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Architecture cannot be viewed or appreciated without light and it dramatically affects
one’s impression of a room, as well as the efficiency of the way the space is used. Studies have
illustrated light’s influences on a space’s perceptual, behavioral, and preferential features.
Factors have been proposed and tested by creating types of spatial illumination by the location of
light and dark, the articulation of light through surface, the intensity of light, and the color tone.
In the 1970s, John Flynn published a study on psychological factors of lighting. This study
attempted to reveal the psychological impression of factors involved with task lighting in a
workspace with computer displays. All tests were done in a full-scale room, in which participants
rated a series of lighting designs. Four subsequent factors were considered in the study. The first
factor evaluated the effects for three different lighting conditions: fluorescent, halogen, and
daylight. The second factor evaluated the effect of the subjects’ eyesight, that is, whether they
were wearing contacts, glasses, or neither. The third factor would be to evaluate the effect of the
different light levels in the individual lighting conditions. The fourth factor would be
incorporating an additional test to compare the results of a full-scale room with the results of
viewing a three-dimensional rendering of the artificial lighting design. The purpose of this
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experiment was to evaluate if an image could achieve similar results of the actual experience in
the full-scale lighting design.
The design incorporated parameter needs for certain task lighting to be efficient and to be
compared to Flynn’s results. It also created a positive effect on one’s perception of a space and
made the occupant more comfortable in dealing with the best lighting situation for certain tasks.
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CHAPTER 1
INTRODUCTION
To observe architecture, one needs illumination to see the forms. To see the way
architecture is meant to be perceived, lighting needs to be addressed in a particular manner to
reinforce the subjective response from the space. When designing for light, some may look at the
required light levels needed in a programmed space. One could have the correct measurement of
light, but some may perceive the space as too dim. The light illuminating the space needs to be
designed. The psychological aspect of lighting with the structure of human impressions is still a
mystery. But slowly the understanding of light, with the perceptual and psychological
experience, as well as the knowledge of light’s behavior and interaction with spaces, will aid in
our understanding, to design competently for the occupants.1
Flynn profoundly stated that it was not just about the amount of light one needs. He
conducted studies to create certain parameters for lighting to create a definable effect on the
occupant’s subjective impression of the space.2
To understand of how light can affect a space, knowledge on human perception and
psychology is required. Understanding the functions of the eye with adaptation and the process
of viewing will aid lighting design. Adapting to certain lighting conditions can be extreme if
going into a relatively bright space, such as going from outdoors, to a relatively dark space, for
example a movie theater. This transition of adaptation needs to be taken into account. The
positioning of light sources needs to be taken into consideration. High task lighting, for instance,
can produce a dark surrounding to the human perception, and it can create an uneasy feeling for
the space because our peripheral vision is more sensitive to movement than our line of sight.3
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Background
In lighting design a set of parameters occurs on light levels pertaining to the program of
the space, but concern has increased on the psychological aspects of the built environment. This
deals with the body of work done by John Flynn and others who expanded on his work on the
subjective responses in lighting design. Flynn realized that lighting can aid in the selective
process of viewing, and lighting can change the information of the visual field and studied
lighting’s different features, such as the influence of behavior, mood, and task performance.
With the conclusion of his studies, Flynn made a number of lighting recommendations, which
became lighting guidelines of the Illuminating Engineering Society of North America (IESNA).
His parameters are basic to the patterns of light and shadow. Different variances occur in the
human visual system, as well as there are differences among individuals, so there cannot be just
one standardized measure of the visual effect.4 This study deals with Flynn’s theories, which
encompass subjective responses of architectural lighting systems in the lighted environment,
expanding on similar conclusions and the evolving study of lighting design in today’ technology.
Flynn’s research dealt with semantic differential scaling (SDS) and multidimensional
scaling (MDS), using a bi-polar rating scale with words relating to the perception of lighting
design. Semantic differential scaling is used in psychology as a way to characterize the
experiences of certain individuals.5 This thesis deals with semantic differential scaling to
document participants’ perceptions of lighted space.
The first studies conducted by Flynn used two different locations with different lighting
conditions, but the physical parameters of the room stayed the same. He used a variety of
variables: distribution of light, location of luminaires, intensity of light, and the color tone of the
light. An additional study by Flynn (1975) dealt with the comparisons of judgment of lighting
through a two-dimensional image and judgment of lighting in three-dimensional spaces. This
17

study was not researched thoroughly enough, but it demonstrated that different conclusions
would be discovered if the study was solely done by ratings of lighting through images.
The Bartlett School of Architecture continued with the Flynn’s research, conducting
studies in laboratories and in the field. Researchers used a wider range of luminous
environments and had more subjects who participated in the project and further reinforced
Flynn’s results.
Davis (2006) evaluated participants’ impressions with lighting conditions that were solely
digital renderings. Since the studies were conducted using digital renderings, more lighting
situations could be tested in a variety of different contexts. The renderings were quite minimal in
room design: they had accurate lighting and reflectance off the surfaces, but everything was in
grayscale for proper judgment of just the lighting situation and not the room. Davis would have
liked to do an extensive comparison study, as with Flynn, but with digital renderings and real
lighting environments.
Objectives
This thesis intends to create more studies relating to the methods of Flynn’s studies to
further reinforce his results using today’s technologies in lighting design. One goal deals with
lighting cues producing specific subjective impressions. All impressions are rated on task
lighting as well. Another goal is to further test real lighting environments to digital renderings.
The subjective impressions produced by lighting cues are based on surveys conducted by
Flynn: visual clarity, spaciousness, and preference. The lighting systems are different sources,
fluorescent, halogen, and daylight, but in comparing the results with his lighting modes, I am
expecting similar conclusions.
During the testing of the real environment, participants took part in an interactive task on
the computer. Part of the survey dealt with clarity based on Flynn’s (1975) study and to see if
18

results varied now because subjects have will not just be judging on the clarity of the light in the
room but judging on the clarity of the task in the lighting situation.
In the past, Flynn’s studies dealt strictly with the impressions of lighting in a real
environment and later studies were conducted digitally by other researchers. Flynn stated that
experiencing actual lighting conditions would obtain different results from those that are seen
two-dimensionally, but his study to obtain that conclusion dealt with images. With today’s
technology in computer rendering programs, three-dimensional spaces can illustrate accurate
lighting. Subjective tests have been done solely with computer renderings, but no study has done
to make a comparison with the real and rendered environments. If impressions of lighting design
can be judged by computer renderings, it would be easier to conduct more studies in less time
and not require a specialized room. Accurate light renderings can be presented in different
contexts to further understand and enhance architectural lighting design. The results from these
studies will hopefully further evolve from Flynn’s studies to affect today’s lighting
environments.
Statement of Hypothesis
Even with the evolution of lighting design, people’s perceptions of lighting design are still
supported by Flynn’s results in the 1970s.
Overview
Chapter 2 provides a literature review of Flynn’s studies. The review includes Flynn’s
overall research, his studies, and his methodology with other researchers’ preceding studies
based on Flynn’s work. Chapter 3 presents the methodology used to conduct this research, data
collection, and data analysis. Chapter 4 discusses the analysis of the data collected from the
surveys. Illustrations of the results with tables and charts are included, as well as the findings
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and interpretations. Chapter 5 offers the conclusions of the research and the results, and makes
recommendations for future research on subjective impressions in lighting design.
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CHAPTER 2
LITERATURE REVIEW
The Effects of Light on Human Judgment and Behavior
One of the bases of this study in dealing with the psychological aspects of lighting design
came from John Flynn of the Architectural Engineering Department at Pennsylvania State
University. He conducted two major studies in the 1970s; he studied the impressions that
subjects receive from certain lit situations, and he studied how light can create a visual cue to
imply the use of the space.
He used two main research techniques: semantic differential scaling (SDS) and
multidimensional scaling (MDS).
Theoretical Context
At the time of his study (1975), light was seen just to illuminate a task or a space for the
user. Not many saw any other reasoning for certain lighting techniques. Flynn thought there was
more to lighting than the visual performance it enhanced; he believed light could convey
information. Light could begin to create visual cues in a space and affect the user’s sense of
place. Flynn suggested that when the designer changes the lighting of the room, he changes the
composition and relative strength of visual signals and cues, which will result in altering the
impressions of meaning to the occupant.6
Psychological aspects of lighting suggest that when the designer changes lighting modes,
he changes the composition of “visual signals and cues,” and this could alter the user’s
impressions of the meaning for a room.6 The lighting design can affect the user’s orientation,
comprehension, impression of activity setting, or mood. For example, corner-lighting affects the
impression on the room size and shape, establishing visual limits to the room. The designer can
use lighting to reinforce a public space, or use it to produce an intimate space to create a greater
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sense of privacy. Light cannot be associated only with the utility, task, and physiological needs
of a space. Light should also deal with the user’s sensitivities and socio-psychological needs.
The function of lighting in a design needs to provide not only the light for the function of the
space, but also to include aspects of the user’s attitude, well-being, and motivation.
Flynn’s goal throughout his studies was to explore the ideas of lighting as a system of
visual cues. He used a “lighting cue” theory with scaling his studies of several types of lighting.6
The first study was conducted at the General Electric Lighting Institute in Cleveland. Additional
studies were performed at the Illumination Laboratory at Pennsylvania State University. These
facilities provided a space that could create different spaces with lighting and not change any of
the other physical parameters. His basic lighting variables included the distribution of light from
luminaires, the location of luminaires in the rooms, the intensity of light on the horizontal
activity surface, and the color tone of the light (being either warm or cool).6
To analyze his data, he used two methods: semantic differential scaling to provide insight
on the effect of various light settings with how the subject is feeling about the room; and
multidimensional scaling, which deals with the subject’s perceptual judgments of the space.
Using both methods, he was better able to measure the subjective impressions on the lighting
design.
Data and Analysis
The initial tests were conducted in a demonstration room at the General Electric Lighting
Institute in Cleveland. The advantages of this space include a number of installed lighting
arrangements that can be tested without changing the physical parameters of the room, and the
space has access to subjects with a wide variety of backgrounds.
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Conference Room Study
When the subjects entered the room, they rated the space not knowing that light effects
were the focus of the experiment. They then judged the space and gave a value to all of its
characteristics. After the initial rating process, they were given a vague explanation on the study
and briefly shown the six different light settings. They then rated each space after a one-minute
period of adaptation of each condition. For each group, this light study was conducted in a
different order because when looking at lighting conditions, the subject tends to compare the
lighting condition shown before with the one that is currently being tested. Flynn dealt with five
main factors of the analysis: evaluative, perceptual clarity, spatial complexity, spaciousness, and
formality. In reviewing the data, spatial complexity and formality were perceived as unimportant
because throughout the spaces were minute changes in the ratings of the different lighting
conditions. Overall, this study was conducted to illustrate the qualitative aspects of lighting that
would affect the overall perceived quantity of light.
Multiple Room Study
The data of the initial study posed the question: Would the results differ if conducting the
same lighting condition but differing in the overall room shape? Another study was conducted at
the institute testing three rooms simultaneously. The first room was the same room as the initial
study, and the other two rooms varied in size and shape. The function was set up as conference
spaces. The first room was a moderate size rectangular conference room. The second room was
a moderate size non-rectangular conference room. The third room was a large rectangular
conference room.
Each of the lighting conditions, which Flynn called “lighting modes,” were controlled
individually, usually by a dimmer switch so that the intensities and distribution were consistent.
The five lighting conditions were as follows: 1) overhead fluorescent lighting using cool white
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lamps producing 40 footcandles on the horizontal work space; 2) a system with all four walls
illuminated and no central overhead lighting; 3) another system that combined the overhead
fluorescents with the four walls illuminated; 4) overhead incandescent downlighting producing
eight footcandles on the table; and 5) overhead incandescent downlighting with one wall
luminated. The six factors in these subjective ratings included visual clarity, spaciousness,
pleasantness, spatial complexity, personal prominence or anonymity, and relaxation or tension.7
Participants included a wider geographic and occupational mix, such as, contractors, architects,
engineers, educators, interior designs, and utility service representatives.
The findings demonstrated a consistent pattern on relative response between the settings of
the three rooms. The room that was irregular was rated as being a tense and unpleasant space
when it was being rated for the downlighting because the light would not impose on the walls as
much as the other spaces. Flynn’s study results reinforced his belief that the subjects’
impressions of the space were not on the appearance of the lighting system but on the pattern of
light that it would create around them.
Auditorium Room Study
This study was conducted in a large square room with a higher ceiling, and participants
were seated in an auditorium-style arrangement facing a stage and a podium at Kent State
University. The demographics of the subjects had changed to primarily architectural students
from Kent State University. This study was to test the hypotheses from the initial study by
changing the room shape and finish, the activity setting, and having a different mix of subjects.
Two groups of 30 participants rated the lighting conditions. The first group rated seven
different lighting conditions in the spring of 1973, and the rating form consisted of 13 scales.
The second group rated 13 different lighting conditions in the winter of 1974, and the rating form
consisted of 15 scales.6
24

When analyzing the data, some ratings were close between the two unrelated groups and
other ratings varied slightly, but, overall, they were generally consistent in the direction of the
ratings. Also, the rating patterns were consistent with the multidimensional scaling and semantic
differential plots from the initial study done between 1971 and 1973. In further analysis, evident
parallels occurred in the visual experience by different groups, even when they were in a
significantly different room and activity context.
Three additional components to the study were added: the glare/non-glare scale, uniform
and non-uniform wall lighting, and the effects on the lighting color tone. In dealing with the
glare effect, no noticeable effect occurred on the ratings of privacy, spaciousness, or complexity,
but an effect appeared on clarity and pleasantness appeared. In the initial study, wall lighting
illustrated shifts of the impression on the space. During this study, in analyzing the information
when wall lighting was added, the ratings shifted toward more pleasant, clear, and spacious
spaces. Since this study was conducted in spaces with various activities and various room
shapes, the results were fairly consistent. It can be concluded that the relating factors were
influenced by the patterns of lighting more than the other physical aspects of the rooms. With
regard to the study of color effects, the results were irregular and seemed to be influenced not
only by the warm/cool toned lights, but also from the distribution of the light. Diffused lighting
was rated somewhat cooler than directional downlighting. Lighting color provided significant
ratings when dealing with pleasantness and spaciousness, but contradictory for clarity and
privacy because the orientation of the light affected this rating as well.
Lighting Laboratory Study
Flynn’s studies ended at the Architectural Engineering Illumination Laboratory at
Pennsylvania State University between 1974 and 1975. Eight groups of 10 subjects were asked
to evaluate eight different light settings. Semantic differential scaling (SDS) was used to rate the
25

spaces initially and comparatively. Seven objectives were set for this study: 1) to test the data
from the Lighting Institute; 2) to study the effect of significant variations in brightness
intensities; 3) to test color tone variations; 4) to see if there is a pattern on seat selection and
ratings for the selected seat; 5) to see if there is a difference if one was wearing glasses, no
glasses, or contacts; 6) to study when limited energy is available for non-uniform lighting; and 7)
to further define the relationship between the ratings and physical measurements of light in the
space.6
This study contained three zones and some zones had different lighting conditions. During
this study, each area with a seated subject was measured to see if any correlation existed between
the light measurement and the rating by the subject, but more of a correlation occurred between
the ratings and patterns of light than the actual light measurement itself.
One element that was examined was to provide data in dealing with energy-budgeting
situations. Flynn (1975) stated that some non-quantitative aspects of the lighting can affect the
overall perception of quantity of light. The study included two light conditions: one generated
more electricity than the other. The one with greater energy usage had better ratings for visual
clarity and spaciousness, but the one with lesser energy usage had better ratings in the evaluative
field. The data showed that the lighting condition with lesser energy usage could still be
efficient if used in a non-task situation.
The result of his study showed no evidence that would contradict the findings at the
Lighting Institute. The data compiled from the study show that a visual pattern of light affects
the subjects’ rating of the space, and even more so in this study because they differentiate the
quality of light created on the different zones.
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Scaling of Slides Study
Although the previous studies are quite useful to help designers choose appropriate
lighting conditions, Flynn knew that it was not always easy to conduct studies with a variety of
spaces to judge. One would need a facility with a degree of flexibility for precise and quick
changing visual settings.
Flynn thought a possible solution would be to create slide projections of the light settings.
The study was conducted to see if a light setting from a slide projection could get similar ratings
from a real setting. For this purpose, the slide projections were ones from original studies of the
lighting conditions. High quality slides were created from continuously photographing the actual
light settings and then re-creating the lighting condition accurately on the slide.
When comparing the ratings of the slides to the real spaces, the results at first seemed
reasonably consistent, but the slides were only approximately the same rating as the real room.
In a further study, the ratings of the slides did not accurately differentiate between the lighting
systems. If the study involved only slides, different conclusions would have been formulated.
Flynn concluded that during the time of the study the method used for the slides might not have
been reliable and maybe certain aspects and ratings would have changed in rating a slide than the
real space.
Results of Impressions
Visual clarity
Visual clarity refers to the clearness and distinctness of the visual environment. Clarity is
reinforced by shadows, a higher luminance in the center of the room, and an emphasis on the
horizontal surfaces, such as the work plane and ceiling.8 Two aspects of lighting discovered in
this impression are as follows:
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•

Wall-lighting makes a significant contribution to impressions of clarity in a non-uniform
setting along with overhead cool white fluorescents.

•

Uniform overhead systems seem to increase the impressions of clarity with central
overhead cool white fluorescents.

Public vs. private space
When lighting a space, basic parameters were discovered on how to create a more public or
private space. In dealing with these findings, one could properly light the space according to the
type of space required. Four aspects of lighting dealing with this impression are as follows:
•

Central overhead systems, even when they are non-uniform, are perceived as public space.

•

Non-uniform peripheral lighting systems, including overhead and wall-lighting, are
perceived as more private.

•

Cool color tones are seen as more public.

•

If subjects are sitting in darker areas of the room, they perceive the space as more private.

Relaxing vs. tense space
The overall feeling of a space, whether it is relaxing or tense, is based on the patterns of
light in a room, as well as the color of the light source. The patterns of light with relaxing and
tense spaces can be combined with visual clarity to create effective and comfortable working
environments8. Four aspects of lighting dealing with this impression are as follows:
•

Central overhead systems, both uniform and non-uniform, are perceived as more tense.

•

Peripheral systems that are non-uniform are perceived as more relaxing.

•

Cool color tones of light are seen as more tense.

•

Subjects sitting in darker zones perceive the spaces in a great sense of relaxation.
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Spatial complexity
The complexity of a space deals with the subject’s perception of a space as being either
simple or complex. Two aspects of lighting dealing with this impression are as follows:
•

Peripheral emphases in non-uniform settings seem to shift impressions toward greater
complexity.

•

Warmer tones of light seem to shift impressions toward greater complexity.

Spaciousness
The perception of the size of the space can be altered by the position and intensity of the
lighting. Four aspects of lighting dealing with this impression are as follows:
•

Uniform systems seem to shift impressions toward more spaciousness.

•

Non-uniform modes seem to be somewhat less spacious.

•

To some extent, wall-lighting seems to give an effect of more spaciousness.

•

Central overhead systems seem to be perceived as more spacious than non-uniform
peripheral systems.

Preference
The effects on preference in a certain lighting situation deal with the color tones of light,
position of lights, and lighting zones. A correlation can occur between the preference and
relaxing vs. tense scales. Three aspects of lighting dealing with this impression are as follows:
•

Warm color tones in lighting affect preference more positively.

•

Wall-lighting positively affects preference.

•

Subjects sitting in darker zones seem to rate the preference of lighting situations higher.
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Glare
Flynn tested for glare even though no apparent glare conditions were present in the light
settings. Nevertheless, subjects were still able to respond to the scale.8 Two aspects of lighting
dealing with this impression are as follows:
•

Non-uniform cool white fluorescents seem to present less glare issues.

•

More of an issue occurs with glare when light is positioned only in the center overhead of
the room.
Psychological Processes Influencing Lighting Quality
Soon after Flynn’s studies, a group of researchers at the Bartlett School of Architecture in

London conducted similar studies. This paper presents a discussion concerning mediating
psychological processes: perceived control, attention, environmental appraisal, and effect. Veitch
(2001) not only discussed and analyzed the methods of John Flynn, but he also analyzed the long
history of the quality of the luminous environment influencing task performance, comfort, and
well-being. The overall focus of Veitch’s study is on the scientific evidence concerning the
psychological aspects in the response to the overall luminous conditions.
One lighting behavior element discussed relating to Flynn’s studies was the luminance
distribution in rooms. Flynn’s work was seen as innovative and creative, as well as being the first
to apply psychological techniques and multivariate statistics to lighting research. He was the first
to conduct these types of studies, but his data had many flaws. His sample size was too small for
this type of analysis, as seen in the foundations of behavioral research. For every semantic
differential, there should be 10 research subjects. Flynn’s study had 34 semantic differentials so
he would need 340 participants, but he had only 96 reported participants.9 It was also unclear
how the set of semantic differentials were developed, or even if they were valid descriptive
words understood by the participants. During the study, the participants were never informed
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about the basis of the study so it was unclear to them if the evaluation concerned the room or the
lighting.
Also, Flynn’s studies have never been replicated by anyone independently. Referenced in
many textbooks and writings, his studies concerned particular lighting modes and subjective
impressions, but this research is based only on one study.
The research group at the Bartlett School of Architecture at University College London
conducted a similar series of experiments parallel to Flynn’s work and used a similar
methodology. The first study was conducted with 18 lighting configurations for a windowless
two-person office. The research group was unable, however, to obtain an interpretable result in
its MDS analysis.6 Later on, the team worked on lighting arrangements of office workspace in
both laboratory mockups and field study. In analyzing the way the studies were conducted and
what lighting situations existed, the group needed to be able to identify the area of the visual
field that influenced the assessment of the spaces. During the research, the group discovered a
horizontal band of 40 degrees wide, and it was centered at the height of the viewer.
The Bartlett group obtained similar results in several studies by using a wider range of
luminous environment conditions and settings than Flynn’s group used. The Bartlett group
further reinforced the brightness and uniformity dimensions of lighting appraisal. However, the
group’s sample size was too small for factor analysis to apply.
In an attempt to verify the data recorded in the study before, a similar study was conducted.
This time, 292 people were asked to rate the appearance of the open-plan office using 27
semantic differential scales. After conducting the study, the results were not the same as Flynn’s
results or the previous test by the Bartlett group. The three components of the study were visual
attraction, complexity, and brightness. The participants were asked to judge the appearance of
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the room, not the lighting, to prevent a bias with the knowledge that lighting is the focus of the
experiment. Some authors actually disagreed with this method because it contributed to
unwanted variance, and they would rather give instructions to judge the lighting.
Before the study of a non-uniform lighting distribution, with just the knowledge of visual
adaptation, the Bartlett group thought that the overall perception would be murky. After
conducting a study using an adjective checklist to describe each lighted environment, the Bartlett
group found that the common experiences of gloom related to lighting were conditions of low
adaptation luminances, mainly when vertical luminances were low. Going against the group’s
hypothesis, not all non-uniform distributions produced feelings of gloom, but the ones that were
seen as gloom were associated with a dim or obscure periphery.9
The Bartlett group concluded its study by the way that people judge the lighting situation,
depending on the appearance of a space. The main dimensions of these judgments appear to be
brightness and interest. In the future, to be able to understand the aesthetic appeal of light, a
systematic application needs to be in place to understand these judgments.
Another psychological aspect in lighting behavior relationships was the effect of the
aesthetic judgments concerning the appearance of the space. The preference included the
emotional component of how the space makes the participant feel. Robert Baron, a social and
environmental psychologist, proposed a theory (as cited in Veitch, 2001) that environmental
conditions create a state of positive effect that would lead to better performance, greater effort,
and more willingness to help others.9
People prefer daylight or electric light, but the Bartlett group study was to see what light
setting would be preferred to help with task performance. A preference of illuminance levels is
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normally higher than the recommended levels, but it might vary between individuals, settings,
and task.
Several studies were conducted by many individuals to see if different preferences
occurred, depending on sex and age. Leslie and Hartleb (as cited in Veitch, 2001) even suggested
possible sex differences in illuminance preference (female participants preferred much lower
levels than male participants), but they did not have many female participants. Butler and Biner
(as cited in Veitch, 2001) found that females preferred different light levels from males in only 2
out of 43 behaviors; that preference related to washing dishes and parking garages.9 Boyce
(1981) did a study to see if different preferences depended on age. The aging of the human eye
affects one’s vision, like yellowing of the eye and a worse visual sense. Older workers therefore
need higher illuminance levels to see, but this is not a change in preference, just a change in
illuminance need.
Studies were conducted by Veitch (2001) on preference of illuminance levels as to the type
of tasks being performed. When subjects were doing tasks on the computer, they preferred lower
illuminance levels than those doing paper tasks and visually demanding tasks, such as studying
and reading. They preferred lower illumiance levels for more relaxing and intimate tasks, such as
listening to music or talking with friends. In dealing with the distribution of light on certain
visual tasks, Boyce (1981) evaluated various light settings and concluded that an acceptable task
lighting method would be to provide a uniform distribution over a large area of the desk surface.
However, Slater and Boyce (as cited in Veitch, 2001) concluded that illuminance ratios as low
as 0.5 would be acceptable for most people, and bright surfaces without excessive glare were
most highly rated.9 Veitch and Newsham (2001) discovered that participants preferred
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task/ambient lighting installations that are not uniform across the desk surface and that had lower
ratings for glare.
One key factor of rating a room is the brightness of vertical surfaces. Collins (as cited in
Veitch, 2001) found that low ratings were given by office occupants with a combination of
indirect fluorescent lighting and furniture-mounted task lamps. The lighting created a relative
high task illuminance but a low peripheral brightness around the workstation. Collins (as cited in
Veitch, 2001) concluded that people prefer brighter walls than darker ones, as long as they did
not provide a source of glare. After this preference was evident in studies, the next study to take
place was to find how high the vertical surface luminance should be.
The tests to be considered are what tasks are taking place and whether subjects are in a
reading, conference, or computer-based environment. Miller (as cited in Veitch, 2001)
conducted an informal experiment of five different office scenes and determined that the most
preferred was an equal amount of lighting on the walls and the work space. The Bartlett group
concluded that a non-uniform distribution of light for tasks on the computer was more
comfortable. For tasks on the computer, the Bartlett research group found that non-uniform
distributions of task and ambient lighting are described as more comfortable. When the overall
illuminance level is high there is a desire for more non-uniform lighting but when the
illuminance level is low there is a desire for more uniform lighting. 9
A secondary lighting element observed was glare. It was reasonable to assume that glare
sources are not preferred because they can create visual discomfort. Tests conducted by Veitch
(2001) proved that overall light quality ratings with computers were affected greatly by the
brightness of the screens. The brighter the image reflected from the screen, the lower the rating
of the light quality.
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All these studies tried to create a better method for predicting light quality from luminous
conditions by organizing theoretical psychological processes dealing with lighting behavior
relationships. These studies demonstrated that a need still exists for more lighting research
because the past practices used a lot of energy, and we do not have that much energy supply
anymore.
Influence of Lighting Quality on Presence Task Performance in Virtual Environments
Zimmons (2004) conducted a study to bring a reality of the lighting environment in the
virtual environment. He studied the importance of light in the physical environment and then
related it to findings of importance in the virtual environment. He noted that light is critical to
the visual experience because it exposes information about the environment and reveals the
objects within it.10 Light falling on objects can create spatial cues providing information about
the objects’ relative positions and orientations.
Flynn found that light can influence a user’s seating orientation, comprehension of room
size and shape, task performance, and it can generate certain behaviors. The way that light falls
on an object can alter the impression of that object’s importance and use. Depending on the use
of the space, whether it is public or private, a room can be lit differently to illustrate the
intentions of the use and reinforce different set of behaviors.
Zimmons (2004) investigated five hypotheses about lighting quality in the virtual
environment. These five hypotheses dealt with responses on lighting in low-stress environments,
proving that subjects will be more accurate and have quicker response times in these types of
environments. He tested lighting in the virtual environment on the basis of lighting influences
studied by Flynn.
In task performance, the best visual perception occurs when the brightness ratio of the
central task and background is between 1:1 and 4:1, where the tasks are brighter than the
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background.10 Zimmons’ study took this ratio into account with three experiments giving a set
of tasks that the participants were to complete. In first experiment, called the pit experiment,
participants performed a ball-dropping task to determine if rendering quality influenced their
ability to hit the target. The second experiment, called the gallery experiment, tested the method
of the number of times a participant viewed a particular object in the space. This experiment,
depending on the contrast of lighting objects, affected the viewing behavior of the participants
where during high contrast tests, participants’ views were attracted to highlighted objects. The
third experiment, called the knot experiment, dealt with object selection, speed, and accuracy.
Participants looked for objects on a table in the virtual environment and found a certain object.
Zimmons (2004) study is about the use of virtual environments with tools and information
that affect the actual lighted environment. The study did not add information to Flynn’s studies;
it just used his findings to create virtual environments.
Cognitive and Perceptual Factors in Lighted Architectural Environments
Davis (2006) built on the work of Flynn. The purpose of his study was to link broader
results of Flynn’s studies to the interaction of the environment psychologically, not
architecturally. In the research phase, Davis (2006) studied environment perception done by
other researchers, such as Kaplan and Kaplan, Nasar, and Blasdel (as cited in Davis, 2006).
They all conducted studies using multidimensional scaling (MDS). These studies did not involve
real spaces, as in Flynn’s studies, but used rendered images. Subjects looked at the images and
arranged them in certain orders of environment, making it easy to construct comparisons.
Davis (2006) also looked at Flynn’s work, the studies conducted at the Bartlett School of
Architecture (as cited in Veitch, 2001), and the research done by Veitch (2001). Only Flynn had
useful results using MDS techniques similar to the studies conducted for environmental
psychology. Flynn also used factor analysis to put subjective responses into sets of impressions,
36

but he did not create a strong relationship with environmental perceptions, since those studies
were analyzed by using MDS methods. Davis’ study uses MDS so information will begin to
bridge the gaps between the scope of lighting conditions and environmental perceptions.
Methods
Davis’ study used MDS for rating scales and preference judgments, which was one of the
methods that were used in Flynn’s first study. There were 24 different illumination situations for
four different architectural contexts: an empty room, a café, a lounge, and an office. The study
had a total of 72 participants. Subjects completed distance judgments and preference selections
for pair wise comparisons of stimuli, and completed a set of 22 ratings scales for each stimulus.11
The lighting systems were based on Flynn’s situations of overhead/peripheral, bright/dim, and
uniform/non-uniform.
Davis conducted two studies (2006), the first of which was dealing with eight different
lighting combinations: 1) central bright uniform (CBU), 2) central bright non-uniform (CBN), 3)
central dim uniform (CDU), 4) central dim non-uniform (CDN), 5) perimeter bright uniform
(PBU), 6) perimeter bright non-uniform (PBN), 7) perimeter dim uniform (PDU), and 8)
perimeter dim non-uniform (PDN). The second study was conducted with 16 complex lighting
situations, which combined central and perimeter lighting: CBU PBU, CBU PBN, CBU PDU,
CBU PDN, CBN PBU, CBN PBN, CBN PDU, CBN PDN, CDU PBU, CDU PBN, CDU PDU,
CDU PDN, CDN PBU, CDN PBN, CDN PDU, and CDN PDN.11
Rating
When spaces were being rated 22 scales were used. The scales were selected from the
scales used in studies by Flynn, Mehrabian and Russell, and Kaplan and Kaplan (as cited in
Davis, 2006).
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Renderings
The 24 lighting conditions were rendered in the program AGI 32 by Lighting Analysts Inc.
The program AGI 32 is an available lighting system analysis and simulation program that has 3D
rendering capabilities. The room was dimensioned at 40 feet by 40 feet with a 12-foot-high
ceiling. The reflectance of the room was 80% for the ceiling and 50% for the walls, floor, and
furnishings.
For the renderings with central uniform lighting, a grid of 25 luminaire locations was
defined. The grid was located 10 feet from each wall and the fixtures were spaced five feet
apart. The luminaire used was an ERCO 2300 downlight, with a 50-watt halogen MR16 lamp
with a beam angle of 55 degrees. For the central non-uniform lighting, there were five luminaire
locations. Instead of a 50-watt halogen MR16 lamp, a 70-watt halogen MR16 with a beam angle
of 10 degrees was used.
The computer renderings used an ERCO fluorescent wall wash with a T5 High Output
lamp for the perimeter uniform lighting. The luminaires ran continuously and were three feet
from the wall, aimed toward the wall. For the computer renderings with perimeter lighting in a
non-uniform system, an ERCO 50-watt MR16 wall wash luminaire was located around the room
at different points. This created the non-uniform pattern on the three walls being viewed, and the
lights were positioned between two and five feet from the wall so that the patterns on the wall
would differ.11
After all the rendered images were created, they were put into a presentation file and
reviewed to make sure the intended variations were present. Some images were modified to the
intended differences because they were looking identical.
Receiving accurate ratings of rendering images can be very difficult due to the difficulty to
accurately portray the qualities of a room and lighting in a room with a simulation. Several
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researchers validated the results of simulated environments to the actual environments. Future
researchers need to compare the results of simulated environments with those in real
environments, similar to the study conducted by Flynn (1975) with the slide representations.
Results
The multidimensional scaling (MDS) analysis provided evidence of perceptual dimensions
of lighting presented with specifically central or perimeter emphasis.11 Perimeter areas were seen
as more important in non-workplace settings, such as a café, while the central areas were seen as
more important for the work setting.
Four factors were seen as significant: arousal, evaluative, spaciousness, and uniformity. In
summarizing the arousal factor results, uniform light is more arousing than non-uniform lighting.
Bright lighting is more arousing than dim lighting, and central lighting is more arousing than
perimeter lighting. In summarizing the evaluative factor results, uniform lighting had higher
scores in an empty room and lounge, but non-uniform lighting had higher scores in the café. The
evaluative scores did not seem to change in the office with the uniformity of the lighting. Bright
lighting made a difference only in the evaluative score for the lounge, receiving higher scores for
bright lighting compared to dim lighting, but brightness did not seem to matter for other
contexts. Central lighting produced higher evaluative scores than perimeter lighting for the café
and office, but the empty room had high evaluative scores for perimeter lighting. Little
difference occurred in the scores in the lounge context. In the spaciousness factor results,
uniform lighting was seen as more spacious than non-uniform lighting, brighter lighting was
more spacious than dimmer lighting, and uniform lighting was seen as more spacious than nonuniform lighting. In the uniformity factor results, the only significance was the uniform lighting
and the non-uniform lighting, but the scores were more significant for the empty room and
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lounge context compared to the café and office. The brightness and area lighting did not affect
the uniformity factor score.11
Relating to Flynn’s Work
Davis’s (2006) project was a more in-depth investigation of the dimensions of perception
of lighted environments because he dealt with computer simulated lighting conditions. He was
able to produce more lighting situations and had particular control over the physical parameters.
Flynn’s study with overhead/peripheral lighting dealt with the overall lighting of the space.
Davis dealt with central/perimeter lighting with an emphasis for all contexts. Flynn’s lighting
mode with uniform/non-uniform lighting dealt with the uniformity of lighting on surfaces, while
Davis dealt with perimeter uniformity in all the contexts except for office. Flynn also dealt with
uniform/non-uniform lighting with the objects of a room, which correlated with Davis’s central
uniformity for all contexts except the café. The bright/dim mode for Flynn dealt with the
intensity of light on the central horizontal plane, but for Davis, central brightness for the café and
other contexts seemed to reinforce the central/perimeter mode. As previously noted, the study
confirmed results found by Flynn, but with some modifications.
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CHAPTER 3
METHODOLOGY
Overview
In earlier research, architectural lighting systems and the user’s perceptions were rated in a
variety of ways. Flynn (1975) had a small number of lighting conditions, and, for part of his
studies, he did not account each individual’s perception of lighting. He touched on the study of
two-dimensional imaging and relating the ratings to real lighting situations. Two different
methods were used to analyze the data: 1) semantic differential, where he could provide insight
on how people felt in a space; and 2) multidimensional scaling, where he could analyze the
perceptual judgments of the space. In the studies conducted by Veitch (2001), the locations of
the studies were conducted in laboratories with lighting conditions, as well as in existing office
spaces. The studies were to further the research previously done by Flynn and also to conduct
studies with more participants and more lighting situations. One of the studies dealt with
preference and task performance using different lighting levels. Zimmons (2004) was using only
the information provided by Flynn’s studies to influence the virtual studies he conducted. Davis
(2006) conducted his studies using rendered images for participants’ judgments. He analyzed his
data using MDS methods, just as Flynn did, for part of his studies to reinforce the results found
by Flynn.
With the knowledge of these other studies and wanting to continue to strengthen these
studies’ results found by these studies, the experiment needed to follow the same methods used
from the previous studies. Two experiments were conducted: one in a real environment and the
second in a judgment of the same space but in digital format. Three lighting situations were in
the real environment, and two lighting situations were in the rendered environment. Thirty-two
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subjects participated in the study, 19 subjects in each study ranging from groups of two to eight
people in each of the sessions.
Research Design
Independent Variables
Architectural context
Light studies need to be conducted in a space where the lighting parameters can be
controlled, but the physical aspects of the room can stay intact. In most of the prior studies, the
types of room conditions were shown in conference rooms or classrooms. This study was in a
computer classroom setting. The room provided space for 10 subjects to be studied, and each
participant was provided a desktop computer for the task portion of the real environment light
settings and rendering environment studies (see Figure 3-1). Four sessions were available for
each experiment so participants could choose an available time period. The range of participants
in each session was between one and eight subjects.

Figure 3-1. Plan of the study room with seat assignments.
In each session, the subjects were told the intention of the study while the first lighting
condition was present. In the real environment light settings, the participants were given an
interactive task on the computer. They were then told the basis of the experiment is dealing with
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three different lighting conditions, as well as the clarity of the task on the computer. During the
sessions of the rendered lighting environments, participants were told how the basis of the
experiment was going to be conducted by looking at two different lighting conditions and to
perceive the rendered condition as though it was a real environment. A full description of the
instructions given to the subjects is found in Appendix A.
Lighting situations
The lighting systems used during the study had three different lighting conditions that
could be present in a workspace or office space. The footcandle levels in each of the
participants’ seats were measured (see Table 3-1). The specifications of the three lighting
conditions were as follows:
•

Overhead fluorescent (CW) 91W; 95% Uplight and 5% Downlight; CRI 86 (see Figure 32)

•

Peripheral halogen (WW) downlighting; 50W; CRI 100 (see Figure 3-3)

•

Peripheral daylighting (CW); one window CRI 100 (see Figure 3-4)

Table 3-1. List of footcandle levels for each seat during the study.
Seat
Fluorescent
Halogen
Daylight
Daylight
1pm
2pm
1
16.4
1.7
19.2
19.8
2
18.1
1.2
24.6
24.4
3
16.8
6.2
67.2
67.2
4
17.9
1.5
89.2
87.3
5
23.8
1.9
87.8
78.6
6
24.5
1.0
67.1
60.3
7
20.6
0.6
26.4
23.2
8
17.9
2.0
19.6
19.2
9
22.6
1.2
21.8
23.5
10
19.8
3.1
18.2
10.2
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Daylight
3pm
14.8
19.5
62.3
85.2
95.2
61.2
22.9
17.6
23.2
17.9

Daylight
4pm
6.6
8.9
22.3
29.8
31.9
26.5
10.6
8.3
10.9
7.8

Figure 3-2. Plan of room with location of fluorescent lighting.

Figure 3-3. Plan of room with location of halogen lighting.

Figure 3-4. Plan of room with location of source of daylight.
Rendered situations
The two electric lighting situations were rendered in an accurate lighting simulation
program (3D Max Design 2009). The photometric data of the lighting fixtures are supplied by
the Illumination Engineering Society (IES files) on the supplier websites. The data is inputted
into the rendering program to produce accurate lighting systems compared to the actual light
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settings in the real environment studies. The room was modeled and assigned materials exactly
how it appeared in the real room (see Figures 3-5 and 3-6). The rooms were rendered without
furniture to have the judgment based only on the lighting design.

Figure 3-5. Three-dimensional simulation of fluorescent light setting.

Figure 3-6. Three-dimensional simulation of halogen light setting.
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Dependent Variables
Rating scales
Depending on the study, subjects evaluated three lighting conditions (real environment
rating) using a set of bi-polar rating scales. The ratings were selected from prior publications,
and they were based on relevant adjectives the subject groups could understand. The ratings
were divided into three groups: perceptual clarity of task, evaluative, and spaciousness and
complexity. A seven-point scale was used to allow a finer grade of judgment than the five-point
scale, but it did not become too difficult for subjects to grade and to allow a neutral zone, unlike
the six-point scale.5 The rating scale survey is shown in Appendix C.
Descriptive information
Above the rating scales on the survey, subjects filled out descriptive information that could
affect their judgments on the space. One factor was the seat number because every seat
perceived different light levels, especially in the daylight setting, that might alter the subjects’
impressions. Another factor taken into account was whether or not subjects were wearing
contacts or glasses to analyze the information to see if corrective lenses affected their
impressions of the lighting conditions.
Subjects
A pool of 52 volunteer subjects was recruited who had an architectural background or
background in a related field. All participants were students. Some who had a background in
architecture were currently studying a different discipline unrelated to architecture. Ultimately,
only 38 subjects participated; some had scheduling conflicts or were no-shows. Each subject
took part in either two or three sessions, depending on which day the individual participated.
There was space for up to 10 subjects per session; the sessions resulted in two to eight subjects.
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Nineteen subjects participated in the three real lighting conditions, and an additional 19
subjects participated in the two rendered lighting conditions. Before participating, each subject
read and signed an informed consent form that had been approved by the University of Florida’s
Institutional Review Board. The consent form is provided in Appendix D.
Procedure
Subjects reported to Computer Lab Room 217 in the McGuire Dance/Theatre Pavilion at
the University of Florida for two or three experimental sessions. The sessions were conducted on
two days, March 19 and 20, 2009. When the subjects entered the room, they chose to sit at any of
the available seats, and each subject read and signed the informed consent form, then the
experimenter read the instructions for the session. The instructions are provided in Appendix A.
During each study, subjects observed the space for the appropriate adaptation time
discussed in the instructions and were given the surveys after the period of adaptation had ended.
The experiment protocol is provided in Appendix B. The experiment of the real lighting
conditions did not last longer than 50 minutes and the experiment of the rendered lighting
conditions did not last longer than 30 minutes.
Data Collection
During the collection process, each survey was reviewed. All the descriptive information
and ratings were put into a Microsoft Excel spreadsheet and color-coded by light source.
Limitations
It is a good rule of judgment with semantic differential scaling to have 6 to 10 times the
number of subjects as you have scales.6 This study was conducted using 16 scales, so at a
minimum, the study should have had 96 subjects. But the study had only 38 subjects. However,
since each subject did at least two sessions, a total of 95 surveys were filled out so the sample
size may be too small to draw concrete conclusions. Also, the light levels at each seat in the
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room were measured with a light meter. The meters are older and might not be taking accurate
measurements. The overall comparisons of the light levels are correct, but the numerical values
of the light levels might be inaccurate. Also, in dealing with the ratings of the rendered
environments, each participant had a computer monitor to pull up the images to rate them. Each
computer is the same model and, they were checked to see if all the settings were the same. In
looking around during the study, clear differences were apparent in the coloring of the image
where some would be perceived as warmer light, depending on the computer each subject was
using. These differences could be because some computers might be used more than others and
the lamp inside the monitor could be wearing out.
Data Analysis Method
The collection and analysis of data dealt with the semantic differential scale (SDS) used by
Flynn during his studies. It is a method used to measure social attitudes in psychology. Semantic
differential scaling still appears to be among the best available instruments for measuring
multicomponent concepts.6 Using SDS helps to simplify the complex set of data, based on the
number of correlations between variables (i.e., different lighting conditions, variances in
footcandle levels in each lighting situation, whether the individual is wearing contacts or glasses,
and comparing the real environment to the rendered environment). The means of the ratings for
the variables are calculated and graphed to illustrate the relationships with each other pertaining
to the scales. The standard deviation is then calculated to see the variation of the ratings from
the mean.12 For example, the ratings for the halogen lighting pertaining to the scale of glare-no
glare are as follows: 3, 7, 7, 4, 2, 7, 7, 3, 7, 3, 7, 3, 6, 7, 5, 5, 4, 4, 1. The mean of this rating is
4.84, but the standard deviation (see Equation 3-1) is 2.01. The higher the number, the more the
ratings vary from the mean. The lower number demonstrates that the ratings are closer to the
value of the mean.
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∑

(3-1)

Taking into account the calculations of the mean and standard deviations, a 95%
confidence interval (see Equation 3-2) was calculated for the set of data.
(3-2)

√

The interval incorporates a margin of error so it will help to gauge the accuracy of the
means. If the intervals between two sets of compared data intersect with each other, then it will
demonstrate significant statistical data are differentiating them.12
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CHAPTER 4
RESULTS
Factor One: Analyzing Data of the Three Lighting Conditions
The first factor analyzes the overall means of the three different lighting conditions. The
analysis is broken down into the three impressions: perceptual clarity of task, evaluative, and
spaciousness and complexity.
Perceptual Clarity of Task Analysis
The perceptual clarity of task ratings was analyzed in all three lighting conditions (see
Figure 4-1). Reading the figure, the median rating has the value rating of 4 between the two bipolar adjectives. Fluorescent lighting was perceived as clearer, brighter, produced little glare, and
was more focused. Halogen lighting had a little amount of clarity, was dimmer, produced little to
no glare, and was focused. Daylighting was clearer, almost at the median between glare and no
glare, was brighter, and was the least focused light setting.

Figure 4-1. Perceptual clarity comparison means of fluorescent, halogen, and daylight lighting.
The following conclusions were made:
•

Halogen lighting received the rating for most hazy and the most focused, which might
result in the quality of light being hazy, but the light functioned as a spotlight might result
in be considered more focused.

•

Halogen lighting was significantly dimmer than fluorescent and daylight.
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•

Fluorescent lighting produced the least amount of glare and was rated the clearest, so it
seems to be the best lighting for task lighting.

Table 4-1. Standard deviations of the three lighting conditions for perceptual clarity of task.
Rating
Fluorescent
Halogen
Daylight
Hazy-Clear
1.17
1.78
1.54
Glare-No Glare
1.41
2.01
1.67
Dim-Bright
1.2
1.45
1.55
Unfocused-Focused
1.79
1.34
1.42
Going deeper into the statistical analysis after finding the standard deviations (see Table 41), the confidence intervals can be charted (see Figure 4-2). As seen in the figure, most of the
intervals overlap to show no real significance in the different ratings.

Figure 4-2. Perceptual clarity comparison confidence intervals of fluorescent, halogen, and
daylight lighting.
The following information can be observed from the Figure 4.2:
•

Halogen lighting is perceived as the dimmest; it is the only significant difference in the
perceptual clarity of the three lighting conditions.

•

Fluorescent lighting appears to produce the least amount of glare but from the intervals
there is no real significant difference.

Evaluative Analysis
The mean evaluative ratings were analyzed in all three lighting conditions (see Figure 4-3).
Reading the figure, the median rating has the value rating of 4 between the two bi-polar
adjectives. Fluorescent lighting is almost aligned with the median rating for four out of the five
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ratings, and it is considered duller. Halogen lighting is considered more relaxed, interesting,
likeable, and warmer in temperature. Daylighting is seen as more inviting, relaxed, interesting,
and likeable. It is also near the median cool-warm value in temperature.

Figure 4-3. Evaluative comparison means of fluorescent, halogen, and daylight lighting.
The following information can be observed from Figure 4-3:
•

Daylighting was considered the most inviting, relaxed, and likeable of the three lighting
conditions.

•

Halogen lighting is the most interesting and warmest of the three lighting conditions.

•

Fluorescent lighting is seen as the dullest, coolest in temperature, and most disliked of the
three lighting conditions.

Table 4-2. Standard deviations of the three lighting conditions for evaluative.
Rating
Fluorescent
Halogen
Daylight
Inviting-Hostile
1.39
1.89
1.31
Relaxed-Tense
1.26
1.82
0.96
Dull-Interesting
1.13
1
1.47
Cool-Warm
1.46
1.22
1.49
Dislike-Like
1.08
1.07
1.21
When going deeper into the statistical analysis after finding the standard deviations (see
Table 4-2), the confidence intervals can be charted (see Figure 4-4). As seen in the figure, most
of the intervals overlap to show no real significance in the different ratings.

52

Figure 4-4. Evaluative comparison confidence intervals of fluorescent, halogen, and daylight.
The following information can be observed from the figure 4-4:
•

Fluorescent lighting is significantly disliked.

•

Fluorescent lighting is the dullest compared to the other two lighting situations.

Spaciousness and Complexity Analysis
The mean of the spaciousness and complexity ratings were analyzed in all three lighting
conditions (see Figure 4-5). Reading the figure, the median rating has the value rating of 4
between the two bi-polar adjectives. Fluorescent lighting is considered smaller, tighter, more
simple, private, and quiet. It is also near the median between informal-formal and cluttereduncluttered. Halogen lighting is considered more private, quiet, and uncluttered. It is also near
the median between small-large, tight-open, simple-complex, and informal-formal. Daylighting
is more open, public, informal, uncluttered, large, simple, and quiet.
The following information can be observed in Figure 4-5:
•

Most mean ratings are along the median value for spaciousness and complexity.

•

Daylighting creates the largest, the most informal and the most public space of the three
lighting conditions.
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•

Halogen lighting creates the most complex and private space of the three lighting
conditions.

•

Halogen and fluorescent lighting had a similar pattern of ratings compared to daylighting.

Figure 4-5. Spaciousness and complexity comparison means of fluorescent, halogen, and
daylight lighting.
After calculating the standard deviations during the statistical analysis (see Table 4-3), the
confidence intervals can be charted (see Figure 4-6). As seen in the figure, the most significant
difference is with the daylight setting.
Table 4-3. Standard deviations of the three lighting conditions for spaciousness and complexity.
Rating
Fluorescent
Halogen
Daylight
Small-Large
1.21
1.5
1.21
Tight-Open
1.42
1.27
1.46
Simple-Complex
1.25
1.33
1.29
Private-Public
1.62
1.6
1.45
Informal-Formal
1.8
1.73
1.33
Noisy-Quiet
1.54
1.54
0.96
Cluttered-Uncluttered 1.57
1.41
1
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Figure 4-6. Spaciousness and complexity comparison confidence intervals of fluorescent,
halogen, and daylight lighting.
The following information can be observed from Figure 4-6:
•

Daylighting creates as significantly larger and more open and public space than the other
light settings.

•

Halogen lighting may create a significantly more complex space than fluorescent lighting,
but shows no significant difference compared to daylighting.
Factor Two: Analyzing Data of the Corrective Lenses vs. None
The second factor analyzes the overall means of weather the subjects were wearing

corrective lenses or not. The analysis is broken down into the three impressions of: perceptual
clarity of task, evaluative, and spaciousness and complexity.
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Fluorescent
Perceptual clarity of task analysis
The perceptual clarity of the task ratings was analyzed in whether the subjects were
wearing corrective lenses or not (see Figure 4-7). Reading the figure, the median rating has the
value rating of 4 between the two bi-polar adjectives. Those with corrective lenses perceived less
glare and the space was considered dimmer than those that were not wearing corrective lenses.

Figure 4-7. Perceptual clarity comparison means for fluorescent lighting, whether the subjects
were wearing corrective lenses or not.
The following information can be observed from Figure 4-7:
•

Hazy-Clear and Unfocused-Focused ratings were similar.

•

Those wearing corrective lenses perceived spaces as dimmer.

•

Those wearing corrective lenses perceived less glare.

Table 4-4. Standard deviations for fluorescent lighting, whether subjects are wearing corrective
lenses or not for perceptual clarity of task.
Rating
Fluorescent
Halogen
Daylight
Hazy-Clear
1.17
1.78
1.54
Glare-No Glare
1.41
2.01
1.67
Dim-Bright
1.2
1.45
1.55
Unfocused-Focused
1.79
1.34
1.42
When going deeper into the statistical analysis after finding the standard deviations (see
Table 4-4), the confidence intervals can be charted (see Figure 4-8). As seen in the figure, the
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confidence intervals are too large to obtain any significant difference between those who were
wearing corrective lenses to those who were not; possibly from not having enough subjects or
that the difference of ratings between subjects are too high.

Figure 4-8. Perceptual clarity comparison confidence intervals for fluorescent lighting, whether
the subjects were wearing corrective lenses or not.
Evaluative analysis
The mean evaluative ratings were analyzed for whether the subjects were wearing
corrective lenses or not (see Figure 4-9). Reading the figure, the median rating has the value
rating of 4 between the two bi-polar adjectives. The perception of those wearing corrective
lenses is almost down the median rating for four out of the five ratings, and they perceived
fluorescent lighting as more hostile. The perception of those not wearing corrective lenses is
almost aligned with the median rating for three out of the five ratings, and they perceived
fluorescent lighting duller and more inviting.
The following information can be observed from Figure 4-9:
•

The mean values of the relaxed-tense, dull-interesting, cool-warm, and dislike-like ratings
are similar between those wearing corrective lenses and those who are not.

•

Those wearing corrective lenses perceived fluorescent lighting as more hostile.
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Figure 4-9. Evaluative comparison means for fluorescent lighting, whether the subjects were
wearing corrective lenses or not.
Table 4-5. Standard deviations for fluorescent lighting, whether the subjects were wearing
corrective lenses or not for evaluative.
Rating
Fluorescent
Halogen
Daylight
Inviting-Hostile
1.39
1.89
1.31
Relaxed-Tense
1.26
1.82
0.96
Dull-Interesting
1.13
1
1.47
Cool-Warm
1.46
1.22
1.49
Dislike-Like
1.08
1.07
1.21
After calculating the standard deviations during the statistical analysis (see Table 4-5), the
confidence intervals can be charted (see Figure 4-10). As seen in the figure, most the confidence
intervals are too large to obtain any significant difference between those who were wearing
corrective lenses to those who were not; possibly from not having enough subjects or that the
difference of ratings between subjects are too high. But those who do not have small intervals
like the inviting-hostile and dislike-like ratings show that the subjects had very similar ratings.
The following information can be observed from Figure 4-10:
•

Fluorescent lighting is perceived significantly more hostile to those wearing corrective
lenses.

•

There are no other significant differences when comparing the evaluative intervals.
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Figure 4-10. Evaluative comparison confidence intervals for fluorescent lighting, whether the
subjects were wearing corrective lenses or not.
Spaciousness and complexity analysis
The mean of spaciousness and complexity ratings were analyzed in whether the subjects
were wearing corrective lenses or not (see Figure 4-11). Reading the figure, the median rating
has the value rating of 4 between the two bi-polar adjectives. The overall ratings between
subjects wearing corrective lenses and those who did not obtained similar means and did not
differ significantly.
The following information can be observed Figure 4-11:
•

The mean values of the small-large, tight-open, simple-complex, private-public, and noisyquiet ratings are similar between those wearing corrective lenses and those who are not.

•

Those wearing corrective lenses rated that fluorescent lighting was slightly more formal
than those who did not wear corrective lenses.

•

Those wearing corrective lenses rated that fluorescent lighting was slightly more cluttered
than those who did not wear corrective lenses.
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Figure 4-11. Spaciousness and complexity comparison means for fluorescent lighting, whether
the subjects were wearing corrective lenses or not.
Table 4-6. Standard deviations for fluorescent lighting, whether the subjects were wearing
corrective lenses or not for spaciousness and complexity.
Rating
Fluorescent
Halogen
Daylight
Small-Large
1.21
1.5
1.21
Tight-Open
1.42
1.27
1.46
Simple-Complex
1.25
1.33
1.29
Private-Public
1.62
1.6
1.45
Informal-Formal
1.8
1.73
1.33
Noisy-Quiet
1.54
1.54
0.96
Cluttered-Uncluttered 1.57
1.41
1
When going deeper into the statistical analysis after finding the standard deviations (see
Table 4-6), the confidence intervals can be charted (see Figure 4-12). As seen in the figure, most
the confidence intervals are too large to obtain any significant difference between those who
were wearing corrective lenses to those who were not; possibly from not having enough subjects
or that the difference of ratings between subjects are too high. But those which do not have small
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intervals like the small-large, tight-open, and simple-complex ratings show that the subjects had
very similar ratings.

Figure 4-12. Spaciousness and complexity comparison confidence intervals for fluorescent
lighting, whether the subjects were wearing corrective lenses or not.
Halogen
Perceptual clarity of task analysis
The perceptual clarity of the task ratings was analyzed in whether the subjects were
wearing corrective lenses or not (see Figure 4-13). Reading the figure, the median rating has the
value rating of 4 between the two bi-polar adjectives. The overall ratings between subjects
wearing corrective lenses and those who did not, differed slightly in some of the ratings.
The following information can be observed from Figure 4-13:
•

The mean values of the hazy-clear and dim-bright ratings are similar between those
wearing corrective lenses and those who are not.

•

Those wearing corrective lenses perceived spaces as more focused.

•

Those wearing corrective lenses perceived more glare.
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Figure 4-13. Perceptual clarity comparison means for halogen lighting, whether the subjects
were wearing corrective lenses or not.
Table 4-7. Standard deviations for halogen lighting, whether subjects are wearing corrective
lenses or not for perceptual clarity of task.
Rating
Fluorescent
Halogen
Daylight
Hazy-Clear
1.17
1.78
1.54
Glare-No Glare
1.41
2.01
1.67
Dim-Bright
1.2
1.45
1.55
Unfocused-Focused
1.79
1.34
1.42
When going deeper into the statistical analysis after finding the standard deviations (see
Table 4-7), the confidence intervals can be charted (see Figure 4-14). As seen in the figure, the
confidence intervals are too large to obtain any significant difference between those who were
wearing corrective lenses to those who were not; possibly from not having enough subjects.

Figure 4-14. Perceptual clarity comparison confidence intervals for halogen lighting, whether the
subjects were wearing corrective lenses or not.
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Evaluative analysis
The mean evaluative ratings were analyzed for whether the subjects were wearing
corrective lenses or not (see Figure 4-15). Reading the figure, the median rating has the value of
4 between the two bi-polar adjectives. The overall ratings between subjects wearing corrective
lenses and those did not, differed slightly in some of the ratings.
The following information can be observed from Figure 4-15:
•

The mean values of the relaxed-tense, dull-interesting, and dislike-like ratings are similar
between those wearing corrective lenses and those who are not.

•

Those wearing corrective lenses perceived halogen lighting as more hostile.

•

Those not wearing corrective lenses perceived halogen lighting as cooler.

Figure 4-15. Evaluative comparison means for halogen lighting, whether the subjects were
wearing corrective lenses or not.
Table 4-8. Standard deviations for halogen lighting, whether the subjects were wearing
corrective lenses or not for evaluative.
Rating
Fluorescent
Halogen
Daylight
Inviting-Hostile
1.39
1.89
1.31
Relaxed-Tense
1.26
1.82
0.96
Dull-Interesting
1.13
1
1.47
Cool-Warm
1.46
1.22
1.49
Dislike-Like
1.08
1.07
1.21
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After calculating the standard deviations during the statistical analysis (see Table 4-8), the
confidence intervals can be charted (see Figure 4-16). As seen in the figure, most the confidence
intervals are too large to obtain any significant difference between those who were wearing
corrective lenses to those who were not; possibly from not having enough subjects or that the
difference of ratings between subjects are too high. But those who do not have small intervals
like the dull-interesting, cool-warm, and dislike-like ratings show that the subjects had very
similar ratings.

Figure 4-16. Evaluative comparison confidence intervals for halogen lighting, whether the
subjects were wearing corrective lenses or not.
Spaciousness and complexity analysis
The mean of spaciousness and complexity ratings were analyzed in whether the subjects
were wearing corrective lenses or not (see Figure 4-17). Reading the figure, the median rating
has the value rating of 4 between the two bi-polar adjectives. The overall ratings between
subjects wearing corrective lenses and those who did not obtained similar means and did not
differ significantly.

64

The following information can be observed Figure 4-17:
•

The mean values of the small-large, tight-open, simple-complex, noisy-quiet, and
cluttered-uncluttered ratings are similar between those wearing corrective lenses and those
who are not.

•

Those wearing corrective lenses rated that halogen lighting was slightly more formal than
those who did not wear corrective lenses.

•

Those wearing corrective lenses rated that halogen lighting created a slightly more private
space than those who did not wear corrective lenses.

Figure 4-17. Spaciousness and complexity comparison means for halogen lighting, whether the
subjects were wearing corrective lenses or not.
Table 4-9. Standard deviations for halogen lighting, whether subjects are wearing corrective
lenses or not for spaciousness and complexity.
Rating
Fluorescent
Halogen
Daylight
Small-Large
1.21
1.5
1.21
Tight-Open
1.42
1.27
1.46
Simple-Complex
1.25
1.33
1.29
Private-Public
1.62
1.6
1.45
Informal-Formal
1.8
1.73
1.33
Noisy-Quiet
1.54
1.54
0.96
Cluttered-Uncluttered 1.57
1.41
1
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When going deeper into the statistical analysis after finding the standard deviations (see
Table 4-9), the confidence intervals can be charted (see Figure 4-18). As seen in the figure, the
confidence intervals are too large to obtain any significant difference between those who were
wearing corrective lenses to those who were not; possibly from not having enough subjects.

Figure 4-18. Spaciousness and complexity comparison confidence intervals for halogen lighting,
whether the subjects were wearing corrective lenses or not.
Daylight
Perceptual clarity of task analysis
The perceptual clarity of the task ratings was analyzed in whether the subjects were
wearing corrective lenses or not (see Figure 4-19). Reading the figure, the median rating has the
value rating of 4 between the two bi-polar adjectives. The overall ratings between subjects
wearing corrective lenses and those who did not obtained similar means and did not differ
significantly.

66

The following information can be observed Figure 4-19:
•

The mean values of the hazy-clear and unfocused-focused ratings are similar between
those wearing corrective lenses and those who are not.

•

Those wearing corrective lenses rated that daylighting produced slightly more glare than
those who did not wear corrective lenses.

•

Those wearing corrective lenses rated that daylighting was slightly brighter than those who
did not wear corrective lenses.

Figure 4-19. Perceptual clarity comparison means for daylighting, whether the subjects were
wearing corrective lenses or not.
Table 4-10. Standard deviations for daylighting, whether subjects are wearing corrective lenses
or not for perceptual clarity of task.
Rating
Fluorescent
Halogen
Daylight
Hazy-Clear
1.17
1.78
1.54
Glare-No Glare
1.41
2.01
1.67
Dim-Bright
1.2
1.45
1.55
Unfocused-Focused
1.79
1.34
1.42
When going deeper into the statistical analysis after finding the standard deviations (see
Table 4-10), the confidence intervals can be charted (see Figure 4-20). As seen in the figure, the
confidence intervals are too large to obtain any significant difference between those who were
wearing corrective lenses to those who were not; possibly from not having enough subjects.
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Figure 4-20. Perceptual clarity comparison confidence intervals for daylighting, whether the
subjects were wearing corrective lenses or not.
Evaluative analysis
The mean evaluative ratings were analyzed in whether the subjects were wearing
corrective lenses or not (see Figure 4-21). Reading the figure, the median rating has the value
rating of 4 between the two bi-polar adjectives. The overall ratings between subjects wearing
corrective lenses and those who did not obtained similar means and did not differ significantly.

Figure 4-21. Evaluative comparison means for daylighting, whether the subjects were wearing
corrective lenses or not.
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The following information can be observed Figure 4-21:
•

The mean values of the relaxed-tense, dull-interesting, and cool-warm ratings are similar
between those wearing corrective lenses and those who are not.

•

Those wearing corrective lenses rated that daylighting created a slightly more inviting
space than those who did not wear corrective lenses.

•

Those wearing corrective lenses rated that daylighting created a slightly more likable space
than those who did not wear corrective lenses.

Table 4-11. Standard deviations for daylighting, whether subjects are wearing corrective lenses
or not for evaluative.
Rating
Fluorescent
Halogen
Daylight
Inviting-Hostile
1.39
1.89
1.31
Relaxed-Tense
1.26
1.82
0.96
Dull-Interesting
1.13
1
1.47
Cool-Warm
1.46
1.22
1.49
Dislike-Like
1.08
1.07
1.21
When going deeper into the statistical analysis after finding the standard deviations (see
Table 4-11), the confidence intervals can be charted (see Figure 4-22).

Figure 4-22. Evaluative comparison confidence intervals for daylighting, whether the subjects
were wearing corrective lenses or not.
As seen in the figure, most of the confidence intervals are too large to obtain any
significant difference between those who were wearing corrective lenses to those who were not;
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possibly from not having enough subjects or that the difference of ratings between subjects are
too high. But those who do not have small intervals like the inviting-hostile and relaxed-tense
ratings show that the subjects had very similar ratings.
Spaciousness and complexity analysis
The mean of spaciousness and complexity ratings were analyzed in whether the subjects
were wearing corrective lenses or not (see Figure 4-23). Reading the figure, the median rating
has the value rating of 4 between the two bi-polar adjectives. The overall ratings between
subjects wearing corrective lenses and those who did not obtained similar means and did not
differ significantly.

Figure 4-23. Spaciousness and complexity comparison means for daylighting, whether the
subjects were wearing corrective lenses or not.
The following information can be observed Figure 4-23:
•

The mean values of the small-large, tight-open, private-public, noisy-quiet, and cluttereduncluttered ratings are similar between those wearing corrective lenses and those who are
not.
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•

Those wearing corrective lenses rated that daylighting created a slightly more simple space
than those who did not wear corrective lenses.

•

Those wearing corrective lenses rated that daylighting created a slightly more informal
space than those who did not wear corrective lenses.

Table 4-12. Standard deviations for daylighting, whether subjects are wearing corrective lenses
or not for spaciousness and complexity.
Rating
Fluorescent
Halogen
Daylight
Small-Large
1.21
1.5
1.21
Tight-Open
1.42
1.27
1.46
Simple-Complex
1.25
1.33
1.29
Private-Public
1.62
1.6
1.45
Informal-Formal
1.8
1.73
1.33
Noisy-Quiet
1.54
1.54
0.96
Cluttered-Uncluttered 1.57
1.41
1
When going deeper into the statistical analysis after finding the standard deviations (see
Table 4-12), the confidence intervals can be charted (see Figure 4-24).

Figure 4-24. Spaciousness and complexity comparison confidence intervals for daylighting,
whether the subjects were wearing corrective lenses or not.
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As seen in the figure, most the confidence intervals are too large to obtain any significant
difference between those who were wearing corrective lenses to those who were not; possibly
from not having enough subjects or that the difference of ratings between subjects are too high.
But those who do not have small intervals like the small-large, noisy-quiet, and cluttereduncluttered ratings show that the subjects had very similar ratings.
Factor Three: Analyzing Data of the Different Light Levels
The third factor analyzes the overall mean of the different light levels of halogen lighting
and daylighting. The analysis is broken down into the three impressions of: perceptual clarity of
task, evaluative, and spaciousness and complexity.
Halogen
Perceptual clarity of task analysis
The perceptual clarity of task ratings was analyzed in whether subjects were wearing
corrective lenses or not (see Figure 4-25). Reading the figure, the median rating has the value
rating of 4 between the two bi-polar adjectives. The overall ratings between subjects who
wearing corrective lenses and those who did not obtained similar means and did not differ
significantly.

Figure 4-25. Perceptual clarity comparison means for different light levels of halogen lighting.
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The following information can be observed Figure 4-25:
•

The mean values of the glare-no glare and unfocused-focused ratings are similar between
different halogen levels.

•

Subjects who experienced a lower light level perceived a more hazy space.

•

Subjects who experienced a lower light level perceived a dimmer space.

Table 4-13. Standard deviations for different light levels of halogen lighting for perceptual
clarity of task.
Rating
Fluorescent
Halogen
Daylight
Hazy-Clear
1.17
1.78
1.54
Glare-No Glare
1.41
2.01
1.67
Dim-Bright
1.2
1.45
1.55
Unfocused-Focused
1.79
1.34
1.42
After calculating the standard deviations during the statistical analysis (see Table 4-13), the
confidence intervals can be charted (see Figure 4-26). As seen in the figure, the confidence
intervals are too large to obtain any significant difference between those who were wearing
corrective lenses to those who were not; possibly from not having enough subjects or that the
difference of ratings between subjects are too high.

Figure 4-26. Perceptual clarity comparison confidence intervals for different light levels of
halogen lighting.
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Evaluative analysis
The mean evaluative ratings were analyzed in whether the subjects were wearing
corrective lenses or not (see Figure 4-27). Reading the figure, the median rating has the value
rating of 4 between the two bi-polar adjectives. The overall ratings between subjects wearing
corrective lenses and those who did not obtained similar means and did not differ significantly.

Figure 4-27. Evaluative comparison means for different light levels of halogen lighting.
The following information can be observed from Figure 4-27:
•

The mean values of the cool-warm and dislike-like ratings are similar between different
halogen levels.

•

Subjects who experienced a lower light level perceived a more hostile space.

•

Subjects who experienced a lower light level perceived a more tense space.

•

Subjects who experienced a lower light level perceived a more interesting space.

Table 4-14. Standard deviations for different light levels of halogen lighting for evaluative.
Rating
Fluorescent
Halogen
Daylight
Inviting-Hostile
1.39
1.89
1.31
Relaxed-Tense
1.26
1.82
0.96
Dull-Interesting
1.13
1
1.47
Cool-Warm
1.46
1.22
1.49
Dislike-Like
1.08
1.07
1.21
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When going deeper into the statistical analysis after finding the standard deviations (see
Table 4-14), the confidence intervals can be charted (see Figure 4-28). As seen in the figure, the
confidence intervals are too large to obtain any significant difference between those who were
wearing corrective lenses to those who were not; possibly from not having enough subjects or
that the difference of ratings between subjects are too high.

Figure 4-28. Evaluative comparison confidence intervals for different light levels of halogen
lighting.
Spaciousness and complexity analysis
The mean of spaciousness and complexity ratings were analyzed in whether the subjects
were wearing corrective lenses or not (see Figure 4-29). Reading the figure, the median rating
has the value rating of 4 between the two bi-polar adjectives. The overall ratings between
subjects wearing corrective lenses and those who did not obtained similar means and did not
differ significantly.
The following information can be observed Figure 4-29:
•

The mean values of the small-large, tight-open, simple-complex, private-public, informalformal, and cluttered-uncluttered ratings are similar between different halogen levels.

•

Subjects who experienced a lower light level perceived a more quiet space.
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Figure 4-29. Spaciousness and complexity comparison means for different light levels of
halogen lighting.
Table 4-15. Standard deviations for different light levels of halogen lighting for spaciousness and
complexity.
Rating
Fluorescent
Halogen
Daylight
Small-Large
1.21
1.5
1.21
Tight-Open
1.42
1.27
1.46
Simple-Complex
1.25
1.33
1.29
Private-Public
1.62
1.6
1.45
Informal-Formal
1.8
1.73
1.33
Noisy-Quiet
1.54
1.54
0.96
Cluttered-Uncluttered 1.57
1.41
1
When going deeper into the statistical analysis after finding the standard deviations (see
Table 4-15), the confidence intervals can be charted (see Figure 4-30). As seen in the figure, the
confidence intervals are too large to obtain any significant difference between those who were
wearing corrective lenses to those who were not; possibly from not having enough subjects or
that the difference of ratings between subjects are too high.
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Figure 4-30. Spaciousness and complexity comparison confidence intervals for different light
levels of halogen lighting.
Daylight
Perceptual clarity of task analysis
The perceptual clarity of the task ratings was analyzed in whether the subjects were
wearing corrective lenses or not (see Figure 4-31). Reading the figure, the median rating has the
value rating of 4 between the two bi-polar adjectives. The overall ratings between subjects
wearing corrective lenses and those who did not obtained similar means and did not differ
significantly.
The following information can be observed Figure 4-31:
•

The mean values of the hazy-clear and glare-no glare ratings are similar between different
daylight levels.

•

Subjects who experienced a lower daylight level perceived a dimmer space.

•

Subjects who experienced a lower daylight level perceived a more unfocused space.
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Figure 4-31. Perceptual clarity comparison means for different light levels of daylighting.
Table 4-16. Standard deviations for different light levels of daylighting for perceptual clarity of
task.
Rating
Fluorescent
Halogen
Daylight
Hazy-Clear
1.17
1.78
1.54
Glare-No Glare
1.41
2.01
1.67
Dim-Bright
1.2
1.45
1.55
Unfocused-Focused
1.79
1.34
1.42
After calculating the standard deviations during the statistical analysis (see Table 4-16), the
confidence intervals can be charted (see Figure 4-32). As seen in the figure, the confidence
intervals are too large to obtain any significant difference between those who were wearing
corrective lenses to those who were not; possibly from not having enough subjects or that the
difference of ratings between subjects are too high.

Figure 4-32. Perceptual clarity comparison confidence intervals for different light levels of
daylighting.
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Evaluative analysis
The mean evaluative ratings were analyzed in whether the subjects were wearing
corrective lenses or not (see Figure 4-33). Reading the figure, the median rating has the value
rating of 4 between the two bi-polar adjectives. The overall ratings between subjects wearing
corrective lenses and those who did not obtained similar means and did not differ significantly.
The following information can be observed Figure 4-33:
•

The mean values of the dull-interesting, cool-warm, and dislike-like ratings are similar
between different daylight levels.

•

Subjects who experienced a lower daylight level perceived a more inviting space.

•

Subjects who experienced a lower daylight level perceived a more relaxed space.

Figure 4-33. Evaluative comparison means for different light levels of daylighting.
Table 4-17. Standard deviations for different light levels of daylighting for evaluative.
Rating
Fluorescent
Halogen
Daylight
Inviting-Hostile
1.39
1.89
1.31
Relaxed-Tense
1.26
1.82
0.96
Dull-Interesting
1.13
1
1.47
Cool-Warm
1.46
1.22
1.49
Dislike-Like
1.08
1.07
1.21
When going deeper into the statistical analysis after finding the standard deviations (see
Table 4-17), the confidence intervals can be charted (see Figure 4-34).
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Figure 4-34. Evaluative comparison confidence intervals for different light levels of daylighting.
As seen in the figure, the confidence intervals are too large to obtain any significant
difference between those who were wearing corrective lenses to those who were not; possibly
from not having enough subjects or that the difference of ratings between subjects are too high.
Spaciousness and complexity analysis
The mean of spaciousness and complexity ratings were analyzed in whether the subjects
were wearing corrective lenses or not (see Figure 4-35). Reading the figure, the median rating
has the value rating of 4 between the two bi-polar adjectives. The overall ratings between
subjects wearing corrective lenses and those who did not obtained similar means and did not
differ significantly.
•

The mean values of the small-large, tight-open, simple-complex, informal-formal, noisyquiet, and clutter-uncluttered ratings are similar between different daylight levels.

•

Subjects who experienced a lower daylight level perceived a more private space.
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Figure 4-35. Spaciousness and complexity comparison means for different light levels of
daylighting.
Table 4-18. Standard deviations for different light levels of daylighting for spaciousness and
complexity.
Rating
Fluorescent
Halogen
Daylight
Small-Large
1.21
1.5
1.21
Tight-Open
1.42
1.27
1.46
Simple-Complex
1.25
1.33
1.29
Private-Public
1.62
1.6
1.45
Informal-Formal
1.8
1.73
1.33
Noisy-Quiet
1.54
1.54
0.96
Cluttered-Uncluttered 1.57
1.41
1
When going deeper into the statistical analysis after finding the standard deviations (see
Table 4-18), the confidence intervals can be charted (see Figure 4-36). As seen in the figure, the
confidence intervals are too large to obtain any significant difference between those who were
wearing corrective lenses to those who were not; possibly from not having enough subjects or
that the difference of ratings between subjects are too high. But those who do not have small
intervals like the cluttered-uncluttered ratings show that the subjects had very similar ratings.
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Figure 4-36. Spaciousness and complexity comparison confidence intervals for different light
levels of daylighting.
Factor Four: Analyzing the Data of Real vs. Rendered Environment
The second factor analyzes the overall means of the two lighting conditions between the
real and rendered environments. The analysis is broken down into the three impressions of
perceptual clarity of task, evaluative, and spaciousness and complexity.
Fluorescent
Perceptual clarity of task analysis
The perceptual clarity of task ratings were analyzed in the fluorescent lighting condition.
The data was calculated and compared from the real environment and the rendered environment
(see Figure 4-37). Reading the figure, the median rating has the value rating of 4 between the
two bi-polar adjectives. Fluorescent rendered lighting image seemed to be perceived as
producing more glare than the real environment.
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Figure 4-37. Perceptual clarity of task comparison means of fluorescent real and rendered
environment
The following can be observed from Figure 4-37:
•

The only change in the perceptual impression between the rendered and real environment
is the glare-no glare rating.

•

The clear-hazy rating was the same value between the rendered and real environment.

•

Bright-dim and focused-unfocused have similar results.

Table 4-19. Standard deviations of the fluorescent real and rendered conditions for perceptual
clarity of task.
Rating
Real
Rendered
Hazy-Clear
1.17
1.35
Glare-No Glare
1.41
1.48
Dim-Bright
1.2
1.35
Unfocused-Focused
1.79
1.7
When going deeper into the statistical analysis after finding the standard deviations (see
Table 4-19), the confidence intervals can be charted (see Figure 4-8). As seen in the figure, all
the intervals overlap to show no real significance in the different ratings.
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Figure 4-38. Perceptual clarity of task comparison confidence intervals of fluorescent real and
rendered environment
The following information can be observed from Figure 4-38:
•

The results between the real and rendered environment are similar.

•

A slight difference occurs between the two for the glare-no glare rating, but it is not
significant enough.

Evaluative analysis
The evaluative ratings were analyzed in the fluorescent lighting condition. The data were
calculated and compared from the real environment and the rendered environment (see Figure 439). Reading the figure, the median rating has the value rating of 4 between the two bi-polar
adjectives. The two conditions are consistent, but the rendered environment received slightly
higher ratings.
The following information can be observed from the figure:
•

The rating of the values between the rendered and real environment are similar.

•

The ratings of the rendered values were slightly higher than the real environment.
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Figure 4-39. Evaluative comparison means of fluorescent real and rendered environment
Table 4-20. Standard deviations of the fluorescent real and rendered conditions for evaluative.
Rating
Real
Rendered
Inviting-Hostile
1.39
1.4
Relaxed-Tense
1.26
1.48
Dull-Interesting
1.13
1.38
Cool-Warm
1.46
1.47
Dislike-Like
1.08
1.12
When going deeper into the statistical analysis after finding the standard deviations (see
Table 4-20), the confidence intervals can be charted (see Figure 4-40). As seen in the figure, all
the intervals overlap to show real significance in the different ratings.
The following information can be observed from Figure 4-40:
•

The results between the real and rendered environment are almost identical.

•

Even though the intervals are overlapping, it appears the rendered environment appears
more likeable.
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Figure 4-40. Evaluative comparison confidence intervals of fluorescent real and rendered
environment
Spaciousness and complexity analysis
The spaciousness and complexity ratings were analyzed in the fluorescent lighting
condition. The data were calculated and compared from the real environment and the rendered
environment (see Figure 4-41). Reading the figure, the median rating has the value rating of 4
between the two bi-polar adjectives. The fluorescent rendered image is not as uniform in ratings
as the real environment.
The following information can be observed from Figure 4-41:
•

The rendered image is perceived as larger, more open, simpler, quieter, and less cluttered
than the real environment.

•

The rendered image did not have any furniture added, as in the real environment, which
could have affected those ratings.
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Figure 4-41. Spaciousness and complexity comparison means of fluorescent real and rendered
environment.
Table 4-21. Standard deviations of the fluorescent real and rendered conditions for spaciousness
and complexity.
Rating
Real
Rendered
Small-Large
1.21
1.56
Tight-Open
1.42
1.73
Simple-Complex
1.25
0.96
Private-Public
1.62
1.85
Informal-Formal
1.8
1.82
Noisy-Quiet
1.54
1.48
Cluttered-Uncluttered
1.57
1.75
After calculating the standard deviations during the statistical analysis (see Table 4-21), the
confidence intervals can be charted (see Figure 4-42). As seen in the figure, most of the intervals
overlap to show no real significance in the different ratings.
The following information can be observed from Figure 4-42:
•

The rendered environment is rated significantly less cluttered than the real environment.

•

All the other ratings are similar and show no significant difference when the confidence
intervals are analyzed.
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Figure 4-42. Spaciousness and complexity comparison confidence intervals of fluorescent real
and rendered environment
Halogen
Perceptual clarity of task analysis
The perceptual clarity of task ratings were analyzed in the halogen lighting condition. The
data was calculated and compared from the real environment and the rendered environment (see
Figure 4-43). Reading the figure, the median rating has the value rating of 4 between the two bipolar adjectives. The halogen rendered image was dimmer, less focused, produced less glare, and
hazier than the real environment.
The following information can be observed from Figure 4-43:
•

The real and rendered environment varies significantly in most of the ratings.

•

The glare-no glare rating varies the least out of the four ratings.
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Figure 4-43. Perceptual clarity of task comparison means of halogen real and rendered
environment
Table 4-22. Standard deviations of the halogen real and rendered conditions for perceptual
clarity of task.
Rating
Real
Rendered
Hazy-Clear
1.73
1.65
Glare-No Glare
2.01
1.48
Dim-Bright
1.45
0.85
Unfocused-Focused
1.34
1.68
When going deeper into the statistical analysis after finding the standard deviations (see
Table 4-22), the confidence intervals can be charted (see Figure 4-44). As seen in the figure,
only one of the intervals overlaps to show a significant difference between the ratings.

Figure 4-44. Perceptual clarity of task comparison confidence intervals of halogen real and
rendered environment
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The following information can be observed from Figure 4-44:
•

Only the glare-no glare rating obtained similar results.

•

The rendered environment was perceived significantly hazier, dimmer, and less focused
than the real environment.

Evaluative analysis
The evaluative ratings were analyzed in the halogen lighting condition. The data were
calculated and compared from the real environment and the rendered environment (see Figure 445). Reading the figure, the median rating has the value rating of 4 between the two bi-polar
adjectives. The two conditions are consistent, but the rendered environment is irregular
compared to the real environment’s slightly high ratings. The rendered environment received
lower ratings: inviting-hostile, relaxed-tense, dull-interesting, and dislike-like. The rendered
environment also received a higher value in the cool-warm rating. The dislike-like and dullinteresting have the highest value differences between the two environments.

Figure 4-45. Evaluative comparison means of halogen real and rendered environment.
The following information can be observed from Figure 4-45:
•

The rating of the values between the rendered and real environment are similar.
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•

The rendered environment seems significantly more disliked and duller than the real
environment.

Table 4-23. Standard deviations of the halogen real and rendered conditions for evaluative.
Rating
Real
Rendered
Inviting-Hostile
1.89
2.04
Relaxed-Tense
1.82
1.76
Dull-Interesting
1
1.72
Cool-Warm
1.22
1.32
Dislike-Like
1.07
1.74
After calculating the standard deviations during the statistical analysis (see Table 4-23), the
confidence intervals can be charted (see Figure 4-46). As seen in the figure, all of the intervals
overlap to show no real significance in the different ratings.
The following information can be observed from Figure 4-47:
•

The results between the real and rendered environments are within each other’s confidence
intervals.

•

The rendered environment has a much larger confidence interval than the real environment
within the dull-interesting and dislike-like ratings. This shows more of a fluctuation in
values in the rendered environment than in the real environment.

Figure 4-46. Evaluative comparison confidence intervals of halogen real and rendered
environment.

91

Spaciousness and complexity analysis
The spaciousness and complexity ratings were analyzed in the halogen lighting condition.
The data were compared and calculated from the real environment and the rendered environment
(see Figure 4-47). Reading the figure, the median rating has the value rating of 4 between the
two bi-polar adjectives. The halogen rendered image is not as uniform in ratings as the real
environment.
The following information can be observed from Figure 4-47:
•

The rendered image is perceived larger, more open, simpler, quieter, and less cluttered than
the real environment.

•

The rendered image did not have any furniture added, as in the real environment, which
could have affected those ratings.

Figure 4-47. Spaciousness and complexity comparison means of halogen real and rendered
environment.
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After calculating the standard deviations during the statistical analysis (see Table 4-24), the
confidence intervals can be charted (see Figure 4-48). As seen in the figure, all of the intervals
overlap to show no real significance in the different ratings.
Table 4-24. Standard deviations of the halogen real and rendered conditions for spaciousness
and complexity.
Rating
Real
Rendered
Small-Large
1.5
1.64
Tight-Open
1.27
1.42
Simple-Complex
1.33
1.61
Private-Public
1.6
1.26
Informal-Formal
1.73
1.57
Noisy-Quiet
1.54
1.55
Cluttered-Uncluttered
1.41
1.72

Figure 4-48. Spaciousness and complexity comparison confidence intervals of halogen real and
rendered environment.
The following information can be observed from Figure 4-48:
•

All of the ratings are similar and there is no significant difference when the confidence
intervals are analyzed.
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•

The real environment has a much larger confidence interval than the rendered environment
within the private-public rating. This shows more of a fluctuation in values in the real
environment than in the real environment.
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CHAPTER 5
SUMMARY AND CONCLUSIONS
Conclusions Compared to Flynn’s Impressions
As discussed in the literature review, the seven factors in the subjective ratings included
visual clarity, spaciousness, preference, glare, spatial complexity, public or private, and
relaxation or tension. This study incorporated more bi-polar adjectives to create three subjective
rating groups that deal with some of the six factors from Flynn’s impressions (see Table 5-1).
Table 5-1. Comparison of Flynn’s impressions.
Gillar’s Impressions
Flynn’s Impressions
Perceptual Clarity of Task
Visual Clarity
Glare
Evaluative
Relaxation or Tension
Preference
Spaciousness and Complexity
Spaciousness
Spatial Complexity
Public or Private
Flynn reported that uniform overhead systems seem to increase the impressions of clarity
with central overhead cool white fluorescents. This result was also supported in this study, but
the difference between the other lighting conditions was not significant enough. During Flynn’s
study (1975), less glare issues occurred with non-uniform cool white fluorescents and more glare
issues occurred with a central light fixture. This study did not have a central light fixture, but the
daylight condition was from one wall, which presented a glare issue, and the cool white
fluorescents had the least glare issues (see Table 5-2).
Flynn reported that non-uniform peripheral systems are more relaxing, and central
overhead systems are perceived as more tense. This study supported that theory, though the
difference between the values is not significant enough. Daylighting was actually seen as more
relaxing. Flynn reported that warm color tones and wall-lighting are preferred. His theory was
supported in this study, and the difference between the values was significant (see Table 5-2).
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Flynn reported that uniform lighting systems and central overhead systems were perceived
as more spacious than non-uniform peripheral systems. In this study, the daylight setting was
considered the most spacious. Peripheral lighting and overhead lighting with halogen and
fluorescent lighting were rated similar and perceived as smaller and tighter spaces. Flynn
reported that peripheral non-uniform settings had greater complexity ratings. This result was
supported in this study, and the difference between the values was significant. Flynn reported
that central overhead systems were perceived as public space, and peripheral lighting systems
were perceived as more private, which was supported in this study. However, the difference
between the values was not significant, and daylighting was rated significantly more public than
the other two lighting conditions (see Table 5-2).
Table 5-2. Comparison of results to Flynn’s results.
Flynn’s Impressions
Flynn’s Results
Visual Clarity
Increase clarity with central
overhead cool fluorescent
lighting
Glare
Less glare with cool
fluorescent lighting
More glare with central
lighting
Relaxation or Tension
Non-uniform peripheral
lighting seen as more relaxing
than central overhead lighting
Preference
Spaciousness

Spatial Complexity
Public or Private

Warm color tones and
peripheral lighting more
preferred
Uniform and central overhead
lighting more spacious
Peripheral non-uniform
lighting more complex
Overhead lighting perceived
as public and peripheral more
private
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Gillar’s Results
Supported, but difference was
not significant
Supported
More glare with daylighting
Supported, but difference was
not significant
Daylighting most relaxing
Supported
Uniform and central overhead
lighting smaller
Daylighting perceived as
larger and more open
Supported
Supported, but difference was
not significant

Three Lighting Conditions
There were significant differences that are noted during the analysis of the three different
lighting conditions. This data can result in what lighting condition should be used for certain
spaces.
Fluorescent lighting appeared to produce the least amount of glare, even though it was not
a significant difference, but could be used for the classroom and office setting. But it is also
considered significantly dull and highly disliked out of the three lighting conditions. Fluorescent
lighting should probably be paired with another lighting condition to create a more interesting
and well-liked space.
Halogen lighting was perceived significantly dimmer than the other two lighting
conditions, which shows that warm halogen lighting should not be used during tasks that need
higher light levels like reading. It also creates a significantly more complex space than
fluorescent lighting, so it should be chosen to light galleries and restaurants.
Daylighting was perceived the most positive of the all the lighting conditions. Although
the difference between the ratings was not significant when dealing with the confidence interval,
daylighting was perceived as the most inviting, relaxed, and likeable lighting condition.
Daylighting was perceived significantly larger, as well as more open and public from the other
lighting conditions. The overall impression of daylighting is perceived positively and should be
incorporated into all spaces with additional lighting. There should be further testing with
different daylighting control technologies.
Corrective Lenses vs. None
There was only one significant difference that was noted during the analysis of subjects
wearing corrective lenses to those that were not wearing any corrective lenses. This could be
because there is a coating on lenses that blocks out blue light to prevent glare. The results from
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this test are not valid because there were not enough subjects involved. Further investigation
should be implemented with more subjects to create valid results.
Different Light Levels
During the data analysis comparing the ratings between different light levels of the halogen
lighting and daylighting, there is no real significant difference. It could have been possible that
the different levels in daylighting would have had differences because of the extreme range of
light levels (10.6 – 95.2 fc). Some of the subjects were sitting in direct sunlight, receiving more
heat and possibly more glare, but that did not affect their ratings. Also depending on the time
that the subjects participated, some experienced darker conditions because it became more
cloudier and their ratings were not affected. People seemed to be rating the entire room it did not
matter how much light was at their individual seat but how much light was perceived in the
overall room. The results from this test are not valid because there were not enough subjects
involved. Further investigation should be implemented with more subjects to create valid results.
Real vs. Rendered Environments
Flynn did a small study to compare the results from the real environment study to the
results from rating a series of high quality slide images of the same lighting conditions. The
overall comparison between the two mean values had significant differences. This study
between the real environment and a three-dimensional rendering of the environment illustrated
similar ratings.
The perceptual clarity of task factor was the only one out of the three factors that had
significant differences. No task was shown in the rendered image, so the clarity factor would be
difficult to calculate. The rendered environment of the halogen lighting condition was perceived
as less cluttered than the real environment, but that could result from the fact that there was no
furniture rendered in the lighting conditions.
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The overall values between the evaluative and spaciousness factors are similar. From this
study, using the IES files of the lamp type or potential lamp type, one can judge the subjective
impressions of the evaluative and spaciousness factors of the space by a rendered image.
An issue that should be addressed is screen differences. Even though every screen was set
to the same setting, some of the images appeared differently; this could be because some
computers could be getting more used than others so that some of the lamps are not as bright.
This issue might have affected the overall ratings of the rendered environment.
Recommendations
The next six steps in creating a more complex study would be to include the following
goals: 1) to obtain more volunteers and have them be a normal sample of the population, not just
those with architectural background; 2) to survey the bi-polar adjectives that are used in the
study to see what people think when they see a certain set of adjectives to see if it can properly
relate to the lighting conditions and to see if the adjectives are valid in the study; 3) to combine
and compare the three different lighting conditions to see the types of ratings that would result in
the three lighting conditions that were tested; 4) to analyze different age groups to see the
different preferences depending on age group; 5) to create different ratios of brightness from the
sources of the light and see how it effects the impressions; and 6) to test during different time
periods of the day to see if significant differences occur in daylighting qualities because the
morning presents a warm light and the afternoon presents a cool light. A study of comparisons
between the real and rendered environments should be continued with more complex lighting
conditions, including daylighting to see if similar results could still be obtained.
This study was based on a room with existing lighting conditions. If there was more time,
resources, and money, it would interesting to use a room with a blank canvas in need of lighting
and create innovative and different methods of lighting that may not be found in most spaces
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(i.e., lighting integrated into the walls and floor). Perhaps different lighting methods could create
new parameters for different lighting distribution strategies. Also, it would be useful if more task
performances were tested. This test was in a classroom setting using computers. It would be
interesting to find out if there are different perceptions to spaces if you were in a restaurant
setting, an office setting, or a hospital setting to name a few.
Many new technologies are available in the lighting industry that have not been tested for
subjective impressions (i.e., fiber optics, light emitting diodes [LEDs], compact fluorescents
[CFLs]). It would be interesting to see how these lighting types affect occupants’ subjective
impressions. These lighting conditions are already known to be more sustainable and efficient in
energy usage. The lighting types may also be more efficient in receiving the desired impression
of the space.
The type of occupants who are using the space can suggest the lighting design of a space.
Their culture can strongly affect the way they perceive space. For example, those in Western
cultures appreciate light and clarity, while Asian cultures appreciate the shadows and subtleties
in a space.13 It would be interesting to study a variety of cultures to see if the parameters of
lighting differ.
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APPENDIX A
INSTRUCTIONS TO SUBJECTS
Real Environment Rating
I would like to thank every one of you for volunteering an hour of your day to help me
with my research. Today, you will be rating three different lighting conditions.
First, I would like you to read and fill out the participant consent form explaining the basis
of the research study and stating that your names will remain anonymous in the results of the
study.
During each light study, I will give your eyes time to adapt to each lighting condition. The
range of adaptation time is anywhere between 2 milliseconds and 10 minutes. I will be giving
your eyes a five-minute period of adaptation for each condition. During this time of adaptation, I
would like you to partake in a task on the computer in front of you because part of the survey is
rating the clarity of your task. The task that I would like you to do is something interactive like
solitaire.
After the five-minute period of adaptation, I will be handing out the survey that I would
like you to complete. The top portion is the descriptive information; your seat number is located
on top corner of the computer screen. Next there are the rating scales. Please go with your first
instinct of your rating and do not change any previously answered questions. Once everyone is
done with the survey, I will collect them and change to the next lighting condition, and I will
distribute another survey after the five-minute adaptation time.
Now for the second lighting condition, again, please do an interactive task on your
computer during the five-minute adaptation time, and when it has been five minutes, I will begin
to hand out the same survey to be filled out for this lighting condition. Please fill out the
descriptive information for this survey and proceed to the rating scales of the survey. Once
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everyone is done with the survey, I will collect them and we will move on to the last lighting
condition, and I will distribute another survey after the five-minute adaptation time.
Now for the third and final lighting condition, please continue doing the interactive task on
your computer during the five-minute adaptation time, and when it has been five minutes, I will
begin to hand out the same survey to be filled out for this lighting condition. Please fill out the
descriptive information for this survey and proceed to the rating scales of the survey. Once
everyone is done with the survey, I will collect them and that will be the conclusion of my study.
The study is complete. Thank you very much for your participation.
Render Environment Rating
I would like to thank every one of you for volunteering an hour of your day to help me
with my research; this study will be taking only 30 minutes of your time. Today, you will be
rating two different rendered images relating to real life situations.
First, I would like you to read and fill out the participant consent form explaining the basis
of the research study and stating that your names will remain anonymous in the results of the
study.
During each study, I will give your eyes time to adapt to looking at each image on the
computer screen in front of you. I feel that an adaptation time of two minutes will be enough to
adjust to the different images on the computer screen. The range of adaptation time in a real
lighting situation is anywhere between 2 milliseconds and 10 minutes. I feel that an adaptation
time of two minutes will be enough to adjust to the different images on the computer screen.
During this time of adaptation, I would like you to continue to look at the computer screen and
image that this is a real lighting situation.
After the two-minute period of adaptation, I will be handing out the survey that I would
like you to complete. The top portion is the descriptive information; your seat number is located
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on top corner of the computer screen. Next there are the rating scales. Please go with your first
instinct of your rating and do not change any previously answered questions. Once everyone is
done with the survey, I will collect them and we will move on to the second and final rendered
lighting condition, and I will distribute another survey after the two-minute adaptation time.
Now for the second and final rendered lighting condition, again, please continue to look at
the image on the computer in front of you and image that this is a real lighting situation during
the two-minute adaptation time, and when it has been two minutes, I will begin to hand out the
same survey to be filled out for this rendered lighting condition. Please fill out the descriptive
information for this survey and proceed to the rating scales of the survey. Once everyone is done
with the survey, I will collect them and that will be the conclusion of my study.
The study is complete. Thank you very much for your participation.
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APPENDIX B
EXPERIMENT PROTOCOL
Two different types of experiments will be conducted to test different lighting techniques.
Experiment A
Experiment A will take place in room 217 of the McGuire Theater and Dance Pavilion.
The participants will be given an interactive task on the desktop computers that are already
provided in the room and will complete a handwritten survey. The test will show the efficiency
of lighting in the room when given a task that admits light back to the participant (the computer
screen). They will fill out a survey for each lighting situation presented to them.
The following is the timeline of the experiment:
•

The subjects arrive in the computer lab, choose a seat in front of a computer out of the 10
that are provided, then are given instructions on how the experiment will be conducted,
and the first lighting condition will already be present. (5 min.)

•

The subjects will do an interactive task on the computer during the five-minute period of
adaptation. (5 min.)

•

The experimenter will begin to hand out the survey and subjects will fill out the descriptive
information and begin go rate the space. (5 min.)

•

The experimenter will collect the surveys and change to the second lighting condition. (2
min.)

•

Steps 2 to 4 will be repeated for each light setting. (12 min.)
Experiment B
Experiment B will take place in room 217 of the McGuire Theater and Dance Pavilion.

The participants will be presented with two digital light renderings of the same light qualities of
Experiments A. Since these studies will be done by looking at images at the computer screen,
we will not need as long of a period of adaptation as Experiment A. The test will show the
preference of certain light settings and see if a relation exists to the pattern of preference to the
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light settings in Experiment A. They will fill out a survey for each lighting situation presented to
them.
The following is the timeline of the experiment:
•

The subjects arrive in the computer lab, choose a seat in front of a computer out of the 10
that are provided, then are given instructions on how the experiment will be conducted and
the first lighting condition will already be present. (5 min.)

•

The subjects will open the first rendered image on the computer and continue to study it
during the two-minute period of adaptation. (2 min.)

•

The experimenter will begin to hand out the survey and subjects will fill out the descriptive
information and begin go rate the space. (5 min.)

•

The experimenter will collect the surveys and change to the second lighting condition. (2
min.)

•

Steps 2 to 4 will be repeated for the next rendered light setting. (9 min.)
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APPENDIX C
SAMPLE OF RATING SCALE SURVEY
Descriptive Information:
Seat Number: ________________________________________
Major: ______________________________________________
Are you wearing contacts: Circle

Yes

No

Are you wearing glasses: Circle

Yes

No

Do you feel you are sensitive to light

Yes

Age: _________

No

Rating:
Perceptual Clarity of Task
Hazy

1

2

3

4

5

6

7

Clear

Glare

1

2

3

4

5

6

7

No Glare

Dim

1

2

3

4

5

6

7

Bright

1

2

3

4

5

6

7

Focused

Inviting

1

2

3

4

5

6

7

Hostile

Relaxed

1

2

3

4

5

6

7

Tense

Dull

1

2

3

4

5

6

7

Interesting

Cool

1

2

3

4

5

6

7

Warm

Dislike

1

2

3

4

5

6

7

Like

Unfocused

Evaluative

Spaciousness and Complexity
Small

1

2

3

4

5

6

7

Large

Tight

1

2

3

4

5

6

7

Open
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Simple

1

2

3

4

5

6

7

Complex

Private

1

2

3

4

5

6

7

Public

Informal

1

2

3

4

5

6

7

Formal

Noisy

1

2

3

4

5

6

7

Quiet

Cluttered

1

2

3

4

5

6

7

Uncluttered
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APPENDIX D
PARTICIPANT CONSENT FORM
Dear Student:
I am a graduate student at the University of Florida. For my thesis, I am conducting a study
to advance the knowledge of perceptual relationships of lighting in architecture. I am asking you
to participate in this study because your educational background can be helpful in my study. The
purpose of my study is to collect data to find parameter needs for certain lighting conditions to
be efficient and to create a positive effect on one’s perception of space and to make the occupant
more comfortable. Participants will be asked to participate in a series of lighting situations
lasting no longer than one hour. There are two different types of studies and you can only be a
part of one. Your identity will be kept confidential to the extent provided by law and your
identity will not be revealed in my thesis.
There are no anticipated risks, compensation, or other direct benefits to you as a participant
in this study. You are free to withdraw your consent to participate and may discontinue your
participation in the study at any time without consequence.
If you have any questions about this research protocol, please contact me at (954)439-3017
or my faculty supervisor, Martin Gold at (352)392-0205 x 209. Questions or concerns about your
rights as a research participant rights may be directed to the IRB02 office, University of Florida,
Box 112250, Gainesville, FL 32611; (352) 392-0433.
By signing this letter, you give me permission to report your responses anonymously in my
thesis that will be submitted to the University of Florida as my final requirements of my degree
to be submitted to my faculty supervisor as part of my coursework.
Kimberly Gillar
___________________________________________________
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I have read the procedure described above for thesis research. I voluntarily agree to
participate in the study.
________________________________________________________________________
Signature of participant

Date

________________________________________________________________________
Participant’s Name
________________________________________________________________________
E-mail Address

Major and Year

_____________________________________ Check here if preferred method of contact
Phone Number
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APPENDIX E
STATISTICAL DATA
Factor One: Three Lighting Conditions
Fluorescent Lighting
Rating
Hazy-Clear
Glare-No Glare
Dim-Bright
Unfocused-Focused
Inviting-Hostile
Relaxed-Tense
Dull-Interesting
Cool-Warm
Dislike-Like
Small-Large
Tight-Open
Simple-Complex
Private-Public
Informal-Formal
Noisy-Quiet
Uncluttered-Cluttered

Mean
5.47
6
4.89
5.26
3.58
3.37
3.05
3.63
4.05
3.37
3.37
3
3.21
4.16
5.16
4.42

n=19
SD
1.17
1.41
1.2
1.79
1.39
1.26
1.13
1.46
1.08
1.21
1.42
1.25
1.62
1.8
1.54
1.57

t=2.101
95 % Confidence Interval
(4.91, 6.03)
(5.32, 6.68)
(4.31, 5.37)
(4.4, 6.12)
(2.91, 4.25)
(2.76, 3.98)
(2.51, 3.59)
(2.93, 4.33)
(3.53, 4.57)
(2.79, 3.95)
(2.69, 4.05)
(2.4, 3.6)
(2.43, 3.99)
(3.29, 5.03)
(4.42, 5.9)
(3.66, 5.18)

Halogen Lighting
Rating
Hazy-Clear
Glare-No Glare
Dim-Bright
Unfocused-Focused
Inviting-Hostile
Relaxed-Tense
Dull-Interesting
Cool-Warm
Dislike-Like
Small-Large
Tight-Open
Simple-Complex
Private-Public
Informal-Formal
Noisy-Quiet
Uncluttered-Cluttered

Mean
4.89
4.84
3.11
5.68
3.58
3.26
5.32
5.05
5.47
3.58
3.79
4.26
2.63
4.26
5.32
5

n=19
SD
1.73
2.01
1.45
1.34
1.89
1.82
1
1.22
1.07
1.5
1.27
1.33
1.6
1.73
1.54
1.41

t=2.101
95 % Confidence Interval
(4.06, 5.72)
(3.87, 5.81)
(2.41, 3.81)
(5.03, 6.33)
(2.67, 4.49)
(2.38, 4.14)
(4.84, 5.8)
(4.46, 5.64)
(4.95, 5.99)
(2.86, 4.3)
(3.18, 4.4)
(3.62, 4.9)
(1.86, 3.4)
(3.43, 5.09)
(4.58, 6.06)
(4.32, 5.68)
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Daylighting
Rating
Hazy-Clear
Glare-No Glare
Dim-Bright
Unfocused-Focused
Inviting-Hostile
Relaxed-Tense
Dull-Interesting
Cool-Warm
Dislike-Like
Small-Large
Tight-Open
Simple-Complex
Private-Public
Informal-Formal
Noisy-Quiet
Uncluttered-Cluttered

n=19
SD
1.54
1.67
1.55
1.42
1.31
0.96
1.47
1.49
1.47
1.21
1.46
1.29
1.45
1.33
0.96
1

Mean
5.37
4.32
4.79
4.63
2.53
2.42
4.79
4.11
5.53
5.16
5.37
3.11
5
3.11
5.37
5

t=2.101
95 % Confidence Interval
(4.63, 6.11)
(3.52, 5.12)
(4.04, 5.54)
(3.95, 5.31)
(1.9, 3.16)
(1.96, 2.88)
(4.08, 5.5)
(3.39, 4.83)
(4.82, 6.24)
(4.58, 5.74)
(4.65, 6.09)
(2.49, 3.73)
(4.3, 5.7)
(2.47, 3.75)
(4.91, 5.83)
(4.52, 5.48)

Factor Two: Corrective Lenses vs. None
Fluorescent Corrective Lenses
Rating
Hazy-Clear
Glare-No Glare
Dim-Bright
Unfocused-Focused
Inviting-Hostile
Relaxed-Tense
Dull-Interesting
Cool-Warm
Dislike-Like
Small-Large
Tight-Open
Simple-Complex
Private-Public
Informal-Formal
Noisy-Quiet
Uncluttered-Cluttered

n=8
SD
1.31
0.53
0.74
1.67
0.93
1.51
2
1.19
1.07
0.99
1.58
0.99
1.83
2
1.69
1.89

Mean
5.5
6.5
5.38
5.25
4.5
3.63
3.38
3.37
4
3.13
3.25
2.88
3.25
4.63
5.38
4.13
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t=2.365
95 % Confidence Interval
(4.41, 6.59)
(6.05, 6.95)
(4.75, 6)
(3.85, 6.65)
(3.73, 5.27)
(2.37, 4.89)
(1.71, 5.04)
(2.38, 4.37)
(3.11, 4.89)
(2.3, 3.95)
(1.93, 4.57)
(2.05, 3.7)
(1.72, 4.78)
(2.96, 6.29)
(3.97, 6.78)
(2.55, 5.7)

Fluorescent None
Rating
Hazy-Clear
Glare-No Glare
Dim-Bright
Unfocused-Focused
Inviting-Hostile
Relaxed-Tense
Dull-Interesting
Cool-Warm
Dislike-Like
Small-Large
Tight-Open
Simple-Complex
Private-Public
Informal-Formal
Noisy-Quiet
Uncluttered-Cluttered
Halogen Corrective Lenses
Rating
Hazy-Clear
Glare-No Glare
Dim-Bright
Unfocused-Focused
Inviting-Hostile
Relaxed-Tense
Dull-Interesting
Cool-Warm
Dislike-Like
Small-Large
Tight-Open
Simple-Complex
Private-Public
Informal-Formal
Noisy-Quiet
Uncluttered-Cluttered

Mean
5.45
5.6
4.55
5.27
2.9
3.18
3.09
3.82
4.09
3.55
3.45
3.09
3.18
3.82
5
4.64

n=11
SD
1.13
1.75
1.37
1.95
1.3
1.08
1.22
1.66
1.14
1.37
1.37
1.44
1.53
1.66
1.48
1.36

t=2.228
95 % Confidence Interval
(4.69, 6.21)
(4.42, 6.78)
(3.63, 5.47)
(3.96, 6.58)
(2.03, 3.77)
(2.45, 3.91)
(2,27, 3.91)
(2.7, 4.94)
(3.32, 4.86)
(2.63, 4.47)
(2.53, 4.37)
(2.12, 4.06)
(2.15, 4.21)
(2.7, 4.94)
(4.01, 5.99)
(3.73, 5.55)

Mean
5.13
4.38
3
6.25
4
3.63
5.38
5.75
5.38
3.25
3.38
4.5
2.13
3.5
5
5

n=8
SD
1.89
2.45
1.77
0.46
2.39
2.33
0.92
1.28
1.19
1.49
1.51
1.85
1.13
1.93
1.69
1.69

t=2.365
95 % Confidence Interval
(3.55, 6.7)
(2.33, 6.42)
(1.52, 4.48)
(5.86, 6.64)
(2, 6)
(1.68, 5.57)
(4.61, 6.14)
(4.69, 6.82)
(4.38, 6.37)
(2.01, 4.49)
(2.12, 4.63)
(2.95, 6.05)
(1.18, 3.07)
(1.89, 5.11)
(3.59, 6.41)
(3.59, 6.41)
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Halogen None
Rating
Hazy-Clear
Glare-No Glare
Dim-Bright
Unfocused-Focused
Inviting-Hostile
Relaxed-Tense
Dull-Interesting
Cool-Warm
Dislike-Like
Small-Large
Tight-Open
Simple-Complex
Private-Public
Informal-Formal
Noisy-Quiet
Uncluttered-Cluttered
Daylight Corrective Lenses
Rating
Hazy-Clear
Glare-No Glare
Dim-Bright
Unfocused-Focused
Inviting-Hostile
Relaxed-Tense
Dull-Interesting
Cool-Warm
Dislike-Like
Small-Large
Tight-Open
Simple-Complex
Private-Public
Informal-Formal
Noisy-Quiet
Uncluttered-Cluttered

Mean
4.73
5.18
3.18
5.27
3.27
3
5.27
4.55
5.55
3.82
4.1
4.1
3
4.82
5.64
5

n=11
SD
1.68
1.66
1.25
1.62
1.49
1.41
1.1
0.93
1.04
1.54
1.04
0.83
1.84
1.4
1.43
1.26

t=2.228
95 % Confidence Interval
(3.6, 5.86)
(4.06, 6.3)
(2.34, 4.02)
(4.18, 6.36)
(2.27, 4.27)
(2.05, 3.95)
(4.53, 6.01)
(3.93, 5.17)
(4.85, 6.25)
(2.79, 4.85)
(3.4, 4.8)
(3.54, 4.66)
(1.77, 4.23)
(3.88, 5.76)
(4.68, 6.6)
(4.15, 5.85)

Mean
5.63
3.75
5.25
4.5
1.88
2
5.25
4.5
6.13
5.5
5.75
2.5
4.88
2.63
5.13
4.75

n=8
SD
1.51
2.05
1.49
1.31
0.83
1.07
1.16
1.69
0.83
0.93
0.89
1.2
0.99
1.19
0.83
1.28

t=2.365
95 % Confidence Interval
(4.37, 6.88)
(2.03, 5.47)
(4.01, 6.49)
(3.41, 5.59)
(1.18, 2.57)
(1.11, 2.89)
(4.28, 6.22)
(3.09, 5.91)
(5.43, 6.82)
(4.73, 6.27)
(5.01, 6.49)
(1.5, 3.5)
(4.05, 5.7)
(1.63, 3.62)
(4.43, 5.82)
(3.68, 5.82)
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Daylight None
Rating
Hazy-Clear
Glare-No Glare
Dim-Bright
Unfocused-Focused
Inviting-Hostile
Relaxed-Tense
Dull-Interesting
Cool-Warm
Dislike-Like
Small-Large
Tight-Open
Simple-Complex
Private-Public
Informal-Formal
Noisy-Quiet
Uncluttered-Cluttered

n=11
SD
1.6
1.27
1.57
1.56
1.41
0.79
1.63
1.33
1.7
1.38
1.76
1.21
2
1.37
1.04
1

Mean
5.18
4.73
4.45
4.73
3
2.73
4.45
3.82
5.09
4.91
5.09
3.5
5
3.45
5.55
5

t=2.228
95 % Confidence Interval
(4.11, 6.25)
(3.88, 5.58)
(3.4, 5.5)
(3.68, 5.78)
(2.05, 3.95)
(2.2, 3.26)
(3.36, 5.54)
(2.93, 4.71)
(3.95, 6.23)
(3.98, 5.84)
(3.91, 6.27)
(2.74, 4.36)
(3.66, 6.34)
(2.53, 4.37)
(4.85, 6.25)
(4.33, 5.67)

Factor Three: Different Light Levels
Halogen 0-1.4
Rating
Hazy-Clear
Glare-No Glare
Dim-Bright
Unfocused-Focused
Inviting-Hostile
Relaxed-Tense
Dull-Interesting
Cool-Warm
Dislike-Like
Small-Large
Tight-Open
Simple-Complex
Private-Public
Informal-Formal
Noisy-Quiet
Uncluttered-Cluttered

n=12
SD
1.71
1.73
1.38
1.44
1.06
1.73
0.79
1.16
1.03
1.62
1.08
1.24
1.91
1.97
1.44
1.41

Mean
4.5
5
2.75
5.58
3.92
3.58
5.58
5.08
5.67
3.42
3.58
4.08
2.75
4.33
5.67
5
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t=2.201
95 % Confidence Interval
(3.4, 5.6)
(3.65, 6.35)
(1.89, 3.61)
(4.89, 6.27)
(2.75, 5.09)
(2.48, 4.68)
(5.08, 6.09)
(4.34, 5.82)
(4.51, 5.82)
(2.39, 4.45)
(2.89, 4.27)
(3.3, 4.87)
(1.53, 3.97)
(3.08, 5.58)
(4.75, 6.58)
(4.1, 5.9)

Halogen 1.5-7
Rating
Hazy-Clear
Glare-No Glare
Dim-Bright
Unfocused-Focused
Inviting-Hostile
Relaxed-Tense
Dull-Interesting
Cool-Warm
Dislike-Like
Small-Large
Tight-Open
Simple-Complex
Private-Public
Informal-Formal
Noisy-Quiet
Uncluttered-Cluttered
Daylight 10-30
Rating
Hazy-Clear
Glare-No Glare
Dim-Bright
Unfocused-Focused
Inviting-Hostile
Relaxed-Tense
Dull-Interesting
Cool-Warm
Dislike-Like
Small-Large
Tight-Open
Simple-Complex
Private-Public
Informal-Formal
Noisy-Quiet
Uncluttered-Cluttered

Mean
5.57
4.57
3.71
5.86
3
2.71
4.86
5
6
3.86
4.14
4.57
2.43
4.14
4.86
5

n=7
SD
1.62
1.9
1.5
1.77
2
1.98
1.21
1.41
1
1.35
1.57
1.51
0.98
1.35
1.68
1.53

t=2.447
95 % Confidence Interval
(4.07, 7.07)
(2.81, 6.33)
(2.33, 5.1)
(4.22, 7.5)
(1.15, 4.85)
(0.89, 4.54)
(3.73, 5.98)
(3.69, 6.31)
(5.08, 6.92)
(2.61, 5.1)
(2.69, 5.6)
(3.17, 5.97)
(1.53, 3.33)
(2.9, 5.39)
(3.31, 6.41)
(3.59, 6.41)

Mean
5.25
4.5
4.42
4.33
2.25
2.09
4.67
4.33
5.33
5.08
5.33
3.08
4.75
3.25
5.25
4.92

n=12
SD
1.71
1.73
1.38
1.44
1.06
0.94
1.5
1.56
1.67
1.51
1.83
1.24
1.6
1.54
0.87
1.16

t=2.201
95 % Confidence Interval
(4.16, 6.34)
(3.4, 5.6)
(3.54, 5.3)
(3.42, 5.24)
(1.58, 2.92)
(1.49, 2.69)
(3.72, 5.62)
(3.34, 5.32)
(4.27, 6.39)
(4.12, 6.04)
(4.17, 6.49)
(2.06, 4.1)
(3.73, 5.77)
(2.27, 4.23)
(4.7, 5.8)
(4.18, 5.66)
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Daylight 60-100
Rating
Hazy-Clear
Glare-No Glare
Dim-Bright
Unfocused-Focused
Inviting-Hostile
Relaxed-Tense
Dull-Interesting
Cool-Warm
Dislike-Like
Small-Large
Tight-Open
Simple-Complex
Private-Public
Informal-Formal
Noisy-Quiet
Uncluttered-Cluttered

n=7
SD
1.27
1.63
1.72
1.35
1.63
0.9
1.53
1.38
1.07
0.49
0.53
1.46
1.13
0.9
1.13
0.69

Mean
5.57
4
5.43
5.14
3
2.86
5
3.71
5.86
5.29
5.43
3.14
5.43
2.86
5.57
5.14

t=2.447
95 % Confidence Interval
(4.4, 6.74)
(2.49, 5.51)
(3.84, 7.02)
(3.89, 6.39)
(1.49, 4.51)
(2.03, 3.69)
(3.58, 6.42)
(2.43, 4.99)
(4.87, 6.85)
(4.84, 5.74)
(4.94, 5.92)
(1.79, 4.49)
(4.38, 6.48)
(2.03, 3.69)
(4.52, 6.62)
(4.5, 5.78)

Factor Four: Real vs. Rendered Environment
Fluorescent Real
Rating
Hazy-Clear
Glare-No Glare
Dim-Bright
Unfocused-Focused
Inviting-Hostile
Relaxed-Tense
Dull-Interesting
Cool-Warm
Dislike-Like
Small-Large
Tight-Open
Simple-Complex
Private-Public
Informal-Formal
Noisy-Quiet
Uncluttered-Cluttered

Mean
5.47
6
4.89
5.26
3.58
3.37
3.05
3.63
4.05
3.37
3.37
3
3.21
4.16
5.16
4.42

n=19
SD
1.17
1.41
1.2
1.79
1.39
1.26
1.13
1.46
1.08
1.21
1.42
1.25
1.62
1.8
1.54
1.57
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t=2.101
95 % Confidence Interval
(4.91, 6.03)
(5.32, 6.68)
(4.31, 5.37)
(4.4, 6.12)
(2.91, 4.25)
(2.76, 3.98)
(2.51, 3.59)
(2.93, 4.33)
(3.53, 4.57)
(2.79, 3.95)
(2.69, 4.05)
(2.4, 3.6)
(2.43, 3.99)
(3.29, 5.03)
(4.42, 5.9)
(3.66, 5.18)

Fluorescent Rendered
Rating
Hazy-Clear
Glare-No Glare
Dim-Bright
Unfocused-Focused
Inviting-Hostile
Relaxed-Tense
Dull-Interesting
Cool-Warm
Dislike-Like
Small-Large
Tight-Open
Simple-Complex
Private-Public
Informal-Formal
Noisy-Quiet
Uncluttered-Cluttered
Halogen Real
Rating
Hazy-Clear
Glare-No Glare
Dim-Bright
Unfocused-Focused
Inviting-Hostile
Relaxed-Tense
Dull-Interesting
Cool-Warm
Dislike-Like
Small-Large
Tight-Open
Simple-Complex
Private-Public
Informal-Formal
Noisy-Quiet
Uncluttered-Cluttered

Mean
5.47
4.74
4.53
5
3.79
3.74
3.37
3.79
4.53
4
4.32
2.53
3.26
3.89
5.74
6.05

n=19
SD
1.35
1.48
1.35
1.7
1.4
1.48
1.38
1.47
1.12
1.56
1.73
0.96
1.85
1.82
1.48
1.75

t=2.101
95 % Confidence Interval
(4.82, 6.12)
(4.03, 5.45)
(3.88, 5.18)
(4.18, 5.82)
(3.12, 4.46)
(3.03, 4.45)
(2.7, 4.04)
(3.08, 4.5)
(3.99, 5.07)
(3.25, 4.75)
(3.49, 5.15)
(2.07, 2.99)
(2.37, 4.15)
(3.01, 4.77)
(5.03, 6.45)
(5.21, 6.89)

Mean
4.89
4.84
3.11
5.68
3.58
3.26
5.32
5.05
5.47
3.58
3.79
4.26
2.63
4.26
5.32
5

n=19
SD
1.73
2.01
1.45
1.34
1.89
1.82
1
1.22
1.07
1.5
1.27
1.33
1.6
1.73
1.54
1.41

t=2.101
95 % Confidence Interval
(4.06, 5.72)
(3.87, 5.81)
(2.41, 3.81)
(5.03, 6.33)
(2.67, 4.49)
(2.38, 4.14)
(4.84, 5.8)
(4.46, 5.64)
(4.95, 5.99)
(2.86, 4.3)
(3.18, 4.4)
(3.62, 4.9)
(1.86, 3.4)
(3.43, 5.09)
(4.58, 6.06)
(4.32, 5.68)
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Halogen Rendered
Rating
Hazy-Clear
Glare-No Glare
Dim-Bright
Unfocused-Focused
Inviting-Hostile
Relaxed-Tense
Dull-Interesting
Cool-Warm
Dislike-Like
Small-Large
Tight-Open
Simple-Complex
Private-Public
Informal-Formal
Noisy-Quiet
Uncluttered-Cluttered

Mean
3.05
5.74
1.79
3.47
3.47
3.11
4.95
5.21
4.42
3.58
3.84
4.42
2.42
3.68
5.21
4.95

n=19
SD
1.65
1.48
0.85
1.68
2.04
1.76
1.72
1.32
1.74
1.64
1.42
1.61
1.26
1.57
1.55
1.72
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t=2.101
95 % Confidence Interval
(2.25, 3.85)
(5.03, 6.45)
(1.38, 2.2)
(2.66, 4.28)
(2.49, 4.45)
(2.26, 3.96)
(4.12, 5.78)
(4.57, 5.85)
(3.58, 5.26)
(2.79, 4.37)
(3.16, 4.52)
(3.64, 5.2)
(1.81, 3.03)
(2.92, 4.44)
(4.46, 5.96)
(4.12, 5.78)
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