 1128-1133 (12 
references) 

Starting from the outside and inside colors of the healthy and ill 
human body, it is tried here to point to certain relations between color 
and the primaries of color vision and color defiency as well as to 
further biological and psychological connections to color. It is guessed 
that all aspects of color are related to each other, that there exist 
causal relationship, this idea could be fruitful to many an open field 
for further research work. 



268 Ös tberg. , o. & Stone, PT. 1974. Methods for evaluating discomfort 
glare aspects of lighting. Göteborg Psycholog ical Reports, 
4(4), University of Göteborg, Sweden (19 pages, 82 references) 

Af t er a review of the different attempts t o r e l a t e physiological 
mechanisms to dis comfort: glare , brief summaries are g iven of all 
encountered techniques of subjective scaling. The s ummaries are 
given in order of appea r ence in the literature, from 1900 to 1973, 
so as t o show the s t eps in the evolution of the scaling of discomfort 
glare. The main sour ces of assessment variance, as weI l as means of 
con trolling t hem, are a l so discussed. It is found that none of the 
scaling techniques present l y in use can be appo i nted the rank of 
final s tanda r d, especially as individual variabi lity has not been 
deal t with properly. 
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CONCLUSION 

Theoretical considerations 

Light will influence man alongvarious routes and on many 
different functional leveis. We must realize at least five 
major functional systems and several minor ones. Two of the 
major systems act through radiation of the skin, while the 
other three act through light entering the eye. 

There are several processes going on in the human skin, 
which are dependent on the photo-chemical effects of 
ultraviolet radiation, one being the synthesis of calciferol 
or vitamin D. Vitamin D promotes the me tabolism of calcium 
and phosphorus in the body. A deficiency might result in 
dental caries and rickets in small children, and in aged 
people in brittle or easily broken bones. An overdose of 
ultraviolet radiation on the other hand may cause reddening 
of the skin (erythema) and in sensitive persons lacking. in 
protective pigmentation give rise to a variety of photo­
allergies or even skin cancers. 

Interesting from our point of view is the fact that ultraviolet 
radiation also might have effects of a general physiological 
nature, including a lowering of the puls e rate, a fall in blood 
pressure, changes in general metabolic rate, in reaction time, 
and in general activity, as weIl as an improvement of health 
conditions and resistance to certain kinds of infection. Thus, 
we can be quite confident that light has a general 
physiological effect on man cuased by ultraviolet radiation 
of the skin. As far as is known today, vitamin D is the most 
likely mediator. 

Light also contains infrared energy which penet rates deeply 
into the skin and muscles resulting in an increased 
circulation of the blood. When the surrounding temperature is 
above that of the body, heat will be taken up by radiation. 
The primary action of infrared radiation on the skin is that 
of heating, generally leading to a vasodilation of cutaneous 
blood ves sels . This in turn gives rise to a number of other 
reac tians. Man has learn t to a certain extent to regula te the 
temperature of his environment to fit his needs. Should the 
body temperature however become excessively high or low, 
the organism becomes alerted and tries to restore the balance. 
It is also a well established fact that body temperature will 
influence physical as weIl as mental performance on a wide 
range of activities. 
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Thus, infrared radiation of the human skin serves as a 
regulator that will influence the general activity level 
of the organism. This regulation is partly autonomic but 
also depends on sensors in the skin for cold, heat and pain. 
The hypothalamus is the primary centre for regulation of 
body temperature and general body metabolism. Therefore, 
any description of the impact of light on man must consider 
the infrared-radiation / hypothalamus system. 

Perhaps the most conspicious relationship between light and 
man is the diurnal rhythm, relating the light and dark 
cycle of day and night to complex physiological and bio­
chemical variations of wakefulness and sleep. The amount of 
light entering the eye as weIl as its spectral composition 
have been demonstrated to influence food an water consumption, 
body temperature, hormone secretion, ovulation and a variety 
of other basic functions. 

It seems that the synthesis of melatonin in the pineal gland 
holds a central position in media ting the effects of occular 
light. Thus, we may safely conclude that light entering the 
eye controls or affects man y of the highly complex endocrine 
and autonomic processes taking place in the human body. 

Every impulse which via afferent nerves reaches the central 
nervous system's higher centres also activates part of the 
brain stem, .the reticular formation. In addition to activation 
there might be inhibition and together they will determine 
the arousal level of the nervous system including the cortex. 
The reticular system can be divided into two functionally 
separate units, of which one is the ascending reticular 
activation system, ARAS. 

Visual factors bound to influence the ARAS include the wave­
length and intensity of light and als o contrast, glare and 
flicker. In order to understand this process, we might think 
of light as a complex set of signals. The ARAS of man will 
react to many light signals with responses established in the 
biological heritage over the millennia. These reactions will 
be similar from one individual to the other and they are 
highly res is.tant to change. 

Whereas many kinds of variation in the visual field will have 
an affect on the ARAS, it is important to realize that light 
is only part of the total stimulation constantly impinging 
upon man. The ARAS might be regarded as a clearing station 
for all kinds of stimulation ranging from sensory deprivation 
at one extreme to sensory overload at the other. Therefore, 
light must always be considered together with the other 
sources of stimulation at hand. 



Whenever we consider light as part of the visual field, 
there is always a context and a content. Thus, light will be 
the carrier of all kinds of visual information, some of which 
might be far more important at the moment than the quality 
of light itself. A great part of this information will be 
highly complex and must therefore be analyzed on the cortical 
level in order to be properly dealt with. This will involve 
the highest of all the non-visual systems, the descending 
re tic ular activation system, DRAS. 

It is now well established that reticular activation occurs 
not only by means of external stimulation but also through 
impulses coming from the highest nervous centres, descending 
from the cortex on the reticular formation. The consequence 
of this process is to place the cognitive meachnisms in 
charge of arousal regulation. Thus, light might either influence 
the arousal level via the ARAS, already before the signals have 
reached the cortex, or via the DRAS, af ter the cortex has had 
the time to make a more elaborate analysis. 

In order to separate these two systems it might be useful 
to distinguish between 'light as signal' and 'light as 
symbol'. While the ARAS seems concerned mainly with light 
as signal, the DRAS concerns itself with 'light as symbol'. 
Unlike the other functional systems, the DRAS depends 
on cognitive mechanisms, including thinking on the conscious 
level. 

In conclusion, the synthesis of vitamin D in response to 
ultraviolet radiation of the skin is likely to have a 
general physiological effect on the organism, and might also 
influence the individual' s health status. Infrared radiation 
will influence the metabolic state of the organism by means 
of the hypothalamic function of heat regulation. Light 
reaching the eye will affect the endocrine and nervous systems 
of the entire organism. Together, these processes will set the 
stage for the reticular activation system by which means 
the visual world may be decoded in terms of signals, ascending 
from the environment via the ARAS, or symbols, descending from 
the cortex via the DRAS. 

Impediments to progress 

For an overview of the various effects consider table l. 
Some of the listed effects are related to the biochemistry 
or physiology, while others may be referred to as psychological. 
Obviously, it is difficult to integrate these various effects 
into one general theoretical framework. Let me mention some 
of the stumbling-blocks that prevent the construction of a 
model of a more general kind. 
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Table l. Some non-visual effects on man of different kinds 
of radiation. 

Radiation 

Ultraviolet 

Visual 

Infrared 

Notation 

UV-C 
UV-B 
UV-A 

Violet 
Blue 
Green 
Yellow 
Orange 
Red 

IR-A 
IR-B 
IR-C 

* Wavelength nm 

100-280 
280-315 
315- (400) 

380-436 
436-495 
495-566 
566-589 
589-627 
627-780 

780-1400 
1400-3000 
3000-1.000.000** 

nanometer = 10-9 meter 

)'d( 106 nm ;;;; l millimeter 

Effects on man 

Actinic effects on skin, 
Erythema, Production of 
vitamin-D, General 
physiological effects 

Entrainrnent of circadian 
rhythms, Activation of 
pineal organ, Endocrine and 
autonomic effect, Influence 
on nervous arousal through 
reticular activation, Effect on 
perforrnance and fatigue, 
Cognitive, emotional and 
behavioural correlates, 
Derrno-optic perception? 

Heating effect on skin, 
Vasodilation, Influence 
on body temperature and 
metabolism, Effects on 
behaviour, Sensations of 
cold, heat and pain 

Light is radiation and also perception. This somewhat unfort~nate 
diversity might be traced as far back as 1810, when Goethe, ln 
opposition to Newton's model of light, produced another very 
different model. As a consequence we are left with two different 
languages of light, one physical and one perceptual, and this 
confusion is mirrored in almost every single piece of scientific 
work on the subject. 

We would be fortunate, however, if it was only a question of 
languages, because then, one might easily be translated into the 
other. Instead, the use of two languages has lead many students 
of light to believe that the physical language can only be used 
'out there' , in front of the eyes, and the perceptual language 
'in there' , behind the eyes. Naturally, this is pure nonsense. 
We are entitled to use a physical model to describe what is 
going on in the brain with the same right that we might use a 
perceptual model to describe the world around us. 

A second stumbling-block is the scientist's blindness to 
anything but his own master hypothesis. Light affects man in a 
variety of ways, thereby employing different functional systerns; 
any fair overview of the field will tell us that. The ultraviolet 
and infrared radiation of the skin might,for instance, interact 



on the cellular level. The hypothalamus plays an important 
part in heat regulation as well as in occular light perception. 

Still, most scientists pay homage to one single master 
hypothesis, claiming that the functional system they are 
devoted to, is by far the most important. An experimental result 
might by one author be explained in terms of ultraviolet 
radiation while another author will explain the same result 
in terms of occular perception. The outcome of this one-eyedness 
is twofold. Other hypotheses are likely to be completely 
disregarded and man is degraded into a mona-system, a simple 
mechanic monstrosity. In most experimental designs the 
possibility of interaction between the different functional 
systems is not control1.ed for or even realized. Any model of 
man-environment interac:tion that sets out to be general must 
give a description of man in terms of numerous functional 
systems, some of them seemingly related, others not. 

Finally, the third stumbling-block concerns the description 
of light in relation to ·all the other characteristics of the 
human environment. Light, colour and visual patterns belong 
in a very concrete way to the daily environment of man, 
being either at the centre of attention or constituting the 
visual background. However, these factors are constantly 
interacting with the ot hers, like sound and noise, temperature 
and humidity, air po llu tion etc. Allegedly, in same cases the 
effect of light itself is bound to be rather specific, but in 
most cases the situation is much more complicated, involving 
specific and general effects as weIl as interactions. Still 
most researchers as weIl as practitioners treat their data 
by me ans of simplistic formulas reminiscent of the psycho­
physical laboratory a hundred years aga . To aggravate the 
matter further, light is usually regarded as a natural force, 
not only out of con text but completely lacking in con tent, and 
man is made into a passive receiver, not wanting, or being 
able to do anything whatsoever about his own lighting situation. 

The application gap 

Today, a large proport ion of the earth's population spends most 
of its lifetime screened off from daylight by glass filters 
under the influence of substitutes providing an artificial 
radiation . The illumination in a normally lighted room is less 
than 10% of the outdoor light under the shade of a tree on a 
sunny day. The spectral as weIl as the spatial distribution 
is radically different, and the natural diurnaI and seasonal 
variations are more or less obviated. 

We are using more light during a longer period of the 24 hour 
cycle. In the morning, we switch on the lights, at least in 
the winter, and travel to work on an illuminated road or 
subway. We use additional light not only in the office or 
factory space, but also for the specific task at hand . In the 
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afternoon, we switch on more light as soon as it begins to 
get dark outside. We then travel home from work, or go 
shopping in the highly illuminated urban space, ending up 
in front of the flickering rectangle of the television set. 
Finally, we might spend an additional hour in bed reading 
in the light of the night lamp. By shiftwork, some of us 
are even turned in to nocturnal animals for lengthy periods 
of ' time. Thus, the lighting situation is very different 
from how it was only a hundred years ago. Perhaps the time 
has come when we should ask ourselves not whether there is 
enough light but, whether there is, at times, too much light. 

During the course of this work it has become evident there is 
an enormous amount of facts and results that is almost never 
considered in practice and education. Thus, one finds a gap 
between research on one hand and practice on the other, the 
infamous application gap. In spite of the uncertainty that 
ccncerns theoretical issues it is now realized tllat light and 
colour are important factors in the human environment. 

When planning, there is good reason to consider not only the 
total amount of light, but also its distribution during the 
24 hours of day and night, and its spectral composition 
including the amount of infrared and ultraviolet radiation. 
New types of lamps are appearing at an increasing pace, many 
of them of an extremely high intensity, some with a spectral 
content that has very little to do with daylight and solar 
radiation. Some of these lamps are used for specific purposes 
supervised by specialists, others, however, are regularly 
used in our work places, schools and other everyday environments . 

The fact that all existing artificial light sources differ 
considerably from natural daylight raises the question whether 
in the long run, such light sources might cause actual damage 
to man. By using artificial light which is more dominated by 
long wavelengths than daylight, the pineal balance might become 
disturbed. Glare and flicker, and the use of strong colours 
and patterns, might affect the arousal level of the nervous 
system. There is little doubt, artificial light might cause 
stress-like reactions, if it is intense, if the spectrum 
considerably deviates from that of natural daylight, or if 
it is flickering and glaring. 

There exist certain groups of people who, especially during 
the winter season, run the risk of being exposed to low 
quaIity illumination during a large part of the day. These 
are persons, tied to one working place during long shifts, 
without the possibility to stay outdoorsduring the light 
hours of the day. These are persons, at the same time exposed 
to other stress factors. These groups should be made aware of 
the possible effects on their health and well-being as a result of 
bad illumination and general ly poor visual environments. Examples of 
such effects might be general tiredness, headaches, vision 
trouble, difficulty to sleep, tenderness of neck and shoulders, 



anxiety and restlessness, decrease in performance, and 
decreased resistance,amongst others,to infection of the 
respiratory passages. 

Unfortunately, there exists very little research on the 
long term effects of light and colour. Being far from 
unanimous, the results at present do not seem to warrant 
any firm conclusions regarding which kind of illumination 
is the most preferable from the non-visual perspective. 
Until the everyday effects of light pollution are better 
understood, we should, however, be more careful about using 
all kinds of artificial light sources as freely as we do. 

The present bibliography may be regarded as an attempt to 
widen the out look on the importance of light and colour for 
man, by listing some of the main functional systems of 
influence. Including lengthy summaries as weIl as critical 
comments of many of the studies has made it possible to 
establish at least some facts which might be used directly 
in the design process. The lists of references might also 
be helpful to those who want to weigh the evidence for 
themselves. I have indicated some areas I see in urgent 
demand of further research . By discussing light and colour Ln 
relation to other aspects of the environment, it is hoped 
the impact on man will be neither underestimated nor unduly 
valued. 
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