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INTRODUCTION

In the development of electric 1lighting in the 20tk cen-
tury the year 1973 was a significant turning point. Lighting
design priorities have always been discussed and considered,
but no* with the social urgency that accompanied the Y“ener-
gy—-crisis" of 1973 nor with the economic urgency that has
accompanied the rising power costs that have characterized

the period since 1973.

The post-1973 period has therefore produced wany ques-—
tions regarding the value of lighting. Unfortunately, how-
ever, the question, "What does 1lighting contribute to a
building interior?v, has too often resulted in simplistic
discassions that are limited to task visibility and imnedi-
ate task performalhce. Without downgrading the obvious
importance of lighting in task visibility, it seems equally
obvious that light <contributes in other ways +to the visual
guality of the room and to the sense of well-being felt by
the users of that roon.

Thos lighting has two main effects namely on:
(a) Visual performance in a space

{b) Subjective impressions of a space -

Measurements of visual performance involve physical meas-
uremants and task performance whereas subjective impressions
of a space may not require a visual task. There are posi-

tive and negative aspects to the influence of 1lighting on
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impressions. The positive effects involve pleasure and the
negative effects involve complaints of discomfort. Lighting
can give an interior a character and has the capacity to
communicate impressions of invitation, boredom, relaxatlion
and interest. Thus, lighting can be a vehicle that facili-
tates the selective process and alters the information con-
tent of the visual field. These themes of information con-
ternt suggest that some aspects of a 1lighted space <can be
recognized and documented if one is prepared to discuss and
study lighting design as an exXercise in visual communica-
tion, This suggests that when the designer changes the
lighting modes (ie. the patterns of light, shades and color
in the room),he changes the composition and relative
strength of visuval signals and cues. This in turn alters
some impressions of wmeaning for the room occupant or user.
In contrast the desigper may use all of the technical
material available +to him and yet be unable to create an
environment that is aesthetically pleasing.

" gur modern buildings offer excellent protection
against rain or physical cold; but none against
loneliness,isolation,lack of pPUrpPOSCeceecaacsaa
esessYou {designers and builders) are ireating
our souls so don't treat our souls so cheaply. "

Bruno Bettelheim (psychologist)

In this sense, one may note that many lighting systenms

are designed merely +to function in a M"permissive!" way (ie.
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simply to permit performance or participation in some
activity that involves vision, without attempting to ipnflu-

ence user impressions or other behaviors).

A number of investigators have studied the relatior of
visual performance to the level of illumination, usually in
terms of speed ard accuracy. Some have dealt with specific
practical tasks in typical work situations. Others have con-
ducted laboratory investigation of the basic factors which
infloence visual performance. Guth, S.K., et al(1951) showed
that visual ability, evaluated with respect to contrast and
size discrimination and speed of vision, improves with task
luminance or illumination. The illumination must be adequate

in guantity, direction and spectral quality.

Lighkting Aesthetics

Bannett (1977) indicated in order of importance the erqgo-
nomic criteria applicable to all objects of human uvse
including lighting systems:

{1) Health and Safety
(2) Performance
(3} (Dis)confort

(4) Aesthetics

Aesthetics, in its narrow sense rTefers to beauty, in a

broaler sense it refers to all subjective impressions.

The term aesthetics of a 1lighting environment is con-
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cerned with 1its gquality rather than the gquantity of
illumipapce (illumination). Quality of 1lighting is a ternm
used to describe all factors in a lighting imstallation not
directly concerned with the quantity of illumination (lux or
footcandles). It is obvious that if a given room is alter-
rately lighted with a bare bulb and with a luminous ceiling,
both giving the same average quantity of illumination, there
is a vast difference in the effects of the two lighting sys-
tems., The difference is in the quality of the lighting, a
term which describes the luminance ratios, uniformity and
chromacity of the lighting. Aesthetics of a lighted space
are complex phenomena to explain as they are the combined
effects of various things that describe the quality of
lighting. Aesthetic measurement has generally been subjec-

ti ve.

Semantic Differential Techmnigue

A +tool to evaluate the aesthetics of 1lighting is the
semantic differential techmique. FEach semantic rating scale
consists of two words, one on each end of a scale. These
words are opposite in meaning. The scale is divided uni-
formly from one end to the other into a convenient nunmber of
segments, the segments convey degrees between the two anchor
words in an ascending or descending order. For example, the

scale shown below is a semantic differential rating scale.

DI 1 2 3 i} 5 6 7 BRIGHT
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This 1 to 7 scale may be defined as
1. Very dim
2. Moderately dim
3. Slightly dim
4. Neutral
5. Slightly bright
6. Moderately bright

7. Very bright

The semantic differential technique was developed by
Osgood et al (1957). It is the most widely used technique in
the study of subjective responses to the built environment.
The scales correspond to the verbal mode by whichk occupants
most often express their perceptions, thoughts, feelings,
attitudes and behaviors concerning their environment. An
advantage of the semantic differential scale technique is
that it can be applied to a wide area of situations. It can
be employed to discover the relationships between the fornm
of the physical environment and the reactions of those who
occupy it. One may have a large number of scales which con-
vey the same meaning or a similar meaning. This is why fac-
tor analysis is used; factor analysis reduces the data of a
large nurber 5f scales which are to some degree correlated,
to that of a smaller number of factors or dimensions which

are indeperdent.
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Szveral studies have been conducted on the use of seman-
tic scales for measurement of meaning in the architectural
environment; some of the recent studies were by Vielhaver
{1965) , Carter (1968), Craik (1968), Collins (1969), Brit-
tell (19€9) and Hershberger (1972). There was noteworthy
agrea2ment between all of the above researchers on the first
factor, which is usually labeled "aesthetic evaluation".
This factor had substantial loadings of such scales as plea-
sent, chszerful, colorful, bright, impressive, gay, etc. 1A
second factor “organization" was also found to be common to
all the research. It had substantial loadings of such scales
as nesat, orderly, tidy, organrized, clear, calm, etc. A third
"space" factor was evident for four of the researchers with
loadings of such scales like roomy, large, wide, flexible,
spacious, open, etc. A "potency" factor was also found by
three researchers with loadings of such scales 1like rough,

coarse, rugged, strong, etc.

Flynn et al (1973) attempted to develop a standardized
research procedure for studying subijective effects on envi-
ronmertal lighting. They did importanmt work employing
semantic differential scales in measuring subjective impres-
sions in lighting. Their research with such scales had iden-
tified several factors or broad categories of impressions
that can be cued or modified by lighting systems. Three
categories of impressions found are :

1. Impressions of pleasantness
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2. Impressions of visual clarity.

3. Impressions of spaciousness.

For the purpose of the present research "semantic differ-
ential" ratirng scales will be used for the measurement of

subjective reactions to lighting.

Cne major problem is how to represent a designed environ-
wment before it is built. The gquestion, therefore is how a
lighting system can be evaluated as a part of the total
environment prior to actunally creating the environment. Per-
haps even more important is how different lighting systens

can be evaluated to establish a system of desigrn.

One can attempt to experiment with structures, either in
full scale or real time or in terms of simulated settings
abbreviated in time or space. Full scale, real time simula-
tions are relatively rare, they are expensive to create
realistically. RAccordingly in some cases lighting research-
ers have turned to small scale simulations which allow then

to make evaluations of real lighting environments.

Small scale representations, simulations or mockups of
built spaces can be used for lighting design study. Some
simulations can be effective for some purposes but not for
others:; thus, in experimeptation the simulation technique

one n1ses will vary with the kinds of forms and spaces to be
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represented. Although one cannot say with certainty whether
responses to a simulated lighting environment using scale
nodels will be the same as when expressed in full scale, it
voul? not be unreasonable to say that scale nmodels to a
large extent realistically represent lighting systems. Scale
models have been used by 1lighting designers to evaluate the
luminous environment to demonstrate system performance dif-

ferences.

Lemons and MacLeod (1971) did a study of scale models for
lighting systems design and evaluation. In this study the
researchers used a scale model +to arrive at the quality
evaluation of a lighting systems design prior to actually
constructing the real environment. From the research, it was
found that the quality of lighting within the environment is
more dependent upon luminance ratios thkan quantity per se
{horizontal footcandles). The lumipance ratios are dependent
upon the brigktness of the luminaires, ceiling, walls and
floors. The model according to the authors could provide
unlimited variations to reproduce any lighting system and

environment.

Flynn,Spencer,Martynirk and Hendrick (1973) have done a
very important study entitled "Interim study of procedures
for investigating the effect of light on impressions and

behaviorn®, The study was conducted at the General Electric
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I.ighting Institute at ¥Wela Park near Cleveland ir a roon set
up as a co>nference room. The room was rectangular in shape
with a rectangular conference table and ten chairs around
it. The room had six lighting arrangements that permitted
sigrificant variation in the visual character of the space
without changing any of the other conditions. Ratings were
analysed from 12 groups with a +total of 96 subjects in
groups of eight
The six arrangements of the study were as follows:
(1) Overhead down 1lighting, low illuminance, 10 fc
{2) Peripheral wall lighting, all walls 10 fc
{3) Overhead diffuse, low setting 10 fc
(4) Combination: Overhead downlighting (1)
+ end walls 10 fc
{(5) Overhead diffuse,high intensity 100 fc
(¢) Combination: Overhead down lighting (1)

+ peripheral {2) + Overhead diffuse (3) 30 £fe

The principal subjective factors of the semantic scales
used in the study were a general "evaluative® factor which
had scales like pleasant..ccscces unpleasant , a "percep-
tual clarity" factor which had scales like clear........hazy
and a "spaciousness" factor which had scales 1like spacious
esasssweeeClramped. The results showed that the highest con-
ditior on evaluation was the combirpation arrangement: Over-—
head down lighting (1) + peripheral lighting(2) + overhead

diffuse (3). For perceptual clarity overhead diffuse and
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high intensity was the best. Inpressions of spaciousness
resulted from peripheral rather than overhead lighting. This
study has contributed useful informationm on how 1lighting
environments should be designed and what particular features
of lighting arrangements will have ©positive reinforcements

far the inhabitants.

Flynn {197¢) performed a study with subjective responses
to low -enerqgy and non-uniform lighting systems. He used
three factors of subjective impressions; evaluative,visual
clarity and spaciousness. Each of these factors was based
on appropriate semantic scales. He used seven lighting
arrangements with variation in 1levels; central down light-
ing, peripheral ({wall) 1lighting and central diffuse light-
ing. Flynn found that when impressions of general clarity
are important, bright uniform overhead lighting was prefer-
red. Cool white fluorescent lamps were rated as being
"clear®™ but the high pressure sodium discharge lamp instal-
lations were considered as "hazy" and "vague". This sup-
ported Flynn's concept that lighting provides a nunber of
cues which people use +to interpret or "“make sensem™ of a
space. Flynn's basic point is correct but until a much
wider set of interiors and lighting conditions have been
examined, the generality of the cues mnust be open to dques-

tion.

ali (1978) performed an experiment based upon that of

Flynn and his assosiates. He used seven different variations
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of single and combination 1lighting systems using a scale
model to simulate a living room ard a waiting room. Sixty
Kansas State University students took part as subjects. The
results of his study validated the study of Flynn and his
assosiates and also showed that scale models coulé effec-

tively simulate real lighting conditions.

Spaciousness
Inui and Matsuda, (1971 carried out work on "“spacious-
ness" at the Buildirg Research Institute, Tokyo. Observa-

tions in scale models Jdiffering in spaciousness under an
artificial sky had been carried out by Inui and Matsuda.
From these studies spaciousness for different sky luminances
was shown to be a function of interior luminance, Troom size
and window size. Observations in full scale interiors were
also made to confirm the results. From additional eXperi-
ments it was found that a lower 1l1limit of Jjust acceptable
spaciousness did exist. This was a criterion for desigm.
one of the aims of their experiment was to establish the
relationship between spaciousness and physical room factors
and to find an empirical formula for the prediction of spa-

clousness.

The physical variables used were window size (W), room
size (B), average illuminance (L) and sky illuminance (S).
Power relations between spaciousness and the three experi-

mental variables for three different levels of sky luminance
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were obtained. Interactions between the physical variables
were studied and the correlations between spaciousness and

physical variables were determined.

The empirical spaciousness formula developed was written
as
: «£_B_¥
Spaciousness, Sp = C.L.R.W
where the coefficient C, varies according to the choice

of the units, is determined by the method of least sguares.

The authors suggested that the spaciousness formula could

be of use as an index 1o evaluate the visual environment.
Illumpipnance Vs Luminance

A 1light source produces a quantity of luminous flux
(lumens,¢ , lm—metric and —-English) which falls on a surface
as illuminance (also, illumination, E , footcandles—English,
lux-metric, fc = 10.7é 1lx) . The illuminance may be reflected
from a surface (reflectance, £, dimensionless, 0 to 1) or
transmitted through a surface (transmittance, 7, dimension-
less, 0 to 1). The reflected or transmitted 1ight is lumi-
nance (photometric brightness, 11, footlamberts- English ,
candellas/square meter or nits, cd/mz-metric, f1 = 3.43 cd/m2
) . Brightness or lumninance is wkat people see so that in
terns of physical characteristics the effictiveness of the
lighting system depends on upon the flux of the source, the
relation of the surface to the source and +the character of

the surface: E = d¥ sda, where A is the area, ft? . Also, L
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= (E) (A or (E) (7)-

While luminance 1is what people see, gquality electronic
photomneters are used to measure it. IYliuminance is measured

by means of a lightmeter.

Visual Clarity

Generally in utilitarian spaces, like workshops, <c¢lass
rooms, and offices uniformly distributed fluorescent light-
ing is used. That is because of the emphasis given to the
guantity and economy rather than the aesthetics of illumina-

tion in the spaces.

The lighting industry offers +to purchasers a range of
fluorescent lamps suitable for use in interiors. The range
is classified according to the Luminous Efficacy (lumens/
vatt) and Color Rendering Index, Luminous efficacy defines
the efficiency of the lamp at turning electric power into
light. The color rendering index is a measure of how accu-
rately the lamp reveals color compared with some {incandes-
cent) reference source, There is a trade-off between lumi-
nous efficacy and color rendering index. As it turmns out the
higher the luminous efficacy the lower the c¢olor rendering
index. This trade-off provides a problem for the designer.
Should he save operating expense by using a hiqgh efficacy
lamp to provide the reguired illuminance, thereby minimizing
running costs or should he seek to provide a better guality

lighting installation by wusing the good color rendering
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lamps although +this will increase the capital and runrning
costs, or should he compromise and use the good color ren-
dering lamps at a lower illuminance? Usually the problen
has been solved intuitively by the designer in terms of what
ke thinks 1is desirable or most probably by the client
requiring the most economical installation. However, in
recent years evidence has appeared that the most appropriate
criteria for judging the performance of a light source are
yet to be found. For example a phenomenon called "visual
clarity" is emerqging as a criterion one camnnot afford to

ignore.

Aston and Bellchambers (19€9) have aided the decision by
quantifying the illuminances that are required for equal
satisfaction in similar interiors 1lit by different fluvores-
cent lamps. Specifically, it was found that with two colored
interiors, one 1lit by a high efficacy lamp and the other by
a godd color rendering lamp, the illuminance of the good
color rendering lamp was 20% lower thar the high efficacy
lamp when matched for equal satisfaction. Astorn and Bell-
chambers used the term "visual clarity” in the sense of sat-
isfaction, This finding considerably narrows the econoric

gap between the various lamps.

Bellchambers and Godby (1972) extended the original study
to roonm size enclosures, using €0 observers. They found that
"delux" lamps regquired about 25% less illuminance level to

produce visual clarity egual to that of standard lamps. In
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this study the percentage difference between matched illumi-
nances for equality in satisfaction increased as the stan-

dard illuminance increased.

Boyce {(1975) validated and extended the studies by Astonmn,
Bellchambers and Godby. He found that the trade-off bLetweer
illuminance and lamp color properties ocurred over a wide
range of interior colors and was independent of the illumi-
nation over a range of 300-€00 lux. Variations in illumi-
rance were achieved by mechanical means. This was necessary
since the alternative of electric dimming produces changes
in spectral emission of the 1lamps. He used two identical
scale models 1lit to the same illuminance. The only differnce
between them was that one was 1lit by a highk efficacy lamp
and the other by a good color rendering lamp. Four fluores-
cent lamps were used; "white" color, "“natural" lamp, "kolor-
rite" lamp and "grolux" lanp (British lamps). The study was
conducted for three levels of illumination, three levels of
colorfulness of the interior and four combinations of lamp
type. The two offices were furmished as mirror images with
nodel desks, chairs and people. The experiment was designed
so that each subject mnade adjustments to the illuminance
level until the visual appearance of the two offices looked
equally satisfactory. This was dore for all the treatment
comnbinations of the independent variables. Care was taken
to emphasize that the two offices would not look the same.

Boycz supports Bellchamber's work that the illuminance level
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of a good color rendering lamp was 25% lower +than the high
efficacy lamp when matched for equal clarity. This result
was extended to work areas of varying colorfulness. Boyce
alsc found that with high illumination levels, the clarity,

colorfulness and pleasantness was greater.

Chowdhury (1982) carried out an experiment to investigate
which single aspect or combination of his experimental vari-
ables would present a more visually clear, spacious and pre-
ferred luminous interior. The four experimental variables
vere types of lamps (ircandescent and fluorescent), lumi-
naire size (small and large), luminaire shape (circular and
rectangular) and distribution patterns of the lanp (uniform
and ron-uniform)., A scale model of a waiting lounge instead
of a real environment was used. The siiteen treatment combi-
nations were evaluated at an average illumination level of

11 footcandles at table level.

The result of this eXperiment showed that the snaller
luminaire size presented a more visually clear luminous
space. The experimenter found that when a lighting design
with a smaller luminaire area was studied, the brightness of
the luminaires had to be increased to maintain the constant
illumination level of 11 footcandles. This increase in the
brightness (luminance) of the luminaire had a positive
infiuence on the subjects evaluation of visual c¢larity and
possibly explains the reason why a smaller luminaire area

produced more clarity. Thus the effect of the luminaire area
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on visual clarity was not indepemndently studied, and a fur-
ther investigation was suggested. Ina similar study by

Gettu and Prabhakar (1982) the same results were obtained.

Most of +the studies done so far on visual clarity were
performed in complex colorful interiors and dealt with the
color properties of the lanp. The results of Boyce's studies
conclude that bright uniform cool-white fluorescent lamps

create impressions of high visual clarity.

The phenomenon of visual clarity needs +to be investigated
further, Quantitative and operational attributes need to he
defined. Proof of existence and usefulness of visual clarity
could lead +0 recommendations for lower 1light levels for
specific tasks and functions resulting in enerqgy savings.
(IES/NBS Illumination Roundtable II, January 1981.) plane

luminance was not considered.

Visual clarity is the perceived ability to perform a vis-
ual task (C.A.Bennett). This 1indicates that visual clarity
relates to the luminance on the work plane. Since illumina-
tion cannot be seen, it would seem reasonable to hypothesise
that the luminance on the workplane has an effect on visual
clarity. As resulted from past studies, the illumination on
the workplane has an effect on visual clarity. Again, since
visual clarity deals with one's perception, another bLypothe-
sis that +the luminaire luminance has an effect on visual

clarity is suggested. Visual clarity is of importarnce in
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spaces involving a performance of a task, and normally these
spaces do not involve complex colorful interiors. For these
reasons a simple achromatic interior would be of interest to
irvestigate the effect of the 1lighting intensity factors on

visual clarity.
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PROBLEM

Research bas been carried out to investigate the visual
clarity in office interiors over a range of interior color-

fulness for different fluorescent lamps.

The object of +the present research 1is an attempt to
investigate guantitatively how certain lighting intensity
factors create an impression of high visual clarity. The
thres 1lighting factors chosen were luminaire luminance,
workplane lumipance and luminaire area. This study used a
scale model with an achromatic interior instead of a real

environment.

The main aim of this experiment was:
To establish the relationship between visual clarity and
luminaire luminance, workplane Jluminance, luminaire area;
and to find an empirical formula for the prediction of vis-

ual clarity.

The following hypotheses would be tested:
1. Larger luminaire luminances will present a more visually

clear interior.
2. larger workplane luminrances will present a more visually
clear intericr.
3. Larger luminaire areas will present a more visually clear

interior.
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METHOD

In this study a scale model was used for investigating
three lighting factors presumed to affect Visual Clarity.
The lighting conditions were varied and subjective judgments
were made by the subjects for these different 1lighting
designs on semantic differential rating scales. The ceiling
luminaire area and the reflectance of the three walls could
be changed. This nmodel was set up in a cool white delux
fluoroscent 1lighting booth {Fiqure.1). The illumination
level could by varied by means of a dimmer. The subjects in
the study observed the scale model under the different
lighting systems and made subjective Jjudgments of the work-
place on various rating scales for the combinations of the

independent variables.

For the present study a model of the size 24Mx12Wx (0"
representing a scale of 1 inch = 1 foot was used to simulate
a room of dimension 28'x12"x10' The model was made with
white "foam core®” on three side walls. The walls and the
ceiling of the podel were white and the floor had a dull
grey surface simulating a carpet. Above the ceilinrg was the
lighting arrangenent; it consisted of four 40 watt cool
white delux fluorescent lanps. The achromatic interior was
furnished with a chair and a desk, on the desk a piece of

white paper (to scale) was placed to simulate a 11%x 8 1/2n
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Figure 1. Structure of the lighting booth and scale model.
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paper. This was done to aid the subject in his/her -judgment

of clarity or the working plane.

The mwmodel was provided with three different ceiling
types. Each «ceiling consisted of a certain percentage of
area devoted to lighting. A lumirous ceiling represented
the extreme case (occupying 100% of the ceiling area). Sur-
vey of classrooms and other fluorescent lighted spaces at
Kansas State ©University showed uniformly spaced luminaires
occupying 10% of the ceiling area as typical. An intermedi-
ate luminous area of 507 was also selected. These layouts
are shown in Figure 2. The light enters the model throuqh a

diffuser mounted on the ceiling.

The workplane was at a height of thirty inches above the
floor level, Assuming the reflectance of the workplane to
be 50% and referring to the recommended ranges of illumina-
tion or the workplane for various office type activities
(Figure 2.); five luminance values ranging from 10 to 100 fL
wvere potentially of interest in this study. Luminpaire lumi-
nances and areas limited the five levels to 10, 20, 30, 40
and 50 If[L. By surveying the classsrooms at Kansas State
University it was seen that +the luminaire luminance was
between 1000 and 4000 fL. The five luminaire lumirarce lev-
els used in the study were 4000, 35€¢0, 2500, 1440 and 1000
fl.. The intermediate levels vwere required by the experimen-

tal design (Table 2).
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TABLE 1

Recompmended Ranges of Illum

Range of Illuminances
in footcandles (lux)
10-15-20

(100-150-200)

20-30-50

(20 0-300-500)

50-75-100

(500-750-1000)

100-150-200

(1000-1500-2000)
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inance on the Working Plane

Type of Activity-Area

Working spaces where visual
tasks are only occasionally
performed

Performance of visual tasks

of high cortrast or large size,
for example, reading printed
or typed materials, handwrit-
ing in ink.

Performance of visual tasks of
medium contrast or smali size,
for example, reading mediunm
pencil handwriting, poorly
prirnted or reproduced material.
Performance of visual tasks of
low contrast or very small
size, for example, reading
hard pencil on poor quality
and very poorly reproduced

material.
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TABLE 2

Intermediate luminance levels of luminaires

Iuminaire Conversion Factor

Luminance
L
LOoOo Max
3560 Max + Min + ( Max- Max+Min )
z s
Max + Min
2500 >
Max + Min ( Max - Max+Min )

1440 s _ —=

)

1000 Min
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The illumination levels on the working plane for all combi-
nations of the five luminaire luminances and the three lumi-
naire areas are shown in Table 3. A luminance level greater
than 50 f1L on the workplane could not be obtained for somne
0f the treatment combinations of tbe study. For example, for
treatment combinations having low luminaire lumirance and
lovw luminaire area, a luminance greater than 50 fL on the
working plane was not possible to obtain. Thus the upper

workplane luminance level was chosen as 50 flL.

To obtain the five workplane luminances at a fixed lumi-
naire luminance the reflectance of +the table surface had to
be changed. That is, it was desired to "un-tie" the lumi-
naire luminance and the workplane lumirance and make then
independent of each other. Wkenever the reflectance of the
desk surface was changed, the reflectance of the three walls
was changed to a same value. The various reflectance values
of the modelling paper used are shown in Table 4. The
reflectance of the table surface and the three walls was
chanyed each time by using shades of white, black and grey
nodelling paper. The reflectance of the walls was changed by
sliding the paper into the model such tkat only the thkree

walls were covered by the modelling paper.
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TABLE 3
Illumination on the Working Plane for Combinations

of the Independent Variables

Luminance of Illuminance on the Working Plane, fc
Luminaires, fL 100%rArea 50% Are; 710% Area
Looo 400 266 120
3560 356 257 106
2500 250 166 7E
1440 144 26 ué

)N
O~

1000 100 32




PAGE 28
TABLE 4.

Reflectance values of the modeling paper used.

Shade Reflectance value
Black 0.06
Dark grey 0.13
Grey 0.20
Light grey 0.30
light grey 0.44
Dull white 0.€5

White 0.94
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Experimental Desiqgn

The three independent variables of the study and their
levels were:
a) luminance of the fixtures (4000fL, 3560fL, 2500FfL, 1440FfL
and
1000£1)
b) luminance on the working plane (50fL, 40fL 30fL, 20 fL
and 10fL)

c) area of the luminaires (100%, 50% and 10%)

Thus a factorial design would mean (5x5x3), seventy five
experimental conditions. Such a design would approximately
take five hours per subject so that multiple day sessions
would have been required, and this introducing a day to day
variation into the experimental error. Also such an approach
meant using a relatively small number of subjects. This is
undesirable due to the large individual differences in sub-
jective reactions and the desire to sample these. Conse-
quently a Quadratic Response Surface Design {( G.M. Cox and
W.G. Cochran) was selected using twenty seven of the possi-
ble seventy five conditions in a balanced fashion so that
regression aralysis of the entire space could be carried
out. Table 5 shows the selected experimental design. The

asterisks indicate the tvwenty seven conditions selected.
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TABIE 5

Steps and combinations of the variables

LUMINAIRE AREA WORKPLANE LUMINANCE (fL)
LUMINANCE (%) 10 20 30 O 50
(f1.)
4000 100 *
50
10 #
35560 100 #* #
50 * #*
10 * E
2500 100 *
50 # FIa
10 3 * *
1hun 100 o
50
10 3
1000 100 #
50 %

10 *
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The dependent variables are subjects' impression of the
different 1lighting designs in thke semantic differential

scales of Table 6.

For this experiment 20 students from disciplines of sci-
ence and engineering of Kansas State University participated
as subjects. There were twelve males and eight females
whose mean age was 23 years with a range of 19 to 32 years.
The subjects were given extra credit in a course for their
participation. The subjects each viewed the 27 different
combinations of +the independent variables making -judgments
on the semantic scales. The order of presentation of the of
the twenty seven treatments was randomized to avoid any kind

of serial effect.

Task

Fvery subject was given an Informed Consent and Instruc-
tions form, Fiqure 3, that described the task. PRach subiject
signed the Informed Consent Statement showr in Fiqure 4. The
subjects were then handed the Evaluation Sheets (Figure 5)
for rating the luminouns environment of the scale model using

one evaluation sheet for each treatment.



PAGE 32

TABLE €

Semantic Differential Scales for Evaluation of Lighting

Systenms.

BRIGHT 1 2 3 4 5 € 7 DIM

CLEAR 1 2 3 4 5 6 7 ONCLEAR
LIGHT 1 2 3 4 5 € 7 DARK

SHARP 1 2 3 b 5 6 7 DILL
SPACTIOQUS 1 2 3 L} 5 € 7 CRAMPED
VERY WELL 1 2 3 L 5 6 7 POORLY
PLEASANT 1 2 3 4 5 € 7 ONPLEASANT

ROMANTIC 1 2 3 4 5 6 7 ONROMANTIC
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Thank you for coming to help

This experiment is designed to study the physical light-
ing factors involved in the subjective assessment of an
interior. Your task will be very simple. You will be asked
to sit down in front of a scale model with a particular kind
of lighting. You will be asked to judge the lighting. PFrank
opinions are needed from you. It will help if you try to
forget all you have ever heard about light. Please just give
your impressions of what you see. Altogether you will be
exposed to twenty seven lighting conditions in a random

order and make judgments in eachk case.

For example,

If you feel the space appears very clear for a particular
lighting design then cirle the number closest to your judge-
nent as shown below

CLEAR 1 2 3 ) 5 6 7 UNCLEAKR

If you feel +that your response is entirely neutral then
circle the central position, number 4.

CLEAR 1 2 3 b4 5 6 7 NNCLEAR

While giving your impressions of each lighting design pay
more attention to the surface of the table. Imagine that you

are performing a visual task on the table, for example,
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reading printed or reproduced material, handwriting in
ink;ordinary inspection or rough assembly. Please keep this
in mind while evaluating each of the +twenty seven lighting

designs.

There will be no discomfort or risk in this experiment.
However you are free to stop your participation at any tinme.

Naturally I would prefer that you continue until the end, so
that I can get all the data. If you have any questions now

or later feel free to ask.

Now if you are ready please sign the Informed Consent

Statement form given by the experimenter.

If you have any comments about the procedure and experi-
ment please feel free to write them at the end of the exper-

iment in the space provided in the evaluation sheet.

Thanks for your cooperation

Figure 3. Informed Consent and Instructions form



INFORMED CONSENT STATEMENT

Having read the informed consent, I hereby agree to be a subject in
the research entitled ™ Lighting Cues to Visuval Clarity ".

S. No, Signature Age (yrs) Sex (M/P) Date

Figure 4, Informed Consent Statement Form
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EVALUATION SHEET

NAME: __ _ TREATMENT # ___
BRIGHT [ 2 3 4 5 € 7 DIn

CLEAR 1 2 3 4 5 6 7 UNCLEAR
LIGHT 1 2 3 4 5 € 7 DARK
SHARP 1 2 3 4 5 6 7 DULL

How spacious do you think the room looks?

SPACTIOUS 1 2 3 4 5 € 7 CRAMPED

How well would you perform a visual task in this lighting?

VERY WELL 1 2 3 b4 5 € 7 POORLY

How pleasant do you think the room looks?

PLEASANT 1 2 3 b4 5 6 7 ONPLEASANT

Does the lighting appear to be rTomantic?

ROMANTIC 1 2 3 u 5 6 7 UNROMANTIC

Comments:

FIGURE 5. Evaluation Sheet
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An adjustable chair was used to bring the eye level of each
subject to a predetermined height of about two and a half
inches above the desk surface so that each subiject veiwed
the iInterior at the same level, Each subject was asked to
observe the interior of the model to try to associate that
particular lighting design with his perception of visual

clarity before rating the lighting system.

Bs seen in the evaluation sheet a few scales are present
not pertaining to visual clarity, this was done to study the
effect of this simple achromatic interior on impressions of
pleasantness and spaciousness. Most of the past studies
dealing with impressions of pleasantness, spaciousness and

visual clarity were performed in complex colorful interiors.

After evaluating the 1lighting system +the subject was
asked to keep his/her eyes away from the 1liqghting booth.
Then the next combination of the independent variables was
veiwad. This was done until all the 27 different lighting
designs were evaluated on the semantic differential scales.

Each subject spent approximately an hour and a half to com-

plete the experiment.
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RESUOLTS

The subjective reactions of the 20 subjects for each
lighting condition on each scale are given in Appendix A.
The corresponding factor scores are also given. The lumi-
naire luminance is specified by "LUM", the luminance of the
working plane is specified by "WPY and the area of the lunmi-
naires by “A", 9LUM" and "WPY" levels are numbered from 1 to
5 and "A" levels are numbered from 1 to 3, these are listed
in Figure é. The letters BD, CU, 1D, SD, SC, VP, PU, and RO
used are the eight semantic differential scales 1listed in

Figure 7.

Table 6 shows the correlation matrix for the semantic
scales. Factor analysis of the eight scales was carried out
using the Statistical Analysis System computer progran
(User's guide to SAS 82.2B, North Carolina, SAS Institute

Inc., 1982). Three factors vwere extracted.

Table 7. shows the three factors found on the scales with
t+heir loadings. Loadings greater than 0.62 were considered
to be high. In this respect loadings on Factor 1 occur with
scales bright-dim, clear-unclear, light-dark, sharp-dull and

very well-poor; Factor 1 was named "Clarity".



BD

CcU

LD

SD

SC

VP

PU

RU

bright - dim

clear - unclear

light - dark

sharp - dull

spacious - cramnped
very well - poorly
pleasant - unpleasant

romantic - unromantic

Figure 6. Symbols of the eight semantic scales.
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Luminaire luminaire Workplane
Luminance Area Luninance
(fL) (%) (fL)
LUMO - 4000 a0 - 100 WPO - 50
LOM1 - 3560 Al - 50 WP1 - 40
Loz - 2500 A2 - 10 Wp2 - 30
LUM3 - 1440 WP3 — 20
LUMG - 1000 WP4 - 10

Figure 7. Levels and symbols of variables.



TABLE 7

Correlation Matrix for the Semantic Scales

BD

co

LD

SDb

sC

¥p

PU

RU

Ccu LD
0.50 0.64
1.00 0.55
0.55 1.00
0.57 0.50
0.28 0.30
0.54 0.47
0.26 0.22
-0.16 -0.25

0.28
0.44
—0-“4

0.36
0.54

0.47

""0- 22
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RU

-0.22
-0. 1€
-0.25
-0.14
-C. 14
-0.13
-0.22

1. 00
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TABLE 8

Factor Pattermns

FACTOR1 FACTOR2 FACTOR3
BD 0.8¢ -0.09 0.09
Cy 0.86 -0.05 0.17
LD 0.89 -0.10 0.08
sD 0.82 -0.12 0.30
sC 0.54 0.40 -0.€2
VP 0.82 0.07 0.12
PO 0.42 0.80 -0.10
RU -0.44 0.69 0.50

FACTOR 1 - VISUAL CLARITY
FACTOR 2 — PLEASANTNESS

FACTOR 3 - SPACIOUSNESS
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High loadings on TFactor 2 occur on scales pleasant-unplea-
sant and romantic-unromantic; Pactor 2 was named "Pleasant-
ness". The only high loading on Factor 3 was scale spa-

cious- cramped; Factor 3 was named "spaciousness".

Since the study mainly involved subjective impressions of
visual clarity, the scores of the scales corresponding to
visual clarity factor were added and their total score cor-
responded to "visual clarity". Table 9. shows the correla-
tion matrix for visual clarity,luminaire luminance, work-

plane luminance and luminaire area.

In thke next part of the aralysis regression analysis was
carried out for the experimental variables and visual clar-
oy Because the experimental design was a "Quadratic
Response Surface Design%, with only twenty seven of the pos-
sible seventy five (5x5x3) combinations studied directly ,
mean or median values of the various combinations of condi-
tions are not too meaningful. Rather, the multiple reqres-
sion analysis, where a least squares best- fitting equation
is fitted to predict visual clarity from the experimental
variables, takes into account all of the conditions studied
and gives the best description of the nature of the rela-
tionships among the variables. The correlation coefficients
(R ) associated with the regression model describe its good-

ness of fit.



TABLE 9

Corrzlation Matrix for Visual Clarity and the

Experimental variables

Visual
Clarity
Luminaire
Area
Lumipaire
Luminance
Workplane

Luminance

Visual

Clarity

1.00

0.38

0.28

Luminaire

Area

0.30

1.00

0.00

Luminaire

luminance

0.38

0.00

1.00

PAGE

Workplane

Luminance

1.00

4
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Bacause of the heuristic nature of regression analysis,
preliminary analyses was carried out and these analyses
enabled selection of the tranformations +to be used onr the

variables.

¥isual clarity, workplane luminance (WP), luminaire lumi-
nance (LUM) , and luminaire area (A) were each subjected to a
logarithmic transformatior before fitting linear regression
equat ions, gpon retransformation subsequent to regression

analysis, the following power relations result:

ve= K1 (a)2

ve= k3 (wp)
ve= K5 (Lumc®

K2

ve= k7 (aFA (et (LumK®

Table 10. gives the resits of these reqression and corre-
lation analyses. Reading down the left hand side of the
table is a pair of rows showing the number of observers and
the number of observations. The reqgression results, the spe-
cific values for the empirical comstants X1 to K7 and the
coefficients of determination (Rzl are given. Finally the
coefficients of determination (Rz) due to experimental vari-
ables and due to observers are totalled and shown. Redres-
sion curves for all the twenty seven experimental conditiomns
are shown in figures 8 to 22, also the mean observed values

of visual clarity are shown on each of the plots.
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TARBLE 10

Regression and Correlation Results

Number of Observers 20

Number of Observaitions 540

Empirical Constants Coefficients of Determination R2
Area effect: Ki 2.78+0.09
G.11
K2 0.10+0.02
Workplane
luminance
effect: X3 2.57+0,17
0.07
Kh 0.18+0.04
Luminaire
Luminance
effect: K5 1a 270,58 )
0.15
K6 0.24+0.05
Overall
effect K7 1.34 O0.32

Coefficients of Determination: Due to physical parameters= C. 32

-

M
H
iy

Due to observers: 025

Total = 0,57
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DISCUSSION

As a result of the factor analysis of the raw data, three
significant factors emerged. These factors were expected and

ares

Visual Clarity (Factor 1)

If a particular lighting condition creates a high impres-
sion of clearness, brightness, sharpness it means that high
visual clarity is achieved., In this clarity factor, five
semanstic scales "bright-dim", "clear—unclear", “light-dark",
fisharp-dull" and "very well-poorly" have substantial load-
ings., These scales were taken from Flynn and Boyce's studies
to describe the impressions of "visual clarity" under a partr-

ticular lighting conditiorn.

Evaluative (Factor 2)

Under a particular lighting condition, if people rank it
high for evaluation, it means +that the particular lighting
condition is preferred. Two semantic scales "pleasant-an-
pleasant" and ‘Yromantic-unromantic" have substantial load-
ings. The first scale was taken from Flynn's study, under
evaluative factor. The "romantic-unromantic" scale was cho-
sen in this experiment to see if it would fall nunder the
evaluation factor. It seemed that a pleasant lighting design

was closely associated to romantic lighting.
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Spaciousness (Factor 3)

When a lighting condition is considered to have created a
feeling that the space appears spacious, then that lighting
system is considered to have created an impression of "spa-
ciousness" to the users of that space or the subject sub-
jected to that environment. The semantic scale "spacious-
cramped" was found to have a high loading on this factor.
This scale was obtailned from Flynn's study to obtain impres-

sions of "spaciousness".

In the most of the past studies dealing with subjective
imprassions in lighting design, colorful interiors were used
and the above three categories of impressions or factors
emerjed. In the present study, an achromatic interior was
used and the same factors emerged. This suggests that the
factors generalize over colorful as well as achronmatic

interiors.

In the following discussion, +the relation between visual
clarity and the experimental variables are dealt with. The
scores of all the scales under Factor 1 (visual clarity)
were summed up, this represented the score corresponding to

visual clarity.
Experimental Parameters

For the entire data, the coefficient of determination R%

due to the parameters was 0.32. This means that 32% of the
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variance in visual clarity can be attributed to the range of
variation which existed for the luminaire luminance, work-

plans luminance and the luminaire area in this experiment.

The specific (simple, first order) correlations may be
seen to be 0.38 for luminaire luminance, ©0.28 for workplane
luminance and 0.30 for luminaire area. While there 1is a
temptation to interpret these correlations as indicating the
relative importance of the three parameters in determining
visual clarity, this is misleading. PFor example , early in
the experimental design it was intended to have a workplane
luminance of 100 fL as the maximum luninance level, However,
it was found that a workplane luminance of 100 fI, {(or higher
than 50 fL) was not possible for some combinations of lumi-
naire luminance and luminaire area. At low levels of lumi-
nairs luminance and luminaire area, a working plane lumi-
nance greater than 50 fI could not be obtained. If a
workplane Jluminance higher than 50 fIL could have been
achizved then the correlation between visual c¢larity and

workplane luminance probablvy would be greater.

Further +the total 32 for experimental parameters has

meaning only in the context of this particular experiment.
The range of values of luminaire Jluminance and workplane
luminance were selected to cover the range of what might be
deemed practical values. To the extent that these ranges are
representative of some practical situation, these correla-

tions have some meaning.
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Putting the three experimental parameters into an equa-
tion with rounded values for +their coefficients and expo-

nents gives :

0.10 0.18

Visual clarity = 1.34 (&) "3%@p) @18 (Lum - 24

where A is the percentage devoted to luminaires, WP (in
foot lamberts) is the workplane luminance, LUM (in footlam-

berts) is the luminaire luminance.

When the relationship between values assessed by observ-
ers and values calculated from the visual clarity formula
for the tvwenty seven treatments {averaged over the twenty
subjects) were plotted there was seen to be a good correla-
tion Dbetween then. Figure 23. shows this relationship.
Points on the straight line represent conditions when the
predicted clarity is equal to the observed clarity. Visual
clarity covers a range from 16 to 30. Most points are near
to the straight line in a range of error of +18%; the

direction of the error is not biased.

From the regression equation it can be seen that all the
three ligh+ting variables had a positive effect on visual
clarity. This agrees with the hypotheses on visual clarity.
0f the three lighting factors, the luminaire luminance had
the greatest effect on visual clarity. It is 1likely that
kighar luminaire luminance levels can be achieved by using a
lens capable of creating high luminaire luminances from

almost any viewing position.
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Figure 23. Predicted visual clarity versus observed
visual clarity on log=-log co-ordinates.
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The surprising findings of Chowdhury, Gettu and Prabhakar
that a smaller luminaire area ©presented higher visual clar-
ity ratings than a larger luminaire was explained by the
results of this study. In order +to maintain a constant
illumination for different luminaire sizes, the brightness
of the luominaires reduced as the luminaire size increased.
The subjects associated the brightness of the luninaire
source with visual clarity. Thus it vwas seen from the previ-
ous study that a smaller luminaire area presented higher

visual clarity.

It has been established by researchers that smaller light
spurces create impressions of pleasantness. The results of
the present study show +that larger light sources present
higher visual clarity. Thus the designer should trade off
between visual <c¢larity and pleasantness at the expense of

cost.

En passant, since the brightness of the workplane depends
on its reflectance and affects visual clarity, the reflec-
tance of the desk should be about 50% so that there is not

nuch contrast between the paper and the desk surface.

It would be interesting to study the effect of these
lighting factors on visual clarity in a real time environ-
ment.It 1is suggested +that experiments be carried out in
office rooms with the existing lighting conditions. A corre-

lation study could be done to analyse the data. Further
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research including other 1lighting factors is also

reconmended since the RZ value is not remarkably high.
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CONCLUSION

An experiment involving 20 subjects, each experiencing
all the twenty sever lighting treatments resulted ir the

following:

1. Three factors which emerged as a result of the factor
analysis were similar to PFlynn's study. The factors are

evaluation, visual clarity and spaciousness.

2. A model predicting visual clarity from luminaire lumi-
nance, luminaire area and workplane luminance was estab-

lished.

3. There were large individual differences among observ-
ers of nearly equal importance 4in predictiveness to the

physical parameters.

4, The overall predictability of visuwal clarity from
physical and subjective parameters was substantiél (R= 0.75

and the statistical analysis was adeguate.

Iin addition to the extension of this research in a real
environment, higher workplane luminance levels are recon-

mended.

Individual differences.

The coefficient of determination 32 demonstrates the

importance of individual differences which have been recog-
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nized by previous research dealing with subjective inpres-
sions. The indication of the importance of individual dif-
ferences is the coefficient of determination ¥ due to
observers, 0.25. This is almost equal to the coefficient of
determirnation due to physical parameters,0.32. Thus the
total R 2, 0.57, giving a correlation of 0.75 with visual
clarity is more than half due to the physical parameters,
and less than half due to the subject variation. This ,
illustrates the dimportance of using a large number of

observers in this research.
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APPENDIX I

SUBJECTIVE RATINGS
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ABSTRACY

The main objective of this study was to establish the
relationship betvween visual clarity and certain physical
lighting factors and to find an ewmpirical formula for the

predictuness of viswal clarity using a scale model.

A model of dimensions 24"x12"x 10" was male to scale of one
inch eguals to one foot. Twenty seven conditions out of the
seventy five conditions (five lumiraire luminance levels,
five wdrkplane luminance levels and threz luminaire areas;
5x5x3) were studied in this experiment. FEach subiject was
exposed +to these 1lighting conditions. A total of twenty
subjects evaluated the lighting conditions on eight semantic

scales.

The data was factor analysed and three factors,
pleasantness, visual clarity and spacliousness emerged. A
power relationship was fittedrbetween visual clarity and the
independent variables, ile. workplans luminance {WP) ,
luminaire luminance(LUM) and lumipnaire area(A) were all
subjected to logarthimic transformation before fitting a
linear regression egquation. Upon retransformation subseqguent
to recression analysis the following power relation results:

Visual clarity = K7(A)KZ. (WP,KJ}: (L[]I’I)Ké
Fach of the experimental variables had a positive effect on
visual clarity. Further analysis showed large dindividual

differences among the observers with nearly equal importance

in predictiveness to the physical parameters.





