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CHAPTER I 

INTRODUCTION 

For centuries people had to depend on the light of 

day to provide illumination in their houses. Candles, 

fireplaces, and oil burning lamps provided certain amounts 

of light for nighttime activities, but, for the most part, 

people were inclined to rise and to retire with the sun 

in order to make full use of the daylight hours (Sulahria, 

1977). With the invention of the light bulb and the 

availability of electricity, individuals are able to 

disregard the cycle of the sun, working and playing alien 

to darkness (Agan, 1965). However, natural light still 

exists in most houses creating a need for using both 

artificial and natural light sources effectively. 

yy/^ The Residence Lighting Committee of the Illuminating 

Engineering Society (1969) stated that "light should be 

used not only for visual comfort but to achieve predeter

mined emotional responses from the lighted environment" 

(p. 512). Since light has certain characteristics that 

affect the mood and atmosphere of the interior space, 

Nuckolls (1976) cited that these characteristics are ex

hibited because light is reflected, absorbed, and/or trans

mitted according to the surface upon which it falls. "In 

this sense every object is a secondary light source" (Kurneth, 

1929, -D. 127). To be even more specific, the color, size, 
1 



shape, texture, and pattern of an object will affect how it 

reflects, absorbs, or transmits light. From this, McKown 

(1968) concluded that every selection the consumer makes in 

furnishing a house is a choice in residential lighting. The 

level of illumination is not the only thing to consider in 

planning interiors, as Birren is quoted as saying: 

There must be considerations as to the quality 
of the light, the color tint of the surrounding 
brightness, the beauty, proportion, and balance 
of the interior itself. (Not to forget temper
ature, humidity, noise-level, and all the other 
elements that make up the indoor climate) (1963, 
p. 123). 

This investigation focuses on the factors of interior light

ing and the surface materials which exist in the residential 

light situations studied. 

Purposes and Procedures of the Study 

In order to determine the effect of interior surface 

materials on illumination levels in new houses, three pur

poses were established to define the procedures for this 

study. 

1. To collect the illumination level readings of the 

living/family areas in newly constructed, unoccupied 

houses and to record the type of interior surface 

materials surrounding the areas where the illu

mination level readings were taken. 

2. To compare the study results to determine the re

lationship between illumination levels and the 

surface materials in the living/family eireas of 
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newly constructed, unoccupied houses. 

3. To illustrate the location and number of luminaires, 

location and number of windows, and other interior 

features by the use of a sketched floorplan of 

the living/family area. 

The data collected of these purposes and procedures 

were analyzed and then evaluated with regard to its ability 

for the prospective house buyer. 

Limitations of the Study 

Several limiting factors were present in this inves

tigation. The size of the sample of houses represents 

only a small percentage of all newly constructed, unoccu

pied houses. It is understood that the investigation of 

existing cases could not have the same controls as would 

an investigation using laboratory facilities, and the 

conclusions could be generalized only to the newly con

structed houses in the tested area. With these limitations 

in mind, this researcher was able to make inferences as 

to the effect of surface materials on illumination levels 

in this particular situation. 



CHAPTER II 

REVIEW OF LITERATURE 

Individuals' dependence on light is sometimes taken 

for granted; but, it allows work and play and creates a 

pleasant ambiance in today's interiors. Light is a form 

of energy to which people react immediately, although 

often subconsciously. Much of our information about the 

world we live in comes to us through vision, but without 

light there can be no vision (Faulkner, 1975). Nuckolls 

(1976) pointed out that "...the way structures and objects 

in a house are illuminated makes a tremendous difference 

in the way people respond to them" (p. vii). Birren (1969) 

said that "not only is properly balanced light a prere

quisite for all things, but the color of light and the 

color of the light and the character of the environment are 

vital to normal life" (p. 9). These facts illustrate that 

lighting and the surrounding environment is an essential 

interior element. Nuckolls (1977) further explained that 

"detailed knowledge of lighting—its capacities for expand

ing and minimizing interior space, and its effects on color 

and texture—is one of the least developed professional 

areas" (p. vii). 

There are basically two categories of light in a house— 

natural daylight and artificial illumination. It is man-made 
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or artificial light with which this study is most concerned. 

Larson (1964) said that lighting bears a three-fold burden 

of responsibility with respect to architecture: 

The first, obvious, but not necessarily more im
portant than the other two, is the object lit or 
to what the engineers describe narrowly as the 
visual task. Secondly, lighting bears a respons
ibility to the human being, whose otherwise 
darkened world becomes visible by the introduction 
of light. The third is toward space within and 
without and the architecture from which space 
derives (p. 3)• 

Natural Light 

The sun and the whole vault of the sky provide free 

limitless light; it is part of daily life, but individuals 

have no control of a natural light source. Birren (1963) 

said that "...natural light is an arbitrary thing. Man 

knows all sorts of light, from orange-pink dawn and dusk, 

to yellow sunlight to white or bluish skylight" (p. 138). 

People have learned to accept all of these as being normal, 

but natural light is influenced by climate which in turn 

influences the amount of light allowed into an interior 

space (McKown, 1968). Not only does the kind of day in

fluence the availability of natural light, but also the 

time of day. Lam (i960) wrote the following about daylight: 

Daylighting has certainly been one of the key 
factors in the shaping of plans and structures--
from the classic example of a Gothic cathedral 
where the structure was created to achieve the 
desired window shapes, and the modeling of the 
details was based on the light that would render 
them, to the multiplicity of clerestories, s.-̂y-
lights and so forth used today (p. 228). 



Artificial Illumination 

Artificial illumination is mostly dependent upon 

electricity. Interior lighting is seldom limited to flame 

light except from the occasional use of candles and fire

places in order to obtain a warm and festive atmosphere. 

This is inefficient because electric light is the producer 

of better lighting quality than is flame light. Light 

is produced in two ways: incandescent and fluorescent. 

Incandescent light is produced by heating any material, 

but usually metal, to a temperature at which it glows. 

Most lamp bulbs have a tungsten filament in the form of a 

coiled wire sealed in a glass container. These bulbs come 

in a variety of sizes, shapes, and colors (Ehrenkranz, 1973)-

This type of lamp is less expensive and is excellent for 

emphasizing textures and forms and with a feeling of warm-

ness. 

The fluorescent lamp is not produced by heat and is 

sometimes referred to as cold light. The lamp consists 

of a sealed glass tube that contains small amounts of 

mercury and argon gas and has an electrode at each end. 

The interior of the glass tube is coated with fluorescent 

powder. When an electric current is sent through the tube, 

the mercury vapor emits an ultraviolet light that is con

verted to visible white light by the phosphorus on the 

inside surface of the tube (Ehrenkranz, 1973). Fluorescent 

tubes vary less in size and shape then incandescent but 
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have some desirable qualities. Faulkner (1975) pointed out 

some facts concerning fluorescent bulbs: 

The tubes last about ten times longer than in
candescent bulbs and produce three to four times 
as much light for the current used, thus con
serving energy; they produce almost no heat; 
the light source is large, spreading the light 
more and producing less glare; tubes are avail
able of white colors, from the blue cast of 
daylight to the pink color of natural light 
(p. 92). 

Friedman, Pile, and Wilson (1970) emphasized the three 

major aspects to artificial lighting as being "...function, 

aesthetics, and health. The health factor in lighting is 

not just a matter of providing adequate amounts for diffe

rent tasks although that basic necessity is all to fre

quently ignored" (p. 237). Poor lighting can cause a 

strain on eyesight which includes fatigue , physical dis

comfort, or headaches. Recommendations for proper levels 

of illumination are readily available but are not, in many 

residential situations, being followed. Smith (1978) con

cluded that the levels of illumination were 67-19 percent 

below the Illuminating Engineering Society's minimum rec-

commended levels for the family rooms of fifty newly con

structed houses in that particular study. The specific 

visual tasks for living/family areas require a minimum of 

30 to 70 footcandles to be adequately lighted (Illuminating 

Engineering Society Lighting Handbook, I960). Individuals 

frequently try to perform these tasks under conditions that 

are at best adequate for conversation and dining. 
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To insure adequate light of good quality, lighting 

experts recommend that careful attention be given to the 

proper distribution of light. The human eye, an amazingly 

adaptable organ, can adjust to widely different quantities 

of light if contrasts are kept at a minimum. Discomfort 

that may seem to come from too much light may, in reality, 

be because of too much contrast, such as watching television 

in the dark. To reduce such contrasts, a light could be 

added that would distribute light evenly throughout the 

area, leaving some unevenness for beauty and interest. 

Although portable lamps are considered as decorative ele

ments in a furnishing scheme, they can also be functional. 

Generally, the seeing tasks of living/family rooms require 

this portable illumination. A well-designed lamp can 

perform effectively if placed in correct relationship to 

the task. Such things, as the shade, flexibility, size, 

and color are points to consider in selection and place

ment of portable lamps. 

Types of Lighting 

Along with a wide selection of variations in the two 

kinds of bulbs, there is an enormous array of types of 

fixtures to contain the bulbs. Luminaires have dimensional 

qualities that may be used to strengthen or minimize 

architectural line, form, color, pattern, and texture 

(McKown, 1968). In terms of purpose and function, Agan 
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(1965) lists three types of lighting: general, focal 

(often referred to as local), and decorative and any of 

the three may overlap and take on the function of another. 

General lighting illumines an area more or less inform

ally, as the sun illumines the earth. It lets every comer 

of an area be seen, bringing to attention the design and 

color of the space. General lighting often emanates from 

ceiling fixtures but may also be from the entire ceiling 

or large sections of it through transluscent plastics or 

glass. It can either be direct (with light shining full 

on objects to be illuminated) or indirect (when light is 

thrown against a surface from which some of it is reflected) 

(Faulkner, 1975). 

Local lighting provides the kind and amount of illumi

nation needed as a specific place for specific activities, 

such as reading, sewing, or cooking. The light source may 

be high or low, but eye comfort suggests it be shielded. 

A major interior design factor in dealing with local light

ing is that it can can create moods, emphasize important 

objects, and bring the visual delights of variety and 

rhythm (Faulkner, 1975). 

Decorative lighting can serve either of the afore

said purposes, but is not designed for such. It is used 

to attain artistry in lighting effects, or to create a 

mood. Agan (1965) said that "...correctly used, decora

tive lighting adds charm to a home and often expresses the 
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personality of the individuals within" (p. 307). 

Factors in Lighting 

Planned lighting demands attention in brightness, 

location and size of light source, direction of light, 

color of light with its effect on colors, and the amount 

of light reflected by colors on ceilings, walls, and floors 

(Faulkner, 1975). The Illuminating Engineering Society 

(1966) designates that "one of the primary functions of 

a lighting system is that it provide enough illumination 

to permit quick, accurate performance of visual tasks" 

(p. 10-10). Illumination levels have been recommended by 

the Illuminating Engineering Society for a wide range of 

common seeing tasks encountered in various application 

fields. High levels of controlled general lighting are 

usually cheerful and stimulate people to alertness and 

activity. Low levels tend to create an atmosphere of 

relaxation, intimacy and restfulness. Control of the 

illumination level is often desirable and sometimes neces

sary. Such control makes it possible to change the mood 

or tone of the room to suit its various uses and the re

quirements of the occasion (Residence Lighting Committee 

of the Illuminating Engineering Society, 1969). 

Lighting systems too often are planned only to provide 

the desired illumination level and to satisfy someone's 

aesthetic requirements. Individuals frequently use deco

rative lamps for specific visual tasks, resulting in poor 
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illumination. However, lighting quality considerations 

cannot be neglected. Creation of a comfortable visual 

environment entails the elimination of annoying direct 

glare and minimizing brightness differences throughout 

the visual field (Illuminating Engineering Society Light

ing Handbook, 1966). Glare results from exposed, bright 

sources of light; incorrectly designed fixtures; too much 

light; and excessive contrasts, but on the other hand, 

blandness of light is also fatiguing. Faulkner (1975) 

said "the interior designer's aim should be moderation, 

in both quantity and contrast of light" (p. 95)• 

Color, one of the chief factors in the emotional 

effect of environment, is an additional dimension of 

lighting systems. Wilson stated that "light is color and 

color is light" (p. 78). According to Faulkner (1975)» 

the color of light is determined by three factors: "the 

light source, the diffusing or reflecting shade, and the 

room surfaces" (p. 97). It is important not to confuse 

a light source's apparent color with its ability to reveal 

reflected colors. "Although a source's apparent color 

may be improper to use in a location where color rendering 

is critical unless it also produces a balanced spectrum" 

(Whiton, 1974). 

Control of Light 

For all practical purposes light can be regarded as 

traveling in straight lines. The direction of light rays 
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can be controlled by the nature and surface qualities of 

the material it strikes (Faulkner, 1963). Nuckolls (1976) 

said that "light rays can be reflected, transmitted, and/ 

or absorbed according to the surface" (p. 119). Reflec

tion of light rays occurs when the light rays bounce off 

the surface in another direction. There are, however, 

varying degrees of reflection. Specular reflection is the 

reflection from a mirror or other highly polished surface. 

Spread reflection, the second degree of reflection, occurs 

when the majority of light rays striking from a point light 

source follow the direction indicated by the reflector. 

The result is to maintain the general direction but to 

spread the light a little. Diffuse reflection occurs when 

the reflecting surface redirects incident light in all 

directions. Flat white - paint and unfinished white plaster 

are good examples of diffuse surfaces. Highly diffusing 

materials appear nearly equal in brightness from all angles 

of view (Nuckolls, 1976). 

Transmission is considered as the passage of light 

through a medium without reference to changes in direction 

of the light beam, while absorption is the retention of 

the light rays that hit the surface. Transmission of 

light is based on the degree of absorption within the 

transmitting material. Direct transmission is nearly 

perfect transmission, one essentially free of absorption. 

In fact, however, all materials absorb some light but 
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materials with direct transmission absorb the least. 

These materials are called transparent. Spread trans

mission occurs when blockages within the material cause 

light passing through it to be emitted at wider angles than 

when it entered. However, the general direction of the 

light beam remains the same. This type of material is 

called transluscent. Diffuse transmission occurs when 

light rays leaving a material are scattered in all direc

tions. Blocked transmission exists when all light is 

prohibited from passing through an object. When all 

light is blocked, the material is called opaque (Nuckolls, 

1976). 

The control of light within a room is directly related 

to the texture of the surface materials present in that 

area. The direction light rays pass through an area will 

influence the atmosphere or feeling of the space. For 

example, a highly glossed surface will reflect light rays 

making a room appear brighter and perhaps more festive. 

Measurement of Light 

Photometry, or the measurement of light, is a broad 

subject, and its discussion fills many books. Caldwell 

(1930) in. reference to light pointed out that "real know

ledge of a physical phenomenon does not progress far until 

measurement of it has been undertaken" (p. 75). For the 

purpose of this study, there are two units of measurement: 

lumens, and footcandles. The lumen is commonly used to 
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measure the total light-producing output of a source, while 

the footcandle is the measurement of incident illumination, 

or amount of light arriving on a surface (Nuckolls, 1976). 

Another unit of measure that is familiar to the consumer 

is the watt. To activate a light bulb, electrical energy 

must be put in. The watt is the measurement for this 

energy. The bulb is not one hundred percent efficient in 

converting energy input into useful light; therefore, the 

output is measured in lumens. In general, the more watts 

of power a bulb uses, the more lumen or light it gives out. 

However, with the extensive use of decorative bulbs in-

decorative fixtures, the lumens and watts might not be so 

directly related. The incidental light or footcandles are 

measured through the use of a photoelectric photometer. 

This special instrument, when placed upright, measures 

the footcandles at that point (Levenson, 1974). 

Light and Color 

Many authorities say that color is light and this is 

true in that light must exist before there is color and 

that the light reflected from an item is what is called 

its color. There are two apsects to color recognition: 

the light source (the spectral characteristics of the light 

falling on the object) and object color (the selective 

reflectance characteristics of the object itself) 

(Residence Lighting Committee of the Illuminating Engineer

ing Society, 1969). 
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Color is the response of vision to different wave 

lengths of visible light that form a narrow band on the 

known spectrum of radiant energy. White (or apparently 

colorless) light such as that from the sun at noon, contains 

all the colors of the spectrum. They are so balanced and 

blended that the effect is colorless but can appear by 

passing the white light through a spectrum. When white 

light strikes an object, some of the colors are absorbed 

and others are reflected. A lemon, for instance, absorbs 

almost all color rays except for the yellows, which reflec

ted to our eyes gives the lemon its color (Faulkner, 1963). 

The white light of daylight will reflect any color, but it 

does tend to reflect blues more than any other color. 

Fluorescent light, also has this same tendency to reflect 

blues. Incandescent bulbs, however, if not otherwise 

treated, reflect yellows and oranges best (Residence Light

ing Committee of the Illuminating Engineering Society, 

1969). McKown (1968) stated that "the difference in 

lighting sometimes accounts for the change in color from 

the store to house since many stores use fluorescent 

lighting and the majority of residential interiors use 

incandescent bulbs" (p. 15). 

No surface in a house reflects or absorbs all the light 

that hits it, but high-value colors reflect a high percent

age, and low-value colors reflect little. Reflectance is 

the ratio of light reflected by a surface to the light 
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falling on it. If the surface reflects three-fourths of the 

light that falls on it, the reflectance is .75 or 75 percent 

(Agan, 1965). 

Sargent (1964) has pointed out that "...with varying 

degrees of illumination or of shadow upon colors is some

thing like that which results when we mix the colors with 

different proportions of white or of black" (p. 78). He 

also mentioned that "strong light diminishes the intensity 

of colors upon which it falls" (p. 78). In moderately 

bright lights, the surfaces swallow up a large proportion 

of light rays and consequently the color is fairly pure. 

When the illumination increases and becomes more intense, 

"...the deluge of light is so great and the absorptive 

capacity of the object is overtaxed..." (p. 79), and the 

color will appear less pure. 

Sargent (1964) further said that "...under varying de

grees of illumination colors appear to change in hue as well 

as in value or intensity" (p. 83). If a color wheel is 

carried from bright light into deep shadow, each color will 

tend to appear more yellowish in the strong light and take 

on suggestions of violet in shadow. From these relation

ships expressed in terms of levels of illumination and 

color, a change in room color can be achieved simply by 

changing the illumination level. 
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Texture 

Texture also plays an important part in the planning 

of interior lighting. Texture is a matter of degree or 

scale. Referring to the surface qualities of materials, 

texture describes how they feel to the touch. Sometimes 

a surface is so smooth that its texture is only noticeable 

under a magnifying glass; nevertheless, it still has tex

ture. "The use and combination of various textures in an 

interior are not usually subjected to minute inspection, 

but are perceived at close range and are subject to in

spection by touch" (Friedman, et al., p. 55)* However 

visual texture (sometimes called illusionary or simulated) 

can appear where a material reveals a textural pattern 

under a smooth surface. Therefore, texture results from 

a translation of one sensory experience—touch—into 

another—vision. Every substance has internal, structural 

texture, and thus has a definite relationship with light 

(Faulkner, 1963). 

A mentioned previously, texture directly affects the 

rate that light rays are reflected, transmitted, or ab

sorbed. Very smooth materials tend to spread or diffuse 

the light in all directions (Agan, 1965). Deep and heavy 

textures, especially if they happen to be dark colors, 

absorb light and distort it. A white plaster wall covered 

with a deeply textured carpet would appear much darker 

than the original texture (Friedman, et al., 1970). 
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The desire and need for varied texture in a surrounding 

environment is a basic human need. Nature is full of won

derful textural effects, and environments without variation 

has serious and disturbing effects upon people. Environ

ments of too many and overly powerful textures would be 

equally distressing. Therefore, it is a challenge to create 

textural effects that are well-balanced in scale and approp

riate with existing light and color. In a sense, changing 

the textures and/or colors may be the simplest way of 

changing interior lighting. 

Lighting and House Construction 

The electrical work in a residential building is almost 

always done by an experienced subcontractor. The estimates 

for this work are usually prepared by the subcontractors 

who submit bids. The general contractor rarely has to 

prepare estimates for electrical work. This electrical 

work required for a house can be divided into two parts; 

the wiring, or rough work, and the fixtures, or finish 

work (Pulver, I960). 

The electrical wiring, or rough work, is installed as 

the building is erected. The electrical fixtures, which 

include the lighting fixtures, are usually installed after 

the building is practically completed; after lathing and 

and plastering are done, and in many cases, after the paint

ers are through. When owners or architects are selecting 

-the lighting fixtures, an estimate is rarely utilized. 
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Sometimes a lump sum is provided for in the contract for 

the electrical fixtures with the understanding that if the 

fixtures selected cost more than this sum, the owner pays 

the difference. This price of the fixture may range from 

two dollars to several hundred dollars (Pulver, I960). 

A wide variety of light fixtures, in every price 

category, can be obtained for every room or area in the 

house. The new house builder often is given the privilege 

of choosing the fixtures that he wants installed. Light

ing fixtures used in the living/family areas are generally 

of the decorative variety, and usually provide only 

accent lighting. This type of fixture may also be used 

in entryhalls and dining rooms (Badzinski, 1976). 



CHAPTER III 

DESIGN OF THE STUDY 

Statement of Problem 

A review of the literature on lighting confirms the 

fact that the surface materials surrounding a light source 

have an influence on the amount and quality of light pre

sent in a particular area. The major focus of this study 

was to investigate the living/family areas of newly con

structed, unoccupied houses to determine the relationship 

of the interior surface materials and the illumination 

levels of each situation. Light availability of new houses 

built by different builders was studied. The location 

of luminaire, the floorplan of the area, the illumination 

levels, and the interior surface materials were recorded 

and described. If the illumination levels differed accord

ing to the type of surface material used, this study 

could aid the prospective house buyer in planning interior 

surface materials in order to achieve recommended illumina

tion levels. 

Hypotheses 

The type of interior surface material used in the 

living/family area of newly constructed, unoccupied houses 

will not have a significant effect on the level of illumi

nation. From the preceeding hypothesis, the following 

20 
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research hypotheses, stated in the null form, were derived: 

Hypothesis I 

Illumination readings will not be significantly 

different when the color of the surrounding area varies. 

Hypothesis II 

Illumination readings will not be significantly 

different when the room size varies. 

Hypothesis III 

Illumination readings will not be significantly 

different when the number of windows in the area varies. 

Hypothesis IV 

Illumination readings will not be significantly 

different when the texture in the area varies. 

Hypothesis V 

Illumination readings will not be significantly 

different when the wattage of the luminaire varies. 

Assumption 

For the purpose of this study, it was assumed that 

there would be some correlation between the type of interior 

surface materials used in the living/family areas of newly 

constructed, unoccupied houses and the level of illumi

nation. 
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Definition of Terms 

The following terms were defined with reference to the 

meaning presented in this study. 

Interior Surface Material: Covering or surface of 

interior features such as floors, ceilings, and walls. 

^^Illumination Meter: Instrument which converts density 

of light rays into electric current indicated by a readable 

s cale. 

^^Illumination Level: Amount of light existing in a 

certain area; measured in footcandles. 

^ Footcandle: Measure of quantity of light falling on 

a surface. It is equal to the amount of direct light thrown 

by one international candle on a square foot of surface, 

every part of which is one foot away. 

Living/Family Area: Area containing space necessary 

for the family activities such as recreation, reading, or 

studying. 

Reflectance: Percentage of light reflected from a 

surface. Determined by visual comparison of surface with 

Munsell Value Scale Color Samples. 

Newly Constructed, Unoccupied House; Residence that 

has never been occupied and contains no furnishings. 

Description of the Instrument 

In order to collect the data needed for this study, 

an adaptation of the Illuminating Engineering Society Light

ing Survey Form A (Appendix A) was used. The description 
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of the illuminated living/family area contained information 

concerning the quantity and kind of luminaire, the total 

wattage of the light source, the color, texture, and per

cent reflectance of the ceiling, wall, and floor. The 

procedure measured illumination levels at four positions, 

in the center of each quadrant of the area. 

Description of the Sample 

A total of fifty newly constructed, unoccupied houses 

located in various subdivisions, built by twenty-eight 

different builders in Lubbock, Texas were selected for 

this investigation. Only the living/family area of each 

house was used for the study. The houses ranged in cost 

from $25,500 to $89,100 with the mean cost being $50,375. 

The houses varied also in size from 1,l45 square feet to 

3,300 square feet with the mean square footage of 1,844. 

The location and appointment for viewing was obtained by 

contacting the house builders by telephone. 

Sample Selection 

From the January 1978 list of General Contractors at 

the Lubbock, Texas Building Inspections Office, a list of 

137 house builders was obtained. From this list of build

ers, a total of 75 were randomly selected and telephoned 

in order to obtain appointment times for the data collec

tion at the site. Of this selected sample, appointments 

were made with twenty-eight builders. No more than four 
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houses per builder were studied. 

Data Collection 

The data were collected by three research teams of two 

raters each, working after daylight hours to achieve accu

rate illumination measurements. Prior to the data collec

tion, the teams were trained according to the instructions 

of the Illuminating Engineering Society in using the Light

ing Survey Form A. The following sequence was used in the 

collection of data: l) description of illuminated area 

including room size; 2) description of general lighting 

system including surface texture and reflectance; 3) foot

candle measurements; and 4) sketch of floorplan. 

In observation of the living/family areas of each 

house, an illumination meter was used to determine foot

candle readings in the center of the four quadrants, 

thirty inches from the floor to represent activity areas 

of the room. The reflectance value of the floor, wall, 

and ceiling surface materials were determined according 

to the Munsell Value Scale, and the color of each surface 

was recorded. The texture of each surface was classified 

as matte, semi-gloss, or gloss. The location of the 

lighting fixtures and other interior features, such as 

fireplace, windows, and doors were sketched on the floorplan. 



25 

Treatment of the Data 

In order to determine if the type of interior surface 

materials used in the living/family area of newly con

structed, unoccupied houses significantly affect the level 

of illumination, the hypotheses were tested by Pearson 

Product Moment Correlation Coefficient or Analysis of 

Variance. The Pearson Product Moment Correlation Coefficient 

was used to test the independent variables which were 

continuous versus the continuous dependent variable of 

illumination level. Analysis of Variance was used to 

test the categorical independent variables against the 

continuous dependent variable. 



CHAPTER IV 

INTERPRETATION OF THE DATA 

Description of the Sample 

A total of fifty newly constructed, unoccupied houses 

located in Lubbock, Texas were selected for this investi

gation. A randomly selected sample of building contrac

tors, as listed in the January 1978 list of General 

Contractors at the Lubbock, Texas Building Inspections 

Office, were contacted by telephone in order to obtain 

appointment times for the data collection. Only the 

living/family area of each house was used for this study. 

Of the fifty houses included in this investigation, 

eight of the living/family areas had no overhead luminaire 

present, thus reducing the sample size to 42. Sizes of 

the living/family areas ranged from 68 square feet to 540 

square feet with the mean room size being 330.54 square 

feet. The room sizes were categorized as small (under 150 

square feet), medium (l85 to 250 square feet), or large 

(over 250 square feet) with 88.1 percent being classified 

as large. Floorplan sketches were not drawn for 6 of the 

houses, therefore, the number of windows could be deter

mined in only 36 of the houses. The areas that had sketched 

floorplans showed a range from 0 to 3 windows per room. 

The mean number of windows was 1.5. Table 1 presents the 
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descriptive data for the living/family areas of the sample. 

TABLE 1 

DESCRIPTION OF LIVING/FAMILY AREAS 

Variables 

Room Size—in Square Feet 
Small (under 150) 
Medium (185-250) 
Large (over 250) 

Number of Windows per Room 
None 
One 
Two 
Three 
Blank ̂  ' 

Frequency 
N=42 

2 
3 
37 

2 
17 
13 
4 
6 

Percent 
^=100 

4.76 
7.14 
88.10 

4.76 
40.48 
30.95 
9.52 
14.29 

Mean 

330.54 

1.5 

The living/family areas of the sample contained a mean 

number of 2.28 luminaires per room. The percent of the areas 

that had only one light fixture was 57-14. The light source 

of the sample was predominantly incandescent with 97-62 

percent of the rooms using that type of illumination. The 

number of watts of each luminaire was classified in one of 

three categories. The largest percentage (42.86) fell into 

the second category being between 251 and 400 watts. The 

mean wattage was 338.33- The average level of illumination 

of each area was classified into three levels--under 10 foot

candles; between 11 and 20 footcandles; or over 20 footcandles. 

The mean level of illumination was 10.23 footcandles with 
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64.29 percent being 10 footcandles. The descriptive data 

for the lighting situations is shown in Table 2. 

TABLE 2 

DESCRIPTION OF LIGHTING 

Variables 

Quantity of Luminaires 
One 
Two 
Three 
Four 
Five 
Six 
Nine 

Light Source 
Fluorescent 
Incandescent 

Wattage of Luminaires 
Under 250 
251-400 
Over 400 

Level of Illumination—in 
footcandles 

Under 10 
11-20 
Over 20 

Frequency 
N=42 

24 
5 
4 
3 
1 
4 
1 

1 
41 

7 
18 
17 

27 
12 
3 

Percent 
^=100 

57.14 
11.90 
9.53 
7.14 
2.38 
9.53 
2.38 

2.38 
97.62 

16.66 
42.86 
40.48 

64.29 
28.57 
7.14 

Mean 

2.28 

338.33 

10.23 

The surface, materials recorded in the study were those 

on the wall, ceiling, and floor. The ceilings were classi

fied as having a matte finish in 97-62 percent of the rooms 

and 42.62 percent of the walls were described as being 

matte in texture. The floors were of matte finish in 100 
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percent of the sample. Table 3 presents the descriptive 

data of the texture of surface materials in the sample. 

TABLE 3 

DESCRIPTION OF THE TEXTURE OF THE SURFACE MATERIALS 

Variables Frequency 
N=42 

Percent 
^=100 

Texture of the Ceiling 
Matte 
Semi-Gloss 
Gloss 

Texture of the Wall 
Matte 
Semi-Gloss 
Gloss 

Texture of the Floor 
Matte 
Semi-Gloss 
Gloss 

41 
1 
0 

20 
10 
12 

42 
0 
0 

97.62 
2.38 
0.00 

47.62 
23.81 
28.57 

100.00 
0.00 
0.00 

The color of each surface material was classified 

according to its percentage reflectance value as determined 

by the Munsell Value Scale. A reflectance value between 

.000 and 11.35 was considered low; between 12.001 and 41.63 

as being medium; and a reflectance value between 43-06 

and 102.57 was considered high. The ceilings of the sample 

were recorded as having a high reflectance value by 100 

percent of the sample. The mean percent reflectance value 

was 81.7. The walls were considered of high reflectance 

by 21 percent with the mean reflectance being 50.09. The 
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color of the floor was classified as being of medium 

reflectance by 57.14 percent of the sample. The mean 

reflectance value of the floors was 38.3. Descriptive 

data concerning the color of the surface materials is 

presented in Table 4. 

TABLE 4 

DESCRIPTION OF THE COLOR OF THE SURFACE MATERIALS 

Variables Frequency Percent Mean 
N=42 ?^100 

Color of Ceiling—in percent 
reflectance 8I.7 

Low (.000 to 11.35) 0 0.00 
Medium (12.001 to 41.63) 0 0.00 
High (43-06 to 102.57) 42 100.00 

Color of Wall—in percent 
reflectance 50.09 

Low (.000 to 11.35) 1 2.38 
Medium (12.001 to 41.63) 20 47.62 
High (43.06 to 102.57) 21 50.00 

Color of Floor—in percent 
reflectance ^ ^^ 38.30 

Low (.000 to 11.35) 0 0*09 
Medium (12.001 to 41.63) 24 57-14 
High (43.06 to 102.57) 18 42.86 
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Results 

Hypothesis; The type of interior surface materials 

used in the living/family areas of newly constructed, un

occupied houses will not have a significant effect on the 

level of illumination. In order to determine the existance 

of such a relationship between level of illumination and the 

surrounding surface materials, several variables listed in 

the hypotheses were correlated with the average level of 

illumination in the living/fajnily areas. A restatement of 

the hypotheses tested by the Pearson Product Moment Cor

relation Coefficient or Analysis of Variance is presented: 

Hypothesis I 

Illumination readings will not be significantly 

different when the color of the surrounding areas varies. 

Hypothesis II 

Illumination readings will not be significantly 

different when the room size varies. 

Hypothesis III 

Illumination readings will not be significantly 

different when the number of windows in the area varies. 

Hypothesis IV 

Illumination readings will not be significantly 

different when the texture in the area varies. 
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Hypothesis V 

Illumination readings will not be significantly 

different when the wattage of the luminaire varies. 

The variables of these hypotheses showed no significant 

effect upon the illumination levels of the living/family 

areas of the newly constructed, unoccupied houses investi

gated. As a result of these findings, the null hypotheses 

could not be rejected. 

Additional Analyses 

Although secondary to the major purpose of the in

vestigation, it was considered appropriate to undertake 

further analyses of the variables other than those of 

the hypotheses affecting the illumination level. These 

two variables, quantity of luminaires and kind of light 

source, were correlated with the average level of illu

mination using the.Pearson Product Moment Correlation 

Coefficient to determine if relationships existed between 

them. A significant relationship of .410 at the .01 per

cent significance level existed between the quantity of 

luminaires and the level of illumination. 

Additional Observations 

In addition to reporting the statistical analysis 

of the data collected in this investigation, this research

er, who served as one of the six raters involved in data 

collection, felt a need to report the trends and practices 
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observed concerning the lighting situations, plus the use of 

surface materials and interior spacial arrangement in twelve 

of the fifty houses investigated (Appendix B). 

The living/family areas of these twelve houses varied 

in terms of interior spacial arrangement. In relation to 

the other rooms of the houses, the living/family areas 

occupied approximately 20 percent of the total living 

area. None of these houses had another room, commonly 

referred to as the formal living room. This might indicate 

there is a trend among consumers to concentrate on areas 

used frequently and by all family members, and to avoid 

seldom used interior spaces. For the most part, the 

living/family spaces were large and could accomodate a 

wide variety of furnishings, perhaps two sofas or a large 

sectional couch, plus other desired items. One living/ 

family room had a built-in book shelf and storage unit. 

All of the twelve houses had fireplaces; one occupied 

a comer of a room while another served as divider separat

ing the living/family area from an entryway. Many of 

the fireplaces were built up off the floor with a ledge 

extending partially or completely down a wall. When this 

was done, the entire wall was sometimes bricked continuously 

with the fireplace brick. Also, a window existed in some 

of these situations on one side of the fireplace. 

Six of the living/family areas opened into a patio 

on the exterior. In some cases, the opening incorporated 
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the use of sliding glass doors, which served as the only 

window area. Others used a door having divided window-

panes, and when this was done, there was usually another 

window in the area. All of the living/family areas were 

facing a back yard rather than the street. 

The ceilings of four of these living/family areas were 

cathedral-like. Frequently they would rise from two sides 

to meet in the center; in other instances, they would slope 

up from only one side. When a cathedral ceiling was used, 

there were always horizontal ceiling beams for emphasis 

of the change in slope. 

There was very little difference in the use of surface 

materials on the walls, ceilings, and floor in the twelve 

houses. All of the ceilings were, what one builder referred 

to as, textured, and if the walls were painted, they were 

often a light beige or off-white color. Paneling was 

used frequently but usually on only one wall of the area, 

or as a wainscot. The paneling was often very dark in 

color. The predominant carpet color was a shade of brown 

or gold. One builder explained the colors used as being 

earth-tones. In all cases, the carpet was of some type 

of shag. Often it was sculptured and in other cases it 

was plush. Carpet was the only type of floor covering used 

in the living/family areas. 

There was a small difference in the lighting situations 

of the observed living/family areas. Six of the areas used 
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a decorative light fixture in the center of the room with 

small decorative bulbs. When the luminaires were not 

decorative they were incandescent downlights placed at 

various points of the room. One fixture incorporated the 

use of both with a downlight in the center of a decorative 

fixture. Both had separate switches for controlling the 

amount of light. The levels of illumination seemed to be 

very low in these areas. Since some of the other houses 

had no overhead luminaire at all, it is assumed that the 

builders had used decorative and local lighting for con

sumer appeal and had provided outlets for the addition of 

other supplemental lighting. 



CHAPTER V 

SUMMARY, CONSLUSIONS, AND RECOMMENDATIONS 

Restatement of the Prnhipm 

Three purposes were established for this investigation 

The intital two purposes were to collect and then compare 

the illumination level readings of living/family areas in 

newly constructed, unoccupied houses with the type of 

interior surface materials surrounding the areas where the 

illumination level readings were taken. A randomly selec

ted sample of building contractors in Lubbock, Texas were 

contacted for the data collection of newly constructed, 

unoccupied houses. In the living/family areas of each 

house, an illumination meter was used to determine foot

candle readings. An average of these readings was used 

for analysis. The reflectance value of the floor, wall, 

and ceiling surface materials was determined according to 

the Munsell Value Scale. The reflectance percentage of 

each color was used as description of the colors of the 

surface. The texture of each surface was classified as 

matte, semi-gloss, or gloss. 

The third purpose of this study was to illustrate the 

location and number of luminaires, location and number of 

windows, and other interior features by the use of a 

sketched floorplan. The drawings were sketched to provide 

36 
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the descriptive data for the investigation. 

Data collected in the newly constructed, unoccupied 

houses were recorded and computed by the use of the Pearson 

Product Moment Correlation Coefficient or Analysis of 

Variance to determine correlations between illumination 

levels and the surface materials. Variables other than 

surface materials were computed in the same manner. 

Summary of the Procedures and Findings 

Building contractors in Lubbock, Texas were contacted 

by telephone in order to obtain appointment times for the 

data collection at fifty newly constructed, unoccupied 

houses. No more than four houses per builder were in

spected. The data was collected after daylight hours to 

prevent outside light from altering illumination measure

ments . fi 

Footcandle readings were taken in the center of the |$ 

four quadrants of each area, thirty inches from the floor, jj 

to represent activity areas of the room. The mean of these P 

four readings was used for analysis purposes as the average € 
SI 

level of illumination. The readings were then categorized £ 

for descriptive purposes. A quick-sketch floorplan was * 

drawn to show location and number of luminaires, and loca

tion and number of windows. The number of windows and 

number of luminaires were used as variables for computing 

the correlations. Floor measurements were taken and the 

square footage of each area was determined. From these 
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measurements, the living/family areas were classified as 

either small, medium, or large. The bulbs of each lumi

naire were inspected to determine the wattage. The total 

wattages were also categorized for descriptive purposes. 

The surface materials of the ceiling, wall, and floor 

were then recorded. The texture of each surface was classi

fied as being matte, semi-gloss, or gloss. The colors of 

the three surfaces were matched with the color samples of 

the Munsell Value Scale. The reflectance percentage of 

each color was used for analysis. For description, the 

surfaces were further categorized as having either low, 

medium, or high reflectance value. 

Upon completion of the investigation of the fifty 

new houses, the statistical data was analyzed. Pearson 

Product Moment Correlation Coefficient or Analysis of 4 

2 Variance was used to determine a correlation between the 

variables of the surface materials and the average level . 

of illumination. No significant correlation existed be- f 

tween the variables of the hypotheses and the illumination ^ 

levels. 

Findings and Conclusions 

Following the investigation of the houses, Pearson 

Product Moment Correlation Coefficient or Analysis of 

Variance was used to analyze the statistical data. The 

results of the statistical analysis led to the following 

conclusions. 

9 
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Hypothesis I stated that illumination readings would 

not be significantly different when the color of the 

surrounding area varied. The color of each surface was 

correlated with the illumination, level readings. The 

hypothesis was not rejected because there was no significant 

difference where the color of the ceiling, color of the 

wall, or color of the floor varied. Although the statis

tical analysis of the research data indicated that the 

illumination levels and the surface materials were not sig

nificantly different, there was a positive relationship 

between color of the walls and the levels of illumination. 

A relationship of floor color and ceiling color with 

illumination levels could not be determined. This might 

have resulted from the fact that there was not adequate 

variation in terms of percent reflectance in these surfaces. 4 
2 

Since experimentally controlled studies concerning M 
the effect of color on illumination levels have indicated ^ 

be concluded that the variables tested in this investi- .̂  

gation did not have enough control. In a laboratory f 
f 

experiment, more variables could be controlled. g 

When the walls of a particular living/family area 

were different or had two different surfaces, an average 

was taken to determine the color of the entire wall. The 

use of averages could have accounted for the lack of signi

ficance level between wall color and level of illumination. 

there is a significant relationship between the two, it can 
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Hypothesis II stated that illumination readings would 

not be significantly different when the room size varied. 

The two variables were not significantly related therefore, 

the hypothesis could not be rejected. It can be concluded 

that a more specific location rather than the center of 

each quadrant should be used. These locations would differ 

with varied room size. An average was taken of the four 

readings and, again, this allowed the information to be

come too generalized. 

Hypothesis III stated that illumination readings would 

not be significantly different when the texture of the 

surfaces varied. Illumination readings were not signi

ficantly different when the texture of the ceiling, tex

ture of the floor, and the texture of the wall varied. 

This study parallels past research saying that texture 4 

of a surface alters the direction of light rays in that J 

there is no significant difference between the texture of . 
fll 

the walls and the levels of illumination. The categories f 

describing the ceiling and floor texture were not varied ^ 

enough to correlate with the level of illumination since Ji 
f 

matte was the only category used. t 

Since texture of surfaces can be so varied and yet 

fall into the same category, it can be concluded that the 

categories of matte, semi-gloss, and gloss are not specific 

enough to use for testing purposes of textural items and 

their effect on illumination levels. 
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Hypothesis IV stated that illumination readings would 

not be significantly different when the number of windows 

in the area varied. The hypothesis was not rejected. 

Although the number of windows did not significantly affect 

illumination levels, there was a positive relationship be

tween the two variables. This relationship could be ex

plained by the fact that glass observed at night results 

in a glossy surface and thus reflects more light rays than 

would glass during daylight hours. The fact that there 

were no floorplans drawn for six of the houses—and no 

way of determining quantity of glass area—might account 

for the low level of relationship. Also, the number of 

windows per room were varied too much to determine any 

significant relationship. 

Hypothesis V stated that illumination readings would 
2 

t 

f 

not be significantly different when the wattage of the r* 

luminaire varied. The hypothesis was not rejected because 41 

of the lack of significant relationship between the two J 

variables. Even though watts and lumens usually have a ^ 

positive relationship in a given lighting situation, a 

watt is used only as a measure of electrical energy sup- J. 

plying a lamp; lumen describes the measurement of the 

actual light output. Since bulbs can be of the same wat

tage and different in number of lumens, it can be concluded 

that a relationship between lumens and level of illumination 

might be significant where wattage and level of illumi-
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nation are not significantly related. However, in this 

study, there is a positive relationship between wattage 

and level of illumination. 

Although there was no significant difference between 

level of illumination and the light source, illumination 

levels were higher when fluorescent lighting was used. 

In this study there were not enough instances where fluo

rescent lighting was used to test for any level of signi

ficance for its effect on illumination levels. 

The correlation value between quantity of luminaires 

and level of illumination concludes that location and 

number of luminaire, significantly affect illumination 

levels. It also might be concluded from this finding that 

distribution of light is a variable for testing against 

illumination levels. 4 

Since the ceiling heights varied so much in the living/ J! 

family areas of the houses investigated, it is concluded j 
II 

that ceiling height should have been a variable included f 

in the study. In many of the living/family areas there ^ 

were cathedral ceilings, thus indicating a varied light \ 
f 

distribution pattern. Jl 

Recommendations for Future Study 

The following recommendations were made for future 

study based on the findings of this research: 

1. A lighting satisfaction study could be conducted 

with the residents of newly constructed houses 
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to determine their needs and preferences in 

residential lighting. 

2. An illumination meter could be used to determine 

footcandle levels of various other interior 

surface materials such as upholstery fabrics, 

drapery fabrics, various wood surfaces, etc. 

3. A study to determine the effect of the various 

colors of light on interior surface materials 

could be conducted. 

4. Color preferences studies could be studied under 

various types of lighting to determine the re

lationship between the two. 

5. Illumination levels could be compared using the 

unoccupied space, as in this study, with occupied 

space. Jj 
I 

6. A more detailed floorplan of the living/family ^ 
f 

areas could be sketched indicating location ^ 
II 

and nLimber of electrical outlets to determine J 
if supplemental lighting can be added. ^ 

I f 

I 
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BUILDER'S NAME AND ADDRESS 

CONTACT 
(Name and t i t l e of p e r s o n who a s s i s t e d w i t h s u r v e y ) 

SURVEY BY INSTRUMENT 

HOUSE ADDRESS 

HOUSE SELLING PRICE 

DATE TIME 

HOUSE SQUARE FEET 

»l 

II 
i\ 
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DESCRIPTION OF ILLUMINATED AREA 

^̂ "̂̂  ̂ ^^g^h _ _ ^ R o o m Width 

DESCRIPTION OF GENERAL LIGHTING SYSTEM 

Quantity Light Source 
rcircle) 

Fluorescent 
Incandescent 
Combination 

Wattage(s) 

Fixture 1 
Fixture 2 
Fixture 3 

DESCRIPTION OF SURFACE MATERIALS 

Surface 

Ceiling 

Wall 

Floor 

(Matte, 

M 

M 

M 

Texture 
Semi-gloss, 
(circle) 

SG 

SG 

SG 

Gloss) 

G 

G 

G 

Reflectance 
Percentage 

ILLUMINATION MEASUREMENTS--AVERAGE 

Work Point 

At Four Points 

Footcandles 
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n' 

«l 

Itl 

I! 



APPENDIX B 

EXAMPLE OF SKETCHED FLOORPLANS 
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