MARTIN MARIETTA

OPERATED BY | »
MARTIN MARIETTA ENERGY SYSTEMS, INC.
FOR THE UNITED STATES - .
DEPARTMENT OF ENERGY

[REN
”3“[4'45[: 02b87L2 5§
ORNL/

Occupant Evaluation of Commercial
Office Lighting: Volume i,
Preliminary Data Analysis

Robert W. Marans
Marilyn A. Brown




Printed in the United States of Americz Available from
National Technical information 3
U.S. Department of Commerce

5255 Port Royal Road, Springfietd, Virginia 221613
NTIS price codes—Printed Copy: A06 Microfiche AD)

[}
=

This report was prepared as an account of work sponsored by an agency of the
United States Governiment. Neither the U nited States Government nor any agency
thereof, nor any of their empioyees, makes any warranty. express or implied, ar
assurines any legal liability or responsibility for the accuracy, completeness, or
uszfulness of any information, apparatus, product, or process disclosed, or
represents that its use would notinfringe privately owned rights. Reference herein
to any specific commercial product, process, or service by trade name, trademark,
manufacturer., or otherwise, does not necessarily constitute or imply iis
endorsement, recommendation, or favoring by the United States Governmentor
any agency therecf The views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States Government or any agency
thereof.




CRNL/TM-10264/V2

Cccupant Evaluation of Commercial Office Lighting:
Yolume II, Preliminary Data Analysis

Robert W. Marans
The University of Michigan
Ann Arbor, Michigan 48106

Mariiyn A. Brown, Editor
Energy Division
0Ozk Ridge National Laboratory
P.0. Box X
0ak Ridge, TN 37831

Novembeyr 1987

Research sponsored by:
The Office of Buildings and Community Systems
United States Department of Energy
1000 Independence Avenue, S.Y.
Washington, D.C. 20585

and the

New York State Energy Research and Development Authority
Two Rockefeller Plaza
Albany, N.Y. 12223
through agreement No. 885-FED-BES-86
with the American Institute of Architects Foundation

OAK RIDGE NATiONAL LABORATORY
O0ak Ridge, Tennessee 37831
cperated by
MARTIN MARIETTA ENERGY SYSTEMS, INC.
for the
U.S. DEPARTMENT OF ENERGY
Under Contract No. DE-AC05-840R21400

MARTIN MARETTA ENERGY SYSTEMS LIBRARIES

[BHSREATHRATNY

3 445L 02LB?LE 5






EDITOR’S FOREWORD

Electric lighting accounts for an estimated one-third of the energy
used in commercial buildings. Along with recent advances in building
envelope and equipment R&D, Tighting research offers major untapped
opportunities for energy savings.

Lighting energy standards and design guidelines are important
determinants of energy use in buildings. Because of inadequate
empirical data and analysis, these standards and guidelines have
historically been based primarily upon professional judgment. Thus,
there is little assurance that recommended lighting values provide
higher user satisfaction and comfort, while requiring the lowest
possible energy use.

In 1984, the U.S. Department of Energy initiated a major research
project invelving occupant evaluations of commercial office lighting.
The central aim of this effort was to explore possible causal factors
that are associated with successful lighting design, with particular
interest in the relationship between connected lighting power Joad and
subjective measures of lighting quality. In so doing, it was hoped that
the project would provide an objective measurement base and analysis
from which to assess lighting standards as well as results which will
allow the building industry to make lighting system design decisions
that are both energy efficient and effective. In 1986, the New York
State Energy Research and Development Authority joined DOE in
cosponsoring this research, enabling an expansion of the database and
additional analyses.

This is the third in a series of four reports describing the
project. The titles and authors of these reports are:

) "Occupant Evaluation of Commercial Office Lighting: Volume 1,
Methodology and Bibliography," by Gary Gillette;

e "Occupant Evaluation of Commercial Office Lighting: Volume 2,
Preliminary Data Analysis,"” by Robert W. Marans;

® "Occupant Evaluation of Commercial Office Lighting: Volume 3,
Data Archive and Database Management System," by Gary
Gillette; and

] "Occupant Evaluation of Commercial Office Lighting: Volume 4,
Project Summary,” by Earle Kennett.

While substantial individual efforts have been made by these
authors, it is important to note the considerable involvement of
technical review committee members representing the professional,
industrial, and research communities (see Acknowledgments).






EDITOR’S FOREWORD
LIST OF FIGURES

CONTENTS

ACKNOWLEDGEMENTS . . . . . o v v v v v v vt v v v h e e e e

ABSTRACT. . . v v v v e i i e et e e e e e e e e e e e e e e

1.
2.

3.

4.
5.

INTRODUCTION. . . . . o v v v v v i e e e e v v e e e e e e

SUBJECTIVE LIGHTING QUALITY--ITS MEASUREMENT,
VARIABILITY, AND OVERALL RATING. . . . . . . . . . . . ..

CORRELATES OF SUBJECTIVE LIGHTING QUALITY . . . . . . . . . ..
3.1 ENERGY USE AND LIGHTING . . . . . . . .« ¢ ¢ o o o o ..

3.2 PERCEPTIONS OF LIGHTING CONDITIONS AND SUBJECTIVE
LIGHTING QUALITY. . . . . .« o o v« v o v o v v v v o

LIGHTING CONDITIONS AND REFLECTED GLARE PROBLEMS. . . . .
WORK TASKS AND SUBJECTIVE LIGHTING QUALITY. . . . . . . .
LIGHTING CONDITIONS AND SUBJECTIVE LIGHTING QUALITY . . .
LIGHTING CONTROLS AND SUBJECTIVE LIGHTING QUALITY . . . .

L oW W W W
e SR = ) T & & R R ¥4

PERCEPTIONS OF LIGHTING CONDITIONS AND VISUAL QUALITY . .

3.8 LIGHTING QUALITY--BUILDINGS AND WORK STATIONS . . . . . .
CONCLUSIONS AND FUTURE WORK . . . . . . . . . . .« o o o o ..
REFERENCES. . . . . . o o v v v v v v i v i b e s e s e e

N 1 O -

ooooooooooooooooooooooooo

oooooooooooooooooooooooooo






O N O

LIST OF FIGURES

Page
WORK STATION LIGHTING SATISFACTION . . . . . . . v o . . . . . 7
TLLUMINANCE AT PRIMARY WORK LOCATION -

SEATED (FOOT-CANDLES). © + v v v v v v e e e e e e e e e e 8
LUMINANCE AT TASK (FOOT LAMBERTS). . . . + v v v v v v v v . . 9
PERCEPTIONS OF WORK STATION BRIGHTNESS:. . . . . . . . . . . . 10
LIGHTING AS A PREFERRED IMPROVEMENT

PERCEPTIONS OF WORK STATION BRIGHTNESS: . . . . . . . ... 10
AMOUNT OF LIGHT FOR WORK

REFLECTED GLARE. + & v v v v v e e e e e e e e e e e 12
RATING OF AMOUNT OF LIGHT FOR WORK . . . . . . v . v v o . . . 14
WORK STATION VISUAL QUALITY. . . . v v v v v v e e v e . 17
BUILDING LIGHTING QUALITY. . . . . . . . e e 18

vii






ACKNOWLEDGEMENTS

Extensive assistance was received from a number of sources in the
development and execution of the project. Gary Gillette, Project
Manager, was especially instrumental in the design and execution of the
project. The project’s Technical Review Committee provided professional
input and helped define much of the direction. The committee members
and the organizations they represented are as follows:

Harrison Fraker American Institute of Architects

Harry Mahler American Institute of Architects

Dan Nalil American Society of Heating, Refrigerating,
and Air-Conditioning Engineers

Fred Pearson American Society of Heating, Refrigerating,
and Air-Conditioning Engineers

Alton Penz Building Owners and Managers Association

Howard Brandston I1Muminating Engineering Society
Stephen Margulies I1luminating Engineering Society

Helen Diemer International Association of Lighting Designers

Howard Alpert International association of Lighting Designers

Maxine Savitz Lighting Research Institute

Thomas Schneider Lighting Research Institute

Richard Vincent Lighting Research Institute

Harry Lobdell National Electrical Manufacturer Association

J. W. Griffith National Fenestration Council

James Barron New York State Energy Research and Development
Authority

Marilyn Brown Oak Ridge National Laboratory

Ted Kurkowski United States Department of Energy

Marvin Gorelick United States Department of Energy

Rafael Rivera United States Department of Energy

Comments on this report were provided by several of the above
individuals, and by Lance McCold of Oak Ridge National Laboratory.
Their input is appreciated.

ix







ABSTRACT

This report presents the preliminary results of a post-occupancy
evaluation of office iighting envirornments. It explores the
relationship between quantitative measures of lighting in occupied
environments and qualitative measures related to occupant satisfaction.

The report analyzes several types of data from more than 1,000
occupied work stations: 1) subjective data on attitudes and ratings of
selected lighting and other characteristics, 2) photometric and other
direct environmental data, including illuminances, lTuminances, and
contrast conditions, 3) indirect environmental measures obtained from
the architectural drawings and the work station photographs, and 4)
descriptive characteristics of the occupants. The work stations were
sampled from thirteen office buildings located in various cities in the
United States.

Many tentative findings emerged from the analysis, including the
foilowing:

¢ Within the range of values examined here, there is a tendency
for lighting satisfaction to decrease as lighting power
density incresases,

® Occupants who described their work station spaces as bright
also tended to be satisfied with their work station lighting.

® QCccupants who were most bothered by bright lights and glare
were most likely to express dissatisfaction with the lighting
at their work stations.

® There is no relationship between work-related activities of
employees and indicators of lighting quality.

More research is needed before firm conclusions can be drawn and hefore

guidance regarding lighting standards and other policy issues can be
derived.

Xi






1. INTRODUCTION

| This report presents selected findings from a post-occupancy
evaluation of office lighting environments. The evaluation was
undertaken to begin to define the visual environment and to explore
several relationships:
& the relationship between selected quantitative measures of
lighting in occupied environments and qualitative measures

related to occupant satisfaction, and

¢ the relationship between the quality of the lighted environment
and the energy required to produce it.

As part of the post-occupancy evaluation, field measurements and
occupant responses were collected from more than 1200 work stations in
thirteen office buildings located in various cities of the United
States. The resulting database contains four types of data:

¢ subjective data on attitudes and ratings of selected lighting
and other characteristics,

¢ photometric and other direct environmental data, including
illuminances, luminances, and contrast conditions,

8 1indirect environmental measures obtained from architectural
drawings and work station photographs, and

# descriptive characteristics of occupants.
A companion report describes the procedures used to coilect these data
(Gillette, 1986}, and a second report discusses the data archive
(Gillette, 1987). This report presents selected findings from a
preliminary data analysis.

The selected findings are based on information contained in two
sets of tables shown in Appendix A. The first set (Table Set A) covers

descriptive data on samples of occupied work stations in each of 13



office buildings.l The remaining sets (Table Sets B through L) show
simple bivariate relationships among selected variables for the total
sample of work stations.

In Table Set A, the variables cover several work station
characteristics, photometric and other lighting conditions,
envivonmental characteristics, lighting power density, and selected
occupant responses. The occupant responses were identified as key
outcomes to be examined as an initial step in fuifilling the goals and
objectives of the rasearch projact.z They include:
work station lighting satisfaction,
preference for improved lighting,

Tighting quality for the building,
ratings of the amcunt of light for work,
lighting evaluations for specific tasks,
problems with bright Tights and glare,

visual quality of the work station, and
preferences for movre daylight and a better view.3

BB DD BB BH

Table Sets B through L show the degree to which selected ouicomes
are associated with photometric and other lighting conditions, work-
related activities of building occupants, and the occupants’ evaluations

of work station attributes.?

1. Procedures used to sampie work stations within the 13 buildings are
outlined in Marans {19285) and Gillette (1984).

2. Identification of the key outcomes and their relative importance was
made during the meetings of the Technical Review Committee on May 23,
1985 in Mashington, D.C. and on July 24, 1985 in Detroit.

3. Items used to measure outcomes and other variables are presented in
forms and questionnaires reproduced in Gillette {1986). Copies of the
questionnaires and information regarding the construction of scales are
available from the author at the College of Architecture and Urban
Planning, University of Michigan, Ann Arbor, Michigan 48109.

4, The key figures in the tables are either percentages or mean values
and were calculated using numerical weights. The weights refiect
different sampling fractions used in selecting work stations in each
building and differences in building response rates. In some buildings



The analysis presented in this report is preliminary in that it is
limited to a description of the study variables and an examination of
bivariate relationships. It represents an initial step toward
understanding lighting and lighting quality in 13 office buildings.
Bivariate relationships do not imply causal linkages among variables,
but simply indicate the degree to which an association exists between

one variable and another.

where the number of cccupied work stations was small (less than 88),
questionnaires were distributed to all occupants. Other buildings
containing a large number of occupied work stations necessitated the
selection of a sample of work stations. The building sampling fractions
(n/N) vary depending on the total number of cccupied work stations (N)
and the designated sample size (n); the fractions vrange from 1:1.8 to
1:7.7. Response rates among buildings vary from 77 percent to 97
percent with an average of 89 percent of all workers who received
questionnaires responding.

Other figures shown in the tables include the actual sample size {in
parentheses), which is the number of work stations represented by the
percentage or mean, and several statistical measures of association.
These are:

- Tau B - a measure of association used with ordinal variables,
It measures the extent to which an increase in the value of one
variable is accompanied by an increase in the value of another
variable.

- Cramer’s V - a measure of association based on the chi-square
test. A value of O represents complete independence between two
variables {one of which is nominal); a value of 1 indicates
dependence.

- Eta - a measurz of association used to test the correlation
between two variables.

Additionally, chi-square (Xz) tests of significance are presented. The
test hypothesizes that there is no relaticnship between the two
variables. A high chi-square value generally connotes a relationship;
that is, the hypothesis of no relationship is rejected. The chi-square
value is accompanied by a probability value showing the significance
level of the relationship. Probability values of less than .10 are
considered significant. The measures of associaticn and the chi-square
test of significance have been calculated using unweighted data.




This preliminary analysis also suggests paths to be followed in
subsequert stages of the research. It can be used to posit models
describing how various conditions influence lighting quality. Such
models could then be tested using the rich dataset preduced by the
study, but this is beyond the scope of the current report.

The tentative findings discussed below were highlighted during a
workshop held in Washington, D.C. on Cctober 22-23, 1986, and discussed

by several workshop participants in subsequent meetings.



2. SUBJECTIVE LIGHTING QUALITY--ITS MEASUREMENT,
VARIABILITY, AND OVERALL RATING

Subjective lighting quality refers to the responses of building
users or occupants to the 1ighting in their buildings. 1In the context
of this research, three types of responses were used to define
subjective lighting quality at the work station. The first is referred
to as "lighting satisfaction™ and refiects answers to the question,
"Overall, how satisfied are you with the Tighting at your office or work
space?” The second response reflects the importance of "improved
Tighting" when occupants were asked to indicate their preferences for
office improvements. The third response covers the occupants’ ratings
of the "amount of light for the work you do"” at the work station.

Among the building occupants sampled in this study, lighting
satisfaction at work stations varies greatly. Whereas two thirds (65%)
of the office workers expressed some Jevel of satisfaction with the
lighting at their work stations, nearly one-quarter (23.7%) said they
were dissatisfied. Work station lighting satisfacticn also varied ameng
workers across the 13 buildings. For example, in four buildings, more
than three-quarters of the workers were satisfied with their work
station lighting; in one building, less than half (44.9%) expressed
satisfaction (see Table A-7).

When presented with a Tist of ten possible office imprevements and
asked to select four, about half (51%) of the workers selected lighting
as one improvement to their work stations (see Table A-7). From the
four improvements selected, workers were then asked to select one they

would most prefer. Of the workers selecting improved Tighting, nearly



one in four mentioned it as the most preferved improvement (115 workers
out of 492 workers).

There were wixed ratings on the guantity or amount of lighting and
Tight for performing specific tasks at the work station {see Table A-8).
About six in 10 office workers said the amount of Tight for their work
was "good" or "excellent," and only one in four gave high marks to tnair
lighting for reading and writing. Among those who used a CRT, more than
one-quarter (28%) rated the lighting for their work as "poor" or "not
very good." Similarly, 24.5% of the typists gave "poor" or "not very
good" ratings for lighting for typing, as did 23.1% of those who
drafted. Table A-8 shows quantity of lighting ratings and lighting

assessments for specific tasks among occupants in the 13 buildings.



3. CORRELATES OF SUBJECTIVE LIGHTING QUALITY

3.1 ENERGY USE AND LIGHTING

tnergy use as reflected by Tighting power density (LPD) is related
to twe indicators of subjective Tighting quality (see Table L-1). As
LPC values incresase, there is a tendency for lighting satisfaction to
decrease {eta=.17, p<.00). This relationship is also shewn in Figure 1.
Similariy, ratings of the amount of light for work diminish as LPD

values increase (eta=.17, p<.00).
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In the first three buildings, lighting quality as viewed by a team
of design experts is also associated with LPD (eta=.19, p<.00). That
is, higher LPD values are likely to be found at those work stations
assessed by experts as having poor quality lighting.

Finally, relationships exist between work station LPD values and
measures of illuminance (eta=.19, p<.00) and Tuminance (eta=.25, p<.00)
at the primary task location (Table L-2). The non-linear relationships
(Figures 2 and 3) between lighting power density and the quantity of

light in work stations is a surprising finding that merits further

analysis.
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3.2 PERCEPTIONS OF LIGHTING CONDITIONS AND SUBJECTIVE LIGHTING QUALITY
The degree to which work station spaces are described as bright or
dim is sirorgly associated with subjective lighting quality. Mors than
80% of the building occupants who said their work stations were bright
were satisfied with the Tighting available to them. In contrast, only
15% of those who described their work station as dim expressed
satisfaction (see Table B-5). Similar findings are seen when other
indicztors of lighting quality are examined vis-a-vis perceptions of

erightness (see Table C-5 and £-5 and Figures 4 and 5).
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Occupants’ evaluations of brightneés and glare conditions are also
strongly related to their assessments of Tighting quality. Werkers who
were most bothered by bright lights, reflected glare, and glare from
various light sources were most Tikely to express dissatisfaction with
Tighting at their work stations and most likely to want their Tighting
improved. Of the various sources of glare influencing lighting
satisfaction at the work station, the problem of reflected glare is most
strongly associated with dissatisfaction (Tau B =.34). For example,
among workers bothered by reflected glare, more than half (53.7%) were
dissatisfied with their work station lighting; only one in eight (12.5%)
who were not bothered by reflected glare were dissatisfied with the
lighting. The problem of glare from sunlight is also related to work
station 1ighting satisfaction, but compared to glare from electric light

sources, its impact is fairly weak (Tau B =.09).

3.3 LIGHTING CONDITIONS AND REFLECTED GLARE PROBLEMS

Although the relationship is statistically insignificant, there is
a tendency for higher levels of illumination at the primary work
location to be associated with reflected glare (see Table I-1). The
mean illuminance with body shadow at the primary work surface was 62
footcandles for workers who said that reflected glare is not a problem.
For workers who said reflected glare is very bothersome, work surfaces
averaged 74 footcandles. Relationships between the reflected glare
problems at work stations and the measures of illuminance at the primary
and secondary work surfaces in those work stations are shown in

Figure 6.
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A moderately significant relationship exists between the luminance
on the task and reflected glare. Workers who were not bothered by
reflected glare had, on average, 48 footlamberts at their work surfaces,
whereas those who were very botherad averaged 56 footlamberts at their
work surfaces. The data also reveal weak but significant relationships
between the reflected glare problem and task luminance ratios (eta=.09,
p<.02) and minimum values of the contrast rendition factor (eta=.12,
p<.01).

Whereas reflected glare is not significantly related to the type of

lighting system at werk stations, differences in responses are observed
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for workers associated with particular systems (see Table I-2). For
instance, nearly half (44.7%) of those at work stations with a direct
fluorescent surface mounted system said they were "very bothered" or
“fairly bothered” by reflected glare. In contrast, less than one in
four workers (22.3%) having high intensity discharge (HID), pendant-
mounted, indirect system were "very bothered" or "fairly bothered” by

reflected glare.

3.4 WORK TASKS AND SUBJECTIVE LIGHTING QUALITY

_ There are no relationships between work-related activities of
employees and indicators of lighting quality (Table E-1). Neither the
amount of time spent in a building nor the proportion of that time spent
at the work station have any bearing on the workers’ lighting
satisfaction, preference for improved lighting, or how they feel about
the amount of Tight for their work. Nor does the predominant task
performed by workers significantly influence their feelings about work
station lighting quality. Office workers who spend most of their time
at a CRT expressed the same level of satisfaction as those engaged in
other tasks (reading, writing, typing, and drafting) (see Table B-3).
Similarly, the amount of time a person devotes to a particular task is
unrelated to lighting satisfaction. On the other hand, the amount of
time that workers devote to reading, writing, and tybing is associated
with their ratings for the amount of light for work (Table E-3). These
contradictory findings suggest that the influence of work-related
activities on indicators of lighting quality warrants further
exploration for workers operating under various lighting and other

environmental conditions.




14

3.5 LIGHTING CONDITIONS AND SUBJECTIVE LIGHTING QUALITY

Although there is a tendency for lower levels of illumination to be
associated with higher levels of subjective lighting quality at the werk
station, the data indicate that quantitative lighting measures are not
significantly related to work station lighting satisfaction and
preferences for improved lighting (Tabies B-1 and C-1). Neither the
illuminances nor the task luminance ratio at the work station are
related to these indicators of lighting quality. Similarly, the
distance between the work station and the nearest window is unrelated to
lighting satisfaction and the preference for improved lighting. On the
other hand, ratings of the amount of light for work are associated with

the task Tuminance ratio and with the illuminance at the primary work

surface (Table E-1). The latter relationship is shown in Figure 7.
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The type of ambient lighting system is also related to subjective
Tighting quality. For instance, nearly three-quarters of the building
occupants working under direct-recessed florescent lighting fixtures
with louvers were satisfied with their work station lighting; 14% were
dissatisfied. Those occupants having an indirect furniture-mounted
system expressed lower levels of satisfaction, with more than one-third
(36%) reporting dissatisfaction with their work station lighting, and
just 56% reporting satisfaction (see Table B-2).

The data suggest that dissatisfaction with work station lighting is
somewhat Tower for workers in the spaces having direct-recessed
fluorescent lighting with louvers than it is for workers with the same
lighting system having lenses. In buildings with the former, about 14%
were dissatisfied whereas 26% of the workers in buildings where the
system has lenses expressed dissatisfaction with their work station
lighting.

Workers with supplemental task lighting at their work stations
tended to rate their lighting unfavorably and were inclined to want
better lighting (see Tables B-2, C-2, and E-2). A significant
proportion of these work stations had furniture-integrated lighting

systems (Table A-4).

3.6 LIGHTING CONTROLS AND SUBJECTIVE LIGHTING QUALITY

With respect to lighting controls, workers who can turn their
lights on and off were more likely to rate the quality of work station
lighting poorly than those who can’t manipulate their lighting in this
manner (see Table B-4). On the other hand, workers who are able to

control the guantity or amount of light and window blinds tend to be



[
[« 3]

move satisfied with their work station than those who lack such
controls.

There is no relationship between work station lighting satisfaction
and workers’ ability to control the direction of lTight at their work
stations. However, workers’ feelings about their abiility to adjust the
amount and direction of light is strongly related to lighting aquality
(see Tables B-4, B-5, E-4, E-5)}. As workers’ ratings of their ability
to alter the amount and direction of light improve, so does their

satisfaction with lighting at the work station (Tau B =.33).

3.7 PERCEPTIONS OF LIGHTING CCNDITICNS AND VISUAL QUALITY

The visual quality of the work station is related to, but distinct
from, its lighting quality. In the context of this study, it is
measurad by the degree to which work stations were considered
attractive, pleasant, interesting, spacious, and comfortable by their
occupants.

Bivariate analyses indicate that the werkers’ view of the outdoors
from their office (e.g., whether or not they can see the sky from a
sitting position) and the occupants’ assessient of their view are
associated with visual quality. For example, workers who can see
outdoors while sitting at their desks were more likely to assess visual
quality faverably than thoses who can’t see outdoors or who have to stand
up to see (Table F-3). Similarly, workers who thought their view was
attractive and rated it "excellent" were most 1ikely to feel the visual
quality of their werk station was high (Tables F-4 and F-5). Proximity
to a window is also associated with visual quality aithough the

relationship is weak (p=<.08). As seen in Figure 8, ratings of
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visual quality diminish as the average distance to a glazed exterior
wall increases.

Visual quality is correlated with perceptions of work station
brightness. Whereas workers who described their work stations as dim
tended to give those spaces Tow ratings on visual quality, workers
describing their work stations as bright were most likely to report high
visual quality (see Table F-4).

Peoples’ perceptions and evaluations of other work station
conditions were also related to visual quality. Tables F-4 and F-5
indicate that problems of glare and bright lights are associated with

Tow levels of visual quality. Similarly, poor visual quality and harsh
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lighting tend to go hand in hand. Among other factors influencing
visual quality are the occupants’ evaluations of the furnishings at

their work stations and the color of walls and partitions (Table F-5).

3.8 LIGHTING QUALITY--BUILDINGS AND WORK STATIONS

Workers’ feelings about the overall quality of lighting in their
office buildings are strongly associated with their feelings about
lighting at their work stations. As shown in Figure 9, a high
proportion of workers who gave low ratings to building lighting quality
said they were "not at all satisfied" with lighting at their work
stations. At the same time, those giving high ratings to the quality of
building lighting were most Tikely to be very satisfied with work

ORNL-DWG 87C-13378
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station lighting. Workers who rated their building lighting guality as
high were least likely to report glare and bright lights as problematic
and most likely to say their office had soft lighting {Table D-1).
Finally, ratings of lighting in the cafeterias and lobbies of buildings
are strongly associated with the overall lighting quality in the

building (Tablie D-2).
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4. CONCLUSIONS AND FUTURE WORK

The findings presented here are preliminary in nature. They
provide only tentative suggestions about relationships between lighting
and environmental conditions on the one hand, and various assessments
and perceptions of office workers, on the other hand. Consequently, the
findings are not intended to be used to guide policies such as the
revision of lighting standards. Rather, they provide a starting point
for a longer-term research effort that could ultimately provide the
necessary information for guiding both practice and policy.

Among the questions to be explored in subsequent work are the
following:

® What is the relative importance of specific lighting
attributes in determining the lighting quality of work spaces?
Given the limited resources available to the designer, how
should she or he best manipulate lighting elements so as to
maximize lighting quality?

) What is the role of Tighting in the averall quality of the
work station? Compared with thermal comfori, spacs privacy,
cutside views, and other factors, where does Tighting fit?
While we can readily acknowledge that lighting design is
important, the question of how lighting stacks up relative to
these other work station conditions needs to be addressed.

Finally, there are questions about the representativeness of the data
examined here.

r

® How representative are these 13 buildings of commercial office
space in the U.S.?

» How typical are the occupants and the organizations occupying
these 13 buildings?

These questions need to be addressed before we can draw firm
conclusions from this preliminary data analysis and before guidelines
can be developed for use by lighting designers, space planners, and

policy makers.
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APPENDIX A

Fvaluwating Lighting GQuality: Selected Tables

TABLE SERIES TITLE NUMBER OF TABLES
A Building Comparisons g
B Work Station Lighting Satisfaction )
C Preference for Improved Lighting &
D Building Lighting Quality 2
E Rating of Amount of Lighting for Work 5
F Work Station Visual Quality (Occupants) 5
G Work Station Visual Quality (Experts) 3
H Evaluation of Lighting for Reading/Writing 3
I Refiected Glare Probiems 2
J Evaluation of Lighting for CRT Use 2
K Building Interior Quality 1

L Work Station Lighting Power Density 2



Table A~1{

SELECTED WORKSTATION CHARACTERISTICS (1),

BY BUILDING

{percentage distribution)

Buiilding Number
Characteristic A1l Buildings 1 2 3 4 5 5 7 8 9 i0 14 12 13

Current Workstation
Conventional, private

office 19.4 4.8 17.2 1.4 41.9 12.0 ~- 72.0 78B.6 100.0 1.3 60.0 2.5 i8.8
Open office with partitions 76.9 80.8 B82.8 86.7 12.8 82.0 97.% 28.0 ~-- -~ 92.4 30.0 96.2 81.2
Open office w/o partitions 3.7 4.4 - 2.2 45.3 5.0 2.5 -- 2%.4 it 6.3 10.0 1.3 --
Total 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Numpber of workstations 1206 183 180 180 8% 50 80 50 25 50 80O 80 79 80
Previous WOrkstationa
Conventional, private

office i9.3 5.1 17.2 i5.3 8.3 38.4 8.1 40.0 40.8 42.0 39.6 27.0 17.7 121
Conventional, shared office 9.1 13.2 5.7 4.3 16.0 5.1 1.4 25.0 13.6 21.1 10.4 17 .6 3.2 22 .4
Open office with partitions 40.8 50.3 56.5 45.4 25.3 38.%5 35.1 17.5 4.5 5.3 25.0 21.6 63.0 32.8
Open office w/o partitions 20.%6 10.7 9.8 27.0 41.4 15.4 i.9 7.5 27.3 5.3 16.7 28 .4 i4.5 22 .4
Other i0.2 10.7 9.8 8.0 8.0 2.6 13.9 310.0 13.6 26.3 8.3 5.4 1.6 10.3
Total 100% 100% $00% 100% 100% 100% 100% 100% t00% 100% 100% 100% 100% 100%
Number of respondents 1015 159 163 163 75 39 74 40 22 38 48 74 62 58
Workstation View
Sky seen from standing/

sitting position 61.7 53.8 9.0 75.4 45.7 34.9 ©B50.8 B87.5 68.0 91.2 8.3 83.7 68 .1 44 .9
Outdoors seen from

standing/sitting

positions, but no sky 3.9 B.O == 3.3 -- 7.0 -- -- - 2.9 12.5 -- 2.1 --
Sky seen from standing

pasition oniy 15.3 18.1 31.3 13.1 5.3 -- 34.8 4.2 -- -- -- -- -~ --
Jutdoors seen from

standing position oniy,

but no sky 3.3 8.0 c.7 4.1 -- 14.0 2.2 -- - -- - - -- -=
Qutdoors not seen,

but workstation is

affected by daylight 0.8 0.7 -= -- 4.2 -= .2 - -- 5.9 -= 2.0 -- -
Workstation is unaffectad

by daylight 15.0 1.4 9.0 4.3 43.8 44.1 - - 8.3 32.0 - - 79.2 14.3 29.8 55.1
Total 100% 100% 100% 400% 100% 100% 100% 100% 100% 100% 10C% 100% 100% 100%
Number of workstations 843 138 144 22 48 43 45 48 25 34 48 49 47 49
a Previous workstation is based on occupant responses to the question, "Before you moved to your present office or

workspace, did you work in a:

9¢



Table A-2

SELECTED YWORKSTATION CHARACTERISTICS (21, 8Y BUILDING
{mean characteristic)

Buittding Mumber

Characteristic All Buildings 1 2 3 4 5 3 7 8 9 10 11 12 13
amount of work Space
{sgquare feet) .
Mean 87 82 98 82 75 38 74 105 132 819 87 21 126 73
$.0. 51 58 az 52 5] 71 28 G 50 34 57 54 46 45
Range 14-472 15-472 39-209 30-426 14-221 24-384 33-204 19-272 36-288 33-196 25-366 33-226 52-28B5 4%-272
Workstation Deansity
{workers per 400 sg. ft.)
Mean 4.4 4.8 4.6 4.9 3.4 4.9 6.1 2.3 1.3 1.5 4.4 1.8 3.4 4.4 N
S.D. 2.3 2.7 2.1 2.0 2.6 1.9 2.0 1.6 0.6 0.6 1.7 1.0 1.0 1.6‘q
Range 1-12 1-12 i-9 t-11 -8 1-8 1-9 1-7 1-3 1-3 -5 i-§ 1-% 1-7
Number of workstations 1197 183 180 180 86 20 80 50 28 50 80 85 73 a0
Percent Agdjacent to Glazed
Exterior Wall {feet) 33.3 36.1 -- 40.6 23.3 32.0 2.5 88.0 71.4 100 22.5 83.8 83.3 28.8
Number of workstations 1206 183 180 180 86 50 80 50 28 S0 80 80 79 80
Distance to Nearest glazed
Exterior Wall (feet)
Mean 23 20 33 19 11 22 39 8 9 5 k33 B 16 17
5.0, 20 15 30 15 g 19 20 3 1 ) 8 3 10 10
Range 2-135 3-7C 9-135 4-6& 3-28 ©-60 5-80 2-20 6-12 3-6 5-32 4-22 §~34 410
Number of workstations 1048 177 161 173 31 41 80 49 20 50 43 83 79 7%

2 pistances from open offices with and without partitions are straight-line measures from the center of the workstation to the

nearest giazed exterior wall {or window). Measurements were not made from interior offices unaffected by daylighting.

Lz



Table A-3

WORKSTATION LIGHTING CONDITIONS, BY BUILDING
{mean condition}

Revised 1-22-87

Buiitding Number

Occupants’ Evaluation All Buildings 1 2 3 4 5 6 7 8 9 10 1] 12 i3
Itluminance - Seated;
Primary iLocationifc)
Mean 55 9S4 65 74 44 65 74 35 7 22 80 74 63 54
S D 32 24 2% a7 28 58 24 22 30 31 29 42 32 24
Range $3-407% 14-157 26-152 13-19% 18-183 19-401 32-320 15-134 25-128 27-167 17-128 28-23%6 26-155 14-132
Mumber of Workstations 896 149 140 139 51 46 49 48 23 S0 51 50 49 49
I1luminance - Vacant;
Primary Location{fc
Mean 72 81 73 77 49 86 113 it - - 76 81 83 75 62
5 D. a8 24 25 a6 32 118 30 - -- 32 28 43 33 26
Range 15-713 21-3167 33-153 i5-183  22-187 23-773 T0-162 -- -- 37-187 17-128 29-238 25-157 1B-135
Number of workstations 784 149 140 139 51 45 g -- -- 50 51 43 48 a9
Itiuminance - Seated: a
Secondary Location{fc)
Mean 59 54 62 58 27 S0 75 49 74 75 54 69 683 43
$.D. 38 34 23 41 12 32 32 19 27 38 B8S 47 32 24
Range 4-520 11-265 14-450 9-157 18-44 6-467 34-167 21-117 32-323 30-163 11-520 24-251 25-349 4-i00
Numoer of workstations 589 39 127 95 4 25 30 30 9 22 34 27 42z 45
Itiuminance - Yacant:
Secondary tocation{fc)
Hean 63 59 59 61 33 54 115 -- ~-= 82 55 75 57 a7
5.0. 39 31 24 40 10 30 15 .- i 39 5] a8 32 2%
Range 4-540 18-263 25-152 13-157 24-46 13-459 98- 132 .- -- 34-173 13-520 26-2%1 30-150 4-99
Number of workstations 524 93 127 a5 4 25 4 -- -- 22 34 27 42 45
Minimun crr?
Maan 49 88 87 35 87 33 86 -- -~ a7 90 95 a3 a7
5.0. 8 ¥ 2 = 9 10 i -- -- 0 ia 5 & 10
Range 50- 104 58-96 57-87 69-96 67-3104 80-103  $5-102 - -- 69-102 310-103 B2-iD4 81-102 49-303
Mintmum tuminance Contrastc
Maan 85 87 86 85 79 85 79 -- -- 89 84 8% 85 79
$.D. 7 7 £ [ 10 10 10 - == 9 ki 4 5 9
Range 45-36 687-95 56-96 68-395 47-95 54-94 59-92 -- -- ©63-95 53-94 76-39 74-83 45-94
Mumbar of workstations 1645 57 120 130 50 43 12 - -- S0 46 43 47 47
JTasx _iuminance fitatios
Hean 3.4 4.5 2.7 3.1 5.3 5.9 1.4 3.0 4 4 t.5 3.9 3.1 7.8 5.1
S D 3.7 $.0 4.3 1.3 6.2 4.7 2 2.5 4.2 1.3 2.4 2.5 4.2 6.6
Range .6-45 .8-31 .9-35 .6-13 8- .8-186 i-1.83 7-11 123 1-8 8-13 .7-13 .8-19 9-25
Number of workstations 896 143 142 139 51 45 48 48 24 50 5t S0 49 49
Ceiling Luminance Ratnof
Mean 48 63 51 13 214 717 -= -~ -- 91 38 68 14 1 84
5.0 68 66 45 26 32 49 -- -- -- [33) 72 47 44 46
Range .9-455 .3-447 3.31-282 1.7-222 .9-13G65 .9-18% - - -- -- 8-454 1.3-455 13-213 S0-253 t 9-474
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Table A-3 {continued)

SEpumenia”_Evelyation ALl Sulldings
Mumber of workstationa 762
Field Luminance Ratio?

Heen 82
$.0. 178
Renge 0-2980
Nusber of workststions 1218
Maximum Outside Luminance’

Raan 581
5.0. 108
Range 1-8400
thmber of workstations 44

Buitlegtng Humsboer

] 1 3 4

134 144 142 80 46 ~- - ~- 49
122 60 43 49 148 20 -- ~= 272
208 57 82 81 143 63 - ~- 440

O-18571 ©0-342 0-654 O-384 9-790 o-287 -- - 0-2880

183 1814 180 80 50 82 - - 30
726 658 347 926 1577 428 1187 1023 508
819 629 344 430 2085 292 788 1801 346

16-8860 16£-2330

85 (1]

1-1270 102-2380 142-2000 80- 1400 216-3800 140-8400 1-1200

786 28 Fal 30 41 19 50

51 80
53 80
108 143
0-62% 0-827
80 82
418 €90
578 641

3- 1800 24-4040

12 46

& & . & _8_ _0_ 4 _12a _ 12

48 49
27¢ 186
378 270
0-1820 0-8T70
78 80
148 21
157 241

13-510  36-93¢C

a8 23

[+

-« & Qa

calling Datwesn luminsires.

Rintmum OFf luminance contrast messures taken at 487, 9C

I1tuminance with body shadow taken at primary/sscondary task surface.

Itluminance without body shedow taken at primary/escondary task surface.

and 135" with 28° viewing sngle.

Minimm contrast rendition factor at 457, DO’ and 135" with 25° viswing sngle.

Retic of the primary task lusinance to the luminance of the immediate surround tuminance (Alsu referred 10 a8 the near surround tusinance ratio)

Ratio of tha suximum of elther ths Juminance of the brightest 1ight source or brightest celiing area (n fisld of view to the luminance of t'w

L Ratio of the saximua to ainimum of the following luminances: Csiling Detwaen uminaires, brightest Jight aocurce in fi1eld of visw, briphtest
colling ares in fiald of view, wall st eys lsve! loocking stratght shead, wa!l &t eye level looking 80  to the left and wall at sye levas!
looking 90° to the right {also referred to as far surrourkd lusinance ratio).

Mexfman luminencs of sky or sxternal butiding as ssen from eye isvel .when santed.

6¢C



Type of Sgstem
Ambient Lighting
IF-FM
IF~-FM with other
IF-P ajone

and with other
DIF-p
DIF-P with other
DRFL{10)
DRFL{I0) with Fww
DRFL{10) with DIfF-p,

alone and with other
DRFL{j0}) witn other
DRFL{ie}, alone

and with other
DRFL(1e}, continuous
DFL-SM, ajone

and with other

HID-FPI, alone
andg with other

Cther

Totay

Number of workstations

Suppiementa) Task Lightingb
No supplemental task

lighting
Fi—primary tocation only
Ff~sec0noary location only
fFl-both locations
FM~primary tocation only
FS«primary location only
FM/FS«primary; F!—seconcary
Fi-primary; FM/FS~secondary
Ottrer
Total

Number of workstations

All Buildings
All Buildin

24.
3.

- w
BOO-®» [CsIN )

©
& ©

Table aA-4

TYPES GF AMBTENT AND SUPPLEMENTAL TASK LIGHTING SYSTEMS, 8Y BQjLDENG
(percentage distribution}
—_ :

B Pl ding Numbe r
_______~______________~______“_________________M___n_.____*___N_____,_______________.
1 2 3 4 5 5 7 8 9 i0 11 12 i3
-- -~ 54.7 -- -- ~- -- -- -- 90.2 -- -~ -~
-- -~ 15.3 -- -- -- -- -- -~ -- -- -~ -~
-- - 4.0 -- - 100.0 -- -- == 2.0 - -~ §
0.7 20.0 - o= -- - -- -- -~ - -- - ==
24 .2 -~ 4.0 - -- -- - -~ -- - -- -~ --
10.1 35.4 - -- - -- -~ 3.7 -- -- -- 100.0 83.9
8.1 19.3 -- -- ~- -- -= -~ == - -- == --
32.% 253 -- -= ~- -- - - - - -- - --
22.8 - -- T= e - -- - - - - -- - -
-~ -- -- -- 82.¢9 -- -- 96.3 100.0 - - - -- --
-- -- -- -- -- -- -- -- -- -- 53.7 -- -
-- -- -- - - “-  100.0 -- -- -- -- -- - W

<
-- -- -- 90.5 4.9 -~ -- -- - 7.8 46.3 - .-
2.0 - 2.0 9.5 3422 - - el - o= hat - - _ I
100%  100% 100% 100%  100% 100% 100%  100%  100% 100% 100% 100%  100%
142 50 150 42 41 43 a7 27 50 51 82 50 49
27.5 0.4 40 70.6 85.8 43 ¢ 89.1 B80.O0 a83.7 2.0 94.90 33.3 4.3
34.2 2.1 46.3 8.6 B.g e -- - - 57 .1 -- 33.3 38 3
123 2.4 0.7 -~ 4.7 -- - -- - - 12,2 e 5.7 1o 3
5.4 -- 1.4 -~ "= -= -- ~= == == - 2.1 23.9
2.0 4.0 1.3 -~ -- 34.7 1w.s 4.0 -- 4.4 2.0 - 4.3
1.3 0.7 -- 9.8 18, 22.4 -- 2.0 12.2 6.1 4.0 2.1 4.3
9.4 6.7 5.4 -- -- - - - -- 10.2 -- 2.1 4.3
§.7 6.0 13.4 == -- -- ~- -- == 4.1 -- 8.3 2.1
1.3 0.7 1.3 o= 2.3 -- i .0 4.1 4.1 il 4y --
100%  100%  100% 10C%  100%  100% 100%  100% 100% 100% 100%, 00%  100%
149 149 149 51 43 49



aAmbtent Lighting

iF-FM

IF-FM with other

IF-P alone or with other

DIF-P

DIF-P with other

DRFL

DRFL{1o} with FwW

1o

ORFL(10) with DIF-P,
alone and with other

DRFL{10) with other

DRFL{1e) alone,
and with other

DRFL(1e) continuous

DFL-SM,

and with other

alone

HID-PI,

and with other

altone

Other

Indirect fluorescent-furniture mounted

Indirect fluorescent-furniture mounted in combination with high intensity discharge (HID),
recessed incandescent or surface mounted/pendant incandescent

Indirect fluorescent-pendant alone or in combination with IF-FM
Direct/indirect filuorescent-pendant

Direct/indirect fluorescent-pendant in combination with either direct/indirect wall mounted,
indirect fluorescent, furniture mounted, or indirect fluorescent furniture mounted and HID

Direct recessed fluorescent with either 2'x4’, 1'x4’ or 9"x4’ Jouvers

Direct recessed fluorescent with louvers atong with fluorescent wall washer

Direct recessed flucorescent with louvers and direct/indirect fluorescent-pendant, alone and in
combination with FWW, with direct/indirect wall mounted, or with recessed incandescent

Direct recessed fluorescent with louvers and direct/indirect wall mounted or direct/indirect wall
mounted and fluorescent wall washer

L€

Direct recessed fluorescent with 2’x4’ lens, alone and in combination with 2'x2° or 1'x4’ lens

Direct recessed fluorescent continuous 1" lens

Direct fluorescent surface mounted, alone and in combination with direct recessed fluorescent

(o}

High intensity discharge-pendant mounted indirect alone and in combination with recessed
incandescent or direct recessed fluorescent {(le)

Recessed incandescent and HID; recessed incandescent with fluorescent wall washer; recessed
incandescent with direct recessed fluorescent; recessed incandescent with surface mounted or
pendant incandescent; surface mounted or pendant incandescent with HID free standing indirect;
HID free standing indirect; perimeter ceiling wash: direct/indirect wall mounted ailone and with
fluorescent wall washer, surface mounted fluorescent

bSupplementai Task Lighting

£1

M

FS

Furniture integrated

Furni ture mounted or free standing



Tapie A-5

AMBIENT ENVIRONMENTAL CHARACTERISTICS, BY BUILDING
(mean characieristic)

Characteristic

Noise Intensity(dBA)
Mean

S.D.

Range

Number of Respondents

Temperature (Dry Buib)

Moan
S.D.
Range

Numper of Respondents

Builtaoing Number

AlY Bujidings 1 2 3 4 S ) 7 8 9 10 i 12 13
44 .7 47 44 47 45 47 S0 44 45 38 47 48 45 46

S 3.3 2.9 3.1 5.5 4.8 1.6 £.1 4.5 5.0 4.0 3.8 2.0 8.2

0-74 42-57 39-57 42-60 32-80 35-65 47-54 0-80 40-56 31-49 33-54 42-62 42-53 0-55

918 149 149 149 51 4% 49 48 25 50 5% 50 49 49

74 76 7% 76 79 - 74 71 74 T4 75 74 74 72
7.9 1.6 1.3 1.3 3.3 -- 1.9 i1 2.7 2.9 2.7 1.8 1.8 iD.8

0-82 71-81 73-BO 78-79 T71-79 -- 70-77 ©D-78 70-82 &7-80 69-81 70-80 69-77 0-77

915 149 149 149 54 -- 45 48 25 50 51 50 49 49

A3



Table A-6

WORKSTATION LIGHTING POWER DENSITY, By B8UILDING
{mean density)

Builtding Number

Characteristic A1)l Buildings 1 2 3 4 g 6 T 2] 9 10 11 12 13
Lighting Powsr Density
Mean 2.6 2.5 2.3 3.0 2.2 2.3 3.2 3.4 2.9 2.2 3.3 2.1 2.4 2.4
5.0, 0.9 0.5 2.1 1.0 0.8 0.6 0.4 1.4 1.0 0.7 0.8 0.1 0.5 0.8
Range .4-9.7 .4-7.5 .9-4.2 1. 1~-7.1 1.4-6.4 1.4-4.2 2.6-4.3 1.6-9.7 1.2-5.4 1.5-4.6 1.9~5.6 2.0-2.7 1.8-4.0 .7-4.5
Number of workstattons 304 146 150 150 80 4% a9 47 25 8Q 48 49 49 45

a

watts per square foot of workstation task lighting and ambient lighting.
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Table A-7

GENERAL LIGHTING EVALUATION, BY BUILDING

{percentage distribuiion)

8 u 1 d ng Number

Occupanis’ Evatuation Al) Buildings 1 2 3 4 5 ) 7 3 9 0 1) i2 33
workstation Lighting
Satisfaction
Not at all satisfied 5.0 2.4 2.4 10.2 ~- 2.4 2.8 -~ -- 9.8 8.2 1.3 1.6 1.7
Not very satisfied 18.7 12.7 16.9 21.7 7.7 26.2 i8.2 14.% 8.3 24 4 36.7 12.0 4.7 10.0
Neuiral 11.3 i5.8 8.4 9.6 7.7 1.9 1%.7 9.8 6.7 12.2 10.2 13.3 14.3 10.0
Fairly satisfied 40.4 35.2 40.4 38.0 41.0 50.0 49.3 48 .8 54.2 31.56 35.7 53 .4 49.2 41.8
very satisfied 24.6 33.8 31.8 20.5 43.% 9.5 8.2 26.8 20.8 22.0 8.2 20.0 30.2 356.7
Totatl 100% 100% 100% $00% 100% 100% 100% 100% 10Q0% 100% 100% 100% 100% 100%
Number of respondents 1047 1695 166 165 78 a2 77 41 24 41 43 75 83 [1¢]
Preference for Better
Lighting
Not mentioned as

improvement 49.0 50.3 55.6 34.8 74.7 62.8 S1.4 68.3 52.2 64.3 46.8 55.5 70.0 58.7
Mentioned but not as most

preferred 39 .1 40.7 34.8 44.2 23.9 34.9 38.8 26.8 39.% 35.7 46.8 40.3 26.7 31.0
Mentioned as most preferred

impravenent 11.9 9.0 9.6 24.0 1.4 2.3 11.8 4.9 8.7 - - 6.4 4.2 3.3 i0.3
Total 100% 100% 100% 100% 100% 100% $00% 3100% 100% 100% 100% 100% 100% 100%
Numper of respondents 267 145 13% i54 71 43 76 41 23 42 47 72 60 58
Lightingaouality of
Buiiding
{1) Low 8.1 12.0 12.5 23.4 15.4 20.% 10.4 9.8 25.0 45.2 32.8 14 .7 0.8 3.3
{2} 24.6 17.4 20.8 28.6 12.8 44.1 28.5 7.1 29.% 31.0 26.5 29.3 15.4 20.0
{37 20.6 22. B 25.6 15.2 16.7 14.0 23.4 35.5 256.0 6.7 12.2 30.7 23.1 23.3
{4) 24.3 24.5 22.6 19.3 25.6 16.3 18.2 29.8 18.7 7.1 26.5 21.3 29.2 28.3
{5)High i5.4 23.3 18.5 133.%5 29.5 4.7 19.5% e.8 4.2 ~- 2.0 4.0 21.5 25.0
Yotal 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Number of respondents 1060 167 168 171 78 43 77 41 24 42 49 75 65 60
a index consisting of occupants’ ratings of the degree to which building lighting is attractive and puilding spaces are
well 1it, and the ratings of lighting in conference rooms, corridors and hallways, and restrooms.

ve



Table A-8

EVALUATION OF WORKSTATION LIGHMTING
FOR PERFORMING WORK, BY BUILOING
{percentage distribution)

Butltaing Mumhber

% Occupants’ Evaluation Al Buildings 1 2 3 A 5 3] 7 8 El 10 11 12 13

5 Rating of Amount of

i Light for YWork
Poor 13,1 5.4 13.%+ 2%.8 2.6 7.1 9.1 2.4 -- 5.0 23.4 6.9 6.7 8.3
Fair 27.2 25.3 18.%5 30.6¢ 8.2 35.7 33.8 18.5 2W0.0 32.5 35.1% 22.2 10.0 i8.3
Good 41.7 48.2 48.8 33.5 45.4 42.9 3.3 56.1 70.0 37.5 Aa6.2 47 .3 63.3 4.7
Excellient 18.0 24.1 18.6 14.1 33.8 14.3 20.8 22.0 10.0 150 _4.3 23.6 200 31.7
Totat 100% 100% 100% 100% 100% 1D0O%  100%  100%  100%  100%  100% 1Q0% 100% 100N
Number of respondgants 1040 166 168 170 77 42 77 41 20 40 47 72 (el S0
iighting Evatuation
for Reading/Mriting
(+} Poor 7.2 ‘4.6 5.1 13.14 t.4 2.4 1.4 -- -- 16.7  10.% 2.9 3.3 3.5
(2} 12.2 7.9 0.8 13.1% $.8 29.3 13.0 6.2 5.6 6.7 17.0 101 3.3 8.8
(3} 16 .1 13.2 12.0 8.1 4.1 8.8 20.3 10.8 27.8 21.4 2%.%5 1.6 8.2 4. Y

- {4) 38.9 43.4 42.4 34.4 47.3 38.0 37.8 40.6 489.9 21.4 40.5 49 .3 52.a 33.3%

{9} Etxcellant 25 .8 3C.9 29.7 21+.3 40.4 19.%5 27.% 32.4 16.7 23 8 5.4 261 32.8 40,5
Total 100% 100% 100% 100% 100% 100% 100% 100% 1004 100%  100% 100% 100% 100%
Number of respondents 23-14) 152 158 160 74 41 €9 37 ig 42 47 9 61 57

Lighting Evaluation
for CRY use

Poor 10.4 7.4 8.7 13.5 2.1 5.0 10.4 5.4 -= 7.4 26.3 3.1 5.9 2.6
Not very good 17.6 17.6 7.5 20.2 6.3 150 17.%8 24.3 12.5 35.8 31.6 i5.6 1t.8 1.1
Neutral 23.6 16.7 22.% 30.4 0.4 25.Q0 26.9 16.2 37.5 21.4 5.8 2t.9 32.3 28.8
Pratty good 34.5 39.8 41.3 28%.2 S50.0 258.0 3%.8 40.6 50.0 314.3 5.8 $0.0 32.3 30.8
Excellent 3.8 8.5 20.0 _6.7 31.2 206 _9.0¢ 13.5 Q00 21.4 103 3. 17.6  23.1
Totad 100% 100%  100% 100%  100%  100%  100%  100%  tO0%  100%  100% 100% 100% 0%
Number of respondents 608 108 80 b232] 48 20 &7 37 8 14 19 az 34 32

Lighting Evaluation

for Typing

Poaor 5.9 2.3 9.4 10.0 31 7.7 2.8 et -- 16.7 140.5 -- -- 12.6
Not very good 7.6 1%.9 3.1 22.3 5.3 19.2 15.0 14.2 5.6 20.0 42.t 10.0 -- 6.3
Meutral i8.6 22.7 1315.6 20.0 12.% 19.2 20.0 14.3 22.2 20.0 130.5 20.0 27.3 6 3
Pretty good 36.4 341 40.6 32.5 43C.6 42.4 42.%5 35.7 44.4 23.3 21,86 46 .7 54.5 43.7
Excellent 20.5 25.0 3%1.3 15.0 37.%5 1.5 20.0 35.7 27.8 20.0 5.3 23.3 18.2 3.2

Total 100% 100% 100% 100%  100% t0O% 100% 100% 100% 100%  100% 100% 100% 100%
Number of respondents 352 44 32 40 32 25 40 14 18 o] 15 30 it 16
tighting Evaluation

for Drafting/Drawing

poor 8.5 4.5 20.0 7.7 4.8 -- -- -- -- 12.5 - -~ 2.1 9.4
Not very good i4.8 9.1 20.0 15.4 - 40.0 2.1 -- -- 25.0 11.1 30.0 3.1 2.4
Neutral 25.4 27.3 t7.8 26.9 9.9 40,0 45.4 16.7 B50.0 25.0 33.3 -- 8.2 21.9
Pretty good 32.4 40.9 33.3 3.8 33.3 20.9 27.3 33.3 5B0.0 - 44.5 60.0 18 .2 31.2
Excellent 19t 8.2 8.3 192 52.4 _-- 182 500 0.0 37.5 it.! 100 454 28t
Total 100% 100%  100%  100%  100% 100% 100%  100% 100% 100%  100% 1004 100% 100%
Number of respondents 208 22 a5 26 2% S 11 € 2 a 38 10 11 3z

33



Yaple A-8 (continusd)

AL Builainge 1 ._.a.._._a___&.__é__i_._l__ﬁ__i__ 10 1 12 33
Lighting Evaeluation
for fi3ing
Poor $.8 6.0 4.8 13.3 2.3 -- -- -- -- 26.0 3.8 3.4 3.7 --
MOt very Qood 10.2 6.0 4.6 15.8 4.5 2%1.1 40 1.7 i2.% 6.7 1i9.2 12.% 4.8 -
Moutral 22.2 9.8 26.2 9.7 13.8 31.6 28.0 1%.4 25.0 20.0 38.8 8.8 - 32.4%
pratty good 49.3 50.7 1.5 26.7 50.1 31.6 %2.0 30.8 37.5 20.0 30.8 56.2 56.6 32.1
Excellent i9.4 ‘o 23.1 34,5 29.5 157 16.9 4.1 25. 43.3 _T1.7 5.4 g 3%.8
Tots) 1%6& a%ai T00% 100% 100% 100% 100% 100% 9 00% 100%  100% 1%6E 1004
Nusbar Of respondents 449 $7 &3 7% 44 19 2% 13 8 195 2% 32 27 28
1] tar
Yory bothersoss 10.9 €7 &.8 113.7 4.0 2.2 3.3 47.% 5.0 0.0 8.3 8.1 8.3 16.7
Fatrly DOLhorsons 18.2 i§.0 13.3 21.7 6.7 19.8 26.7 26.8 20.0 7.8 8.8 20.3 14.7 6.7
Not vary DOIhersons 38.14 29.9 42.%1 28.8 92.0 28.3 347 8.0 20.0 3%.0 32.3 496.9 28.3 38.8
Mot 8% a)l boiharsoms 36.8 37.4 38.0 36.0 $57.3 48.7 25.3 17.1 43.9 47.% 41.8 35.1% 54.7 490,
Yotal 100% 100% 300%, 100% 100% 100% 100% yo0% 100%  100% 100% 100% 150
Musber Oof responcents 3024 163 165 159 % 6 1% 43 20 40 as 74 60 s0
8right Lighte -
Bothers
Very bothersome 8.% 5.4 2.2 2.3 2.7 2.2 271 1.7 -- 13.9 2.1 5.6 1.7 8.6
Fairly boOthersone 9.6 4.4 8.7 6.8 5.4 185 142.2 7.8 23.% 18.34 16.7 i8. % 20.3 12.1
NOY vary Doiharsoms 31.7 92.9 34.4 26.3 18.9 19.5 44.8 29.1 33.3 9.4 29.2 37.8 32.2 38.8
Mot Bt 2)) botharsome 4.2 57.6 %56.7 $3.8 73. an. a8 40.5 51, 42.8 A47.3 . 8.8 4%, 29 .7
Totas g3 3LE 355 3% T Tom ook 100k 100% 2.9 W oo oA
Nupher Of respondents 289 158 157 152 74 41 74 38 2s 36 48 72 59 58
feflacted Glare From
CRY ~ Bothersome
Very bothersome 19.0 j9.4 9.4 9.1 1i.8 5.5 31.7 27.0 -~ 20.0 13.3 20.8 13.3 28.9
fFairly bothersome 32.8 27.4 921.2 32.7 23.8 038.8 48.2 29.8 33.4 40.0 26.7 37.6 23.3 26.7
Mot very bOthersome 23.7 0.6 28.1 20.0 33.3 27.8 15.9 21.6 33.9 -- 20.0 20.8 25.7 33.93
NOt @t al] BOLNSrsome gs.% 28.6 31.3 38.2 3.0 27.8 _3.2 29.8 33.3 40.0 ggsg 20.8 36.7 14,9
Yotal (] 100% 100% 1007  100% 100 T00% 100% 100% 100% 1 1 1 ]
Number Of respondents 502 1] 84 1] 42 i8 63 37 [ 5 15 24 30 4%

But il ading

Muasbs
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WORKSTATION VISUAL

Table A-9

QUALTITY,

BY BUILDING

{percentage distribution)

Buittltding Number

gecupants’ Evaluation A1l Buildings 1 2 3 4 9 B 7 8 9 10 11 12 i3
Visual Quality
(1) Low 13.8 12.9 14.3 5.3 10.3 39.% 11.7 17.1 8.3 33.3 36.7 12.0 4.6 5.0
(2) 26.0 21.0 30.3 25.1 21.8 32.6 23.4 36.6 37.%5 38.1 20.4 35.9 38.5 13.3
(3) 27. % 26.8 29.2 29.B 23.%t 8.6 28.6 34.1 33.3 14.3 8.4 22.7 33.9 36.7
{4) 19.0 22.2 17.3 19.383 4.4 9.3 19.5 7.3 6.7 11.9 20.4 i8.7 9.2 25.0
{5) High i4 .1 18 .0 8.9 19.8 2¢.5 -= 16.3 4.9 4.2 2.4 4.1 10.7 13.8 20.0
Jotal 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Number of respondents 1060 167 168 171 78 43 77 41 24 42 49 75 65 S0
Preference for Better
View Outside
Not mentioned as
improvement 52.3 48.2 43.%5 45.1 37.0 B3.5 66.6 90.2 95.7 4H.2 43.7 82.8 68.3 57 .1
Mentioned but not as most

preferred 38.7 38.8 49.3 43.1 47.9 37.2 30.7 7.3 4.3 35.7 52.1% 14.3 30.0 30.4
Mentioned as most preferred

improvement 9.0 12.3 7.2 t11.8 15.1 9.3 2.7 2.5 - 19.1 4.2 2.9 1.7 2.5
Total 100% 100% 100%  100%  100%  100% 100%  100% 100%  100% 100% 100% 100% 100%
Number of respondents 952 138 138 144 73 43 75 41 23 42 48 70 60 56
Preference for More
Daylight
NOot mentioned as
improvement 73.0 76.1 60.2 &8.% 67.% 80.7 8z2.1 B85.0 91.3 87.8 6£3.8 87 .1 81.3 76.8
Mentioned but not as most

preferred 24.9 23.1 36.8 36.% 31.1 9.3 6.8 12.5 8.7 12.2 3%1.9 12.9 15.3 21.4
Mantioned as most preferred

improvement 2.1 0.8 3.0 3.9 i.4 == 1.3 2.5 -= - 4.3 -- 3.4 1.8
Total 100% 100% 100% 100% 100% 1900% 100% 100% 100% 100%  100% 100% 100% 100%
Number of respondsnts 933 130 133 141 74 43 7% 40 23 41 47 70 5a 56
a Index consisting of occupants’ ratings on the degree of worksiation attractivensss, spacicusness, pleasantness, comfort,

and interest.



Tabie B-1

WORKSTAYTION LIGHTING SATISFACTION, BY LIGHTING CONDITIONS AT WORKSTATION
{mean condition}

wWorkstation Lighting Satisfaction

Neither
Very Fairly Satisfied nor Mot Very Not at Al Eta
Lighting Condition Satisfied Satisfied Dissatisfied Satisfied Satisfied Coefficient
I1luminance - Seated:
Primary Location {fc) 63{207} 64(337) 64{ 93; 59{ 129} 87{ 29} .00 n.s
Itluminance - inseated:
Primary location {(fc} 8g{(187) 73{255; T0{ 81) 74{114} 72( 28) .00 n.s
ITluminance - Seated: »
Secondary Location {fc} 59¢{135) 59(229) 53( 85) 55( 921} 80¢{ 173 10 n.s
IJluminance - Unseated:
Sscondary Location {fc) 62{(124) 54¢(198) 57( 58) s1{ 83} g7{ 18) .10 n.s
Distance to Gilazed
Exterior Wali{feet) 22{241) 23{380) 25{ 99} 24 (948 ) 26{ &8 .00 n.s
Task Luminance Ratio 2.6{2073} 3.2¢(338) 4. 1( 923 2.94130) 3.0{ 28) 07 n.s




Table B-2

WORKSTATION LIGHTING SATISFACTION, By AMBIENT AND SUPPLEMENTAL LIGHTING SYSTEMS
{percentage distribution)

workstation Lighting Satisfaction

MNeither
Very Fairly Satisfied nor Not Very Not at A1l Total (number
Type of System Satisfied Satisfied Dissatisfied Satisfied Satisfied of respondents)
Ambient tighting®
IF-FM 15.2 39.3 8.0 25.5 12.0 100(125)
IF-FM with other 13.86 45.5 9.1 27.3 4.5 100( 22)
IF-P alone and with other 28.0 42.2 12.7 i2.8 4.2 100( 72)
DIF-P 27.6 41.4 13.8 17.2 - 100{ 29)
DIF-P with other 36.2 27.6 13.0 23.2 -- 100( 37)
DRFL (1o} 25.2 487 10.95 13.0 2.6 100( 142)
DRFL {10) with FWW 42.7 32.1 12.3 10.6 2.3 100( 40}
DRFL (1o) with DIF-P, alone and with other 35.1 36.3 12.2 124 4.3 100( 77)
DRFL (10) with other 35.7 39.3 17.9 7.1 -- 100( 28B)
ORFL (1e}, alone and with other 9.4 44.0 i0.0 22.1 7.5 100{ 9%)
DRFL (1e)}, continuous 17.5 5G.0 12.8 17.5 2.5 100( 40)
DFL-SM, alone and with other 23.7 50.0 10.5 i5.8 -- 1001 38)
HID-PI, alone and with other 36.6 42.3 14,1 7.0 -- 100( 34)
Other 17.8 48.0 14.5 19.6 -= 1t00( 54}
Tau B=.08
CEamer's V=.19
b X“=85.22 {p<.00)
Supplemental Task Lighting
No task lighting 32.3 42 .0 12.2 10.2 3.3 100(352)
fl-primary location 24.2 41.7 11.2 15.9 7.0 100{189)
Fl-secondary iocation 23.2 42.9 10.2 19. 1 4.6 100{ 64}
FI-both locations 33.6 28.3 8.1¢ 26 . 1 3.9 100( 36)
FM-primary location only 7.9 47.0 19.8 25.3 -- 100( 32)
FS-primary location only 19. 1 34 .9 6.8 36.89 5.3 100({ 43}
FM/FS-primary; FI-sscondary i5.2 57.6 %.9 12.1 5.2 100¢ 34)
Fl-primary; FM/FS-secondary 11.8 28.3 2.4 43.7 6.8 100{ 44)
{ther 13.6 34 .1 1.8 37. 1 13.3 100{ 10}
Tau B=.16 "

CEamer's V=.14
X%=.65.8 (p<.00}

6E

a IF-FM=Indirect Fluorescent-Furniture Mounted; IfF-P=Indirect Fluorescent-Pendant; DIF-P=Direct/Indirect Fluorescent-Pendant;

DRFL {lo)=Direct Recessed Filuorescent with Louvers; DRfFL=Direct Recessed Fluorescent with lens; FWW=Fluorescent Wal! Washer;
DFL-SM=Direct Fluorescent-Surface Mounted; HID-PI=High Intensity Discharge-Pendant Mountad/Iindirect

b Fi=Furniture Integrated; fFM=Furniture Mounted; FS=Frec Standing



Tabls 8-3

MORKSTAVION LIGHTING SATISFACTIOM, BY WORK-RELATED ACTIVITIES OF OCCUPANTS

{percentage distribution}

Workstation Lighting Satisfaction

Neither
Very Fairly Satisfied nor Not Very Not at A3} Total {number
worx-Raiated Activities Saztsfied Satisfied Dissatisfies Satistiag Satisfied of raspondents)
Hours/Week at Building
Ltass than 2% hours 36.3 33.7 8.7 14.0 5.3 100{ B8O}
26-32 hwurs 24 .4 43 .4 7.7 2.3 3.8 100{ 126}
33-42 hours 2¢.9 44 .4 1.9 17.3 4.5 100£499)
More tharn 42 hours 26 . 2 345 .2 12.4 20.7 5.5 100{324)
Tgu B=.04
X“=15.86 {p<.24)
Proportion of Time in Building
at _Workstation
Aboutr 1/4 time or less 35.9 24 4 16.9 23 .4 - 1004 42)
About 1/2 time 26 .4 40.2 12.0 5.8 5.6 100{ 170}
Between 2/3 ang 3/4 time 24.3 41.8 12.6 16 .4 4.9 100{415}
Neartly all the time 23 .2 414 9.0 21.4 5.3 100(306}
Tgu B=.01% B~
X“=16.63 {p<.i7) ©
Amount of Reading and ¥Writing
Limited reading/writing 27 .4 42.0 194 16.8 3.0 100{308)
Extensive reading,

Pimited writing 27.9 39.3 7.8 20.7 4.3 100{200}
Exteansive writing,

Pimited reading 25.3 36.2 16.%6 14 .2 7.7 100( 97)
#ocerate reading/writing 20.0 40.5 14.0 2:.4 4.1 $00{2239)
Extensive reading/+riting i18.5 49 .8 0.8 1.3 5.6 10G{ 87)

Very extensive

reading/writing 29.2 32.4 2.3 24.6 1.7 100{ 60}

Tau B=.05
CSamer's V=_.08
XT=25%.96 {p<.i7)

Hours/Day at CRT

Not part of job 27.5 38 .9 i0.5 19.7 4.1 100(325)

tess than 2 hours 22.5% 4.5 10. 4 i8.2 7.3 100(257)

2-4 hours 26.7 44 .8 €. 4 24.58 4.5 100{ 156)

4-6 nours 24 .0 44 .8 16 . 4 12.2 2.8 100{ B82)

More than €& hours 21.4 34.9 16.7 9.8 7.2 100( 87)
Tau B=.05
X222 38 {p<.13)




Tabls 8-3 {continued)

Workstation Lighting Satisfaction

Neither
Vary Fairly Satisfied nor Not Very Not at A1) Total {rumber
Work-Reiateg ACtivitiasg Satisfieg Satisfieg Dissatisfied SAtI%F ing Satisfileg of respondeants )
Hours/Day Typing
Not part of job 26 .1 39.5% 9.8 19.8 4.8 100(580}
Less than 2 hours 23.8 392.0 i0.7 22 .4 4.0 300{ 166 )
2-4 nours 2%.3 53.7 5.5 13.4 i, 100{ 57)
4-6 hours 18.9 44 4 16.2 12. 4 8.7 100{ 33)
More than 6 hours - - 38 .3 37.a 13.8 0.3 100( t3)
Tgu B8=.03
X"=23. 44 {p<. 10)
Hours/Day Drafting
Not part of job 25.9 a0, 1 10.8 18.8 4.4 100(681)
Less than 2 hours 13.8 41,1 9.0 23.¢ 6.2 100( 8g)
2-4 hours 18.7 38.2 i3.6 22.9 6.5 100{ 3&)
4-6 hours 29.8 48 .9 7.2 4.5 -- 10G{ 14}
More than hours 3.1 53.8% 13 .4 17.8 6.2 100{ 23)
Tgu Bz 04
£7=7.42 (p<.95)
Predominant Task
Reading/writing 24.8 39.0 13.0 8.4 5.1 100{279)
Reading onty 31.2 38.0 8.3 19.4 3.1 100{207)
Writing only, write and file 24 .1 39.8 i3.9 13.2 8.0 $00{ a7)
Typing oniy, type and other 15.3 47.8 14.4 15. 1 7.4 160{ 70)
CRT only, CRT and other 21.6 42 .8 11.7 19.7 4.2 100{293)
Drafting, drafting and other 21.4 44 4 7.4 20.4 6.4 1G0{ 53)
No predominant task 28.9 31.3 10.7 26 .1 3.0 1000 33)
Tau 8=_02

Csamer’s V=08
XT=26 .05 {p<.35)

(7




Table B-4

WORKSTATION L IGHTING SATISFACTION, BY ABILITY TO CONTROL LIGHT ING

{percentage d\st.1bution)

workstation tighting satisfaction

Neither
Very Fasrily Satisfied nor Not Very Not at AV} Total {number
Lighting Controls satisfied Satisfied Dissatisfied satisfied satisfied of respondemts)
ADiYity to Turn
Lights on/0ff
No 25.9 47.% 11.5 12.8 1.8 100(296)
Yes ‘23.8 38.0 11.4 20.€ .2 100(732}
Tgu 8=.06
x%=42.9(p<.01)
Ability to controt
Amount of Light
No 23.8 36.8 i2.1 21.3 6.0 100(581%)
Yyes 25.4 45.2 7.1 15.7 6.6 100( 130)
Tau B=.05
=5.96{p<.02)
Apility toO control
04y rection of Li ht
No 25.2 36.2 11.8B 20.3 6.5 100(8640)
vyes 18.0 47.0 §.6 21.7 3.7 100( 1185)
Tau 8=.03
=3.89(p<.42}
Abitity tO control
giinds
No 17.3 45.1 11.9 19.3 6.8 100267
Yes 29.0 4G .1 12.4 14 .0 4.5 100(382)
Tau B=.1
=B. BB(p<.06)

[A



Tabie B-95

WORKSTATION LIGHTING SATISFACTION, 8Y DCCUPANTS' EVALUATION OF LIGHTING CONDITIONS
{percentage distribution)

workstation Lighting Satisfaction

Naither
Very Fairly Satisfied nor Not Very Not at A1l Total {number
Occupants’ Evaluation Satisf ied Satisfied Dissatisfied Satisfied Satisfied of respondents)
Ab{1lity to Adjust
Light on Work
{1} Poor 15. 14 34.1 13.9 27.7 9.2 100{498)
{2} 17.8 42 .6 10.4 26.7 2.4 10C(119)
(3} 23.6 50.2 13.3 10.5 2.4 100{174)
{4) 32.1% 53.0 5.8 3.1 ~- 100{ 89)
(S5} 47.3 41.8 7.8 3.1 -- 100(116)
{6) Excellent 70.2 27.5 -- 2.3 - 100{ 51)
Tau B=.332
X"=215.2(p<.00)
Reflecied Glare
NDt at all bothersome 43 .4 37.6 6.5 10.3 2.2 100{451)
Mot very bothersome 21.0 48.5 12.8 15.9 1.8 100340}
Fairly bothersome 7.7 38.6 17.2 31.0 $.95 100{ 137)
very bothersome 4.8 27.0 14.9 32.9 20.8 100( 74)
Tau B=_.34
X7 =209.38{(p<.00)
Gilare from Ceiling Lights
Not at all bothersome 37.9 37.8 7.8 13.0 3.5 100(451}
Not very bothersome 18.95 48.8 14.9 15.0 2.8 100{ 340}
Fairly bothersome 11.0 41.0 14.8 31.8 1.6 100{ 137}
Very bothersome 3.4 27.9 9.2 40.13 19,2 100{ 74}
Tau 8=,30
a X" =186.54(p<.00)
Glare from Task Lights
Not at all bothersome 32.8 37.8 7.9 17.8 3.7 100( 150)
NDO%t very bothersome 17.0 48 .2 13.9 19.2 1.7 100{ 125)
Fairily bothersome 37 40.9 10.7 42.2 2.% 100{ S5)
Very bothersome 7.9 21.5 14 .3 33.3 23.0 100{ 25)
Tau B=.23

X=74.93{p<.00)

1387



Table 8-5 {continued)

workstation Lighting Satisfaction

Neither
Very Fairly Satisfied nor Mot Very Not at AV} Total {(numbar
Occupants’ Evaluation Satisfied Satisfied Dissatisfied Satisfied Satisfieg of respondents)
Glare from Sunlight
Not at all bothersome 30.6 35 9 9. 19.0 5.4 100(532)
Not very bothersome 22.9 45 .6 15.3 13.3 2.9 100{284)
Fairly bothersome 6.5 51.6 9.0 2.8 1.9 100112}
Very bothersome 11.5 39.4 15.6 25 1 8.4 100{ 56}
Tgu B=.09
X“=38.28{p<.00)
Reflected Glare from CRT
Not at al! bothersome 40.3 39.4 3.3 i5.7 1.3 100{ 126}
Not very bothersome 24.9 42 .4 4.4 14 .2 4 .1 100{ 128}
Fairly bothersoms 16.9 4% 5 11.1 23.7 5.8 100( 154)
Very bothersome 11.9 40.0 i1.5 24 .4 12.2 100{ 91}
Tgu B=.23
X7=51.77{p< .00}
Bright Lights
Not at all bothersome 34 .1 37.7 8.9 15.5 3.8 100(523)
Not very pothersome 18.3 48 .6 14 .1 17.6 1.4 100{30%)
Fairiy bothersome 9.7 41.6 12.2 30.7 5.8 1004 108}
Very bothersome 7.8 34.13 15 . % 25.7 16.3 100{ 45
Tau B=.22
X“=096.48(p<.00)
workstation Brighiness
{1) Dim -- 14 .9 10.7 48 .4 25.3 100( B7)
{2) 1.5 22.0 23.9 44 .3 8.3 100{101%)
{31 311.6 42 .8 18.4 24.90 3.2 10G{ 184}
(4) id4.5 5.0 11.8 10.0 2.6 $00{ 180}
{5) 32.4 53. 13 6.1 7.9 0.5 100{28G)
{5) &right £4.3 2.5 3.4 5.2 0.5 100( 195}
Tgu B8=.48
X =492 95(p<.00)

vo

a Data are reporied for respondents who have a task Jjamp at the workstation.



Table B-6

WORKSTATION LIGHTING SATISFACTION, BY SELECTED WORKSTATION CHARACTERISTICS

{percentage distribution)

workstation Lighting Satisfaction

Ne i ther

very Fairly Satisfied nor Not Very Not at A1l Jotal {number
Workstation Characteristic Satisfied Satisfied Dissatisfied Satisfied Satisfied of responhdents)
Workstation View
Sky seen from standing/
sitting position 28.0 40.4 10.2 17.4 4.0 100{458)
gutdoors seen from standing/
sitting position, but no sky 20.7 44 .14 14.9 20.3 -- 100( 24)
Sky seen from standing
position only 17.0 47.3 12.7 18.2 3.8 100( 897
Outdoors seen from standing
position only but no sky 20.2 44.5 1.8 20.3 6.2 100( 22)
workstation is unaffected
by dayiight 19.2 38.6 13.7 23.3 4.2 100(139)

Tau B8=.07

Csamer’s v=.08
X“=12.12 (p<.91)

1574



Table C-1

PREFERENCE FOR IMPRCOVED LIGHTING, BY LIGHTING CONDITIONS AT WORKSTATION
{mean conditicn)

Prafaerence for Improved Lighting

Not Mentioned Mentioned But Mentionead as Eta

Lighting Condition As Improvement Not Most Preferred Most Preferred Coefficient
ITluminance - Seated:
Primary Location {fc) 65{399) 64{263) 72{ 71} .03 n.s.
itluminance - Unseated:
Primary location {fc}) 72{342) 71{230} 77¢( 62) .00 n.s.
11tuminance - Seated:
Secondary tLocation {fc) 57(260}) 62{187) 53( 49) .00 n.s.
{1iuminance - Unseated:
Secondary tocation {fc} 61{227) 651 168) 58( 46} 00 n.s.
Distance to Glazed
Exterior Wall (feet) 23{440} 23{310) 23{ B4} 00 n.s.

Task Luminance Ratio 3.1{398) 3.4{264) 3.2( 71} 00 Nn.s.

9%



PREFERENCE FOR IMPROVED LIGHTING, B8Y AMBIENT AND SUPPLEMENTAL LIGHTING SYSTEMS

Table C-

2

(percentage distribution)

Type of System

Preference for Improved Lighting

Not Mentioned
As Improvement

Ment ioned But
Not Most Preferred

Mentioned As
Most Preferred

Total (number
of respondents)

Ambient Lighttnga
1F-FM
IF-FM with other
IF-P alone and

with other
DIF-p
DIF-P with other
BRFL(V0)
DRFL(10) with Fww
DRFL(10) with DIF-P,

alone and with other
DRFL(10)} with other
DRFL{1e), alone

and with other
DRFL(1e), continuous
DFL-SM, alone

and with other
HID-PI, alone

and with other
Gther

Supplemental Task LightingD
No task lighting

Fl-primary location
Fl-secondary location
FI-both locations
FM-primary location
FS-primary location
FM/FS-primary; fl-secondary
Fi-primary; FM/FS-secondary
Other

37.
22.

- @O b

[ARE-Y (4,0 N

SRR FA NS RAN. N

-~

&

26.

27.
41.

DNO©N

®0 @O

NoOwWBNQEW®®

v N

[~

16.
31.

- W

[} m()ﬁ-o -bha

®w

ow

-®

100(117)
100({ 22)

100{ €8)
100( 28)
100( 31}
100( 128)
100¢( 36)

100{ 63)
100( 23)

100( 95)
100{ 39)

100( 38)

100( 28)
100( 52)

Tau B=, 14
Csamer’s v=.20
X“=61.53 (p<.00)

100(322)
100(178)
100( 54)
100( 34)
too( 31)
100( 44)
100( 27)
100{ 44)
100( 9)

Tau B=.20
Csamer's v=.20
X“=53.36 (p<.00)

a

Pendant;

IF-fM=Indirect Fluorescent-Furniture Mounted;
DRFL {Jo)=Direct Recessed Fluorescent with Louvers;

IF-P=1ndirect fluorescent-Pendant;
DRFL=D1irect Recessed fluorescent with lens;

DIF-P=Direct/Indirect Fluorescent-

Fwe=Fluorescent

wall Washer; DFL-SM=Direct Fluorescent-Surface Mounted; HID-PI=High Intensity Discharge-Pendant Mounted/Indirect

[a]

FI=Furniture Integrated; fM=Furniture Mounted;

FS=Free Standing

Ly



PREFERENCE fFOR

Tapie -3

IMPROVED LIGHTING, BY WORK-RELAYED ACTIVITIES OF QCCUPANTS

(percentage distribution)

York-Related Activities

Preference for Improved L

ighting

Not Mentioned
As Improvement

Mentioned But
Not Most Preferred

Mentioned As
Mcst Preferred

Total (number
of respondents)

Hours/Week at Building
Less than 25 hours
26-32 hours

33-40 hours

More than 40 hours

Proportion of Time in Building
at Workstation

About 1/4 tims or iess

About 1/2 time

Between 2/3 ang 3/4 time
Nearily all the time

Amount of Reading and YWriting
Limited reading/writing
Extens ive reading.
Timited writing
Extensive writing,
timited r2ading
Moderate reading/writing
Extensive reading/writing
Very extansive
reading/writing

Hours/Day at CRY
Not part of job
Less than 2 hours
2-4 hours

4-5 hours

More than § hours

58.
50
45 .

47 .

56 .
52.
48 .

54.

449,
51.

50.

34

50.
45 .
47 .
54 .
4£3.

<LOoONnG

5O WwWw

Q

(ARSI

i BORY w8

&
VoW

35 .
a3.
42.
338.

(s @R 5]

37.6
42.7
36.6
44.5

45 .4

35.

&
Q
W

PSS

14 .
10.
13.

Wwwow
~NOOOD

rOos®

VO;JI'.J.&&

©

100( 733}
100{ 118}
100464}
100{287)

Tagu B=.05
X“=6.98 (p<.32)

100{ 36)
100{ 159)
100{378)
100(367)

Tau 8=.02
X“=4.76 {(p<.58)

8V

100{287)
100{173)

t00{ &7}
100{220;}
100{ 80}

106{ 57}

Tau 8= .01
Csamer’s v=.08
X"=12.65 {(p<.24)

100{292}
100{234)
100( 151
100{ 78)
100{ BQ)

Tau B= .03
X“=4 52 {p<.80}




Taple C-3 {(continued)

work-Related Activities

Preference for Improved Lighting

Not Ment ioned
As I[mprovement

Mentioned But
Mot Most Preferred

Mentioned As
Most Preferred

Totatl {number
of respondents)

Hours/Day Typing
Not part of job
tess than 2 hours
2-4 hours

4-8 hours

More than 6 hours

Hours/Day Drafting
Not part of job
Less than 2 bhours
2-4 hours

4-6 hours

More than & hours

Predominant Task
Reading/writing

Reading only

Mriting only, write ang fitle
Typing only, type and other
CRT only, CRT and other
Brafting, drafting and other
No predominant task

POdOW

HN® 5O

“mm;wmm

[ )
o w
[A o QWIS N NN R R

.
1M
ODQCHE e

22.

11,

19,

32.

12.

15.

1.
22.

i3
7.
a
9

~H Y OWw

-l

Wh o~ -

100(527)
100( 154)
100( 55)
100{ 3¢}
t00( 1)

Tgu B=.03
X7=7.09 (p<.53}

100(628)
100( 80}
100{ 337
100 13)
100{ 1B)

Tgu B=.05
X“=8.0% {p<.43)

100(285)
100{184)
100{ 79}
to0{ 54}
100(278)
100( 52}
100( 37)

Tau 8=.03
Csamer’s v=_07
X"=8.35 (p<.87)

7



Table

PREFERENCE FOR IMPROVED LIGHTING,

c-4

BY ABILITY TO CONTROL LIGHTING

(percentage di

stribution)

Lighting Controis

Preference for 1

mproved Lighting

Not Mentioneg
As Improvement

Mentio
Not Most

ned But
Preferred

Mentioned As
Most Preferred

Total {number
of respondents)

Abitity to Turn
Lights On/0ff
No

Yes

Abitity to Controil

No
Yes

Ability to Control
Direction of Light
No
Yes

Ability to Control
B'inds

No

Yes

Amount of Light
= OF tiaht

57.
46 .

~N U

45.6
52.0

46 .0
51.4

44 .
51.

[V e

35.
40.

44,
35.

45,
3s.

[ Xe]

10.
12.

QO

100(274)
100(677}

Tau B= 08
X"=8 .30 {p<.02)

100{542)
100{116)

Tgu B=.04
X"=1.41 (p<.50)

100(557)
100{ 105 )

Tiu B=.014
X7=.82 (p<.87)

100( 2486}
100(368)

Tau B=.056
X"=3.08 (p<.21)

06§



Table C-5

PREFERENCE FOR IMPROVED LIGHTING, 8Y OCCUPANTS EVALUATION OF LIGHT ING CONDITIONS
{percentage distribution)

Preference for {mproved Lighting

i Not Mentioned Mentioned But Mentioned As Total (number
: Occupants’ Evaluation As Improvement Not Most Preferred Most Preferred of respondents)
Ability to Adjust
Light on Work
{1)Poor 36.7 46 .2 17.4 100{469)
{(2) 46.5 41.2 2.3 100{ 113)
(3) 47.7 43.5 8.7 100( 159)
{(4) 69.2 28.8 2.0 100{ 84)
{(5) 80.5 15 .4 4.4 100{103)
{6)Excellent B83.6 14 .1 2.3 100{ 39)
Tgu 8= _24
X"=87.85 {(p<.00)
Reflected Giare
Not at all bothersome 64.4 30. 14 5.5 100{(342)
Not very bothersome 53.4 38.3 8.3 100€(3314)
Fairly bothersome 30.2 5.0 18 .8 100( 170)
Very bothersome 27.% 42.7 28.8 100( 97)
Tgu B=.28
X"=104 . 48 {p<.00)
Glare from Ceiling Lights
Not at all bothersome 61.0 30.0 9.0 100{4G1}
Not very bothersome 48.5 42.0 8.5 160{317)
Fairly bothersome 36.9 52.7 0.4 100{ 135)
Very bothersome 25 .1 52.1 22.8 100( 74)
Tau B=.24
a X"=77.70 {p<.00)
Glare from Task Lights
Not at all bothersome 50. 1 38.0 i1.9 100{132)
Mot very bothersome 47 .9 4¢.8 10.3 100(121)
fairly bothersome 32.9 47 .4 19.7 100{ 56)
Very bothersome i3.3 50.5 36.2 100{ 26}
Tau B=_ 17

X"=25.07 {p<.00)

LS




Tapie C-5 {cont inued)

occupants’ fvaluation

preference for Improved Lignting

Not Mentioned
As Improvemant

#ent ioned But
Not Most preferred

Mentioned AS
¥ost praferred

Jotal f{number
of raspondents)

Glare from sunl ight

Not at ail pothersome 48 .1 38.0 $13.9 100(475)
Mot very pothersome 55 .8 45.3 8.9 1004271}
fairly bothersome 37 .7 46 3 $.0 100{ 109}
very Dothersome 44 .8 40.2 15.0 100{ 66}
Tau 8=.01
X*=7.82 {p<.25)
reflecied Glare from CRT
Not at atl ho ther some 68 .2 347 5.1 100 114}
MOt very bothersoms 57.9 36.0 6.1 100(322)
fairly bothersone 39 .1 47 .0 13.9 100{ 148)
very DoOthersoms 46 .0 a43.7 12.3 100{ 90)
Tau Bg=.16
x<=18.71 {p<.0%)
Bright Lights
Mot at all pothersomne 55.3 34 .1 0.8 100( 471}
Not very o tharsome 49 .6 40.3 10 .1 100{ 289}
Fairly pothersoms 40.7 54. % 5.2 100{ 105}
yary bothersome 27.6 52.8 19.6 100{ 45)
Tau B= 14
Xx“=35.7% {p<.00)
workstation Brighiness
{1y Dim v3.8 54 .9 31.2 100{ 87}
{2) 20.8 55.9 22.3 100 100)
(3) 42 .0 43.3 14.7 100{ 176}
{a} %57 .1 40.5 8.4 100(17 1)
{9) 63.9 30.6 5.9 100(254)
{6) gright 76 .9 21.3 1.8 100{ 166)
Tau 8=.32
x%=156.24 {p<.00}
2 pata are reported for responuents who have a task Jamp at the worhstation.

[4



Table C-6

PREFERENCE FOR IMPROVED LIGHTING, BY SELECTED WORKSTATION CHARACTERISTICS

{(percentage distribution)

Workstation Characteristic

Preference for Improvaed Lighting

Not Mentioned
As Improvement

Mentioned But
Not Most Preferred

Ment ioned As
Most Preferred

Total (number
of respondents)

Sky seen from standing/
sitting position

Uutdoors seen from standing/
sitting position, but no sky

Sky seen from standing
position only

Outdoors seen from standing
posttion only but no sky

wWorkstation is unaffected
by daylight

49 .1

43.4

48.%5

48.0

55.1

38.

43.

39.

44 .

37.

12.3

12.7

12.3

100{(417)
100{ 22)
100( 32)
100( 21)
100(132)
Tau B=.0%

Cramer’'s V=_.07
X“=7.55 (p<.87)

€£s



Tapie D-3

BUILDING LIGHT

R B S X ho YA o E e

IMG QUALITY AS ViEWwED BY acCcuPaNTS . B8Y EVALUATIUM OF WORKSTATION CHARACTERISTICS
(porcentage distripution]

e bhAAR Sy

e T

Total {(number
Occupants’ gvaluatiaon {5 )righ {a) {3} {2} of respondentﬁ)

__,__M_,_ﬂ____,_,_,_ﬂ__.___ﬂ.,__~_.___,.__,____..*__,____,_____,______ﬂﬁdw_,_,___..m__,_

guiiding Ltighting Qual ity
{1)Low

workstation Lightin satisfaction

o

Vary satisfied 46 .0 28.2 16 .4 8.6 0.8 100280}
fFairly satisfied 9.8 27.0 28.3 27.9 1.2 100{439)
Ne i ther satisfied nor dissat@sfﬁed 1B 12 .4 25.9 40.95 a7 1o0{ 149}
Not very satisfied 10.32 10 4 11.9 31.0 4% .4 100{ 170}
Not at ail sarisfied - -- 1.8 21.9 76.9 1001 399
Tau B=.93
X<=542.42 (p<.00}
Reflected Glare
Not at atl bothersom2 26 .8 23.95 i8.9 19.9 10.9 100{394)
Not very pothersome i1.8 27.7 20.8 25 .6 14 .14 100{36%)
Fairiy pothersone 4.9 14 .4 25 .5 28.8 26.3 $00¢( 17 1)
very botharsome 5.8 7.8 7.7 35.0 33.7 100( 98)
Tau B=.24
x%=99. 40 {p<.00}
Glare from Cailing Lights
#ot at atl potharsoma 24 .4 23.4 16 .8 22.9 12.5 100{4957}
Not very baothersome 0.0 24 .1 25.8 23.8 6.7 +00(343)
Fairly potnersome 5.0 7.9 23.2 3C.6 22.3 100{ 1377
very bothersomeé 4.9 9.1 35.0 35.3 35.7 1008 79)
aau g= 23
a P96, 16 (p<.00)
Giare from Task Lignis
Not at all pothersone 16 .9 2% .9 32.9 25 .4 15.2 1001 154 )
Nat very bothersome 7.2 33 1 20.17 26 .7 12.3 100{ i27)
Fairly porhersons 1.8 16 .4 17,6 26.8 37.4 100( 56)
very pothersone 5.4 12.5 19 .4 38 .1 28.6 100¢ 283
Tau 8=.14
x%=35 B4 {p<.00}
Glare frof sunlignt
Not at all pothersomne 19.3 29.6 8.0 23.0 7.8 1001537}
Not very poihersoma 11.9 23.7 264 .2 24 .9 5.7 500{2886)
Fairly bothersomns 19.4 19 .6 26.9 26 .0 12. 1% 100{113)
very Dothersoms 10.1 1.0 15.3 35.7 19.9 1004 57}
Tgu 8=.07

x%=24.73 {p<.02}

e
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Table D-1 {continued)

Butiding Lighting Quality

Total (number

Jccupants’ Evaluation (S)High (4) (3) {(2) {1)Low of respondents)
A
i Bright_Lights
Not at all bothersome 21.3 25.0 17.14 23.0 13.86 100({530)
Not very bothersome 8.2 22. ¢ 27.0 27.6 15. 1 100(307)
fairly bothersome 11.6 14.2 21.7 22.2 30.3 100( 1086)
Very bothersome 10.9 7.2 18.0 42 .3 21.¢6 100( 46)
Tau B=.18
X“=62. 18 (p<.00)
View Qutside
Excellent 17.9 21.7 19.2 28.2 13.0 100(208)
Good i8.6 21.0 29.3 19.6 11.5 100 171)
Fair 18, 1 27.3 i6.4 24.3 13.9 100( 199)
Poor 13,1 19.0 19.0 26.2 22.7 100({456)
Tgu B=.06
X“=30.15 (p<.00)
Harsh/Soft Lighting
(1)YHarsh 4.4 13.1 12.7 25.7 44 1 100(131)
(2) 10.9 20.4 21.3 34.9 12.5 100( 87)
(3} 7.2 16.5 26.0 29.8 20.5 100{283)
(4) 9.4 26.8 30.8 23.0 10.0 100( 190}
{(5) 21.4 33.2 16 5 19.7 9.2 100(215)
{6)S0ft 43.2 11.2 12.9 15.8 16.9 100{128)
Tau B8=.28
X“=239.59 (p<.00)
Workstation Visual Quality
(1)Low 3.5 12.8 10.9 26 .4 46 .4 100( 143)
(2) 4.6 17.4 21.9 31.8 24.3 100(288)
(3} 7.3 27.3 23.8 29.4 12.2 100{291}
(4) 32.@ 27.7 24.€ 17.% 7.3 100€ 185)
(S)}High 52.2 16.7 16.2 10.4 4.8 100{ 143)
Tgqu B=.038
o X“=332.19 {p<.00)
Building Interior Quality
(t3low 1.2 1.0 9.1 22.8 55.9 100{ 143)
{2) 3.7 12.2 22.8 8o 23.3 100{285)
(3) 5.5 26.4 25.9 27.6 14.6 100(212)
{a) 20.2 30.1 25.2 16.8 7.7 100(257)
{S)High 52.7 23.4 10.7 12. 4 1.0 100{ 153}
Tqu 8=.45
X"=428.19 (p<.00}

SS

a Data are reported for respondents who have a task tamp at the workstation.

L Index consisting of occupants’ ratings Of ths degree to which interiors are well designed and spsces are stimulating., and
ratings of the way offices and work spaces are arranged and the way they look.



Tabie D

-2

BUILDING LIGHTING QUALITY AS VIEWED 8Y OCCUPANTS, BY EVALUATION OF BUILDING CHARACTERISTICS

{(percentage distripution)

Butiding Lighting Quality

Totrai {number

Cccupants’ Evaluation {5)Rigr {4} (3) {123 {tiLow of respondents:}
Lopby Lighting
Excellent 34.8 22.6 15.7 7.2 o.7 100{314)
Good 7.4 24 .2 26 .4 27 .2 14.9 100{444)
Neutra) 2.7 30.4 20.3 34.7 34.8 100{ 182}
Not good/poor i.5 16.2 5.2 17.8 48.6 100{ 85)
Tau B=.35
X =2%51.3 (p<.00}
Cafeteria Lighting
Exceilent 34.3 27.5 17.2 133 7.9 100(338}
Good 7.5 22.2 27 .6 25.% 17.2 100{ 387}
Neutral 5.3 13.8 9.0 34.¢ 7.9 100{ 158)
N2t good/poor 3.4 T.0 13.8 37.3 38.9 1004( 671}
Tau 8=.37
X"=227.6 {p<.00])

9¢



Tabhle E-1

RATING OF AMDUNT OF LIGHTING FOR WORK, BY LIGHTING CONDITVIONS AT WORKSTATION

{mean condition)

smount of Light for Work is:

Eta

Lighting Sondition Excelient Good fair Poor Coefficiant
Itluminance - Seated:
Primary Location (fc) 54{154) 54(365) 62( 194} 785{ 79} .07 {p<.08}
{1iuminance - Unseated:
primary location {fcl T1{138} 70{315} 7G{1686) B8O( 76} .00 n.s.,
Itiuminance - Seated:
Secondary Location {fo) 58{ 99} 53{241) 57{138) 64{ B53) .00 n.s.
Ililuminance - Unseated:
Secondary Location (fc) 63( 93} 64{210) 58{(121) 68( 56} 00 n.s
Distance to Glazed
Extericr Wall {feet) 22(1783 23(4086) 24(2186) 25(100} 03 n.s
Task Luminance Ratio 4.4{154) 3.0(384) 3.4{194) o{ 802 11 {p<.00}

LS




Table £-2

RATING OF AMOUNT OF LIGHTING FOR WORK, BY AMBIENT AND SUPPLEMENTAL LIGHTING SYSTEMS
(percentage distribution)

Amount of Light for Work is:

Total {number
Type of System Excellent Good Fair Poor of respondents)

Ambient Lighting

IF-FM 8.7 37.8 29.9 23.6 100{127)
IF-FM with other 13.0 26 . % 34.8 26 . 1 100{ 23)
[F-P alone and with other 23.2 37.0 32.8 7.0 100{ 72)
DIF-P 16.5 43.9 26.4 13.2 100{ 30)
DIF-P with other 3.4 24 4 35.4 9.4 100( 37)
DRFL {10) 17.2 53.8 i8.5 10.5 100¢{141)
ORFL (10) with FWW 33.8 43.4 15.9 7.0 100( 40)
DRFL {1o0) with DIF-P, alone and with other 20.3 53.2 20. 1% 6.4 100( 78)
DRFL {10) with other 20.7 58.86 13.8 6.3 100( 29}
DRFL {le), alone and with other i6.2 39.9 32.9 12.0 100( 90)
DRFL (Je), continuous 23.1 43.6 25.6 7.7 100{ 39)
DFL-SM, alone and with other 18.4 57.8 21.1 2.6 100{ 38)
HID-PI, alone and with other 31.9 43.5 17.4 7.2 100{ 33)
Uther 17.6 47.8 1.5 3.1 100{ 51)
Tau B=.13
Cpamer’'s V=_19
X =88.73 (p<.00)
Suppliemental Task Lighting
No task lighting 5.4 45 .8 20.2 5.9 100(348)
Fl-primary location 15.4 44 1 25.9% 15.0 100{ 190}
Fi-secondary location 19.6 50.7 23.7 5.0 100{ 64)
Fl-both locations 12.3 392.9 28. 5 22.3 100{ 38)
FM-primary location 4.1 Y- 33.14 16.7 100{ 32)
F5-primary location 10.4 25.7 51.4 11.5 100{ 45)
FM/FS-primary; Fl-secondary 10.8 45 .2 28.0 i9.0 100{ 34)
Fi-primary; FM/FS-secondary 8.7 21.5 38.2 30.5 1Q0( 45)
Other 10.3 25.8 34.7 29.2 100( 10}
Tau 8=,21%

Cramer’s V=18
X“=75.02 (p<.00)

8¢S

a IF-FM=Indirect Fluorescent-furniture Mounted; IF-P=Indirect fiuoresceni-Pendant; DIF-P=Direct/Indirect Fluorescent-

Pendant: DRFL {l1o)=Direct Recessed Fluorascent with Louvers; DRFL=Direct Recessed Fluorescent with fens: FuYW=Fluorescent
Wall Washer,; RFL-SM=Direct Fluorescent-Surface Mounted, HID-Pi=High Intensity Discharge-Pendant Mounted/Indirect

e Fl=Furniture Integrated; FM=Furniture Mounted, FS=free Standing



RATIMG GF AMOUNT OF LIGHTING FOR WORK,

Table ©-3

BY WORK-RELATED ACTIVITIES OF GCCUPANTS

{parcentage disiribution)

amount of Light for Work

ig:

Totat (number

Work-Related Activities Excellent Kood Fair Poor of respondents)
Hours/wWeek at Builaing
Less than 25 hours 301 32.7 25.7 11.5 100{ 79)
26 -32 hours 7.2 54.0 19.6 9.2 100 128)
33-40 hours 18.0 40.5 28.49 12.3 1001 496 )
More than 40 hours 15.9 41.8 27.7 4.8 100(321}
Tau B= 07
=12.38 {p<.19)
Proportion of Time in Building
at Workstation
About 1/4 time or less 41.§ 26. 1 26.1 6.2 100{ 31%)
About 1/2 time 1%.9 29.8 21.8 12.7 1004 169)
Batween 2/3 and 3/4 time 7.8 43.2 26.7 12.6 100{408)
Nearly all the time 17.3 38.3 29.3 13.5 100(392)
Tgu 8= .04
=13.44 (p<.1i4)
Amount of Reading and Writing
Limited reading/writing 1.9 41.5 24. 1 2.8 100( 306} tg
Extensive reading, limited writing 23.5 41.7 6.2 8.6 $00{ 195)
Extensive writing, limited reading 13.4 37.% 36.6 12.5 100¢ 96)
Moderate reading/writing 14.8 43.3 27.8 i4 .1 100{236)
Extensive reaading/writing 7.7 49.8 27.6 15.0 100( 88)
Very extensive reading/writing 6.1 3B.2 23.2 22.5 100( 60)
Tgu B=.07
=23.77 {(p<.07)
Hours/Day at CRY
Not part of job 19.6 41.2 25.3 13.9 100(318)
Less than 2 hours 15.5 43.0 29.3 12.2 100(254)
2-4 hours 14.6 41.7 26 .2 7.5 100(158)
4-6 hours 17.8 44.5 30.9 7.0 100( 81)
More than 6 hours i8.9 38.8 32 .4 9.8 100{ B6)
1§u B8=.04
=40.25 {p<.60}
Hours/Day Typing
Mot part of job 17.7 43.7 26.3 12.3 100(572)
Less than 2 hours i8.2 39,4 31.4 11.3 100(168)
2-4 hours 25.0 28 .2 37.0 9.8 100( S4)
4-8 hours 13.5 38.8 35.7 12.0 10G( 33}
More than € hours bt 28 .4 58,1 13.8 100 12}
Tau B=.06

=19.36 {p<.08)




Table £-3 {continued)

Amount of Light for wWork is:
Total {number
wWork-Related Activities Excelient Good fFair Poor of respondents)
Hours/Day Drafting
Not part of job 319§ 42 .2 27.3 i1.4 100{571)
Less than 2 hours 15.6 43 .1 29.9 1.4 100{ 88)
2-4 hours 14.8 42 .13 21.8 21.3 100{ 36)
4-5 hours 11.5 44 .3 22 .13 22 .9 100{ 13)
More than 6 hours .- 48 .0 36.8 15.2 100{ 23)
Tau 8= .05
X"=11.08 {p<.52)
Predominant Task
Reading/writing 18 5 43.0 24 .5 13.9 100{274)
Reading onty 22.0 44 % 23.8 101 100{ 202)
¥riting only, write andg file 3.1 39%. 4 34 .4 13.4 100{ 8€)
Typing onily, type and other 10.3 36. 4 40.8 §2.5 100{ 6B}
CRYT only, CRT and other 18.4 41.8 28.2 11.6 100{293)
Drafting, drafting and other i7.4 38.7 2¢.9 22.0 100{ 58}
Mo predominant task 3.3 a6 .3 27.6 i4.8 100{ 39}
Tau B=.04

CEamer‘s v=_ 08
X"=19.37 {p<.37)
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Tabie £-4

RATING OF AMOUNT OF LIGHTING FOR WORK, BY ABILITY TO CONTROL LIGHTING
{percentage distribution)

amount of Light for Work is:

Total {number
Lighting Controls Excellent Good Fair Poor of respondents)

Ability to Turn
Lights On/Off

No 19,1 50.6 24.2 s.1 100(292)
Yes 17.4 ag.6 28.0 15.0 100(729)
Tgu B8=.07
X 2.59 {(p<.01)

Abitlity to Control
Amount of tight

No i6.4 38.0 29.7 i5.9 100(580)
Yes 22.4 43 .14 25.6 8.9 100(130)
Tau B=.08

X“=g.84 (p<.07)

Ability to Control
Direction of Light

No 17.9 38.0 28.2 15.9 100(608 )
Yes 15.7 42.3 32.5 3.8 100(116)
Tau B=.03

X“=4.33 (p<.23}

Ability to Control

Blinds
NO 4.7 42.7 27.3 15.3 10G(265)
Yes 21.7 43.C 26.0 9.3 100(381)

Tag B=.
9.27 (p< 03}
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Table £-5

RATING OF AMOUNT OF LIGHTING FOR WORK, BY EVALUATIOMN OF LIGHTING CONDITIONS
{parcentage disiripbution)

Amount of Light for Work is:

Jotal {(number
Occupants’ Evaluation Excellent Good Fair Poor of respondents)

Ability to Adjust
Light on Work

(1) Poor 11.0 31.7 33.4 23.8 100(430)

(2) 10.3 44 .2 37 .6 7.8 1004119}

(3 13.7 57.1 24.6 4.5 100{ 176}

(4) 27.5 48 .3 23.9 0.3 100! 887

(5} 32.4 59.2 8.0 Q.4 100{ 116)

{6) Excellent 67 .1 28.3 2.2 2.3 $O0{ 51)
Tgu B=.33
X“=232 0{p<.00)

Reflected Glare

Not at ail bothersome 2.0 42.2 17.3 7.5 iGO(388)

Not very bothersome 12.9 54 .0 25.2 7.9 100{(357)

Fairly pothersonme 4.8 331.3 44 .7 19.2 100{169)

Very bothersome 9.1 16.0 35.2 37.7 1Q0( 987)
79u 8=.33

a X"=189 .B1 {p<.00)

Glare from Ceiling Lights

Mot at all pothersome 29 .4 a0 .7 211 9.1 100{452)

Not wery bothersome 11.4 52.2 26 .1 10.3 100{338)

Fairly bothersome 5.0 7.3 40. 1 16 .8 100{ 134}

Very bothersome 7.0 17.9 40 . 1 35.0 1004 743}
Tau &= .28
X"=145 .46 {(p<.D0)

Glare from Task Lights

Not at all bothersome 19.7 41.7 25.0 13.86 100{ i54)

NOt very bothersome 8.6 50.7 33.5 7.2 1004 124}

Fairly bothersome 3.2 3.3 39.9 25.0 100{ 55)

very bothersome 7.6 5.6 38.4 47 .4 t00{ 25)
T@u 8=.219
X"=57.74 {p<.00}

Glare from Sunlight

NOot at all bothersome 21.7 48 .1 23.9 15.3 100{528}

NOot very bothersomne 16.5 S0 .1 23 .6 2.8 1OO{ 283}

Fairly bothersome 17.0 42 1 32 .1 g.8 100{112)

Very bothersome 9.4 32.7 43 .1 16 .8 100¢ $7)

Tau B=.07
=23.44 {p<.01)
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Table E-5 {(continued)

Amount of Light for Work

is:

Total {(number

Occupants’ Evaluation Excellent Good Fair Poor of respondents)
Bright tLights
Not at all bothersome 25 .4 40.0 22.9 11.7 100(524)
Not very bothersome i1. 6 54.3 28.5 8.¢ 100{(204)
Fairly bothersome 6.1 36.5 42 .6 14.8 100( 102}
Very bothersome 11.8 25.4 34.6 28.2 100( 4%)
Tau 8=.1%
X“=80.11 (p<.00)
Workstation Brightness
(1) Dim -- 10.3 29.8 59.9 100( 88)
(2) 1.3 8.7 67.7 22.3 100(103)
(3) 6.1 a2 .7 37.% 13.7 100(183)
(4} 7.3 61.2 26 .8 4.7 100(178)
{5} 18. 1 64 .8 14 .4 2.7 100(279)
{6) Bright 61.0 29.6 7.9 1.5 100( 193)
Tau 8=.54
X“=654.42 {p<.00)
Reflected Glare from CRT
Not at all bothersome 28.2 47.6 15. 14 9.1 100(128)
Not very bothersaome 21.3 47 .6 i9.¢ 11.5 100( 128)
Fairly bothersome 13.3 38.4 34.7 13.6 1004( 152)
Very bothersome 9.4 36.6 34.3 19.7 100( 30)
Tau B8=.22

X“=37.49 (p<.00)

Data are reported for respondents who have a task Jlamp at the workstation.
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Taple F-1

WORKSTATION VISUAL QUALITY AS VIEWED BY DCCUPANTS, 3y LIGHTING CONDITIONS AT WORKSTATION
{mean condition)

Wworkstation Visual Qual ity

£ta

Lighting Condition {5)Hign {4) (3) {2} {1iLow Coefficient
11luminance - Saated:
primary tocation {fc) 62(108) £5{147) 65{219) 55(214) 66{117) D0 n.s
I1iluminance - Unseated:
Primary lozation {fc) £7{100) 70(131) 72{487) 75{183) 74(104) .02 n.s.
¥iijuminance - Seated:
secondary iLocation {fc) 54{ 83} 56{ 973 58( 1547 544 1337 67 B1) 07 n.s
Ijiuminance - tinseated:
Secondary Locagtion {fc) 56{ 78} 651{ B9) 53(135) 66411133 71( 71) 06 n.5.
Distance to Glazed
Exterior Wall (feat) 20(127) 21(172) 234254) 25{254} 25( 114} .07 {p<.08}
Task Luminance Ratio 4.5{108) 5.4(447) 3.4{(220) 3.1€2%2) a.0{(118) 00 n.s.
Cceiling Luminance Ratio 38¢{ 96) 53{127} 44{485; 55{177) 54(3503) .08 .S,
Fieid Luminance Ratio e4{143) 80(195) 564291) 104{28&8) 864143} .02 n.s.
grigntest Luminance (FL) 596( 74) 734{1051} 612{ 175} 734(171} 645( 104} .09 (p<.07}

Max imum Dutdoor Luminance {fL) 814¢( 79) 491{ 94) 56¢(141) 593{113) 630{ 58) 00 n.s.




Table F-2

WORKSTATION VISUAL QUALITY AS VIEWED BY OCCUPANTS, BY AMBIENT AND SUPPLEMENTAL LIGHTING SYSTEMS

{percentage distribution}

Workstation Yisual Quality
Total (rumber
Type of System {5)High {4) (3j (2) {1)Low of respondants)
Ambient Lighting®
IF-FM 13.4 19.5 28.0 23.4 18.7 100( 128}
IF-FM with other 3.0 26 .1 24.7 34.9 4.3 160{ 23)
IF-P alone and with other 23.6 24.2 25.9 16.3 10.0 100{ 72)
DIF-P 6.6 16.5 34.0 29.7 13.2 1001 30)
DIF-P with other 26.7 25.9 36.2 7.8 3.4 100( a7}
DRFL (10} 1.2 14.0 34.7 28.8 . 14.3 100€ 144 )
ORFL {(10) with Fuw 12.3 19.2 35.1 28 .1 5.3 100{ 40}
DRFL (10) with DIF-P, atone & with other 15,7 21.9 19.0 26.6 16.8 100({ 78)
DRFL (1o} with other 27.8 10.3 31.0 24.14 .8 100{ 29)
DRFL (1g), alone and with other 1.9 1.5 16.7 36.8 33.4 100( 26)
ORFL {1e}, contimnious 7.5 20.¢ 22.5 35.0 15.0 100{ 40}
BFL-SM, alone and with other 5.3 7.9 31.6 39.4 15.8 100L 38)
HID-PI, alore and with other 18.7 22.5 19.7 26 .8 1.3 100{ 34)
Other 19.7 11.7 25.3 25.4 17.9 100{ 54)
Tau B=.10
Cgam&r's v=_17
KT=95 .12 {g<.00}
Supplemental Task Liqhtingb
No task tighting 15.9 21.1 23.3 25.0 14.6 100{354)
Fl-primary location i4.8 17.3 29.4 27.9 10.7 t00{194)
Fl-secondary location 19.9 17.86 30.8 20.1 1.7 100( 64}
Fi-both locations 12.8 26.4 21.0 30.4 5.7 100{ 38)
FM-primary location 3.8 17.8 27.0 27.0 24 .4 100{ 32)
FS-primary location 2.9 6.1 31.3 34.6 18. 1 100{ 463
FM/FS-primary; Fl-secondary 22.7 12.9 38.4 i8.4 7.6 100{ 24)
Fi-primary; FM/FS-secondary 7.8 24 .9 30.4 8.2 i8.8 1C0( 45)
Other 20.5 1.8 26.8 5.2 4%5.9 100( 10}
Tau 8= .02

CEamer's V=, 13
X

=41.96 {p<.12)

a

IF-FM=Indirect filuorescent-Furniture Mounted;
DRFL (1o)=Direct Recessed Fiuorescent wiith Louvers;

IF-P=1Incirect Fluorescent-Fendant;

DRFL=Direct Recessead Fluorescent with Tens;

DIF-P=Direct/Indirect Fluorascent-Pendant;
FWW=F iuorescent wail

sM=Direct Fluorescent-Surface Mounted; HID-PI=High Intensity Discharge-Pendant Mounted/Indirect

<]

Fi=furniture Integrated;

FM=Furniture Mounted; FS=Ffree Standing

Washar:

DFL-
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WORKSTATION VISUAL QUALITY AS VIEWED BY CCCUPANTS

. BY WORKSTAT

ION CHARACTERISTICS

(percentage dis

tribution)

Workstation Visuai Qualiity
Total {number
Workstation Characteristic (5)High (4) (3) (2) {(1)low of observations)
Horkstation View
Sky seen from standing/
Sitting position 18.3 18.9 30.2 20.9 10.7 100{ 465}
Outdoors seen from standing/
sitting POsitions, but no sky 14.9 26.0 29.6 27 .4 2.1 100( 24)
Sky seen from standing
position oniy 7.2 16.7 24 .2 35.2 16.7 100{102)
Outdoors seen from standing
position only but no sky 5.2 15.6 22.6 36.4 19.3 i00{ 223
wWorkstation in Unaffected
by daylignt 7.5 16.4 21.8 25.8 28.5 100(139)
Tau B=. 5
Cpamer‘'s v=_ 19
X"=40.4¢ {p<.0t)
Amount of Personalization
pone i1.3 g.8 33.1 32.%6 i3.6 100( 71)
One item 16.2 i6.5 17 .4 28.7 20.2 100{208)
Two items i4.6 18.9 30. % 23.3 13.14 100(275)
Three items 14. % 21.6 30.3 22.3 11.7 100{ 196 )
Four items or more 12.8 27.7 29.3 20.5 8.7 100{ €2
Tgu B=.09

X7=29.41 {p<.02}
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Table F-4

WORKSTATION wISUAL QUALITY AS VIEWED BY OCCUPANTS, BY EVALUATION OF LIGHTING COMDITIDNS
{percentage distribution)

Workstation Visual Quality

Total {numbsr
gccupants’ Evaluation {s) High (4) (3} {(2) {1)Low of respondenis)

Reflected Glare

Mot at all bothersome 23.7 20.3 24.2 22.2 9.6 100{2334)
Not very bothersome 2.5 19.9 30.1 26.3 18.2 100{361)
Fairly bothersome 8.0 18.0 27.3 28.5 18.2 10C{ 171}
Very bothersomea 8.2 3.4 23.0 32.5 22.7 100{ s8)
Tau 8= 16
XT=54 . 78(0D<.00)
Glare from Ceiling Lights
Not at al)l bothersome 21.8 19.9 26.0 23.8 8.8 1Q0(487)
Not very bothersome 9.1 18,1 31.8 27.4 13.6 100{343)
Fairly bothersome 6.8 20.7 19.8 28.9 24.0 100{137)
Very bothersome 8.7 18.8 6.0 27.3 29.2 100( 75)
Tau B=_18
X<=70.28{p<.0M
Glare from Task Liqhtsa
Not at all bothersome 18.0 22.8 24,7 26.2 8.3 100{ 70)
Not very bothersome a8.a 16.2 35.9 24.4 13.7 1001 893
Fatirly bothersome 11.8 5.3 27.6 30.5 24 .8 100{ 29)
Very bothersome 3.2 11.6 29.6 $7.2 38.3 100( 15}
Tau B=.28
%X“=228 . 11(p<.02)}
Glare from Suniight
Mot at all bothersome 17.5 16.7 26.7 25.7 13.4 100¢(537)
Mot very bothersome 9.8 J1.8 28.2 26 .1 141 100¢288)
Fairly bothersome 15.5 22.7 20.7 28.4 1.8 100{113)
Vary bothersomse 5.7 19.5 32.0 24.7 17. % 100¢ 67)
Tgu B6=,04
X“=18.08{p<. 12}
Bright Lights
Mot at all bothersome 18.7 19.2 27.2 24.2 10.7 100(530}
Not very bothersome 9.6 17.% 29.7 28.4 14.8 100(307)
Fairly pbothersome 7.8 21.3 20.0 27.1 23.8 1004 1086)
very pothersome 9.1 27.4 20.2 17.7 25.9 100{ 46}
Tau B= .13

X"=37.37{p<.00)




Table F-4 {continued)

workstation Visual Quaiity

Tata: {numbear

gecupants’ Evaluation {S) High (4) {33 {2} {1)Low of raspondants}
wWorkstation Brightness
{1)Dim 2.8 12.2 15.4 36.9 33.0 100{ 88)
i2) 1.3 5.4 30.1 36.3 26.9 100{ 103}
{3) 2.5 12.7 25.2 39.9 19.7 100{ 186)
14} 123 15.7 34.0 3i.0 7.2 t00(181)
{(5) 14.4 30.9 3%.7 16.4 6.6 $00{283)
{6)8Bright 43.86 26 .2 12.9 10.9 5.4 100{ 1986}
Tau B=.38
X“=312.98{p<.00)
Location of Ceiling Lights
pPoor 7.5 9.6 28. 1 32 .14 22.7 1004{ 160}
Fair 5.9 20.2 25 .8 28 .3 171 500{238)
Good 8.8 23.5 29.7 27.2 0.7 100(428;
Exceliant 42.3 20.4 20.5 9.6 7.2 100 188 )
TQu B=. 26
X =169.08{p<.00)
Harsh/Soft Lighting
{1)Harsh T3 10.4 22.7 29.8 30.0 100( 131}
{23 4.7 i6. 5 29.0 36.9 13.2 100{ 87}
{3 4.5 15. 3 24.7 35.5 20.0 100{283)
{4) 9.2 24 .1 34 .1 21.5 11,1 100{ 190)
(%) 17.2 26.5 31.4 19.8 5.1 100(219)
{§8)Soft 47.5 17 . 9% 12.4 14 .3 8.7 1004 128)
Tau B=.32
X“=288.7{p<.00)
Workstation View
{4}inattractive 6.3 12.4 18.4 24 .4 38.5 $00{141)
{2} 4.8 11.3 22.6 37.8 23.5 100( 39}
{3} 0.9 18.5 28.6 45.5 6.5 100( 35}
{4) 16.8 21.8 22.0 30.0 8.4 1Q0( 68}
{5) 6.4 15.9 36.86 35.5 4.6 100{ 58}
{6) 8.5 24 . 4% 28.2 18.5 20.7 $00( 77)
{7)attractive 25.6 22.2 25.3 20.0 6.9 1004 417)
Tau B=.25

X“=100G.98(p<.00)

a

Data ara reporied

for respondents who h

ave a task tamp at the workstation.
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Table F-5

5' EQRKSTéTQQN JESUAL QUALITY AS_VIEWED By OCCUPANTS . By EVALUATION oF WORKSTATION CHARACTERISTICS

: T Al A5 v {percentage Aistribution) S RARIERISTIeS

= e
§ Workstation Visual Quatity

Total {(number

; Ueccupantg’ Evaluation {5 igh (4) {3) (2) {1)Low of Fespondents)
i _.‘-—M—"——'“-
Furniture Materials
Poor -~ 5.2 17.8 35.8 41,2 100( 44)
Faipr 2.6 11,2 14.3 40.2 31.6 100(183)
Good 8.0 19.0 31.8 298 .3 ti.g 100(586)
Excelient 36,4 25.8 25.0 9.4 3.8 100(255)
Tgu 3= .40
X‘=281.23(p<.oo)
Color of Walzslpartitions
Poor 1.8 5.4 20.4 33.9 34.8 100(141)
Fair 7.0 14,4 24.4 36.a 17.8 100(319)
Good 12.3 24.9 33.2 2.9 7.7 10G(445)
Excelilent 44 .8 23.0 13.8 9.2 3.2 100{ 137)
Tsu B =.40
X =315, 13(p< . 00)
Eurniture Stvle
Poor 2.9 5.7 %.9 33.8 47.8 10G{ 83)
Fair 2.8 13.5 24.8 35.9 23.2 100( 2586}
Good 12,5 21,4 32.0 24.8 7.7 100{525)
Exceltent 3.7 S 22,7 t1.1 3.8 100( 183)
Tgu 8= 3g
X =280.04(p<.00)
Furniture Quality
(5}H1gh 3%8.58 22.0 23.0 10,42 4.8 100{172)
4} i3.8 24 .3 33 .4 21,2 7.7 100(4203
{33 5.2 4.7 2%.9 39.2 5.0 100{289)
(2} 1.6 8.4 16.9 32.9 40,2 100( 130)
{1)Low ~-- 5.0 10.5 33.9 47.5 10G{ 39}
Tgu B= ag
K‘=299.2(p{.00)
Diatside Viey
Poor 9.2 15. 8 28,7 28.9 8.4 100(455)
Fair i3.2 20 27.0 25,3 0.7 1001 199)
Gooag 203.8 24,4 28.5 18,7 7.6 100{171)
Exceltant 22.4 19 .4 27.% 23.3 7.4 100{208}
Tau B=. 15

b4 =43.08{p<.00}
- e e
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Table G-1

WORKSTATION VISUAL QUALITY AS VIEWED gi,DEngﬂ_EK?gEIS, BY AMBIENT AND SUPPLEMENTAL LIGHTING SYSTEMS™
{percentage? d%stribution)

I s

cation Visual Quailily

It —-‘—_————————~———————————-—————-————————*——- Total {nuxbec

Type of Systeam {4) {3) (2} {1iLow of opservat ions)
——

{5)High
e fype of o @ —————" A e

-w_,__,¢.W_“#m_,_,,_,__,_..,,_______,__,_ﬂ________,m_
works

ambient Lignting”

PF-FM 1.0 7.2 24 .7 32.0 35.1 100{ 97}
[F-FM¥ with otner -- -= 13 .1 24.7 65.2 1608 23)
1F-pP alone ang
with other 28.6 23.8 8.0 59 .1 9.9 100( 217
DIF-P 5.9 16 .1 35.9 25 .8 6.9 1004 31)
pDiF-P with other 59.5 16.7 g.% 2.5 4.8 100{ 427
DORFL 7.4 22 .1 29 .4 27.9 13.2 1001 68)
DRFL with Fw 26.8 43.9 19.5 4.9 4.9 1000 413
pRFL with O1F-P,
along and with other 27.9 16 .6 19.8 22.1 11.6 100( 8%)
DRFL with oiner 4.7 26 .5 20.5 23.5 4.7 Q0! 3461
gther 16.7 - -- 50.0 33.3 100( 8)
Tau B=.22
C5amer’s v=.32
x“=182.30 {p<.0D)
§ggg!§ggntai Task Lichténgo
No task Tighting 20.5 30.2 29.3 15.8 8.2 100{ 146}
Fl-primary tocation 131 3.1 24 .1 23.4 26 .3 100(137)
£ -secondary Tocation 319.3 10. 4 22.9 25.0 10. 4 100{ 48)
Fi-poth jocations 8.0 8.0 12.6 50.0 32.0 100{ 25)
FM/ES-primary tocation 15 .4 38.5 7.8 3&.5 -- 100( 13)
FM/FS~secondary yocation 30.C 20.0 - 40.0 - 100{ B}
FM/FS-primarys £ I-seCconcary 281 6.3 21.8 6.8 25.0 1+00{ 32)
sl-primary: Fa/FS-5RCONGATY 2.2 12.2 14.6 26.8 34.2 100( 41)
Tau 8=.15

Cgamer'g W=.21
X =75 .45 £p<.OO)

« Figures pased on data from three puilaings axamined by experts.

& I?fFM=Kad1rect Fiuorescent'?urniﬁure Nourted: [F-p=Indirect Fiuoregcent—?endant; QIF—P=Direct/lnd1rect Fiuorescenm-Pendant;
pRfL=Direct Recessed Fiuorescent wiih Louvers, Fww=Fluorescent Wall washer

D ciapurniture {ntegrated; FM=Furniwure Mountec; Fs=free Stancing

0L



Table G-2

WORKSTATION VISUAL QUALITY AS VIEWED BY DESIGN EXPERTS, BY WORKSTATION CHARACTERISTICS®
(percentage distribution)

workstation visual Quality

Total {(number
workstation Characteristic (5)High (4) {3} (2) (1)Low of observations)

workstation View
Sky seen from standing/

sitting position 26.8 19.6 23.0 20.0 10.6 100(265)
Qutdoors seen from standing/

sitting positions, but no sky 6.7 6.7 26.7 26.7 33.2 100¢ 15)
Sky seen from standing

position only 5.8 17.4 23.3 29. 1 24.4 100( 86}
putdoors seen from standing

position only put no sky -- 17.6 23.5 i1.8 47.14 100{ 17)
workstation in unaffected

py daylight 10.0 35.0 10.0 25.0 20.0 100( 20)

Tau B=.23

CEamer's V=18
x“=54.89 {p<.00)

Amount of perscnalization

No items 6.7 10.0 6.7 30.0 46.6 100{ 30)
One item 8.9 9.2 24 .1 27 .6 32.2 100{ 87)
Two {tems 8.1 20.5 2.6 22.3 17.5 100 166)
Three {tems 23.4 23.4 23.4 22.7 7.4 100(128)
Four 1items Or fmore 41,7 18.4 2%.0 5.6 8.3 100( 38)
Tau B=.28

®“=76.34 {p<.00)

LL

* Figures based on data from three puildings examined by experts.



WORKSTAT{ON VISUAL QUALITY AS VIEWED £Y DESIGN EXPERTS

2 8Y EXPERY ASSESSMENTS OF

#ORKSTATION CHARACTERISTICS

{parcentage

distripution)

Horkstation Visuas Qual ity

Total {(numbar

Experts’ Assessmans {5iHigh - {3} (2) (1)low of observatinas)
Visual Privacy
{1)Not a+ =t1 orivate 1.3 11.3 24.7 25.5 30.2 100( 1086
{23 6.9 i5.8 25.5 28.0 22.8 100{ 189}
1§<H 26.3 28,1 20,2 i5.3 5.1 100{ 154 %
{4}Very private 0.0 0.0 3.0 2.5 2.5 1000 40}
Tgu 8=.35
X“=129.60 (p<.00;
spesch Privacy
(1iM0z at aiv porivate i2.4 1.4 21.0 24 .7 30.5% 1C0(105)
{2} &.5 15.5 26.7 29 . g CG{251)
(3) 35 .4 38,4 2.7 5.6 4.2 $0C0{ 7%)
{4)Very private B81.8 18.2 ~- -- - H00{ 22)
?Qu B=_355 P
X7=145 .40 {p<. o)
Moise Lavel
{1)Very noigy 82. 14,3 #.5 3.8 5.7 1001 35
{2) 21.7 28 23.7 9.0 9.8 100{ 184
{3) 8.5 i1.5 25 .3 278 26.8 100( 198}
(4)V&ry Quiat 12.5 &.4 15.8 31.3 I91.3 100{ 32
Tgu B=.33
X7=87 .54 {p 00}
Grosriiness
{1)jNeat 24.2 24,2 20.3 17.6 13.7 100{227)
£2) 1.0 1Z.9 26.5 28.8 19.7 1004 173
{8IMessy i8.4 5.2 2.2 26.% 36.7 100{ 49}
Tﬁu B= 22
AT=d43.21 (0<.00)
BOHC {Ouig -- 2.5 0.0 47.% Q0L a
{21 6.0 8.0 24 ¢ 8.7 018G
{33 19,2 25.0 25 .6 8.5 D028
{4)very spacious T8 .1 19.5 -~ - i0C{ 414)




Tabie H-1

RATING OF LIGHTING FOR READING AND WRITING, BY AMBIENT AND SUPPLEMENTAL LIGHRTING SYSTEMS
(percentage distribution}

Rating of Lighting for Reading/Writing

Pratiy Not Very Totai {number
Typs of Systsm Excellant 5004 Meutral Goond of respondents)

h
o]
Q
3

Ambient Lighting®

1F~FM i4 .2 39.2 16.6 14,1 15.9 100{120)
1F-FM with other 20.0 20.0 40.0 15.0 5.0 100{ 20}
IF-P alona and
with other 34.6 30.7 21.2 9.1 4.4 100¢( ©8)
DIF-P 22.2 44.5 11.1 14.8 7.4 100{ 27)
DIF-P with other 29.3 28.3 22.1 12.3 8.0 100{ 35}
DRFL{10) 28.3 48,7 7.4 10.8 3.8 100{ 135}
ORFL(10) with FWWw 37. 14 3%.5 8.0 10.5 4.9 100{ 38}
DRFL{Yo} with DIF-P,
alone and with other 28.7 44 .4 15.6 5.5 4.7 100( 71}
ORFL{10) with other 30.8 53.8 15.4 -- - 100( 26}
DRFL(1e}, alone
andg with other 23.6 27.5 17.5 18.7 12.6 100{ 839}
DRFL{1e), continuous 0.8 41.6 i3.9 14,4 2.8 100{ 36}
DFL-SM, alione
and with other 29.4 44 .2 8.8 17.6 -- 1000 34)
HID-PI, alone
and with cther 35.8 53.7 3.0 7.8 -- 100( 32)
Cther 23.6 $6.0 10.4 8.5 1.5 100( 52)
Tau B=.09
CEamer 5 V=.18
=98.21 (p<.00}
Suppiemental Task L[ghtingb
No task Tighting 31.3 40.7 13.2 8.5 6.3 100(327)
FI-primary location 23.3 42.6 4.4 11.0 8.7 100(181}
FI-secondary location 25.9 41.4 18. 14 B.1 8.5 100( 61%)
FI-both locations 30.0 24.3 12.9 21.6 4.0 100{ 23%5)
FM--primary location 17.3 31.8 34.9 9.8 6.2 100{ 29}
FS-primary location iB.6 32.3 16.2 22.7 10.2 100{ 43)
FM/FS-primary; Fl-secondary 34.8 24 .5 20.4 8.8 11.9 100{ 32)
Fi-primary; FM/FS-secondary 10.7 43.0 16.8 16.3 13.2 100¢ 41)
Other 13.6 35.9 21.3 29.2 -- 100( 10)
Tau B=. {2

CEamer s V=12
=43,47 (p<.09)

€L

a IfF-FM=Indirect Fluorescent-Furniture Mounted; IF-P=Indirect Fluorescent-Pendant; DIF-P=Direct/Indirect Fluorescent-Pendant;

DRFL (1o)=Direct Recessed Fluorescent with Louvers; DRFL=Direct Recessed Fluorescent with lens: FWW=Fluorescent Wall Washer-
DFL-SM=Direct Fluorescent-Surface Mounted; HID-PI=High Intensity ODischarge-Pendant Mounted/Indirect

b FI=Furniture Integrated; FM=Furniture Mounted; FS=Fr¢e Standing



RATING OF LIGHTING FOR READING

AND WRITING, BY WORK-RELATED ACTIVITIES OF OCCUPANTS

percentage distribution}

work-Related Activities

Rating of Lighting for Reading/Writing

Excelient

Pretty
Good

Neutral

No1t Very
Good

Total {number
of respondents)

Amount of Reading and Writing
Lim:ted reading/writing
Extensive reading,
limited writing
Extensive writing,
1imited reading
Moderates reading/writing
Extensive reading/writing
Very extensive
reading/writing

Hours/Day Reading
Not part of job
tess than 2 hours
2-4 hours

4-6 hours

More than & hours

Hours/Day Writing
Not part of job
Less than 2 hours
2-4 hours

4-6 hours

More than & nhours

32.
25.
23.
20.
9.

26.

19.

21,
23.
26.

© oo

Cbhbodsbs

[AR IR B (e

36.

36.

47.

38 .

20.

41,
419,
33.

42.

42,
38.
41,

[ATN; RN (3] mw O

Q@M sw

17 .

g5 ~1 ©

N D WO~

~d A LD~

10.

12.

10.

.

10.
13.

4.

()]
[V

L{e]

~w o
- B~
[@RAN:

-

w
(&}

-
[i- 3 SR R e L RR

[ -
AH@ - O

romow®

100{280)
160(191)

100{ 95)
100{239)
400( 87)

100( 59)

Tau B=.07
Cramer‘s V=.09
X“=32.43 (p<.04)

100{ 24)
100{351)
100( 396}
100{ 121}
100( 78)

Tﬁu g=.07
X<=146.84 {p<.40)

100( 38)
100{433)
100{365)
100( 78)
100{ 489)

Tgu 8=.05
Xx“=33.79 {(p<.01)

VL



RATING OF L

IGHTING FOR READING 4ND WRITING,

Tabte H-3

8y DCCUPAMTS EVALUATION OF LIGHTING COMDITIONS

ipercentage distribution?

Rating of Light

ing for Reading/Writing

Pretty Not Very Total {rumber
Occupants’ Evaluation Excelient Good Meutral Good Poor of respondents)
Reflected Glare
Not at all bothersons 40.6 37.7 11.% 5.9 4.2 100{(343)
NDt very bothersoms 23.9 a5.3 8.3 8.3 3.2 1001 344)
Fairly bothersome 11.3 37.2 19.6 21.8 10. 1 1004159}
Yary bothersome H.4 23.0 18.3 30. 1 20.2 1O0f B3}
Tau B=.30
X =159.25 {p<.00}
Giare from Ceiling Lights
Mot at all pothsrsome 35.8 37.3 . 34.3 6.5 5.1 100(423)
Not vary bothersome 221 45.7 18.5 g.8 3.3 100{327)
Fairly bothersome 12.2 38.1 18. 1 26.0 5.6 100{128)
Yary botharsoms 4.7 28.9 14.9 26. % 25.3 00{ 72)
~J
T%u 8= u
a X =161, '@3 {p<.00}
Glare from Task Lights
Not at ail bothersome ' 3G.4 341.6 19.3 B.1 4.8 100{ 143)
Not very bothersome 17.5 54.5 18.8 9.4 2.8 100( 123}
Fairly bothersome 5.5 32.3 16.0 32.6 i3.5 100( 56)
Vary bothersome 5.7 18.3 15.3 31.2 25.5 100¢{ 23)
Tau B=.25
=75.31 {p<.00)
Glare from Sunlight
Not at all bothersome 29.2 37.4 14.3 2.8 6.3 100({ 500}
Not very bothersome 25.6 40 .8 17.8 8.4 7.4 100(273)
Fairly bDothersome 25.7 44 .1 10.8 17.2 2.4 100{ 104}
Very bothersome 1.5 40.2 26.8 13.4 8.1 100{ 63)
Tau g=.
=22. Qb {p<.03)
Bright Lights
Not ai all bothersome 34.8 35.8 14 .8 0.4 4.4 100{(495)
Not very bothersome 19.2 48.2 9.7 10.5 2.4 100(291)
fairly bhothersome 12.4 a7.4 8.4 23.7 171 D0{ 100}
Very bothersome 8.2 29.9 22.3 8.8 18.8 100{ 433
Tau B8=,21
X =98.53 (p<.00)

a

Data are reported for respondents who have a task lamp at the workstation.



REFLECTED GLARE PROBLEM, B8Y LIGHTING CONDITIONS AT WORKSTATION

Table I-14

(mean condition)

Glare Reflected From Work Surface is;

Not at Al Not Very Fairly Very Eta

Lighting Condition Bothersome Bothersome Bothersome Bothersome Coefficient
Itluminance - Seated:
Primary Location (fc) §2{301} 64{(273) 89{130) 74{ 723 .08 n.s
Illuminance - Unseated:
Primary Jlocation {fc} 68(275) 73{240} 74(101) 82( 83) .02 n.s
Iiuminance - Seated:
Secondary Location {fe¢) 57{191) S8(191) 89( 97) 50( 52) .08 {p<.08)
{luminance - Unseated:
Secondary Location (fg) 81(176) 62{172) 74{ 78) 55{ 47 .10 (p<.04)
Minimum CRF 80{219} 838{200) 89{ 83) B85{ 352) .12 {(p<.01)
tuminance on Task(fL) 48(301) 51(273) 54{129) 56{ 73} 07 {p<.08)
Task Luminance Ratio 3.8(301) 3.0(2733} 3.0{129) 3.6{ 73; .08 (p<.032)
field Luminance Ratio 102{384) 77{386%) 85{171) 94( @8} .05 n.s
Cailing Luminance Ratio 49{2€8) 50{230} 40(101) 50{ &4} 00 n.s.
Distance to Glazed
Exterior Wall{feet) 21(334) 24(312) 25(i52) 25{( 85) .04 n.s

9L



Table 1-2

REFLECTED GLARE PROBLEM, BY TYPES OF AMBIENT AND SUPPLEMENTAL LIGHTING SYSTEMS

{percentage distribution)

Glare Reflected from Work Surface is:

Not at All Not Very Fairiy Very Total (Number
Type of System Bothersome Bothersome Bothersoma g8othersome of respondents)
Ambient Lighting®
1F-FM 36.6 32.5 19.2 11.7 100{120)
IF-FM with other 26 .14 30.4 26.1 17.4 100( 23)
IF-P alone or with other 36.0 30.0 26.7 7.3 100{ 69)
DIF-P 29.7 43.9 19.8 6.6 1o0C¢( 30)
DIF-P with other $0.9 38.3 14.6 5.2 100¢ 37)
BRFL (10) 35.5 42.2 12.5 9.8 100(139)
DRFL (10) with Fww 38.1 42.1 17.5 2.3 100( 40)
ORFL (10) with DIF-P, alone and with other 35.3 41.8 11.4 11.3 100( 76)
DRFL (10) with other 44.5 44 .4 11,14 -- 100( 27)
DRFL {(1e), alone and with other 49 .0 33.2 B.9 8.9 100( 80)
DRFL (1e), continuous 41,14 28.2 25.6 5.1 100( 39)
OFL~-SM, alone and with other 15.8 39.5 26.3 18.4 100( 38)
HID-PI, alone and with other 53.8 23.83 11.9 i0.4 100( 32)
gther 30.3 40.3 18.0 11.4 100( 53)
Tau B=.02
Cramer’s V=_14
X“=51.0t (p<.10}
Suppliemental Task Lightfngb
No task lighting 40.0 36.5 15.3 8.2 100(340)
FI-primary location 41.2 32.7 16.4 9.7 100( 183}
Fl-secondary location 41.3 38.4 11.4 8.9 100( 64)
FI-both locations 21.8 38.9 24.5 14.8 100( 35)
FM-primary location 31.8 39.7 24 .7 3.8 100( 32)
FS-primary location 29.1 28.7 28. 1% 14 .14 100{ 44)
FM/FS-primary; fFl-secondary 38.2 35.9 19.7 5.2 100( 34)
FI-primary; FM/fS-secondary 25.7 38.5 20.3 15.5 100( 44)
Cther 44.5 8.9 40.4 5.2 100{ 10)
Tau B8=.08

CEamer’s Vv=_.114
X“=28.73 {p<.23)

a

IF-FM=Indirect Fluorescent-Furniture Mounted;
DRFL (1o)=Direct Recessed Fluorescent with Louvers;

DRFL=Direct Recessed Fluorescent with lens;

IF-P=Indirect Fiuorescent-Pendant; DIF-P=Direct/Indirect fluorescent-Pendant;

FWW=Fluorescent Wall Washer:

DFL-SM=Direct Fluorescent-Surface Mounted; HID-PI=High Intensity Discharge-Pendant Mounted/Indirect

b

FI=Furniture Integrated; FM=Furniture Mounted;

FS=Free Standing

LL



RATI

NG OF LIGHTING FOR CRY USE,

Tabiae J-1

8Y AMBIENT AND SUPPLEMENTAL LIGHTING SYSTEMS

{perc

antane distribution}

Rating of Lighting for CRT use®

Pratiy Not Vary Totat? {number
Type of System £xcellent Good Neutral Good Poor of respondents)
Ampient Lighting”
{F-F# 8.7 30.% 13.0 249.7 25.0 100{ 23}
1F-FM with other 16.7 16.7 33.3 33.3 -- 100{ &3
IF-P alone or with other .3 34.5 27 .1 17.58 1i1.6 100{ 36}
DiF-P 23 .1 46 .1 - i5 .4 165 .4 100{ 13)
DIF~-P with other 15.4 25.% 30.9 28 .1 - - 100( 12}
DRFL (10) 22. 42.8 15.9 131 5.6 100{ 59}
DRFL {10} with FWwW 54.4 13.6 10.6 13.6 i0.6 1001 8}
DRFL {10) with DIF-P,
aione and with other i9.3 26.2 20.6 26.2 7.7 100{ 27)
ORFL {lo) with other 16.7 51.6 15.7 25.0 - 100{ 2}
orfFL {1e), alone and with other - 41.8 25. 1% 33.3 -- 100( 93
DRFL (te), continucus -- 33.3 48.7 50.0 -- 100{ &)
DFL-SM, alone and with other 12.0 36.0 2.0 32.0 5.0 100{ 2%}
HID-PI1, alone and with other 6.0 54.0 -= 20.0 -- 10C( 11)
Ciner 7.0 17 .4 - 1.3 34.3 100{ 5)
Tau B=.05
CEamer’s V=24
X“=57.74 {p<.28)
supplemental Task Light1nqc
Mo task lighting 16.2 43.95 13.0 i9.9 7.4 100 108}
Fl-primary location 24 .4 34.2 7.4 24.C 10.0 $00{ 47}
FI-secondary location 18.1 20.5 27.6 21.4 12.4 $00{ 20)
Fil-poth locations 18.4 30.3 25.2 17.6 8.5 100{ 20)
FM-primary tocation &.56 39.% 37.8 6.6 19.4 100( 316}
FS-primary location 6.9 17.% 29.3 32.7 13.0 100{ 21)
FM/FS-primary; Fl-secondary 18 27.5 36.3 -- 8.1 100{ 6
Fl-primary; FM/FS-secondary -- 24.9 31.4 27.8 19.2 100( 11)
Sther -- 59.4 ~= 40.8 -= 100{ 4)
Tau B=.45
Csamar/ﬁ V=12
X“=36.53 (p<. 3

a
Data are reporied for respondents

& yr-FM=Indirect Filuorescert-Furniture Mounted;
DRFL {lo)=Direct Recessed Fiuorescent with Louve

sM=Direct fiuorescent-Surface

C ri=Furniture Iintegrated, M=

IF-P=1Indi
Mounted; HID-PI=Righ Intens

Furrsiture Mounted; FS=Frea

wno nave a CRT at the workstation.

rect Fluorescant-Pendant;

Standing

rs:; DRFL=Direct Recessed Fluorascent wiih 18ns;
ity Discharge-FPendant Mounted/Indirect

DiF-P=Direct/Ingsrect Fluorescent-Pendant:
Fuw=f tuorescent wWall

washer;

DFL-

3L



Table J-2

RATING OF LIGHTING FOR CRT USE, BY DCCUPANTS’ EVALUATION OF LIGHTING CONDITIONS
{percentage distribution)

Rating of Lighting for CRY Usea

Pretty Not Very Total {(number
Occupants’ Evaluation Excellent Good Neutral Good Poor of respondents)
Reflected Glare

Not at all bothersome 28.3 28.3 21.%5 15.86 6.3 100{ 78)
Not very bothersome 11.5 46.4 19.0 16.6 6.5 100{ 92)
Fatriy bothersome 1.0 31.2 18.9 32.2 16.7 i00( 85)
very bothersoma 13.5 15.5 17.86 31.5 21.9 100{ 30)
Tau 8=.31

X“=51.46 (p<.00)
Glare from Ceiling Lights

Not at al) bothersome 21.9 29.1 24.% 13.7 10.7 100( 89)
Not very bothersome i5.7 40. 1 19.8 i9.8 4.6 100{ 90)
Fairly bothersome 1.1 37.5 10.0 40.4 11.0 1001 47}
Very bothersome 5.2 25.8 i8. 1 2¢.9 24 .2 100¢ 28)
Tgu B= .25
b X%=41.31 {p<.00)
Glare from Task Lights
Not at all bothersome 21.9 33.7 22.23 15.6 6.5 1001 8%5)
Not very bothersome 8.7 30.9 31.3 20.9 8.2 100( 81)
Fairly/Very bothersome 3.2 33.1 24.4 17.8 21.5 100{ 4B}
Tau 8=_24
X“=27.26 (p<.04)
Glare from Sunlight
Not at all bothsrsome 22.7 32.7 13.7 20.7 10.2 100(122)
Not very bothersome 12.0 37.8 20.7 18.2 11.3 100{ 60)
Fairly bothersome 8.7 38.4 1.5 33.1 4.3 100( 37)
Very bothersonme 3.8 17.7 45.7 1.4 2t.4 100{ 30)
Tgu B= 20
X“=34.41 {p<.00)
Bright tights
Not at all botherscme 17.1 38.9 19.2 16.8 B.O 100(113)
Not very bothersome 16.4 28.7 24.1 22.4 B.4 100{( B84)
Fairly pbothersome 1.1 27.7 17.4 28.4 14 .4 100{ 31)
Very bothersome 9.4 34.2 14.0 30.4 11.9 100( 15)
Tau 8=.17
X“=13.33 (p<.35)
Glare from Above or
Behind CRT Screen
Not at all bothersome 37.6 33.4 i5.8 9.1 4.1 100( 56)
Not very bothersome 18.4 49.0 i9.8 6.0 6.8 100( 58)
Fairly bothersome 2.4 35.7 25. % 31.8 4.8 100( 71)
Very bothersome 5.6 18.2 2.4 32.7 30.4 100( 53)
Tau B=_.41
X“=76.85 {p<.00)

6L

2 bata are reported for respondents who have a CRT at the workstation.
Data are reported for respondents who have a task lamp at the workstation.



BUILDING INTERIOR QUALIYY, BY SELECT

Tabie

K-1

ED WORKSTATION CHARACYERISTICS

{percentage «

istribution)

Building Interior Quality

{1)Low (2) {3) {4) {(51kign Jotal {number

Workstation Characteristic of respondents)
¥orkstation View

Sky seen from standing/

sitting position 10.4 24.9 21.4 24.6 18.5 100{465)
Outdoors seen from standing/

sitting position, but no sky 7.4 23 .4 1.9 39.7 5.6 100( 24)
Sky seen from Standing
position only 14.9 25.1 26.0 23.1 10.9 100( 102)
Sutdoors seen from standing
position onty but no sky 2.4 27.0 28 .6 24.9 17 .4 100( 22)
Workstation is unaffected
by dayiight 17.0 356. 1 8.1 15.4 13.3 100{ 139}

Tau B=.07
framer’'s v=_08
X“220.01 (p<.45)

08
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Table

-1

WORKSTATION LIGHTING POWER DENSITY,
BY EVALUATIONS OF LIGHTING AND VISUAL QUALITY

(mean density)

Lighting Power

Eta

Evaluation Density Coefficient

Workstation Lighting
Satisfaction .17 (p<.00)
Very Satisfied 2.44(208)
Fairly Satisfied 2.72(343)
Neither Satisfied

nor Dissatisfied 2.56( 94&)
Not Very Satisfied 3.03(130)
Not At All Satisfied 3.01( 31)
Preference for
Improved Lighting .10(p<.01)
Not Mentioned

as Improvement 2.61(3938)
Mentioned But Not
as Most Improved 2.86(271)
Mentioned as Most

Preferred Improvement 2,77( 73)
Workstation Lighting
Quality (Experts) .19 (p<.00)
(1) Low 2.84( 91)
(2) 2.72( 67)
(3) 2.57(135)
(4) High 2.36(153)
Rating of Amount of
Light for Work 17 {p<.00)
Excellent 2.45{(155)
Good 2,62(365)
Fair 2.87{200)
Poor 3.02( 84)
Rating of Lighting for
Reading and Writing .07 n.s.
Excellent 2.61(207)
Pretty Good 2.65(313)
Neutral 2.70(108)
Not Very Good 2.89( 86)
Poor 2.87( 46)
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Table L-1 (continued)

Lighting Power Eta
Evaluation Density Coefficient
Workstation Visual
Quality (Occupants} .04 n.s.
(1) Low 2.86( 11)
(2) 2.75(217)
(3) 2.74(222)
(4) 2.61(149)
(5) High 2.49(110)
Workstation Visua%
Quality (Experts) .34 (p<.00)
(1) Low 3.15( 75)
(2) 2.74( 89)
(3) 2.49(128)
(4) 2.24( 87)
(5) High 2.31( 67)

Figures based on data from three buildings (A, B, and
C) examined by experts.
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Table L-2

WORKSTATION LIGHTING POWER DENSITY, BY

LIGHTING CONDITIONS AT WORKSTATION

(mean density)

Light Condition

Ligh

Density

ting Power

Eta

Coefficient

Illuminance~Seated
Primary Location (fc)
Less than 40

40-59

60-79

80-99

100-11%

120 or more

Illuminance~Seated
Secondary Location (fc)

Less than 40
40~59

60-79

80-99
100-119

120 or more

Luminance at Task (fL)

Less than 20
21-40

41~50

51-60

61~70

71 or more
81 or more

2,40(210)
2.59(278)
2.92(185)
2.83( 29)
2,81( 61)
2.56( 50)

2.71(183)
2,.62(176)
2,62(109)
3,08( 55)
2.88( 24)
2.81( 34)

2.30( 62)
2.46(314)
2.61(157)
3.01{(119)
2.93( 72)
2.80( 54)
2.77(104)

.192(p<.00)

.09(p<.08)

.25{(p<.00)
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