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EDITOR'S F O ~ E ~ ~ ~ D  

Electric lighting accounts for an estimated one-third o f  the energy 
used in commercial buildings. Along with recent advances in building 
envelope and equipment R&D, lighting research offers major untapped 
 ti^$ for energy savjngs. 

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

Because a f  inadequate 

Thus, 

In 1984, the U.S. Department of Energy initiated a major research 
project involving occupant evaluations of commercial office lighting. 
The central aim o f  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 load and 
subjective measures; o f  lighting quality. 
the project would provide an objective measurement base and analysis 
from which to assess lighting standards as well as results which will 
al low the building industry to make lighting system design decisions 
t h a t  are b o t h  energy efficient and effective. In 1985, the  New York 
State Energy Research and Development Authority joined DOE in 
cosponsoring this research, enabling an expansion of the database and 
additional analyses. 

In so doing, it was hoped that 

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

P "'Occupant Evaluation o f  Commercial Office Lighting: Volume 1 ,  
M ~ t h o d ~ ? ~ g ~  and Bib1 isgraphy," by Gary Gi'llette; 

a ''Occupant Evaluation o f  Commercial Office Lighting: Volume 2, 
Preliminary Data Analysis," by Robert W. Marans; 

8 "Occupant Evaluation o f  Commercial Office Lighting: Volume 3 ,  
Data Archive and Database ~ a n a ~ e m ~ n t  System2" by Gary 
G i  11 ette; and 

e "Occupant Evaluation of Commercial Office Lighting: Volume 4 ,  
Project Summary, I' by Earle Kennett. 

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

i i i  
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T h i s  report presents the ~ ~ ~ l i ~ ~ n ~ ~ ~  results sf a psst-occupancy 
evaluation o f  office Iighti g ~ ~ v i ~ ~ ~ ~ ~ ~ ~ 5 .  
relationship between ~~a~~~ a t i v e  measures o f  lighting i n  occupied 
environments and ua9 itative ~ e ~ ~ ~ ~ ~ s  related t o  occupant satisfaction, 

occupied work stations: 1) subjective data on attitu es and ra t ings of  
selected 1 ighting and other characteristics, 2) photometric and ot.her 
direct ~ ~ ~ i ~ ~ n ~ ~ ~ t ~ ~  data ,  including i?luminances, luminances, and 
contrast conditions,  3) indirect environmental measures obtained from 
the architectural ~ ~ a ~ ~ n ~ ~  and the work station ~ ~ ~ t ~ ~ r a ~ ~ ~ ~  and 4) 
descriptive character is t ics  o f  the  occupants I The work stat ions were 
sampled f r o m  thirteen office buildings located in various cities in the 
United States. 

I t  explores t h e  

The report analyzes several types of data fro more than 1,000 

Many tentative findings e ~ ~ ~ ~ ~ d  f r o m  the  analysis, inclu 
f a1 1 ow i ng : 

o Within the ge o f  values ~~a~~~~~ here, there i s  a tendency 
atisfaction t o  decrease as lighting ~~~~~ 

dens i ty  increases, 

~ c ~ ~ ~ ~ ~ t ~  who described their w~~~ s t a t i o n  spaces as bright 
a l so  tended P,Q be s a t i s f i e d  with their work station l i g h t i n g .  

Occupants who were mast bothered by b r i g h t  lights and glare 
were most likely t o  express dissatisfaction w i t h  t h e  lighting 

ork stationse 

a There i s  no r e l a t i o n s h i p  between work-related activities o f  
empl oyees and indicators o f  1 ighti n 

More research is needed before firm conclusions can 
guidance regarding lightin standards and o t h e r  po l  
derived. 

be drawn and b e f o r e  
cy issues can be 

xi 





This  report presents selected findings from a post-occupancy 

evaluation o f  office lighting environments. The evaluation was 

undertaken t o  begin to define the visual environment and to explore 

several re1 ationships: 

8 the relationship between selected quantitative measures a f  
lighting in occupied environments and qualitative measures 
related t o  occupant satisfaction, and 

e the relationship between the quality o f  the lighted ~~~~~~~~~~~~ 

and the energy required t o  produce it. 

As part o f  the post-occupancy evaluatisn, field measure 

occupant responses were collected from more than 1200 work stations in 

thirteen office buildings located in various c i t i e s  of the Uni ted  

States. The resulting database contains four types o f  da ta :  

8 subjective data oin attitudes and ratings o f  selected l iyh t - ing  
and other characteristics, 

o photometric and other direct ~ n ~ , ~ ~ ~ n ~ ~ ~ ~ a ~  data ,  i ~ ~ ? ~ ~ ~ ~ ~ ~ ~  
illuminances, luminances, and contrast conditions, 

Q i ndirect environmental measures obtained f r o m  architectural 
drawings and wor stat i on  p h o ~ ~ ~ ~ ~ ~ ~ ~ ,  and 

I, descriptive characteristics o f  ~ ~ ~ ~ ~ ~ n ~ ~ .  

A companion report. describes the prsee 

(Gillette, 1986), and a second report discusses the data archive 

(Gillette, 1887). lhis report presents selected findings from a 

p ~ ~ ~ ~ ~ ~ ~ a ~ ~  data analysis. 

seea to collect these data 

The selected f ind ings  are based on information contained In two 

sets o f  tables shown In Appendix A. 

descriptive data on samples of occupied work stations i n  each o f  13 

The first set (Table Set A) covers 



2 

o f f i c e  buildinys.1 

simple bivariate relationships among selected . ia r iab les  for  the  total  

The remaining sets (Table Sets B th rough  1.1 show 

sample o f  work s t a t i o n s .  

I n  l ab le  Set A ,  the variables cover several work s ta t ion 

character is t ics ,  phntsmtt  i c  and other 1 ighting conditions, 

environnental character is t ics ,  l ighting power d w s i t y ,  and selected 

occupant responses. The occupant responses were identified as key 

outcomes t o  be examined a s  an i n i t i a l  step in fu l  f i l l  ing t h e  goal s and 

o b j e c t i v e s  o f  t h e  r s e a r c h  project .z   hey include: 

work stat ion l ighting satisfaction, 
preference for improved lighting, 
1 ighting quality f o r  t h e  building: 
r a t i n g s  o f  the amount  o f  light f a r  work, 
1 ighting evaluations for  specific tasks, 
problems w i t h  b r i g h t  l igh ts  a d  glare,  
visual qual i ty  of t h e  work s ta t ion ,  and 
preferences f o r  mow daylight and a bet ter  view, 3 

Table Sets B throw& I show the degree t o  which selected oui;cornes 

a r e  assoc i  a t d  w i t h  phatometri cA and other 1 igkt ing condi t i ans ,  work- 

re’! a l e d  ac t iv i t i e s  o f  building occiqnnts ,  and t h e  occupati ts’  evaluations 

a f  work stat, .j on a t t r ibu tes .  4 

I-_-.. _.._...l___l_- 

1. 
outlined f n  Marans (1985) and Gil le t te  (1986). 

Procedures used t o  sample work s ta t ions w i t h i n  the 13 h u i l d i n g s  are 

2. 
mads during the rnwtings o f  t h e  Technical Review Cornm?+tee an May 23, 
1985 in Washington, D . C .  and on Ju ly  24,  1985 in Detroit.  

Identification of t h e  key outcomes and t he i r  re la t ive  irnpartance was 

3 ,  Iterris used t o  measure autcomes and o t h e r  v a r i a b l e s  are presented in 
forms and questionnaires reproduced in Gi l le t te  (19863. Copies o f  the 
questicnnaires and information regarding the construction of  scales are  
available from the author  a t  the  College O F  A r c h i t e c t u r e  and Urban 
Planrring, University o f  Michigan, Ann Arbor, Michigan 48109. 

4 .  
and were calcul ated using numerical weights. 
different  sampling fractions used i n  selecting work s t a t i o n s  in each 
b u i l d i n g  and d i  fferenaces i n  building response rates. 

The key figures in the  tables are e i ther  percentages o r  mean values 

I n  some buildings 

The weights ref lect  
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The analysis presented i n  this report is preli inary in t h a t  St i s  

limited t o  a descriptian o f  the study variables and an ~ x a ~ ~ ~ ~ ~ ~ o ~  o f  

bivariate relationships.  It represents an initial step tcward 

~ ~ ~ ~ ~ . ~ t a n ~ i ~ ~  lighting and lighting quality 3 r a  13 office bui ld ings .  

Bivariate: relationships do not imply causal lisika ES among variables, 

indicate the degree t o  which an association e x i s t s  between 

one variable and another. 

work stat ions as small ( l e s s  than  
~ ~ e ~ t ~ i ~ ~ ~ a i r ~ ~  ere d is t r ibu te  o a11 ~ ~ ~ ~ ~ a ~ t ~ *  O t  
containing a l a  e ~~~~~~ of 0 pied  work s t a t i o n s  n 
selection o f  a sample of work t ions.  The ~~~?~~~~ 
(n/”N) vary ~~~~~~i~~ on the  t o t a l  ~~~~~r o f  occupied work st;RLions (N) 
and the designated sanple s ize  (n); the f r a c t i o n s  range f r o m  1:l .a t o  
1 : 7.7. 
percent with an average o f  8 ~~~~~~~ o f  a l l  workers 
questionnaires  re^^^^^^^^. 

Response rates among ~ ~ i ? ~ ~ ~ $ ~  vary from 37 percent t o  97 

Other figums show e tables include t he  actual sa! 
parentheses), whic 
percentage o r  mean, an.d several statistical measures o f  a s s o c i a t i o n ,  
These are: 

c? ~~~~~~ o f  work stations repr 

- Tau B - a measure o f  association used with ordinal variables,  
I t  measures the extent t o  which an increase in the  value o f  one 

r i a b l e  i s  ~~~~~p~~~~~ by an increase i n  the value o f  another  
v a r i  ab? e a 

- Cramer’s V - a measure of association based on the chi-square 
t e s t .  
v a r i a b l e s  (one o f  which is nominal)’; a value o f  1 indicates 
~ ~ ~ ~ ~ ~ e ~ ~ ~ .  

A value o f  0 represerrts complete i ~ ~ ~ ~ ~ n ~ ~ ~ ~ ~  between two 

- Eta - a measure o f  association used t s  t e s t  the  carrelation 
 et^^^^ two variables. 

~ d d i t i o n a l l y ,  chi-square ( ~ 2 )  t e s t s  s f  significance are preseaite 
t e s t  hypothesizes t h a t  there i s  no relationship bedween the two 
variables. A h igh  chi -square value generally connote a relationship; 
that is, t h e  hypothesis s f  no relationship i s  re jecte  . 
value i s  a ~ ~ o ~ p a ~ ~ ~ ~  by a ~ ~ o ~ ~ ~ i ~ i t ~  value ~~~~j~~ the significance 
level a f  the relationship.  Probability values a f  less than -10 are  
considered significant. 
t e s t  o f  significance have been calculated using unweighted d a t a ,  

The chi-square 

The measures o f  a s s o c i a t i o n  and the chi-square 
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T h i s  preliminary analysis a l s o  suggests paths t o  be followed i n  

subsequept stages o f  the research. 

describing haw various conditions inflitence lighting quality. 

madels could then be tested using the rich dataset  produced by t he  

study, but t h i s  i s  beyond the  scope o f  the current report. 

The tentative findings discussed below ~e3.re highlighted dtiririg a 

I t  cao be used ‘to p o s i t  models 

Suck 

workshop held i n  Washington, D.C. on October 22-23, 1986, and discussed 

hy several k~orkshop part ic ipants  i n  subsequent meetings. 
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2. SUBJECTIVE LIGHTING QUALITY-- ITS ~ ~ A S ~ ~ ~ M E ~ ~ ,  
VARIABILITY, AND VERALL ~~1~~ 

Subjective lighting quality refers t s  the  responses a f  bu i ld ing  

users or occupants t o  the lighting in their bui ld ings.  

of t h i s  research, three types of responses were used to define 

subjective 1 ighting qual ity at the work station. 

t o  as "lighting satisfaction" and reflects answers to the quest ion,  

"Overall, how satisfied are you w i t h  the lighting at your o f f i c e  or wark 

space?" The second response reflects the i ~ ~ ~ r t ~ ~ ~ ~  of " i m  

lighting" when occupants were asked to indicate their preferences fo r  

office improvements. The third response covers the occupants' r a t i n g s  

of the "amount o f  light for the work you do'' at the  work station. 

In the context 

The first  is referred 

Among the building QCCU ants sampled in this stu 

satisfaction at work stations v a r i e s  reatly. Whereas two 

of the office workers exp~essed some level o f  satisfaction 

lighting at their work stations, raearly 

were dissatisfied. 

workers across the 13 buildings. 

than three-quarters o f  the workers were satisfied with their work 

station lighting; i n  one building, less than h a l f  (44.9%) expressed 

satisfaction (see Table A - 7 ) .  

uarter (23+7%) said they 

Work station l i  hting satisfaction also varied a m ~ n g  

For example, i n  four buildissgs,  more 

When presented with a list o f  ten possi l e  o f f i c e  i m ~ ~ ~ ~ ~ ~ ~ ~ t ~  and 

asked t o  select four, abaut h a l f  (51%) o f  the workers se?ected lighting 

as one improvement t o  their work stations ( see  Table A - 7 ) .  

four ~ m ~ r o ~ e ~ ~ n t ~  selected, workers were then aske select one they 

would mast prefer. Of the workers selecting improved lighting, nearly 

From the 
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one i n  four mentioned i t  as t h e  nrasi preferred improvement (11% w o ~ k e r s  

ou t  l?F 492 WorkPrs). 

xed ra t ings on the  q u a n t i t y  or a m t ~ n t  o f  lighting and 

light for performing s p e c i f i c  tasks a t  t h e  work s tz t . jnn  { s w  Tahlc! A-8) .  

About s i x  i n  10 o f f i c e  workers sa id  t h e  amount o f  l i g h t  fo r  t h e i r  work 

was "good" o r  "excellcnt," and only one i n  four  gave h igh  marks t o  ihc i r  

l i g h t i n g  f o r  r e a d i n g  and writing. Among those who uszd a CRT, more t han  

anc-quarler* (26%) rated the 1 igkting f o r  their  wcrk ais "poor" o r  ' 'not  

v e q  gond." Similarly, 24.5% a f  the t y p i s t s  gave "poor"  o r  "r iot  very 

good" ratings fo-r. lighting Far typing, as d i d  23.1% o f  those !&a 

d r a f t e d  Tab? E h-8  shoi:.is quai i t  i t y  o f  1 i g h  b i ng r a t i  ngs and 1 i g h t i  ng 

assessments for s p e c i f i c  tasks anang acc~apants i n  the 13 bu i l d ings .  
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aJOrE: N V M W E R S  I P B  PARENTHESES A R E  Tkf NUM0ER8 OF W O R K  
S T A H O M S  MAVYNG O C C U P A N T  RESPONSES; AND LPD V A L U E S  

Figure 1, 
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In the first three buildings, lighting quality as viewe 

o f  design experts  i s  also associated with LPD (etaz.19, p<.OO). That 

is, higher LPD values are likely La be found a t  those work stations 

assessed by experts as having poar quality lighting. 

Finally, relationships exist ~~~~~~~ work station LPD values and 

M ~ ~ S U ~ Y S  o f  i 11 umi nance (eta==. 19, pc . O O )  and 1 uminance (e ta=.  25 

a t  the primary task location (Table l . - Z ) .  

(Figures 2 and 3 )  between lighting power density and t h e  quantity o f  

light in work stations is a surprising f i n d f n g  that .  merits further 

analysis.  

p' .OO) 

The nsn-linear relationships 

OR NL- D W G  8 7 C -  13 373 

100-119 120 OVER 8 0 - 7 9  80-9s LESS THAN 4 0 - 5 9  
4 0  

Figure 2. 
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I 
4 

LESS M O R E  
THAN 21-39 31-40  4 1 - 5 0  51 -60  61-70 71-80 THWW 

2 0  RO 

LUMBIPJAHCE AT T A S K  (FOOT L A M B E R T S )  

Figure 3 .  
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ORNL- D W O  a 7 c -  13374 

L IGHTING MENTIONED A S  M Q S T  
PREFERRED IMPROVEMENT 

PERCEPTlONS O F  W O R K  STATION B R I G H T N E S S  

Figure 4 .  

ORPBL-DWG 87C-13380  

D I M  ( 1 )  ( 2 )  ( 3 )  (41 ( 5 )  WRIGHT (6) 

P E R C E P T I O N S  O F  W O R K  STATION B R I G H T N E S S  

Fiqure 5. 

12 
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Occupants' evaluations o f  br igh tness  and glare conditions are also 

strongly related t o  their  assessments a% ~ i g ~ t ~ ~ ~  quality, 

were most bothered by b r i g h t  lights, reflected glare, and glare from 

var ious  light sourcc3s were most likely t o  express dissatisfaction w i t h  

l i g h t i n g  a t  their work s t a t i o n s  and most likely to 

prowed, Qf the various s~urces o f  g l a r e  influencing lighting 

satisfaction a t  the work station, the problem of reflected g l a r e  is most 

strongly assoc ia ted  w i t h  dissatisfaction (Tau B = . 3 4 ) .  Far e m  

by reflected glare ,  more t h a n  h a l f  (53.7%) were 

d i s s a t i s f i e d  w i t h  the i r  work station lighting; on ly  one in eight (12.5%) 

who were not  ~~~~~r~~ by reflected glare were dissatisfied with the? 

The problem o f  glare from sunlight is also related t o  work 

station lighting satisfaction, but  compared to glare f r o m  electric light 

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

3 . 3  LIGHTING CO 

~ l ~ h ~ ~ ~ ~ h  " r e  relationship i s  s t a t i s t i c a l l y  insignificant, there is 

a tendency f o r  higher levels af i l l u m i n a t i o n  at the primary work 

location t o  be associated with r e f l e c t e d  glare (see Table 1-1)- The 

meari illuminance with body shadow a t  the primary work s u r f a c e  was 62 

f o o t c a n d l e s  for workers who said t h a t  reflected glare i s  n o t  a problem. 

For ~~~~~~~ who said rcflecte glare i s  very  bothersome, work surfaces 

averaged 74 footcandles ~ 

problems at work stations and the measures o f  illuminance a t  t he  primary 

arid secondary work surfaces in those work stations are shown in 

Figure 6, 

Re1 ationships between the reflected g l a r e  
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I I I 

VERY FAIRLY NOT V E R Y  NOT AT ALL 
B O T H E R S 0  M E BOTHERSOME BOTHER SOME SQTMERSO M E 

REFLECTED G L A E E  

Figure 6, 

A moderately s ign i f icant  re7 a t i o n s h i p  e x i s t s  between t h e  luminance 

on t h e  task and reflected g l a r e .  

ref1 ected gl are had, on average, 4.8 foot1 amberts a t  t h e i r  work s u r f a c e s ,  

whereas those who were very bathered averaged 56 footlamberts a t  t h e i r  

work surfaces. The d a t a  a1 so reveal weak but sigtii f i  c a n t  re7 a t i  onsh ips 

between the reflected g l a r e  problem and task luminance r a t io s  (eta=.09, 

p < . 0 2 )  and minimum values of the contrast rendition fac tor  (eta=.l2, 

Norkers who were n o t  bothered by 

p<.Ol). 

Whereas reflected glare  i s  n o t  significantly related t o  the  type o f  

1 ighting system a t  work s ta t ions ,  d i f f e rences  in  responses are observed 
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for workers associated with particular systems (see Table 1-21. For 

instance, nearly half (44.7%) o f  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 

ref1 ected g l  are. 

3 . 4  WORK TASKS AND SUBJECTIVE LIGHTING QUALITY 

There are no relationships between work-related activities o f  

employees and indicators of lighting quality (Table E - 1 ) .  

amount o f  time spent in a building nor the proportion o f  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 light for their work. 

performed by workers significantly influence their feelings about work 

station lighting quality. Office workers who spend most o f  their time 

at a CRT expressed the same level of satisfaction as those engaged in 

other tasks (reading, writing, typing, and drafting) (see Table 8-31 .  

Similarly, the amount o f  time a person devotes t o  a particular task i s  

unrelated to lighting satisfaction. 

time that workers devote to reading, writing, and typing is associated 

with their ratings f ~ r  the amount o f  light for work (Table E-3 ) .  

contradictory findings suggest that the influence o f  work-related 

activities on indicators of lighting quality warrants further 

exploration far workers operating under various lighting and other 

environmental conditions. 

Neither the 

Nor does the predominant task 

On the other hand, the amount o f  

These 
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3 . 5  LIGHTING CONDITIONS AND SUBJECTIVE LIGHTING QUALITY 

Although there i s  a tendency f o r  lower levels a f  illumination to be 

associated with higher levels of subjective lighting quality a t  the work 

station, the data indicate that quantitative lighting measures are n o t  

significantly related to work station 1 ighting satisfaction and 

preferences for iniproved lighting (Tables B - 1  and C - 1 ) .  

illuminances nor the task luminance ratio at the work s ta t ion  are 

related i o  these indicators o f  lighting quality. 

distance between the work s t a t i o n  and the nearest window i s  unrelated to 

lighting satisfaction and the preference for impwved lighting. On i h c  

other hand, r a t i n g s  o f  the amount o f  light f o r  work are associated w i t h  

the task luminance r a t i s  and with the illuminance at t h e  primary work 

surface (Table E - 1 ) .  

Neither- t h e  

Similarly, the 

The l a t t e r  relationship i s  shown in Figure 7. 

OR PIC.- DWG 8 9 6 -  I 3 3 7 6  
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The type of ambient lighting system i s  also related to subjective 

lighting 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 lower for workers in the spaces having direct-recessed 

fluorescent lighting with louvers than it i s  for workers with the same 

lighting system having lenses. 

were dissatisfied whereas 26% of the workers i n  buildings where the 

system has lenses expressed dissatisfaction with their work station 

1 ighting. 

In buildings with the, former, about 14% 

Workers with supplemental task lighting at their work stations 

tended t o  rate their lighting unfavorably and were inclined to want 

better lighting (see Tables 8-2, C - 2 ,  and E-2 ) .  A significant 

proportion of these work stations had furniture-integrated fighting 

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 o f  work station 

lighting poorly than those who can’t manipulate their lighting in this 

manner (see Table 8 - 4 ) .  

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

On the other hand, workers who are able to 
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m r e  s a t i s f i e d  ~ i t k  t h e i r  work station than those who l a c k  siich 

c o n t r o l  s .  

There i s  no relationship between work s t a t i o n  l i g h t i n g  s a t i s f a c t i o n  

and workers' a b i l i t y  t o  c o n t r o l  the direction o f  l i g h t  a t  t he i r  work 

sl .a t ions.  H c w v e r ,  ~ ~ r k e t - s '  f e e l i n g s  about. their- a b i l i t y  t o  a d j u s t  the  

anaaunt and d i r e c t i o n  of l i g h t  i s  s t r o n g l y  re lated t o  l i g h t i n g  q u a l i t y  

(see T a b l e s  B-4,  B 5, E - 4 ,  E-51, As wo~"kc:'ps' r a t i n g s  o f  t h e i r  a b i l i t y  

t o  a l t e r  t h e  amount and d i r e c t i o n  o f  l i g h t  ioprove,  so does t h e i r  

s a t i s f a c t i o n  w i t h  l i g h t i n g  a t  t h e  wark s t a t i o n  (Tau €3 1 . 3 3 ) .  

3 . 7  PERCEPTIONS QF L I G H T I N G  CCNDITIQNS AND YTSUAL QUA! I T Y  

'ike v i s u a l  q L i a l i t y  o f  t h e  work s t a t i o n  i s  re lated t o ,  bu t  d i s t ' t r i c t  

from, i t s  l i g h t i n g  quality. In t h e  c o n t e x t  crf t h i s  study, i t  i s  

K E ~ S ~ J W ~  by t he  dcgree t o  which work s t a t i o n s  w - e  considered 

attractive, p lezsant ,  i n t e r e s t i n g ,  spacious, and comfor tab le  by t h e i r  

occupants. 

B i v a r i a t e  analyses i n d i c a t e  t h a t  the  wc~kers' v iew of t h e  outdoors 

from t h e i r  o f f i c e  (e.g., whether. o r  n o t  they can see the sky f r o m  a 

s i t t i n g  p o s i t i o n )  and t h e  occupantst  assessment o f  t h e i r  v iew are 

assoc ia ted .  w i t h  v i s u a l  q u a l i t y .  For exariiple, wrkers  who c m  see 

outdoors while s i t t i n g  a t  t h e i r  desks were more l i k e l y  t u  assess v i s u a l  

q u a l i t y  f a v o r a b l y  !han those who c a n ' t  see outdoors  o r  who have! t o  s t a n d  

!rp t o  see (Table F-3) .  S i m i l a r l y ,  workers ! h o  thought  t h e i r  v iew w a s  

a t t r a c t i v e  and r a t ed  i t  "excellent" were n w s t  l i k e l y  t o  f e e l  t h e  visua l  

q u a l i t y  o f  xhei t -  work s t a t i o n  was h i g h  (Tab les  F - 4  and F-5) .  P r o x i m i t y  

t o  a window i s  a l s o  assoc ia ted  w i t h  v i s u a l  q u a l i t y  a l though t h e  

relationship i s  weak (p=c.08). As seen i n  Figure 8, r a t i n g s  o f  
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W O R K  STATION V ISUAL QUALITY 

Figure 8.  

visual q u a l i t y  diminish as the average distance t a  a glazed exterior 

wall increases. 

Visual quality is correlated with perceptions o f  work station 

brightness. 

tended to give those spaces l o w  .ratings on visual q u a l i t y ,  w ~ ~ k ~ r s  

d e s c r i b i n g  their work s t a t i o n s  as bright were most l i k e l y  to report high 

viisual quality ( s e e  Table F-4). 

Whereas workers who desc r ibed  their work s t a t i o n s  as dim 

Peoples’ perceptions and evaluations o f  o t h e r  work station 

ns were a l so  related t o  visual quality. Tables F-4  and F - 5  

indicate that problems of glare and b r i g h t  l i g h t s  are assoc ia ted  with 

Saw levels of visual quality. Similarly, poor visual quality and harsh 
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lighting tend t o  go hand in hand. 

visual quality are the occupants' evaluations o f  the furnishings at 

their work s t a t i o n s  and the color o f  walls and partitions (Table F -5 ) .  

Among other fac tors  influencing 

3.8 LIGHTING QUALITY--BUILDINGS AND 

Workers' feelings about the overall quality o f  lighting in their 

o f f i c e  buildings are strongly associated with their feelings about 

lighting a t  their work s t a t i o n s .  A s  shown in Figure 9, a high 

proportion o f  workers 

said they were "not at all satisfied" w i t h  lighting a t  their work 

stations. 

building lighting were most likely t a  be very satisfied with work 

hs gave low ratings t o  building lighting quality 

A t  the same time, those giving high ratings to the quality o f  

V E R Y  SWTlSFlEO WITH W O R K  STATION LIGHTING 

NOT AT ALL SATISFIED WllTH W O R K  STATION LIGHTIING 

H I G H  ( 5 )  ( 4 )  (3) ( 2 )  LOW ( 1 )  

B U I L D I N G  L l G H P l N G  Q U A L I T Y  

Figure 9. 
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s t a t j o n  l i igkt iog.  Wot-ket-s who rated t h e i r  b 

high were least  l i k e l y  tc9 W ~ Q Y - ~  glare and b 

and most l i k e l y  t o  say t h e i r  o f f i c e  had S Q ~ %  lighting (Table 0-1). 

F i n a l l y ,  ra t ings of lighting i n  the cafeter ias  an ~ o ~ ~ i ~ ~  of bui ld ings 

are s t rongly associated e overall Sighting quality i n  the 

~~~1~~~~ (Table 8-2). 

ding lighting quality as 

h t  lights as ~ ~ ~ ~ l ~ ~ ~ ~ i c  





21 

4 .  CONCLUSIONS A D FUTURE ~~~K 

The findings presented here are preliminary in nature. They 

provide only tentative suggestions about relationships ~~~~e~~ lighting 

and environmental conditions on the one ~~~~~ and variolas assessments 

and perceptions o f  office workers, on the other hand.. Conse~uent ly ,  the 

findings are not intended t o  be used t o  guide policies saich as t he :  

revision of lighting standards. Rather, they ravide a starting point 

f o r  a longer-term research effort t h a t  could ulti a t e l y  provide the  

necessary information for guiding both practice and policy. 

Among the questions t o  be explored in suhse Pment work are  the 

fsl 1 owing : 

e What is the relative i ~ ~ o ~ t a n ~ e  o f  specific lighting 
d e t ~ r ~ ~ ~ ~ ~ ~  t he  lig ting quality o f  work spaces7 
ited resources avail b l e  t o  the designer, haw 

EntS SO 3s tQ 
maximize lighting q u a l i t y ?  

(r What is the rale o f  light-ing i n  the overall quality o f  th.3 
work stat i on? C~~~~~~~ wi tR thermal  ccmfor t  space prf vacy 

s, and o the r  factorsg where does 1 'rghting f i t?  

important, the question o f  how lighting stacks up r e l a t ive  t o  
these o t h e r  ~ o r k  s t a t i o n  conditions needs t o  be addrmsed.  

readily ackno ledge t h a t  lighting design is 

Finally, there are questions about  the representativeness s f  t,he d a t a  

examined here. r 

(r How representative are these 13 buildings o f  ~~~~~~~~a~ o f f i c e  
space i n  t h e  U.S.? 

I How typical are the sccupants and the organizations occupying 
these 13 buildings? 

uestions need to be addressed before we can draw firm 

conclusions f r o m  this preliminary d a t a  analysis and before guidelines 

can be developed for use by lighting designers, space planners, and 

pol icy makers. 





23 

5 e REFERENCES 

Gillette, 6;. "Occupant Evaluation o f  Commercial Office Lighting: Volume 
1, Methodology and Bibliography," M. A. Bro n (ed.), Oak Ridge, Term.: 
Oak Ridge National Laboratory, O ~ ~ L ~ ~ ~ - ~ 0 2 6 ~ / ~ ~ ~  ~ o v ~ m b ~ r ,  1986. 

Gillette, G. "Occupant Evaluation o f  Comniercial Office Lighting: Volume 
3 ,  Data Archive and Database Management S y ~ t e m , ' ~  M. A. Brown (ed . ) ,  Oak 
Ridge, Tenn.: Oak Ridge National Laboratory, ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ / W ~ ,  August, 
3987. 

Marans, R.  W .  "Evaluating Lighting Quality: Data Collection 
Procedures," Ann Arbor: APRL, College o f  Architecture and Urban 
P I  ann i ng , 1985 a 





25 

gL.i&hti nq Qual i t v :  S e k g $  

I___- TITLE 

A ~~~~~~~~ Comparisons 

B Work Station Lighting SatisfactSon 

c Preference for Improved Ligktin 

D Building Lighting Q u a l i t y  

BER OF TABLES 

9 

6 

6 

2 

5 WaQ-ing of: ~~~~~~ s f  Lighting f o r  Work 

Work Station Visual Qual i ty  (Occupants) 5 

Work S t a t i  06 V i  sua1 Qual i t y  (Experts) 3 

Evaluation o f  Lighting for Readin 3 

efF ected GI art2 Probi Ems 2 

2 Evaluation o f  L igh t i ng  f o r  CRT Use 

Bui ld ing Interior Quality 1 

worst Statien Lighting Po 2 



Table A - l  

SELECTED W O R K S T A T I O N  CHARACTERISTICS ( 3 ) .  BY BUILDING 
(percentage d!stribution) 

B u i l d i n g  N u m b e r  

Current Workstation 
Conventional p r i v a t e  
office 49.4 

Open office with partitions 7 6 . 9  
Open office w/o partjtions 3.9 
Total 100% 

1 4 . 8  17.2 4 1 . :  
8 0 . 8  02.8 86.7 
4.4 - -  2.2 

too% 100% too% 

983 :SO 180 

- __- 

41.9 12.0 - -  
12.8 82.0 9 7 . 5  

7 2 . 0  7 8 . 6  1 0 0 . 0  
28.0 - -  _ _  I . 3  

9 2 . 4  
6 . 3  

t 00% 

8 0  

-___ 

39.6 
1 0 . 4  
25 .O 
1 6 . 7  

100% 

48  

8.3 
p_ 

8 . 3  

4 2 . 5  

_ -  

_ _  

_ -  

79.2 
t 00% 

48 

60.0 
30.0 
10.0 
100% 

80 

27 . O  
37.6 
21.6 
28.4 
5.4 

100% 

74 

83  7 

- -  

- -  

_ _  

2.0 

:4.3 
100% 

4 9  

__ 

2.5 
96.2 
1.3 

4 00% 

79  

i 7 . 7  
3.2 

63 . O  
14.5 
1.6 

i 00% 

62 

6 8 .  1 

2. 1 

_ _  

_ -  

_ _  

2 9 . 8  
100% 

47 

J8 .8  
8 1 . 2  

I o m  

8 0  

_ _  - 4 5 . 3  6 . 0  2 . 5  
100% 100% 100% 
- - ~  21.4 - -  - -  - - _ _ _  

100% 100% !OO% 

06 53 60 53 28 58 Number of rorkstat>ons 1206 

a Previous WorKstat'on 
Conventional. p r i v a t e  
offlce 19 3 

Conventional. shared office 9 1  
Open office with partittons 4 0  8 
Open off3c-e w/o partitions 20 6 
Other 10 2 
Total 1 30% 

1 5 . 1  1 9 . 2  1 5 . 3  
13.2 6 . 7  4.3 
50.3 56.5 4 5 . 4  
70.7 9 . 8  2 7 . 0  
fO.? 9 . 0  8.0 
100% !OO% 100% 
~ - -  

9 . 3  3 8 . 4  8 . i  
1 6 . 0  5 . 1  1 . 4  
25.3 38.5 35.1 
41.4 1 5 . 4  4 : . 9  
8.0 2.6 13.4 

f03% 100% 200% 

75 39 74 

- - _ _  

4 0 . 0  4 0 . 9  4 2 . 0  
2 5 . 0  13.6 2 1 . 1  
1 7 . 5  4 . 5  5 . 3  
7 . 5  27.3 5.3 

10.0 13.6 26.3 -- 
700% !OO% 100% 

40 22 38 

12.1 
2 2 . 4  
32. 8 
22.4 
10.3 
1 ow/. N 

m 
s 1015 159 163 163 56 Murnber  of respanden 

Workstarion V i e w  
Sky seen from starid 

slttlng posltlon 
Outdoors seen from 
stand; ny/s  i t: 1 ng 

n d  
6 1 . 7  63.8 5 9 . 0  7 5 . 4  4 5 . 7  34.3 60.8 87.5 68.0 9'1.2 4 4 . 9  

8.0 - -  3.3 

1 8 . 1  31.3 13.1 

7 . 0  - -  - _  

6.3 - -  34.8 

2.9 _ _  - -  
_ _  4.2 - -  

positions. but no sky 3 9  

position only 15 3 

but no sky 3 3  

a f f e c t e d  by daylight O B  

Sky Seen from s t a r r d ~ n g  

Outdoors seen from 
standing positlon only. 

Durdoors not seen, 
o u t  warkstatfon 1s 

Workstation Is unaffectaa 

8.0 0 . 7  4 . 1  1 4 . 0  2.2 _ _  

_ _  0 . 7  - -  4 . 2  - -  2.2 

4 3 . 6  4 4 . 1  - -  
100% 100% 100% 

48 43 4 6  

___ ___ - 

5.9 _ _  _ -  

by day!?ght 
Total 

4 5 . 0  
i 00% 

- 1 . 4  I__ 9 . 0  __ 4 . ;  
!OO% 100% 400% 

8.3 32.0 - -  
100% 100% 130% 

5 5 . 1  
100% 

Number of workstations 84 1 138 444 122 48 2 5  34  4 9  

a Previous workstation is based on occupant responses to the question, "&?for@ you moved to your oresent o f f i c e  or 
rorkspace, did you work in a: . I '  



'Fable A - 2  

S E i E C F E D  WORKSTATION CHCKACTEKISTICS (23, BY BUILDING- 
(mean character;stTc) 

-- Character i s t  is 

&mount of work Space 

Mean 
5.9. 
Range 

L square fee t 1 

Workstation Oensity 
(workers per 400 sq. F t , )  
Mean 
5 . 0 .  
Range 

Number of workstations 

Percent ArtjaCent to Glazed 
Exterior Wall ( f e e t )  

Number o f  workstations 

D i s t a n c e  to N e a r e s t  lazed 
Exterior Wall ( f e e t )  
Mean 
S . D .  
Range 

Number of workstations 

P 

87 82 98 82 
5 ?  58 32 52 

14-472 15-472 39-909 30-426 

4.4 
2.3 
1-12 

1 :97 

33.3 

1206 

23 
20 

2-135 

1048 

4 . 8 
2.7 
1-12 

i a3 

36.1 

183 

20 
15 

3-70 

I77 

4.6 
2.1 
1-9 

1 a0 

- _  

180 

39 
30 
9- 135 

1G 1 

4 . 5  
2 . 0  

1 - l i  

180 

4 0 . 6  

180 

19 
l 5  

4-66  

473 

75 98 74 
65 71 25 

14- 221 24-384 33-204 

3.4 
2.6 
1 -a 
86 

23.3 

86 

I f  
6 

3-28 

31 

4.9 6 . 1  
1 . 9  2.0 
1-8 1-9 

50 80 

32.0 2.5 

50 80 

22 39 
45 2 0  

6-60 5-90 

41 80 

105 :32 E l i  a 7 1 2 1  126 73 
61 60 34 57 54 46 45 

19-272 3G-288 33-196 25-366 33-226 52-285 45-272 

2.3 
1 . 6  
1 - 7  

50 

88.0 

50 

8 
3 

2-20 

4 9  

1 . 3  1 . 5  
0.6 0.6 
1-3 1-3 

2% 5 0  

7 1 . 4  io0 

28 50 

9 6 
f 6 

6-12 3-6 

20 50 

4.4 
1 . I 
1-9 

80 

2 2 . 5  

80 

16 
R 

5-32 

49 

1 . 8  
1 .o 
1-5 

65 

03.8 

ao 

8 
3 

4-22 

6 3  

3.4 
1 .o 
1-6 

79 

63.3 

79 

I6 
10 

6-34 

79 

4 . 4  LQ 

1-7 4 

85 

1.6 -J h, 

28.8 

80 

17 
10 

4- 1 0  

75 

a Distances f r o m  open o f f i c e s  w i th  and without partitions a r e  straight-line measwres from the center of  the workstation to the 
n e a w s t  glared exterior wall (or window). Measurements were not rirade fpom Interlor offices unaffected by daylrghtlng. 



B u i l d i n g  M u r n b e r  

Occupants’ Evaluation 

A IIlumlnonce - Seated 
Primary Lorstion/Qcl 
Mean 
S O  
Range 

WmDer of Vorkstations 

Illuminance - Vacant 
Primary Locat con(fc1 
Mean 
S D  
R a w e  

Number of workstations 

Il1dm1nsncc - Seated 
Secondarv Locat ron-” 
Mean 
S D  
Range 

I*xmoer of workstations 

b 

b ilidrnjnance - Vacant: 
Secondary tocatron(fcl 
Mean 
s o  
Range 

MUmber of workstations 

Mininun C R F ~  
Meon 
5 0  
eange 

Y 1 n t mum Luminance Cont cas  t C  
man 
$ 0  
Range 

MUmtvar of workstations 

S B S ~  Luminance Ratio“ 
Sean 
S D  
Range 

Number of worksta4 rons 

Ceiling Lumtnancs R a t i o  
Mean 
5 3  
Range 

f 

A l l  Sulldlnqs 1 

65 
32 

cC1-40t 

896 

72 
39 

15-7 13 

784 

59 
361 

4 - 5 2 0  

569 

63 
39 

4-540 

5 2 4  

89 
S 

10- I04 

85 
? 

45-96 

1645 

3 4  
3 7  

. 6 - 4 5  

896 

48 
58 

9-955  

54  
a d  

1 4 -  157 

149 

61 
24 

2 1 - 1 6 1  

9 4 9  

5 4  
31 

S?-266  

99 

59 
31 

18-263 

99 

a8 

68-96 

87 
7 

67-95 

5 7  

4 5  
5 0  
8-33 

149 

63 
66 

a 

66 
25 

26- 152 

140 

73 
25 

33- 153 

1 4 0  

6 2  
23 

1 4 -  150 

7 27 

69 
24 

25- I 5 2  

127 

87 
6 

57-97 

86 
6 

56-96 

120 

2 7  
4 3  
9-35 

142 

5 i  
45 

P __ 

1 4  
37 

13- 191 

139 

77 
36 

15- 193 

139 

5 8  
9 1  

9-  157 

95 

61 
40 

13- 157 

95  

86 
6 

69-96 

85  
6 

69 - 95 

130 

3 1  
1 3  
6 -  13 

139 

13 
26 

I 3 - 4 4 ?  3 1 - 2 9 2  1.7-222 

4 -- 

4 4  
29 

18- 183 

5 1  

49 
32 

22- 187 

5 1  

27 
12 

98-44 

4 

3 3  
1 0  

24-46 

4 

e7 
9 

67 - 104 

79 
30 

47-YS 

50 

5 3  
5 2  
9 - 2  I 

5 1  

21 
32 
9- 155 

5 

65 

19-401 
sa 

46 

86 
9 18 

23-773 

4 6  

50 
32 

6-  167 

25 

54 
30 

13- $59 

2 5  

93 
I 0 

60- 103 

8s 
10 

54-94  

43 

5 9  
4 7  
9- 16 

46 

77 
49 

9-158 

6 

74 
24 

3 2 -  I20 

4 9  

113 
30 

-JO- 462 

$ 1  

75 
32 

34- 367 

30 

3 15 
15 

98- 132 

4 

a6 
I 1  

65- $02 

79 
1 0  

59-92 

12 

: 4  
2 

1 - 1  83 

4 8  

- _  _ _  
_. 

71 6 2  60 34 68 54 
30 31 29 42 32 24 

29- 1261 27- 167 17- 128 28-236 26-155 34- 132 

25 50 51 50  49 49 

16 61 83 1 5  6 2  
32 28 43 3 i  26 

-~ 
_. 

-~ 37-187 17-128 29-238 2 6 - 3 5 7  18-135 

50 51 49 49 4 9  _ _  

74 75 54 69 63 4 3  
27 38 95 47 32 24 

32-123 30-163 1 1 - 5 2 0  2 4 - 2 5 1  25-949 4-100 

9 22 34 27 41 45 [u 
W 

82 55 7 5  6 7 47 
39 85 48 32 26 

_ _  
.. 

_. 34-173 13-520 26-251 30-450 4-99 

2 2  34 3 7 42 4 5  _ _  

Y? 93 95 93 87 
IO 14 5 5 I O  

~. 
.. 

_. 69-109 $0-703 8 3 - 1 3 4  81-102 4 9 - 1 0 3  

0 9  &‘I 86 85 79 
9 I 4 5 9 

.. _ _  

.. 63-Y5 58-94 76-95 74-93 45-94 

50 46 4 3  47 47 .. 

4 4  1 5  3 9  3 1  7 8  5 1  
4 2  ( 1 3  2 4  2 5  4 2  6 6  

1-21 3 - 8  8-13 7-13 8- 39 9-45 

24 50 51 50 49 4 9  

91 38 6 8  14 I a 4  _. 

65 72 47 44 46 .. 

a - 4 5 4  1 3-455 13 213 5 0 - 2 5 3  I 9-17.1 



49 do 48 134 944 i 4 2  50 46 - -  - -  - -  40 5 t  yr#r of ~ 0 t k 0 t m t l O N  I63 

h 
t4a 321 
157 241 

p.*1*u O u t S l d 6  L U 1 N f f i .  
34 7 926 1SfV 428 1187 1023 418 690 

5 . 0 .  1- 018 628 344 788 1.01 346 bt0 6 4 t  *Hn 
430  2085 292 

726 659 S 8  9 

1-8400 16-3840 16-2330 1-1270 101-2380 i42-2OCO 90-1400 216-3800 140-8402 1-1308 3-18CW 24-4040 13-510 36-93t 
h) 
u5 05 65 16 28 2 1  30 4 1  $9 50 12 46 35 23 I*rrtwr of workntetions 54 6 

Mint- cwrtroet r.ndltton factor at 45 ' .  SO' end 136' ulth 25' u4owlng y ~ l e  
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Ambient Lighting a 

I F  -FM 

IF-FM with other 

IF-P alone or with other 

DIF-P 

D I F - P  with other 

D R F L (  lo) 

QRFLflo) with FWW 

DRFL(1o)  with DIF-P. 
alone and with other 

DRFL(1o) with other 

DRFLlle) alone, 
and with other 

DRFL(1e)  continuous 

DFL-SM. alone 
and with other 

HID-PI. alone 
and with other 

Other 

Indirect fluorescent-furniture mounted 

Indirect fluorescent-furniture mounted i n  combination with high intensaty discharge (HID), 
recessed incandescent or surface mounted/pendant incandescent 

Indirect fluorescent-pendant alone or in combination with IF-FM 

Direct/indirect fluorescent-pendant 

Qirect/lndirect 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 ' x 4 ' .  I ' x 4 '  or 9"x4' louvers 

Direct recessed fluorescent with louvers along with fluorescent wall washer 

Dlrect recessed fluorescent with louvers and direct/indlrect fluorescent-pendant. alone and In 
combination with F W W .  with direct/indirect wall mounted, or with recessed incandescent 

Direct recessed fluorescent with louvers and direct/indirect wall mounted or direct/indirect wall 
W 
-.) 

mounted and fluorescent wall washer 

Direct recessed fluorescent with 2'x4' lens. a 

Direct recessed fluorescent continuous 1 "  lens 

one and in combination with 2'x2' or I'x4' lens 

Direct fluorescent surface mounted. alone an5 i n  combination with direct recessed fluorescent 
( 1 0 )  

Hlgh intensity discharge-pendant mounted indirect alone and in combination with recessed 
~ncandescent or direct recessed fluorescent (le) 

Recessed incandescent and HID; recessed incandescent with fluorescent wall washer; recessed 
incandescent d i t h  direct recessed fluorescent; recessed incandescent with surface mounted or 
pendant incandescent. surface mounted or pendant incandescent with H I D  free standing indirect; 
H I D  free standing Indfrect; perimeter ceiling wash; direct/indirect wall mounted alone and with 
fluorescent wall washer, surface mounted fluorescent 

bSupplemenSal Task Liahting 

FI Furniture integrated 

FM/FS Furniture mounted or free standing 

- 
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Table A - 6  

WORKSTATION LIGHTING POWER DENSITY. BY BUILDING 
(mean density) 

B t r i l d i n g  N u m D e r  

Cheractertstic A l l  Bui'dtnQQ 1 - 2 3 - 4 -. 5 - 6 - 7 - a - 9 ___ 10 1 1  - 92 13 

L faht i nu Power Dens t tya 
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  w 
5 . 0 .  0.9 0 . 5  2 . 1  1.0 0.8 0 . 6  0 . 4  I . 4  1 .0 0.7 0.8 0 . 1  0 . 5  0.8 L.0 
Range .4-9.7 .4-?.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 . 3 - 4 . 0  .7-4.6 

Number of workstattons 904 146 150 150 40 46 45 47 25 5 0  46 A S  49 4% 
~ ~~~~ 

a Watts par square foot  of workstation task fighting and ambient Ilghttng. 



Table A-7  

I_ GENERAL L I G H T I N G  EVALUATION. BY BUILDING 
(percentage d:srribur;on) 

B u r : d r n g  N u n r b e r  
__ 

2 3 4 5 6 7 !0 1 1  12 : 3 -  Occupants’ Eva1uex:on A i l  B u i l d l n c r s  t 8 9 ___ I__ ___ __ 

Workstation Llghtlng 
Satisfaction 
Not ai a l l  satisfied 
Not very sailsfied 
Meu r r a  1 
Fairly satisfied 
Very sa;tsiled 
Tot31  

2.4 2.6 - -  - -  9.8 8.2 I . 3  1 . 5  1.1 
18.7 12.7 1 6 . 9  21.7 1.7 26.2 18.2 14.6 8.3 24 4 36.7 12.0 4 . 7  10.0 
11.3 15.8 8.4 9.6 7 . 1  1 1 . 3  I t  7 9.8 16 7 12.2 10.2 1 3 . 3  14.3 10.0 
40.4 35.2 40.4 38.0 41.0 50.3 49.3 48.8 54.2 31.6 36.7 53 4 49.2 41.6 

5 .O 2.4 2.4 10.2 - -  

24.6 33.9 43.6 31.9 20.5 9 . 5  18.2 26.8 22.0 20.8 3.2 20.5! 30.2 3~ 
100% zz 10077 rooX l o a x  400% 1 0 0 %  toox 100% roo% 100% toox roo% 100% 

NumDer of respondents 1047 165 166 166 7 6  42 77 41 24 41 49 75 63 60 

Preference f o r  Better 
Liqhting 
Not mentioned as w 

improvement 49.0 50.3 55.6 31.8 14.7 62.8 5r.4 68.3 52.2 64.3 46.8 55.5 70.0  58.7 & 
Mentioned but not as most 

Mentioned as most preferred 
preferred 39.1 40.7 34.8 44.2 23.9 34.9 36.8 26.8 3 9 . t  35.7 4 6 . 8  40.3 26.1 31.0 

9.0 9.6 24.0 1.4 2.3 11 .81  4.9 8.7 - -  6.4 L6.:! a 10.3 
_ I _ I _  

41.9 i mproveinent - 
‘Tota 1 180% IOWA ?my 7oox 100% 100% too% 100% 100% 100% 100% loo% coax 1w/. 

967 145 135 154 71 43 76 4 1  23 42 41 7 2 60 58 Number o f  respondents 

: b .  1 12.0 12.5 23 4 15.4 20.9 10.4 9.8 25.0 45.2 32.8 14.7 lo .& 3 . 3  
24.6 17.4 20.8 28.6 1 2 . 8  44.1 28.5 1 7 . 1  29.1 3 1 . 0  26.5 29.3 1 5 . 4  20.0 
20.6 22.8 25.6 $5.2 16.7 I 4 . Q  23.4 36.5 25.0 16.7 12.2 30.7 23.1 23 3 
23.3 24.5 22 6 19.3 2 5 . 6  16.3 1 8 . 2  26.8 1 6 . 7  7.1 26.5 21.3 29.2 28 3 

75 65 60 Murnoer of respondents 1060 167 963 171 7 8  43 17 4 %  24 42 49 

Index consisting of occupants’ ratlngs of the degree to which buildjng. 1ightlng Y S  attractive and a~tldiog spaces are a 

well l i t .  and the ratings of 1,ghting In conference rooms, corridors and haIlways. and restraoms 



Table A - 8  

EVALUATION O f  UORK5TATION LIGWTXNG 
FOR PERFORUIhG WORK, BY B c l i C O I N G  

<percentage d 1 str 4 but ion) 

Occupants' Evaiuatron 

Rating of Amount o f  
u ! t  for Work 

F a l r  
Goad 
tacel lent 
Tota I 

Number of respondents 

Lighting Evaluat,on 
- fur Reading/Wrlting 
( 1 )  w a r  
(2) 
(3) 
(4) 
( 5 )  Excel lent 
Total 

Number of responctents 

PQOP 

Llghtlng Evaluation 
-- f a r  CRT u s e  
Poor 
Not very good 
Neut ra l  
Pretty good 
Excel lent 
Tota: 

Number of respondents 

Lighting Evaluation 
for Typrnq 
PCOr 
Not v e r y  good 
Neutral 
P r e t t y  good 
txcel tent 
Total 

Mumher of respondents 

Lighrtng Evaluation 
for  Draftrng/Drawrng 
Psor 
NOt bery good 
NQUt rd 1 
P r e t t )  good 
Excel lent 
TQ Pa 3 

Number of  respondents 

1 3 . 1  
F . 2  
47.7 
18 0 
I 00% 

1040 

__ 

7.2 
12.2 
16. 1 
38.9 
24.6 
100% 
s_ 

985 

10.4 
1 7 . 6  
23.6 
34.6 
E 
i 00% 

608 

6.9 
17.6 
18.6 
3 6 . 4  
20.5 
1 0 0 %  

352 

8 . 5  
1 4 . 6  
25.4 
32.4 
19 ,  t 
100% 

208 

__ 

5.4 13.i 2 1 . 6  2.5 7 . 1  9 . 1  2.4 - -  1 5 . 0  23.4 
25.3 18.5 30.6 18.2 35.7 3 3 . 8  19.5 20.0 3 2 . 5  3 6 . i  
48.2 48.8 33.5 45.4 42 9 3E 3 5 6 . 1  7 0 . 0  3 7 . 5  3 6 . 2  
2 1 . 1  19.6 14.1 3 3 . 8  14.3 2G.8 2 2 . 0  LQ 1 5 . 0  4 . 3  -- - -- ~ I_ -- __ 
too% roo% 100% toox 1 0 0 %  100% l0WX coo% m EG 

166 168 170 77 4 2  7 1  d l  2 0  40 47 

16.7 10.6 4 . 6  5.1 13 1 1.4 2 . 4  3.4 - -  - _  
7 . 9  10.8 13.1 6.8 2 9 . 3  13.0 16.2 5.6 $ 6 . 7  1 7 . 0  

1 3 . 2  1 2 . 0  1 8 . 3  4 . l  9.8 20.3 10.B 27.8 27.4 25.5 
43.4 42.4 34.4 4 7 . 3  39.0 37.8 40.6 44.9 21.4 40.5 
30.4 2Y 7 21.3 27.5 32.f! s z  
1 0 0 %  100% too"/. 100% 100% 30V% 1w/. 100% 10ox 100% 
__I_ 

152 158 160 74 4 1  69 37 18 42 4 7  

7.4 0.7 1 3 . 5  2.1 75.0 1 0 . 4  5.4 - -  7 . 1  2 6 . 3  
17.6 7.5 20.2 6 . 3  15 .0  1 7 . 9  2 4 . 3  12.5 3 5 . 8  3 1 . 6  
16.7 22.5 30.4 10 .4  25.0 26.4 16.2 3 7 . 5  21.4 15.8 
3 9 . 8  41.3 2 9 . 2  50.0 25 0 35.8 40.6 50.0 ; 4 . 3  !5.5 
1 8 . 5  2 0 . 0  6.7 31.2 20 0 9 0 1 3 . 5  0 0 
~ ~ _ _ - I I _ _ _ _ I I _  

300% 100% 100% 1w/. loox 100% 100% toe% 100% loo% 

8 14 19 100 80 89 4 8  2 0  67 37 

i6.7 10.5 
1S.9 3.1 22.5 6.3 19.2 15.0 14.3 5.6 20.0 42.1 
22.7  15.6 20.0 1 2 . 5  I 9  2 20.0 14.3 22.2 20.0 30.5  
3 4 . i  40 6 3 2 . 5  4C.S 4 2 . 4  42.5 35.7 44.4 23.3 3 1 . 6  

2.3 9.4 10.0 3 . 1  7.7 2 . 5  - -  _ -  

1 2 . 5  - -  4.5 2 0 . 0  7.7 4.0 - -  - -  _ _  - _  
8 . 1  29.0 15.4 - -  4 0 . 0  9.1 - -  - -  29.0 1t.1 

40.9 33.3 30.8 33.3 20.0 27.3 3 3 . 3  50.0 - -  44.5 

1 0 0 %  loo'/, 1 0 %  too% 1 0 0 %  100% 100% ?OWL 1 0 3 %  1OWL 

2 7 . 3  1 7 . 8  26.9 9 . 5  40.0 45.4 16.7 50.0 25.0 33.3 

$ 8 . 2  8.9 19.2 52,4 : le.? 315 -:Q 
I_ - -_ 

5 1 I  6 2 8 9 22 45 26 21 

6 9  
22 2 
47 3 
23 6 
1 9O"A 

72 

~. 

2 9  
IO 1 
t i  6 
4 9  3 
26 i * 
69 

3 1  
$5 6 
2 1  9 
50 0 

3 4  
1 UOh 

32 

__ 

--  
i o  0 
20 0 
46 7 
23 3 
1 0 0 %  

30 

__ 

_ _  
30 0 

6 0  0 
i o  0 

* 1 O C l  

- _  

-- 

10  

6 7  
10 0 
63 3 
2 u  
Ioo% 

60 

3 3  
3 3  
8 %  

52 '2 

100% 

6 1  

5 9  
3 1  8 
32 3 
32 4 
17 6 
I i m h  

34 

- _  
- _  

27 3 
54 5 
18 2 
too% 

I 1  

I_ 

9 1  
9 1  

$8 2 
10 2 
45 4 
100% 

1 1  

-_ 

$ 3  -__ 

8.3 
t8.3 
4 1 . 7  
3 1 . 7  
1 ax;, 
60 

I__ 

3.5 

t 4 .  t 
35. t 
40.5 
I 00% 

57 

8.8 

9 6  
7 . 7  

2 8 . 8  
30. t3 
23. I 
locs& 

52 

1 2 . 5  
6 3  
6 3  
43.7 
3 1 . 2  
1 00% 

16 

- 

9.4 
9 . 4  
21.9 
31 2 
28 I 
1 c o x  

31 

__ 
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Table A - 9  

WORKSTASION VISUAL QUALITY, BV BUILDING 
(percentage d ist r ibut ion)  

E u r l d l n g  N u m b e r  

Occupants' Evaluation A l l  Buildings I 2 3 4 5 6 7 8 9 10 1 1  12 13 
Visual Qualityn 
( 1 )  Low 13.8 4 2 . 0  1 4 . 3  5 . 3  10.3 39.5  11.7 17.1 8 . 3  33 .3  3 6 . 7  12.0 4 . 6  5.0 
(2) 
(3) 
(4) 
( 5 )  High 
Total  

Number of  respondents 

26.0 21.0 30 .3  25.1 21.8 3 2 . 6  23.4 3 6 . 6  3 7 . 5  38.1 20 .4  3 5 . 9  3 8 . 5  1 3 . 3  
27.1 26.0 29.2 29.8 2 3 . t  18.6  28.6 34.1 3 3 . 3  14.3 18.4 22.7 33.9 36.7 
19.0 22.2 17 .3  19.9 24.4 9 . 3  19.5 7.3 $6.7 i l . 9  2 0 . 4  1 8 . 7  9.2 2 5 . 0  
14.1 
1 0 0 %  100% 100% 100% 100% 1 0 0 %  100% too% 100% 100% 100% 100% 1 0 0 %  100% 

1 8 . 0  8 . 9  I S , $  20.5 - -  16.9 4.9 4.2 2.4 4.1 lo__z --- s_ 

1060 167 168 171 78 43 77 41 24 42 49 75 65 60 

Preference for  8 e t t e r  
View Outside 
Not mention& as 
Improvement 5 2 . 3  4 8 . 9  4 3 . 5  4 5 . 1  3 7 . 0  53 .5  6 6 . 6  90.2 95.7 45 .2  43.7 82.8 6 8 . 3  57.9 
Mentioned &ut not as  niost 4 

preferred 38 .7  38.8 4 9 . 3  43.? 4 7 . 9  37 .2  30.7 7 . 3  4 . 3  35 .7  '52.1 14.3 30.0 3 0 . 4  
Menttoned as most preferred 

1 9 . 1  4 . 2  2.9 1 . 7  12.5 
Tota l  100% 100% 100% 100% 100% 100% 300% lOO"/. 100% 100% tW/, 100% 10VL 

__SI__  __ ~ ~ 

1 2 . 3  7.2 1 1 . 0  1 5 . 1  9 . 3  2 . 7  * -- __ I_ -- __I -- fmprovement E 

Number of  respondents 952 139 138 144 73 43 75 4 1  23 42 48 70 6 0  56 

Preference for  More 
Bay1 i ght 
Not mentioned as 

Mentioned but not  as most 

Mentioned as most preferred 
0.8 3 . 0  3 , s  : . 4  --  1.3 2 . 5  - -  4.3 -- 3.4 1.8 

Total 100% 100% 100% 100% I#%, 4.30% 400% ?W& 100% I E h  100% 300% 100% lO0'i:. 

Number o f  respondents 933 130 339 141 74 4 3  76 40 23 41  47 70 59 56 

improvement 7 3 . 0  76.1 60.2 59.6 67.5 90.7 92.1 85.0 9 1 . 3  8 7 . 8  63.8 8 7 . 1  81.3 7 6 . 8  

preferred 24 .9  2 3 . 1  36.8 36.9 3 1 . 1  9.3 6.6 1 2 . 5  a . 7  1 2 . 2  34.9  12.9 1 5 . 3  21.4 

2 . 1  improvement _I 

-- 
- - ~ - _ I  ~ - ___ -I- - - - 

Index consist$ng of occupants' ratings an the  degree of workstation attractiveness. spaciousness. pleasantness. comfort. a 

and interest .  
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Table €3-2 

WORKSTATION LIGHTING SATI§FAcTION, BY AMBIENT AND SUPPLEMENTAL LIGHTING SYSTEMS 
(percentage distribution) 

Workstation Lighting Sat3sfaction 

Type of System 

Ne i t her 
Very  Fairly Satisffed nor Not Very Not at All Total (number 

Satisfied Satisfied Dfssattsfled Satisfied Satisfied of  respondents) 
a Ambient Lighting 

IF-FM 
IF-FM with other 
IF-P alone and w i t h  other 

DIF-P with other 
DIF-P 

DRFL (10)  
DRFL (10)  
DRFL ( 1 0 )  
DRFL ( 1 0 )  
DRFL (le) 
ORFL (le) 
DFL-SM. a 

Other 
HID-PI. a 

with FWW 
wfth DIF-P. alone and 
With other 
alone and wlth other 
con% inuous 

an8 and w i t h  other 
one and with other 

b Supplemental Task Liahttnq 
No t a s k  1 ighting 
FI-primary location 
F1-secondary iocation 
FI-both locations 
FM-primary locatlon only 
FS-prfmnry location only 
FM/FS-primary; FI-secondary 
F1-primary; FMJFS-secondary 
Utbier 

1 5 . 2  
13.6 
2 8 . 0  
2 7 . 6  
3 6 . 2  
2 5 . 2  
42.7 

with other 35.1 
35.7 
19.4 
17.5 
23.7 
36.6 
17.3 

3 2 .  a 
2 4 . 2  
23.2 
33.6 

7 . 9  
1 5 . 1  
j5.2 
1 1 . 8  
1 3 . 6  

39.3 
45.5 
42.2 
4 1 . 4  
27.16 
4 8 . 7  
3 2 . 1  
36.3 
3 9 . 3  
4 1  .O 
50.0 
5 0 . 0  
4 2 . 3  
48.0  

42.0 
4 1 . 7  
42.3 
28.3 
47 .O 
34.3 
57.6 
2 8 . 3  
3 4 . 1  

8 .O 
9.1 

i 2 . 7  
13.8 
1 3 . 0  
10 .5  
12.3 
1 2 . 2  
17.9 
10.0 
32.5 
IO. 5 
14.1 
1 4 . 5  

1 2 . 2  
1 1 . 2  
1 0 . 2  
8. f 

1 9 . 8  
6.8 
4.9 
9 . 4  
1 . 9  

2 5 . 5  
2 7 . 3  
1 2 . 0  
1 7 . 2  
2 3 . 2  
13.0 
10 .6  
1 2 .  1 
7 . 1  

2 2 .  i 
1 7 . 5  
t 5 . R  
7 .O 
19.6 

10.2 
15.9 
19. t 
2 6 .  I 
25.3 
36.9 
$ 2 . 1  
4 3 . 7  
3 7 . 1  

1 2 . 0  
4 . 5  
4 . 2  -- 
-- 
2.6 
2.3 
4.3 

7 . 5  
2 . 5  

-- 

-- 
- -  
-- 

3 . 3  
7.0 
4 . 6  
3.9 

6.3 
5 . 2  
5 . 8  

f 3 . 3  

-- 

a I~-FM=Indfrect Fluorescent-Furn ~ture Mour7tsd; IF-P=Xnaire;t Fluorescent-Pendant; DIF-P=OI rect/IndTra@t F luorescent-Pendant; 
D R F L  (lo)=D+rect Recessed Fluorescent with Louvers; D R F L = Q i r e c t  Recessed Fluorescent wlth ‘ens,  FWW=Ftuorescent blai:  Washer; 
D F I - - S M = D J ~ ~ ~ ~  Fluorescent-surface Mounted; t - ~ I o - ~ ~ = H i g h  xitensity O?scharge-Dendant Mousted/lndirect 

FI=Furnitura Integrated; FMtFurnitura Mounted; FS=Frec Stacdtng 
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Table 8 - 5  {continweal 

Wcrkstat7on LJgshting Satisfaction 
~ ~ 

Neither 
Total (number 
of respondents) 

Very F a i r I y  Satisfied nor Not Very Not at A I  1 
Sat i s f  red S a 9  k i f  led Djssatlsfied Occupants’ Evaluation Satisfied Sat t s f  led -- 

Glare f r o m  Sun1 iqht 
Mot at a l l  bothersome 30 6 35 9 
Not very bothersome 22 9 4 5 . 6  
Fairly bothersome d6 5 5 1  6 
Very bothersome 7 1  5 3 9 . 4  

R e f l e c t e d  Glare f r o m  CRT 
No0 at all bo‘thersome 
N Q ~  very bothersome 
Fairly bothersome 
Very bothersome 

aright L ? c $ ) ? t c  
N o t  s t  all botnersome 
bot very Dothersome 
Fair:y bothersome 
Very bothersome 

40.3 
2 4 . 9  
16.9 
13 .9  

3 4 . 9  
78.3 
9.7 
7 . 8  

1 . 5  
11.6 
:4  6 
32.4 
6 4  3 

3 9 . 4  
42.4 
4t 5 
4 0 . 0  

37.7 
49.6 
4 1  .6 
34.1 

9 . 1  19 0 5 . 4 10@(532)  
1 5 . 3  13.3 2.9 loo( 284 1 
9 . 0  2 1  . a  1 . 9  100 (1 ’12 )  

loo( 6 6 )  15 6 25. 1 8.4 

3 . 3  
3 4 . 4  
1 1 . 1  
1 1 . 5  

8 . 9  
14.  1 
12.2 
$6. f 

15.7 
14.2 
2 3 . 7  
2 4 . 4  

15.5 
17.6 
30.7 
25.7 

1 .3  
4 . 1  
6 . 8  

1 2 . 2  

3 8  
1 . 4  
5 . 6  
16.3 

100( 87) 14 9 io  7 48 I 26 3 
22 0 23 9 4 4  3 8 3  roof 1 0 1  1 
42  8 18 4 24 0 3 2  roo{ 184 f 
6 :  3 i t  8 10 0 2 6  jOO( 180J 
53 1 6 3  7 9  0 5  losf 290) 
25. 5 3 4  5 3  0 5  100( 195) 

Dara  are reporTed for respondents who have a Task lamp at the worksratlon a 



Table 8-6 

WORKSTATION LIGHTING S A T I S F A C T I O N .  BY SELECTED WORKSTATION CHARACTERISTICS 
(percentage distribution) 

Workstation iightlng Satisfaction 

Nelther 
Total (number Very Falrly Sattsfied nor Not Very N o t  at A l l  of respondents ) 

S a t i s f i e d  Satisf fed Dissatisfted Satisf led Sat 1 s f  led Workstatiun Character ist ic  

workstation V i e w  

Sky seen from standing/ 
sitting positjon 2 5 . 0  4 0 . 4  

Outdoors seen from stand?ng/ 
sitting p o s f t i a n .  but no s k y  20.7 4 4 .  I 

1 0 . 2  

1 4 . 9  

1 2 . 7  

1 1 . 8  

13.7 

47.4 

20.3 

1 9 . 2  

20.3 

23.3 

4.0 

-_  

3.8 

6.2 

4 . 2  

Sky seen from standing 
position only 17.0 4 7 . 3  

Outdoors seen from standing 
position only but no sky 20.2 41.5 

Workstation i s  unaffected 
by daylight 1 9 . 2  39.6 

100( 2 4 )  



Table C-l 

P R E F E R E N C E  F 3 R  IMPROVED L I G H T I N G .  BY LIGHTIYG C O N O I I K 3 M S A i  W O R K S T A r l O N  
(mean condi tien) 

___I- 

Preference fo r  improved Lighting - -- 
M o t  Ment 1 oned Went 1 onecl 5u t Mentioned As E ta 

Lighting Condition A S  Improvement N o t  M o s t  Preferred Most Vreferred Coefficient 

I ; 1 u r n  i n a m e  - Seated: 
Primary Location ( f c j  

I 1  luminance - Unseated: 
Primary locatllon (fc) 

I 1 I urn i nance - 50% ted : 
Secondary Location { f c )  

I 1 1 crm i nance - Unseated : 
Secondary Locat-ion ( f c )  

Distence to Glazed 
Exterior Wall ( f e e t )  

Task Lum i njrnce Rat i o  

65 ( 399 

72(342) 

57(260 1 

61(227j 

6 4 (  263) 

7 1 (230) 

62( 187) 

65 t  165 )  

23j3 101 

3.4j 264) 

72j 71; 

77( 62) 

5 3 (  49) 

.03 n.s. 

.oo n.s. 

.OQ n . s .  

.oo 3 , s .  



Tabla C-2 

PREFERENCE FOR IMPROVED LIGHTING. BY AMBIENT AND SUPPLEMENTAL LIGHTING SYSTEMS 
(percentage distribution) 

___ 

Preference for Improved Lighting 

Not Mentioned Mentioned But Mentioned A S  Total (number 
Type of  System As Improvement Not Most Preferred Most Preferred of respondsntel 

Amblent Light inqa 
IF -FM 3 7 . 5  46 .2  16.3 roo( 117) 
IF-FM with othar 2 2 . 7  4 5 . 5  3 1  . 8  loo( 22)  
IF-P alone and 
with other 5 3 . 4  3 0 . 2  16.4 1 0 0 (  68) 

DIF-P 5 4 . 0  3 8 . 9  7 . 1  too( 2 8 )  
DIF-P with other 3 5 . 7  4 8  .o 16 .3  loo( 31 )  

loo( 128) DRFL( lo) 5 3 . 8  3 4 . 1  i f . 5  
DRFL(lo) wlth FWW 72.  I 2 2 . 8  5 .  t 1 0 0 (  3 6 )  
DRFL(l0) with DIF-P. 

alone and with other 5 8 . 2  3 6 . 0  5 . 8  tOO( 63) 
lOO( 23) DRFt(1o) with other 4 3 . 5  4 3 . 5  1 3 . 0  

DRFL( le), alone 
and with other 6 4 . 4  3 5 . 0  0.6 100( 95) 

DRFL(le). continuous 51 .3  4 3 . 6  5 . 1  loo( 3 9 )  
DFL-SM.  alone 

and with other 6 8 . 4  2 6 . 3  5 . 3  l o o (  38) 
HID-PI. alone 

100( 28 )  and with other 6 4 . 4  2 7 . 1  8.5 
Other 4 9 . 8  4 1 . 2  8 . 9  too( 5 2 )  

T a u  B = .  14 
C amer's V=.20  
x L . 5 3  (p<.oo) 

D Supplemental Task Lighting 
No task lighting 
FI-prlmary location 
F1-secondary location 
FI-both locatlons 
FM-prlmary location 
FS-prtmary locat ton 
FM/FS-primary; FI-secondary 
FI-primary; FM/FS-secondary 
Other 

6 2 . 8  
4 9 . 8  
4 7 . 3  
42 .O 
3 5 . 3  
44 .8  
3 0 . 7  
24 .2  
4 1 . 7  

3 0 . 8  
3 8 . 8  
43 .3  
3 3 . 9  
36.7 
4 6 . 8  
5 2 . 3  
53 .O 
37 .7  

6 . 4  
11.4 
9 . 4  

2 4 . 1  
28.0 

0 . 4  
17 .o 

20.6 
22.8 

a IF-FM=Indirect Fluorescent-Furnfture Mounted; IF-P=Indlrect Fluorescent-Pendant; DIF-P=Direct/Indirect Fluorescsnt- 
Pendant; DRFL {lo)=Direct Recessed Fluorescent with Louvers; DRFL-Direct Recessed Fluorescent with lens; FWW=Fluorescent 
Wall !dasher; DFL-SM=Direct Fluorescent-Surface Mounted; tiID-PI=Hlgh Intensity Discharge-Penaant Mounted/Indirect 

FI=Fwrni ture Integrated; FM=Furntture Mounted; FS-Free Standing 



Tah;e C-3 

PREFERENCE FOR !#PROVED LdGr lT INC,  BY WURK-R€LATED ACTIVITIES OF OCCUPANTS 
(percentage dtstribution) 

Preference for Improved F:ghtlng 

Work-Related dctivitles 
Mot Mentioned Mentloned B u t  Monllonrd A S  Tota 1 (number 

A S  Improvement M o t  Mas? Preferred Mcst Preferred o f  respondents) 

Hours/'*leak at 3 u f  M% 
Less than 25 hours 
26-32 hours 
33-40 hours 
More than 40 hours 

Propor-tion of T l m e  in 3~41lding 
at Workstation 
About 114 t j m e  or less 
About 1 / 2  t>me 
Between 2/3 ana 3 / 4  tinle 

Nearly a l l  the t i m e  

Hours/Dai/ at CRY 
Not para of job 
Less than 2 hours 
2-4 tiours 
4 - 5  hours 
More than 6 hours 

58.3 
6.3 7 
4 5 . 0  
47.4 

58.5 
5 2 . 2  
48 .o  
47.7 

49.2 

54 .O  

41.6 
5 1 . 2  
50.3 

34 7 

5 0  4 
46 7 
47.2 
54 2 
6 3 . 1  

3 2 . 7  
33.3 
41.0 
35.9 

35 9 
3 3  4 
42 0 
38 9 

38.7 

37.6 

42 7 
36 6 
44.6 

45.4 

35.2 
4 3 . 4  
40.5 
38.3 
40.9 

4 . 6  
1 4 . 4  
10 0 
-1 3 4 

12 

8 4  

15 7 
12 2 
5 1  

j 3 . 4  
9.9 
$2.5 
7 5  

i 6  -0 

rqu e = . m  
X ' = 6  98 t P <  32) 



- 
preference for Improved Ltgntinp' 

Tot a I { nnmBer Not Mentioned Mentioned B u t  Mentioned As 
As Improvement Not Most Preferred Most Preferred of respondents) Work-Related A c t i v l h l e s  

Hours/Oay Typlng 
Not part of  job 
Less than 2 hours 
2 - 4  hours 
4 - 6  hours 
More than 6 hours 

Hours/Day Drafting 
Not part of job 
Less than 2 hours 
2-4 hours 
4-6 hours 
More than 6 hours 

Predominant Task 
Readtng/writing 
Reading only 
Writing only. wrlte and f i l e  
Typing only. type and other 
CRT only. CRT and other 
Draftfnq. draf t ing and other 

48.3 
5 i  .9 
53.6 
5 5 . 9  
32.6 

50.0  
44.6, 
47.8 
5 3 . 2  
39 .S 

50.3 
53.8 
43.9 
4 6 . 1  
46.5 
49.6 

38.4 
40.2 
39.9 
34.5 
44.7 

3 8 . 4  
4 3 . 1  
33. i 
39.0  
28.3 

37.6 

4 1 . 1  
4 4 . 2  
4 2 . 4  
2 8 . 0  

3 5 . 8  

13.3 
7.5 
6.5 
9.6 

22.7 

1 1 . 6  
1 2 . 3  
1 9 . 1  

7 . 8  
32.1 

1 2 . 1  
1 0 . 4  
15.0 
9.7 

1 1 .  I 
22.4 

NO predominant task 4 6 . 0  4 6 . 0  7.9 too( 3 7 i  

Tau C amer's B= . 0 3  V z . 0 7  

X 5 -9.35 ( p c . 6 7 )  
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Table C - 6  

PREFERENCE FOR IMPROVED LIGHTING. BY SELECTED WORKSTATION CHARACTERISTICS 
(percentage distribution) 

- - 
Preference for Improvad Llghting 

Mentioned Sut Mentioned As Total (number Not Nentioned 
Workstation Characterlstic As Improvement Not MosX Preferred Most Preferred of respondents) 

Sky seen from standing/ 
sltting posltion 

Outdoors seen from standing/ 
sttting posttion. but no sky 

Sky seen from standing 
posft ion only 

Outdoors seen from standing 
position o n l y  bat 170 Sky 

Workstation i s  unaffected 
by daylight 

l O O ( 4 1 7 )  4 9 . 1  38.6 1 2 . 3  

43.4 43.9 1 2 . 7  loo( 22) 

loo( 92) 4 8 . 5  39.2 1 2 . 3  

4 9  .o 4 4 . 6  6 . 4  .roo( 21) 

T a u  8=.05 
Csamer's V=.O7 
x r 7 . 5 5  (p<.Ei7) 

Ln 
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Table 0-1  (contlnued) 

Bullding Llghtlng Q u i i l l t y  
Total (number 

( 5  )High ( 4  I (3) (2) f 1 )Lou of respondents) Occupants' Evaluation 

Briqht ttghts 
Not at all bothersome 
Not very  bothersome 
Fafrly bothersome 
V e r y  bothersome 

V i e w  O u t s l d e  
Excel 1 ent 
Good 
Fair 
Pour 

Harsh/Soft Liqhting 
( t )Harsh 

Workstation Vlsual Quallty 
1 )LOW 

( 2 )  
(3) 
( 4 )  
( 5  )High 

b Buildlng Interior Quality 
( t )LOW 
( 2 )  
1 3 )  
C4) 
(5lHigh 

21.3 2 5 . 0  17.1 23.0 13.6 
8.2 22.t 27 .O 27.6 15.  I 
11.6 1 4 . 2  2 1 . 7  22.2 30 .3  
10.9 7 . 2  18 .o 4 2 . 3  2 1 . 6  

1 7 . 9  
$8.6 
1 6 . 1  
1 3 . 1  

4 . 4  
to. 9 
7.2 
9.4 

2 1 . 4  
43.2 

3.5 
4.6 
7.3 

22.9 
5 2 . 2  

1.2 
3.7 
5.5 

2 0 . 2  
5 2 . 7  

2 1  7 1 9 . 2  28.2 
21 .o 29.3 19.6 
27.3 $ 8 . 4  2 4 . 3  
19.0 1 9 . 0  2 6 . 2  

13.1 
20.4 
16.5 
26.8 
33.2 
11.2 

12 .8  
1 7 . 4  
2 7 . 3  
2 7 . 7  
1 6 . 7  

1 2 . 7  
a t  .3 
26.0 
39.8 
16 5 
t 2 . 9  

10.9 
21.9 
23.8 
2 4 . 6  
16.2 

2 5 . 7  
3 4 . 9  
29.8 
2 3 . 0  
19.7 
15.8 

2 6 . 4  
31 . e  
29 .4  
1 7 . 5  
to.  3 

f 1 .o 9. i 2 2 . 8  
3 2 . 2  2 2 . 8  3 8 . 0  
26.4 2 5 . 9  2 7 . 5  
30.1 2 5 . 2  16.8 
2 3 . 4  I O .  4 92. f 

13.0 
11.5 
13.9 
22.7 

4 4 . 1  
1 2 . 5  
2 0 . 5  
10.0 
9 . 2  

16.9 

4 6 . 4  
2 4 . 3  
1 2 . 2  
7.3 
4.6 

55.9 
23.3 
1 4 . 6  

7 . 7  
d .O 

rqu w . 4 5  
x = 4 2 % . 1 9  (p<.Oo) 

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

Endex consisting of  occupants' ratings O f  the degree to which inter tors  ara *el\ designed and spaces are  stimulatfng. and 
ratings of the w a y  o f f i c e s  and work s p a ~ e s  arc? arranged and the way they look. 



BUILDING LIGHTING Q ' J A L 4 T Y  AS VTEWEO BY OCCUPANTS, EY EVALUATION OF B U I L D l h i G  2HAKACYERfSTICS 
(2ercentage distr9bulion) 

Lcmby L ? grir 1 np 
E x c e l  lent 
Good 
Neu t r a  I 
Not good/poor 

34 8 22  6 15 7 37 2 9 7  l30t 3 14 1 

too( 1432 1 2 7  10 4 20 3 34 7 31 a 
3 5  16 2 16 2 17 5 48 6 loo( 85) 

5 4  24 2 26 4 27 2 14 9 100( 4 4 4  1 

r q u  f3z.35 
x = 2 5 1 . 3  (p<,OO:I  
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Table E-2 

R A T I N G  3F AMOUNT OF LIGHTING FOR WORK, BY AMBIENT AND SUPPLEMENTAL LIGHTING SYSTEMS 
(percentage distribution) 

- 
Amount of Light for Work is: 

Total (number 
Type of  System Excel lent Good fair Poor of respondents ) 

DRFL ( 
DRFL f 
DRFL ( 
DFL-SM 
HID-PI 
Other 

a Ambient LlQnting 
IF-FM 
IF-FM with other 
IF-P alone and with other 
DIF-P 
DIF-P with other 
DRFL (lo) 
DRFL ( 1 0 )  with FWW 
DRFL ( I O )  with DIF-P. talon@ and 

8) with other 
e). alone and with other 
e j , cont 1 nuous 
alone and with other 
alone and w i t h  other 

b Supplemental Task kiclht inq 
No task lfght~ng 
F I - p r 1 mar y ‘I oca t 1 an 
FI-secondary location 
F1-both IacatJons 
FM-primary location 
F S - p r i m a r y  location 
FM/Ff-primary; FI-secondary 
FI-primary; FM/FS-secondary 
Other 

8.7 
13.0 
23.2 
16.5 
31. ? 
17.2 
33.8 

wtth other 2 0 . 3  
20. T 
9 5 . 2  
23.1 
F5.4 
3 4 . 9  
4 7 . 6  

26. t 
4 5 . 4  
:9.6 
12.3 
4. i 

10.9 
f O . 8  
8.7 
?O. 3 

37.8 
26.1 
37.0 
43.9 
24. ’i 
53.8 
43.4 
53.2 
58.6 
39.9 
43.6 
57.9 
4 3 . 5  
4 7 . 8  

46.8 
44. f 
50.7 
39.9 
46.1 
2 6 . 7  
45.2 
21.5 
2 5 . 8  

29.9 
34.8 
32.8 
26.4 
35.4 
18.5 
15.9 
20.! 
13.6 
32.9 
25.6 
21.1 
17.4 
31.5 

20.2 
25.5 
23.7 
25.5 
33.3 
5 1 . 4  
29 .O 
3 9 . 2  
34.7 

23.6 
26. 7 
7 .O 
13.2 
9.4 
10.5 
7.0 
6 . 4  
6.9 

1 2 . 0  
7.7 
2.6 
7.2 
3.1 

6 . 9  
1 5 . 3  
6.0 
22.3 
16.7 
1 1 . 5  
15.0 
3 0 . 5  
2 9 . 2  

Tau Cgamer’s 5=. 21 V =  I #  

X - 7 5 . 0 2  (p<~OO) 

a IF-FM=Zndirect F?uorescent-Furnit~re MoGnted; IF-P=Indlsect Fluorescent-Pendant; DIF-P=Direct/lndirect Fluorescent- 
Pendant; DRFL (lo)=Direct Recessed Fluorescent wfth Louvers:  DRFL=Oirect Rlecessed Fluorescont with lens; FWW-Fluorescent 
Wall Washer; DFL-SM=D?rect Fluopescent-Surface Mounted; HID-PI=High  Intensity Discharge-Pendant Mounted/Indirect 

FI=Furniture Integrated; FM=Furniture Mounted. FS-Free Standing 



Amount of htght f o r  Work 1s .  
Tota I number 

Poor of respondents) Work-Related a c t t v i t i e s  Excel lent Good F a i r  
_II___ 

H o u r s / U s e k  at Builoingl 
iesS than 25 hours 
26-32 hours 
33-60 huurs 
Mora than 40  hours 

I___ P r - n r t 4 n n  of T i m e  In E)ul!dinr~ 
a+&rkstat ton 
About 1/4 time or less 
About t / 2  llrne 
Betweon 2/J and 3/4 trme 
Nearlly all the t i m e  

Amount of Reading and WrTting 
Limited reading/writrng 
E x t e n s i v e  readlng. limited writing 
Extenslve wrlting. llmited reading 
Mnderate readdng/urttlng 
E x t e n s i v e  readtng/writing 
Very extensive reading/writtng 

HoursIDay at CRT 
Not par t  of job 
Loss than 3 hours 
2-4 hours 
4-6 hours 
More than s hwurs 

I_^____ Yuurs(DaV Tyr?.in-g 
NOP part of job 
Less than 2 hours 
2-4  hours 
4-6 hours 
More than C hours 

3 0 . 1  
1 3 . 2  
18 .0  
15.9 

41.6 
15.3  
1 7 . 6  
17.3 

2 ?  . 9  
23.5 
1 3 . 4  
1 4 . 8  
7.7 

16. 1 

19 .6  
1 5 . 5  
1 4 . 6  
1 7 . 6  
18.9 

17.7 
1 8 . 2  
25.0 
13.5 - -  

32.7 2 5 . 7  1 1 . 5  :GO( 39)  
54.0 19.6 9.2 toil( 128)  
40.5 2w.s 92.9 1001 49s 1 
41 . b  27.7 14.6 tWf321) 

2 6 . 1  
49.6 
43.2 
39.3 

4 1 . 5  
4 i  . 7  
37.5 
43.3 
49.9 
38.2 

41 2 
43 .O 
4 1 . 7  
4 4 . 5  
38.9 

4 3 . 3  
3 9 . 1  
2 8 . 2  
38.8 
2 8 .  I 

26.? 
2 t  .8 
2 6 . 7  
29.9 

24. 1 
2 6 . 2  
3 6 . 6  
2 7 . 8  
27 .O 
23.2 

25.3 
29.3 
9 5 . 2  
3 0 . 9  
3 2 . 3  

26.3 
31.4 
37 .o 
35.7 
55.1 

6.2 
1 2 . 7  
1 2 . 6  
13 .5  

1 2 . 5  
8 . 6  

1 2 . 5  
1 4 .  f 
1 5 . 0  
2 2 . 5  

1 4 . 9  
1 2 . 2  
1 7 . 5  
7.0 
9.6 

'12.3 
11.3 
9.8 

1 2 . 0  
13.6 



Table E - 3  (coric Snued) 

I 

--___ 

Amount of Light for Work Is 
Total (number 

Work-Related A c t i v i t i e s  Excel :lent GOOd Falr POOP O F  respondents) ~- -- 
t-ioursLilaj! Oraftinp 
Mot part of ]ob 49 9 42 2 2 1  3 1 1  4 d0OI 67 : ) 
Less  than 2 hours 15 6 43 1 2 9  9 4 1  4 lm( 88) 
2-4 hours 14 9 42 1 2 1  8 2 1  3 toot 355 
4 - 6  hours 4 1  5 4 4  3 2 2  i 7 2  1 roo{ 1 3 )  
More than 6 hours .- 48 0 36 9 15 2 loo{ 23) 

Predominant Task 
Reading/wrtfing 
Readtng only  
Writing o n l y .  write and f l ’ i e  
l’ypjng only .  t y p e  and orher 
C B T  only. C47 and other 
Drafting. drafting aod other 
hlo predom 1 nan t Zdsk 

10 5 
2 2  0 
1 3 .  t 
40.3 
1 8 . 4  
; 7 . 4  
9 3 . 3  
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Table E-5 

RATING OF AMOUNT OF LIGHTING FOR WORK. BY E V A L U A T l O M  OF LIGHTING CONDITIONS 
(percentage distrtbution) 

-- 
Amount of LIght f o r  Work i s :  

Total (number 
OC respondents) Occupants ' Eva1 ua t 400 E x c e l  lent Good F a i r  Paor 

A b 4  1 ity to Adjust 

Reflected Glare 
N o t  at a11 bothersome 
Not very  bofh&rsome 
Fa $ r 1 9 bothersome 
V e r y  bothersome 

___-___ 

g 1 i  from C ~ I  i ingi Liuhts" 
Not at a31 bothersome 
Not very bothersome 
Fatrly bothersome 
Very bot her some 

Glar@ from Task Fights 
N o t  at a l l  battiersome 
N o t  very bothersome 
F a i r l y  bothersome 
Very bothersome 

I Glare From Sunlight 
Not a t  a11 b0therSome 
Not very bothersome 
F a i r l y  bothersome 
V e r y  bothersome: 

11.0 
10.3 
13.7 
2? 5 
32.4 
67. t 

33.0 
12.9 
4.8 
9.1 

29.1 
79.4 
6.0 
7. 0  

1 9 . 7  
8.6 
3.2 
7 . 6  

2 1 . 7  
1 6 . 5  
47.0 

3 . 4  

31.7 33.4 
44.2 37 6 
57.1 24.6 
48 3 23.9 
59.2 E .O 
2 8 . 3  2 . 7  

42.2 
54 . @  
3 1 . 3  
3 6 . 0  

40.7 
52.2 
37.3 
$7.9 

4'1.7 
50.7 
31.3 
S.6 

i 7 . 3  
2 5 . 2  
4 4 . 7  
3 5 . 2  

21.1 
26.1 
40. f 
do. 1 

2 5 . 8  
33 5 
39.5 
3 8 . 4  

7.5 
7.9 
19.2 
37.7 

9 . 1  
10.3 
16.6  
35.0 

13.5 
7 . 2  
26.0 
47.4 

-r@U 8 = . 2 1  
x " = 5 7 .7 4 I D < . 00 3 

39 I 2 3  9 15 3 525 a 
50 1 3 3  6 8 8  iool283) 
42 1 32 1 8 8  lcrof 112) 
32 7 43 1 1 4  d :00( 67) 

rqu El= 07 
x =23 44 (p' 01) -- 



Table E - 5  (continued) 

Amount of Llght for Work i s :  
Tota l  (number 

Poor of respondents) Occupants’ Evaluation E x c e  1 1 en2 Good Fair 

0r ight L ights 
Not at all bothersome 
Not very bothersome 
Fairly bothersome 
Very bothersome 

25.4 
t i  6 
6 .  I 

11.8  

4 0 . 0  22.9 11 .7  lOO( 524 1 
1 0 0 (  304 I 5 4 . 3  2 8 . 5  8.6 
loo( 102 1 3 6 . 5  4 2 . 6  f 4 . 8  

2 5 . 4  3 4 . 6  2 8 . 2  too( 4 5 )  

Workstation Brlqhtness 
( 1 )  Dlm 
(2) 
(3) 
( 4 )  
(5) 
( 6 )  Bright 

Rsflected Glare from CRT 
Not a t  a t 1  bothersome 
Not v e r y  bothersome 
Fa 1 r 1 y bothersome 
Very bothersome 

- -  
1.3 
6. 1 
7.3 

1 8 . 1  
61 .O 

28.2 
2 1 . 3  
13.3 
9 . 4  

10.3 
0 . 7  

4 2 . 7  
6 1 . 2  
6 4 . 8  
2 9 . 6  

29.8 
67.7 
37.5 
2 6 . 8  
1 4 . 4  
7.9 

5 9 . 9  
22.3 
13.7 
4 . 7  
2.7 
1 . 5  

T u 8= .54 
Xq=654 .42  ( p C . 0 0 )  

tOO( 128)  4 7 . 6  15 .1  
4 7 . 6  19.6 1 1 . 5  toQ( 128 1 
3 8 . 4  3 4 . 7  13.6 1cIo( 152) 
36.6 3 4 . 3  19.7 loo( 90) 

9 . 1  

Tqu Bt.22 
x = 3 7 . 4 9  (p<.oo) 

a Data are reported for respondents who have a task lamp at the workstation 
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Table F-2 

WDRKSTALIBN VISUAL QUALITY AS VIEWED BY occwm-rs. EY AMBIENT AS SUPPLEMENTAL LZWTXNG SYSTEMS 
(percentage distributlonj 

Ambient L 4 aht 1 nga 
IF-FM 
I F - F M  u i t h  other 
I F - P  alone and with other 
DXF-P 
D I F - P  with other 
ORFL (lo) 

DRFh (lo) 
ORFL (lo) 

DRFL ( 
DRFL ( 
DRFL ( 
DFL-SM 
HID-PI 
Other 

with FWW 
with D I F - P .  alone 5 with other 

0 1  with other 
e)  alone and with other 
e 1 cont  i n u o w  
5 one and w i t h  other 
a ane and w i t h  other 

1 3 . 4  
t3.0 
23.6 
6.6 

2 6 . 7  
3 i . 2  
12.3 
1 5 . 7  
27.6 

1 . o  
7.5 
5.3 

19.7  
19.7 

19.5 
16. I 
24.2 
t 6 . 5  
25.9 
14.0 
19.2 
2 1 . 9  
1 0 . 3  
11.5 
20.0 
7.9 

22.5 
l t . 7  

29.0 
2 1 . 7  
25.9 
34 .o 
36.2 
3.1.7 
35 .  i 
79 .o 
3 1  .o 
16.7 
22.5 
31.6 
39.7 
25.3 

23.4 
34.9 
16.3 
29.7 
7.8 

28.1 
26.6 
24.1 
36.8 
35.0 
39.4 
26.8 
25.4 

28.8 

14.7 
4.3 

t O . 0  
13.2 
3.4 . 1 4 . 3  
5.3 

16 .8  
6.9 

3 3 . 1  
35.a 
35.8 
'f1.J 
1 7 . 9  

b Supplemental Task L i a Q m  
No task 1 ighttny 15.9 21.1 23.3 25.0 14.6  I O O t  354)  
FI-srrmary location 14.8  17.3 29.4 27.9 1 0 . 7  too( 194)  
FI-secondary locatlon 19.9 17.6 30.8 20.1 1 2 . 7  loo( 6 4 )  
FI-both IocatiOnS 12.8 26.4 2 1  . o  30.1 9.7 loo( 36) 
FM-prrrnary location 3.8 17.8 2 7 . 0  27 .o 24.4 100( 32) 
FS-primary location 9.9 6 . 1  34 . J  34.6 l a .  i l 0 C l  46) 
FM/FS-primary; FI-secondary 22.7 12.9 38.4 18.4 7.6 roo( 3 4 1  
FI-primary; FM/FS-secondary 7 . 8  24.9 30.4 1 8 . 2  t D . 8  $eo( 45  1 
Other 2 0 . 5  t . 9  2 6 . 8  5 . 2  45.5 IW(  10) 

Tau %= .02 
c amer's V I . J . 1  5 x = 4 t . 7 6  <p< 1 2 )  

a IF-FM=lndirect fluorescent-F~rn~ture Mounted; IF-P=lnGlrect Ffuorescsnt-Pendant: DIF-P=D 
5 R F t  (lo)-Oirect Recessed FluoPeSCent with Louvers: DRFi=Birect Kecessed Fluorescent with 
SM=Direct Fluorescent-Surface Mounted; WI#-PI=W1gh I n t e n s i t y  Discharge-Pendant Maunted/fnd 

FI=Furniture integrated; FM=Furntture Mounted; F S = F r e e  Standing 

rect/lnd:rect Fluorescent-Pendant; 
ens; FWW=Fiuorescent Wall Wsshw.  M i -  
rect 
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Table F-4 

Workstation V i s u a l  Quality 
Tota I (number 

Occupants' Evaluation ( 5 )  High 141 (3) ( 2 )  f 1 )LOW o f  rx+s;pondarits 1 

Reflected Glare 
Not at e l l  bothersome 
Not very bothersome 
Fairly bathersame 
Verv bnthersome 

Glare from Ceilinq L i g h t s  
Not at all bothersome 
Not v e r y  boxhersoma 
Fa 1 r 1 y bothersome 
Vary bothersome 

Glare from Task Ltahtsa 
Not at all bothersome 
Not very  bothersome 
Fa 1 r 1 y bot her some 
Very bothersome 

Glare P r o m  Sunlight 
Not at a l l  bothersome 
Not very bothersome 
Fairly botnersome 
very bothersome 

Eriaht L i g h t s  
N o t  at all bothersranre 
Not very bothersome 
Fair 1 y botnersorne 
Very bothersome 

23.7 20.3 24.2 22.2 9.6 
9 . 5  19.9 30. < 26.3 34.2 
8 . 0  ! E i  .o 2 7 . 3  1 8 . 5  1 8 . 2  
9.4 1 3 . 4  2 3 . 0  3 2 . 5  2 2 . 7  

2 f . 5  
9 . 1  
6.6 
8.7 

18 .o 
8 . 8  

3.3 
1 1 . 8  

117.5 
9 . 8  

1 6 . 5  
6 . 7  

18.7 
9.6 
7.8 
9.1 

19.9 

2 0 . 7  
l B . 8  

l a .  I 

2 2 . 8  
1 6 . 2  
5.3 

1 1 . 6  

16.7 

2 2 . 7  
19.5 

I1 .LI 

26 . O  
3 1  .& 
19.8 
16 .0  

2 4 . 7  
36 .9  
2 7 . 6  
2 8 . 6  

2 6 . 7  
2 8 . 2  
20.7 
3 2 . 0  

23.8 
2 7 . 4  
2 8 . 9  
2 7 . 3  

2 6 . 2  
24 .4  
30.5 
1 7 . 1  

25.7 
2 6 . 1  
2 8 . 4  
2 4 . 7  

1 9 . 2  27.2 24.2 
17.5 29.7 28.4 
2 1 . 3  20.9 2 7 . 1  
24.1 2 0  a 17.7 

8.8 
93.6 
24 .o 
19.2 

8 . 3  
1 3 . 7  

3 8 . 3  
24 .a  

1 3 . 4  
$ 4 . 1  
l l . 8  
1 7 .  I 

io. 7 
$ 4 . 8  
23.6 
25.9 
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pretty Not Very Total (riurnber 
Type of  System Exce? lent GOOd Neut ra 1 Good Poor of resportdents j 

Ambient Liqhtlnpg 
IF-FM 14.2 39.2 16.6 1 4 .  I 1 5 . 9  100( 1201 
I F - F #  with other 26.0 20.0 40.0 1 5 . 0  5.0 l O O f  20) 

an6 with other 
ORFL(I~), continuous 
DFL-SPA. a!one 

H I D - P I ,  alone 

Other 

and w i t h  uther 

and with cther 

b Supplemental Task Lightinq 
No task lighttng 
FI-primary location 
F r -secondary i oca t i on 
FI-both locations 
FM--pi- Imary 1 oca t ion 
FS-primary location 
FM/FS-prlmary; FX-secondary 
FI-primary; FM/FS-secondary 
Other 

34.6 30.7 2 1 . 2  9.! 4 . 4  loo( 
22.2  44.5 1 1 . 1  14.8 7 . 4  lQ0i 
2 9 . 3  28.3  2 2 . 1  1 2 . 3  8.0 l o o (  
29.3 4 8 . 7  7.4 I O .  8 3.8 l 0 O l  
37. I 39.5 8 .o 10.5 4 . 9  $OJ3[ 

29 .7  4 4 . 4  35.6 5 . 6  4.7 lO0( 
toof - -  - _  30.8 53.8 15.4 

23.6 2’7.5 1 7 . 5  ( 8 . 7  1 2 . 6  loo( €39) 
30.6 4 1  .Ei 1 3 . 9  I 1 . l  2 . a  

- -  loot 34) 29.4 44.2 8.8 17.6 

7.5 - -  loot 32) 35.8 53.7 3 . 0  
2 3 . 6  5 S . Q  1 0 . 4  8 . 5  t . 5  loo( 52) 

100( 3 6 )  

3 1 . 3  
2 3 . 3  
2 5 . 3  
30.0 
1 7 . 3  
48 .6  
34.0 
10.7 
1 3 . 6  

4 0 . 7  
4 2 . 6  
4 1 . 4  
24.3 
3 1 . 8  
32.3 
24.5 
43.0 
35.9 

1 3 . 2  
14 .4  
1 8 . 1  
1 9 . 9  
34 .9  
l G . 2  
2 0 . 4  
1 6 . 8  
2 1 . 3  

8 . 5  
i l . 0  
8 .  I 

21 .6  
9.8 
22.7 
8.8 

1 6 . 3  
29.2 

6 . 3  
8 . 7  

4.0 
6 . 2  

1 3 . 2  
11.5 
1 3 . 2  

/’ 6 . 5  

- -  

Tau i3=. 12 
Csamer’s V = . 9 2  
x 1 4 3 . 4 7  (p<.09) 

IF-FM~Indlrect Fluorescent-Furniture Mounted; IF-PElndirec? Fluorescent-Pendant; DIF-P=Dir@ct/Indirect Fluorescent-Pendant; a 

DRFL (lo)=Dlrect Recessed Fluorescent w i t h  Louvers; ORFL=Direzt Recessed Fluorescent wi th  lens: FWW=Fluarescent Wall Washer: 
DFL-SM=Direct Fluorescent-Surface Mounted; HID-PI=Hfgh Intensity Discharge-Pendant Mounted/Indirect 

FI=Furni ture Integrated; FM=Furnl ture Mounted; FS=Free Standrng 
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Table 1-2 

REFLECTED GLARE PROBLEM, BY TYPES OF AMBIENT AND SUPPLEMENTAL LIGhTiNG SYSTEMS 
{percentage distribution) 

Glare Reflected From Work Surface i s :  

Not at A l l  Not Very  Fairly Very Total (Number 
Type of  System Bot hei-some Bothersome Bothersome Bothersome of respondents) 

Ambient Light 1 nga 
I f  -FM 
IF-FM with other 
IF-P alone or with other 
DIF-P 
DIF-P with other 
DRFL (lo) 
DRFL (lo) 
BRFL ( 
DRFL ( 
DRFL ( 
DRFL ( 
DFL-SM 
HID-PI 
Other 

with FUW 
w j t h  DKF-P. alone and with other 35.3 
with other 44.5 
alone and with other 49.0 
continuous 41.1 
one ana with other 15.8 
one and with other 53.8 

30.3 

36.6 32.5 19.2 11.7 loo( 120)  
26. f 30.4 26.1 17.4 loo( 13) 
36.0 30.0 26.7 7.3 100( 69) 
29.7 43.9 19.8 6.6 1OC( 30) 
50.9 29.3 14.6 5.2 loo( 37) 
35.5 42.2 12.5 9.8 loo( 139) 
38. I 42.1 17.5 2.3 

b Supplemental Task Liqhtlng 
No task lighting 
FI-primary location 
FI-secondary location 

FM-primary locatlon 
FS-primary location 
FM/FS-primary; FI-secondary 
FI-primary; FM/FS-secondary 
Other 

FI-both locat lofts 

40.0 
41.2 
41.3 
21 .8 
31.8 
29.1 
38.2 
25.7 
44.5 

41.9 
44.4 
33.2 
28.2 
39.5 
23.9 
40.3 

36.5 
32.7 
38.4 
38.9 
39.7 
2B.7 
35.9 
38.5 
9.9 

11.4 
1 1 . 1  
8.9 
25.6 
26.3 
11.9 
38.0 

15.3 
16.4 
11.4 
24.5 
24.7 
28.1 
19.7 
20.3 
40.4 

11.3 

8 . 9  
5.1 
18.4 
10.4 
11.4 

-- 

8.2 
9.7 
8.9 
14.8 
3.8 
14. 1 
6.2 
15.5 
5.2 

tOO( 340) 
too( 183) 
100( 64) 
loo( 35) 
1CO( 32) 
loo( 44) 
loo( 34) 
loo( 44) 
loo( 10) 

Tau B=.O8 
Chamer's V = . l l  
X 128.73 Ip<.23) 

IF-FM=Indlrect Fluorescent-Furnlture Mounted; IF-PcIndirect Fluorescent-Pendant; DIF-P=Direct/Indirect Fluorescent-Pendant; El 

DRFL {lo)=Dfrect Recessed Fluorescent wi th  Louvers: DRFLpDirect Recessed Fluorescent with lens; FWW=Fluorescent Wall Washer: 
DFL-SM=Direct Fluorescent-Surface Mounted; HID-PI=High Intensity Discharge-Pendant Mounted/Indirect 

FItFurni ture Integrated; FM=Fcrrni ture Mounted; FS=Free Standing 
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Table 4-2 

RATING OF LIGHTING FOR CRT USE. BY OCCUPANTS' EVALUATION OF LIGHTING CONDITIONS 
(percentage distribution) 

- 
Rattng of Lighting for CRT usea 

~~ ~ 

Not Very Total (number Pvet t y 
Occupants' Evaluation Excel lent Good Neut ra 1 Good Poor of respondents) 

28.3 2t.5 15.6 6.3 
46.a 19.0 16.6 6.5 
31.2 18.9 32.2 16.7 
15.5 17.6 31.5 21.9 

Reflected Glare 
Not at all bothersome 
Not very bothersome 

Very bothersome 
Falrly bothersone 

28.3 
11.5 
1 .0 
13.5 

21.9 
15.7 
1.1 
5.2 

13.7 
19.8 
40.4 
26.9 

Glare f rom Ceiling Llghts 
Not at a l l  bothersome 
Not very botherSOme 
Falrly bothersome 
Very b0ttlePSOmQ 

10.7 
4.6 
11.0 
24.2 

29. 1 
40. 1 
37.5 
25.6 

24.6 
19.8 
10.0 
18.1 

b Glare from Task Llghts 
Not fit all bothersome 
Not v e r y  bothersome 
Fairly/Very bothersome 

21.9 
8.7 
3.2 

33.7 
30.9 
33.1 

22.3 
31.3 
24.4 

15.6 
20.9 
17.8 

6.5 
8.2 
21.5 

Glare from Sun?+sht 
Not at all bothersome 22.7 

12.0 
8.7 
3.8 

32.7 
3 7 . 8  
38.4 
17.7 

13.7 
20.7 
15.5 
45.7 

20.7 
18.2 
33.1 
11.4 

10.2 
11.3 
4.3 

21.4 

Not very bothersome 
F a i r l y  bothersome 
Very bQtherSOme 

19.2 
24. I 
17.4 
14 .o 

16.8 
22.4 
29.4 
30.4 

Bricxht Lights 
Not at all botherscme 
Not very bothersome 
Fairly bothersome 
Very bothersome 

a . 0  
8.4 
14.4 
11.9 

17. 1 
16.4 
1 1 . 1  
9.4 

38.9 
2B.7 
27 .?  
34.2 

Glare f r o m  Above or 
Behind CRT Screen 
Not at all bothersome 
Not very bothersome 
Fglrrly bothersome 
Very bothersome 

37.6 
18.4 
2.4 
5.6 

33.4 
49 .O 
35.7 
19.2 

i 5 . a  
99.8 
a s .  1 
92. t 

9. I 
6.0 
31.9 
32.7 

4.1 
6 . 8  
4 . 9  
30.4 

E Data are reported for respondents who have a CRT at the workstation. 
Data are reported for responaents who have a task lamp at the uorkstat4on 
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-I_ 

--.-- 

Lighting ~ o w e r  Eta 
Evaluation D e n s  i ty Coefficient 

Workstation Liahting a - 
Satisfaction 
very  S a . t i s S i e d  
Fairly Satisfied 
Neither satisfied 

nor Dissatisfied 
Not Very Satisfied 
Mot A t  All Satisfied 

Preference for 
Improved Liqhting 
Not Mentioned 

as Impravement 
Mentioned B u t  Not 
as Most Improved 
Mentioned as Most 

Preferred Improvement 

Workstat ion Lighting 
Quality (Experts) 
(1.1 Low 

Rating of Amaunt of 
Liqht f o r  Work 
Excellent 
Good 
Fair 
POOlp 

2.61 (399) 

Rating sf Lighting for 

Excellent 2.61 (207 1 
Pretty Good 2.65( 313) 
N @ U t t - C i l  2.7O(lO8) 

Readinq and Writins .Q7 n.s* 

Not Very Good 2 , 8 9 (  86) 
Poor 2.87( 4 6 )  



8 2  

Table L-1 (continued) 

Lighting Power Eta 
Evaluation Density Coefficient 

- .  - 
Workstation Visual 
Quality (Occupants) 
(1) Low 
(2) 

WorkstatJan Visua 

.04 n.s. 

Figures based an data from th ree  buildings ( A ,  B, and 
C )  examined by experts. 

a 



8 3  

Table L-2 

WORKSTATION LIGHTING POWER DENSITY, BY 

(mean density) 
LIGHTING CQNDITIONS AT ~ ~ ~ S ~ ~ ~ I ~ ~  

Lighting Power Eta  
Light Condition Dens i t y  Coefficient 

Illuminance-Seated 

Less than 40 2.40(210) 
40-59 2.59 (278 B 
80-99 2.83( 3 9 )  

120 or more 2.56( 50) 

Primary Location (fc) .19fp.=.00)  

60-79 2.92 (185) 

100-119 2.81( 61) 

Illuminance-Seated 

Less than 48 2.71(183) 
Secondary Location (fc) .OS(p<.OS> 

48-59 2.62( 176) 
60-79 2.62( 109) 
88-99 3.08( 55) 
100-119 2.88( 2 4 )  
120 or more 2.81( 3 4 )  

Luminance a t  Task  (fL) 
Less than 20 
21-40 
41-50 
51-60 
61-90 
71 or more 
81 or more 

.25(p<.OO) 
2.30( 62) 
2,461 314) 
2.61 (157) 
3.01 (119) 
2.93( 72) 
2.80( 54) 
2.73 (104) 





85 

INTERNAL DISTRIBUIIB 

1. L. G. Berry 
2. R. B. Braid 
3 .  . A. Brown 
4. . S .  Carlsrnitk 
5. J.  E. Christian 
6. W .  Fulkerson 
7. R. 1. Goeltz 
8. D. Harnblin 
9. E. Hirst 

10. R. €3. Hanea 

12. . A .  Karnitz 
1 3 .  M. P. Kertesz 
14. M. Kuliasha 
15. J. M. MacDrsnald 
16. F. C. Maienschein 

11. sung 

35 * 

36. 

37. 
38. 

39. 

48 

41 

42-71. 

72-300. 

17. 
18, 
19. 
20 * 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28 e 

29. 
30. 

31-33. 
34. 

R .  W .  Mixon 
a. C. Parzyck 

R.  B. Shelton 
T.  M. Stoval1 
. E .  Tann 

T. A .  Vineyard 
E. W ,  W h i t f i e l d  
T. J ,  Wilbanks 
Central Research Library 
~~c~~~~~ Reference Secti OH 
Laboratory Recc~rds (RC) 
L a ~ o ~ a t ~ ~ ~  Records Dept.  
ORNL Patent Section 

Jaime 6.  Carbonell, Associate  Professor o f  Computer Science, 
Carnegie-Mellon University, Pittsburgh, PA. 15213. 
S .  Malcolm Gi11is9 Dean o f  Graduate School, Duke University, 
4875 Duke S t a t i o n ,  Durham, 
Institute for Energy Analysis, ORAU-Library. 
Fritz R. Kalhanmer, Electri ower Research institute, P . Q .  
Box 18412, Palo Alto, CA 9 
Roger E .  Kasperson, P r o f e s s  nment and Geography, 
C 1  ark Un i vers i ty, Worcester 

Country Club Drive, 

anager fo r  Energy Research and 
Development, DOE-ORB. 
Technical Information Center, ox 62, Oak Ridge, 
Tennessee 37831. 
Decis ion  Systems Research section external mailing list and 
extra copies to M.S. Hubbard, 4 ~ ~ ~ ~ ,  Room H-5,  

*U.S, GOVERNMENT PR I N Y  I NG 0 F F F ICE '1988-%8-I18/6O13 1 


