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ABSTRACT

To increase consumers’ support of and market for compact fluorescent lamps
(CFLs) retrofits in table lamps, visual comfort and task illumination distribution
were assessed. The principal purpose of this study was to evaluate the effects of
shade shape and CFL burning position on visual comfort. The second purpose of
this study was to develop and evaluate a Comfort Scale (CS) for measuring table
lamp users’ visual comfort. One hundred and twenty university students
volunteered to participate in the study, and ninety responses from students with
20/20 or corrected vision were used in the data analyses. For each of six
conditions, fifteen students performed a visual task and completed a CS and a
University Students’ Survey (USS). Round, square, and polygon shades and a
vertical and a horizontal CFL were tested. A GE™ light meter was used to
measure task illumination. Validity of the instruments and procedures was
determined by dissertation committee opinion, literature review, and factor
analysis. Reliability of the scales was determined by Cronbach’s alpha.

MANOVA indicated that shade shape affects visual comfort and task
ilumination. MANOVA demonstrated that CFL burning position affects visual
comfort and task illumination. MANOVA also established that the interaction of
shade shape and CFL burning position affects visual factors of comfort
(preference, comfort, and brightness condition).

Lighting designers can select a shade appropriate for the type of CFL

specified. Lighting manufacturers need to disseminate information regarding

Vil



shades and CFL burning positions so that consumers will be able to make
appropriate choices. Future research needs to consider the effect of shade
factors and various CFL types on other applications. Understanding the effect of

a table lamp fixture on the users’ well-being can accelerate the confidence in and

use of CFLs by consumers.
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CHAPTER |

INTRODUCTION

In 1994, U. S. households used an average of 145 billion kWhrs of electricity
for residential lighting (Page, Praul, & Siminovitch, 1997) which totals $10 billion
(Siminovitch & Mills, 1995). According to Page et al. (1997), the energy cost of
table and floor lamps constitutes more than half of the total residential lighting
cost. For decades, illumination in the home has been principally provided by
incandescent sources, and table lamp fixtures have been designed for
incandescent lamps.

The compact fluorescent lamp (CFL) has been designed to replace the
incandescent lamp in an effort to reduce energy consumption. An average
compact fluorescent lamp increases the total lumen per watt by 75% over the
incandescent application (Page et al., 1997). However, applications of CFL fail to
result in the expected energy savings and the light distribution, quality, and
quantity desired (Siminovitch et al., 1995).

According to Dasgupta (1997), CFL lamps are divided into retrofit and
nonretrofit. The retrofit version is a direct placement of the incandescent lamp
into the original lampholder and the retrofit CFLs have an electromagnetic gear
integrated inside the lamp (Dasgupta, 1997). The nonretrofit category has a built
in starter and the lamp holder are housed in a luminaire of a suitable design.

When selecting a table lamp, the user or lighting specifier often disregards

the lamp shade’s functional aspects and makes decisions based on aesthetics.



Davidson (1997) stated that “the lamp holder, the body, and the shade are all
known collectively as a luminaire” (p. 13). Research at Lawrence Berkeley
Laboratory concludes that energy saving is achieved when lamp, ballast, and
lamp body are considered as a unified whole in a table lamp application
(Siminovitch et al., 1995). Losses in light output, distortion of light and optical
distribution (Page, 1998), and visual problems may result by simply replacing the
CFL without considering the entire luminaire. Therefore, shade configurations
may affect table lamp efficiency and light distribution. Consequently, the effects
of varying the shade reflectance, transmittance, geometry, size, and material
need to be examined.

Lamp operating temperature and ballast type (California University of
Environmental Research, 1996; IESNA, 1993; Siminovitch, Pankonin, Praul, &
Zhang, 1997) play significant roles in determining the efficacy of a CFL table
lamp system. Orienting integral-ballast CFLs to the base-down position
decreases light output by 20% or more because of the mercury etching
phenomenon (Serres & Taelman, 1993; Siminovitch et al., 1995). Mercury
etching occurs when mercury condenses at the top of a tube, then is pulled by
gravity into the hot base in an operating compact fluorescent lamp (Siminovitch
et al., 1995). Condensed mercury that is collected in the lamp base is vaporized
and the mercury vapor pressure inside the lamp increases beyond the optimum
level, reducing light output (Serres et al., 1993; Siminovitch et al., 1995;

Siminovitch et al., 1997).



Shape and form of the lamp shade may also influence light distribution
(Page et al., 1997), especially when the table lamp is used without any other
type of lighting (llg, 1992). Replacing an incandescent lamp with a CFL without
considering the existing shade may be inappropriate and may negatively affect
the user’s comfort and visual task performance (Essig, 1997; Page, 1998). A
fixture with CFL that produces inefficient light distribution is not desired by
consumers (Veitch, Hine, & Gifford, 1993), and may be a disadvantage over the
fixture with an incandescent lamp (Page, 1998).

Consumers may not always understand current lighting technology,
systems, and applications. However, recent research shows that consumers are
increasingly attentive to the importance of lighting for their health and well-being
(Institute for Research Construction, 1994; Veitch et al., 1993). Facility
managers and building owners refused to use compact fluorescent lights when
the technology was introduced because of the high initial cost and the
uncertainty of the product’s efficiency (Mekjavic & Banister, 1988; Steffy 1995).
Lamp and replacement costs have been the main concerns of consumers
(Veitch et al., 1993). According to Gardner and Hannaford (1993), "increased
understanding of advantages of current lighting options may convince
consumers and building owners to use CFLs for their own benefit” (p. 23).
Researchers and manufacturers are struggling to produce a CFL fixture that can
provide optimum consumer satisfaction with regard to users’ health (Gulrajani,

1995), safety, expenditure, and aesthetic appeal (Serres, 1995).



Research regarding the orientation of the CFL lamp burning position is
important to develop a better table lamp design that will increase consumer
satisfaction (Page, 1998). Manufacturers, researchers, and designers need to
collaborate to solve problems concerning compact fluorescent lamp and lamp
shade effects. A table lamp that consists of a lamp that is oriented effectively and
a shade that helps distribute the light evenly may result in improved luminaire

efficiency, visual comfort, and task performance.

The Problem to be Investigated

The choice of lamp shades and compact fluorescent lamps (CFLs) that are
available in the market varies. Table lamp shades and CFLs are of different
geometry, size, and material. The amount and quality of light received by the
user are controlled and manipulated by the lamp shades and the lamp (Gardner
et al., 1993; Gulrajani, 1995). Varying shade reflectance, transmittance, and
geometry will produce different task illumination in a table lamp system (Essig,
1997:; Gardner et al., 1993).

Candlepower distribution and task illuminance affect users psychologically
and physically (Dove, 1996; Essig, 1997). Light has a strong influence on human
comfort (Veitch & Newsham, 1998) and behavior (lig, 1991; Steffy, 1995).
According to Kolanowski (1992) and Tideiksaar (1997), higher illuminance and

even distribution of lighting reduces psychological discomfort and stress.

Problems such as low visual clarity associated with residential and

institutional lighting (lig, 1992; Kolanowski, 1992) may be lessened if the



effects of lamp shades on light distribution are analyzed (Page et al., 1997).
Consumers need to be presented with the information on light distribution and
task illuminance of lamp shades in the purchase decision process (Page et al.,
1997; Veitch et al., 1993). The information may help consumers select and use
the luminaire appropriately. To develop a better luminaire, designers of
luminaires need to consider and use research findings regarding candlepower
distribution (Page et al., 1997) and task illuminance of different lamps shades
with compact fluorescent lamps.

Orienting integral-ballast CFLs base-down decreases light output by as much
as 20% compared to base-up position (Siminovitch et al., 1995). In a table lamp
system, CFLs can only be installed base-down in an upright position or by
retrofitting with a Circline (base-down horizontal position). With the incorporation
of a thermal bridge assembly, a table lamp may operate at 97% Ilumen output for
many tilting positions (Venderber, Rubinstein, & Siminovitch, 1988). However,
comprehensive information on the tilting angle and the effect on light output is

needed.

Page (1998) claims that the Circline CFL distributes light more symmetrically
and vertically compared to an incandescent lamp and a base-down CFL. Circline
CFLs operate base-down and horizontally. According to Page's (1998)
goniometric study, the horizontal Circline lamp sends only 64% of the light to the
shade; the study demonstrated the advantages of producing the light where it is

most needed (see Appendix A). Likewise, a Circline CFL is more efficient and



has longer life than an incandescent lamp and an upright positioned CFL.
Improvements in base-down lamp performance are being developed by lamp
manufacturers and universities’ research laboratories. Page et al. (1997) stated
that “effects of shade geometry, position, transmitivity, and reflectivity are being
analyzed in an ongoing study” (p. 5). Page's (1998) study demonstrated the
relationship between shade, lamp type, CFL position and candlepower
distribution. However, the study did not examine the relationship between shade
shape, lamp type and lamp position and human visual comfort.

Many users consider a table lamp as a decorative object rather than a
functional machine (Loasby, 1992) . Lamp shades characterize a table lamp
(Loasby, 1992), and consumers will not change a shade unless the shade
causes major health and safety problems such as headache or nausea, or
becomes aesthetically unappealing (Veitch et al., 1998). The function of a lamp
shade is to control and manipulate light output. However, previous researchers
did not consider the lamp shade affect when testing the table lamp.

Consumers may know that retrofitting a table lamp with a CFL will conserve
energy. However, consumers may believe that the energy savings are not
enough to offset the initial cost of a CFL (Siminovitch et al., 1995). According to
Veitch et al., (1998), consumers do not know enough about the development of
CFL to make an appropriate purchase decision.

Research findings in professional journals are not a typical source of

information for consumers (Veitch et al., 1993). Thus, lighting researchers and



lamp designers must inform consumers through other forms of media such as
television, seminars, and lay magazines. Moreover, little effort is made by lighting
researchers to consider all the research findings in a study (Gardner et al., 1993;
Steffy, 1995), and more importantly many lighting researchers do not consider
the effect of the table lamp fixture as a whole on the users (Siminovitch et al,
1995). For example, replacing a vinyl shade for table lamp with a frosted glass
lamp shade may affect the table lamp light output (Loasby, 1992).

Qualitative aspects of lighting such as visibility, comfort, aesthetics, and
psychological effects are essential to lighting design (Stannard, Keith, &
Johnson, 1994). Therefore, using an approach that considers the qualitative
aspects of lighting to predict the performance of an increasingly used CFL table
lamp system (Siminovitch et al., 1995, 1997) is important to the users’ health and
comfort (Stannard et al., 1994).

Although lamp shades have been used in residential and commercial
interiors for some time, research regarding the effects of the lamp shade
on the user in terms of distribution, manipulation, and control of light have
been limited. According to Siminovitch et al. (1997), the effect of lamp shade
characteristics on the emotions, physical behavior, and activities of humans is
not understood. Even IESNA (1993) does not provide any detailed information
regarding lamp shades and table lamp lighting.

Siminovitch et al. (1995) stated that “to achieve energy savings, the

lamp, the ballast, and the fixture need to be treated as a one” (p. 28). The



table lamp system is a type of task lighting, and research concerning task
lighting is limited. Light distribution from a table lamp system that is within
the immediate visual field has a greater impact on users’ perceptions and

comfort than from a more remote source (Bernecker, Davis, Webster, &

Webster, 1993).

Purpose and Hypotheses

The principal purpose of this study was to evaluate and determine the
combination of shade shape and CFL burning position for task illumination
that is most comfortable for university students. No instruments to measure
visual comfort of table lamp lighting were located. Therefore, the second
purpose of this study was to develop and evaluate a semantic differential scale
used for measuring university students’ visual comfort reading under a table lamp
lighting.

The hypotheses were: (a) there is a difference in the overall comfort
(preference, comfort, brightness condition, lighting problems, and lighting
conditions) of the university students due to lamp shade shape, (b) there is a
difference in overall comfort (preference, comfort, brightness condition,
lighting problems, and lighting conditions) of the university students due to
CFL burning position, and (c) there is an interaction between shade shape
and CFL burning position based on the overall comfort (preference, comfort,

brightness condition, lighting problems, and lighting conditions) of the



university students and their responses to the CS. Multivariate Analysis of
Variance (MANOVA) was used to answer hypothesis 1, hypothesis 2, and

hypothesis 3.

Assumptions

The following assumptions were made for the study:
1. Retrofitting a table lamp designed for a standard incandescent A-lamp
with a compact fluorescent lamp changes the fixture’s light distribution.
2. Retrofitting a table lamp designed for a standard incandescent A-lamp
with a CFL could saves energy.
3. For vertical base-down CFLs light output is different on top of the lamp
than near the base.
4. Gravity pulls liquid mercury at the same strength and rate in base-down
vertical position and base-down horizontal position.
5. The CFL’s sides produce more light output than the tip or base.
6. Based on goniometric studies, Circline CFLs distribute light more
symmetrically and vertically compared to vertical base-down CFLs and a
standard incandescent A-lamp.
7. A lamp shade has the ability to transmit, reflect, refract, and absorb light from
the light source.

8. Students’ evaluation of comfort was not influenced by the light fixture



appearance. The students were advised not to evaluate how the lamp

(light bulb) or the lighting fixture appears.

9. Students’ evaluation of comfort was not influenced by the possibility

of subjects mastering the reading material.

10. Time of the experiment was not a factor that influenced the students’
responses regarding comfort and preference. A student’s preference to read at a
certain time of day were minimized by the controlled setting and were balanced
by other students' responses or preferences.

11. Students’ prior knowledge was not a variable that influences the responses
regarding comfort. The study assumed that a student’s knowledge of lighting was
a representation of the general population.

12. Students' 20/20 vision may not be a perfect representation of the population.
Not all people have perfect vision or are color blind free. This method of
controlling may not eliminate all the confounding variables related to the vision.
Other vision problems experienced by the students were assumed to not

influence task performance and comfort.

Limitations of the Study

The study had the following limitations:
1. Although the students were advised not to evaluate the light fixture and the
lamp, the students may have viewed the fixture. As a result, the students may be
influenced by the presence of a specific fixture in the space. Preference for a

certain shape may influence the subject’s responses. Rounded shapes have
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been proven to be more pleasing and more comfortable to the senses
(Gerhardstein, 1995; Makioka, Inui, Yamashita, 1996).

2. Prior knowledge of lighting may also affect the response and the mood. A
person who knows that a cylindrical shade distributes light evenly may prefer the
condition and may feel more comfortable (Veitch et al., 1993).

3. According to Flynn (1977), a sample size of at least 40 or more subjects

are desirable in order to achieve a statistical significance in lighting research.
However, the literature does not specify the exact number of subjects
recommended to achieve statistical significance in a study related to task
iluminance and comfort. Also, no literature was found that stated the percentage
of university student’s age, gender, race, and other demographic characteristics
needed for a sample to represent the general population.

4. Two additional light sources were used in the treatment to reduce sharp
contrast between the lighting on the task and the surrounding. The light fixtures
were the same and the lighting was consistent throughout the six conditions.
However, the combination effect of the different light sources is unknown.
External light sources and noise were blocked out in the experiment. Room
temperature and ventilation were maintained at a comfort level and were
consistent throughout the test conditions.

5. Table and partition wall surfaces that were glossy and bright colored

were eliminated. However, in a real task situation, the combination of

lighting and surface reflectances that is present in the space may affect

11



the students’ responses. To measure comfort in a real task situation would be

difficult because of the inability to control the confounding variables such as

street noise and work load.

Definition of Terms

The following terms were defined for the purposes of the study.

Absorption: The act of a light being taken in by a material, rather than being

reflected or transmitted. For example, a lamp shade may absorb visible and
radiant energy that are generated from the light source.

Adequate task illumination: The amount of light recommended by the

llluminating Engineering Society of North America (IESNA) for performing a
visual task, e.g. reading, writing, and typing.

Amalgam: Mercury alloy that is applied to compact fluorescent lamps as a
source of mercury vapor pressure control (Serres et al., 1993).

Amalgam based technology: A double-folded discharge tube with a cover

designed to control and stabilize mercury vapor pressure in compact fluorescent
lamps. The tube cover helps to retain heat, increase wall temperatures of the
bulb and generate an even temperature inside a CFL.

Ballast: Provides a starting voltage, power factor correction, and limits the
current from burning the electrodes in a CFL (IESNA, 1993). The study used a
high-frequency electronic ballast that consumes less energy, weighs less, offers

dimming possibilities, eliminates flicker, and is quieter.

12



Brightness condition: Defined as subjects’ responses to the semantic
differential rating promoted by Flynn (1977) and Rohles & Miliken (1981).
Subjects’ impressions of the brightness condition under the tested lighting

were evaluated using bipolar adjective pairs in the comfort scale (CS).

Burning position: Either a horizontal (Circlite™) or a vertical (base-down)
position installed in a CFL table lamp system. According to Siminovitch (1997),
lumen output generated is different when a CFL is burned in a different position.

Candlepower distribution: A distribution of light output generated by a

light source. Candlepower distribution can be represented graphically in a

candlepower distribution curve (IESNA, 1993).

Candlepower distribution curve: A graphic illustration of candlepower
distribution that results from measuring candlepower at various angles
around a light source (North American Philips Lighting, 1984).

Circline lamp: This study used an 8 inch diameter CFL with an adapter.

According to Page (1998), a Circline CFL is designed to match the operating
position of a base-down horizontal. The study used a GE warm white
Circlite™ CFL 21 watts that is equivalent to a 75 watt incandescent and
produces 1200 lumens light output and has a 40,000 hour life.

Color temperature: Defined as the color of the light output from the

CFLs. The color of the light was compared with the color of a blackbody

“complete radiator” (North American Philips Lighting, 1984). The color

13



temperature of a the GE™ vertical CFL is 3500 °K (white) and the GE™

horizontal CFL is 3000 °K (warm white).

Comfort: Defined as subjects’ responses to the semantic differential
rating promoted by Flynn (1977) and Rohles & Miliken (1981). Subjects’
impressions of visual comfort were evaluated using bipolar adjective pairs
in the comfort scale (CS). Comfort adjective pairs were comfortable-
uncomfortable, ease-unease, spacious-confined, satisfied-dissatisfied,
relaxed-tense, free-closed, adequate-not adequate, and easy-difficuit.

Comfort Scale (CS): A scale consisting of Bernecker et al.’s (1993)

semantic differential rating scale and additional adjectives. The CS

consisted of 22 bipolar adjective pairs for measuring comfort. Sixteen
adjectives were from Bernecker et al.'s (1993) semantic differential rating

scale that was used to evaluate impressions of visual comfort. Six additional
adjectives were included in the CS based on face validity, literature review, and
dissertation committee opinion.

Compact fluorescent lamp: A double folded fluorescent lamp with an

electronic ballast mounted within a polycarbonate enclosure and fitted with a
medium screw base (North American Philips Lighting, 1984). The study used a
GE™ warm white 20 watt (equivalent to 75 watts incandescent) with 1200 lumens
light output and 10,000 hour life. Also, the study used a GE Circlite™ warm white
21 watt (equivalent to 75 watts incandescent) with 1200 lumens light output and

40,000 hour life.
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Compact fluorescent table lamp system: Consisted of a compact fluorescent

lamp, a high-frequency electronic ballast, a lamp shade, and the lamp body.

Efficient task illumination: The amount of light that falls on the reading

material from a table lamp that supports visual task performance.
Flux : A unit of measurement for a quantity of light emitted by a light source.
The amount of light produced and distributed by a compact fluorescent lamp.

Goniophotometer: An instrument used to measure candlepower distribution

of a light source. A goniophotometer can map the amount of light emitted from all
angles of a fixture. The goniophotometer rotates a large mirror around all angles
of a test fixture, allowing light to be reflected from the fixture to a centrally located
light meter (Page et al., 1997). The apparatus claims to be accurate in generating
candlepower plots of table lamps (IESNA, 1993).

Lamp shade: A part of a lamp fixture that can be replaced and purchased

separately. Lamp shades are manufactured in various shapes, sizes, materials,
designs, and colors. However, there are two basic types of lamp shades:
hardbacks and silks (Loasby, 1992). Two main functions of a lamp shade are to
hide the lamp and to accentuate the fixture. The shade also functions to control
the candlepower distribution (Page, 1998).

Light output: The amount of light generated by a light source. Light output

from a lamp may be different from a light output of a fixture.

Lighting conditions: Defined as subjects’ subjective responses to the

semantic differential rating promoted by Flynn (1977) and Rohles and Miliken

15



(1981). Subjects’ impressions of the lighting condition were evaluated using
bipolar adjective pairs in the comfort scale (CS). Lighting conditions adjective
pairs were uniform-non uniform, focused-not focused, and large-small.

Lighting problems: Defined as subjects’ responses to the semantic

differential rating promoted by Flynn (1977) and Rohles and Miliken (1981).
Subjects’ impressions of the lighting problems were evaluated using bipolar
adjective pairs in the comfort scale (CS). Lighting problems adjective pairs
were problem-no problem and glare-no glare.

Mercury etching phenomenon: An incident where mercury condenses

at the top of a tube then is pulled by gravity into the hot base in an operating
CFL. Condensing and falling of mercury causes phosphor to corrode rapidly
(Siminovitch et al., 1995).

Preference: Defined as subjects’ subjective responses to the semantic

differential rating promoted by Flynn (1977) and Rohles and Miliken (1981).
Subjects’ preferences for the lighting conditions were evaluated using bipolar
adjective pairs in the comfort scale (CS). Preference adjective pairs were
appealing- unappealing, pleasant-unpleasant, attractive-unattractive, like-dislike,
favorable-not favorable, acceptable-unacceptable, and balanced-not balanced.

Reading or Task surface: measures 360 X 310 mm (14 X 12 in.) parallel with

a desk top (IESNA, 1993). The bottom edge of the task plane is 76 mm (3 in.)
from the front edge of the desk (IESNA, 1993).

Reflection: The act of light striking a surface (i.e., lamp shade) and bouncing

16



back. Reflection may be specular, diffuse, spread, and mixed (North American

Philips Lighting, 1984).

Refraction: The act of light bending when passing from one transparent
medium to another. For example, the light from a CFL bent after being

transmitted through a shade.

Semantic Differential Scale: A scale used to evaluate impressions of

visual comfort and perceptions of lighting conditions. The scale was developed
by Flynn (1972-1973) and has been used by many researchers to evaluate
individual’s preferences and impressions of lighting. The semantic differential
scale that was used in this study was designed to pose questions to subjects
about the condition of lighting and comfort associated with table lamps retrofitted
with CFLs.

Shade reflectance: The shade property that provides the capability to bounce

light (IESNA, 1993).

Shade transmittance: The shade ratio of transmitted light to incident light,

affected by reflection and absorption (IESNA, 1993).

Task llluminance: The amount of light generated from a light source that falls

on the reading material in a treatment.

Thermal bridge assembly: The incorporation of a rippled copper strip, 0.02 by

0.375 inch around a CFL tubulation for greater heat transfer area of a CFL
(Siminovitch et al., 1995). The conductive element conducts heat to a heat

exchange fin in a cooler section of the ballast compartment (Page, 1998).
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Transmittance: The act of light when passing through a transparent or a

translucent material such as a shade.

University Students’ Survey (USS): Contains 14 questions regarding the

demographic characteristics of the subjects. The USS was developed for this
study based on Eklund and Boyce’s (1996) Office Lighting Survey, other
literature, and dissertation committee opinion. According to Eklund et al. (1996),
OLS is inexpensive, simple to administer and score, and easy to interpret. The
USS was designed to identify subjects’ characteristics such as gender, age,

occupation, lighting education, visual problems, color preference, and shape

preference.

Summary

The background and purposes of the study were introduced. The following
sections reviewed previous literature related to this study, presented the study’s
methodology, presented the results, discussed the findings and made future

recommendations.
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CHAPTER Il

LITERATURE REVIEW

Research on compact fluorescent lamps is relatively new, and no studies
were discovered that analyze the effects of CFL burning position and lamp
shades on overall comfort (preference, comfort, brightness conditions, lighting
problems, and lighting conditions) and task illumination. Therefore, research
studies similar in purpose to the present study were reviewed to identify the first
independent variable as the lamp shade shape and the second independent
variable as the compact fluorescent lamp burning position. The dependent
variable was the students’ overall comfort factors (preference, comfort,
brightness condition, lighting problems, and lighting conditions).

The review of related literature is divided into nine sections as follows:

(a) table lamp shade, (b) compact fluorescent lamp burning position, (c) task
ilumination and light distribution, (d) effects of lighting on visual performance,
behavior, and perception, (e) lighting and visual comfort, (f) table lamp task
illuminance requirements, (g) conceptual framework, (h) standards and
procedures for measurement of lighting and responses, and (i) summary of

literature review.

Table Lamp Shade

In a table lamp system which consists of the lamp holder, the body, and

the shade, light travels directly and indirectly towards the task surfaces and
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the users. Indirect light from reflection occurs when light falls on the shade
and surrounding surfaces and bounces off of those surfaces in a similar or
different direction. A lamp shade can control light reflections whether the
reflection is specular, spread, diffuse, compound, selective, or nonselective
(Ellis, Amos, & Kumar, 1995; IESNA, 1993; North American Philips Lighting,
1984; Stannard et al., 1994). Thus, the primary function of a lamp shade is to
control and manipulate light output.

Surface reflectance of the lamp shade interior and the surrounding
planes are important considerations in a CFL table lamp system (Steffy,
1995). Also, room interior surfaces and finishes should produce reflections
that are completely or partially diffuse (Ellis et al., 1995; Dove, 1996). Color
of the lamp shade, task surfaces and surrounding objects varies under
different light sources. Light that passes through any material (e.g., vinyl
lamp shade) is controlled and manipulated by the material. Careful consideration
is important when selecting lamp shades and materials, and finishes of
surrounding objects or surfaces (Dove, 1996).

Speed and angle are altered when light enters a transiucent material
like glass, plastic, or fabric (Ellis et al., 1995; IESNA, 1993; North American
Philips Lighting, 1984). Quantity of illuminance also changes depending on the
density of the material, and presence of dirt, moisture, oil, cracks, and marks.
Patterns on the translucent surfaces also influence the characteristics of light.

Transmission through translucent materials is a light property that can be spread,
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diffused, or mixed (IESNA, 1993; North American Philips Lighting, 1984). The
degree of transmission relies on light intensity, absorption and transmittance, and
material thickness. Over a period of time lamp shades may change color, and
therefore may affect the light output. Thus, maintaining the table lamp such as
cleaning and replacing the shade is important to assure efficient light output.

Shades are produced from various materials, and users may select different
shade forms, height, and size to suit their needs. Shades may be of different
colors and of different materials (e.g., linen, polyester, glass, and paper mixture).
Shade shapes that are typically available on the market are cone, square,
cylindrical, and polyshape.

Manufacturers produce lamp shades with different characteristics (e.g.,
different sizes, different forms, and different materials) to serve consumers’
needs. One conclusion yielded by nearly a decade of research on CFLs at
Lawrence Berkeley Laboratory is that when the lamp, the ballast, and the light
fixture are considered as one, energy savings can be achieved (Siminovitch et
al., 1995). Likewise, consumers and interior designers need to consider the
function of each part and how the parts work together to affect lighting quality.
Lighting manufacturers and lighting researchers also need to examine the

function of each part and how the parts affect the users.

Typically, consumers are not aware that simply replacing an incandescent

light source with a screw-in CFL, without considering the entire luminaire, results
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in a loss of light output (Page, 1998; Siminovitch et al.,1995), severe degradation
of optical distribution (Page et al., 1997), and visual discomfort caused by glare
(Serres et al., 1993). Page (1988) stated that light from an incandescent lamp is
transmitted or reflected by the shade and much of the light is absorbed adding to
shade losses. Although Ji and Davis (1993), Page et al. (1997), and Serres et al.
(1993) have evaluated lamp types and the effect of lamp burning positions on
candlepower distributions, the researchers have not researched portable lamp
fixtures and the effect of shades on visual comfort.

Most existing residential fixtures were designed for the operation of
incandescent A-lamps with a uniform distribution. CFL distribution is more
linear and asymmetrical (Siminovitch et al., 1997). Replacing an A-lamp
with a CFL changes the optical distribution of the luminaire, potentially
reducing the perceived brightness (Goldman & Aldich, 1990) and contributing to
consumer dissatisfaction (Siminovitch et al., 1997). The relationship between the
shapes of existing lamp shades designed for an A-lamp and the new CFL needs
to be examined.

Gardner et al. (1993) stated that “the performance of a portable lamp is less
important if the room is evenly lit" (p.84). However, in a room lit exclusively by a
table lamp, the type of shade and location of the light source becomes more
critical (IESNA, 1993). The shape, size, and material of the lamp shade

significantly influence task illumination. Candliepower distribution that is
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manipulated and controlled by the lamp shade may have a direct impact on the
user's health, safety, comfort, and performance.

Working with inadequate or inappropriate lighting may lead to eyestrain
(Loasby, 1992), headache, and nausea (Sanders & McCormick, 1993; Steffy,
1995). For example, IESNA (1993) stated that “deep and narrow shades do not
provide useful task illumination and restrict downward and upward spread of
light” (p.350). Opaque shades create pools of light above and below, and the
effect is visually uncomfortable. Gardner et al. (1993) made assumptions that
shades with too high transmittance and too little diffusion are unattractive and
distracting. Therefore, in searching for an appropriate shade, a customer not only
has to consider the aesthetics, durability, and cost of the shade, the customer
also needs to consider the direct effect the lamp shade or the overall fixture has

on the person’s health, comfort, and performance.

Compact Fluorescent Lamps and Burning Positions

Lower light output from base-down operation of CFLs has caused consumer
dissatisfaction and problems in the marketplace. Utility companies are
introducing management and customer service programs to increase CFL
retrofits and efficiency of light outputs. Base-down integral-ballast CFLs may lose
up to 20% of light output compared to base-up or horizontal orientations (Page et
al., 1997; Siminovitch et al., 1995). Lamp power, ballast compartment ambient

temperature, and lamp size contribute to the variation in lumen losses.
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In a base-down operation, mercury condenses at the top of the lamp
and then is pulled down by gravity into the hot base of the lamp (Siminovitch et
al, 1995, 1997; Verderber et al., 1988). Mercury that is collected in the lamp
tubulation encounters radiation, conduction, and convection heat transfer from
nearby filaments and electronic ballast (Siminovitch et al., 1995; Verderber et al.,
1988). As a result the mercury is rapidly vaporized and mercury vapor pressure
is increased beyond optimal level resulting in lumen losses (Siminovitch et al.,
1995).

Soules in Siminovitch et al. (1995) questioned the researcher regarding
heat piping and mercury etching phenomena. Heat piping occurs when
condensed mercury at the top of a base-down lamp absorbs heat from the
lamp base. Mercury etching is the phenomena that occurs when mercury
continually condenses and falls as a result of heat piping in an operating
base-down CFL.

Amalgam technology installed in CFLs produced less than a 5% difference
between base-up and base-down lumen output (Serres et al., 1993). Amalgam
control systems integrate bulb, cover, and ballast into one unit and stabilize
mercury vapor pressure to near optimal value (Serres et al., 1993). Center bulb-
wall temperature control and end-chamber bulb wall temperature control are the
two techniques used mostly in larger fluorescent lamps to stabilize and hold
mercury vapor pressure. Modified bulb-wall temperature control may be used in

CFLs, but the technique requires some changes in bulb structure. However, the
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development of an internal thermal bridge system may be the most effective
method in solving the light output inefficiency of CFL burning positions
(Siminovitch et al., 1995).

Thermal bridged lamps have shorter warm-up times and can cost less than
amalgam lamps (Siminovitch et al., 1995). Finding the lamp burning position that
distributes light efficiently and evenly may eliminate health problems associated
with lighting and may conserve energy.

Circline fluorescent lamps were developed by lighting researchers and
lamp manufacturers to provide more efficient and pleasing lighting. This
horizontally oriented lamp distributes light where it is needed the most (at nadir)
for reading and writing tasks (Page, 1988). Lighting manufacturers claim that
Circline lamps are more efficient than a standard incandescent A-lamp (Page et
al., 1997) and a base-down CFL (Page, 1998) . For example, a 21 watt GE
Circlite™ produces the same amount of light (1,200 lumens) as a 75 watt GE
incandescent lamp. Therefore, the more efficient the circline lamp is, the more
energy it conserves. However, this study did not discover any research that

assessed the effects of the circline lamp on human visual comfort.

Task lllumination and Light Distribution

Visual tasks can be performed accurately, safely, comfortably, and easily with

adequate task illumination (North American Philips Lighting, 1984). The

quantitative requirement for task illumination varies depending on the type of

activity or task, the age of the users (Sanders et al., 1993), the accuracy and
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speed required for the task, and reflectance value of the task background (Steffy,
19935). Adequate task illumination may also be determined by the length of time a
task is performed (Steffy, 1995), the surrounding conditions, and the
physiological state of the eyes (Mekjavic et al., 1988; North American Philips
Lighting, 1984). IESNA (1993) recommends 500 to 1000 lux (50 to 75
footcandles) for reading a copied print. However, this value may be higher or
lower depending on the variables mentioned above.

The method for determining a target installed and maintained task
illuminance can be determined by referring to IESNA (1993) or North American
Philips Lighting (1984) guidelines. The amount of light emitted from a light source
is correlated to the amount of task illuminance on an object. Using a light meter,
a researcher can measure the illuminance on a task (Bernecker et al., 1993). The
illuminance measurement on a task represents the light output from a fixture.

Lamp geometry, lamp position, and shade shape have significant effects
on light output, light distribution (Page et al., 1997; Siminovitch et al., 1995),
shade losses, and fixture efficiencies (Page et al., 1997). Page et al. (1997)
concluded that “significant light distribution differences resulted when a table
lamp originally designed for an A-lamp is replaced by a CFL” (p. 5).

Goniometric studies showed that a predominately horizontally oriented CFL
source distributes light more efficiently than a symmetrical A-lamp and a

predominately vertically oriented CFL source in a table lamp (Page, 1988). Page

et al. (1997) stated that “a horizontally oriented lamp concentrates its flux in the
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critical nadir and zenith areas and does suffer CFL thermal losses from operating
base-down. Changing the burning position of a CFL by tilting and changing the
shade geometry, material, and color may increase the efficiency of CFL retrofits”
(p. 8).

Perceived light from a CFL table lamp system is as important as the
efficiency. Ji and Davis stated in Page et al. (1997) that shade losses of a
horizontally positioned CFL with a lamp shade affects the users’ perception
of brightness and light distribution. Page (1998) also concluded that table lamp

shade and lamp shape affect light distribution and users’ visual perception.

Effects of Lighting on Visual Performance, Behavior, and Perception

The human eye consists of optical and neurological components that
help convert light energy into electrical signals for the brain. Transmittance
of light into the eye varies with wavelengths and with a person’s age (IESNA,
1993). Ability to see small objects, to read fine prints, and to adapt decreases
under low illuminance (Ellis et al., 1995; IESNA, 1993) and with age. Most people
prefer higher illuminance, and as a person ages the amount of light needed to
satisfy performance increases. Users’ satisfaction levels appear to increase with
an increased level of illuminance, followed by a decrease in satisfaction at a peak
level (North American Philips Lighting, 1984, Sanders et al., 1993).

Individuals differ considerably in their response to task illumination (Sanders
et al., 1993). Weston (1982) assumed that subjects’ visual performance varies at

different illumination levels. However, Sanders et al. (1993) did not clearly
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present the relationship of demographic characteristics and responses to task
illumination. Bernecker et al.’s (1993) study found that there were differences in
subjects’ responses towards overhead lighting due to sex and age. Males and
older age groups tended to be less sensitive to lighting changes (Bernecker et
al., 1993). However, this study used only 16 subjects of the age of 40 and over

According to de Boer and Fisher (1991), age affects visual efficiency. As the
age of an individual increases, the relationship between task illumination and
visual performance changes (de Boer et al., 1991). The researcher found that
age affects responses toward task illumination only after the age of 50. This
study used subjects between the age of 18 and 36, and de Boer et al.’s (1991)
study did not discover any effect for the subjects below the age of 40. A study
that examines a relationship between subjects’ demographic characteristics and
table lamp lighting is needed.

Visibility of the object is influenced by the actual size of the object and
the object’s size as perceived by the observer (IESNA, 1993). For example, an
object may look smaller to a person’s eye when the object is in a dark
surrounding. A white colored object may look larger when a person's vision is
blurred (lig, 1991). Visibility also varies with the lighting conditions in the space.
Likewise, observer’s age, exposure time (Dove, 1996), and visual adaptation
state affect visibility (Davidson, 1997; IESNA, 1993). The object’s color and
surface reflectance may also alter a user’s perception (Sanders et al., 1993) and

task performance.
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Light influences human behavior and gives multiple impressions to human
perception. People attract, circulate, and orient differently under varying light
conditions. Lighting triggers a subjective judgement of preference (Aspinall &
Dewar, 1988), and humans may perceive spaciousness, privacy, relaxation and
pleasantness (Flynn, Spencer, Martyniuk, & Hendrick, 1979) depending on the
lighting conditions.

Lighting can be designed intentionally and unintentionally to provide human
visual experiences such as helping a person to focus on an object, creating
visual interest (Aspinall et al., 1988; Gardner, 1993), and directing attention to an
art work (Gardner, 1993). Lighting may also facilitate circulation in a building
(Steffy, 1990), create romantic moods in a restaurant, and provide energy to a
club setting. Increased task illumination may result in an increase of productivity
(Sanders et al., 1993) and lessen complaints associated with glare (Steffy, 1990,
Barnaby, 1989). Factors associated with user complaints such as direct glare,
inadequate lighting, and bothersome shadows need to be eliminated to increase
user satisfaction and improve working conditions (Champness, Hyland & Oliver,

1995; McMurdo & Gaskell, 1991).

Lighting and Visual Comfort

The amount of light required for the comfortable and efficient performance of
a visual task is influenced by the size, color and brightness of the object, the

contrast between the object and the its background, the reflectivity of the object’s

immediate surrounding, and the time allowed for seeing (IESNA, 1993; Sanders
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et al., 1993). In addition, visual comfort and efficiency depend on adequate
illumination and the proper illumination of the field of view (Sanders et al., 1993).
Therefore, there should be no great difference of brightness between the field of
central vision and the larger surrounding. Glare, veiling reflections, surface
reflectance value, reflectance area, and visual adaptation also affect task
performance (Sanders et al., 1993).

Color temperatures of the GE™ vertical CFL (3500 °K) and the GE™ Circline
CFL (3000 °K) were different and may be a factor that affected table lamp user’s
preferences and visual comfort. However, no studies were found that showed the
effect of color temperature on human subjective responses. Previous research
indicated that a factor such as color temperature exert strong effects on the lamp
users’ physical and psychological states (Fisher, Bell, & Baum, 1990; Sundstrom
& Sundstrom, 1986).

Glare produces eye strain and reduces visibility (Anderson & Noell, 1994).
Glare can be minimized with proper shielding of the lamp, i.e., the use of an
appropriate lamp shade. A frosted glass lamp shade does not shield as much
light as a lamp shade made of fabric. Translucent glass lamp shades often make
the light seem brighter than it really is and may result in glare (Loasby, 1992).
Proper positioning of the lamp and appropriate shade material may reduce glare

and visual discomfort.
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Lighting that is unevenly distributed bothers many table lamp users (lig,
1992) and further reduces the users' vision adaptation abilities. Inadequate
lighting increases depression (Josephson, Fabacher, & Rubenstein, 1991; Pirkl,
1994), anxiety levels (Steffy, 1995), and fatigue (Sanders et al., 1993). Adequate
lighting can provide a sense of relaxation and enhance comfort (Gardner, 1993;
Sanders et al., 1993). However, these assumptions were made based on little or
no empirical research.

No studies regarding the effects of table lamps on students or any other
groups have been located in the literature. However, university students spend
much time indoors studying, and the lighting conditions that the students
experience may not be optimum for performing visual tasks. Task lighting has a
major impact on the students' eyes because of the close proximity of the system
(Pirkl, 1994).

Aside from energy efficiency, fluorescent lamps flicker at twice the rate of the
incandescent lamps, and fluorescent light sources differ in the amount of light
produced at various wavelengths (Economopoulos & Chan, 1989). However, no
studies were found that investigate the effect of flickering CFL on human.
According to Widowski, Keeling, and Duncan (1992), perceptual, physiological,
and reproductive processes are sensitive to specific features of light, and

therefore, it is possible that the different light sources may affect behavior in

different ways. Findings by Widowski et al. (1992) and Zimmerman (1988)

supported the concept that different CFL light sources affect behavior differently.

31



Table Lamp Task llluminance Requirements

Through the use of daylight and electrical lighting, the interior of workplaces
should provide optimum conditions for performing required tasks (Gardner et al.,
1993) and the appropriate visual environment when looking away from the task
for relaxation or change of task (Steffy, 1995). The visual impression of an
interior is influenced by the floor and furniture surfaces, visual objects,
background surfaces, and light source (1ISO, 1989).

The 1995 IES Lighting Handbook provides standards and illuminance criteria
for various tasks. Performance of visual tasks of high contrast or larger size (e.g.,
reading, and handwriting) requires a minimum of 50 to 75 footcandles (Sanders
et al., 1993). However, performance of visual tasks of extremely low contrast and
small size requires more than 1000 footcandles (IESNA, 1993). Because of
varying task conditions, a table lamp system that is able to provide variable light
output is desirable. A table lamp with a dimmer is recommended. A dimmer also
provides control of visual glare and shadow. A self-ballasted CFL that can be
used with a dimmer is now readily available on the market.

A visual distance of 16 to 36 inches for reading is recommended for a
person with 20/ 20 vision (IESNA, 1993). Appropriate task lighting for an
environment will provide adequate illumination for task performance, will aid

the users’ ability to see by enhancing visual clarity of the task, and wili improve

visual comfort.
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Analyzing the visual demands of a table lamp’s user before designing or
specifying the lighting in a space is important (Siminovitch, 1995). According to
Veitch et al. (1993) and Bernecker et al. (1993), a survey given to the interior
occupant will help identify the user's visual needs. Interior designers and lighting
specifiers need to provide lighting for their clients based on research findings and
lighting requirements. Because people’s lighting requirements are individualized
and may change with the tasks performed, designing a lighting system that
enables occupants to adjust as many aspects of lighting conditions as possible
without having a negative impact on the other users in the space is important

(Gardner et al., 1993).

Conceptual Framework

Page et al. (1997) developed a test protocol that uses a swing-arm
goniophotometer to study light distribution associated with typical retrofits for a
table lamp application. The tests followed the IESNA (1993) standards and
procedures for measuring photometric data. The researchers concluded that
lamp position and geometry affect light output, light distribution, shade losses,
and fixture efficiencies. The research also found that candlepower distribution of
a table lamp with a shade is different from a table lamp without a shade.

The findings of Page et al. (1997) and Page (1998) are consistent with the

conclusions yielded by Serres et al. (1993) and Siminovitch et al. (1995)

regarding the efficiency of a CFL burning position (see Appendix A). The

researchers found that CFLs perform differently based on the operating
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positions. Serres et al. (1993) concluded that an amalgam-based CFL can
provide significant advantages over many of the CFL designs by producing more
than 90% of the maximum light output over a wide range of ambient
temperatures. Siminovitch et al. (1995) also concluded that orienting integral-
ballast CFLs base-down can decrease light output by as much as 20% and using
a thermal bridge system in a CFL can mitigate most of the losses. Both
techniques have the potential to solve the problem of CFL burning positions
(Page et al., 1997).

Lamp shades have the ability to control and manipulate light output of a lamp.
Page et al. (1997) found that lamp shades affected light distribution, luminous
intensity, and luminous flux. Light distribution is the spread of light produced by a
lamp. Distribution can be affected by the absorption, transmission, reflection, or
refraction of light by a lamp shade. Luminous intensity is the light emitted in a
specific direction by a lamp. The intensity of the light may be modified when the
light is absorbed, reflected, or transmitted by a lamp shade.

Luminous flux is the light emitted in all directions by a lamp. The flux outside
a table lamp with a shade may be less than the flux inside. The amount of shade
losses may depend on the shape, size, material, and thickness of the shade. A
shade also helps minimize potential glare and redirect flux to areas where light is
needed for tasks. According to Page et al. (1997), tilting the CFL or changing the

shade geometry and reflectance may affect the light output and characteristics of

a table lamp.
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Subjective evaluations of comfort have been completed using a semantic
differential rating technique promoted by Flynn, Hendrick, Spencer, and
Martyniuk (1979) and Rohles et al. (1981). Flynn and Spencer (1977) used a
semantic differential technique to measure effects of light source color on user
impression and satisfaction. John E. Flynn has used semantic differential
techniques in many other studies of lighting and the interior occupants.
Bernecker et al. (1993) studied subjects’ visual comfort under different task
lighting conditions using the semantic differential technique.

Standards and Procedures for Measurement of
Lighting Responses

J. L. Phillips in Keeves (1988) argued that some attributes that were used in
the semantic differential scale did not precisely measure users’ comfort. The
argument is that the adjectives may have double meaning and that the adjectives
are not perfectly opposite (Keeves, 1988). However, semantic differential scales
have been used by many lighting researchers in evaluating comfort and
preference (Bernecker et al., 1993; Rea, 1981; & Flynn, 1979).

IERI Project 92 suggested that scaling and mapping procedures are
methods that can measure subject impression, attitude, performance, and
preference (Flynn, 1979; Flynn et al. 1979) toward lighting. The experience of a
person in a lighted space can be measured (Flynn & Spencer, 1977; Flynn,
1979), and the changes in a person’s visual perception can be studied. This

study followed the guidelines and recommendations from IERI Project 92.

35



Initial surveys to measure lighting perceptions and preferences include
Vischer's Lighting Comfort Scale (LCS) and Gillette and Brown’s Occupant
Questionnaire (OQ). The LCS is a questionnaire (Dillon & Vischer, 1988) used
for assessment of overall office quality (Eklund et al., 1996). LCS is simple to
administer for measuring poor lighting conditions in a workspace. However,
according to Eklund et al. (1996), LCS is difficult to interpret, labor-intensive to
score, and weak in identifying the lighting problem.

Gillette and Brown’s Occupant Questionnaire (Gillette & Brown, 1986) is an
instrument developed to quantify good office lighting. According to Eklund et al.
(1996), OQ is simple to administer, less difficult to interpret, but is labor intensive
to score. Thus, Eklund et al. (1996) developed the Office Lighting Survey (OLS)
that is inexpensive, simple to administer and score, and easy to interpret. Eklund
et al. (1996) claimed the OLS survey addresses most factors important in
evaluating office lighting; also it is able to differentiate between acceptable
lighting and unacceptable lighting. However, the survey heavily relies on the
workers for the responses, and the researchers did not manipulate the settings.
The researchers also did not have control over the confounding variables such
as the room temperature and the surrounding surface reflectance that may affect
the responses. No literature was found that demonstrated a relationship between
university students’ demographic characteristics and their responses toward

semantic differential lighting scales.
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Summary of Literature Review

Lamp shade geometry and compact fluorescent burning orientation
may affect the students’ comfort and task performance. Candlepower
distribution and task illuminance that are not uniform or uneven may cause
psychological and physiological problems such as headache, restiessness,
nausea, and visual fatigue. Simply replacing a CFL in a table lamp designed for
an incandescent lamp causes inefficiency in power use and may result in user
complaints. Ji et al. (1993) and Siminovitch et al. (1995) stated that there have
been numerous complaints by people who cannot perform tasks comfortably
using a table lamp in the work environment.

Perhaps by changing the shade, many problems associated with table lamps
can be solved. Lamp shade and lamp positions determine the efficiency
and the evenness of a table lamp light output. Recent lighting research has
focused on CFL burning position, but the importance of the table lamp shade has
not been addressed. In a table lamp system, a lamp shade controls the light
output more than the lamp. Shade losses occur when light is absorbed by the
lamp shade, and the degree of shade loss varies with shade characteristics.
Page (1998) and Siminovitch et al. (1997) concluded that the shade plays an
important role in regulating light output from a fixture.

According to Veitch et al. (1993), manufacturers and researchers need
to work together in solving the problems associated with task lighting. All

standards and procedures related to task illuminance have to be considered
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in lighting research and application. Many lighting researchers are looking at
the efficiency of a CFL without considering the effect on the user’s comfort and
without considering the shade effect. The intent of this study was to evaluate

university students’ comfort due to differences in table lamp shade and CFL

burning positions.
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CHAPTER Il

METHODS

Introduction

From manufacturing, design, and health perspectives, task illumination
of a compact fluorescent table lamp and university students’ visual comfort
associated with the table lamps are significant issues to be explored in lighting
research and technology (Flynn, 1972-73; Flynn, 1977; Page et al., 1997;
Siminovitch et al., 1995, 1997). The procedures for this study are addressed in
the following sections: (a) methodology, (b) selection of the sample, (c) research
instruments, (d) applied standards and procedures for measurement of lighting
and lighting responses, (e) explanation of the procedures, (f) consistency and
factor analysis, (g) collection of data, (h) variables for the study, and (i) statistical

analysis of the data.

Methodology

The experiment was conducted in a windowless room at Texas Tech
University, College of Human Sciences. The desk and other furniture were
arranged to look like a study setting. The temperature, ventilation, and surface
reflectance in the office were controlled and regulated at a comfort level. These
conditions were kept consistent throughout the six test conditions. The
dissertation committee chair and the researcher determined the comfort level of

the room. The room was illuminated by a table lamp, a 75 watt overhead
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luminaire, and a 150 watt vertically mounted track light that was directed upward.
The overhead light and the track light were positioned at a distance that would
not affect the light distribution on the task surface. These lights were the same for
all of the six conditions. The overhead light and the track light were used to
decrease sharp contrast between the task area and the surrounding area.

University students from EDIT 2318 “Computing and Information Technology”
class voluntarily signed up for one of six groups. All participants were enrolled for
a lottery and received five points credit towards their course. Students’ were
randomly grouped and assigned to each treatment. Each group was tested at
various times on Monday, Tuesday, Wednesday, and Thursday. Each student
had an eye test prior to entering the test room. The researcher gave the students
the eye test and the students were asked to read the Snelling™ eye chart at a
distance of 24 inches as suggested in the chart manual. Students who had
difficulties reading the smallest set of letters did not pass the eye test.

The reading material that was used in the study was photocopied from

Journal of Interior Design and was selected based on the article content that was

related to the EDIT 2318 class content (see Appendix D). The article was
reviewed by experts in an education field from the Texas Tech University,
College of Education to determine its readability level appropriate for subjects at
a university level. A bell was sounded to remind the student in the station to stop
reading. While still in the station, the student was asked to complete the comfort

scale. Completing the comfort scale required no more than ten minutes.
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According to Flynn et al. (1979), a subject’'s commitment of time to respond to a
semantic scale should be 45 minutes or less to avoid subject fatigue. A bell was
sounded to remind the student that the test was completed. The procedures for
determining the time limits for reading the text and for responding to the CS were
tested by the instructor for EDIT 2318 class and the researcher.

At the end of the test condition, the student was asked to complete the
University Students’ Survey under the same lighting condition. There was no time
limit for completing the University Students’ Survey. Another student from the
same group was tested and followed the same procedure until all the students
who participated in test condition 1 were tested. The same method was repeated

for groups 2, 3, 4, 5, and 6 on different days.

Selection of the Sample

According to Flynn et al. (1979), a reasonable statistical significance
may be achieved with a sample size of at least 40 subjects. Therefore,
students from EDIT 2318 were asked to voluntarily sign up into eighteen time
slots for each session (see Appendix B). There were six sign-up sheets for six
sessions. Each sign-up sheet consisted of 18 twenty-minute time slots. A
pamphlet was given to each student who signed up for the test describing the
purpose, the criteria needed to qualify, the task description, the prizes that were
given, the location, and the time of the session (see Appendix C). The students
were divided into six groups, group C1, C2, C3, C4, C5, and C6. Eighteen

students signed up for each session.
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Students were tested for corrected visual acuity prior to the test condition
to avoid the effects of confounding variables related to vision. Students that
qualified for the study had 20/20 vision or wore corrective glasses or lenses.

Ninety responses (15 from each session) from the students who passed the

eye test were used in the data analyses.

Research Instruments

The reading material titled “Cruising the Intemet highway: A wealth of
information for interior design educators” was photocopied from Journal of

Interior Design and was selected because it was related to the EDIT 2318 class

content. The researcher suggested the text and the EDIT 2318 class instructor
approved the text (see Appendix D).

A GE™ light meter was used to measure task illumination at the center of the
test material, and 41 cm (16 in.) from the light source prior to the treatment. The
light meter was used by Bernecker et al.'s (1993) study to measure task
illumination in an open space.

Task illumination readings were recorded on the llluminance Measurement
Data Sheet (see Appendix E). The llluminance Measurement Data Sheet (IMDS)
was designed based on literature review and was reviewed by the dissertation
committee. The illuminance measurement from one treatment will be compared
to the measurement from other treatments. The CS contains 16 bi-polar

adjectives from Bernecker et al.’s (1993) semantic differential scale. Six
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additional adjectives were included in the CS, and the 22 adjectives in the CS
were reviewed by the dissertation committee (see Appendix F).

University Students’ Survey (USS) that was administered to the subject after
each treatment consisted of socio-demographic questions that were based on
Eklund et al.’s (1996) OLS (see Appendix G). Additional questions in the USS

were developed based on literature review and dissertation committee opinions.

Applied Standards and Procedures for Measurement of
Lighting and Responses

A semantic differential rating technique was used in the study to measure
comfort because there are no other known measures of visual comfort for task
lighting. To measure visual comfort of task lighting, the semantic differential
rating scale has been widely utilized by lighting researchers. The comfort scale
(CS) that was used in this study incorporated Bernecker et al.’s (1993) semantic
differential scale.

The 14 socio-demographic questions that were used in the University
Students’ Survey (USS) were based on OLS, literature reviews, and opinions of
dissertation committee members. All tests conditions followed the IESNA (1993)
standards and procedures for measuring photometric performance and
manufacturers’ recommendations. The experiment complied with the following
guidelines that were derived from literature review.

1. Luminaires that were selected for the test were clean and representative

of the manufacturer’s regular product. CFLs were mounted in their suggested
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locations by the fixture manufacturer within the luminaire and followed the
manufacturer specifications for installing or retrofitting compact fluorescent table
lamps.

2. Shades that were used were new and were similar in height and material.
Shades were installed according to the manufacturers’ specifications.

3. Extraneous light was eliminated and specular reflections from the surfaces
were controlled and minimized.

4. The testing was conducted in a draft free environment, and the room
temperature were set at a comfortable level of 77°F, + 3°F, (25°C * 1°C).

5. Lamps and ballasts were operated until thermal stabilization was reached
before the experiment. The lamps were seasoned for 4 1/2 hrs. prior to
each test.

6. Task illumination readings were taken with the lamp in a normal use
position and as recommended by the Flynn et al. (1979).

7. Task illuminance readings were measured using a light meter at the
center of the test material, 41 cm. (16 in.) from the light source. A visual
distance of 16 to 36 inches for reading is recommended by IESNA (1993).
8. Test reports for this study described the lamp type, the mounting type,
the shade, the reading plane task illuminance value, and diagrams that
illustrated the luminaire shape, dimensions, the fixture center position, and

the workspace.

9. The experiment was designed to eliminate and hold constant as many
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confounding variables as possible. Flynn et al. (1979) suggested that the
effect of learning is best controlled by randomization of the subjects. Therefore,

the students that voluntarily participated for the test were randomly assigned to

each treatment.

10. The instructions given to the subjects followed Flynn et al.’s (1979)

recommendations in giving instructions for a bi-polar rating scale.

Explanation of the Procedures

A standard table lamp used in residential office environments was used for
the experiments (see Figure 3.1). The table lamp that was purchased from a
general lighting store was retrofitted with a CFL. The table lamp was retrofitted
with a CFL base-down in an vertical position and with a Circlite™ CFL (base-
down horizontal position). Since the same lamp body was used throughout the
experiments, the effect of surface reflection differences from the lamp body were
minimized. The total height of the fixtures was 30 inches with a socket height of
17 inches. The study used a GE compact fluorescent lamp that was rated at
1200 lumens, 20 watts (equivalent to 75 watts incandescent lamp) and has a
10,000 hour life. The study also used a GE Circlite™ CFL that is rated at 1200
lumens, 21 watts (equivalent to 75 watts incandescent lamp) and a 40,000 hour
life (see Figure 3.2).

Before the tests began, each integral CFL was burmed for a period of 4 1/2

hours to season the lamp (Serres, 1994) and to minimize lumen depreciation
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Figure 3.1: The table lamp that was used in the treatment.
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GE ™ vertical CFL

GE™ horizontal CFL

Figure 3.2: The lamps that were used in the treatments (Compact biaxial
CFL and Circline™).
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error (Siminovitch et al., 1995). The procedures in this study followed the IESNA
(1993) standards and procedures when applicable. The three different shades
that were tested are described in Figures 3.3, 3.4, and 3.5. The material that was
used for all the shades was slightly translucent with matte finish, and high
reflectance value; light transmitted through the shade diffused the light. Each
shade that was used in the experiment was similar in height and surface area to
minimize the effects of shade size.

The table lamp and the reading material were positioned to minimize
the creation of shadows. The lower edge of the shade was not above or below
the periphery vision, and the lamp was not visible to the subjects. Therefore,
each subject was advised prior to the treatment to change the chair height if
necessary. The luminaires were placed at 51 cm (20 in.) from the users and 41
cm (16 in.) from the center of the reading material as recommended by IESNA
(1993) and Sanders et al. (1993).

The surface of the surrounding task surface materials was nonglossy and of
40-50% reflectance. The reading material was placed in the center of a primary
task plane that measured 360 X 310 mm (14 X 12 in.), parallel with the desktop
(IESNA, 1993). The reading material was printed on 82 X 11 in. white copy
paper. Since all treatments were conducted in the same location, the effects of
surface reflectance or room temperature were minimized. The desk that was
used in the experiment is a typical residential office desk purchased from a

furniture store. Figures 3.6, 3.7, and 3.8 illustrate the view and condition of the
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Round shape
Manufacturer GE™

Style: 534GS

Height: 14.75 in.

Minor diameter: 8 in.
Major diameter: 16 in
Shade angle: 20 degrees
Material: White linen

Figure 3.3. The type of shade that was tested and the description (round
shape).
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Square shape
Manufacturer GE™

Style: 534GS2

Height: 14.75 in.

Minor diameter: 8 in.
Major diameter: 16 in
Shade angle: 20 degrees
Material: White linen

Figure 3.4. The type of shade that was tested and the description
(square shape).
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Polygon shape
Manufacturer GE™

Style: 534GS2

Height: 14.75 in.

Minor diameter: 8 in.
Major diameter: 16 in
Shade angle: 20 degrees
Material: White linen

Figure 3.5. The type of shade that was tested and the description
(polygon shape).



Figure 3.6. The view and condition of stati '
r ‘ tation 1 and station 4 i
positioned CFL or horizontally positioned CFL with a round sgvaedrggally

52



Figure 3.7. The view and condition of station 2 and station 5 (vertically
positioned CFL or horizontally positioned CFL with a square shade).
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Figure 3.8. The view and condition of station 3 and station 6 (vertically
positioned CFL or horizontally positioned CFL with a polygon shade).
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three stations with lamp shade variations. The desk was placed in a windowless
room that was illuminated by the tested table lamp and two background lights.

All subjects were advised not to judge the content of the text and the
appearance of the lamp fixture. Each subject was given ten minutes to complete
the reading task and ten minutes to complete the comfort scale in the station. At
the end of the treatment, the student was asked to complete the University
Students’ Survey in the same station. All students completed the survey in less
than ten minutes. Fifteen students from a group were exposed to each treatment.
Group C1 was tested on Monday evening. Group C2 was tested on Tuesday
morning and group C3 was tested on Tuesday afternoon. Group C4 was tested
on Wednesday afternoon. Group C5 was tested on Thursday morning and group
C6 was tested on Thursday afternoon.

According to Flynn et al. (1979), randomizing or sequencing subjects may
eliminate or hold constant many confounding variables. Therefore, the students
randomly signed up to participate for each treatment, assuring that the lighting
stimulus and the students’ socio-demographic characteristics were randomized.

University Students’ Survey was administered to the students after the

students had completed the reading task and the CS. The students were asked
to provide socio-demographic information for the survey. Students were told that
the responses were for statistical purposes and that the data would remain
confidential. Task illumination was measured for each treatment with a GE™ light

meter at the center of the test material, 41 cm (16 in.) from the light source
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prior to each test. The readings were recorded in the IMDS. Task lilumination
readings of each portable luminaire were compared to the subjects’ CS
responses.

Students’ visual acuity was tested outside the treatment room prior to each
treatment. The eye test was conducted using the Snelling™ eye chart (see Figure
3.9). The eye chart used in this study was a modified version to be administered
from two feet. The purpose of the eye test was to assure that every participant
had 20/20 vision or wore corrective eyewear or glasses during the test.
Responses from students who did not comply with the criteria above were not

included in the data analysis.

Consistency and Factor Analysis

Reliability of the Comfort Scale (CS) was determined by Cronbach'’s
coefficient alpha. The CS contained 22 adjectives that were used in a semantic
differential scale to measure comfort. Factor analysis was performed for the
adjectives used in the CS. This study made use of attributes that have a factor of
.70 or higher.

The 14 socio-demographic questions in USS were based on Eklund et al.’s
(1996) Office Lighting Survey (OLS). The questions were revised from literature
review and opinions of the dissertation committee to identify the demographic
characteristics of the students. Students’ comments were compared with their

responses to the CS.
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Figure 3.9. The view and condition of the eye test station.
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The Task llluminance Data Sheet (IMDS) was developed from the literature
review. Members of the dissertation committee reviewed the IMDS to assure the
face validity. The IMDS was used to record the illuminance readings on the task
for each condition. A GE™ triple range light meter was used to measure task
illumination on the center of the reading material.

The effects of race, age, and vision were minimized because the students
that participated were homogeneous and had a 20/20 vision or corrected visual
acuity. By having the students sign up for a selected time and assigning the
students to a single test condition, the effect of learning from task was minimized.

Assigning students to one condition also lessened the possibility of fatigue.

Collection of Data

Task illumination from each portable luminaire was measured using a triple
range GE™ light meter at the center of the test material, 41 cm (16 in.) from the
light source. Task illumination was measured prior to each treatment and after
the lamp had operated for 4 2 hours. The readings from the six lighting
conditions were recorded in the IMDS (see Appendix E).

Data were obtained from the students’ responses to the Comfort Scale for
each treatment. Responses from the six treatments were organized in
chronological order and were labeled as C1, C2, C3, C4, C5, and C6. Factor
analysis was performed to determine if the CS consists of one scale or several

subscales (see Appendix F).
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After completing the treatment and the comfort scale, students were asked to
complete the University Students’ Survey (USS). The survey identified subjects’

socio-demographic characteristics (see Appendix G).

Variables for the Study

The variables for the study were:
1. Shade shape (a three-category independent variable; round, square,
and polygon);
2. Compact fluorescent burning position (a two-category independent
variable; base-down vertical and base-down horizontal);
3. Overall comfort (preference, comfort, brightness condition, lighting
problems, and lighting conditions) as measured by the CS, and
4. Socio-demographic characteristics that were defined as gender, age,
ethnicity, eye condition, occupation, hours exposed to a table lamp, problem
using a table lamp, lighting education, color preference, and shape preference.
Socio-demographic characteristics were measured by the USS.

Gender--The gender was measured by the summation of responses to
question 1 in the USS. Frequency distribution was performed for the purpose of
describing the students’ responses on gender.

Age--The age variable was measured by a summation of like responses to
question 2. Analysis of the frequency distribution was performed to determine the
age classifications. Based on an opinion of a statistician and that the age

distribution of the students sample was unknown, the question for age was open
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ended. Frequency distribution was performed for the purpose of describing the
responses on age.

Ethnicity--The ethnicity variable was measured by a summation of like
responses to question 3. The ethnicity variable was collapsed into five segments
consisting of (a) Caucasian (b) African American, (c) Hispanic, (d) Asian, and (e)
other. Frequency distribution analysis was performed for the purpose of
describing the responses on ethnicity.

Eye condition and visual problems--The eye condition variable was measured
by a summation of like responses to questions 4, 5, 6, 7. Factor analysis was
performed to the four questions to determine if the questions measure only one
variable. The eye condition variable was measured for the purpose of describing
the students. The intent of the frequency distribution analysis was to describe the
responses on eye conditions and visual problems.

Occupation--The occupation variable was measured by a summation of like
responses to questions 8. Frequency distribution analysis was performed for the
purpose of describing the responses on occupation.

Hours exposed to table lamp lighting--The hours exposed to table lamp
lighting was measured by a summation of the like responses to question 9. The
purpose of frequency distribution analysis was to quantify hours students were
exposed to table lamp lighting.

Problems using a table lamp--The problems using a table lamp variable was

measured by a summation of like responses to question 10.
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Frequency distribution analysis was performed to identify the problems using
a table lamp.

Lighting education—Lighting education variable was measured by a
summation of like responses to question 11. Frequency distribution analysis was
performed for the purpose of describing the responses on lighting education.

Color preference--Color preference variable was measured by a summation
of like responses to question 12. Frequency distribution of the color preference
variable was used to describe the students’ color preferences.

Shape preference--Shape preference variable was measured by a
summation of like responses to question 13. Frequency distribution of the shape

preference was compared with frequency distribution of other variables.

Statistical Analysis of the Data

The study has a three-category independent variable (round, square, and
polygon), a two-category independent variable (vertical and horizontal positions)
and five dependent variables of overall comfort (preference, comfort, brightness
condition, lighting problems and lighting conditions). The statistical analysis of the
data was organized in the following order:

1. Calculation of CS rating means to provide a clear ‘picture’ of subjective
reactions to the different lighting conditions as recommended by Flynn et al.
(1979).

2. Factorial analysis was performed on the CS responses to determine if the CS

consists of one scale or several subscales. Estimation on the number of factors
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(subscales), presence of outliers, and factorability of correlation matrices were
recommended by Flynn et al. (1979).

3. Correlation was performed to ascertain the relationship between the
subscales. Flynn et al. (1979) and Huberty and Morris (1989) stated that
variables with high loading were tied together to arrive at a label (name) for each
factor.

4. Cronbach’s alpha was performed to determine the reliability coefficient for
each subscale (factor).

5. Multivariate Analysis of Variance (MANOVA) was performed to the CS
responses to test hypothesis 1. The total of all scores for subjects in condition 1,
condition 2 and condition 3 were used in the analysis.

H1 stated that there will be a difference in overall comfort (preference, comfort,
brightness condition, lighting problems, lighting conditions) of the university
students due to lamp shade shape.

H1=uS1 # uS2 = uS3 (S= shade shape)

6. MANOVA was performed to the CS responses to test hypothesis 2. The total
scores for subjects in condition 1 and condition 4, condition 2 and condition 5, or
condition 3 and condition 6 were used in the analysis.

H2 stated that there will be a difference in overall comfort (preference, comfort,
brightness condition, lighting problems, lighting conditions) of the university
students due to CFL burning position.

H2= pP1 # uP2 (P= CFL position)
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7. MANOVA was also performed to the CS responses to test hypothesis 3. The
total of all scores for subjects in condition 1, 2, 3, 4, 5 and 6 were used in the
analysis.

H3 stated that there will be an interaction between shade shapes and CFL
burning positions based on the CS responses.

H3 = The effect of shade shape on overall comfort (preference, comfort,
brightness condition, lighting problems, lighting conditions) of the university
students depends on the CFL burning position.

MANOVA was used to test hypothesis 1, 2, and 3 because of the need to look at
the interaction and main effects present between the two independent variables
(shade shape and CFL position) and the five dependent variables (preference,
comfort, brightness condition, lighting problems, and lighting conditions).

8. Tukey Honestly Significant Difference Test (HSD) was used to determine
where the differences were between the treatments. The result from Tukey’s
HSD was also used to describe in detail the relationship between the IVs and the
DVs.

9. Descriptive analysis and means comparison were used to describe the
relationship among the IVs and DVs and the MANOVA results.

10. Descriptive statistics were used to evaluate the task illumination readings
(measured on the center of the task surface prior to each treatment) and the CS
responses. The purpose of the analysis was to develop the relationship between

task illumination readings and the CS responses from each treatment. Task
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illumination from the six task conditions were compared to criteria identified in the
literature reviews and IESNA illumination standards. Task illumination may be
affected by the light source, the lamp shade and CFL position (Page et al., 1997).
However, task illumination cannot affect the lamp shade shape and CFL burning
positions. Task illumination was the direct outcome of the lighting conditions.
Therefore, task illumination was not considered as a covariate.

11. Descriptive statistics, such as frequency distributions and means were used

in describing the students' socio-demographic characteristics.
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CHAPTER IV

RESULTS

introduction

For the purpose of detecting the comfort level differences for the students
and analyzing the Task lllumination, the CS, and the USS, the scale factorial
analysis and reliability, correlation, two-way MANOVA, Tukey’s Post Hoc test and
descriptive statistics were conducted. The results of this study are addressed in
the following sections: (a) the CS and the responses, (b) relationship between
CS subscales and shade shape and CFL position, (c) hypothesis tests, (d)
hypothesis 1, (e) hypothesis 2, (f) hypothesis 3, (g) task illumination
measurement, (h) task illumination measurement and the CS responses, and (i)

USS responses.

The Comfort Scale and the Responses

CS responses means. Table 4.1 describes the responses mean for each

adjective. Flynn et al. (1979) suggested the calculation of rating means for
comparison and to provide a clear ‘picture’ of subjective reactions to the different
lighting conditions. Through descriptive analysis of the responses for CS
adjectives, there were significant differences between the means. The
comparison was also made to describe where the differences were in the
significance tests. For a vertically positioned CFL with a round shade, students

rated the means for all adjectives higher than the means for a vertically
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Table 4.1

Responses Mean for CS Adjectives (with N = 90)

Condition: C1 C2 C3 C4 C5 C6é
Adjectives P1+ S1 P1+ S2 P1+S3 P2 + S1 P2+ S2 P2 + S3
Comfortable 540 453 447 6.40 6.00 5.27
Adequate 513 4.27 427 6.07 5.67 5.00
Easy 4.87 4.80 413 6.00 5.67 5.47
Free 4.90 4.27 413 5.27 5.40 480
Ease 5.27 4.87 3.80 5.67 5.60 5.33
Relaxed 5.67 5.07 4.93 6.47 6.42 6.40
Spacious 527 4.20 4.06 6.00 5.20 4.80
Satisfied 5.47 493 4.06 6.20 5.40 5.33
Uniform 5.20 4.87 4.33 573 5.00 4.80
Focused 4.80 4.67 4.60 6.13 5.53 513
No Problem 5.00 5.20 567 573 5.53 5.26
No Glare 5.20 5.27 5.47 6.07 5.80 473
Bright 440 2.87 2.93 4.67 3.93 3.80
Clear 5.20 3.93 4.60 562 5.60 5.00
Favor 513 3.87 3.80 5.67 453 473
Like 5.07 413 4.00 5.27 453 4.86
Acceptable 5.60 493 4.40 5.93 5.20 5.06
Attractive 573 4.53 3.93 6.06 4 87 4.53
Large 3.60 3.20 3.13 3.67 3.60 3.33
Appealing 5.00 4.40 4.00 5.47 4.80 4.80
Balanced 447 4.60 4.20 4.87 5.00 460
Pleasant 507 4.87 4.06 6.13 5.20 493
Notes:

C1 = Condition 1 (vertical CFL position with round shade)
C2 = Condition 2 (vertical CFL position with square shade)
C3 = Condition 3 (vertical CFL position with polygon shade)
C4 = Condition 4 (horizontal CFL position with round shade)

C5 = Condition 5 (horizontal CFL position with square shade)
C6 = Condition 6 (horizontal CFL position with polygon shade)

S1 = round shade, S2 = square shade, S3 = polygon shade
P1 = vertically positioned CFL and P2 = horizontally positioned CFL
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positioned CFL with a square shade except for three adjectives, nonproblematic.
nonglare and balanced. For a vertically positioned CFL with a round shade,
students rated means of all adjectives higher than the mean ratings for a
vertically positioned CFL with a polygon shade except for two adjectives,
nonproblematic and nonglare. However, the means for a vertically positioned
CFL with a polygon shade was rated higher on the adjectives of nonproblematic,
nonglare, bright and clear than the means for a vertically positioned CFL with a
round or square shade.

The means of adjectives for a horizontally positioned CFL with a circular
shade were rated higher than the means for a horizontally positioned CFL with a
square shade except for the adjectives of free and balanced. Students rated the
means of all adjectives for a horizontally positioned CFL with a square shade
higher than the means for a horizontally positioned CFL with a polygon shade
except for the adjectives favor, like, and appealing.

Students’ ratings of the means of adjectives for a horizontally positioned CFL
with a round shade were also greater than the means for a horizontally

positioned CFL with a polygon shade. The means of adjectives for a

horizontally positioned CFL with a round shade were rated higher than the

means of a vertically positioned CFL with the same shade. Students rated

means of all adjectives for a horizontally positioned CFL with a square shade

higher than for a vertically positioned CFL with a similar shade shape. Students’
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ratings of all means for a horizontally positioned CFL with a polygon shade were

higher than the means for a vertically positioned CFL with the same shade.

Factor analysis. According to Flynn et al. (1979), the inspection of the rating

scale that loads highly on a factor indicates the nature and the name of the
factors. The naming of the scales was also based on theoretical background and
the investigator’s knowledge. The CS was found to have five distinct subscales.
The subscales were labeled as preference, comfort, brightness condition, lighting
problem, and lighting condition. The five factors were retained because the
grouping of the adjectives was similar to Bernecker et al. (1993) and Rea’s
(1981) studies. The adjectives were also grouped into five factors based on Flynn
et al.’s (1979) recommendations and theoretical background.

Principal factors’ extraction with varimax rotation was performed through the
Kaiser Normalization rotation method on 22 items from the CS for a sample of 90
students. Principal components’ extraction was used prior to principal factors’
extraction to estimate number of factors, presence of outliers, absence of
multicollinearity, and factorability of the correlation matrices. Five factors were
extracted (see Table 4.2). As indicated by CS, all factors were internally
consistent and well defined by the variables; the lowest of the CS for factors from
variables was for the adjective large (.30) and the highest factor was appealing
(.83). The factorial analysis generated five subscales that were labeled as

acceptable, and balanced were labeled as preference. Comfort, ease, spacious,
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Table 4.2

Rotated Factor Matrix for the CS

Preference Comfort Brightness L. Problem L. Condition Eigen Variance

Adjectives Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 E. V. %

Appealing .83 9.64 43.8
Pleasant 15 1.69 7.7
Attractive .63 1.39 6.3
Like 63 1.19 54
Favor .61 1.06 48
Acceptable .58 .98 4.4
Balanced 48 .80 36
Comfort 47 .70 3.2
Ease .70 .69 3.1
Spacious 61 62 2.8
Satisfied .59 .49 2.2
Relaxed .58 .43 1.9
Free .56 42 1.9
Adequate .56 .36 1.6
Easy .55 .28 1.3
Bright .62 .25 1.1
Clear 57 .24 1.1
No Problem 73 22 .99
No Glare .62 .18 .83
Uniform .58 A7 .78
Focused .34 13 .57
Large .30 10 .39

Notes: Factor 1: preference, Factor 2: comfort, Factor 3: brightness

condition, Factor 4: lighting problem, Factor 5: lighting condition.

E. V. = Eigen values
% = percent of variance
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adjectives bright and clear were labeled as brightness condition, the adjectives
nonproblematic and nonglare were labeled as lighting problem, and the
adjectives uniform, focused and large were labeled as lighting condition.
Although the CS consisted of five subscales, the adjectives were all designed to
measure comfort, and the adjectives were found to have a high correlation with

each other (see Table 4.3).

Reliabilities. Reliabilities of the subscscales (Preference, Comfort, Brightness

Condition, Lighting Problem, and Lighting Condition) of the CS were assessed by
calculating Cronbach’s alpha coefficient. As a result, alpha coefficients of .92,
.89, .85, .78, and .74 were obtained for Preference, Comfort, Brightness
Condition, Lighting Problem, and Lighting Condition (see Table 4.3). All

subscales’ reliabilities were above .70.

Relationship between CS Subscales and Shade Shape
and CFL Position.

Table 4.4 illustrates the relationship between preference, comfort, brightness
condition, lighting problems, and lighting conditions and shade shape and CFL
burning positions. This analysis was conducted to clearly describe the subscales’
relationship with the independent variables (shade shape and CFL burning
position).

Preference. The preference mean for the horizontally positioned CFL with a

round shape was more (5.60) than the preference mean for vertically positioned
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Table 4.3

Correlation Matrix Between CS Subscales for University Students

Subscales 1 2 3 4 5

Students (N = 90)

1. Preference -- 79** B62** 26* 21"
2. Comfort 7™ -- B1** 24" 26"
3. Brightness condition .62** B1** -- 21 .56**
4. Lighting problems .26 24* 21* -- 23"
5. Lighting condition 21* 26* 56** 23" --
Notes:

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
1 = Preference, 2 = Comfort, 3 = Brightness Condition, 4 = Lighting
Problems, 5 = Lighting Condition and -- indicates no estimation.
Reliability Coefficients:
Preference = .92 (number of items = 7)
Comfort = .89 (number of items = 8)
Brightness condition = .85 (number of items = 2)
Lighting problems = .78 (number of items = 2)
Lighting condition = .74 (number of items = 2)
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Table 4.4

Description of the Five Subscales and the Shade Shape and CFL Burning

Position

Subscales Shape Position ___Mean Std. Deviation N
Preference 1 1 52 1.05 15
2 5.6 71 15

Total 54 .92 30

2 1 45 1.30 15

2 50 .96 15

Total 48 1.16 30

3 1 4.1 1.33 15

2 5.1 1.17 15

Total 4.6 1.34 30

Total 1 46 1.29 45

2 53 .98 45

Total 49 1.19 90

Comfort 1 1 53 .12 15
2 6.1 .60 15

Total 5.6 77 30

2 1 4.6 1.09 15

2 538 .66 15

Total 5.1 1.06 30

3 1 4.2 . 92 15

2 53 74 15

Total 4.8 .98 30

Total 1 4.7 1.00 45

2 5.7 12 45

Total 5.2 1.00 90

Brightness 1 1 48 1.19 15
2 5.1 .99 15

Total 5.0 1.09 30

2 1 3.4 1.61 15

2 49 .80 15

Total 4.2 1.47 30

3 1 38 1.05 15

2 45 1.27 15

42 1.21 30

Total 1 4.0 1.41 45

2 49 1.05 45

Total 4.4 1.31 90

Lighting 1 1 5.1 1.49 15
Problems * 2 59 1.20 15
Total 5.5 1.39 30

2 1 5.2 1.24 15

2 5.7 .99 15

Total 5.5 1.12 30

3 1 5.6 .86 15

2 5.2 1.54 15
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Table 4.4 Continued.

Description of the Five Subscales and the Shade Shape and CFL Burning

Position

Subscales Shade Position Mean Std, Deviation N
Total 54 1.25 30
Total 1 5.3 1.21 45
2 56 1.27 45
Total 54 1.25 80
Lighting 1 1 4.5 .84 15
Condition 2 8.7 8.19 15
Total 56 4.49 30
2 1 49 2.31 15
2 48 .69 15
Total 49 1.68 30
3 1 4.0 1.00 15
2 45 .82 15
42 .93 30
Total 1 45 1.54 45
2 5.3 3.68 45
Total 49 2.84 90

Notes:

Shade 1 = round, shade 2 = square, and shade 3 = polygon

CFL position 1 = vertical, CFL position 2 = horizontal

* = Higher rating mean fewer problems.
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CFL with the similar shade (5.26). The preference mean for horizontally

positioned CFL with a square shade (5.00) was much higher than the preference

mean for vertically positioned CFL with the similar shade (4.50). For a polygon
shade, the preference mean was much higher (5.10) for a horizontally positioned
CFL than the preference mean for a vertically positioned CFL (4.10). Students
preferred a horizontally positioned CFL with a square and a polygon shade to a
vertically positioned CFL with similar shades.

Comfort. The comfort mean for a horizontally positioned CFL with a round
shade was 6.10 and the comfort mean for a vertically positioned CFL with a
round shade was 5.25. The comfort mean for a horizontally positioned CFL with
a square shade was higher (5.80) than the comfort mean for a vertically
positioned CFL with a similar shade (4.60). For a polygon shade, comfort mean
of a horizontally positioned CFL is 5.30 and the comfort mean of a vertically positioned
CFL was 4.23. Students rated a horizontally positioned CFL with any of the three
shade shapes as more comfortable than a vertically positioned CFL with similar
shades.

Brightness condition. The brightness condition was rated higher (5.10) for a

horizontally positioned CFL with a round shape than for a vertically positioned
CFL with a similar shade (4.80). Students’ ratings on the brightness condition for
a horizontally positioned CFL with a square shape was 4.93 and students’ rating
on the brightness condition for a vertically positioned CFL with a similar shade

was 3.40. For a polygon shade, the brightness condition was rated 4.53 and for a
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vertically positioned CFL with similar shade, the brightness condition was rated
3.77 Students rated brightness condition for a horizontally positioned CFL with a
round shade, a rectangular shade, or a polygon shade higher than brightness
condition for a vertically positioned CFL with similar shades.

Lighting problem. Lighting problem (no problem, no glare) was rated 5.90 for

a horizontally positioned CFL with a round shape and 5.10 for a vertically
positioned CFL with a similar shade. Lighting problems rating was also higher for
a horizontally positioned CFL with a square shade (5.70) than a vertically
positioned CFL with a similar shade (5.20). However, the lighting problems rating
for a horizontally positioned CFL with a polygon shade was lower (5.17) than a
vertically positioned CFL with a polygon shade (5.57). Lighting problem ratings
for a horizontally positioned CFL were higher (i.e., less problematic and less
glare) for a round shade and a square shade than for a vertically positioned CFL

with similar shades.

Lighting condition. Students rated lighting conditions for a horizontally

positioned CFL with a round shade more (6.73) than a vertically positioned CFL
with a similar shade (4.47). However, for a horizontally positioned CFL with a
square shade, the rating was less (4.84) than a vertically positioned CFL with a
square shade (4.91). Students rated lighting conditions for a horizontally
positioned CFL with a polygon shade higher (4.47) than for a vertically positioned

CFL with a similar shade (4.02). Lighting condition ratings for a horizontally

positioned CFL were higher for all shades shape compared to lighting conditions

for a vertically positioned CFL with similar shades.
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Significance Tests

A 3 X 2 between-subjects multivariate analysis of variance was performed on
five dependent variables: preference, comfort, brightness condition, lighting
problems, and lighting conditions. Independent variables were shade shape
(round, square, and polygon) and CFL burning position (vertical and horizontal).
SPSS 8.0 MANOVA was used for the analyses with the sequential adjustment for
nonorthogonality. Order of entry of independent variables was shade shape, then
CFL position. Results of evaluation of assumptions of normality, homogeneity of

variance-covariance matrices, linearity, and multicollinearity were satisfactory.

Hypothesis 1

Hypothesis 1 stated that there is a difference in overall comfort (preference,
comfort, brightness condition, lighting problems, and lighting conditions) of the
university students due to lamp shade shape. A 3 x 2 between-subjects
multivariate analysis of variance was performed on the five dependent variables:
preference, comfort, lighting problems, brightness condition, and lighting
condition. Independent variables of this study were shade shape and CFL
burning position.

SPSS MANOVA was used for the analysis with the hierarchical (default)
adjustment of nonorthogonality. Order of entry of IVs was shade shape, then CFL
burning position. The results of MANOVA for hypothesis 1 are presented in

Table 4.5 and Table 4.6. Significant main effects were observed for preference,
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Table 4.5

The Effect of Shade Shape on Comfort

ShadeEffect Test Name Value F Hypothesis Error Sig.
,,,,,,,,, i, o dEdf prlevel
Pillai’s Trace 22 2.04 10 162 .03*
Wilks’ Lambda .78 2.09 10 160 .03*
Hotelling’s Trace 27 2.14 10 158 .03*
Roy’s Largest Root 24 3.85 5 81 .00*
Note:

* = Significance at the .05 level.
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Table 4.6

Follow-up Univariate F-test on Shade Shape Effects

Shape Effect Dependent Variables df

Mean square

Preference 2
Comfort 2
Brightness 2
Lighting Problem 2
Lighting Condition 2

5.65

5.60

6.54

14

13.80

4.61

8.53

4.70

.09

1.78

.01*

.00*

.01*

.92

18

Note:
* = Significance at .05 level.
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comfort, brightness condition, lighting problems, and lighting conditions. With the
use of Wilks’ criterion, the combined DVs were significantly affected by shade
shape, F (5, 90) = 2.09, p < .05.

Follow-up Univariate F-test demonstrated a significance in preference F
(1, 90) = 4.61, p < 0.5, significance in comfort F (1, 90) = 8.53, p < .05,
significance in brightness condition F (1, 90) = 4.70, p < .05, non-significance in
lighting problems F (1, 90) = .09, p < 0.5, and non-significance in lighting
condition E (1, 90) = 1.78, p < .05 for lamp shade shape differences.

Tukey’s honestly significance difference test (HSD) was performed to the CS
responses to compare individual treatments (see Table 4.7). With a = .05, the
test showed that students’ lighting preferences for round and polygon shades
were different. Students’ comfort level under test lighting for round and polygon
shades were different and students’ brightness perception under test lighting for
round, square, and polygon shades were different. Post hoc analysis also
showed that student’s perception of lighting problems and lighting conditions

under the test lighting were not different for the three shades tested.

Hypothesis 2

Hypothesis 2 stated that there is difference in overall comfort (preference.

comfort, brightness condition, lighting problems, and lighting conditions) of the
university students due to the CFL burning position. A 3 x 2 between-subjects

multivariate analysis of variance was performed on the five dependent variables:
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Table 4.7

Tukey HSD Post Hoc Comparison

Dependent Variables (I) Shape (J)Shape Mean Std. Error Sig.
- S S Difference =

Preference 1 2 .64 .28 .07
3 .83 .28 * 01

2 1 .64 .28 .07

3 19 .28 .78

3 1 .83 .28 * 01

2 19 .28 .78

Comfort 1 2 .48 .21 .07
3 .86 .21 *.00

2 1 48 21 .07

3 .39 .21 .16

3 1 .86 .21 *.00

2 .39 21 16

Brightness 1 2 .80 .31 *.03
Condition 3 .82 .31 *.02
2 1 .80 .31 *.03

3 .67 .31 .99

3 1 .82 .31 *.02

2 .67 31 .99

Lighting 1 2 .50 .32 .99

Problems 3 13 .32 91
2 1 .50 .32 .99

3 .33 .32 .96

3 1 13 .32 91

2 .33 .32 .96

Lighting 1 2 72 72 .58
Conditions 3 .35 T2 A5
2 1 72 12 .58

3 63 72 .65

3 1 .36 72 .15

2 .63 72 .65

Note:

* = The mean difference is significance at the .05 level.
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preference, comfort, lighting problems, brightness condition, and lighting

condition. Independent variables were shade shape and CFL burning position.
SPSS MANOVA was used for the analysis with the hierarchical (default)

adjustment of nonorthogonality. Order of entry of IVs was shade shape, then
CFL burning position. The results of MANOVA for hypothesis 2 are presented in
Table 4.8 and Table 4.9. Significant main effects were observed for preference,
comfort, brightness condition, lighting problems, and lighting conditions. With the
use of Wilks’ criterion, the combined DV's were significantly affected by CFL
burning position, F (5, 90) =7.92, p < .05.

Follow-up Univariate F-test showed a significance in preference F (1, 90) =
8.71, p < .05, significance in comfort E (1, 90) = 33.53, p < .05, significance in
brightness condition E (1, 90) = 12.46, p < .05, non-significance in lighting
problems F (1, 90) = 1.12, p < .05, and non-significance for lighting condition

F (1, 90) = 2.25, p < .05 for CFL burning position differences.

Hypothesis 3

Hypothesis 3 stated that there is an interaction between shade shape and
CFL burning position based on the comfort responses. A 3 x 2 between-subjects
multivariate analysis of variance was performed on the five dependent variables:
preference, comfort, lighting problems, brightness condition, and lighting

condition. Independent variables were shade shape and CFL burning position.
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Table 4.8

The Effect of CFL Position on Comfort

Position Effect Test Name Value F Hypothesis Error Sig.
Df df p-level
~ Pillai’s Trace 331 792 5 78 .00*
Wilks’ Lambda .669 7.92 5 78 .00*
Hotelling’s Trace 495 7.92 5 78 .00*
Roy’s Largest 495 7.92 5 78 .00*
Root

Note:
* = Significance at .05 level.
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Table 4.9

Follow-up Univariate F-test on CFL Position Effects

CFL Position Dependent df  Mean square F Sig.

Variables
- ) Preference 1 1068 871 000"

Comfort 1 22.00 33.53 0.00*
Brightness 1 17.34 12.46 0.00*
Lighting Problem 1 1.74 1.12 0.29
Lighting Condition 1 17.48 2.25 0.14

Note:

* = Significance at .05 level.



SPSS MANOVA was used for the analysis with the hierarchical (default)

adjustment of non orthogonality. Order of entry of IVs was shade shape, then
CFL burning position. The results of MANOVA for hypothesis 3 are presented in
Table 4.10 and Table 4.11. Significant interaction effects were observed for
preference, comfort, and brightness condition. The analysis did not show any
significant effect for lighting problems and lighting conditions.

With the use of Wilks’ criterion, the combined DVs were significantly affected
by the interaction of shade shape and CFL burning position, F (5, 90) = 1.95, p <
.05. The results reflected a strong association between the CFL burning position

and the DVs.

Follow-up Univariate F-test showed a significance in preference F (1, 90) =
4.61, p < .05, a significance in comfort F (1, 90) = 8.53, p < .05, a significance in
brightness condition E (1, 90) = 4.70, p < .05, a non-significance in lighting
problems F (1, 90) = .09, p < .05, and a non-significance for lighting condition F
(1, 90) = 1.78, p < .05 for CFL burning position differences. These findings

support the results from the Post Hoc test.

Task lllumination Measurement

Task illumination for the six task conditions was measured in order to
compare the readings with previous findings on candlepower distribution and the
CS responses. Task illumination readings taken prior to each test are presented

in Table 4.12. The task illumination reading for the table lamp with the vertically

positioned CFL and round shade were higher (68 footcandle) than task
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Table 4.10

The Interaction Between Shade Shape and CFL Burning Position on Comfort

197

Interaction Test Name Value F
Effect
Pillai’'s Trace 222
Wilks’ Lambda .790 1.95
Hotelling’s Trace 251 1.93
Roy’s Largest Root  .151 2.39

Hypothesis

df

10
10
10

5

Error

df

Sig.
p-level

.040*
.042*
.045*
.045*

Note:
* = Significance at .05 level.
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Table 4.11

Follow-up Univariate F-test on CFL Position and Shade Shape Interaction

Shape and Position  Dependent df Mean square F Sig.

Variables

T Preference 2 565 461 .01
Comfort 2 5.60 8.53 .00*
Brightness 2 6.54 470 .01~
Lighting Problem 2 14 .09 .92
Lighting Condition 2 13.80 1.78 18

Note:

* = Significance at .05 level.
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illumination reading for the table lamp with the vertically positioned CFL and
polygon shade (60 fc). Task illumination for the vertically positioned CFL and a
polygon shade (60 fc) was higher than the vertically positioned CFL with a
square shade (56 fc).

The task illumination reading for the table lamp with a horizontally positioned
CFL and a round shape was higher (78 fc) than task illumination reading for a
horizontally positioned CFL with a polygon shade (74 fc). The task illumination
reading for a horizontally positioned CFL with a polygon shade shape was higher
(74 fc) than the task illumination reading for a horizontally positioned CFL with a
square shade (72 fc). Task illumination readings for the CFLs with a round shade
shape were higher than task illumination readings for CFLs with a polygon shade
and CFLs with a square shade. Readings for table lamp shades with a
horizontally positioned CFL were higher than readings for table lamp shades with
a vertically positioned CFL. A horizontally positioned CFL with a round shade
shape had the highest task illumination reading compared to other CFL position

and shade shape combinations.

Task lllumination and the CS Responses

The relationship between task illumination measured for each treatment and
the CS responses is presented in Table 4.13. Task illumination for a table lamp
with a vertically positioned CFL and a round shade was rated with a mean of

5.15 on preference, 5.25 on comfort, 4.80 on brightness condition, 5.10 on
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Table 4.12

Task lllumination readings in Zone 1 (center of the task plane, 41 cm or 16
in from the light source).

P1+S1 P1+S2 P1+S3 P2+S1  P2+S2 P2+S3

Readings 68 56 60 78 72 74
(fo)

Notes:
P= CFL burning position where P1= Vertical and P2= Horizontal.

S= shade shape where S1= Round shade, S2= Square shade and S3= Polygon
shade.

All measurements are in foot-candles (fc).
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lighting problems, and 4.47 on lighting condition. Task illumination for a table
lamp with a vertically positioned CFL and a square shade was rated with a mean
of 4.48 on preference, 4.58 on comfort, 3.40 on brightness condition, 5.23 on
lighting problems, and 4.91 on lighting condition. Task illumination for a table
lamp with a vertically positioned CFL and a polygon shade was rated with a
mean of 4.06 on preference, 4.23 on comfort, 3.77 on brightness condition, 5.57
on lighting problems, and 4.02 on lighting condition.

With a vertically positioned CFL, preference, comfort, and brightness
conditions were rated highest for a table lamp with a round shade. Lighting
problems (i.e., nonproblematic and nonglare) were rated highest for a table lamp
with a vertically positioned CFL and a polygon shade. For a vertical CFL, lighting
conditions were rated highest for a table lamp with a square shade.

Task illumination for a table lamp with a horizontally positioned CFL and a
round shade was rated with a mean of 5.64 on preference, 6.01 on comfort, 5.13
on brightness, 5.90 on lighting problems (i.e., no problem and no glare), and 6.73
on lighting condition.

Task illumination for a table lamp with a horizontally positioned CFL and a
square shade was rated with a mean of 5.04 on preference, 5.73 on comfort,
4.93 on brightness, 5.67 on lighting problems, and 4.84 on lighting condition.
Task illumination for a table lamp with a horizontally positioned CFL and a

polygon shade was rated with a mean of 5.08 on preference, 5.30 on comfort,
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Table 4.13

Description on the Relationship between Task lllumination and Comfort Factors

Task Preference  Comfort  Brightness  Lighting Lighting
{llumination Condition Problems* Condition
‘T1:68fc  Mean 515 525 480 510 447
SD 1.05 74 1.19 1.49 .84
T2: 56 fc Mean 448 4.58 3.40 5.23 4.91
SD 1.30 1.09 1.61 1.24 2.31
T3:60 fc Mean 4.06 423 3.77 557 4.02
SD 1.33 .92 1.05 .86 1.00
T4:78 fc Mean 5.64 6.01 513 5.90 6.73
SD g1 .60 .99 1.20 6.19
T5:72fc Mean 5.04 5.73 493 5.67 484
SD .96 .66 .80 .99 .69
T6: 74 fc Mean 5.08 5.30 4.53 517 4.47
SD 1.17 74 1.27 1.54 .82
Note:

N = 15 and fc = footcandle

* = Lack of lighting problems (i.e., no problem and no glare)
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4.53 on brightness condition, 5.17 on lighting problems, and 4.47 on lighting
condition.

Preference, comfort, brightness condition, lack of lighting problems, and
lighting conditions were rated highest for task illumination of a horizontally
positioned CFL with a round shade. Comfort, brightness condition, lighting
problems (i.e., no problem and no glare), and lighting conditions were rated
higher for a table lamp with a horizontally positioned CFL and a rectangular
shade than the same table lamp with a polygon shade. However, the students
preferred a table lamp with a horizontally positioned CFL and a polygon shade to
the same table lamp with a square shade.

Students rated preference, comfort, brightness condition, lighting problems,
and lighting condition highest for a horizontally positioned CFL with a round
shade compared to a horizontally positioned CFL with a square or a polygon
shape shade. Likewise, students rated all factors (preference, comfort,
brightness condition, lack of lighting problems and lighting conditions) highest for

a horizontally positioned CFL with a round shape shapes.

University Students’ Survey Responses

One hundred and eight Texas Tech University students (45 males and 63
females) signed-up to participate in the study. One hundred and five students
agreed to participate and four students did not pass the eye test. Ninety

responses were randomly selected from the remaining one hundred and one
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responses. The ninety responses were used in the final data analysis.
Descriptive statistics were performed for the USS to identify students’
demographic characteristics. The results are presented in the following sections.

There were a total of 31 male and 59 female students used in the data
analysis. The female students constituted the majority (66%) of the sample.
There were 14 18-year-olds, 34 19-year-olds, 12 20-year-olds, 11 21-year-olds,
7 22-year-olds, 5 23-year-olds, 1 25-year-olds, 2 26-year-olds, and 1 29-,30-,
33-, and 36-year-old students used for the study. There were 65 Caucasians, six
African Americans, 17 Hispanics, one Asian, and one other ethnic students
(American Indian) used for the study. Fifty students wore corrective eyewear or
glasses, and 40 students had 20/ 20 vision.

There were six students who had difficulty seeing text close, fifty-one had
difficulty seeing text far, and two students who had problems seeing text close
and far. Six students had astigmatism and twenty students experienced no visual
problems. There were three students who had a combination of astigmatism,
difficulty seeing text close and difficulty seeing text far. There were 38 students
who had problems with their eyes but did wear corrective eyewear or glasses.

There were 10 students who worked as student assistants, seven who
performed clerical or secretarial work, eight who were professionals (nurse,
teacher, manager, etc.), 14 who worked in sports, 14 who worked in the food

service industry, seven who were involved in sales, one who was in agriculture,

and 29 who were unemployed.
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There were thirteen students who did not use a table lamp for study. Each
day, eleven students used a table lamp for one hour, 20 students used a table
lamp for two hours, 16 students used a table lamp for three hours, 13 used a
table lamp for four hours, 10 students used a table lamp for five hours, and five
students used a table lamp for six hours. One student used a table lamp for eight
hours a day and one student used a table lamp for ten hours a day. A total of
85.6% of the students who participated used a table lamp for study everyday.

Twenty-four students stated that they had a problem using a table lamp at
home. Sixty-six students stated that they did not have any problem using a table
lamp at home. Glare, inadequate brightness, lack of uniformity, and lack of
clarity were major problems identified. Eight students stated that inadequate
lighting caused them to feel tired and fall asleep. Only one student had taken a
lighting course.

There were 44 students who preferred blue over any other color. This
constituted 48.9% of the total students. Sixteen students preferred green, ten
students preferred red, four students preferred yellow, and sixteen students
preferred other colors (purple, pink, etc.).

There were 69 students who preferred a polygon shape over other shapes.
This constituted 76.7% of the total students. Fourteen students preferred a round

shape and seven students preferred a square shade over other shade shapes.
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CHAPTER YV

DISCUSSION

Introduction

Task visibility and perceived visual comfort are important issues to be
considered (Bernecker et al., 1993) for university students’ working environment.
The principal purpose of this study was to measure and determine the
combination of shade shape and CFL burning position for task illumination that
was most comfortable for university students. The second purpose of this study
was to develop and evaluate a semantic differential scale used for measuring
university students’ visual comfort when reading under table lamp lighting.

The hypotheses were: (a) there is a difference in overall comfort (preference,
comfort, brightness condition, lighting problems, and lighting conditions) of the
university students due to lamp shade shape, (b) there is a difference in overall
comfort (preference, comfort, brightness condition, lighting problems, and lighting
conditions) of the university students due to CFL burning position, and (c) there is
an interaction between shade shape and CFL burning position based on the
overall comfort (preference, comfort, brightness condition, lighting problems, and
lighting conditions) of the university students and their responses to the CS.

The discussion for this study is addressed in the following sections: (a) the
development and evaluation of a measure of university students’ comfort, (b)
hypothesis 1, (c) hypothesis 2, (d) hypothesis 3, (e) relationship between the
subscales, shade shape and CFL position, (f) task illumination measurement, (g)
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task illumination and the CS responses, (h) USS and the responses, (i)

conclusions, (j) implications, (k) limitations of the study, (1) future considerations,

and (m) summary of the study.

Development and Evaluation of a Measure of
University Students’ Comfort

CS mean rating. Flynn et al. (1979) suggested the calculation of rating means

to provide a clear ‘picture’ of subjective reactions to the different lighting
conditions. Through descriptive analysis of the responses for CS adjectives,
there were significant differences among the means. This study further confirmed
previous studies such as Flynn et al. (1979) and Bernecker et al. (1993) on the
ability of a semantic differential scale to measure subjective impressions on
lighting. Keeves (1998) stated that the adjectives in semantic differential scales
did not accurately measure users’ comfort and that the adjectives were not
perfectly opposite. Therefore, the CS adjectives did not have a midpoint because
the words used for each scale did not represent perfect negatives or opposite
endpoints. The words had their own meaning. For example, the word visual
comfort in this study was defined as a person’s comfort perception towards the
lighting conditions. Visual comfort in this study was not defined only as being
glare-free. This study did not use a zero interval on the CS because of the
argument by Forthman (1973) that a zero or a midpoint implied neutrality,
ambivalence, and irrelevance.

Students rated all adjectives higher for a vertically positioned CFL with a
rounder shade shape (round and polygon) except nonproblematic, nonglare,
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and balanced. The students also rated all adjectives higher for a horizontally
positioned CFL with a rounder shade shape except favor, like, appealing, free,
and balanced. Lighting that was distributed by a round shade and a polygon
shade were perceived as being more comfortable, brighter and providing better
lighting conditions than a square shade. The lighting distributed by rounder
shades was also much preferred and was perceived to have fewer lighting
problems than the lighting with a square shade.

Page et al. (1997) suggested that changing the shade geometry may improve
the candlepower distribution of a CFL. Findings from this study suggest that a
rounded shade shape distributes light much more comfortably, produces fewer
lighting problems, and provides better lighting conditions and brightness. The
students also preferred the lighting that was distributed by rounded shapes to
that by square shades. Because the students were asked not to judge the fixture,
there was no direct analysis on the relationship between shape shade preference
identified in the USS and visual comfort.

Students rated the adjectives for a horizontally positioned CFL with a round,
a square, and a polygon shade higher than the adjectives for a vertically
positioned CFL with similar shade shapes. The table lamps with a horizontally
positioned CFL were perceived as being more comfortable, more bright and

providing better lighting conditions. Table lamps with a horizontally positioned

96



CFL were also preferred and were perceived to have fewer lighting problems
than the lighting from table lamps with a vertically positioned CFL. The findings
support Page’s (1998) study regarding candlepower distribution of a vertically
and a horizontally positioned CFL. According to Page (1998), a horizontally
positioned CFL distributed the majority of the flux vertically and produced fewer

brightness problems.

Principal factors. The CS was found to have five distinct subscales. The

subscales were labeled as preference, comfort, brightness condition, lighting
problem, and lighting condition. This finding agrees with Flynn et al.’s (1979)
study that the adjectives used can be categorized into pertinent factors. The CS
was developed to measure comfort of university students’ reading under various
table lamp lighting, and the use of the CS is suitable for this purpose only. Flynn
et al. (1979) stated that there is no one set of scales suitable for all purposes,
and the selection of the adjectives should represent pertinent factors.

Correlation. The CS consisted of five subscales that were found to be highly

correlated with each other. This finding was consistent with Flynn et al.’s (1979)
study that stated “if subjects tend to use each of the evaluative scales in a
consistent manner, then the researcher would expect the scales to have high
correlation (p. 101). Bernecker et al.’s (1993) study demonstrated that subjects
were able to differentiate between uniform and non uniform lighting, and that the
responses were highly correlated with visual comfort.

This study also revealed that the correlation power depends on the
nature of the factors. For example, students’ preference for a certain type of
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lighting depended more on comfort than on the lighting conditions or lighting
problems. Brightness condition was more strongly related to lighting conditions

than to lighting problems.

Reliabilities. Calculation of Cronbach'’s alpha showed that all the subscales
had high reliability. All the reliabilities were more than .70. Bernecker et al. (1993)
used a reliability of greater than .70 for subscales of visual comfort.

The Method. The investigator had access to a growing body of technical

literature on the performance of CFL systems. Therefore, this study was able to
utilize much relevant literature. Veitch et al. (1998) stated that poor research
design, small sample sizes, and inappropriate use of statistical tests were factors
that caused the poor quality and limited quantity of literature reviews on luminous
conditions and the human needs. Therefore, previous theories, suggestions, and
guidelines were incorporated into this study. The study was also documented
with regard to the testing method and controlled for many confounding variables.

This research has considered and applied the findings and theoretical
framework from previous research. However, there were limitations that should to
be investigated and applied in the future studies to produce a more
comprehensive result. No literature was found that identified the composition of
students’ age, gender, race, and other demographic characteristics needed for a
sample to represent the general population. The study used university students
as sample. The study assumed that the students represented a population of
table lamp users. The degree of generalization to the population of table lamp
users needs to be determined.
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Hypothesis 1

Hypothesis 1 stated that there is a difference in overall comfort (preference,
comfort, brightness condition, lighting problems, and lighting conditions) of the
university students due to lamp shade shape. Multivariate analysis showed that
there was a significant difference in the students’ comfort level based on the
differences in shade shape.

The study established a relationship between shade shape and overall
comfort (preference, comfort, brightness condition, lighting problems, and lighting
conditions). Therefore, varying shade dimensions and geometry had an effect on
overall comfort. This study supported Page et al.’s (1997) assumption that shade
size, thickness, material, color, and form affect overall comfort.

The study also supported the statement made by Lawrence Berkeley
Laboratory that lamp, ballast, and light fixture need to be considered as one.
Therefore, when selecting a table lamp, users may want to consider the function
of shade shape and the table lamp as a whole. By considering the function of
each part and the entire luminaire, the users may eliminate many visual problems
such as blinding glare, optical distortion, and excessive brightness associated

with table lamp lighting.
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The literature review suggested that there is a relationship between loss of
light output (Page, 1998; Siminovitch et al., 1995), severe degradation of optical
distribution (Page et al., 1997), and visual discomfort caused by glare (Serres et
al., 1993). Thus, considering shape shade as a selection factor may minimize
light output loss and optical distribution degradation.

The follow-up univariate F-test on shade shape effects showed that there
were significant differences in preference, comfort, and brightness conditions due
to shade differences. Although the follow-up Univariate F-test did not suggest
differences in the lack of lighting problems and lighting conditions, overall tests
on the CS produced a difference. Analysis of the relationship between the CS f
factors with shade shape showed that students preferred and felt most
comfortable reading under a table lamp with round shade as compared to square

or polygon shades.

Preference for a rounder shade is a good indication that the consumers’ will
select the best shade shape that assures efficient light distribution. Round
shades were much preferred and provided better comfort and better brightness
conditions. The selection of rounder shades will also assure that the lighting will
provide better comfort. Veitch et al. (1993) concluded that people believe that
lighting is important to the achievement of a healthy and productive life, and that
preference for lighting products that can benefit them will increase their belief in
the product. Thus, more comprehensive information on how users respond to a
shade factors and better communication of that information to the people who

make decisions about lighting is needed.
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Therefore, the researcher suggests seminars for building managers,
engineers, and designers to educate them about the technologies that are
available for retrofitting. Conway and Leslie (1992) suggested demonstration
sites, serial publications, and testing on humans for new shades to develop a

data base of information regarding lighting preferences.

The follow-up univariate F-test did not show differences in lighting problems
and lighting conditions. This may due to the number of adjectives that related to
lighting problems and lighting conditions. More adjectives may be required to
measure lighting problems and lighting conditions. The insignificant differences
may due to the adjective itself. The adjective pair, problem-no problem, may not
be clear The adjectives may have been able to differentiate between the shades
tested.

Mean comparison showed that students perceived a table lamp with a square
shade as least comfortable and as having more lighting problems (i.e., glare).
The students also perceived a table lamp with a square shade to have lower
brightness and lighting conditions (i.e., uniform, focused and large). A square
shade is more narrow in form and therefore restricts more of the lighting
downward. This finding agreed with the IESNA (1993) statement that deep and
narrow shades restrict downward and upward light.

A comparison of task illumination readings for table lamps used with round

shades and similar table lamps used with square or polygon shades
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demonstrated that the former were perceived to be more bright and to provide
better lighting conditions. However, Bernecker et al. (1993) stated that subjects
may prefer a lighting environment that is neither too bright nor too dim, and that
more light is not necessarily better. Therefore, the selection of shade shape
depends on the table lamp application and the task performed. By considering
the lamp shade and the shade factors such as size, material, color, and reflective
properties, lighting designers and lighting manufacturers may able to increase

consumers’ acceptance of CFL lighting.

Hypothesis 2

Hypothesis 2 stated that there is a difference in comfort due to CFL burning
position. Multivariate analysis showed that there is a significant difference in the
students’ comfort level based on the differences in CFL position. This finding
supported the statement made by California University of Environmental
Research (1996), Page et al. (1997), and Siminovitch et al. (1997) that lamp
operating position plays a significant role in determining the efficacy of a table
lamp system. The finding also supported the statement made by Page et al.
(1997) that changing CFL angle or position helps light to be distributed efficiently

and evenly.

This study added another dimension to previous findings that a table
lamp retrofitted with a horizontally positioned CFL not only is more efficient, but

also is much preferred, more comfortable, and brighter than a vertically
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positioned CFL. A horizontally positioned CFL also was perceived to have fewer
lighting problems and to produce better lighting conditions. According to Dove
(1996) and Essig (1997), differences in light output affected users’ physical and
psychological conditions. Veitch et al. (1998) also stated that light has a strong
influence on human comfort.

The follow-up univariate F-test on CFL position effects showed significant
differences in preference, comfort, and in brightness conditions based on CFL
burning position. The follow-up Univariate F-test did not show any differences in
lighting problems and lighting conditions. However, overall analysis of the CS
showed that there is a significant difference in comfort level based on CFL
burning position differences.

Users’ belief in a certain type of lighting influences their preferences and
perceived comfort (Veitch et al., 1993). Therefore, to increase the users’ belief,
preference, and perceived comfort, the users need to be knowledgeable about
lighting. The proactive solution to this problem is twofold: better information about
how users respond to CFL lighting and better communication of that information

to the people who use CFLs.

The follow-up univariate F-test on CFL position effects did not show
differences in lighting problems and lighting conditions. This may be due to the
number of adjectives that related to lighting problems and lighting conditions.
More adjectives may be required to measure lighting problems and lighting

conditions. The insignificant differences may due to the adjective itself. The
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adjective pair problem-no problem may not be clear. The adjectives may not be
able to differentiate between the CFL position tested.

This study supports the findings of Dove (1996), Essig (1997), and Veitch et
al. (1998) that differences in lighting conditions can affect the user’s physical and
psychological responses. A comparison of task illumination readings for table
lamps used with a vertical CFL and similar table lamps used with a horizontal
CFL demonstrated that the latter were perceived to be more bright and to provide
better lighting conditions. Therefore, a table lamp retrofitted with a horizontal CFL
provides lighting that is more comfortable than a table lamp retrofitted with a
vertical CFL. A table lamp retrofitted with a horizontal CFL is preferred more and
is perceived to have better brightness condition. This finding supported Page et
al.’s (1998) study that a table lamp retrofitted with a horizontal CFL not only

provides better task illumination, but also better visual comfort.

Hypothesis 3

Hypothesis 3 stated that there is an interaction between shade shape and
CFL burning position on visual comfort. Studies by Bodmann and Toison (1994),
Bodmann, Haubner, and Marsden (1979), and Toison (1997) demonstrated that
there is a relationship between brightness and illuminance. Toison’s (1997) study
showed that brightness and illuminance from different task sources affect visual
behavior and visual comfort. Many of the experiments involved simple tasks such

as reading and writing on a flat surface under different lighting conditions.
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According to Toison (1997), many studies on visual comfort have demonstrated
that this procedure is valid for real and complex situations. Therefore, this study
replicated many of the experiments that measured visual comfort under different
task lighting conditions.

Multivariate analysis indicated that there were significant differences in
students’ preference, comfort, and brightness condition due to the interaction of
shade shape and CFL burning position. However, MANOVA did not indicate
significant differences in students’ impressions of lighting problems and lighting
conditions. Page’s (1998) study determined that a horizontally positioned CFL
distributed light where users needed the most. This study supported Page et al.’s
(1997) findings that not only is a horizontally positioned CFL more efficient but

also it is perceived as more comfortable.

The result of the multivariate test also demonstrated that shade shape
affected the light distribution and subjects’ preference, comfort, and impressions
of the brightness conditions. This finding supported Davis and Ji’'s assumption in
Page et al. (1997) that both the lamp shape and the shade are likely to affect

light distribution and users’ behavior.

Bernecker et al. (1993) stated that visual comfort is an important factor to be
considered in selecting task light. Aspects of visual comfort such as brightness
condition and lighting condition were used to distinguish task lighting conditions
(Bernecker et al., 1993). Therefore subjects’ visual comfort also relates to
brightness condition. Preference, visual comfort and brightness condition are

important evaluating aspects to be considered when evaluating lighting

105



conditions. Preference, comfort, and brightness conditions are important
indications of the users’ acceptance of a lighting product.

The follow-up univariate F-test on CFL position and shade shape interaction
did not show any significant differences on lighting problems and lighting
conditions due to shade shape and CFL position combination. This may due to
the number of adjectives that related to lighting problems and lighting conditions.
More adjectives may be required to measure lighting problems and lighting
conditions. The insignificant differences may due to the adjective itself. The
adjective pair problem-no problem may not be clear. The adjectives may not be
able to differentiate between the lighting conditions tested. According to Flynn et
al. (1979), the adjectives may not be appropriate to measure the lighting
conditions differences. Thus, these adjectives may not be useful in measuring
students’ overall comfort due to shade shape and CFL position lighting.

The results from the analysis for each subscale with shade shape and CFL
position were not as important as the main interaction between visual comfort
and the shade shape and CFL position. This is because the subscales were
found to be highly correlated and functioned to measure visual comfort. The
direction of the relationship between the overall visual comfort and shade

shape and CFL position is presented in the following section.

A horizontally positioned CFL used with a round shape was perceived to be
brighter than a vertically positioned CFL used with similar shade. The study also

found that a horizontally positioned CFL used with a round, a square, and a
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polygon shade emitted more light than a vertically positioned CFL used with
similar shades.

Bernecker et al. (1993) indicated that perception of visual comfort is more
dependent on the lighted surfaces than the lighting on the task. Rea’s (1981)
study did not support Bernecker et al.’s (1993) suggestion that perception of
visual comfort depends on the lighted surface. Rea (1981) stated that variations
in the reflective properties on the task and the lighting geometry strongly
influenced the perceived contrast and performance of the visual task. Lighting
geometry is defined as the shape of lighting on the task surface (Rea, 1981).
Because this study used the same surface areas, it was concluded that the effect
on preference and comfort came only from the lighting projected on the task.
Based on Rea’s (1981) study and this study, it can be concluded that lighting
geometry affected perceived contrast and that lighting geometry was determined
by the shade shape and CFL burning position.

Analysis of the relationship between the CS subscales and shade shape and

CFL position showed that students preferred a horizontally positioned CFL used
with a round, a square and a polygon shade to a vertically positioned CFL used
with similar shades. Veitch et al. (1993) concluded that people believe that
lighting is important to the achievement of a healthy and productive life, and in
general they prefer the type of lighting that they believe will help them reach that

end. Therefore, marketing the information on visual comfort for a horizontally
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positioned CFL to be used with a round, a square, and a polygon shade may
help increase the consumers’ acceptance of CFLs.

The study also found the students’ preference and comfort was greater for a
table lamp used with a horizontally positioned CFL regardless of the shade
shapes. Stannard et al. (1994) stated that qualitative aspects of lighting such as
visibility, comfort, aesthetics, and psychological effects are important to lighting
design. The findings of this study further support conclusions made by
Siminovitch et al. (1995 and 1997) that the qualitative aspects of lighting can
predict the performance of an increasingly used CFL table lamp system with
regard to user’s health and physical comfort. Therefore, further study is needed
to develop efficient methods to measure these qualitative aspects in order to
understand the physical and psychological effects of light.

Analysis of the relationship between the CS subscales and shade shape and
CFL position showed that students’ perceived fewer lighting problems for a
vertically positioned CFL used with a polygon shade. However, by means’
comparison, lighting problems were fewer for a horizontally positioned CFL when
used with a square and a round shade as compared to lighting problems when a
vertically positioned CFL was used with a round and a square shade. This finding
supports the hypothesis that there is a difference in students’ comfort based on

the shade shape and CFL position interaction.
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Analysis of the relationship between CS subscales and shade shape and
CFL position showed that students’ perceived lighting conditions for a vertically
positioned CFL used with a polygon shade were better than the perceived
lighting conditions for the same CFL used with a round or a square shade.
However, lighting conditions were perceived to be better for a horizontally
positioned CFL when used with a round or a polygon shade. The study found
that a square shade helped a vertically positioned CFL to direct the light output to
where the light was needed the most. Comparison of the CS responses means
further supported hypothesis 3 that there is a difference in visual comfort due to

the interaction between shade shape and CFL burning position.

Relationship Between the Subscales, Shade Shape and CFL

A comparison between the five subscales with shade shape and CFL
position suggests that the CS was able to measure what it was supposed to
measure. The comparison showed that students preferred a horizontally
positioned CFL to the vertically positioned CFL. Also task illumination for
horizontally positioned CFLs were higher than vertically positioned CFLs.
According to Ellis et al. (1995) and IESNA (1993), a user’s ability to see small
objects, to read fine print, and to adapt decreases under low illuminance.
Therefore, students’ ability to see objects, read fine print, and to adapt will be
better under a table lamp with a horizontally positioned CFL.

According to Champness et al. (1995), factors associated with user
complaints such as direct glare, inadequate lighting, and bothersome

shadows need to be eliminated to increase user satisfaction, improve working
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conditions, and boost productivity. This study found that students clearly felt
comfortable reading under a table lamp with a horizontally positioned CFL and a
round shade. Therefore, shade variables and CFL factors, when considered, may
eliminate other user complaints such as direct glare, inadequate lighting, and
bothersome shadows.

According to Ellis et al. (1995) and Sanders et al. (1993), users’ satisfaction
levels increased with increased levels of illumination and were followed by a
decrease in satisfaction at peak level. However, Bernecker et al. (1993)
concluded that more lighting does not mean better lighting. By mean comparison,
this study found that the students perceived a table lamp with a horizontally
positioned CFL as having fewer lighting problems than a vertically positioned
CFL.

This finding demonstrated that a horizontally positioned CFL not only
distributed the light where it is most needed for visual tasks, but also was able to
provide the best comfort, lighting conditions, and brightness conditions. A table
lamp with a horizontally positioned CFL was also preferred by the students and

perceived to have the least lighting problems.

Task lllumination Measurement

Task illumination readings for rounder (round and polygon) shades were
higher than task illumination readings for a square shade used with the same

CFL burning position. According to Sander et al., (1993) and Steffy’s (1995)
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assumptions, the task illumination requirement for each student depends on
many variables such as the age, the task type, and the reflectance value of
the task surrounding. This study provides another variable, shade shape, to
consider for task illumination.

Task illumination readings from a horizontally positioned CFL are much
higher than task illumination readings from a vertically positioned CFL used
with similar shades. The findings are consistent with Page’s (1998) study that
demonstrated a horizontally positioned CFL distributes light more effectively
on task surfaces as compared to a vertically positioned CFL .

The burning position of a CFL is an important variable to consider in task
illumination requirement. Ji et al. (1993) concluded that base-down operation
of a CFL reduces the light output from the rated value and alters the light
distribution. llg (1992) and Josephson et al. (1991) stated that lighting that is
unevenly distributed bothers many table lamp users and further reduces the
user’s vision adaptation abilities. This study found that a horizontally positioned

CFL when used with a round shade was able to provide the best uniformity.

Task illumination and CS Responses

Task illumination readings that were taken for each treatment can be
compared with the responses for each treatment. This comparison was made to
support the findings for the hypothesis and to link the previous studies on light

distribution and fixture efficiency with this study.
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Task illumination readings for treatments with a round shade were higher
compared to the readings for other treatments with a square and polygon shade.
This difference is consistent with the findings of hypothesis 1 in which there was
a significant difference in visual comfort due to shade shape. The difference in
task illumination readings is also consistent with the univariate analysis where
visual comfort was rated the best for CFLs used with a round shade compared to
other types of shades. This finding supported the comment Davis and Ji made in
Page’s (1998) study that lamp shades affect light distribution and perceived
brightness. This study found that brightness conditions for CFLs used with a
round shade were better than brightness conditions for CFLs used with other
shade shapes.

Task illumination readings for treatments with a horizontally positioned CFL
were higher compared to task illumination readings for treatments with a
vertically positioned CFL. This difference is consistent with the findings of
hypothesis 2 in which there was a difference in visual comfort due to CFL
position. The differences in task illumination readings were also consistent with
the univariate analysis where visual comfort was rated better for a table lamp
with a horizontally positioned CFL compared to the vertically positioned CFL.
This finding is consistent with Page’s (1998) finding in which a horizontally
positioned CFL distributed the light more evenly on the task surface compared to

the vertically positioned CFL and therefore, increased user satisfaction.
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Students felt most comfortable reading under a table lamp with a round
shade and a horizontally positioned CFL (condition 4) compared to other shades
and CFL position combinations. The students rated all subscales higher for a
horizontally positioned CFL with a round shade than other shade and CFL
position combinations.

The task illumination reading from condition 4 was the highest compared to
the readings from other conditions. This difference is consistent with the finding
in hypothesis 3 in which there was a significant difference in visual comfort due to
shade shape and CFL position interaction. The difference in task illumination
readings is also consistent with the univariate analysis in which visual comfort
was rated the best for a horizontally positioned CFL with a round shade as
compared to other types of shade and CFL position combinations. This supports
the findings of Page et al. (1997) and Page (1998) in which a horizontally
positioned CFL distributed light more evenly on the task surface compared to the

vertically positioned CFL.

USS and the CS Responses

The study made the assumptions that the students were homogeneous and
that the subjects’ demographic characteristics would not influence the responses
on CS. The assumptions were made because this study found no literature or
theoretical framework that suggested subjects’ demographic characteristics

affected responses on visual comfort for table lamp lighting. The University

Students’ Survey (USS) was used in the study for identification of university

113



students’ demographic characteristics and the comments were used for
descriptive purposes.

Individuals differ considerably in their response to task illumination (Sanders
et al., 1993). Weston (1982) assumed that subjects’ visual performance varies at
different illumination levels. However, Sanders et al. (1993) did not clearly
present the relationship of demographic characteristics and responses to task
illumination. Bernecker et al.’s (1993) study found that there were differences in
subjects’ responses towards overhead lighting due to sex and age. Males and
older age groups tended to be less sensitive to lighting changes (Bernecker et
al., 1993). However, this study used only 16 subjects of the age of 40 and over.
This study did not find any differences in the overall comfort responses due to
sex and age.

According to de Boer and Fisher (1991), age affects visual efficiency. As the
age of an individual increases, the relationship between task illumination and
visual performance changes (de Boer et al., 1991). The researcher found that
age affected responses toward task illumination only after the age of 50. This
study used subjects between the age of 18 and 36, and de Boer et al.’s (1991)
study did not discover any effect for the subjects below the age of 40. A study
that examines a relationship between subjects’ demographic characteristics and
table lamp lighting is needed.

Based on the comments written on the USS, students perceived the

lighting conditions for the table lamp with a vertically positioned CFL and a

round shade to be pleasant and the atmosphere to be relaxing and comfortable.
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However, there were a few students who thought that the lighting was a little dim
and made the text look smaller. These comments were similar to responses on
the CS. The adjectives comfort and relaxed were higher for a vertically positioned
with a round shade than a square or a polygon shade. The mean for the
adjective large was low compared to other means. Therefore, the students’
comments supported their CS responses.

Students commented that the lighting for a table lamp with a vertically
positioned CFL and a square shade was dim and made the text appear unclear.
Dimness and glare were also detected in a table lamp with a vertical CFL and a
polygon shade. The students’ comments were consistent with the overall means
for the adjectives bright and clear. This study found that a vertically positioned
CFL used with a square shade provided task illumination that was lower than a
round shade and a polygon shade. Findings from hypothesis 3 also suggested
that a vertically positioned CFL used with a round and a square shade was
perceived to have more lighting problems such as glare than a polygon shade.

There were two students who commented on the table lamp with a
horizontally positioned CFL and a round shade. Both comments indicated that
the lighting condition was sufficient and good for studying. According to the
students, this type of lighting condition helped them focus on the reading
material. The CS responses means on most adjectives for a horizontally
positioned CFL and a round shade were high. Therefore, the students’ comments
in the USS were consistent with their responses for the CS. The responses
means on comfortable and relaxed were the highest.
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Many students thought that the lighting conditions in conditions 4 (horizontal
CFL with round shade), 5 (horizontal CFL with square shade), and 6 (horizontal
CFL with polygon shade) were excellent. However, several students stated that
the lighting in conditions 5 and 6 were dim. CS response means also indicated
that a horizontally positioned CFL used with a polygon shade and a square
shade produced lower brightness. Because only one person took a lighting
course, the study assumed that the students were not knowledgeable about
lighting and the responses were based mostly on their perceptions.

Based on the USS responses, 48.9% of the students preferred blue over any
other color. Warm lamp color temperatures may induce negative effects relative
to comfort conditions (Anderson, 1989; Baron, Rea, & Daniels, 1992). Exposure
to warm white lighting may cause a person to feel tired faster than when exposed
to cool white lighting (North American Philips Lighting, 1984). However, this study
did not find any relationship between color preference and overall comfort
responses.

Color temperatures of the GE™ vertical CFL (3500 °K) and the GE™ Circline
CFL (3000 °K) may were different and may have affected the students’
preferences and visual comfort. In the future, researchers may investigate the
effect of different color temperatures of CFLs on preference and visual comfort.

There were 76.7% students who preferred a polygon shape and 15.5%
students who preferred a round shape. This study found that visual comfort of a
CFL used with a round and a polygon shade were much better than a CFL used

with a square shade. The students were advised not to look at the fixture and to
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concentrate their responses based on the lighting condition on the task.
Therefore, the investigator concluded that the preference for rounder shapes was
a good indication that consumers will select a shade shape that will provide
better visual comfort and efficiency for the CFL table lighting system.

Numerous studies have demonstrated a relationship between shade shape
and preference (Gerhardstein, 1995; Humphrey, Symons, Herbert, & Goodale,
1996, Makioka et al., 1996). Humphrey et al. (1996) concluded that rounder
shapes were perceived as more delightful and comfortable. However, no studies
were found that examined a relationship between shade shape and preference.
Future studies on shade shape and preference will help lighting manufacturers
market a shade that is suitable for CFL table lamps and a shade that provides

both aesthetic value and comfort.

Conclusions

Understanding the psychological and physical effects of CFL lighting is
important to accelerate the implementation and acceptance of CFL lighting in
residential and commercial settings. Researchers and manufacturers agree that
to increase users' satisfaction and energy savings, the table lamp components
need to be considered as one. Thus far, research has focused mainly on the
CFLand its function. However, shade shape played a very important part in

regulating the light output and the lighting perceptions of the users.
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This study was conducted with careful consideration of previous findings on
the measurement and effect of shade shape and CFL burning position on users'
visual comfort. The study found that the CS was able to measure subjects'
impressions or perceptions of visual comfort. Therefore, this study helps confirm
previous studies on the ability of the semantic differential scale to measure
subjective impressions. Factor analysis was able to categorize the adjectives into
factors that were highly correlated. This study concluded that all factors can be
used to measure visual comfort, but the correlation power depends on the
meaning of the factors. This conclusion supports Flynn et al. (1979) study.

Assumptions made by lighting researchers that shade shape may
affect the psychological and physical comfort associated with the use of CFL
table lamp were supported. Preference, comfort, and brightness conditions were
affected by the differences in shade shape. Consideration of shade
characteristics, such as shape, size, and material, may help reduce visual
problems associated with CFL table lamps. For example, this study suggested
that a polygon shade was able to compensate for the perceived problems of a
vertically positioned CFL. To accelerate the acceptance of the vertically
positioned CFL and the horizontally positioned CFL, marketers need to include
the information about the effect of the shade shape on visual comfort and light

distribution. This research may be the first study to assess the effects of lamp

shade shape on visual comfort. CFL burning position was found by several
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researchers to affect light distribution. A horizontally positioned CFL was found to
be more efficient in distributing the light where it is needed the most for task
performance.

Findings from this study strongly supported the research on CFL burning
positions. The study added another dimension to the previous findings in that a
table lamp retrofitted with a horizontally positioned CFL not only is more efficient
than a vertically positioned CFL, it also is much preferred and perceived as more
comfortable and brighter. Future researchers need to assess the effect of triple
tube lamps and helical lamps on visual comfort and responses.

The study supported many assumptions made by previous researchers that
changing CFL burning orientation and shade type affect the light distribution and
users' perceptions. A horizontally positioned CFL was more effective regardless
of shade shape. However, what can we do with the vertical CFLs that are already
in the market? This study found that a vertically positioned CFL was perceived to
have fewer lighting problems (i.e., glare) when used with a polygon shade.
However, overall analysis of the visual comfort indicated that a vertically
positioned CFL performs best with a round shade.

By considering the findings of this study and other research findings we will
be able to determine the optimal shade to use with the vertical CFLs that are on
the market. It is unfortunate that the effects of shade shape were not evaluated
before the lighting manufacturers marketed the vertical CFLs. Lighting
manufacturers and lighting designers are concentrating on the development of

CFL and are ignoring the effect of the whole fixture on human comfort.
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The measurement of task illumination and the comparison of previous
findings on candlepower distribution have helped to validate the findings of this
study. Table lamps retrofitted with a horizontal CFL and a round shade were
found to be most efficient and perceived to be most effective in enhancing visual
comfort. Additionally, the horizontal CFL was perceived as having the least
lighting problems. According to Page (1998), a horizontal CFL also distributes
light most efficiently on the task area compare to other lamp.

This study is merely the beginning in our understanding of the effect of CFL
fixtures on human psychological and physiological well-being. A comprehensive
program of testing of CFL systems on the consumers’ well-being needs to be
established. Consumers, manufacturers, retailers, and designers need to
collaborate to improve the functioning of the CFL fixture. The future of the CFL

will be bright if consumers understand and have confidence in CFLs.

Implications

The findings from this study suggest that the procedures for rating subjective
impressions and comfort can be applied usefully in lighting research. This work
affirmed previous theories and findings that visual comfort and perceptions
associated with lighting are measurable. More specifically, this study reinforces
and articulates the need for engineers and designers to be sensitive to lighting
performance that is broader than the fundamental task-oriented quantitative
standards designed to support reading, writing, typing and other similar visual

tasks. This study suggests that lighting designers and manufacturers can
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manipulate visual comfort and work conditions. While there has been substantial
research in this area, further study is needed to develop comprehensive data on
the effects of light from CFLs and shades on subjective environmental quality.

The study substantiated the importance of considering the lamp fixture
wholistically and the effect of CFL burning orientation and shade shape on users’
comfort. This study further increased the understanding of the advantages of
current lighting options and may help to convince consumers and building
owners to use CFLs for their visual comfort and operating cost benefits.
Consumers need to be presented with information on light distribution and task
iluminance of lamp shades in the purchase decision process. Problems such as
low visual clarity and glare associated with residential and institutional lighting will
be minimized if information about the effects of lamp shades and CFL position on
visual comfort and light distribution is used in the product labeling of CFL
products.

Lighting researchers, lamp designers, and lighting manufacturers could
inform consumers through other forms of media such as television, seminars,
and lay magazines. The information may help consumers select and use the
luminaire appropriately. To develop a better table lamp and retrofitting process,
designers of luminaires must consider and apply research findings regarding
candlepower distribution and task illumination of different lamp shades with
various CFL types.

Accelerating the penetration of CFLs into the residential and commercial
markets will require strong industry participation that could be coordinated
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through relevant national technical groups and design associations including the
llluminating Engineering Society of North America (IESNA), American Society of
Interior Designers (ASID), Association of Energy Engineers (AEE), American
Institute of Architects (AIA), Interior Design Educators Council (IDEC). and IIDA
(Intemational Interior Design Association). In addition home building
organizations, including the manufactured home industry and the National
Association of Home Builders, could get involved. Many of these groups have
experience introducing technologies to the home market (Siminovitch et al.,
19995).

The 1994 Electric Power Research Institute survey found that consumers
have four major complaints about CFLs: they are too expensive, they do not
work with dimmers, they are unattractive, and consumers do not know where to

use them (Page, 1998). By, considering the shade and the CFL type,

many of the complaints can be solved. The high initial cost of CFLs may be
offset by the improvement of visual comfort and lighting conditions. Consumers
need to use the appropriate CFL fixture in places where it has the most effect on
the visual comfort and performance, such as in a study or a visual task area.
Consumers, manufacturers, retailers, and energy providers could all
benefit from improved information on the functioning of the fixture and the
performance of CFL products. A comprehensive program of testing CFL
systems in residential and commercial applications could enhance the basic
technical understanding, while more research on CFLs and the fixture could

improve the understanding of users’ preferences, comfort, and satisfaction.
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Better understanding of performance and consumer preferences could be used
to develop a lighting performance labeling system. The Federal Trade
Commission’s Energy Guide labeling system or the National Fenestration Rating
Council's model for windows may be transferable to lighting fixtures. Information
on lighting end-use patterns, market structure, and consumer buying habits
would help utilities to more accurately understand the contribution of lighting to
their system loads, and to pinpoint specific market segments where the greatest
energy savings can be achieved.

The incremental cost of higher-performance fixtures is clearly a hurdie
that must be faced. Electric utilities have thus far led the nation in the use
of financial incentives to build markets for energy-efficient technologies
(Siminovitch et al., 1995). The most successful programs may offer significant
financial incentives to manufacturers; buying down manufacturing costs
translates into lower retail prices. Consumer financial incentives programs
coordinated with demonstration programs can also help. Current rebate
programs for screw-based technology could be balanced with progressively
increased rebates for dedicated fixtures.

Another strategy is to offer a national design competition for the application
and development of high-efficiency residential and commercial fixture, separately
targeting specific fixture types, e.g., table lamps, or specific room applications,
e.g., home office. This activity could be coordinated with the lighting design

community and be given high visibility via lighting and interior design magazines.
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A third complementary approach is to marshal the buying power of large
purchasers. Buyer groups comprised of home builders, lighting retailers, housing
management companies, and others could collectively demand large numbers of
very efficient products, thereby reducing the risks fixture manufacturers must
face when considering whether to modify their product lines.

Education is central to the goal of saving energy in residential lighting. To this
end, efforts should be made to augment the IESNA reference, training and
education programs and research nationally and regionally. Full-scale
demonstrations, coordinated by manufacturers and utilities, can direct such
efforts. Most manufacturers and utilities already have comprehensive educational
demonstration centers and training programs that can be leveraged by a CFL
program (Siminovitch et al., 1995).

Unlike utilities, states, or other regional organizations, the federal government
is well positioned to craft a national program. Such a program could foster
cooperation among various sub-industries and non-industry parties.
Considerable past government investment in research and development and in
information and technology transfer can be leveraged in this process. Toward
this end, government bodies can provide state-of-the-art information: government
resources channeled through the national laboratory network could be used to
develop and operate a national technical center with an information
dissemination program for manufacturers, lighting designers, and utilities.

The federal government could, likewise, legislate more stringent energy
policies related to lighting. Voluntary and mandatory codes that require the use
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of dedicated CFLs or other highly efficient sources in new construction could be
implemented. This would greatly accelerate the adoption of CFLs in the home
and within the construction industry. This would also create a clear market for the
fixture and lamp manufacturers. The government could also use its purchasing
power: e.g., the US Department of Housing and Urban Development’s public
housing program and the Department of Defense’s military housing could require
the selective use of dedicated fixtures. These programs could be coordinated
with a national competition wherein the winners receive contracts to provide the
fixtures. With more than one million housing units, the public housing market
would provide a significant market, sending a clear message to lighting
manufacturers.

With few exceptions, current efforts to accelerate residential use of compact
fluorescent systems have focused on rebate programs for screw-based, CFL
retrofit systems. While such systems represent a simple approach to replacing
incandescent lamps, they are at best a short-term solution. Several inherent
technical, economic, and aesthetic integration problems with screw-based CFLs
severely limit the long-term application of energy efficient lighting in the home
(Page, 1998).

Dedicated fixtures using pin-based compact fluorescent lamps have the
potential to successfully overcome those barriers (Page, 1998). However, the
pin-based CFLs cannot function effectively without the consideration of the entire

luminaire. Therefore, by considering the lamp fixture, lamp shade, and the

125



utilization of dedicated fixtures, performance and aesthetics will be optimized.

This also will significantly improve consumers’ confidence in the new technology

and in energy efficiency in general.

Recommendations for Future Research

Future research needs to test other shapes of CFLs such as diffuse types
(bullet shape, globe shape), twin-tube, quad-tube, double-coiled tube, and triple-
coiled tube. Different shapes of CFLs will produce different results. Ji and Davis
(1993) demonstrated that diffuse types of CFLs that were vertically oriented,
provided much higher illuminance on the ceiling compared to incandescent
lamps and other vertically oriented lamps.

Siminovitch et al. (1994) concluded that fixture efficiency of CFLs used in
recessed downlights can be increased by incorporating a thermal bridged system
in the CFL and by tilting the lamp compartment. Therefore, future studies need to
test the effect of different CFL positions on visual comfort and light distribution in
other types of applications such as downlights, wall-mounted units, and
pendants.

According to Economopoulos and Chan (1989), fluorescent lamps flicker at
twice the rate of the incandescent lamps, and fluorescent light sources differ in
the amount of light produced at various wavelengths. According to Widowski,
Keeling, and Duncan (1992), perceptual, physiological, and reproductive
processes are sensitive to specific features of light, and therefore, it is possible

that the different light sources may affect behavior in different ways. Findings by
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Aspinall et al. (1988), Widowski et al. (1992) and Zimmerman (1988) supported
the concept that different CFL light sources affect behavior differently. In the
future, the effects of different CFLs on animal and human behavior and on visual
comfort need to be assessed.

Future studies need to address how materials and sizes of table lamp shades
affect visual comfort and light distribution. According to Davis and Ji (cited in
Page et al. 1997) perceived light from a table lamp system is as important as the
efficiency. Both the lamp shape and the lamp shade affect light distribution and
perceived brightness. Zonal lumens within the region of the shade are less for
the circular CFL that the vertical CFL (Ji and Davis, 1993). Therefore,
researchers may want to examine the effect of zonal lumens on user’s visual
comfort, brightness perception, and preference.

This study used a 20 watt, 1200 lumen GE™ vertical CFL and a 21 watt,
1200 lumen GE™ Circline. The results may be different for higher or lower lumen
packages. Therefore, future studies need to test the performance of other lumen
packages. Serres et al.’s (1993) study found that amalgam-based technology
produced less than 5% difference between base-up and base-down lumen
output. Unfortunately, amalgam CFLs take longer than standard CFLs to achieve
full brightness and are less desirable in table lamp applications (Page et al.,
1997). In the future, researchers may investigate the effect of a table lamp with
an amalgam based design on user’s visual comfort and preference.

Siminovitch et al.’s (1995) study found that internal thermal bridge system
solved the light output inefficiency of CFL burning positions. Thermal-bridged
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lamps were claimed to have shorter warm-up times and cost less than amalgam
lamps (Siminovitch et al., 1995). A table lamp consists of many parts, and future
studies need to examine how a thermal bridged CFL interacts with different
shade shapes, sizes, and materials.

According to Serres (1994), CFL designs are increasingly small because of
the use of integral electronic ballasts. However, the reduction in size has
increased thermal stress on electronic and plastic components and increased
loading of the discharge tube (Hammer & Nerone, 1993; Serres, 1994). Future
studies may want to look at the design of the CFL and the effect of reducing the
size on human visual comfort. Will a smaller iamp require a different shade
design? How will the combination of the new CFL with the new shade affect the
visual comfort of the users? Therefore, the trend towards increasingly small CFLs
provides a continuous challenge for the lighting designer.

The study investigated the visual comfort of university students reading
under different task lighting conditions. Studies that examine the effect of a
retrofitted CFL table lamp on other tasks are encouraged. Will the visual comfort
change when other type of tasks such as writing or typing are performed? For
example, what is the best task lighting condition when working with a computer?
Collins, Treado, and Ouellette (1994) and Steffy (1995) suggested that the use of
CFLs should be based on the task performed. However, no research has shown

a correlation between task performance and the type of CFLs to be used.
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Research that can establish a relationship between task performance and the
CFL type is needed.

Future studies may want to examine consumers’ acceptance of the findings
from this study. Will the consumer be willing to trade aesthetic preferences for
function? Studies by Biederman (1987) and Enns (1992) suggested that there is
a strong relationship between shape and preference. The preference for a certain
shape may influence purchase decision for a lamp shade.

Improving fixture design, incorporating retrofit products, and introducing
skilled retrofitters may improve retrofits and increase consumer satisfaction
(Page et al., 1997). Will consumers be willing to spend extra to hire a retrofitter,
to buy additional products for retrofit or will they simply throw away their fixture?

The cost of CFL lamps is already a factor that discourages consumers from
retrofitting A-lamps with CFLs (Page, 1998). Therefore, studies that examine the
marketability of retrofit accessories, retrofitters, and fixtures that support
retrofitting are needed. This study is a first effort to examine these aspects of
task lighting. However, much additional work is necessary. Methodology needs to
be refined. One should study the difference in performance as a result of lighting
changes, the effects of contrast changes and changes in color, and the effects of
lighting conditions. The investigator hopes that the techniques will be used and

refined.
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Summary of the Study

Compact fluorescent lamps have been used to replace incandescent lamps
for energy savings. However, reports of negative user reactions to CFLs and CFL
related products are common. In many cases the consumer are unsure of and
dissatisfied with the performance of CFLs. Various attempts have been made to
correct the problems and to increase the market for CFLs. Consumers will not
replace their standard incandescent lamps just because the lighting
manufacturers claim that CFLs are more efficient and can save money.

There are two important factors that need to be considered when retrofitting
CFLS. First, is the users’ visual comfort and second is the performance of the
fixture as a whole. How effective is a Circline lamp if the consumer retrofits it into
a forty-year-old portable lamp? People spend most of their time indoors and the
effects of artificial lighting on human psychological and physiological well-being
are documented. This study may be one of the first that addresses the
importance of visual comfort of CFLs and may be the first that considers the
shade shape and CFL fixture holistically.

The CS was developed to measure the users’ comfort, and the study
demonstrated its ability to measure what it is intended to measure. The findings
further confirmed previous studies (e.g., Bernecker et al., 1993; Flynn et al
1979) and demonstrated that the scale can be used in future studies to measure
subjects’ impressions of table lamp lighting. For a scale to perform effectively, the

adjectives have to be highly correlated and have high reliabilities.
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Varying shade geometry has a significant effect on visual comfort and light
distribution on the task. This study confirmed the assumption made by previous
researchers on the effects of shade on light distribution. Lighting designers,
lighting manufacturers, and lighting retailers need to provide information to the
consumers regarding the shade effect and shade efficiency for CFL table lamps.
Lighting researchers and the media also must collaborate in marketing this
information. This information can increase consumers’ support of the product and
accelerate the penetration of CFLs in the marketplace.

Differences in CFL burning position affects visual comfort and light
distribution on the task. The study supported previous findings on the effect of
CFL burning position on light distribution and provided new information that CFL
burning position also affects users’ visual comfort. Lighting researchers and
lighting manufacturers need to further test the effects of various CFL types on
users’ visual comfort. The results of these studies may help eliminate the
confusion and uncertainty that the CFL consumers are experiencing. Visual
comfort and light distribution are affected by the interaction of shade shape
differences and CFL burning position differences. This study confirmed the
assumption made by previous researchers that CFL table lamp fixtures need to
considered as a whole when evaluating light distribution. Lighting designers can
select the appropriate shade for the type of CFL specified. Lighting
manufacturers may want to market the information to consumers so that they will

be able to appropriately choose the shade for the type of CFLs used. Future
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researchers may want to study the effect of the shade and CFL type on other
applications such as wall mounted units or computer terminal use.

The information from this study can be used by lighting researchers, lighting
designers, lighting manufacturers, and federal government agencies to increase
the penetration of CFLs into residential and commercial markets. This study can
be viewed as a first step in resolving perceived limitations of CFLs by consumers.
This study emphasized that visual comfort associated with CFL table lamp
systems is a very important issue and should not be ignored by lighting

researchers, product designers, manufacturers, and retailers.
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From "New research tool for energy-efficient residential fixtures.” by E.
Page, 1998, Lighting System Research. [On-line]. Available: Internet. File:
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Sign-up Sheet

Date: Monday March 08/1999

Section 1
Name Address Phone Time Edit
(First, Last) Slot Password Note

Note: Research will be conducted in Room 63 Human Science Building.

(basement).
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Lighting Research

Information Sheet

Purpose of the study:

The purpose of the study is to evaluate the
effects of table lamp shade shape and compact
fluorescent famp burning position on university
student’s visual comfort.

The criteria needed to qualify:

The student has to have a good vision and |
the student does not have to know about lighting.

What you will be doing?

All participants will be go through an eye test.

Those who qualifies will be given ten minutes to
complete a reading task and ten minutes to
complete a comfort scale under a table amp lighting
in a room. After the treatment, the participants will be
asked to complete a questionnaire on their demographic
characteristics. The responses will be used for this
study anly and will be destroyed after the

study is compieted. |

Page 1
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The Prize

All participants will get a chance to enrol)
for a loftery. A $40 check will be given to one participant
who participates per night. Check will be randomly drawn
from the list of all students who present. The winners will
be phoned no later than Friday, February the 12%.

Free Doughnut, Pizza and beverages will be served.
You will also be informed on the result of the study.

Where do you need to go?

Go to the human science building by the
memorial circle. Enter through the shorter part of the
building. Take the elevator or stairs to the basement on
the east side of the building. Watch for arrow and direction.
The testing will be in room 63.

For more questions?
Please contact
Researcher. Zaidi Abdullah 745-5678
Research advisor: Dr Marie Gentry 742-3050

Your time slot
{write your time slot in below)

Monday (Feb. 08):
Tuesday (Feb 09):

Wednesday (Feb 10).
Thursday (Feb 11):

Page 2
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FOCUS REPORTS
Teaching

Cruising the Internet Highway: \/
A Wealth of Information for Interior Design Educators

JANET M. SExROCK,. BN.D.
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paralleled anywhere alse 1t tima and piase. the Internet is and the National Gah‘ery of Art are
bacoming easier o use and 18 censtaatly adding now

sources of information. Museums such 3 1he Sswhsonian  coming on line with pictures, data
and Ine Natianal Gallery ¢f An are coming an ling with pic:

tures, data bases, and arfictes and inlormalio® abaut thar  bages, and articles and mﬂymtm

coblectians (Gatin, 1994, p. 24). ) .
about therr collections.

D Copyrighe, {79+ Intersar Dessn Edyomors Cerancil, 36 b ‘of DEsIGN
Trsrwai of Invrres Denige 20413 1541 ourna. of INTERIOR
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Teaching

Background and Accessibility

Tre Inleme: began twenty years ago as a communication ook for the U.S.
Tilitary. Since then it hag grown info an intercornected series of networks
wr by US government agencies such as the Nafional Science Foundaron
&l NASA, ingitulions. of higher egucstion such as the uneversitias of Cadfor-
ma. Michigan, and liness, and large corperations such as ATAT and (BM. it
i§ sccessibie 10 scientists at large research cantars, 1oachars s CoMMurty
oolleges ad high s6rock. junor tgh students. and anyona who has 8 con
puler walh 3 modem or a tarminal conneciec to a computer linked to the
Internat. $4ost of ¢ infodmatnn and services on the internet are free. A few
are fea-based. 1 you have an account ¢n A universy compuler, acoess to
the Internet 13 ‘res. i you do nat, access is 52l availabile, bt fees may be
oharged 2

The successful network user is
a persistent learner who
comtimues 10 ask guestions and
views the search for knowledge
as an academic version of an

exciting treasure hunt.

Most educators anc students .o the lighs of 1enor oesigr: can gain ‘ree access through their
schoof's computer senv<es. The usual procaciare is 10 apply Lo computing servaces for an ac-
Zount on a mini o Maiframe computar 10 CONNECs 0 the campus netwock that eftaches o the
Internet. To log on to 1~ acoouns 2 user needs a compute! lerminal disectly connected 1o the
mardrame or meni of & PC equpped with spocial hardware and soffwsare Ihat aliows acoess. T
X435 the network from home a person needs a PC with communicaton sofiware such a8
CrossTalk or Precorem and @ modem:. ™he best way 10 acquive access s 10 Comact computing
services ar yaur schocl and ask quest:ansg. Most campus Comauling services leac— 501
COMSEE On various aspects of computer use. Trese are wonderf:# scurces of inloreeaticn ana
great poents of departure ‘or learing, but somefimes they ‘eave navice comMputar Lsers wil~
e Ceshons han answers. The syccesshe netwvork uses is A persisiant leamar who ~onun-
25 10 ask QUOSTONE aNC viaws the s=arch for knowledge as an academic version & an excit-

) weasure hunt.
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Teachiag

Unce re s ingged on 10 A Krge computer, sovens! rograms migy De useo 1o 3
= on e Inleres. The eéseast io yse i ch peovidies an inferfacs of menus (ses
fing o Int2 ‘

Jals how 10 uss the

ANl Zomes watein them that

Lirary Catalogs
SUNG the vkl
orar

1%

Uriversay of Michigan

7z o o
D W WS

. The narmes, andres

i arg gvlabie oo s LD

ga2sgn.

Tl 2 Fgpre3 ]y

1bﬁum¢ui:s‘=w;eemcnne e the Patiadio A:eh.mmmad o4 the
Urfveiazy of Michigan. Cotlege of Archastiure, Ann Arbor, #
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Teachi

1. Tre Katvinghy arcnive: A sample of e 'Wassity Kenansiy paintings. O Whie & 1823,
a GiF file cownioaded © a PO and pented on a jaser pricder, can be seen o Figure 2

2.The Pasadio arehive: & sarmpie of Andrea Paliadic’s archilecterat projects.
“Tustan Ad (pigte XVl Figure 3, is an axampie rom ths srchive.

3 The CAD group's collection of computes: mogeds.

4. Cofiages of kerar archilecisre by Ted Hall.

5. Campus maps and streat ecansa from Ann Astor, Michigan.

B. Protoli() images of French architacturat projects.

7. Links 1 athar gophere mcluding the Vancan library @xnidit.

ERIC {Edusational Rgsawrces [nlormaton Center) ig on ling.,

Warks of Liserature. The compiste texis of great works of literature and 2ancies of sxhotarty =
taresd ane Seadaie. Fnong the parfact quetaling or & lecitice Gn COIOT OF 507 OF the I IRG.
ture of Palladic is easy whan you can search for il using ey words typed inl; & computer.

Govarnman: Resources. Consug Brzeay sdormation and statistcs are avaisble. For rasearch
n Souninies throughou the word the “Cld 'Werld Fact Book® is availabie o fine. 1Fyou &6 30-
ing research on iriorky design makals arcund the world, Bvs sourte ean gwve beaic informa-
Toet 4l each coundey. For example, the following dita concerm Singapore:

Natersl reaaurces: fah | deso water posis Lamy use: arable i2nd 4% poemanent

omps 7%; modsows #nd pashuss 0%: fores! and woodland 5%: other 84% . ..

In e 18EGs, the ecnnomyy expanded rapidly, acheeviy an awrage anmaal groath

rate of 9% Per capda GOP i aroong the highest in Asia,
I you ave planning a sabbalical in another pan af ihe world, Eavel advisors2 omthe US
Stake Depanmesy oan be briwssd, For example, Ie ioiowing ax0ernt was 1ound, Sownoacad.
and ogerted intd 3 word precessing progeam in ab? 15 minutes:

STATE DREPABRTHMENY TRAYEL IMFORMATIONM.Unied Kingdsm

B L N R N S S S N T N T AT RNy R MO AR AT T L SEISRC T TR
Urited ¥agdom-—Consuiar infiormation St Aprd 30, 1993
Country Descoription: The Lnited Kengdom s 8 hghly developed Seidesn nalion
wily 31 e eennary. Tournigt faciiies thraagghical e United Kingdem are
highty develcoed,
Erzry Requirerments. A passeor 5 sequired. Tourists are not required 1o abtan &
visn B BIaYS UG 16 S manths. For further inigueation concerming entry reguits-
mers ravelers Car contat Ihe Censintar Secton of the Zmdasyy of the United
Kingtorn and Neathern ireland at 1% Obsarvatory Tirgle. = Washangion. DO
20008, ted Z02-988-0005 ¢r 1hé s conaulate it Los Angeies, San Francson,
Atras, Dhicac:s, Boston, Mew York, Sleveland or Diallas.
.8 Emrdassy and Consulate Locstions: U.S. Embassy, ionoore 24431 Grosvenur
Sguare, ). (42. T4 4925000
LS Conwgiate, £enbugh, Scotand: 3 Regent Terrace, tel (44-31) 556-8315.
U8 Consulate, Berlagt, Norehein sreland: Quean's Mause. 14 Quean Stres:, 151
(44-232) 328239 fax (44.232) 248442
WS Conmaag. Marmiton, Benvaca. Croan M, 16 Middie Baad, Devonshirg, ew-
phane (B0BI295- 1512
inlarmation about Cther Eiectronic Forurns. A S5iing of goverrenient computar buiete: boands
PSS On vk S47veS Cn the: iriernet. Moet of the isted Duletn Dawrds we e and oan be

accassec over tiedephone wies ushyg 3 PO, Cimmunigation sottware, and a modern The 1ol
iowing may be of inlaress 1o intenar design educators:

Toumal of INTERIOR DESION o 39 ETE Valame 20
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MO

T . I 4
Dept of Educaion DER? DATA LUNE: 202- 219-20111
Depa_'zaent of Educstion 200-219-2012
TOPICS: Dept. of Ed programs, scitware
ADA infienrnagion Conden DATA LISE: 301- 4532885
ﬁept. of Defenge m3- 614-0215
TOPICS: info on ADA programming
Voios ling 1or rexs iy 703685 1477
Cengus Bursai; DATA UINE: 301-763- 4576
Boiess of the Censs

Listings of E-54all 20cirasses are available on ineg inCluding audrusses (e I8 Drosiient anu
wice-prasicon?:

Presicant Cinton: PRESIDENTEWHITEHOUSE. GOV

Vice-Presicon Gero: VICE PRESIDENTEWHITEHOUSE GOV

Miscellancsous References. Weluster's dictionary and acromwrng dictionary ate on fne and are

wsetul rotersrcas or any reseaicher ar teaches. Fol e guwmard, 1ECHREs ard marsionst ifor-

mation ane availbie. Infcemation on specific dales in hiskery coukd ady Feesiing facts o de-

sign rMegtony lectrea and materials. Jor exampia:;
Wecresday 14 July

Gewge Washinghon refuses 2 lezer from Gen. ~Howe addregsed o

1776

1789
18543
853
i8eL

Gedige Wastunglon E5q, ather than Génerat Washingion
Thw Bastitle is glormad in Paris. the French revokdion Degins
5t puiiic chrnonsirstion of e mage by refngeraticn
Commogore Prrry fequists rais relations with the Jaoanese

she 15t asacant of the Mattermom

Bor 1830 James Cagney. movie actor and notoricus soreen gangsier: 1312
Wonihe Giutntig, 1ok simger. 1513 Gerald R Forg. 381% Presidon (1974-1976),
Y918 Jay Forrester, Invernsnt of cors Mesnoly, vind labss moaels e wardd

Internid Gapher irdarmation Cliga vi, 135
GRPIERS
i slesiedt Thares Ceapher
H SEniamd Saste OV ENILIENT Gaghery
] Beroed Noades Ly Gaghwes
3 Aftem egirs
£ 2ok Laiapbarss
% Catdbm Captben +
f Usesax Cagdcry
] Cikals Library sty
3 Wipigiims CSaapects Spoevin Sapascry
2% Eaepu Koy
i} Eusin: bibeaey Coptory
i Yreseh Spoiicieg Crsghern sseaat e Youis
13 Gzreran damsbar Kanan
i Girglnes WEWS ARUEIVES 00 220 Dy sl adiee o SEARCH <o
14 Goghes, WEW Sy
hEL] Tingtar: Vabpiareds sgviv) Qoetticens WAL dors (SIFAERS
31 Irsuraatimsat Crgum rasren Sophar o
P31 ] Wil Sdeaey Gossbers v
B3 Yicuco Goghurs
% Shidale B Gogdnroy
3 SETUIRR SofuEnt
Liz P Soptecs
03 Fastiie Lisrary Cepiymy
b Brly Mrigtics S
F1] FERONTE R Froladedls 2bmé inevimen [FALT v 2000 VERONITA
b AEREINID R, Smeen " ridt 7 stk Vorions
37 Wor st iteng o grpner wnrrs (MY
m “oronivdd Baged lvforypsicon
9 TWALY Pasnd ieforvine
Porss < bor Hog, q B Onis, s ta g ap 2 v oy g LR
Pigurs & i
Aliat of categaries of “GOPHER™ servers. Selection of awnbir 6, Cofifornts Gophers,
oveased 114 20r/ar 3ns.
~
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Summary

Intnroe desgners within the universily tovnreynity need 1o “keap in slep wih 1odsy s changng
technoiogy as we rrowe abelct ima the rwenty-first cordury,™ Fha Inlemet & ore 2708 ¢f lechnol-
oGy ey, hag the ontental 10 inprove the joly cfesoniient ane parformandce of all sducators £-
rras messages ard text les Can De 561 1 research colcagues and frends in other pans of
the Unilod S1ates and in othar countries with 76 COSI 2na very little tme {mics2ee instead of
Gays). In three 1o tive minutes 3 lising of soheduted an exhibits of & museum can be dowr
loaded and run off ke 2nents. Eiectrons pictzes can he obtained for multimeoa pressnia-
sians witren 30 minutes.? In the iuturs oven fagiar ways 20 gather irlormation rom the internet
Wi be provided,

There is 2 down side (0 using the inetnet. CHen wrivisdy Sysiems Becoms 50 Cioged wain
users thal vaging o 16 explore is impossile. CCcasionssy remole sysieme: “hang” /8ion work-
g} and an expicear Khas 15 a3l @ searcn. The learning Carve 12 Sleeq, especially lor pecpie
whiy Baes litie expenance with corputers. it is 40 underatsiemant 10 oy that the systern is rot
&7 waer iriencty. In audiion. twre are 9o meny servers on ling thal i i sometimes cARCuIL b0
firdd fvy one with reeced information. Figure 4 5815 o menu of serves localions. Seledting rum-
bes B, "Catfornia Gophers,” revesiizd 114 server aites. This diversity, omaver. is siso an mdi-
cator of the value of the infernet. Tha enarmous baody of information already avaitaiie makes
lparning 1o sncess the Intermgt 4 wofy valuats indd for knowledne soquistion.
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ILLUMINATION MEASUREMENT DATA SHEET
(IMDS)
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llluminance Measurement

Data Sheet

Task illuminance will be recorded in the six treatments at the center of each task

(41 cm or 16 in from the light source).

Task 1 Task 2 Task 3 Task 4 Task 5 Task 6

T1

12

T3

T4

T5

16

Note: T1 = Treatment 1 (Vertical positioned CFL with a round shade)
T2 = Treatment 2 (Vertical positioned CFL with a square shade)
T3 = Treatment 3 (Vertical positioned CFL with a polygon shade)
T4 = Treatment 4 (Horizontal positioned CFL with a round shade)
T5 = Treatment 5 (Horizontal positioned CFL with a square shade)
T6 = Treatment 6 (Horizontal positioned CFL with a polygon shade)

All measurements are in footcandle (fc).
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APPENDIX F
COMFORT SCALE

(TO MEASURE USERS’ COMFORT)
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Comfort Scale

(Note: Will not have a title when given to subjects)

Use this set of adjective pairs to record your overall impressions of the lighting
on the task. Do not evaluate based on the appearance of the lamp fixture;
instead, evaluate your impressions of the lighting on the task. Avoid looking
directly at the fixture. Please rate the condition of lighting available to you on
this work surface when reading by circling a number for each adjective.

Comfortable 7 6 5 4 3 2 1 Uncomfortable

Not adequate 1 2 3 4 5 6 7 Adequate
Easy /7 6 5 4 3 2 1 Difficult
Free /7 6 5 4 3 2 1 Closed
Ease 7 6 5 4 3 2 1 Unease
Relaxed 7 6 5 4 3 2 1 Tense
Spacious 7 6 5 4 3 2 1 Confined
Satisfied 7 6 5 4 3 2 1 Dissatisfied
Uniform 7 6 S5 4 3 2 1 Nonuniform
Focused 7 6 5 4 3 2 1 Blurred

Problematic 1 2 3 4 5 6 7 Nonproblematic

Glare 1 2 3 4 5 6 7 Nonglare

Bright 7 6 5 4 3 2 1 Dim

Hazy 1 2 3 4 5 6 7 Clear
Not favorable 1 2 3 4 5 6 7 Favorable
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Dislike
Acceptable
Attractive
Small
Appealing
Balanced

Pleasant
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Like
Unacceptable
Unattractive
Large
Unappealing
Not balanced

Unpleasant



APPENDIX G
UNIVERSITY STUDENTS’ SURVEY
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University Students’ Survey

The following information is needed for statistical purposes only. Circle

one:
1. Areyou a)Male b) Female
2. What is your age?

3

8.

. Of what ethnic descent are you?

a) Caucasian b) African American c) Hispanic

d) Asian e) Other

Do you wear glasses or contact lenses?  a) Yes b) No
If yes, please describe why

a) Difficult seeing objects close up (like reading).

b) Difficult seeing things far away (like a road sign).

c) Bothaandb

d) astigmatism

e) Other (please specify)

Do you have a history of difficulty distinguishing colors? a) Yes
b) No

Do you have a history of problem with your eyes (e.g., cataract,
glaucoma, injury, etc.)?

a) Yes (please describe) b) No

Aside from being a student, please state your other current
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occupation?

List all:

9. How many hours a day do you use a table lamp for work or study?

10. Do you have any problem when using a table lamp at home?

If yes, please explain

11. Have you ever taken a lighting course? a) Yes b) No

12. What color you like the most?

13. Which of the shapes below do you like the best? Circle One.

14. If you have any other opinions or comments about the lighting in this

study please free to write in the space below.

Your comments will be kept confidential and will be destroyed after the

study. | thank you for your participation in the study and filling out this
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survey. Any questions or additional comments regarding this research
please feel free to contact:
Zaidi Shahibullah Abdullah
Department of Merchandising, Environmental Design,
and Consumer Economics
College of Human Sciences, Texas Tech University
Lubbock, TX 79409

Tel. and Fax: (808) 742 3050
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