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CHAPTER I 

INTRODUCTION 

Background for the Study 

Man once had only firelight or candlelight to replace the 
light of the sun and was forced to cease from labor when 
the sun set, but since the discovery of incandescent light 
in the late 19th Century, we have learned to add light to 
our interior and exterior environment as we need it. 

(Weale, Croake, & Weale, 1981, p. 47) 

Our ability to add artificial light to our interior environment 

has added tremendous versatility and comfort to our lives. However, 

it has also added a degree of uncertainty caused by our limited knowl

edge of the effect artificial light has on the way we perceive form, 

color, and texture in our surroundings, and on the influence that this 

part of our environment exerts on us as individuals. 

Although many aspects of our environment strongly interrelate, 

none are more entwined than the relationship between color and light. 

"We see the color of an object when light of mixed wavelengths is 

reflected selectively into the eye from the object's surface" (Sudjic, 

1985, p. 10). As light falls on an object, some of it is absorbed. 

The light not absorbed is reflected, and the apparent color of an 

object depends upon the wavelength of this reflected light (Friedmann, 

Pile, & Wilson, 1982). 

The problem of color rendering by indoor illumination has been 

recognized for many years. Thornton (1982) referred to the conclusion 

of Aristotle that the colors in embroidery are often mistakenly per

ceived when observed by lamp light. As modern technology has allowed 
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the development of new types of lamps to be produced, the magnitude 

of the problem associated with color rendering has increased. A wide 

range of color rendering properties associated with different fluo

rescent lamps has intensified this problem, seen especially in office 

and commercial environments. 

The interior designer and lighting engineer are not equipped to 

design an indoor lighting installation unless they have a basic 

understanding of color and the role played by colors in interiors 

(Boer & Fischer, 1981, p. 89). Scientific research on the analytical 

aspects of color has been completed, as well as psychological research 

linking color and human emotions (Arnold, Pile, & Wilson, 1982, p. 71). 

Systems for color classification have been developed by the noted 

color scientists Munsell (1969) and Ostwald (Birren, 1969a). However, 

the usefulness of this research is limited to industries such as dying, 

printing, and paint mixing, which rely on understanding the analytical 

aspects of color. It holds little significant value in assisting the 

designer to find solutions for design problems which encompass total 

environments (Arnold et al., 1982). 

Both the lighting engineer and interior designer must combine 

knowledge of the color rendering properties of different light sources 

with an understanding of the use of object color in designing an 

interior. These elements, light source and surface color, are mutually 

dependent in an interior. An interior lighting installation should be 

designed to give the highest lighting efficiency while it enhances 

the overall appearance of the environment (Boer & Fisscher, 1981, 
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p. 89). Surface color combines with lamp type to successfully achieve 

this goal. 

There has recently been a merging of the philosophies in engineer

ing and interior design, or math and aesthetics, as interior lighting 

installations are planned. Thus, mathematicians are realizing that 

"illumination can work magic in an environment and artists regard 

technology not as the enemy of imagination, but the realizer of it" 

(Leifer, 1983, p. 85). There is e^ery reason to believe that as 

designs for office environments are contemplated, and color and light

ing needs are recognized in the design stages, the work settings 

created will be more livable, resulting in better working conditions 

and more productive employees. 

Purpose of the Study 

People in most societies rely more on visual perception than on 

other perceptual systems to obtain information about the environment 

and their relation to it. In any setting, the quality and quantity 

of light has a strong effect on human emotions, communication, and 

behavior, with both quality and quantity of light in any environment 

being determined in part by the surface colors in the room (Hayward, 

1974, p. 120). 

Visual comfort, task visibility, and an aesthetic environment are 

largely determined by the quantity and quality of light in the setting 

Lamp manufacturers have the technology to produce light of almost any 

brightness and spectral distribution. Designers must be educated to 

these developments. They must also question how much light and what 
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types of lamps and surfaces will maximize both visual and psychological 

experiences for the occupants of these settings (Merry, 1982, p. 27). 

Dean (1977) describes a survey of 900 administrative employees in 

which 65% of those interviewed considered lighting to be an important 

factor in their environment, while other environmental factors such as 

ventilation, pleasant temperature, and sufficient space were con

sidered important by only 52, 40, and 25%, respectively. The people 

who inhabit interior environments are becoming aware of the effect 

that lighting has on their physical and mental health. For example, 

eyestrain is likely to occur when the eyes are called on to act at 

the limit of their normal capabilities for any length of time. Poor 

lighting design and excessive contrast, caused by poor color selection, 

may be a direct cause of eyestrain, which may create the side effect 

of headache and nausea (Merry, 1982, p. 28). When employees experi

ence these side effects, their ability to concentrate on a task is 

reduced, resulting in decreased productivity. 

As people spend an increasing amount of time in interior environ

ments, color determination and lighting design should become a major 

issue integrated into the planning process. However, "most color 

planning decisions relating to color and behavior are based on highly 

subjective opinions, soft research, or casual information" (Bartholo

mew, 1976, p. 1). In addition, "the collection of criteria for 

lighting is neither well organized, nor readily understandable, nor 

is it adequate in explaining behavioral responses to illumination" 

(Leifer, 1983, p. 121). As a result, the architect, lighting 

^...a^^^JMil 
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consultant, and interior designer must rely on their own experiences 

to project these observations on a space while it is still in the 

planning stages. The descriptive measures we have such as footcandles, 

foot lamberts, lumens, and the light reflecting value of colors and 

textures have not been tied to a useful theory of perception, and will 

require significant effort to be organized in a way that guides the 

design process. The integration of these measures with usable design 

objectives for certain settings is a task that has not yet been fully 

completed (Hayward, 1974, p. 121). 

The purposes of this study are as follows: 

1. Determine the relationship, measured in footcandles, between 

the variables of warm or cool surface color, and cool white fluores

cent, warm white fluorescent, and deluxe cool white fluorescent lamps. 

2. Determine if, in any of the six settings, the relationships 

between the independent variables in this study would significantly 

alter the lighting level in the laboratory, resulting in an increase 

or decrease in the energy needed to maintain the lighting level. 

3. Provide a measurable test to link warm and cool fluorescent 

lamp selections with warm and cool surface color selections. 

4. Utilize a laboratory setting to test the relationship between 

color and light in an environment where variables are held constant. 

5. Provide a basis to assimilate additional research on color 

with that of lighting. 

6. Provide an experimental design, applying research on color 

and light to a simulated office setting. 



statement of Problem 

This laboratory experiment utilized a 12 foot by 12 foot interior 

room setting to test lighting level with the variables of warm or cool 

surafce color and cool white, warm white, and deluxe cool white fluo

rescent light sources. A primary objective was to determine whether 

the lighting level was altered to a significant degree when surface 

color was changed from a cool color to a warm color under either cool 

white, warm white, or deluxe cool white fluorescent lamps. Another 

objective was to determine whether combinations of fluorescent light 

sources and surface colors presented a lighting level which varied to 

a significant degree from the others. A third aim was to be able to 

control the color scheme and at the same time, measure the amount of 

illumination present under three different light sources. This 

research should aid in combining a fragment of the research on color 

with that on lighting to serve as a basis for design decisions by the 

professions of interior design and architecture. 

Hypotheses 

1. There is no significant difference in the lighting level in a 

room as warm white fluorescent lamps, cool white fluorescent lamps, 

and deluxe cool white fluorescent lamps interchange and interact with 

warm surface colors or cool surface colors. 

2. There is no significant difference in the lighting level in 

a room with warm surface colors when the lamp type interchanges between 

cool white fluorescent, warm white fluorescent, or deluxe cool white 

fluorescent lamps. 
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3. There is no significant difference in the lighting level in 

a room with cool surface colors when the lamp type interchanges 

between cool white fluorescent, warm white fluorescent, or deluxe 

cool white fluorescent lamps. 

4. There is no significant difference in the lighting level in 

a room using cool white fluorescent lamps with warm surface colors 

and cool white fluorescent lamps with cool surface colors. 

5. There is no significant difference in the lighting level in 

a room using warm white fluorescent lamps with warm surface colors 

and warm white fluorescent lamps with cool surface colors. 

6. There is no significant difference in the lighting level in 

a room using deluxe cool white fluorescent lamps with warm surface 

colors and deluxe cool white fluorescent lamps with cool surface 

colors. 

Definition of Terms 

Color Rendition: The extent to which the perceived color of an object 

under a light source matches the perceived color under another source. 

Footcandle: An international calculation of light intensity based on 

the amount of light falling upon a surface, measured with a standard 

light meter. 

Hue: Classification of color according to name. 

Intensity: Amount of pigment in or saturation of a color. 

Light Source Color: The spectral characteristics of the light falling 

on an object. 

Lamp: Artificial light source including bulb and base. 
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Object Color: The selective reflectance characteristics of the 

object itself. 

Quality of Lighting: The distribution of brightness and color rendi

tion in an environment, based on visual performance, visual comfort, 

safety, and aesthetics for the visual tasks involved. 

Value: Lightness or darkness of a color. 



CHAPTER II 

REVIEW OF LITERATURE 

Introduction 

Ancient civilizations made liberal use of color in the built 

environment. Color, to ancient man, had little to do with taste, 

but related to symbolism and therefore was relatively clear and simple 

(Birren, 1964, p. 4). The climate, materials available, and wealth 

of the civilization were factors in determining color usage during 

early times (Halse, 1968, p. 2). As civilization progressed, the use 

of color became more sophisticated, and its purpose grew from symbol

ism to take on a creative purpose. This was especially evident during 

the Renaissance when color expression became elegant, complex, and 

elaborate (Birren, 1964). 

The science of color abruptly changed in 1856 when the English 

chemist, William Perkin, synthesized aniline purple, giving the public 

its first synthetic dye (Ferebee, 1970, p. 68). Perkin's revelation, 

a coal tar product, was discovered from waste left in the manufacture 

of gas. Later, Perkin discovered how to produce alizarin crimson, 

which had previously been made from roots of the madder plant. Immedi

ately, the science of chemistry took over the work of the dye maker 

(Birren, 1963, p. 162). The synthetic dyes and pigments available, 

due to Perkin's work, permit an almost unlimited range of graduations 

and subtlities in today's color schemes (Halse, 1968, p. 121). 

Among the earliest references to man's manipulation of light are 

his use of exterior materials possessing a reflective quality. The 
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pyramids in Egypt were faced with a white limestone which reflected 

sunlight, and enabled the pyramids to be visible from great distances. 

As time progressed, man experimented with windows and openings which 

let light into the interiors of buildings (Phillips, 1975). 

Artificial light was first introduced into interior environments 

in the form of fire. The forms of this light source ranged from flame 

torches, wax and tallow candles, and the more sophisticated oil lamps 

and gas mantles (Hopkinson & Collins, 1970; Sudjik, 1985). In fact, 

by the mid-20th century, more than half the world's population were 

still using flame as their main light source in the home (Sudjic, 

1985, p. 22). 

The year 1881 became a landmark in the science of interior light

ing when both Sir Joseph W. Swan of England and Thomas A. Edison of 

the United States produced a practical incandescent source of light. 

Nine years later, the first commercial lamp was marketed by Edison. 

It consisted of a glass bulb containing a bamboo fiber that had been 

reduced to carbon. To correct the inefficiencies, a weak light and 

short life, caused by the bamboo fiber, the tungsten filament lamp 

was produced in 1907 (Nuckolls, 1976, p. 6). 

The modern office has developed on a time schedule that is 
almost exactly parallel to the development of modern light
ing. By the 1930's good artificial light was regarded as 
necessary equipment in any office space, but most often it 
was thought of as auxiliary lighting for use on dark days 
or after sunset. Office space totally without daylight 
has largely been a post World War II development. 

(Pile, 1976, p. 181) 

Prior to the 1930's, interior office environments made use of 

daylight, supplemented with oil or gas lamps as the primary sources 
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of illumination. Office workers were generally male clerks, with pen 

and ink being the primary tools of their trade. Later offices became 

more complex and were characterized by hundreds of clerks, each 

performing specialized, though routine, tasks. During this time 

numerical and alphabetical files were introduced to keep track of 

increasing paper work. Women entered the work force, hired to operate 

the new typewriters, telephones, and other equipment. Daylight was 

still the main source of illumination, and therefore, buildings were 

relatively narrow, with offices arranged in shallow bands along the 

window walls (Klein, 1982, pp. 14-15). Twenty-four feet was con

sidered the maximum distance from a window to any desk. 

During the late 1930's the necessity for increased output and 

reduced absenteeism by employees led to studies of lighting in the 

work place (Wilson, 1953, p. 11). These studies, along with research 

into vision, led to rising standards of lighting in working environ

ments. 

After World War II, the technologies for heating, air-conditioning, 

and lighting interior spaces progressed to the point of becoming eco

nomically feasible for prolonged use in office environments (Klein, 

1982; Phillips, 1975). Fluorescent lights provide such an efficient 

means of converting electricity into light that they have become the 

almost universal method of lighting an office environment today 

(Sudjic, 1985). The purpose of office lighting is to provide for 

effective visual performance with optimum use of energy. The lumi

nous environment in an office consists of all exposed surfaces in 
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the space, their position, orientation, and reflectance character

istics (Office Lighting Standard Practices Subcommittee [OLSPS], 

1983). Beginning in the 1940's, the architects, industrial design

ers, and display designers, who had been primarily responsible for 

office lighting and design, were joined by a creative force from 

other fields. The questions of how people work and how the office 

can be designed to meet these needs were explored, with answers 

coming from lighting engineers, physicians, psychologists, interior 

designers, graphic artists, and others (Shoshkes, 1976, p. 2). The 

final evaluation of a lighting system designed for any office environ

ment is its effect, physically, psychologically, and mentally on the 

people who work there (OLSPS, 1982). 

Energy Related Considerations in the 
Office Environment 

The year 1973 marked the end of an era when designers could 

center the lighting needs of an interior environment around human 

need, efficiency, installation cost, and aesthetics. Another disci

pline, the energy specialist, emerged to study color and light in 

office environments from still another point of view, that of long-

term energy conservation. Just as uniform lighting and year-round 

air conditioning had become economically possible in offices after 

World War II, the rising cost of fuel made conservation of energy 

in lighting and in air conditioning buildings imperative after the 

oil embargo of 1973 (Shoshkes, 1976, p. 1). 

Lighting is the largest single user of energy in an 
office building. It can account for forty per cent 
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of the electricity costs of a building. This is 
compounded during the summer months when each watt 
of light generates heat that requires a third as 
many (.314) watts of air conditioning to cool. 

(Klein, 1982, p. 42) 

In his presidential address to the lES in 1974, Derek Phillips 

(1975) charged that the architectural profession has a responsibility 

to consider the world's dwindling supply of natural resources when 

designing an energy consuming structure. He stated. 

The question must be posed not in terms of national 
economy, but in terms of a world supply position in 
which the problem is not whether the UK or America or 
Germany can make out an economic case for using upwards 
of 50 W/m2 of energy to use up the world's dwindling 
natural resources at such a rate. (pp. 9-10) 

In addition, Phillips stressed that the time for considering low 

energy based solutions had come, and architects and lighting engi

neers should start questioning the use of lighting levels in excess 

of those recommended by the Illuminating Engineering Society as the 

overall aim of architecture has progressed past the point of filling 

man's basic needs on to the point where the overall quality of the 

visual environment should be considered (Phillips, 1975, p. 10). 

During the time lapse between Phillip's address and today, not only 

have lighting practices in excess of recommended levels been ques

tioned, but also the lighting levels themselves have been questioned. 

The question has been raised of whether lighting engineers, as well 

as electric utility companies, electrical engineers, lighting equip

ment manufacturers, and energy management specialists have been 

reaching beyond their field of expertise as they attempt to set 
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lighting design criteria and standard practices for lighting special

ists and interior designers (Brass, 1983, p. 108). 

Studies have been completed that begin to set a foundation of 

empirical facts to support recommended lighting levels in certain 

situations. In an attempt to test the affect of level of illumination 

on performance of tasks. Smith and Rea (1978) conducted an experiment 

designed to have a wide application in office settings. Eight sub

jects were given the task of proofreading paragraphs for misspelled 

words. A viewing chamber was utilized consisting of three walls, a 

floor, and ceiling, with illumination supplied by 19 cool white fluo

rescent lamps. Results indicate that age, illumination level, and 

print quality significantly affect performance. Increased illumina

tion, up to 454 footcandles, improved results, but in varying degrees 

for the different conditions. 

To further this study. Smith (1978) analyzed data from seven of 

his experiments involving office tasks. The purpose of this research 

was to gather evidence that there is an optimum lighting level, above 

which performance deteriorates. However, the test revealed that 

there is no reversal effect, and performance improved up to the high

est level of illumination tested, 1230 candelas per square meter. 

Energy conservation measures in an office may take the form of 

simply fitting the lighting level to the task. For example, desk 

areas need more light than areas set aside for storage or circulation. 

Savings can also be realized from the use of efficient lighting sys

tems where the type of lamp is best suited to the specific office 
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requirements. The fixtures housing the lamps should be energy 

efficient and also serve to reduce glare. Flexible fixtures, which 

can be moved or adjusted, can also add to a savings in energy con

sumption. Yearly maintenance of lighting equipment can result in 

25% more light while using the same amount of energy (Klein, 1982). 

Lastly, careful consideration should be given to the amount, type, 

and color of surfaces. For example, the more reflective the surfaces 

in a space, the more efficient the use of light. Highly reflective 

matt surfaces are more efficient in their use of light than specular 

surfaces, and color tints make more efficient use of light than 

strongly saturated hues (Nuckolis, 1976, p. 344). 

Lighting in office environments accounts for a sizable amount 

of electrical energy generated in this nation. Anything that can 

be done to reduce this portion is beneficial to the nation as a 

whole, as well as to the overhead of individual offices. A sub

stantial savings in energy can be realized in the office environment 

without sacrificing human comfort and efficiency. In any office 

environment, the most worthwhile results from an energy-savings plan 

involves experts from several disciplines who work together to ensure 

that productivity and human comfort is kept high while energy is 

reduced. 

The Fluorescent Lamp 

"Energy efficiency for all light sources is the measure of how 

much light is produced--measured in lumens--in relation to the amount 

of energy used--measured in watts" (Assistant Secretary for 
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Conservation and Solar Energy [ASCSE], 1980, p. 1). Some light 

sources deliver more actual light than others, using the same amount 

of electricity, because they are more efficient in converting elec

tricity into light. The fluorescent lamp, introduced at the 1939 

Chicago World's Fair, is four times more efficient than the incandes

cent lamp (Acking & Kuller, 1972). For example, a 40 watt fluores

cent lamp delivers 66 lumens per watt and is comparable to three 75 

watt incandescent bulbs which deliver 16 lumens per watt (ASCSE, 

1980). This difference in energy consumption can have a costly 

impact on the amount of electricity required to light a home or 

building. 

Twenty percent of all electricity generated in the United States 

is used for lighting homes and businesses (ASCSE, 1980). In addi

tion, the simple cost of illumination has a deeper impact on overall 

energy cost as it affects air conditioning cost, lamp maintenance, 

worker efficiency, and employee comfort (Nuckolls, 1982, p. 38). 

The National Lighting Bureau (NLB), a nonprofit organization 

based out of Washington, D.C., has reached the conclusion that most 

existing lighting systems cost more than necessary to operate because 

they do not incorporate the new developments and technology now avail

able in the lighting field. However, the NLB warns that haphazard 

removal of lamps is seldom a recommended procedure for reducing 

lighting energy, and instead, an energy management survey should be 

conducted to determine correct procedures for reducing energy costs. 

The treatment of lighting in an office space affects a worker's 

job performance, mood, and health. Considerations in the planning 
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stage of lighting an office environment should include employee 

productivity and wages, energy cost, and lighting equipment cost. 

However, often lighting equipment cost is the main, and sometimes 

only, consideration. 

The Baltimore, Maryland Social Security Administration cut 

lighting levels in half to save energy. As a result, employee pro

ductivity fell by 28%. For eyery dollar that was saved on energy, 

it was estimated that $194 was lost due to reduced employee produc

tivity. An efficient lighting system is designed to accommodate 

people rather than buildings (Foresteli, 1982). 

While incandescent lamps create light by using electricity to 

heat a coiled tungsten filament in a vacuum until it glows, fluo

rescent lamps convert electricity directly to light (Nuckolls, 1982, 

p. 3). In a fluorescent lamp, the ballast which regulates the flow 

of current through cathodes in either end of the tube sparks a 

charge, resulting in a gaseous discharge, causing the phosphor coat

ing on the inside of the tube to fluoresce and emit strong visible 

light (ASCSE, 1980). The color of the light produced, and the color 

rendering properties of the light, are dependent on this phosphor 

coating (Acking & Kuller, 1972). Since a large selection of phosphors 

are available for use, it is possible to produce light with a variety 

of different spectral distributions and color rendering properties. 

The first fluorescent lamp produced was known as a daylight type 

lamp and acquired a bad reputation for its lack of red light, pro

ducing a cold appearance or atmosphere. Lamp research by 
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manufacturers enabled a warmer color of lamp to be available known as 

the warm white fluorescent. Its overall color appearance approached 

more closely that of the incandescent lamp. To further improve the 

color rendering properties of the fluorescent, still other lamps were 

developed which introduced even more radiation at the red end of the 

spectrum, known as the deluxe varieties. Deluxe fluorescent lamps 

are superior to the other fluorescents in color rendering abilities, 

but operate with 33% less efficiency due to the additional phosphor 

coatings which are necessary to provide the better color (Hopkinson & 

Collins, 1970, p. 163). 

Although a variety of different fluorescent lamps exist, the 

most commonly used types are cool white, warm white, deluxe cool 

white, and deluxe warm white. The warm fluorescent lamps emphasize 

yellow, orange, red, and red purple, while cool fluorescent lamps 

emphasize blue purple, blue, blue green, and yellow green (Ketcham, 

1958, p. 41). Fluorescent lamps generally last from ten to fifteen 

times longer than an incandescent lamp, so savings are realized in 

replacement cost, as well as in energy cost (Acking & Kuller, 1972). 

There are factors to consider when considering the use of fluo

rescent lamps in office design. First of all, a fluorescent lamp 

produces a linear light source. It does not produce sharp shadows 

and contrasts. It is an ideal source for lighting the broad area of 

a desk top with shadowless light. However, the cool light of the 

cool white fluorescent lamp is considered a design disadvantage, 

unflattering to people and spaces (Klein, 1982; Sudjic, 1985). 
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In order to achieve the efficiency of fluorescents and 
the warmth of incandescents, many designers use a 
combination of the two in the office. Fluorescent light 
is often used at the desk with incandescent lights used 
for special purposes elsewhere. One effective use of 
incandescents is as a wall wash. If the walls of the 
office are bathed in incandescent light, the whole space 
seems incandescent and the office is warm and inviting. 
(Klein, 1982, p. 72) ^ 

Functional Uses of Color and Light 
in the Office 

Over the years there has been an increased awareness for the 

importance of color and light, used in functional ways, in an 

environment. The main function of color choice for an industrial, 

institutional, or office setting is not to achieve a decorative look 

as applied to hotels, restaurants, and homes, but to ensure a calm, 

efficient surrounding, free from distraction. Color should be chosen 

as an aid to make seeing easier, lessen contrast, minimize constant 

eye adjustments, and draw attention to tasks and hazards (Wilson, 

1953, pp. 11-12). Used with skill, color has a psychological effect 

that is becoming widely recognized as a part of sound planning in 

school, medical, and industrial settings (Ketcham, 1958, p. 89). 

Selection of color for work areas should be in the area of indiffer

ence or optimum adaptation, which is the range through which a person 

automatically accepts external stimulus without requiring internal 

physiological adjustments (Logan, 1968, p. 553). 

During the 1920's, functional color had its beginnings in the 

operating rooms of hospitals, where color was used to control light 

and glare to improve the vision of the surgeon. New scientific 
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methods were established so that the degree of fatigue could be 

measured utilizing instruments (Birren, 1982, p. 60). As a result of 

this experimentation, a blue-green color was introduced into the 

operating room to reduce the glare caused by the traditional white 

walls and necessary high level of illumination. In addition, this 

color used on towels, surgical garments, equipment, and walls served 

to accentuate the red color of blood and tissue, keeping the surgeon's 

eyes alert (Birren, 1983, p. 167). Results of these first studies 

include the control of brightness and hue, and establishment of the 

value of color in aiding human efficiency and well-being. 

A healthier environment has resulted as functional color has 

been applied to work settings in the business and industrial sectors. 

As early as 1713, Ramazzini wrote a treatise cautioning craftsmen to 

wear spectacles and rest their eyes by looking away from their work 

periodically (Marshall Editions Limited [MELJ, 1980). "Whenever 

trouble has been taken to actually think about the use of color (and 

associated factors, like illumination), there have been reductions 

in absenteeism and increases in production" (MEL, 1980, p. 164). 

Wherever people work, color and light will affect their jobs and job 

performance. "Skillfully selected colors can create better and more 

comfortable working conditions, raise efficiency, cut fatigue, and 

increase production" (Ketcham, 1958, p. 89). Likewise, an effective 

lighting design can contribute to the occupant's health, sense of 

well-being, and productivity (Shemitz & Walker, 1983, p. 83). 

Automation in our lives has increased the fine detail in the 

work arena, resulting in an increased load being put on a person's 
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eyes during the course of a work day. When the eye is put under 

severe tension or strain, physiological and psychological reactions 

are observed. There may be dilation of the pupil after several hours 

although there is no light intensity change, and an increased rate of 

blinking may occur. The ability to focus clearly and the ability to 

see clearly in the periheral areas of the retina is also reduced 

(Birren, 1982, p. 60). 

The chief cause of eyestrain is traceable to high brilliancies 

in the field of view. The adjustments normally made by the eye, the 

pupil's regulation of the amount of light entering the eye, and the 

accommodation and convergence to bring the object on the main axis of 

the lens, and the image on the fovea, are not coordinated when a high 

brightness exists in the viewing field. As the eye strains to adjust 

to this brightness, eyestrain occurs. The total work environment can 

contribute to, or work to lessen, this problem (Birren, 1982). 

The quality of lighting in an environment describes the degree 

of comfort and visibility the setting affords its occupants. High 

luminance in the worker's viewing field causes discomfort. Visibil

ity is increased when luminance ratios in the viewing field are kept 

to a minimum, and when light on the actual task is adequate, with the 

majority coming from a source beside or behind the work surface. 

Also, shadows on the task should be avoided to increase visibility 

(OLSPS, 1982, p. 32). Color has the ability to control or shape 

brightness in the work or office environment, adding efficiency and 

comfort to seeing, while lessening eyestrain (Birren, 1982). 
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A study relating color to performance in public schools was 

completed in the Baltimore Public Schools, conducted by the psycho

logical laboratory of the John Hopkins University for Cooperative 

Research. Three elementary schools, similar in size, age, teacher/ 

pupil ratio, and socioeconomic background were chosen. One school 

served as a control school, another was painted in the conventional 

manner with light green walls, and the third was painted in gay, 

varied colors. Over a two-year period, report cards of 2,500 stu

dents from these schools were studied by psychologists. Their 

observations indicate that the gay, varied color plan had the great

est beneficial result on kindergarten children, and improvement in 

scholastic achievement was even more noticeable than improvement 

in behavior traits for all grade levels (Rice, 1953). 

In buildings, color is purposely used as a visual clue to assist 

in orientation and define territory. Friedmann and Thomas suggest 

that color can be used to designate a pathway system which serves as 

the organizing element in a complex environment. The Boston Freedom 

Trail is an example of this. Utilizing a path of painted footprints, 

it served to lead visitors through a simple journey of Boston. In 

buildings, color can be used as an orientating cue by designating 

different floor levels and corridors (Environmental Design Research 

Association, 1979). A general movement towards a more rational use 

of color in buildings is taking place today (Friedmann et al., 1982, 

p. 29). 

In countless industrial plants, offices, schools, hos
pitals, commercial buildings, . . . lighting and color 
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are given a wide array of functions: to aid visibility 
and manual skills; to preserve and protect vision under 
many critical conditions; to increase efficiency; promote 
good morale; enhance decorative furnishings; put man at 
ease in the environments that are part of his civiliza
tion; and to ensure his safety (Birren & Logan, 1960, 
p. 174). 

The Power of Spectral Distribution 
in an Interior Setting 

The color of light in an environment has an important effect on 

the apparent color of the surfaces which it strikes, and in turn 

makes a major contribution to the atmosphere of an interior. The 

mood or feel projected by an office or room can be totally changed 

by altering the spectral distribution of the light source, or by 

changing the surface colors in the room (Residence Lighting Committee 

of the Illuminating Engineering Society [RSCIES], 1980). 

Without light, there would be no color, as the color we see is 

determined by the particular light rays which are either reflected or 

absorbed as they strike an object or surface. Therefore, differences 

in the spectral energy distributions of light sources are usually 

apparent, not as differences in the color of the light itself, but 

as differences in the color of objects and surfaces. 

Newton, in 1667, discovered that although light usually appears 

to be white, it is actually a combination of light waves of all 

colors. Grouped in bunches of the same color family, these light 

waves are arranged in a band. The visible portion of this band 

progresses from red waves at one end measuring 32 millionths of one 

inch to violet at the opposite end, measuring approximately 16 
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millionths of one inch (Rice, 1953). "Since an object cannot reflect 

'more' light of any wavelength than falls upon it, it can only appear 

coloured by its absorption of light of colors other than that which it 

reflects" (Hopkinson & Collins, 1970, p. 157). An object's color will 

appear more intense when the light source is rich in the wavelengths 

most highly reflected by the object, and will appear less saturated 

when the source is low in energy in that spectral area (RLCIES, 1980). 

White surfaces reflect most light wave colors, while black surfaces 

absorb most colors of light waves (Halse, 1968, p. 21). 

The color rendering properties of a light source have also been 

evaluated on their preferred color rendering capabilities. This 

would encompass characteristics of the spectral distribution which 

render a subject more pleasing to the eye than does the standard 

source or natural daylight. For example, a lamp which is weighted 

on the red end of the spectrum sometimes renders flesh tones with a 

pleasant, healthy look (Hopkinson & Collins, 1970). 

The preferred color rendering property of illumination also 

appears to be related to level of illumination. Kruithof, in a labo

ratory setting utilizing electric lamps and natural daylight, proved 

experimentally that at low levels of illumination, most people 

prefer a light with a spectral distribution towards the warm colors, 

and at a high level of illumination, a cold light is tolerated and 

even preferred (Kruithof, 1941, p. 69). 

Aston and Bellchambers (1969) studied the effect of good and 

poor color rendering fluorescent lamps on visual clarity of the 
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surroundings. In this experiment, two identical cabinets with 

mechanically controlled fluorescent lamps were employed. A glass 

vase containing artificial roses and four books were placed in each 

cabinet. One cabinet utilized fluorescent lamps with good color 

rendering properties, while the other used lamps of high luminous 

efficiency, but poor color rendering capabilities. The observer 

stood in front of the two cabinets, and was instructed to adjust 

the level of illumination of the lamp with the good color rendering 

characteristics until the overall clarity was the same in both cabi

nets. Overall clarity was defined as the satisfaction gained by the 

observer, discounting any obvious differences in color and brightness. 

Results from this study indicate that the same degree of satisfaction 

was provided by the lamp with good color rendering properties, at 

levels of illumination significantly lower than that in the cabinet 

with the lamp of poor color rendering capabilities (Bellchambers & 

Godby, 1972). 

To apply the results from this study to a room setting, Bell

chambers and Godby (1972) examined level of illumination with the 

color rendering properties of lamps in an experiment testing visual 

clarity in viewing two identically furnished full scale interiors 

under fluorescent lamps of different color rendering properties. Two 

rooms, each 8 feet by 8 feet, were erected side by side. The inte

riors of these rooms were furnished in an identical manner. No light 

was allowed to enter either room as each of the 60 observers sat in 

a chair positioned where they could see both rooms simultaneously. 
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Observers rated visual clarity of both rooms as seen under fluorescent 

lamps of different spectral distributions and at different levels of 

illumination. The results of this experiment indicate that at equal 

levels of illumination, lamps with good color rendering properties 

not only provide better color rendition, but also give a higher degree 

of visual clarity than do poor color rendering lamps. 

Lamp color combination, interior colorfulness, and standard 

illuminance were studied by P. R. Boyce (1977) in an experimental 

study employing a 1/12 scale model of an open plan office divided 

into identical halves by a wall. The subject sat with his head 

inside the model and could view either side by turning his head from 

left to right. The only difference in each office set up was in the 

lamps used to illuminate each side. Results from this experiment 

support the work of Bellchambers and Godby. It was found that satis

faction for visual appearance was equal for a lamp with good color 

rendering properties and a lamp with poor color rendering properties 

only when the poor color rendering lamps were seen under an illumina

tion level that was 24% higher. 

The Office Setting as Described 
by Color and Light 

The spectral distribution of a light source affects surface color 

in an office environment, and is specified by its hue or its color 

rendering capability. The hue of a light source describes its rela

tive blueness or redness, and is scientifically described by its 

color temperature in kelvins. The Color Rendering Index (CRI) 
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describes the color rendering capabilities of the light source, and is 

a measure of how much the lamp will distort the color of a surface. 

An office with a high CRI rating will have a light source that dis

torts surface colors to a minimum and has good color rendering 

properties (OLSPS, 1982, p. 39). 

When color is considered in a total setting, it is modified in 

an almost infinite number of ways by light. Texture, surface finish, 

pattern, and contrast also has an affect on the way a color will 

appear. For example, fabrics of the same color but different textures 

such as velvet and satin will appear as different colors. The extent 

that light rays are absorbed by an object such as velvet or satin 

fabric depends on its texture (Halse, 1968). 

Whether a surface has a matte, gloss, or semi gloss finish will 

determine how it reflects light. Matte finishes diffuse light, and 

are the recommended finish for large surface areas in an office. A 

matte finish will give an object or surface the appearance of its 

natural color. Surfaces which are deeply textured, such as velvet 

and carpeting, cause shadows that make materials appear darker than 

smooth surfaced materials of the same inherent color. The reflective 

quality of matte surfaces is limited when compared with that of glossy 

or slick finished surfaces. Reflection from glossy surfaces may 

increase the chroma and darkness of the surface at one angle and may 

wipe out all color at other angles, creating a distraction and exces

sive luminance ratios in the work area (OLSPS, 1982). Light in a 

setting is modified by reflection between the time it leaves the 
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source and the time it reaches the object, a room surface, or the 

surface of office furniture, equipment, and accessories. Room 

surfaces include walls, floors, and ceilings, and have a considerable 

impact upon the utilization of light through their reflective quali

ties. In office environments, these areas may act as secondary light 

sources, and if finished with the recommended reflectances, will 

increase the utilization of light and reduce or soften shadows 

(RLCIES, 1980). 

Samples of paint, fabrics, and carpet may appear different in 

hue, value, and intensity when placed in different surroundings or 

under different lighting conditions. Metamerism results when two 

object colors match closely under one type of light, and do not 

appear to match under a different light source. Only if two hues 

have identical reflection distribution curves will they match under 

any type of light (Weale et al., 1981, p. 70). Lighting conditions 

change constantly in an interior, changing color rendition, espe

cially if natural and artificial light are both present in the 

setting. Draperies, blinds, and lamp shades act as filters changing 

the color of light falling on an object or surface. The type of 

fixture housing the lamp can also affect color rendition. Use of a 

lens diffuses light and flattens colors, creating soft shadows, 

while spotlighting intensifies the color of an object, creating 

strong, hard-edged shadows (Weale et al., 1981, p. 64). Diffused 

light, as created by fluorescent lamps, is preferred over work sur

faces in the office environment. Spotlighting is recommended for 
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use in the office hallways, lobby, and periphery areas as a means to 

create contrast and add interest to the environment. 

Cool and Warm Colors 

Color is not seen in isolation in an environment, but rather in 

its relation to the other colors, forms, and textures in the environ

ment (Bliss, 1978, p. 62). As color in an environment is experienced 

by an individual, it exerts power or may have an influence on the 

person, both physiologically and psychologically. As studies on the 

influences of color have taken place, differences according to hue 

have been grouped together, resulting in groupings of warm and cool 

colors. A study conducted by Newhall (1941), in which participants 

inspected a chart of 50 surface color samples and then decided which 

color suggested the greatest impression of thermal warmth and cool

ness, suggests that the reds and yellows are the warmest hues, while 

the coolest hues are greens and blues. The physics of light may also 

classify colors as either warm or cool. As the radiant energy wave

lengths of the visible spectrum are measured, the wavelengths of the 

warm colors, yellow, orange, and red, approach the longer wavelengths 

of the infrared region. 

Bliss (1978) suggests that under certain conditions in the 

environment, warm colors advance spatially while cool colors tend to 

recede. Birren submits that this advancing quality of a warm color 

and receding quality of cool colors is due to the mechanics of the 

eye. "Being only slightly refracted by the lens of the eye, red will 

focus at a point behind the retina. To see it clearly, the lens will 
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grow more convex, thus pulling the color forward, making its image 

larger" (Birren, 1982, p. 40). In addition, blue will be more 

sharply refracted, which causes the lens to flatten out, pushing 

the image of the cool color back, decreasing its size. 

On a similar note, a school of thought was started in the early 

part of this century by Waler B. Cannon, based on the premise that 

there is a balancing mechanism in the body which increases the body's 

heat output when objects appear closer. Subscribers to this line of 

thought reason that since warm colors make objects appear closer, 

alertness to the environment is increased, causing additional body 

heat to be expended. Likewise, as cool colors are observed, a slower 

reaction is recorded, resulting in a more relaxed response with less 

heat output (Rice, 1953). 

To further the premise that color exerts a psychological influ

ence over individuals, Acking and Kuller (1972) cite a study by 

Goldstein conducted in 1942 where psychological differences in behav

ior were observed in red and green surroundings. In a red or warm 

environment, the person seemed to be more disturbed than in the green 

environment, with the functioning of minor movements being less 

precise. Findings from this study would indicate that office workers 

would be more comfortable and better able to concentrate on office 

tasks in an environment surrounded by a cool color scheme. 

The way in which color modifies space concerns the interior 

designer and architect. Results from investigations on color and 

space have been applied to interior environments. For example. 
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Birren (1967) has concluded that warm colors tend to orient people 

outward, encouraging motor task and alertness to the environment. 

Warm colors would then be used in situations where muscular effort 

and action is expressed and in situations where a person needs to 

be kept alert to the environment, such as schools, factories, and 

homes where manual tasks are performed. On the other hand, Birren 

has expressed that cooler colors minimize environmental distractions, 

aiding visual and mental tasks. Therefore, a cool color would be 

suitable for environments where sedentary occupations requiring 

severe use of the eyes or brain take place as in office environments. 

The Usage of Color and Light 

Because color is a complex science, encompassing many disci

plines, strict rules for usage are not practical. However, according 

to Birren (1963), Helson and Lansford have formulated some general 

preference rules regarding surface color and color appearance of 

light source, taken from their studies on pleasantness of color. 

Their findings include information concerning choice of background 

areas such as walls and ceilings, and point to the conclusion that 

white or pale colors with low saturation are preferred on these areas. 

Dark background colors are preferred only to create a contrast, and 

a medium saturation was given the lowest preference rating. 

A study by Whitfield and Slatter (1978) investigated whether 

interior wall color would be affected by style of furniture. Sub

jects viewed a perspective drawing of a room, and examples of 

furniture in Modern, Georgian, and Art Nouveau styles. They chose 
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the most appropriate wall color for a room furnished in each style 

from a set of color samples. Results of this study indicate that 

the judged appropriateness for wall color varies according to the 

style of furniture in the room. 

Color serves many purposes in the design of offices. It may 

function to define the atmosphere of the space or the character of 

the company occupying the environment. A bright scheme expresses 

gaiety and excitement and a quiet color scheme may express dignity 

and repose. Color serves to define areas and territories in an open 

office space, as well as facilitate organization and communication 

between departments. For example, files and memorandums might be 

color coded for quick visual recognition (Faulkner, 1972). Bright 

or intense colors used outside the immediate work area may provide 

variety and a sense of relief from a repetitive task to the occupant 

of the office. 

A positive contribution to the pleasantness of any office 
interior is the proper selection of color combinations. 
These should be selected in consultation with the archi
tect or interior designer, but should have the reflectances 
necessary to provide the proper luminance ratios for 
efficient seeing. (Kaufman & Christensen, 1972, pp. ll-ii) 

The luminance on any office task should not differ greatly from the 

area surrounding the task, and from any area within the field of 

view. The luminance ratios between the task and adjacent surroundings 

should not exceed 1 to 1/3, between task and more remote darker sur

faces should not exceed 1 to 1/10, and between task and more remote 

lighter surfaces should not exceed ratios of 1 to 10. Illumination 

reflected from walls, ceilings, and floors influence these ratios. 
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as does surface color of furniture and office equipment. Recommended 

surface reflectance levels for offices are as follows: ceilings 

should reflect at least 80% of the light, walls, 50 to 70%, furniture 

25 to 40%, and floors should reflect 20 to 40% of the light striking 

them (OLSPS, 1982, p. 30). 

General office lighting should be designed to adequately cover 

the desk and area immediately surrounding it, with the purpose of 

facilitating efficient and comfortable vision for tasks. However, 

the remainder of the office environment may include a decorative or 

varied lighting scheme to provide a contrast and relieve monotony. 

For example, decorative elements such as paintings, sculpture, or 

plants may be spotlighted with a downlight. A wall may be washed 

with light from a spot to reveal texture and provide a variation in 

depth of color (DeBoer & Fischer, 1981), and areas such as hallways, 

where critical tasks are not being performed, may have a lower light

ing level to provide variety and transition. 

Birren and Logan (1960), in their works, have suggested several 

recommendations in applying color and light to achieve an agreeable 

working environment. Their first suggestion is to plan for adequate 

light for the task being performed in an efficient manner. Secondly, 

the basic elements of the color and lighting scheme should be famil

iar elements rather than foreign or strange to avoid confusion or 

emotional rejection by the employee. Also, human appearance as seen 

under the color and lighting schemes should be considered as the 

color and lighting effects deal with people, not eyes or tasks alone. 
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Elements in the environment should not be flattened or distorted with 

an incorrect use of color or light. In addition, the details in a 

working environment should be revealed distinctly and not lost in 

uniformity, as a guard against a monotonous environment. The light

ing levels and color contrast should be held within the limits of 

reasonable adaptation; and lastly, the designer should take liber

ties without forcing the occupant beyond his normal agreeable 

capacities (Faulkner, 1972). 

The function of a building or other structure greatly 
influences the way in which lighting is applied. In an 
office building, for example, the typical visual task may 
be considered as reading at desk top level. However, the 
same type of task (reading) may be encountered, regardless 
of location, in a factory, in a store, or in a home. But 
such factors as economics, appearance, continuity of effort, 
quality of lighting results desired, influence the lighting 
design developed for the task. Ihus application techniques 
generally designated as industrial lighting, store lighting, 
office lighting, and so on have developed lighting solutions 
for the types of visual tasks encountered generally in each 
type of occupancy. (Kaufman & Christensen, 1972, pp. 10-12) 

The application techniques used by the designer in an office 

environment take on an even more important aspect when one considers 

the large percentage of waking hours the employee spends in the work

ing environment. The color and lighting schemes chosen for an 

office environment interact, influencing the manner in which the 

environment is revealed, and in turn, affect the efficiency and 

well-being of the employee. 



CHAPTER III 

METHODOLOGY 

Introduction 

The overall aim of this study is to determine whether the 

lighting level in an office environment will be altered as surface 

colors in the room combine with the spectral energy distributed 

from a variety of fluorescent lamp types. A controlled laboratory 

experiment was chosen as the research design for this study. 

The controlled experiment may be defined as a procedure 
for testing cause-and-effect relationships within a 
setting that permits maximum control over extraneous 
variation and allows the experimenter to observe the 
effect of one variable on another in such a way as to 
demonstrate that no other variable could have produced 
the same effect (or to test for the joint effect of two 
variables on a third). (Stempel & Westley, 1981, p. 200) 

The cause and effect relationship of surface color and lamp 

type, on lighting level, lends itself to a controlled experiment. 

In this study, the independent variables of cool and warm surface 

colors as seen in the laboratory wallcovering and floorcovering, 

and cool white, warm white, and deluxe cool white fluorescent lamp 

types are manipulated to determine their effect on variance of the 

lighting level in the laboratory environment. A lighting laboratory 

specifically designed to facilitate research in the field of light

ing design allowed for maximum control of outside effects as the 

experiment progressed. 

35 
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Laboratory Setting 

The laboratory setting utilized for this study was provided by 

the Merchandising, Environmental Design, and Consumer Economics 

Department of the College of Home Economics at Texas Tech University, 

and is located on campus in a basement classroom of the Home Eco

nomics Building. The 12 foot by 12 foot structure was planned and 

built for the purpose of facilitating the study of lighting, furnish

ings, and interior finishes by students in the study of environmental 

design (see Figure 1). 

The ceiling of the structure may be mechanically raised and 

lowered, but was secured at a stationary height of 8 feet 2 inches 

for the purposes of this study. The four walls of the laboratory 

are exposed framework constructed from 2 inch by 4 inch boards. The 

interior walls are finished with movable 4 foot by 8 foot sections 

of white insulating sheating. There are no windows in this labora

tory setting. However, there is a 38 inch by 79 inch opening which 

contains a plywood door. Nine sheets of 4 foot by 4 foot particle 

board comprise the floor of the laboratory. 

The ceiling of the laboratory, which may be raised or lowered, 

is mechanized on a pulley system and is easily operated by pushing 

a button located outside of the laboratory- Nine strip fixtures 

for fluorescent lamps, each measuring Ih inches by 36 inches, and 

nine recessed downlights are symetrically arranged in the ceiling. 

Each fixture is centrally positioned in a 46 inch square of plywood, 

finished in white (see Figure 2). A single switch to operate each 
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of the 18 fixtures is provided outside of the laboratory setting. 

Each downlight is controlled on a dimmer switch while separate 

switches turn off or on each fluorescent fixture. 

Interior finishes and furnishings were incorporated into the 

empty laboratory setting to facilitate the appearance of a single 

occupant office environment. 

In using mock-ups the experimenter takes more responsi
bility for the lighting and furnishings. Wrong decisions 
can mean a considerable deviation from 'real' or at least 
normal rooms. But there are gains in that everything but 
the lighting can be held constant, and the experiment 
tends to be logistically simpler. (Hawkes & Roelands, 
1979, p. Ill) 

Although downlights suitable for incandescent lamps are present 

in the laboratory setting, they were not utilized as a part of this 

study. In being consistent with the single office environment as it 

appears in actual office situations today, fluorescent lamps were 

chosen for the study. A 1980 study conducted by Louis Harris and 

Associates on comfort and productivity in offices found that office 

environments overwhelmingly utilize fluorescent lamps for their light

ing needs. The study revealed that "ninety-two percent of the office 

workers say that the lights by which they usually work are fluores

cent and five percent say they are incandescent" ("Office Lighting," 

1980, p. 39). Three types of 30 watt fluorescent lamps were chosen 

as independent variables for this study. These selections include 

cool white fluorescent lamps, warm white fluorescent lamps, and 

deluxe cool white fluorescent lamps. 

During the course of the experiment, the four walls of the 

laboratory setting were covered in a paper wallcovering, with the 

I 
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door being the only vertical surface left uncovered. Two colors of 

a single pattern of wallpaper were used, allowing for a cool color 

scheme in one setting and a warm color scheme in the alternate set

ting. A medium blue wallpaper, correlating with number 0.2PB 4.2/3.0 

on Munsell's rating scale was the variable for wallcovering, used in 

the cool setting. A burgandy wallpaper, correlating to number 9.OR 

3.4/5.2 on Munsell's rating scale was selected as the wallcovering 

for the warm color scheme (see Figure 3). The Munsell rating scale 

is a system used to describe color, and was developed by Albert 

Munsell in 1848. This system classifies color according to hue, 

value, and chroma, and is used today both in science and in the arts 

(Birren, 1969). Care was taken to assure that the weight, texture, 

and finish of the two colors of wallcovering were exactly the same, 

leaving color as the only variation. 

In the same respect, two color variations of one style, brand, 

and weight of a plush carpeting were chosen for the floorcovering 

of the two settings. Color was the only variation in the floorcover

ing of each setting. A medium blue color, corresponding to number 

0.6PB 6.5/2.6 on Munsell's rating scale was used in the setting with 

the cool color scheme. A medium red plush carpeting, number 1.6YR 

1.5/8.3 was placed in the laboratory experiment where the variable 

was a warm surface color scheme. 

One desk, two visitor chairs, and an end table were the furnish

ings chosen to emulate a single office environment. The furniture 

was arranged with the two visitor chairs placed directly across from. 
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and facing the desk. The end table was placed between the chairs 

(see Figure 4). The 31 3/4 inch by 42 inch by 31 inch desk was of 

solid oak construction with a finish in the medium range. The chairs 

were supported by a brass frame with wood and cane materials compris

ing the chair back and seat. A 19 inch by 21 inch octagonal shaped 

table sat between the chairs. Its support was of brass with the 

horizontal surface consisting of a glass shelf. 

Measurement of Data 

The data collected consisted of footcandle measurements and 

revealed the quantity of reflected and direct light that had been 

created by a manipulation of surface colors and fluorescent lamps 

at given locations in the laboratory setting. Footcandle is defined 

as "the unit of direct illumination on a surface one square foot 

(square meter) in an area on which there is uniformly distributed 

light" (Klein, 1982, p. 267). A footcandle is the accepted standard 

of measure for general lighting levels in the interior design and 

architectural professions. 

A light meter supplied the footcandle readings. A Weston light 

meter, described as the Weston Photronic Footcandle Meter, model 614, 

was utilized. It is manufactured by the Weston Electric Instrument 

Corporation, located in Neward, New Jersey-

The footcandle readings were taken at four horizontal locations 

in the laboratory, and at each horizontal location, four vertical 

readings were taken. Careful measurements each time the laboratory 

was set up, and a tripod on which the light meter was mounted, helped 
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ensure that the location of each footcandle measurement was the same 

for each setting and also for each lamp change within each setting. 

Horizontal footcandle readings were taken in the laboratory at 

measurements of 24 inches on the X axis and 24 inches on the Y axis, 

36 inches on the X axis and 18 inches on the Y axis, 48 inches on 

the X and Y axis, and 72 inches on the X and Y axis (see Figure 5). 

These locations were selected to provide the experiment with varied 

placements in respect to distance from walls and placement in rela

tion to the luminaires. 

Vertical readings were taken at heights which associate with 

ergonomic measurements in the office environment. The first reading 

taken at a height of 2 inches, corresponds with floor level, while 

the next reading, taken at a height of 36 inches, corresponds with 

the height of the average desk used in an office. A third reading 

was taken at a height of 44 inches which corresponds with the aver

age eye level height for a person in a sitting position. The last 

reading was taken at a height of 60 inches and corresponds with the 

average eye level position for a person who is standing. 

Procedures 

Care was taken to transform the laboratory setting into an 

environment which was consistent with a single occupant office 

design, with differences in lamp type and surface color being the 

only variables. 

In a wery real sense, every time there is a design 
change in a building (remodelling, redecorating), a 
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variable or set of variables is manipulated. If all 
other variables can be controlled, then the design 
change can be structured into an experimental design. 
(Hayward, 1974, p. 289) 

For this laboratory experiment, data were collected in each of 

two settings. One setting contained the warm colors for wallpaper 

and carpet. These finishes were replaced with the cool colored 

carpet and wallpaper in the second laboratory experiment. Nine 

fluorescent lamps were manually changed three times during each of 

the two laboratory settings. The variables in lamp type were cool 

white fluorescent lamps, warm white fluorescent lamps, and deluxe 

cool white fluorescent lamps. Therefore, six sets of data were 

collected, encompassing the three lamp changes in each of the two 

settings. 

Furnishings, as previously described, were held constant in 

each of the two settings. To insure no variation in position, the 

furniture placement was measured and taped to the floor for each 

setting. During the actual collection of data, the door opening 

was sealed with electrical tape so that light from the exterior 

environment would not seep into the laboratory. 

Statistical Test 

Analysis of variance was the statistical test chosen to analyze 

the cause and effect relationship between the dependent and inde

pendent variables in this controlled laboratory setting. 

There must be a close connection between the experimental 
design and the statistical design, or between what the 
experimentor does and what statistical test will provide 
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the answers sought. This means either building a single 
design that will provide all the answers at once (e.g., 
a simple analysis of variance, which will yield one main 
effect) or a complex analysis of variance (yielding one 
or more main effects and all possible interactions). 
(Stempel & Westley, 1981, pp. 206-207) 

Analysis of variance was selected to analyze the overall effect 

of lamp and surface on lighting level for several reasons. 

Anova is a method which provides an objective criterion 
for deciding whether the variability between groups is 
large enough in comparison with the variability within 
groups to justify the inference that the means of the 
populations from which the groups were drawn are not 
the same. (Spence, Cotton, Underwood, & Duncan, 1968, 
p. 180) 

This statistical test provides for ratio data such as the footcandle 

readings collected during this experiment. Also, this test accom

modates the nominal nature of the two independent variables in this 

experiment. "Analysis of variance thus represents an extension of 

the difference-of-means test and can generally be used whenever we 

are testing for a relationship between a nominal (or higher order) 

scale and an interval scale" (Blalock, 1960, p. 242). 

With analysis of variance, the effect of more than one factor 

can be explored in a single test. In this research, by using a two 

by three analysis of variance, the factors of cool and warm surface 

color, and cool white, warm white, and deluxe cool white fluorescent 

lamps were simultaneously tested as to their effect on lighting 

level. According to Blalock (1960), the advantage of analysis of 

variance is that a single test is used in place of several tests. 

In this laboratory experiment, a two by three analysis of 

variance allowed for evaluation of the interaction between surface 
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color and lamp type on lighting level. Then five separate one-way 

analysis of variance tests, allowed for separate comparison of each 

main effect. For example, the effect of each of the three fluores

cent lamp types could be assessed as they combined with the cool 

surface colors and then with the warm surface colors. Also, the 

variance in lighting level could be studied as each of the color 

schemes were seen under each fluorescent lamp type. Here, the one

way analysis of variance allows for a simultaneous examination of 

more than one variable (Babbie, 1983, p. 444). Thus analysis of 

variance serves to analyze the total effect of lamp type and surface 

color on the lighting level in the laboratory environment, and also 

to distinguish the separate effects of the independent variables 

on the dependent variable. 

The methodology used in this laboratory experiment will help 

provide explanations of the interaction between light and color in 

an office or interior environment. The use of the laboratory 

setting and the procedures used in gathering and interpreting the 

footcandle readings were beneficial in acquiring reliable results 

from this experiment. The results from this study should suggest 

improvements in the visual environment of the office setting. Also, 

the experimental design of this research should facilitate addi

tional studies to be undertaken on the relationship between color 

and light. 
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Fig. 1: Empty Laboratory Setting 



45 

Warm Surface Colors Cool Surface Colors 

Fig. 2: Laboratory Setting With Interior Finishes 
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Warm Color Cool Color 

Fig. 3: Examples of Wallcovering 
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CHAPTER IV 

FINDINGS 

Six hypotheses were statistically tested during the course of 

this study. Analysis of variance was used to prove whether each 

hypothesis was accepted or rejected, and also to investigate the 

direction of trends which arose as this laboratory experiment 

progressed. 

The first hypothesis tested the overall interaction between the 

independent and dependent variables. It stated that there would be 

no significant difference in the lighting level in a room as warm 

white fluorescent lamps, cool white fluorescent lamps, and deluxe 

cool white fluorescent lamps interchange and interact with warm 

surface colors and with cool surface colors. A two-by-three analy

sis of variance analyzed the combined data collected during each of 

the six laboratory experiments. 

Hypothesis one is accepted. Results from this test do not 

prove the interaction between the variables to be significant. The 

way in which all of the variables combined did not result in a signifi 

cant interaction. The two-way interaction of surface colors and 

lamp type on lighting level resulted in a £ Value of 0.0000 (see 

Table 1). A significance level of .9983 was established for this 

interaction effect. The results from this test affirm that the 

variables in this study combine in an additive nature. Therefore, 

the magnitude of the effects of surface color did not vary from one 

49 
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category of lamp type to another, and the magnitude of the effects of 

lamp type were uniform across both categories of surface color. When 

variables combine in an additive nature, the next step is to proceed 

with additional statistical tests which analyze significance of the 

main effects (Nie, Hull, Jenkins, Steinbrenner, & Bent, 1975). 

The second hypothesis states that there is no significant dif

ference in the lighting level in an environment with warm surface 

colors when the lamp type interchanges between cool white, warm white, 

and deluxe cool white fluorescent lamps. The data used to analyze 

this hypothesis was collected when the walls and floors of the light

ing laboratory were finished in the warm color. 

Hypothesis two is rejected. A significant relationship was found 

in the lighting level at the .01 level. Results from this study 

strongly suggest that there is significant variance in lighting level 

when cool white, warm white, and deluxe cool white fluorescent lamps 

are interchanged in an environment with warm surface colors. This 

hypothesis was first tested using a two-by-three analysis of variance. 

From the results of this statistical test, the main effect of fluores

cent lamp type resulted in an £ value of 13.48 (see Table 1). A 

significance level of 0.0001 was established for this Rvalue. In 

addition, a one-way analysis of variance was used to statistically 

analyze this hypothesis. This test examined the data collected for 

the three lamp types in a warm colored environment (see Table 2). 

Results from this test were in accordance with those from the two-

by-three analysis of variance, with the f_ ratio for value of lamp 

1 
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type being 6.653 and i t s probabi l i ty of significance being at the 

0.0032 leve l . 

Additional information on the l ight ing level established by 

these s ta t i s t i ca l tests is evident in the mean scores of each lamp 

type when measured in a warm environment. The highest mean score 

for footcandle readings in a warm environment was that of the warm 

white fluorescent lamp. This lamp displayed a mean score of 52.0625. 

The deluxe cool white fluorescent lamp displayed the lowest mean 

score, 35.1250, and the mean score associated with the footcandle 

readings of the cool white fluorescent lamp was in the middle range, 

being 45.1875 (see Table 3). 

These data indicate that the highest l ighting level in the warm 

setting was created when the warm white fluorescent lamp was used. 

The deluxe cool white fluorescent lamp created the lowest l ighting 

level in th is se t t ing , and the l ight ing level created by the cool 

white fluorescent lamp was in the middle range of the other two lamp 

types tested. However, no conclusions can be drawn from this data 

concerning the ranking of lamp types in a warm environment as the 

same order for mean scores was also seen in the setting with cool 

surface colors. Therefore, the signif icant variance in l ight ing 

level due to lamp type is attr ibuted to characteristics of the lamp 

i t s e l f instead of to each lamp's interaction with a warm surface 

color. 

Each of the three lamps analyzed was a 30 watt fluorescent lamp-

Standard color lamps, cool white and warm white, are more efficient 
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than deluxe color lamps. The additional phosphor coatings that create 

the improved color of light in the deluxe varieties also reduces the 

efficiency of the lamp by one third (DOE, 1980). This fact helps to 

explain why the deluxe cool white lamp measured the lowest lighting 

level of the three lamps in both warm and cool settings. 

The fact that the warm white fluorescent lamp displayed a higher 

footcandle level than did the cool white fluorescent lamp in both 

warm and cool settings may be attributed to a difference between the 

cool white and warm white lamps used in this experiment. The warm 

white fluorescent lamps were new when the measurements were taken, 

and registered a higher lighting level than did the cool white lamps 

which had been used in the lighting laboratory on previous occasions. 

According to Weale et al. (1982), fluorescent lamps gradually lose 

light, up to 10%, over the 3- to 6-year life of the lamp. This fact 

may account for a reduced lighting level in the cool white lamp. 

The third hypothesis centered around the footcandle measurements 

of the three types of fluorescent lamps in an environment with cool 

surface colors. It stated that there would be no variance in light

ing level when cool white, warm white, and deluxe cool white 

fluorescent lamps were interchanged in an environment with cool 

surface colors. The footcandle readings used in this analysis were 

taken when the surface colors of the laboratory were of the cool or 

blue color scheme. As shown in Table 1, a two by three analysis of 

variance proved lamp to be a significant independent variable in 

this study. The F ratio for lamp type was 13.48, with a significance 

level of 0.0001. 
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An additional statistical test, a one-way analysis of variance, 

indicates similar results. When data for the three lamp types col

lected in this cool environment were tested, the variable of lamp 

type proved to be significant at the 0.0024 level with the F ratio 

for lamp type being 6.931 (see Table 4). Therefore, hypothesis three 

is rejected at the .01 level of significance. In both tests, lamp 

type was proven to be a significant independent variable. 

To further analyze the relationship between a cool surface color 

and the three fluorescent lamp types, the mean scores for each lamp 

type in this setting were examined. As was the case in the laboratory 

setting with the warm surface colors, the warm white fluorescent lamp 

displayed the higher mean score for footcandle readings at 54.4375. 

In addition, with a score of 37.6250, the deluxe cool white fluores

cent lamp displayed the lowest footcandle readings of the three lamps. 

The footcandle readings which ranked in the middle range were those 

of the cool white fluorescent lamp, with a score of 47.9375 (see 

Table 5). 

Overall, lamp type was shown to account for 23.94% of the vari

ance in lighting level in the laboratory settings. Results of this 

study point to the conclusion that lamp type does make a significant 

difference on lighting level in an environment with cool surface 

colors. However, due to the fact that the trend established by the 

mean scores for lighting level of the three lamp types was constant 

over the settings with the two surface colors, the significance of 

lamp type can not be attributed to its interaction with a cool surface 

color, but instead to the characteristics of the lamp itself. 



54 

The particular characteristics of each lamp type discussed under 

hypothesis two are also applicable to hypothesis three. The deluxe 

cool white fluorescent lamp measured the lowest lighting level due to 

the additional coatings of phosphor which are a characteristic of the 

deluxe type of fluorescent lamp. The warm white lamp type measured 

a higher lighting level than did the cool white lamps. This was 

attributed to the fact that the cool white lamps had been operated 

in the laboratory setting on previous occasions, while the warm white 

lamps were new, used for the first time in this experiment. 

The fourth hypothesis compares the lighting level in a room when 

two surface colors are seen under a cool white fluorescent lamp. It 

states that there is no significant difference in the lighting level 

in a room using cool white fluorescent lamps when the surface colors 

change from a warm color to a cool color. The first statistical test 

used to analyze this hypothesis was a two by three analysis of vari

ance. From Table 1, the results of this test reveal the £ value of 

surface color to be 0.90 with the level of significance to be 0.3441. 

Therefore, hypothesis four is accepted. 

To further analyze this hypothesis, a one-way analysis of vari

ance was used. The F ratio provided by this test is consistent with 

the results derived from the two by three analysis of variance 

described above. The F ratio for significance of surface color is 

0.388, with a significance level of 0.565 (see Table 6). In both 

statistical tests performed, surface color did not prove to be a 

significant variable. 
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A Multiple Classification Analysis table was used to further 

compare the results of the footcandle readings when the two surface 

colors were seen in combination with the cool white fluorescent 

lamps. Mean scores for each surface type indicate that the lighting 

level for the cool surface, 47.9375, is slightly higher than that of 

the warm surface, 45.1875 (see Table 7). This comparison indicates 

that there was a slight increase in the lighting level when the cool 

surface was tested, as compared to the lighting level when the warm 

surface was tested. However, this variance was too weak to create a 

significant difference in the results of the statistical test. This 

slight difference may be attributed to the fact that the value for 

the cool color was higher than that of the warm surface color. Ac

cording to Munsell's rating scale, the blue wallcovering had a value 

of 4.2 and floorcovering had a value of 6.5. These values translate 

to reflectance factors of 12% and 36%, respectively. At the same 

time, the value for the red wallcovering was 3.4 and for the red 

floorcovering was 1.5, translating to reflectance factors of 8% and 

3% (RLCIES, 1980): When compared to the warm values, the cool 

values in both cases are higher, resulting in an enhanced ability 

to reflect light. Therefore, the slight variance in surface color 

scores is attributed to the fact that the cool surface colors 

reflected more light than did the warm surface colors. 

The fifth hypothesis compares the data collected when the 

lighting laboratory was set up with warm white fluorescent lamps 

and either cool or warm surface colors. This hypothesis states 



56 

that there is no difference in the lighting level in an environment 

with warm white fluorescent lamps as cool and warm surface colors 

are interchanged in the setting. To analyze this hypothesis, data 

were studied using a two by three analysis of variance, comparing 

surface color and lamp type on lighting level. The results of this 

statistical test are listed in Table 1, and indicate the f_ value 

for surface color to be 13.4800. The significance level for this 

figure is listed at the 0.3441 level. Therefore, hypothesis five 

is accepted. Surface color did not make a significant difference 

in the lighting level when combined with warm white fluorescent 

lamps. In fact, surface color was shown to only account for .81% 

of the variance in lighting level overall. 

To further analyze the effects of the warm white fluorescent 

lamp on surface colors, a one-way analysis of variance was employed. 

This test provides statistical results which support the findings 

of the two by three analysis of variance, that surface color is not 

a significant variable in this experiment (see Table 8). The £ 

ratio provided by this test is 0.193 with a level of significance 

at 0.6637. 

When the relationship between warm white fluorescent lamps and 

surface colors was examined, the lighting level mean score for cool 

surface color was 54.4375, slightly higher than that of the warm 

surface, 52.0625 (see Table 9). This comparison reveals that there 

was a slight rise in lighting level when the cool surface colors 

were measured under a warm white fluorescent lamp as compared to the 
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lighting level taken for the warm surface color under this lamp type. 

However, this variance was minimal and insufficient to make a signifi

cant difference in either statistical test performed. 

The last hypothesis examined the relationship between surface 

colors and deluxe cool white fluorescent lamps. This sixth hypothe

sis states that there is DO significant difference between the 

lighting level in the laboratory environment when deluxe cool white 

fluorescent lamps are used to light a room with cool surface colors 

and one with warm surface colors. This statistical test included 

footcandle measurements for cool and warm surface colors taken under 

deluxe cool white fluorescent lamps. This datum was first analyzed 

using a two-by-three anaslysis of variance. The F_ value for surface 

color was shown to be 0.9000, and the probability for this value 

being significant was at the 0.3341 level (see Table 1). Therefore, 

hypothesis six is accepted. There was no significant difference in 

the lighting level when footcandle readings for cool and warm surface 

colors were compared under deluxe cool white fluorescent lamps. 

To further analyze the relationship between a deluxe cool white 

fluorescent lamp and the two surface colors, an additional test, a 

one-way analysis of variance, was performed. This test analyzed the 

data collected in the warm and cool settings under deluxe cool white 

fluorescent lamps (see Table 10). Results from this test show the 

f_ ratio for surface color variance to be 0.494, with significance 

level at 0.487. These results support the previous findings--that 

surface color does not have an effect on lighting level in this 

experiment. 
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To provide further information. Table 11 indicates how the 

lighting level of the two surface colors compare under deluxe cool 

white fluorescent lamps. The mean score for the cool surface color, 

37.6250, is only slightly higher than that of the warm surface color, 

35.1250. The relationship between the two surface colors is the same 

under cool white, warm white, and deluxe cool white fluorescent lamps. 

In each situation, there was a higher lighting level in the setting 

when the cool surface colors were tested. However, this variance in 

lighting level is not strong enough to make a difference in the 

results of the statistical tests. 

As the results from this experiment are examined on a whole, 

they are shown to be stable across all categories of the independent 

variables. The effects of both cool and warm surface colors did not 

prove to be significant. On the whole, surface color was proven to 

account for less than 1% of the variance in lighting level. Whether 

the laboratory setting was finished in the cool or the warm surface, 

color did not make a difference in the lighting level under any of 

the three lamp types. 

At the same time, lamp type emerged to have a significant effect 

on lighting level in both settings. Lamp type was proven to account 

for 23.04% of the variation in lighting level overall. In addition, 

the pattern for this variation was the same across both categories 

of surface color. The lighting level in both warm and cool settings 

measured the highest footcandle readings with the warm white fluores

cent lamps, the second highest with the cool white fluorescent lamps, 

and-the lowest when deluxe cool white fluorescent lamps were used. 
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TABLE 1 

THE PROBABILITY OF INTERACTION BETWEEN 
COLOR AND LAMP ON LIGHT LEVEL 

Source 

Lamp 

Surface 

Interaction 

Degrees of 
Freedom 

2 

1 

2 

Anova Sum 
of Square 

4621.5833 

155.0416 

0.5833 

F 
Ratio 

13.4800 

0.9000 

0.0000 

F 
Prob. 

0.0001 

0.3441 

0.9983 

Source 

TABLE 2 

LAMP TYPE VARIANCE BY WARM SURFACE COLOR 

Degrees of 
Freedom 

Sum of 
Squares 

Mean F F 
Square Ratio Prob. 

Between Group 

Within Group 

Total 

2 

45 

47 

2322.1250 

7961.1218 

10283.2461 

1161.0625 

176.9138 

6.563 .0032 
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TABLE 3 

MEAN SCORES OF FLUORESCENT LAMPS IN A WARM SETTING 

Fluorescent 
Lamp 

Cool White 

Warm White 

Deluxe Cool White 

Mean 

45.1865 

52.9625 

35.1250 

Standard 
Deviation 

13.5362 

15.7076 

10.0391 

Standard 
Error 

3.3841 

3.9269 

2.5098 

TABLE 4 

LAMP TYPE VARIANCE IN A COOL ENVIRONMENT 

Source 

Between Group 

Within Group 

Total 

Degrees of 
Freedom 

2 

45 

47 

Sum of 
Squares 

2399.0645 

7466.6228 

9766.6836 

Mean 
Square 

1150.0322 

165.9249 

F 
Ratio 

6.931 

F 
Prob. 

0.0024 
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TABLE 5 

MEAN SCORES OF FLUORESCENT LAMPS IN A COOL SETTING 

Fluorescent 
Lamp Mean 

Standard 
Deviation 

Standard 
Error 

Cool White 

Warm White 

Deluxe Cool White 

47.9375 

54.4375 

37.6250 

13.2185 

14.8727 

10.0921 

3.3046 

3.7182 

2.5230 

TABLE 6 

SURFACE COLOR VARIANCE BY COOL WHITE LAMP 

Source 
Degrees of 

Freedom 
Sum of Mean F F 
Squares Square Ratio Prob. 

Between Group 

Within Group 

Total 

30 

31 

60.500 

5369.373 

5429.871 

60.500 0.338 0.565 

J 
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TABLE 7 

MEAN SCORES OF SURFACE COLORS UNDER COOL WHITE LAMPS 

Surface 
Color 

Warm 

Cool 

Mean 

45.1875 

47.9375 

Standard 
Deviation 

13.5362 

13.2185 

Standard 
Error 

3.3841 

3.3046 

TABLE 8 

SURFACE COLOR VARIANCE BY A WARM WHITE LAMP 

Source 

Between Group 

Within Group 

Total 

Degrees of 
Freedom 

1 

30 

31 

Sum of 
Squares 

45.125 

7018.873 

7063.996 

Mean 
Square 

45.125 

233.962 

F 
Ratio 

0.193 

F 
Prob. 

0.6637 



63 

TABLE 9 

MEAN SCORES OF SURFACE COLORS UNDER WARM WHITE LAMPS 

Surface Standard Standard 
Color Mean Deviation Error 

Warm 52.0625 15.7076 3.9269 

Cool 54.4375 14.8727 3.7182 

TABLE 10 

SURFACE COLOR VARIANCE BY DELUXE COOL WHITE LAMP 

Degrees of Sum of Mean F F 
Source Freedom Squares Square Ratio Prob. 

Between Group 

Within Group 

Total 

1 

30 

31 

50.000 

3039.498 

3089.498 

50.000 

101.316 

0.494 0.487 
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MEAN SCORES 

Surface 
Color 

Warm 

Cool 

OF 

TABLE 11 

SURFACE COLOR WITH DELUXE 

Mean 

52.0625 

54.4375 

Standard 
Deviation 

15.7076 

14.8727 

COOL WHITE FLUORESCENT 

Standard 
Error 

3.9269 

3.7182 



CHAPTER V 

SUMMARY, CONCLUSIONS, RECOMMENDATIONS, 

AND IMPLICATIONS 

Summary 

This study was undertaken to investigate the resulting variance 

in lighting level when cool or warm surface colors were mixed with 

light distributed from three different types of fluorescent lamps in 

a controlled experiment. A laboratory setting was utilized to gather 

data as the independent variables, surface color and fluorescent lamp 

type, were manipulated. A light meter was employed to take foot

candle readings of the lighting level as a cool color scheme on the 

walls and floor of the lighting laboratory was mixed with light from 

cool white fluorescent lamps, warm white fluorescent lamps, and 

deluxe cool white fluorescent lamps. The same procedures were re

peated substituting a warm color scheme on the floors and walls of 

the laboratory. Six null hypotheses were statistically analyzed using 

analysis of variance. 

A major objective of this study was to determine the relationship 

between warm surface colors and cool surface colors as each is seen 

in association with cool white fluorescent lamps, warm white fluores

cent lamps, and deluxe cool white fluorescent lamps. This relation

ship was measured by footcandle readings at several locations in the 

laboratory setting. 

65 
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A second objective was to determine if any of the relationships 

studied would result in a considerable increase or decrease in energy 

consumption. This study also served to provide a measurable test to 

link the variables of warm and cool surface color with those of cool 

white fluorescent lamps, warm white fluorescent lamps, and deluxe 

cool white fluorescent lamps. The variation in the setting's visual 

appearance under each combination of surface color and lamp type was 

also noted. In addition, the laboratory setting gave an opportuntiy 

for variables to be held constant as the relationship between light 

and color was tested, and also afforded a basis to assimilate research 

on color with that on lighting. Lastly, the experimental design 

utilized in this study provided an opportunity for research in the 

areas of color and light to be applied to an office setting. 

Conclusions 

Several conclusions relating to the use of color and light may 

be drawn from this study. A comparison of the cool and warm set

tings in this study reveal that there is no significant change in 

lighting level associated with the two surface colors. Lighting 

level associated with the cool setting is comparable to that of the 

warm setting. Therefore, the decision leading to a cool or warm 

surface color choice should not be based on lighting level criteria. 

A more appropriate basis for this decision would be psychological 

and ergonomic factors associated with the particular job and work 

environment. The classification of a color as cool or warm does not 
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influence lighting level. However, this classification does influence 

the type of visual atmosphere that is present in an environment. 

A second conclusion from this study concerns work settings and 

other environments where lighting level is a critical factor in 

design. In these areas, the value of the color should be a prime 

factor in determining color choice. A color, whether cool or warm, 

will reflect more light as its value becomes higher. Thus, a higher 

value color will result in a higher lighting level in a setting. At 

the same time, a color with a lower value will absorb more direct and 

indirect light, resulting in a lower lighting level in the setting. 

This fact was seen in this laboratory experiment as the higher value 

color, blue, achieved a slightly higher lighting level under all 

three fluorescent lamp types. 

Another conclusion was drawn from the different visual environ

ments which were seen in the laboratory setting. As the cool and 

warm surface colors reflected light from the three fluorescent lamp 

types, distinct visual environments were created. This was most 

apparent when the warm white fluorescent lamp was used with the warm 

surface color. The atmosphere of the laboratory setting had a dis

tinct rosy haze with this combination of lamp type and surface color. 

This atmosphere would be wery distracting for use in work environ

ments. Also, a stark, cold environment was evident when the cool 

white fluorescent lamp was used with the cool surface color. There

fore, the visual environment of a setting is affected, to a large 

extent, by the interaction between surface" color and lighting. In 
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the planning stages of a design, the end result of this interaction 

should be considered in order to achieve the visual environment 

preferred. 

The significance of lamp type on lighting level was demonstrated 

by this research. The standard variety of fluorescent lamps are much 

more efficient than the deluxe varieties. The deluxe cool white 

fluorescent lamps achieved a lower lighitng level than did either 

the cool white fluorescent lamps or the warm white fluorescent lamps. 

Especially in settings where primary design goals are to achieve a 

high lighting level with efficient use of energy, the standard 

variety of fluorescent lamps should be specified. 

A fifth conclusion from this study deals with the visual appear

ance of surface colors. As each surface color was seen under each 

fluorescent lamp, the visual appearance of surface color changed. 

Therefore, the visual appearance of surface color is dependent on 

the type of lighting under which it is viewed. In the laboratory 

setting, the blue surface color changed appearance to a great extent 

under the different lamp types. Under the warm white fluorescent 

lamp, this color appeared to be gray-blue, having a dulled appearance. 

Under the cool white fluorescent lamp, the blue surfaces became 

brighter and appeared to be blue. 

Also, the maintenance of fluorescent lamps is important when 

considering the efficiency of the light source. This was evident 

in this study when the warm white fluorescent lamps registered a 

higher lighting level than did the cool white fluorescent lamps. 
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The fact that the warm white lamps were new, used for the first time 

in this experiment, and the cool white lamps had been in use for some 

time, leads to this conclusion. 

Lastly, the fluorescent lamp is a good light source for office 

and work environments. The quality of lighting in this laboratory 

setting was conducive for work to take place in an interior environ

ment. No distracting glare was present in the setting, there were 

no harsh shadows created by the light source in the laboratory, and 

the fluorescent lamps created an even light over the entire setting. 

Recommendations 

Recommendations for further study resulting from the findings 

of this research are: 

1. The use of the laboratory setting should be further explored 

as a tool for gathering empirical data in the study of interior 

design. 

2. This study should be extended to take place in an actual 

office setting. The psychological effect of the warm and cool sur

face colors and the three fluorescent lamp types should also be 

investigated. 

3. Also, this study should be extended to include an analysis 

of incandescent lamps used in office settings. Case studies of work 

environments containing incandescent lamps should be evaluated, along 

with an assessment of the benefits and drawbacks of the utilization 

of incandescent lamps in these environments. The controlled labora

tory should be considered as a tool for gathering data in this study. 

J3S-V' 
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4. This study could be extended to include a study of office 

settings which integrate task lighting with various fluorescent lamps. 

The effects of color and lamp type in the settings where visual dis

play terminals are operated on a daily basis should also be assessed. 

5. Data collected in actual office settings on energy consump

tion and techniques used to conserve energy in these settings should 

be analyzed. Recommendations for energy management in office set

tings would result from this study. 

6. The laboratory setting should be utilized to study the new 

miniaturized fluorescent lamps and their application in the office 

environment. 

7. Lighting for use in office environments, attached to furni

ture and work stations should be assessed. This would include 

efficiency of the lighting system, integration of the task light 

with general lighting, satisfaction of the employee, and cost to 

operate and maintain. 

Recommendations resulting from this study, to be used by inte

rior designers are: 
1. Use light values on large surface areas when a high level 

of light and efficient energy system is important. 

2. Use cool white or warm white fluorescent lamps where a high 

level of light and efficient energy usage is important. 

3. Use deluxe cool white fluorescent lamps when correct color 

rendering is important. 

4. Use cool white fluorescent lamps when mixing artificial 

light with natural daylight. 
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5. Choose the surface colors and the lighting system 

simultaneously. 

6. Relate lighting level to the task occurring in the envi ron-

ment. 

7. Vary the lighting scheme in the environment. 

8. Educate the occupants of the environment to the gains 

received in lighting efficiency, with the practice of clearning and 

relamping the lighting system before lamps actually burn out. 

Implications 

Several implications for designers and educators concerned with 

interior environments have resulted from this research. First of 

all, as a designer makes a selection for the surface colors in an 

environment, the selection of lamp type should occur simultaneously. 

This would assist the designer in choosing lamps and colors which, 

as they interact in an environment, would create the visual atmo

sphere desired. With this process, the selection of a lamp type 

which might render the surface color with a gray, dull tone would 

be eliminated. Also, the reflective characteristics of the surface 

colors can be combined with the efficiency of the lamp type to 

achieve the specified lighting levels. 

Secondly, the value of the surface colors affects the lighting 

level in an interior environment. For this reason, designers should 

be especially careful in specifying the value of colors for large 

surface areas such as walls and floors. Because of the large amount 

of square footage these areas cover, their importance in reflecting 

s>vH 
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direct and indirect light is very important to the overall lighting 

level in a room setting. 

In office environments, higher value colors should be used in 

actual work areas because of their enhanced ability to reflect light. 

This not only serves to increase the lighting level, but also serves 

to reduce shadows in the environment, leading to a more comfortable 

work environment. The darker or lower value colors should be speci

fied only in areas of the office where the employee is not using fine 

eye detail such as in hallways, coffee rooms, and lobbies. 

The surface colors in this experiment changed appearance under 

the different lamp types. Therefore, the same light source under 

which a surface color will be installed should also be the light 

source under which the selection of surface color is made. 

The lighting system in an office setting has become a major 

expense due to the amount of energy it consumes. Several implica

tions from this study are concerned with conserving energy in this 

area. As previously discussed, lighter colors on walls and floors 

reflect a greater amount of direct and indirect light, resulting in 

a higher lighting level without expending additional energy. 

The standard fluorescent lamps such as the cool white and warm 

white varieties are more efficient than the deluxe variety lamps. 

In installations where conservation of energy is a primary goal, 

standard fluorescent lamps should be specified. In this case, the 

choice of surface color becomes a critical decision. This consti

tutes a trade-off for the designer where a higher efficient lamp 
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is used in place of one which renders all colors equal. Therefore, 

more care must be given to the selection of surface colors under 

standard lamps in order for the end result to be an environment with 

adequate, efficient light, and a favorable work atmosphere. 

In addition, the designer should explore additional light 

sources to conserve energy. Natural light and task lighting, when 

skillfully combined with ambient light, may reduce the overall wattage 

consumed without reducing lighting levels in actual work areas. 

As dust settles on fluorescent lamps, their efficiency is 

reduced. Also, as the lamp nears the end of its life, it operates 

with 10% less efficiency. Cleaning the fluorescent lamps and replac

ing older lamps will increase the lighting level in a setting. As the 

people who occupy and operate work environments are educated to these 

facts, lighting levels should be raised without exerting additional 

energy. 

Good lighting design is often overlooked in an environment. 

Many times lighting design becomes noticed only when it is so poor 

as to disrupt the individual's ability to concentrate on a task. 

The education of owners and occupants in work settings, to be aware 

of the effect that color and light has on the environment in which 

they work, is important. The end result of an inadequate lighting 

system in a work environment is reduced productivity. Since an 

employee may spend 40 hours a week working under poor lighting con

ditions, physical signs of distress may occur whose cause may not 

be linked to the office setting. 

ii^yvus-
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The lighting system produces the visual environment. . . . 
Light from luminaires and fenestration falls on room sur
faces, which in turn interreflect with each other until 
they reach a final luminance. It is these luminances, 
and the luminances of the sources themselves, that are 
perceived when anything is seen in the space. Surfaces 
are an integral part of the lighting system. 

The lighting system has a profound influence on our 
ability to do visual work, our esthetic sense, and our 
feelings of comfort and well-being in the space. 

(OLSPS, 1980, p. 39) 

This research explores the office setting and the effect of sur

face color and lamp type on its lighting level. However, other 

aspects concerned with creating a wholesome working environment in 

the confines of an office environment remain to be explored. It is 

hoped that this research will bring attention to the influence which 

the physical attributes of the office setting has on each employee, 

and will encourage additional exploration of the work and office 

environments. 
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