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E D  I TOR ' S FORE WAR0 

E l e c t r i c  l ighting accounts f o r  an est imated one-thi r d  o f  energy 
use i n  comnerci a1 bui 1 b i  rays A1 ong w i t h  r ecen t  advances i n  b u i  l d i  ng 
ersvel ope m d  eyul pinerat R A D  1 i g h t i  ng research o f  Fers rnajor untapped 
opportunities f c r  enerqy saviregs, 

In 1984, the U.'S. Departanent o f  Energy in I t . i a ted  s major research 
p r o j e c t  i n v o l v i n g  oci:uparat eval iaaticsns o f  comriiercial o f f i c e  l i g h t i n g ,  
T h e  centr ' i i l  s i tn  o f  t h i s  effort- was t o  e x p l o r e  poss ib le  causal f ac to r s  
that. are assoc i  3t .d  v4it.h successful 1 igkit-ing design ~ 4 t h  p a s t i c i ~ l a r  
ii2-B;erest in .tihe r e l a t i o n s h i p  between the  connected lighting power l o a d  
and subjective rneasur-es o f  lighting qual i ty .  I n  so doirig, i t  c~as hoped 
t h a t  the p r o j e c t  would pr-ovide an crbjcct, ive irieasurernent base and analy- 
s i r ;  from i,dhich t o  assess lighting standards as well as results which 
w i l l  a l low the i w i l d . i y  industry ,tu make l i g h - t i n y  system design Q e c i -  
s i m s  t h a t  are both energy e f f ic ien t  and Fj f fect . ive.  In 1386, the New 
Yark. S t a t e  Energy  Research and Devel oplnent Authority j o i n e d  DOE i n  
ecsponsaring t h i s  research enahl .i ng an expansion o f  t h e  database and 
ad&i t l  m a ?  analyses e 

T h i s  i s  the f i r s t  i n  a ser ies  of four reports describing the p r o j e c t .  
T h e  t i t l e s  and principal  sauttiorS sf t hese  r e p o r t s  a m :  

o "Occupant E v a l u a t i o n  o f  Commercial O f f i c e  Lighting: Volume 1, 
Method01 oyy and B i  SI i ography" by Gary Gi l l  e t t e  

o "'Occupant Evalua t ion  a f  Commercial Office L i g h t i n g :  VoIu i~~e 2 ,  
8;psjc S t a t  istical Analysis"  by Robert kl,  Marans 

o "(kcupant  Eva1 u a t i  on o f  Comiqerci a1 O f f i c e  L i  g h t i  ng : 
n a t a  Base Arch ive "  by Gary Gil le t te  

Vol ume 3 

o ''Occupant E v a l u a t i o n  o f  Commercial O f f i c e  l i g h t i n g :  Volume 4, 
Ilesign Concl usiona and Research KFlcornmend~ations'~ by Earl e Kennett  
and Larrce McCold. 

Wh i 1 e substanki d l  i n d i v i d u a l  efforts have heen made by these authors 
i t  i s  i m p o r t a n t  to n o t e  the considerable involvement o f  technical rev'iew 
commit tee members representing the professional, i n d u s t r i a l  and research 
colntlaunities (see t h e  Ackno~ ledgments ) .  
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1. BACKGROUND 

1.1 R A T I O N A L E  FOR THE SfUUY 

I n  August of 1982, the Board of Directors of the Illuminating 

Engineering Society of North America ( IES)  approved the report, "IES 

Recommended Procedure f a r  Lighting Power Limit Determination'1 as  an 

off ic ia l  document of  the society. 

Committee, th i s  report provides a methodology for determining upper 

power lirnits using the Unit Power Dens'ity (UPD) procedure. 

f i c  values of IIPD's are given for most lighting tasks experienced in 

practice. These UPD values are c r i t i ca l  factors in the procedure, yet 

they were established several years ago and developed not  froin an objec- 

t ive  s ta t i s t ica l  base, b u t  were obtained empirically froin professional 

judgments and committee consensus. Such a technique for obtaining d a t a  

f o r  standards creates a problem i n  t h a t  i t  is d i f f i cu l t  to defend the 

selection of one value over another. 

Prepared by the IES Energy Management 

Here speci- 

More recently, a somewhat related research effor t  has been under way 

within the heating, ventilating, and a i r  conditioning community t o  

upgrade Standard 9QA-1980 o f  the American Society of Heating, 

Refrigerating and Ai r-Conditioning Engineers ( A S H R A E )  ent i t led,  "Energy 

Conservation in New Building Design." Under the auspices o f  the 

Department o f  Energy, a special project committee (SPC 41) was 

established within ASHRAE t o  recommend revisions and improvements o f  the 

existing standard. 

important area where revisions were necessary. 

were suggested for the IES base UP0 values. 

revisions were based on hypothetical lighting systems (computerized 

simulated scenarios) where the impact on the quality of the visual 

As th i s  work progressed, lighting surfaced as  an 

Reductions of 20 t o  25% 

However, these suggested 
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environment was never assessed. Al though separate aryerlnents can be made 

i n  f a v o r  o f  each s e t  o f  data,  t h e r e  are no d e f i n i t i v e  measured da ta  t o  

suppor t  e i t h e r  c la im. 

was i n i t i a t e d  by t h e  American I n s t i t u t e  o f  A r c h i t e c t s  Foundat ion ( A I A F ) ,  

a n e u t r a l  p a r t y  i n  t h e  d i s c u s s i o n  t o  date. The purpose of t h e  research 

e f f o r t  was t o  beg in  deve lop ing  a r e f e r e n c e  se t ,  an a r c h i v a l  database, o f  

i n f o r m a t i o n  t a  a i d  i n  b e t t e r  understanding the r e l a t i o n s h i p  between 

measures o f  l i g h t i n g  power d e n s i t y  and t h e  q u a l i t y  o f  t h e  l i g h t i n g  

e n v i  ronment 

I n  an e f f o r t  t o  b r i d g e  t h i s  gap, a research p r o j e c t  

To avo id  the  weakness of  employing da ta  d e r i v e d  from t h e o r e t i c a l  

l i g h t i n g  environments, a yost-occupancy e v a l u a t i o n  (POE)  s t r a t e g y  was 

p lanned f o r  a se?ec ted  number of occupied o f f i c e  b u i l d i n g s .  

t h e  weakness o f  po ten tAa l  personal  b ias ,  and t o  ga in  i n s i g h t  ir i to t h e  

use r  atid des ign p ro fess fona l  p o i n t s  o f  view, t h e  environments were eva- 

l u a t e d  by the occupants and ( i n  t h e  i n i t i a l  s tudy)  by an independent 

e x p e r t  des ign team. lhese mcil i i p l e  iiilprtlrssfons w i - e  ccmpared w i t h  pho- 

t o m e t r i c  nreasurrments and c a l c u l a t i o n s  o f  i n - s i t u  l i g h t i o g  powcr dsn- 

s i i y .  lhese  d a t a  h d v c  been prepared i n t o  a da ta  f i l e  su i ia i i lc  f o r  

s t a t i s t j c a l  a n a l y s i s  a1 l o w i n g  r e l a t i o n s h i p s  t o  be explored bctwPra bo th  

q u a n t i t a t i v e  ( p h o t o i w t r f c )  da ta  and qual i t a t i v e  (occupant and e x p e r t  

respaf isp) datd.  FurLhc:nnore, a s t r u c t u r e  was cstabl  i shed Tur a r c h i v i n g  

t h e s e  d a t a  i n  an d a t a b a s e  t h a t  e v e n t u a l l y  car7 be ~ J S P ~  by r-?.searckers and 

standards w r S  t i r r g  o r g a n i z a t i a r i s .  

To overcome 

- 

- 

T h e  p r o j e c t  rece ived  e x t e n s i v e  rev iew froin severa l  df f f e y e n t  coimnuni- 

t i e s :  p r o f e s s i o n a l ,  i n d u s t r i a l  , and research. From the p r a f e s s i o n a l s ,  

exteilsive i n p u t  was received v i a  a Technica l  Review Csmmittw; l i g h t i n g  
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recommendations were made by members of t h e  I l l u m i n a t i n g  Eng ineer ing  

S o c i e t y  ( I E S ) ,  t h e  I n t e r n a t i o n a l  A s s o c i a t i o n  o f  L i g h t i n g  Designers ( I A L D ) ,  

t h e  American S o c i e t y  of Heat ing,  R e f r i g e r a t i n g ,  and A i r - C o n d i t i o n i n g  

Engineers (ASHKAE), t h e  American I n s t i t u t e  o f  A r c h i t e c t s  (A IA) ,  and t h e  

b u i  1 d i n g  management p ro fess ion  (Bu i  1 d i n g  Owners and Managers Assoc ia t i on  

I n t e r n a t i o n a l ) .  From t h e  i n d u s t r i a l  communities, adv ice  was rece ived  

f rom t h e  N a t i o n a l  E l e c t r i c a l  Manufacturers  A s s o c i a t i o n  (NEMA) and t h e  

Na t iona l  F e n e s t r a t i o n  Counc i l  (NFC). The research  community was repre- 

sented by t h e  L i g h t i n g  Research I n s t i t u t e  (LR I ) ,  t h e  Oak Ridye Na t iona l  

Labora to ry  (OKNL), t h e  U.S.  Department o f  Energy (DOE), and t h e  New York 

S t a t e  Energy Research and Development A u t h o r i t y  (NYEKDA) , w i t h  add i -  

t i o n a l  rev iew be ing  prov ided by t h e  Na t iona l  Bureau o f  Standards (NBS) 

and t h e  Lawrence Berke ley  Labora to ry  (LBL) 

1.2 GOALS AND OBJECTIVES 

Severa l  goa ls  and o b j e c t i v e s  were e s t a b l i s h e d  f o r  t h e  p r o j e c t .  As 

used here, o b j e c t i v e s  r e f e r  t o  t h e  d i r e c t i o n  o r  aim o f  t h e  research and 

are  d i s t i n g u i s h e d  from goa ls ,  which a re  t h e  p a r t i c u l a r  achievements t o  

be reached. 

The p r o j e c t  had t h r e e  broad o b j e c t i v e s ;  t h e y  were t o  beg in  t o  

understand:  

o How t o  d e f i n e  the v i s u a l  env i  ronment, 

r) The re1  a t i o n s h i p  between s e l e c t e d  q u a n t i t a t i v e  measures of 
l i g h t i n g  i n  ocupied  envi ronments and o t h e r  q u a l i t a t i v e  measures 
r e l a t e d  t o  occupant s a t i s f a c t i o n .  

o The r e l a t i o n s h i p  between t h e  q u a l i t y  of t h e  l i g h t e d  environment 
and t h e  energy r e q u i r e d  t o  produce it. 

The s p e c i f i c  goa ls  f o r  t h i s  phase of such a long-range research 

e f f o r t  were as f o l l o w s :  



o To prepare a datdbase o f  in fo rmat  I o n  o f  c a l  c u l  ab1 e, measurab1 e, 
and s u b j e c t i v e  aspects o f  l i g h t i n g  irr a s t a t i s t i c a l l y  sampled 
nurnher o f  v!;iork s t a t i o n s  i n  2 i l~mber o f  occupied o f f i c e  b u i l d i n g s .  

o To i n v e s t i g a t e  t h c  f e a s f b i l i t y  of developing a l i g h t i n g  q u a l f t y  
rnetrfc f o r  usc i n  occupi  sd o f  I: i ce envi ~~oniileia'cs. 

o 'To i n v e s t - i y a t e  t h e  r e l a t i o n s h i p  between 1 i y h t  i ng  power density 
and o t h e r  measures o f  l i g h t i n g  con ta ined  i n  the database. 

o To i n i t i a t e  tine development o f  a d a t a b a s e  t o  be used by standard 
w r i  t i  ny 0rgai.j z a t i  ons i n  estab1 i s h i  ng 1 i g h t  i ng energy standards. 

1 . 3  D E F I N I T I O N S  AND PROJECT SCOPE 

The p r o j e c t   as i i i i t i a t e d  w i t h  a rev iew o f  the research l i t e r a t u r e  

concern ing l i g h t i n g  q u a l i t a t i v e  and q u a n t i t a t i v e  i ssues  (see Section 7 

f o r  b i b l i o g r a p h y ) .  Th is  pre l imi i l6r -y  work a l s o  helped i n  e s t a b l i s h i n g  

d e f i n i t i o n s  and l i m i t s  t o  t h e  overa l l  study. T h i s  a c t i v i t y  vias 

necessary s i n c e  such words as l i g h t i n g  q u a l i t y ,  s d t i s f a c t i o n ,  and per- 

formance have a broad rai lge o f  p o s s i b l e  d e f i n i t i o n s  and i n t e r p r e t a t i o n s .  

Mhile i t  was beyond t h e  scope o f  t h i s  research e f f o r t  t o  establish abso- 

l u t e  d e f i n i t i o n s  f o r  a l l  such terms, w r k i n q  d e f i n i t i o n s  were developed 

w i t h  the a s s i s t a n c e  o f  the Technica l  Revjw Committee and t h e  Oxford 

E n g l i s h  D i c t i o n a r y .  

As used i n  this study,  the  t e r m  " l i g h t i n g  q u a l i t y  m e t r i c "  r e f e r s  t o  

a p h o t o m e t r i c a l  l y  meclsclrable a t t r i b u t e  of  t .hg  occupied env i  roninent t h a t  

c o r r e l a t e s  w- i ' th  s i r i r j~c t ive  rneasurs of  perceived lighting q u a l i t y .  ThP 

p u r p o s e  here was n o t  t o  devclsp such a m e t r l c ,  h i i t  r a the r  t o  exp lo re  t h e  

f e a s i b i l i t y  o f  c h a r a c t e r i r j n g  l i g t i t i n g  ent?ronments i i s i r i g  one 01- tnore 

p h o t m e t r i c  d e s c r i p t o r s .  The r-efjrlSng n f  a q u a l i  t a t ' ? / ?  r t ie t r ic  was 

hpycnd t h e  scope o f  t h i F  s t u d y .  

Ihroughout  t h i s  s t o d y ,  l i g h t i n g  q u a l f t y  i s  d e f i n e d  i n  tern is  o f  

seuerci: SIJbJect ivc measures: O C C l l [ J a n t  s a t i s f a c h i o n ,  perce ived abi  1 i t y  



t o  per fo rm v i s u a l  work, and a t t r a c t i v e n e s s  as viewed by occupants. I n  

t h e  i n i t i a l  s tudy  o f  t h e  f i r s t  t h r e e  b u i l d i n g s ,  appropr la teness  o f  t h e  

l i g h t i n g  system as viewed by an exper t  team was a l s o  i nc luded  as alli 

a d d j t i o n a l  measure. The s u b j e c t i v e  measures o f  l i g h t i n g  q u a l i t y  i n c l u d e  

i n d i v i d u a l  occupant r a t i n g s  o f  severa l  env i ronmenta l  f a c t o r s  and indices 

c r e a t e d  by combining those responses t h a t  were s t r o n g l y  c o r r e l a t e d  t o  

each o t h e r  s t a t i s t i c a l l y ,  thus, c r e a t i n g  new combined measures. 

1.4 THE TWO PHASES 

There were two phases o f  work: 

and an extended s tudy  o f  t e n  a d d i t i o n a l  b u i l d i n g s .  

t hese  13 b u i l d i n g s  and t h e  t ypes  o f  da ta  c o l l e c t e d  from each.) Each 

phase was i n i t i a t e d  w i t h  an examinat ion  o f  a p r e t e s t  b u i l d i n g ,  f o r  a 

t o t a l  o f  15 b u i l d i n g s  s t u d i e d  (13 a rch i ved  and two t e s t  cases). Two 

p o i n t s  s h o u l d  be made: 

i n c l u d e d  i n  t h e  database; and second, t h e  u n i t  of a n a l y s i s  was the work 

s t a t i o n ,  no t  t h e  b u i l d i n g .  

an i n i t i a l  s tudy  o f  th ree  b u i l d i n g s  

( F i g u r e  1 l i s t s  

f i r s t ,  t h e  p r e t e s t  b u i l d i n g  da ta  were n o t  

The two phases o f  research  d i f f e r e d  i n  severa l  ways. These w i l l  be 

desc r ibed  th roughout  t h e  r e p o r t  as p e r t i n e n t ,  h u t  t h e  i n t e n t  was t o  

collect and ana lyze  da ta  on an i n i t i a l  s e t  o f  t h r e e  b u i l d i n g s ,  and t hen  

r e v i s e  the methodology as necessary for t h e  extended s e t  o f  bu i  1 d i  ngs. 

An e f f o r t  was made t o  ensure t h a t  t h e  r e v i s i o n s  a l lowed t h e  da ta  i n  the  

extended set  t o  be merged and compared t o  t h e  da ta  i n  t h e  i n i t i a l  s e t  o f  

b u i  1 d i  ngs.  

Also, i n  t h e  extended study, due t o  cos t  and o t h e r  c o n s t r a i n t s ,  o n l y  

s e l e c t e d  s e c t i o n s  o f  some o f  t he  larger b u i l d i n g s  were evaluated.  The 

sec t i ons ,  however, always comprised an o r g a n i z a t i o n a l  u n i t  such as a 
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division of the corporation or a floor o f  the building. T h i s  allowed 

statements t o  be made about the work stations with-in these en t i t i es ,  

While the focus o f  t h i s  s tudy  was on the l i g h t i n g  conditions i n  

work stat ions,  limited e x p e r t  assessment d a t a  were also collected as a 

part of the in i t i a l  study using an expert design team, The team con- 

s ls ted of an archi tect ,  l ighting des-iyner, illum’nating engineer, and 

in te r ior  designer. These assessments included exper t  ratings o f  the 

l ighting conditians i n  the  work stations as  well as  in su r round ing  

ancillary spaces and o f  the building as a whole. Al though these latt,er 

d a t a  were collected f o r  t h e  f i r s t  three buildings, a f t e r  reviewing the 

d a t a  t h e  decision was made (largely due t o  cast)  not to have the teain as 

a part o f  the second phase o f  the research e f for t .  
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2. EXPERIMENTAL DESIGN AND EVALUATION PROCEDURE 

2.1 OVERALL PROCEDURE 

To reach the  p r o j e c t  goals ,  a post-occupancy e v a l u a t i o n  procedure 

was designed, p re tes ted ,  and executed on a sample o f  work s t a t i o n s  from 

thrirtecn o f f i c e  b u i l d i n g s  r e p r e s e n t i n g  a v a r i e t y  o f  d i f f e r e n t  l i g h t i n g  

Systems. n a t a  were c o l l e c t e d  f rom 1,217 work s t a t i o n s ,  w i t h  combined 

occupant and d i r e c t  measurement da ta  f o r  o v e r  900 o f  these. 

sampl ing was done u s i n g  a l l  occupied work stat - ions i d e n t i f i e d  f o r  the 

bui  1 d.i ng or oryani zatl ’onal u n i t  w i  t h i  n t h e  bu i  1 d ing.  Th is  sampl e was 

used f o r  a d m i n i s t e r i n g  t h e  ques t i onna i res .  To improve t h e  occupant 

response ra te  and inc rease  t h e  chances o f  g e t t i n g  occupant responses f o r  

t h e  work s t a t i o n s  where d i r e c t  env i  roninental measures were made, t h e  

sample of  work s t a t i o n s  where these  ques t i onna i res  bvere made were them- 

se l ves  randomly sampled. The second sampling was necessary t o  l imit  t h e  

number o f  d i r e c t  medsurement work s t a t i o n s  s i n c e  these measurements were 

much more time consuming and cos t ly .  

Random 

The procedure i n c l u d e d  s o l i c i t i n g  i n f o r m a t i o n  from occupants v i a  

q u e s t i o n n a i r e s  and o b t a i n i n g  e x p e r t  judgments ( f o r  t h e  i n i t i a l  

b u i l d i n g s )  f rom a team o f  f o u r  exper t s  who walked th rough  the b u l l d i n g  

and eva lua ted  the sampled work s t a t i o n s .  

were complemented by  a s e r i e s  o f  f i e l d  measurements o f  photomet r ic ,  

a c o u s t i c ,  and thermal  c o n d i t i o n s .  Conceptua l l y ,  t h e  process was t o  

t r e a t  t h e  s u b j e c t i v e  responses as t h e  q u a l i t a t i v e  measures, and compare 

the  u n i t  power d e n s i t y  and t h e  pho tomet r i c  measures a g a i n s t  these qual-;- 

t a t i v e  measures. 

g i v e n  below. 

These s u b j e c t i v e  responses 

A d e t a i l e d  d e s c r i p t i o n  of t h e  e v a l u a t i o n  procedure i s  

An o u t l i n e  o f  the a n a l y s i s  process can be found i n  Sec t i on  4, 
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and t h e  s t r a t e g y  used f o r  reach ing  t h e  f o u r  p r o j e c t  goals  can be found 

i n  S e c t i o n  5. A d e t a i l e d  l i s t i n g  o f  t h e  da ta  c o l l e c t e d  has  been pro-  

v i d e d  i n  Appendix A. 

The exper imenta l  des ign was aimed a t  c o l l e c t i n g  t h r e e  b a s i c  t ypes  o f  

d a t a  under occupied env i  ronnicntal c o n d i t i o n s :  s u b j e c t i v e  i m p r e s s i o n i s t i c  

da ta ,  photol i ic t r ic .  and o t h e r  d i r e c t  environmental  data,  and 1 i g h t i n g  power 

d e n s i t y  afid o t h e r  i n d i r e c t  env i  ronrnental data. 

d a t a  r e f e r s  t o  measurements made a t  t h e  s i t e .  I n  c o n t r a s t ,  i n d i r e c t  

d a t a  a re  those  da ta  ob ta ined  at: l e a s t  i n  p a r t  us ing  sources such as 

a r c h i t e c t u r a l  drawings and photographs. Using t h e  s u b j e c t i v e  data, 

dependent v a r i  ab les  were developed t o  d e s c r i b e  dimensions o f  perce ived 

1 i g h t i n g  q u a l i t y .  The photorr ietr ic measures and t,he power d e n s i t y  

measures ( t h e  independent v a r i a b l e s )  were compared agai r ls t  these qua l i -  

t a t i v e  measures i n  an e f f o r t  t o  i d e n t i f y  p o s s i b l e  p h o t o n i e t r i i  p r e d i c t o r s  

o f  l i y h t i n g  q u a l i t y .  The r e l a t i v e  s t r e n g t h s  o f  these r e l a t i o n s h i p s  were 

t h e n  examined s t a t i s t i c a l l y  2nd i n f e r e n c e s  were drawn. To c o n t r o l  

ext raneous f a c t o r s  t h a t  may a1 so i n f l u e n c e  the s u b j e c t i v e  responses, a 

s e r i e s  o f  addi t i o n a l  measures o f  thermal comfor t  and a c o u s t i c a l  p r i v a c y  

were made. Also, subjectjve responses t o  a number of o t h e r  ( p o s s i b l y  

r e l a t e d )  aspects  o f  t h e  environment as w l l  as da ta  about t h e  occupant 

were c o l l e c t e d .  

were con t  PO1 1 ed. 

The d i r e c t  envi t-onmerital 

I n  t h i s  way, t h e  e f f e c t s  o f  v a r i o u s  exogencus v a r i a b l e s  

2.2 PROCEDURE FOR COLLECTING SURJECTIVE DATA 

I n i  t i a1 Study -__ 

One of the unique f e a t u r e s  af the i n i t i a l  s tudy was hav ing occupant 

and des ign e x p e r t  assessments i n  c o n j u n c t i o n  w i t h  t h e  pho tomet r i c  and 
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o t h e r  env i ronmenta l  measurements. To accompl ish t h i s ,  t h e  four-member 

e x p e r t  team was organ ized c o n s i s t i n g  o f  i n d i v i d u a l s  w i t h  ex tens i ve  

l i g h t i n g  des ign  experience. A two-member t e c h n i c a l  team was a l s o  organ- 

i z e d  t o  take  the pho tomet r i c  and o t h e r  env i ronmenta l  measurements. The 

t e c h n i c i a n s  were t o  f o l l o w  behind t h e  exper t  team tak- ing f i e l d  measure- 

ments immedia te ly  a f t e r  the e x p e r t  team l e f t  t h e  space. 

A p r e t e s t i n g  e x e r c i s e  was conducted on a nearby b u i l d i n g  t o  t e s t  ou t  

t h e  t i m i n g  and sequencing of t h e  two teams. The p r e t e s t  he lped i d e n t i f y  

p o s s i b l e  problem areas i n  t h e  e v a l u a t i o n  fori i is and helped t o  es t ima te  

t h e  t i m e  needed f o r  f i e l d  e v a l u a t i o n s  a t  t h e  t h r e e  s e l e c t e d  b u i l d i n g s .  

F l o o r  p lans  o f  t h e  t e s t  b u i  1 d j  ng were prepared beforehand showi ng which 

sample l o c a t i o n s  would be examined, On t h e  morning o f  t h e  one-day pre- 

t e s t ,  t h e  teains were p rov ided  w i t h  a packet  o f  forms, and a f t e r  be ing  

i n t r o d u c e d  t o  the b u i l d i n g  manager, eva lua ted  24 work s t a t i o n s .  Fo l l ow ing  

t h e  p r e t e s t ,  t h e  teams rev iewed t h c i  r exper iences and d iscussed t h e  

problems they  encountered. 

team and used i n  r e v i s i n g  t h e  e v a l u a t i o n  forms. 

The.!r r e a c t i o n s  were noted by t h e  research 

I n  p r e p a r a t i o n  f o r  the f i e l d  eva lua t i ons ,  v l s i t s  were made t o  t h e  

cdnd ida te  bua’ ld ings s e l e c t e d  f o r  eva lua t i on .  Checks were made t o  ensure 

t h a t  each b u i l d i n g  indeed had t h e  t y p e  o f  l i g h t i n g  system of i n t e r e s t ,  

up- to -da te  drawings o f  t h e  work s t a t i o n  l a y o u t  and t h e  l i g h t i n g  p lans 

were a v d i l a b l e ,  and t h a t  management was w i l l i n g  t o  cooperate w i t h  the 

team. Drawi ings were checked t o  determine i f  they  a c c u r a t e l y  represented 

the c u r r e n t  spat.ia1 arrangement o f  work s t a t i o n s  and i f  each work. s t a -  

t i a n  was occup~~ed ,  Uniqiie numbers were assigned t o  each work space and 

a ratadom sampling was done t o  o b t a i n  an i n i t i a l  sample a f  180 work s ta -  

t i o n s  per b u i l d i n g s .  S e l f  admin i s te red  q u e s t i o n n a i r e s  were g i ven  t o  
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o c c i ~ p a n t s  whose work s t a t i o n s  were i nc luded  i n  t h i s  sample. To accoirrst 

f o r  a non-response ra te  among h i  1 di ng occupants , another  r-andoin sub-. 

sample of the  o r i g i n a l  188 work s t a t i o n s  was pryparcd t o  o b t a i n  150 work 

s t a t i o n s  p e r  Sui l d i n g  f rom rvh i c h  exper t  dusessments , pho t .ovAr i c  

measurements , and o t h e r  e n v i  rontnental rneaslirwnera%s were made The sub-  

sariipie o f  150 work stations a l l o w d  t h e  f ic l r i  team l u  cninplete t h e i r  

c v a l  uat ' i  ons o f  wsrk s t a t  i oris and anci 11 a r y  spaces f o r  cach h i  1 d i  rig i n  

one week, 

4 few weeks b e f o r 2  the e v a l u ? t i o n  tedms WI-e t o  a r r i v e ,  a for in  

l e t t e r ,  prepared by the  pro ject .  team but  d i s t r i b u t e d  by l he  building 

manage:nent , was give!: t o  the  orcupants i n fu r l i i i ng  then o f  t h e  study.  

SLiidy p a r t i c i p a n t s  were t o l d  ntily thst t h e  o f f i c e  cnvironrnent wzs under 

i nves t i ga i - i on ,  anci wrx not t o l d  t k ~ a i  l i g h t i n g  was i t s  focus. 

A w e k  before the  e v a l u a t i o n  team a r r i v e d ,  a membei- of t h e  p r o j 2 c t  

s t a f f  v i s i t a d  t h e  b u i l d i n g  siLe and d i s t r i b h t e d  the ques t fonna i res  t o  

t h e  f i r s t  sample (180 :li.ct-k s t a l i o n s ) .  An eiavelope w i t h  t h e  ~;or-k s t a t i o n  

code riiarked prov ided wS L1-i r a c h  q w s t i o n n a i  r e ,  and i n s t r u c t i o n s  g iven 

t o  seal i t  inside t h c  envelope m c e  co~ispl~?l;e'i!. Trip s t a f f  member picked 

up t h e  enve loprs  the f o l l o w i n g  dag. n o t i n g  t i l use  n o t  completed. 

When t h e  evzluaticin tea,;is arrived t h e  f o l l o w i n g  w e k ,  t h e i r  f i r s 1  

ldsk t o  cc11 l e c t  a1 1 remai n i  nq q u e s t i o n n a i  b e f o r e  t h e  teams 

v i s i t e d  the w r k  s t a t i o n s .  i k i a  !gas necessary t o  c o n t r o l  f o r  p o t e n t i a l  

b i a s  ODCP t h e  caccupants h c a w  a w v  s f  Liie k inds  o f  iileasurai-jentS be ing  

made. The fou r  member-s o f  t h e  e x p r t  t c m  then began t h e i r  f i e l d  eva- 

l u a t i m ~  o f  t h e  wrk s t a t i o n s .  1ht.y each had i d e n t i c a l  forriis and, 

w-iihout speaki ncj f o  each o the r ,  spent a p p r o x i m t e t y  I ?  mintrtPs 

cni i ipiet ing the forins f o r  each v!ork s t a t i o n .  

- 

- 
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I n  addi t ' ion t o  t h i s  a c t i v i t y ,  each team member a l s o  had one o f  f o u r  

s p e c i a l  assignments. The team l e a d e r  was r e s p o n s i b l e  f o r  d i r e c t i n g  t h e  

team through t h e  b u i l d i n g  us 

t i o n s .  A second team member 

a l l  l u m i n a i r e s  i n  and around 

u s i n g  t h e  l u m i n a i r e  s p e c i f i c  

o r  l u m i n a i r e s  t h a t  were out ,  

sented on t h e  drawings (on a 

ny a map o f  the  sub-sample of 150 work s ta -  

determined t h e  lamp and b a l l a s t  wattages o f  

the  work s t a t i o n  (up t o  w i t h i n  10 f e e t )  

t i o n  form. A t h i r d  member marked t h e  lamps 

disconnected, added, o r  o therw ise  misrepre-  

reduced copy o f  t h e  r e f  1 e c t  ed c e i  I -I ng 

p l a n s ) .  The f o u r t h  member took two s p e c i a l l y  designed photographs. The 

f i r s t  was a 180' non-cropping f ish-eye view o f  t h e  space showing as much 

of  t h e  space as poss ib le .  

tograph o f  t h e  work s t a t i o n s  as viewed a t  t h e  pr imary  work surface, 

The second was a s l m i l a r  hemispher ica l  pho- 

h o r i z o n t a l l y  l o o k i n g  up and i n c l u d i n g  t h e  image of an occupant when 

seated. I n  t h i s  way, a l l  l u m i n a i r e s  c o n t r i b u t i n g  t o  t h e  i l l u m i n a n c e  a t  

the p r i m a r y  work sur face w i t h  body shada The camera was were v i s i b l e .  

a l s o  equ-ipped w i t h  an i n t e r n a l  d i g i t a l  c l o c k  which recorded t h e  time and 

d a t e  o f  each photograph. Photographs were taken a f t e r  t h e  e v a l u a t i o n  

forms were completed and before t h e  t e c h n i c a l  team began t a k i n g  i t s  

measurements. 

Extended %t udy 
__l---l_l- -- 

The second phase methodology was v i r t u a l l y  i d e n t i c a l  t o  t h e  i n i t i a l  

st t ldy,  b ~ t  used a 51 i g h t l y  stream1 ined procedure. After reviewring t h e  

d a t a  can t h e  i n i t i a l  buildings, t h e  research team, t o g e t h e r  w i t h  the  

Technica l  rev3 e committee, agreed t o  t h e  f o l l a w j n g  r e v i s i o n s :  

Q No exper t  assessments rauld be made f o r  t h e  remaining 
b u i  1 d ings  
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- 
o Ihe  number o f  work s t a t i m s  1;bci-e d i r e c t  measures 

were t o  be made would be reduwd t o  50 p e r  b u i l d i n g  

o A f e y !  a d d i t i o n a l  ques t ions  *ere p u t  i n t o  the q u e s t i o n n a i r e ,  
and a fw  m d i f i c a t i o n s  #ere added t o  the measurement S o m .  

2.3 PIIOCEIIURE FOR COI.I-ECTiNG PKOTONETRiC APlD OTIIEK O i R E C T  
ENV IKONMENTAL DATA 

The t w o  member t e c h n i c a l  team took  a l l  t h e  photainetr-ic and o t h e r  

d i  r e c t  env i  ronmental measurements i n c l  ubi  ng spa t i  a1 1 unii narices, park  

s u r f d c c  i 1 1 umi nances, and 1 uni i  nance coir t i -ast  wasureinents. I 1  1 u m i  nances 

were mcasui-ed a t  b o t h  the pr imary  and secondary wsrk sur faces,  w i t t i  and 

w i t h o u t  body shadow. An illuminance photometer  wa5 used vihich had a 

cos ine  c o r r e c t e d  di f f imser and a C,I.E, (Conrnis5ion In t e rna t iona le  de 

1 ' Ec7 a i I a y e )  pho top ic  eye response Si 1 t e r .  For I i iaki ny the  i 11 u m i  nance 

measurcrrwnt l ~ i t h o u t  hsdy shadow, an adap te r jex tnns ion  co rd  a1 lowed t h e  

detector t o  be detached Broiri t h e  meter. I n  t h i s  wsy t h e  technicians 

were a b l e  t o  h i d e  from t h e  detector-. The l o c a t l o n  of the  work sur faces  

w ! - e  i d p n t i f i e d  by t h e  occupants using p e e l - o f f  l abe l s  prov ided i n  t h e  

q u e s t i o n n a i r e  ( s e e  Appendix 3 fo r  the  s p e c i f i c  i n s t ruc t ions  g iven) .  

W h ~ n  t h e  s u r f a c e  was a desk t o p  o r  s i m i l a r  t y p e  s u r f a c e ,  t h e  i l l u m i n a n c c  

was ~neasured 0.152111 ( 6  i nches )  from the f r o n t  e d g ~  and irnrriediately i n  

f r o n t  o f  whore the occupant no rma l l y  s i t s .  Tile body shadow reasurement 

:gas t a k e n  i q i t h  th? t e c h n i c i a n  seated f a c i n g  u p r i g h t  toward the photo-  

r e f e r e n c e  s t a n d d r d  cal  i br-ated under a sphere envi  ronment, T h e  re fe ren re  

s t a n d a r d  v i s u a l  t a sk  used b l a c k  ink on w h i t e  paper ( t h e  Scandinavian 



standard)  viewed a t  a 25" a n g l e  o f f  normal. 

t a i n s  a cons tan t  v iewing p o i n t  a t  400 mm above t h e  work plane, t h e  

d e t e c t o r  needs o n l y  a r a d i a l  angle t o  be pos i t ioned.  

90°, and 135", were se lected.  Luminance c o n t r a s t  and t h e  c o n t r a s t  ren- 

d i t i o n  f a c t o r s  were measured for each o f  t h e  t h r e e  p o s i t i o n s  a t  t h e  p r i -  

mary work surface. I n  t h e  extended study measures were a l s o  made o f  t h e  

minimum c o n t r a s t  and i t s  l o c a t i o n .  

Since t h e  inst rument  main- 

Three angles,  45", 

The t t i . i r teen  f i e l d  luminances were measured us ing  a p o r t a b l e  1" spot  

luminance meter, 

luminance o f  t h e  work sur face  immediate ly  surrounding t h e  paper were 

measured t o  determine t h e  near surround luminance r a t i o .  I n  a d d i t i o n ,  

t h e  f o l l o w i n g  f a r  surround luminances were measured: t h e  luminance o f  

t h e  c e i l i n g  between lumina i res ;  t h e  b r i g h t e s t  l i g h t  source i n  f i e l d  o f  

view; t h e  b r i g h t e s t  c e i l i n g  area i n  f i e l d  o f  view; t h e  darkes t  area i n  

f i e l d  o f  view; t h e  w a l l  luminance a t  eye l e v e l  s t ra . igh t  ahead; 90" t o  

t h e  r i g h t ;  and 90" t o  t h e  l e f t .  The b r i g h t e s t  sky luminance i n  each o f  

t h e  f o u r  c a r d i n a l  d i r e c t i o n s  and i t s  pos- i t ion  w i t h  respect  t a  t h e  occu- 

pant  were recorded as viewed from t h e  seated p o s i t i o n .  

The lui i i inance of a s tandard w h i t e  bond paper and t h e  

The t e c h n i c a l  team a l s o  took two thermal and an a c o u s t i c  sound l e v e l  

Dry b u l b  and wet b u l b  temperatures were recorded f o r  each measurements. 

zonal area u s i n g  a s l i n g  psychrometer; a p o r t a b l e  sound l e v e l  meter 

measured t h e  ambient n o i s e  l e v e l  us ing  an A-weighted dec ibe l  scale. 

2.4 PROCEDURE FOR COLLECTING LIGHTING POWER DENSITY 

The c o l l e c t i o n  of l i g h t i n g  power d e n s i t y  d a t a  i n v o l v e d  o b t a i n i n g  t h e  

i n - s i t u  lamp and b a l l a s t  wattages f o r  a l l  l u m i n a i r e s  i n  and around t h e  

work s t a t i o n ,  and ass ign ing  f l o o r  areas assoc ia ted  w i t h  these wattages. 
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These wattages were f o r  bo th  p o r t a b l e  and s t a t i o n a r y  sources. Th is  

a c t i v i t y  r e q u i r e d  knowledge o f  t he  a c t u a l  lamps and b a l l a s t s  as 

i n s t a l  l e d ,  which o f t e n  d i  f f e r e d  s u b s t a n t i a l  l y  from t h t s  way t h e  env i  r m -  

ment Has o r i g i n a l l y  designed. Consequently, i t  became n ~ c e s s a r y  t o  

des ign  a sys temat i c  procedure f o r  documenting bo th  t h e  wattages and t h e  

areas used t o  determine the. power d e n s i t f e s  (Wat ts /squa?e a rea )  The 

l i g h t i n g  e v a l u a t i o n  form (see Appendix A )  was used d u r i n g  t h e  f i e l d  eua- 

l u a t i o n s  t o  reco rd  t h e  wattage and number o f  each type o f  l u m i n a i r e s  

P h i s  was done by v i s u a l  i n s p e c t i o n .  The l i g h t i n g  system s p e c i f i c a t i o n s ,  

a b a l l  a s t  ca ta l  og 

rtrernbcr r e s p o n s i b l e  for c o l  lecting t h i s  i n f o r m a t i o n .  Where f e a s i b l e ,  

spot  measureiiients were made a t  t h e  panel  board o f  t h e  amperages and the 

phase-to-ground and phase-to-phase vo l tages  o f  i n d i v i d u a l  l i g h t i n g  cir- 

c u i t s .  These d a t a  were then used i n  concer t  w i t h  t h e  updated r e f l e c t e d  

c e i l i n g  p lans  and t h e  work s t a t i o n  photographs, a l s o  s u p p l i e d  by one o f  

the exper t s ,  t o  detennine t h e  L o t a l  connected wa t tage  o f  each d e f i n e d  

a rea. 

and a poi-tab1 e mu1 t i r w t e r  a s s i  s t r d  t h e  exper t  team 

Two wattages and two assoc ia ted  areas were defined. The f i r s t  was 

f o r  the  l o c a l  work s t a t i o n .  Here the  local area was d e f i n e d  as ei ther  

t h e  area o f  t h e  enclosed o f f i c e  o r  the area bounded tsy p a r t i a l  w a l l  

b a r r i e r s .  

sonal  space boundar ies t h e  cen te r1  i ne between work s t a t i o n s  was t r e a t e d  

as t h e  boundary l i n e  (when less t han  f o u r  f e e t  a p a r t ) .  When no boundary 

was e v i d e n t  w t h i n  f o u r  feet ,  a four- f o o t  l i m i t  was used (see I n d i r e c t  

Environmental  Form, Appendix B ) .  The second a r e a s  the  general zone 

area, was de f  ned as t h e  area  bounded by wal l s9  w h i c h  f o r  t h e  open p l a n  

and open pool o f f i c e s ,  was %he area of the e n t i r e  bay, and t h e r e f o r e ,  

I n  t h e  case of open pool o f f i c e s  or areas w i t h o i i t  c l e a r  per-  
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r e q u i r e d  a deter r i i i na t ion  of  the wattage f o r  the bay. 

power d e n s i t i e s  were ob ta ined,  one t o r  t h e  l o c a l  t a s k  l i g h t i n g ,  and a 

second fo r  t h e  genera l  ambient l i g h t i n g .  

space was t h e  combinat ion of the two. 

Thus, two 1 igh t . ing  

The u n i t  power d e n s i t y  o f  the 
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3. DESCRIPTION OF B U I L D I N G S  AND LIGHTING ENVIRONMENTS 

Thirteen buildings were selected for evaluation, three as  a par t  o f  

the in i t j a l  s tudy ,  and ten as part of a follow-on study.  The selection 

o f  the bu i ld ings  began by f i r s t  es tab l  ishi t lg  a l i s t  of c r i te r ia  t o  be 

used. W i t h  the assistance of the Technical Review Comnittee, the 

f o l  1 ow! ng cr-i t e r i  a were devel aped : 

o ‘The building had t o  be predominately used for office space. 

o Although the building need not  be owned by the occupant, 
the office space was t o  be occupied by a single organization 
h a v i n g  same control over the lighting decisions made i n  
the b u i  1 di ng a 

o Cooperation was needed from t h e  building owner, the personnel 
manager, and the design firms involved. 

o Up-to-date drawings of work s t a t i o n  layauts and t he  reflected 
ceiling plan ( w i t h  specifications) had t o  be available. 

Q I t  was desirable t o  have the architectural program and the 
lighting design c r i t e r i a  t h a t  were used to  destgm the system. 

o A variety o f  lighting systems and l ight  sources were to  be 
i n c l  uded e 

For the in i t i a l  three buildings, the additional c r i t e r i a  were added: 

o The building had t o  be designed, not necessarily constructed, 
since 1975, 

o Energy conservation was t o  be an tmportant pa r t  o f  the, lighting 
d e s i g n so 1 11 t i on . 

o The qua l i ty  o f  the lighting environment was t o  be viewed i n  
general as  being relatively high. 

The in i t i a l  buildings were the “ f l a g  ship” buildings: corporate 

headquarters with professional lighting designers on the design team, 

The second set  o f  buildings sought to  enlarge the database by including 

different types o f  lighting systems and l ight sources, a broader range 
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o f  l i g h t i n g  power densit ies,  and a range i n  t h e  quality o f  the lighting 

sysl;elil (se? Table I). 

Candjdate !xi  1 d i  ngs were sol i c i  tec! 

sented on t h e  comrnittee, 3 r d  once f i n a  

the committee, v i s i t s  were made by the 

l i " '  L ~ P S .  I f  a l l  t he  c r i t e r i a  w r e  met 

the bui  1 d i  ng was sel ected. 

3.2 UESCKIPTIBN O F  SELECTED BUILDINGS 

c 
I ran the o r g a n i  r a t i o n s  rep re - "  

i s t s  were sczlected, a g a i n  u s f n g  

pioject team to inspect t h e  fac i -  

nd no unzxpected p r o b l  @ins fOlJnd, 

A b r i e f  description o f  t h e  t h j r t e e n  b u i l d i n g s  i s  given below. The 

f i r s t  three buildings are  t h e  " f l a g  s h i p "  b u i l d i n g s ,  and t h e  rernafning 

t e n  comprise Llip e x t e n d e d  study. Figure 7 S I I O K : . ~  a m i i t r f x  o f  t he  t y p e s  

o f  1 i g h t  i ng systetiis i n t l  uded in the s t ~ ~ d y ,  No statwicnts c n n c e r n i  rig 

representativeness can be mado from these fevc b u i l d i n g s ,  

variety of l i g h t i n g  systems wss sought, man:.. types o f  systems ar-e not 

represented i n  t h i s  sample. 

!&:le a 

Bui 1 d i n g  I_ #I  - 

The f i i * S t  b u i  1 d i n g  ova7 u a t e d  %as an e i g h t  s to ry  cor-porate o f f i c e  

b u i l d i n g  located il l  Tampa, F l o r i d a .  I t  was des!'jned w i t h  energy as an 

i m p o r t a n t  d e s i g n  f e z t u r e ,  m tan i  ny t h a t  s t r i n g e n t  requi mnents %ere 

placed on t h e  desigrr team, b u t  a t  the  same t i m e  energy d i d  n o t  dolnit iate 

thc design. A p r o f e s s i o n a l  lighting design f i r m   as retained f o r  the  

de5 iyn  of t h e  lighting system ~ n d ,  u s i n g  a t a r g e t  of 2.1 W/ft2, provided 

a n  o r i g i n a l  design t h a t  w:d3c3 estimated n o t  t o  ~ x c e c x i  

A1 through the l i g h t i n g  system almost  exclusivP!y used wariii ehi te  

f l u o r e s c e n t  saurces i n  the ceiling and cool r.,k:te source% a t  t h e  task,  a 

2.0 1 i / f t 2  overall. 
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Table 1. Lighting Systems Studied 

General lighting Suppl ernental t a sk  
~ - - - - - - ~ -  -l--..--ll__- B u i  1 d i  ny Number 

and Location Mount Lens Source Mount Lens Source 

1, Tampa, Flor’ida DR LV 
DIP  LV 

FM PL cw WIJ 
UW 

2. R i  chrnond Vi rgi ni a D I P  LV 
DR LV 

tilw 
WW 

3 e Ci nc-i nnat  i , 0h.i o FN - W W  F I  PL ww 

4. Asheville, North 
C a r o l  i na 

DP - 
FS - MH 

MH 

5. Washington, D.C. QR PL 

ID - 
CW 

w 6. Apple ton ,  Wisconsin 

cw 1. Gai thersbury,  
Mary1 and 

DS LV 

8 ,  New York, New York DR PL WW 

9. Ann Arbon, Michigan DR PL 

FM - 
cw 
ww 

I 

WW 10. New York, New York 

11. Albany, New York DR PL 

QR LV 

cw 
12.  New York, New York WW 

13. Hopewell, New Jersey DR LV CW 

Note: System code on following pages. 
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I .  Noun t ina  type 
Y -....-.. -- 

DR - Direct recessed ceiling system 
DS - Direct surface mounted ceiling system 
UP - Direct. pendent m~iit i ted system 
D I P -  D i  r e z t d i  tidi rect  pendent mounted systea 
D IW-" Di r e c t /  i nd i  r e c t  wall mounted bvall wash systel;; 
ID - Indirect pendent  mohrrteb system 
F I  - Furniture i n t e g r a t e d  
FM - Incli rect  furniture mounted systari 
FS - Indirect free standing system 
LS - Lumi tiuus cei 1 i n g  
bdM - Wal l / p a r t i t i o n  mounted 
CM - Ceiling imunted 
0 - Othe r  

11. 

LV - Parabolic louver 
E L  .- Egg c ra t e  l o u v e r  
SD - CW ( c ross -w i  se) LM (1  engl.ii-wr se )  s h i  e7 d i  ng 
WL - P r i s m a t i c  wraparound lens 
PC - F l a t  prismatic lens 
BL - Batwing louver 
BD ." Batwi r;g d i  f f u s e r  
NC - No control 
0 - I l ther  

111. Source type ___I___._ 

cw - Cool w h i t e  67 usrescent 
DCW- Del uxe cool wh j Le f l  iiorcscerrt 
W W  ." Warm white fluorescent 
DWW- De7 uxe warm whi te  f l  uorec~ceslt 
DL .- Uayl i y h t  f l  uor-escent 
b! - White fluorescent 
MH - Metal halide 
IPS-- Hi yh p ressu re  sodi urn 
IN - Incandescent 
MV - Mercury Vapor 
C C  - Cold-cathode 
0 - Other 
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variety of lighting fixtures and configurations were employed. The 

building had a mix of enclosed office and open off ice  arrangements and 

used a professionally designed open office system equipped with sound 

masking and acoustically treated partial wall barriers. Many o f  the 

open offices had furniture mounted task luminaires. A f ew  had free 

standing task luminaires. The ceiling was f i t t ed  w i t h  "1x4" fluorescent 

fixtures with open parabolic louvers and with periodic placement o f  

pendent-mounted and wall-mounted direct/  indirect linear units. The 

ceiling fixtures were not uniformly distributed over the ceiling area 

b u t  were concentrated where needed most. The wall mounted fixtures were 

used extensively t o  provide perimeter wall wash. 

Bui 1 ding # 2  

The second building, loeated in a suburban area o f  Virginia, i s  a 

low-rise corporate headquarters with two floors on one side and three on 

the other side of a strong central spine r u n n i n g  the ful l  extent of the 

bui 1 d i n g .  

Like the f i r s t  building, I t  had a good mix o f  enclosed and open 

offices. 

and used a warin white ceiling system w i t h  periodic wall wash. Other 

than these s imilar i t ies ,  however, the lighting system was quite dif-  

ferent. Only a few t a s k  luminaires were used i n  th i s  second building. 

As a resul t ,  the wann white ceiling system dominated the environment, 

particularly i n  the interior o f  the building where no supplemental 

daylight was provided. 

"1x4" fluorescent ceiling units with pardbol i c  louvers evenly dis t r i -  

buted i n  l inear rows, The exceptions were bays where l inear rows o f  

I t  was a l s o  designed by a professional lighting design f i r m ,  

The majority o f  the ceiling system had recessed 
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pendent IIiQUneed d i  r e c t / i  nd i  r e c t  f i x t u r e s  W C P ~  I I S F ~ .  The few Cases t h a t  

had t a s k  1 urninai res were ci t h e r  spaces w i t h  warn r&:(il I te  T i  i io rescent  f u r -  

n i t u r e  u n i t s  o r  d r a f t i n g  areas w i t h  a d d i t i o n a l  sw ive l  t ype  d i -a f t i ng  

u n i t s ,  

B u i l d i n g  83 
1-1_-_-1_ 

T h e  t h i  t-d b u i l d i n g  was a co rpo ra te  headquar ters  t h a t  occupied t h e  

f i r s t  e levcn  f l o o r s  o f  a high-rise o f f i c e  b u i l d i r i y  i n  downtowil 

C i n c i n n a t i .  L i k e  t h e  two p r e v i s u s  b u i l d i n g s ,  a p ro fess iona l  l i g h t i n g  

des ign  firm %as consu l ted  i n  the  design of t h ~  lighting system. A l t h o u g h  

t h i s  system a l s o  madc use o f  wann w h i t e  f luorescer~t  S O U P L ~ ~ ,  t h e  s y s t m  

w25 v i r t u a l  ly a1 1 f u r n i t u r e  mounted, and t h ~ i s ,  v a s t l y  d i f f e r e n t .  Ihe 

t a s k / a m b i e n l  S Y S ~ W  made e x t e n s i v e  us& of l o c a l  f u r n i  l u r e  moianted u n i t s  

- 

f o r  b a t h  t h e  t a s k  and the ambient l i g h t ;  consequent ly ,  t h e  w i l i n g  was 

v i r t u a l ! y  v o i d  o f  l um ina i res .  An impor tan t  a t t r f b u t e  o f  t h i s  l i g h t i n g  

system was t h e  degree o f  i n d i v i d u a l  control t h e  occupanLs had over  the 

amount of; l i g h t  i n  and around t he i r  space, s i n c e  bo th  the  t a s k  and the 

ambient l i g h t  was c o n t r o l l e d  a t  t h e  work s t a t i o n .  Las t ly ,  in spaces 

where i nsuf f  i c i  e n t  ambient 1 i g h t  was p rov ided  by t h e  f u r n i  t i r e  zounted 

u n i t s ,  f r e e  s tand ing  metal ha1 f d e  k i o s k s  were added. 

B u i l d i n g  #4 -- 

Located near Ashevi 11 e a Nor th  Carol  i na t h e  f o u r t h  bu i  1 df ng W ~ S  

c o n s t r u c t e d  i n  1979 and was t o  be an energy e f f i c i e n t  b u i l d i n g  by u s i n g  

l i g h t  sources t h a t  had a h igh  1uiainoLis e f f i c a c y .  Ihe l i g h t i n g  system 

used pendent-mounted -indirect u n f t r  w i t h  s i n g l e  lamp metal  h a l i d e  sources. 

These u n i t s  were suspended 18 inches from t h e  c e i l i n g  and were installed 

- 

t h r o u g h o u t  t h e  b u i l d i n g ,  w i t h  only twa except ions,  I n  an open bay area 
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on the second f l o o r  the pendent mounted units were replaced with free 

stafiding indirect metal halide kiosks, and a series o f  pendent mounted 

indirect fluorescent unlts were used in the lobby. Most o f  the offices 

evaluated, however, had the pendent mounted metal halide units. These 

enclosed offices had either one o r  two units, depending on office size,  

and only rarely were any t a sk  lighting units found. 

Building # 5  -- 
I-_- 

The f i f t h  building was a professional society headquarters located 

in downtown Washington, D.C. The sampled work stations were taken from 

three of the eight f l o o r s  o f  the building. On y a few o f  the work sta- 

tions were enclosed offices;  instead, the b u l k  of the work stations were 

i n  an open plan office arrangement. The l ight n y  system used recessed 

cei 1 i ng "2x4" 4-1 amp units with cool white f l  uorescent sources and 

prismatic lenses. As a result  of an ear l ie r  delamping scheme, a large 

fraction of the 4-lamp ceiling units had only two lamps i n  them. The 

fixtures were generally distributed uniformly across the ceiling, b u t  

were occasionally repositioned to  provide additional l ight i n  certain 

areas. A variety of task lighting units, some brought in by the occu- 

pants ,  were used t o  provide supplemental l ight .  

Building #6 

The sixth building was a low-rise off ice  coi-nplex located outside o f  

Appletan, Wisconsin, The major feature of th i s  large two-story office 

i s  the extensive use of daylighting froin bo th  side windows and overhead 

skylights. Due t o  time and cost res t ra ints ,  only the second floor of 

the over 5QQ,QOQ square Foot office was evaluated. Although the 

ddylight provided a dratnatic quali tative element to the space, indirect 
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h i g h - o u t p u t  wh i t e  f l  uorescent  u n i  'is p r o v i d e  most  o f  the  *wrk s t a t i o n  

i l l u m i n a t i o n ,  w i t h  l o c a l  f r e e  Stdndi i ly  t ask  u n i t s  t o  augment the  ambient 

1 i g h t .  The general  l i g h t i n g  systeni employed 1 i n e a r  h igh -ou tpu t  lamps 

mounted w i t h i n  t h e  well o f  t h e  s k y l i g h t ,  p r o v i d i n g  supplemental l i g h t  

a long  t h e  w a l l s  o f  t h e  s k y l i g h t .  Th i s  overhead l i g h t i n g  5y51,m was 

cont ro l  l e d  on an a u t o m a t e d  computer Gontii-ol systew whfch c o u l d  sw i tch  

t h e  system t o  a h a l f - l o a d  c o n d i t i o n  d u r i n g  t h e  s~;umer months, 

s t r a t e g y ,  however, was n o t  i n  e f f e c t  d u r i n g  t h e  e v a l u a t i o n  peyiod. 

Th fs  

B u i l d i n g  # 7  -- . . . . . . . . I I --- 

T h i s  a d m i n i s t r a t i o n  b u i l d i n g  i s  s i tuate$- !  on a r e s r a r c h  campus in a 

- 
suburban area  o u t s i d e  o f  Washington , D.C, 

o f f i c e  b u i l d i r l g  was b u i l t  i n  t h e  e a r l y  1960's  and i s  a douhle- loaded 

c o r r i d o r  w i t h  t h e  wit-dows f a c i n g  e i t h e r  n o r t h  or south.  

I tip t h i  r t e e n - f l o o r  h i g h - r i s e  

Three o f  t h e  

t h i r t e e n  floor-s (2nd, 3rd,  and 8 t h )  w r e  sampled, and from these a sub- 

sample was d r a w i  t o  o b t a i n  t h e  work s t a t i o n 5  evaluated,  Most o f  tire 

work s t a t i o n s  were i n  enclosed o f f i c e s  which hdd two occupants per 

office. With o n l y  a few excep t ions  the l i g h t i n g  system employed surface 

m ~ c ~ n t e d  "1x4" c e i  1 i ng u n i t s  w i t h  2-1 amp con1 w h i t e  f l u o r e s c e n t  S Q U ~ C Q S  

and egg-crate l o u v e r s  w i th  side elements o f  d i f f u s e  glass. The l u m i n a i r s s  

were arranged i n  banks o f  t h r e e  u n i t s  each runnfng pe rpend icu la r  t o  t h e  

~.i indows. Few t a s k  l i g h t s  were used i n  the b u i l d i n g .  

Rui 1 d m # 8  - 
I-- 

The spaces eva lua ted  i n  t h e  e i g h t h  b u i l d i n g  were l o c a t e d  on the  

t h i r t i e t h  f l o o r  o f  a h i g h - r i s e  federa l  o f f i c e  b u i l d i n g  i n  l ower  Marshatt-an. 

Other than a few s e c r e t a r i a l  spaces, a l l  the  work s t a t i o n s  were s i n g l e  

enc losed o f f i c e s  w i t h  w i ~ d o w s  o v e r l o o k i n g  the c i t y .  The tenan t  had only 
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26 f u l l - t i m e  employees; consequent ly ,  a l l  work s t a t i o n s  were i nc luded  i n  

t h e  eval  ua t i on .  The 1 i g h t  i ng system used recessed c e i  1 i ng-mounted "2x4" 

u n i t s  w i t h  p r i s m a t i c  lenses  and e i t h e r  two QP f o u r  warm w h i t e  

f l u o r e s c e n t  lamps p e r  u n i t .  

found. Q h t e r  than  the  f a c t  t h a t  the warn w h i t e  sources were used, t h e  

c e i l i n g  system was s i m i l a r  t o  the  system i n  b u i l d i n g  # 5 .  

A few p o r t a b l e  f l u o r e s c e n t  desk u n i t s  were 

B u i l d i n g  # O  I_--... m_ 

Located on t h e  campus o f  the  U n i v e r s i t y  o f  Mich igan,  t h i s  b u i l d i n g  

houses bo th  f a c u l t y  and graduate  s tudents.  The f o u r - s t o r y  o f f i c e  

b u i l d i n g  i s  a double- loaded c o r r i d o r  w i t h  p e r i m e t e r  o f f i c e s  and i n t e r i o r  

o f f l c e s  t h a t  f ace  on to  an open c o u r t  area. The sub-sample i n  t h i s  

b u i  1 d i n g  was t h e  upper two f 1 oors  c o n t a i  n i  ng exc l  u s i v e l y  enclosed o f f i c e s  

t h d t ,  f o r  t h e  most p a r t ,  were i d e n t i c a l  i n  s i ze .  The o f f i c e s  had two 

recessed c e i l  ing-mounted "2x4" u n i t s  p e r  o f f i c e .  The f i x t u r e s  were 

s i m i l a r  t o  those found in b u i l d i n g  #5 and used 2-lamp coo l  w h i t e  

f l u o r e s c e n t  sources i n  t h e  4-lamp u n i t s .  

i n d i v i d u a l  o f f i c e s  was s i m i l a r  t o  t h a t  found i n  b u i l d i n g  #8. 

The l i g h t i n g  system i n  t h e  

B u i l d i n 2  #IO 
-.I--- --- 

The o f f i c e s  eva lua ted  i n  t h e  t e n t h  b u i l d i n g  a re  on the 5th ,  6th, and 

7 t h  f l o o r s  o f  a h i g h - r i s e  o f f i c e  b ~ j ~ ~ i n ~  l o c a t e d  i n  midtown Manhattan, 

New York City. The o f f i c e s  were e x c f u s i v e l y  open plan cub ic les .  A 

t a s k l a m b i e n t  l i g h t i n g  system, i d e n t i c a l  t u  t h a t  used i n  b u i l d i n g  #3 ,  was 

i n s t a l  1 ed w i n g  t h e  Same equi  pment and 1 i g h t  sources .I The f u r n i t u r e  

crsntai ned up-1 i g h t  u n i t s  t h a t  washed t h e  c e i  1 i ng and down-1 1 g h t  u n i t s  

t h a t  p rov ided  t a s k  l i g h t .  The i n d i r e c t  u n i t s  were 4-lainp f i x t u r e s  wi th  

warm w h i t e  f l u o r e s c e n t  sources and p r i s m a t i c  lenses,  and were mounted on 
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t o p  o f  t h e  f u r n i t u r e  i n  an up position. The s ing ie- lamp t a s k  u n i t s  

used e i t h w  cool white o r  war~i i  white f l u o w s c e n t  lamps and w r e  posi-  

t i o n e d  d i r e c t l y  over  t h e  desks. Al though prismatic l enses  werv or iy7 ' -  

n a l l y  l o c a t e d  i n  t h e  t a s k  w i t s ,  most. o f  these lenses were no longer  i n  

place when t h e  f i e l d  e v a l u a t i o n s  took  p lace ,  A few p o r t a b l e  t a s k  u n i t s  

were a l so  found. 

B u i  1 d i  n c ~ J l l  __-- _-.-- 

The o f f i c e s  eva lua ted  i n  t h e  e l e v e n t h  b u i l d i n g  were l o c a t e d  on s e w n  

f l o o r s  o f  a m i d - r i s e  s t a t e  governrcient o f f i c e  b u i l d i n g  i n  Albany, New 

York. 

almost no k s k  u n i  t s  used. The con t f  niioiis 2-1 .mp Fi xturef; , 1 amped p9i t h  

coo l  wh ;le F1 uorescent  sources f. wcx recessed i n t i r  the cei 1 i ng and spaces 

f i v e  f e e t  a p a r t  t o  p r o v i d e  oven i l l i m i n d L i s n .  Because ewi-yy conserva t i on  

was an i s sue ,  a delarnpiny scheme similar t o  t h a t  used i n  b u i l d i n g s  # 5  

and 9 was employed. The off ices  had approx imate ly  a 60/41 mix o f  enclosed 

o f f i c e s  t o  open pool spaces, 

H l i n e a r  c e i l i n g  systerii was u t i l i z e d  throughout  t he  b u i l d i n g  w i t h  

f l o o r  o f  a h i g h - r i s e  o f f i c e  b u i l d ?  

o f  t h e  offices i n c l u d e d  i n  the eva 

used was t h e  saim as that:  Found i n  

i nd i  r e c t  f u r n i t u r e  mounted cei 1 i n y  

.- Bui 1 d i n g  # I 2  

The c o r p o r a t e  o f f  ices eva lua ted  i n  b u i l d i n g  #I2 occupied t h e  29th 

One 

ture  

the 

x 4  

f o o t  i-1 uorescent u n i t s  w l ' t h  l ow  br* igt i tn@as p a r a b o l i c  l o u v e r s  were even ly  

spaced throoghout  t h e  space. ! d f t h  t h e  excpption o f  spacing, Liie c e i l i n g  

system was s i m i l a r  t o  the ieceSs& u n i t s  i n  tile second b u i l d i n g .  The 

ari ibfent dnd t n e  t a s k  snui"cc?~ w n e  a l s o  s i rn i lz i - r  w r m  w h i t e  sources f o i  

g i n  midtown Manhattan, A11 hut 

u a t i o n  were open plan.  The F u r n  

b u i l d i n g s  # 3  and 10, b u t  14it.hout 

u n i t s -  I ns tead ,  recessed 9 i nch  
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t h e  ambient system and cool white sources ( w i t h  a few except ians) f a r  

t h e  tasks .  

Building # I 3  
--I_--.._.- 

The l a s t  b u i l d i n g  was located i n  Hopewell, New Jersey. I t  had a 

task/ambient  l i g h t i n g  systeni s i m i l a r  t o  building #12, h u t  w i t h  cool 

white f l  uorescent sources e 

spaced w i f a r n l y  over  the ceiling g r i d .  

system, d t h  f u r n i t u r e  mounted task units, was sim.i lar  t o  systems 

i n s t a l l e d  i n  b u i l d i n g s  6 3 ,  10, and 12. 

The cei  1 i ny system hdd "2x4" parahol  i c  [ani t s  

The open p lan  o f f i c e  f u r n i t u r e  





31 

4. OUTLINE OF STATISTICAL ANALYSIS PROCESS 

4 . 1  SAMPLING ~~~~E~~~~ 

Al though da ta  were c o l l e c t e d  f rom t h i r t e e n  b u i l d i n g s ,  t he  b u l k  o f  t he  

data,  and consequent ly  t h e  t h r u s t  o f  t h e  ana lys i s ,  focuses on t h e  work 

s t a t i o n  as the u n i t  o f  ana lys i s .  These work s t a t i o n s  were randomly 

sampled from t h e  p o p u l a t i o n  of work s t a t i o n s  i n  each b u i l d i n g ,  and 

represented  work s t a t i o n s  w i t h  occupants from a l l  l e v e l s  o f  management 

and age group, w i t h  t h e  o n l y  s t i p u l a t i o n  be ing  t h a t  t h e  space i s  used as 

an o f f i c e .  

Dur ing  p r e l i m i n a r y  v i s i t s  t o  each o f  the  t h i r t e e n  b u i l d i n g s ,  s im i -  

l a r i t i e s  i n  work s t a t i o n  l a y o u t  and f u r n i s h i n g s  were noted. 

t ime,  d i f f e r e n c e s  were observed i n  t h e  s izes ,  l o c a t i o n s ,  and l i g h t i n g  

c h a r a c t e r i s t i c s  of t h e  work s t a t i o n s .  

A t  t he  same 

For  t h e  f i r s t  t h r e e  b u i l d i n g s ,  t h e  d e c i s i o n  was made t o  ga ther  da ta  

f rom a r e p r e s e n t a t i v e  sample of 150 work s t a t i o n s  i n  each b u i l d i n g  i n  

o r d e r  t o  achieve v a r i a b i l i t y  i n  bo th  work s t a t i o n  c h a r a c t e r i s t i c s  and 

occupant responses. Th is  number was based l a r g e l y  on t h e  es t ima te  o f  

t h e  number o f  work s t a t i o n s  t h a t  cou ld  be observed and measured by t h e  

e v a l u a t i o n  teams d u r i n g  t h e  course o f  a week. 

i n f l u e n c e d  by t h e  da ta  a n a l y s i s  t h a t  was a n t i c i p a t e d .  

account f o r  a nonresponse r a t e  i n  these f i r s t  b u i l d i n g s ,  t h e  d e c i s i o n  

was made t o  d i s t r i b u t e  q u e s t l o n n a i r e s  t o  t h e  occupants i n  180 work s ta -  

t i o n s  i n  each b u i l d i n g .  I n  o t h e r  words, a two-stage sampling procedure 

was employed. A t o t a l  o f  180 work s t a t i o n s  were randomly sampled f o r  

i d e n t i f y i n g  t h e  work s t a t i o n s  where q u e s t i o n n a i r e s  were d i s t r i b u t e d .  

second random subsdmple f rom these 180 i d e n t i f i e d  150 work s t a t i o n s  

where measurements were made. 

The number was a l s o  

I n  o rde r  t o  

A 
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For the extended s e t  o f  b u i l d i n g s ,  t h e  sampling number was reduced 

t o  80 work s t a t i o n s  pe r  isui 1 d i n g  where ques t i onna i  r e s  were d i s t r i b u t e d  * 

A subsample of 50 work, s t a t i o n s  was obta ined,  whew p o s s i b l e ,  from which 

b o t h  occupant and envi ronmental da ta  were c o l  1 ected. The smal l  e r  sarnpl e 

s i z e s  a1 lowed itmm b u i l d i n g s  t o  be i n c l u d e d  in t h e  st.iidy, thereby 

i n c r e a s i  ng t h e  o v e r a l l  v a r i  a b i  1 i t y  o f  1 i g h t f  ng condi t i o n s  studi cd. 

To m a i n t a i n  sampling ratios consistent w i t h  the i n i t i a l  se t  o f  b u i l d -  

i n g s ,  ca re  vas taken t o  sample from a p r o p o r t i o n a t e l y  s m a l l e r  number of 

work st .at ions.  T h i s  meant t h a t  on occasion t h e  sample of work s‘cdtions 

was drawn from a group w i t h i n  t h e  b u i l d i n g  and not; t h e  ent i re  b u i l d i n g .  

Table 2 desc r ibes  the number o f  work s t a t i o n s  a v a i l a b l e  f o r  

sarnp? i ng , the number o f  occupant ques t i onna i  r e s  cnl 1 ected, t h e  number o f  

d i  r e c t  e t iv i  ronniental measures c o l l e c t e d ,  and other nampl i n g  i n f o r t n a t i o n  

f o r  t h e  t h i r t e e n  b u i l d i n g s .  A l t o g e t h e r ,  1173 q u e s t i o n n a i r e s  were 

d i s t r i t m t e d  o f  h i c h  964 (82%) were ret.urned. D i r e c t  env i  ronmental 

neasureincnts were colnpl e t e d  f o r  916 work s t a t i o n s .  

4.2 ANALYSIS PLAN 

The a n a l y s i s  p l a n  c o n s i s t s  of s i x  basic p a r t s :  

o d e s c r i b i n g  how t h e  v a r i o u s  measures are d i s t r i b u L e d  across t h e  
sample o f  work s t a t i o n s ;  

o i d e n t i  f y i  t q  key outcoine measures t o  be examined (dependent 
v a r i  ab1 es)  ; 

o i d e n t i f y i n g  p o s s i b l e  i n f l u e n c i n g  c o n d i t i o n s  or p r e d i c t o r s  
( independent  v a r i a b l e s ) ;  

o deve lop ing  coinbi ned measures fo r  t h e  dependent and independent 
v a r i a b l e s  ( d a t a  r e d u c t i o n )  ; 

exarrri n i  ng h i  v a r i  a t e  re1 at ianshl ’  ps between t h e  i ndependenk and 
dependent v a r i a b l e s ;  and 

o 

o Complet ing m u 1  t i v a r i  a t e  analyses of sel e c t e d  dependent v a r i  ab1 es. 
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Table 2. Sampling d i s t r i b u t i o n  o f  study 

Bui  1 di  ny Sampl i ng NwSa Nqdb Nqrc Ndmd interva,e 

1. Tampa, F l o r i d a  

2. 

3. C i n c i n n a t i ,  Ohio 

4. Ashevi 1 1  e, Nor th  Carol i na 

5. Washington, D.C. 

6 . Appl e ton  Wisconsin 

7. Gal t h e r s b u r g  , Maryland 

8. New York, New York 

9. Ann Arbon, Michigan 

Richmond, V i  r g i  n i  a 

10. New York, New York 

11. Albany, New York 

12. New York, New York 

13. Hopewell, New Jersey  

TOTALS 

916 

715 

1217 

88 

124 

609 

112 

27 

24 2 

352 

195 

79 

147 

4823 

184 165 149 

180 66 149 

180 166 149 

84 75 51 

48 44 46 

79 77 49 

49 41 48 

27 26 26 

50 42 50 

64 49 51  

79 75 50 

79 65 49 

77 61 49 

1180 955 916 

5.09 

3.97 

6.76 

1.04 

2.58 

7.71 

2.29 

1.00 

4.84 

5.50 

2.47 

1.00 

1.84 

aNws = t o t a l  number o f  work s t a t i o n s  from which t h e  sample was taken. 
hNqd = number o f  ques t i onna i res  d i s t r i b u t e d .  
CNqr = number of  ques t ionna i res  returned. 
dNdm = number o f  work s t a t i o n s  wi th  d i r e c t  measures. 
eSampl i ng i n t e r v a l  = NWs/Nqd 
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5. STRATEGY FOR REACHING 

A s h o r t  d e s c r i p t i o n  i s  p rov ided  below 

PROJECT GOALS 

d i s c u s s i n g  each o f  t h e  f o u r  

goa ls  o f  t h e  p r o j e c t  and how each is  addressed. 

o f  t h i s  r e p o r t  t o  p resen t  f i n d i n g s  o r  conc lus ions ;  t hese  w i l l  be repo r ted  

It i s  n o t  t h e  purpose 

s e p a r a t e l y  i n  Volumes 2 and 3. 

however, i s  an impor tan t  p a r t  o f  t h e  methodology, and thus ,  has been 

The s t r a t e g y  f o r  reach ing  these goals, 

i n c l  uded here. 

5.1 ADDRESSING GOAL #1: PREPARATION OF A WORKING DATA FILE 

Goal #1: To prepare  a database o f  re fe rence  i n f o r m a t i o n  o f  
c a l c u l a b l e ,  measurable, and s u b j e c t i v e  aspects o f  
l i g h t i n g  i n  a s t a t i s t i c a l l y  sampled number o f  work 
s t a t i o n s  i n  a s e r i e s  o f  occupied o f f i c e  b u i l d i n g s .  

Data  w i l l  be compi led i n t o  a f i l e  t h a t  can be processed by s t a t i s t i -  

cal so f tware  packages. These d a t a  w i l l  be o rgan ized us ing  t h e  i n d i v i d u a l  

work s t a t i o n  as t h e  u n i t  o f  a n a l y s i s  ( F i g u r e  1). Each o f  t h e  measured 

data and occupant response da ta  f o r  t h e  work s t a t i o n  w i l l  be represented  

i n  i n d i v i d u a l  fields w i t h i n  each record ,  where a reco rd  represents  a 

s i n g l e  work s t a t i o n .  Thus, one o r  mare a t t r i b u t e  o f  the work s t a t i o n  

can be compared a g a i n s t  a t h e r  a t t r i b u t e s  p r o v i d i n g  a r e l a t i o n a l  da ta  

s t r u c t u r e ,  A separa te  companion r e p o r t  w i l l  d e s c r i b e  t h e  database 

des ign  i n  d e t a i l .  

5.2 ADDRESSING GOAL #2: THE FEASIBILITY OF A LIGHTING QUALITY METRIC 

Goal #2: To i n v e s t i g a t e  t h e  v i a b i l i t y  o f  a l i g h t i n g  q u a l i t y  m e t r i c  

L i g h t i n g  q u a l i t y  w i l l  be eva lua ted  i n  t e r n s  of occupant and exper t  

r a t i n g s  o f  o v e r a l l  l i g h t i n g  s a t i s f a c t i o n ,  occupant r a t i n g s  of l i g h t l ’ n g  

f o r  pe r fo rm ing  work, occupant r a t i n g s  of a t t r a c t i v e n e s s  o f  t h e  v i s u a l  

u s i n g  elements o f  t h e  database. 
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environment,  and f o r  the i n i t i a l  s tudy ,  e x p e r t  r a t i n g s  of t h e  

approp r ia teness  o f  the 1 i g h t i  ng system. These R ~ ~ S I A T ~ S  wi 11 be cofipared 

aga 

and 

5 * 3  

nst. a s e r i e s  o f  p o s s i b l e  outcome measures i n  a u n i v a r i a t e ,  b i v a r i a t e  

mu1 t i v a r i  a t e  fash ion .  

ADDRESS I NG GOAL #3 : COMPARISON OF POWER DENS1 TY TO OTHER NEASIJRES 

Goal #3:  To i n v e s t i g a t e  r e l a t i o n s h i p s  between u n i t  power d e n s i t y  
and the measures o f  l i g h t l n g  con ta ined  w i t h i n  t h e  database, 

The r e l a t i o n a l  c a p a b i l i t i e s  of the database will  be used to exp lo re  

p o s s i b l e  r e l a t i o n s h i p s  between the l i g h t i n g  power density of a work s t a -  

t i o n  and other da ta  c o l l e c t e d  f o r  the same work s ta t i on .  

5.4 ADDRESSING GOAL #4:  ESTABLISHMENT OF A DATABASE 

Goal #$:  To i n i t i a t e  t h e  development o f  a database t h a t  can even- 
t u a l l y  be used by standards writing o r g a n i z a t i o n s  i n  
estsrbl i s h i  ng 1 i y h t i  ng energy standards.  

T h e  database a r c h i v i n g  p l a n  i s  t o  inake the database a c c e s s i b l e  i n  

two forms. A !?-track A S C I I  l i iagnetic tape of clean d a t a  and a d i c t iona ry  

t o  supplement t h e  tape  w i l l  be prepared f o r  use by those w i s h i n g  to l o a d  

t h e  d a t a  onto t h e i r  o ~ n  mainframe computer system. Those us ing  tile 

database in t h i s  form woinld have access t o  the d a t a  d i r e c t l y ,  b u t  wauid 

need t o  have the?  r own programmi rig suppor t  for l o a d i  ng accessing and 

- process ing  t h e  data.  

v e r s i o n  of the d a t a  on diskettes For- lnse under a commerc ia l ly  a v a i l a b l e  

database management system (DBMS) .I 

Ihe ~ e c ~ n d  form o f  t h e  database w i l l  be a PC-based 

Here the data  i.rsul d be pi-otected 

meaning t h a t  the da ta  can be accessed b u t  n o t  changed. A p p l i c a t i o n  

software tmuld be prov ided  t o  access the  d a t a  and t o  a s s i s t  i n  us ing  the 

database on the DRMS. 
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6. CONCLUSIONS AND FUTURE WORK 

This research effor t  has been largely devoted t o  the deve,opment and 

pretesting of a procedure t h a t  can be used for evaluating quantitative 

and quali tative elements of occupied office lighting systems. 

methodology provides a structure f o r  exploring re1 ationships between and 

among these elements, 

t i s t i c s  and relationships discovered, and conclusions developed from 

t h i s  project will be reported in subsequent volumes of th i s  report. 

preliminary review of the da ta  suggests t h a t  they are valid for meeting 

the goals o f  the study. 

wjde range in most of the quantitative and quali tative measures. 

i s  a mix in the age group, sex, use o f  glasses and contacts, and manage- 

ment level of the occupants. 

most o f  the quantitative measures with the exception o f  luminance 

contrast and contrast rendition factor. I t  also i s  clear t h a t  the occu- 

pants were able t o  delineate their  views abou t  the lighting from their  

views concerning other factors in the environment. 

The 

A detailed description of the database, the sta- 

A 

The univariate distributions have verified a 

There 

There i s  a lso significant variation in 

Since the number and type of building office environtnents was very 

limited, i t  is strongly recommended t h a t  for future work, additional 

buildings and office lighting environments be incorporated into the 

database. 

systems in th i s  study have major daylighting emphasis or control s t ra te-  

gies t h a t  change with time. 

t h a t  contain these features. 

Cost and time restraints  required t h a t  few of the lighting 

Future work i s  needed t o  evaluate systems 
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The fo i i on ! ' ng  i s  a summary d e s c r i p t i o n  o f  the da ta  co l lect .ed f o r  

each o f  t h e  work s t a t i o n s  i n c l u d e d  i n  t h e  study. The da ta  have been 

o rgan ized  i n t o  f i v e  hasfc  g r o i ~ p s :  1) s u b j e c t i v 2  measures r e l a t e d  t o  the 

v i  sua1 envf roninent, 2 )  photo lnet r i  c and o t h e r  d i  r e c t  envi  ronmental 

measures, 3 j  l i g h t i n g  p o w r  d e n s i t y  and o t h e r  indjrect  measure, 4 )  

d e s c r i p t i v e  c h a r a c t e r i  5 t i c s  o f  t h e  occupant$, and 5 )  o the r  s u b j e c t i v e  

Ineasuws n o t  d i  r e z t i y  r e 1  a t c d  t o  t h e  v i  srial env i  ronineni, b u t  measures 

tha-l;  may i n f l u e n c e  i t .  

1. SUBJECTIVE MEASURES KEIATED IO THE VISUAL ENVIKONMLNT 

The occupant and e x p e r t  responses t a  quest ions r e l a t e d  t o  t h e  v i s u a l  

e n v i  ronmerk are i teerni z e d  be l  ow. A1 though t h e  occupants responded t o  

n-rany d i f f e r e n t  type'; o f  quest ions,  n o t  jusl :  those r e l a t e d  t ~ o  l i g h t i n g  

and t h e  v i s u a l  environment, o n l y  those w i t h  t h i s  p a r t i c u l a r  t h r u s t  a r e  

i f l c l  uded here. Occupant responses t o  many other nori-l i g h t i  n y  re7 ated 

ques t ions  can be found under item ( E ) .  

A. Impressions o f  S a t i s f a c t i o n  

R a t i n g  o f  o v e r a l l  s a t i s f a c t i o n  w i t h  t h e  l i g h t i n g  a t  
work space. 

Rat i r iy  o f  how w e l l  b u i l d i n g  i s  l i t  ove ra l l .  

c R a t i n y  o f  s a t i s f a c t i o n  w i t h  t h e  l i g h t i n g  t o  pe r fo rm 
d i  f Per'ent tasks ,  

Q R a t i n g  o f  p re fe rence  f o r  improved l i g h t  compared t o  
o t h e r  p o s s i b l e  chanyes. 

Ra t ing  o f  p re fe rence  f o r  more d a y l i g h t  cornpared t o  
o t h e r  p o s s i b l e  changes. 

s Rat ing  o f  l o c a t i o n  of c e i l i n g  l i g h t s  i n  r e l a t i o n  t o  
work area. 
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0 Rat ing  o f  a b i l i t y  t o  adjust t h e  d i r e c t i o n  of t h e  l i g h t  
on work. 

e R a t i n g  o f  o v e r a l l  s a t i s f a c t i o n  w i t h  o f f i c e  o r  work space. 

(I, R a t i n g  o f  o v e r a l l  j o b  s a t i s f a c t i o n ,  

R .  Impress ions o f  Performance 

I, Rat ing  o f  t he  amount o f  l i g h t  f o r  the  work t o  be done. 

R a t i n g  of  bothersorneness o f  re f1  ected g l a r e  frm work 
sur face .  

o R a t i n g  o f  bothersorneness o f  glare from c e i l i n g  l i g h t s .  

e Rat ing  o f  bothersomeness o f  g l a r e  from t a s k  l i g h t s .  

R a t i n g  o f  bothersorneness of g l a r e  froin s u n l i g h t .  

o R a t i n g  o f  bothersomeness o f  f l i c k e r  o f f  CRT screen. 

I, R a t i n g  o f  bothersomeness o f  glare f rom l i g h t  above o r  
beh ind  CRT screen, 

C. Impressions o f  Attractiveness 

6~ Rat ing  o f  t h e  o v e r a l l  l i g h t i n g  a t t r a c t i v e n e s s .  

e Rat ing  o f  the overall b u i l d i n g  a t t r a c t i v e n e s s ,  

a 

b 

R a t i n g  o f  t h e  a t t r a c t i v e n e s s  o f  the  m i n  lobby.  

R a t i n g  o f  t h e  ""l ighting quality" o f  t h e  main lobby, 
c a f e t e r i a ,  conferencx room, c o r r i d o r s / h a l  lwa.ys, 
and reat-  ~ O O ~ S .  

Minting o f  the vi sua1 enu-i ronment (seinant lc scales) .  

- p l  easantraess - space brightness 

- spacicusness - a t t r a c t i v e n e s s  

- r e 1  axed atmosphere - so f tness  o f  l i g h t  

- comfortable atmosphere - i asterest i  rag atmosphere 
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0. Impressions o f  Appropriateness o f  the L i g h t i n g  Design 

a ~ i  Rating o f  the appropriateness o f  light f o r  the  
primary task.  

Rating o f  the appropriateness of l i g h t  f o r  the 
secondary t ask .  

BD Rating o f  the position o f  l ight source relative 
t o  task. 

e Rating o f  opportunity f a r  visual relief.  

Rat ing  o f  appropriateness of ambient l ight sources 
for overal l  work space. 

8 R a t i n g  o f  app rop r ia teness  of supplementary t a sk  
1 i g h t  source. 

2. PHOTOMETRIC Rc OTHER DIRECT € ~ ~ ~ ~ ~ ~ ~ ~ E ~ ~ A ~  MEASURES 

In  a d d i t i o n  t o  the subjective measures c o l l e c t e d ,  d i r e c t  envi rosamenta1 

measures were a1 so macle a t  each work station. These measures include 

photometric, acousti c ,  and therm1 measuremi i ts a s  we1 1 as  rap^^ 

and o the r  descriptive dxurnentdtion of t he  space. A description o f  the 

~ ~ ~ ~ ~ u ~ ~ ~ ~ ~ t ~  i s  g i v e n  below: 

A. Spatial I l l u  

I1 luminance a t  primary task  surface without body shadow. 

CR Illuminance a t  primary t a s k  surface with body shadow. 

I1 1 umi  narnce a t  secondary t a s k  sur face  without body shadow, 

I1 luminance at: secondary t a s k  surface w i t h  body shadow. 

o t e :  Primary and secondary locations are  determined by occupant 

using pee?-off l abe l s  found on questionnaire.) 
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B. S p a t i  a1 L u m i  nances 

Q Lumi nance a t  task--]  umi nance o f  s tandard ized bvhi te  paper. 

Located a t  p r imary  task  and viewed a t  eye level when seated. 

o I-urni nance o f  su r face  imrnedi a t e l y  sui-roundi ny task.  

8 kumi nance o f  cei 1 i ng b e t w e n  1 umf n a i  res.  

Q Luminance o f  b r i g h t e s t  l ight  solircc i n  f i e l d  o f  view. 

e Luminance o f  da rkes t  area i n  f i e l d  o f  view, 

Q Luminance o f  vda! 1 a t  eye level l o o k i n g  s t r a i g h t  ahead. 

9 Luminance o f  ~ a l ?  a t  eye level l o o k i n g  90" t o  the r i g h t .  

B Luminance o f  w a l l  a t  eye level l o o k i n g  90" t o  the l e f t .  

8 Maxiinurn luminances o f  sky o r  e t ~ r n a ?  h U i l d i n g  as seen from 
eye l e v e l  when seated. 

C. Con t ras t  C h a r a c t e r f s t i c s  o f  Space 

8 Luminance c o n t r a s t  a t  25" v iew ing  angle normal i o  edge o?- 
desk. 

Q Luminance c o n t r a s t  a t  25" v iew ing  angle a t  45" l e f t ;  o f  
normal , 

o Luminance c o n t r a s t  a t  25" v iew ing  ang le  a t  45" r i g h t  o f  
normal 

9 Cont ras t  r e n d i t i o n  f a c t o r  a t  25" v iew ing  ang le  normal t o  
edge o f  desk. 

8 C o n t r a s t  r e n d i t i o n  f a c t o r  a t  25" vievdicg ang le  45" l e f t  
o f  normal. 

Q C o n t r a s t  rendi t ion  Fac to r  a t  25" v i e n i n g  ang le  45" r i g h t  
o f  narrnai 
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D.  Measures o f  Room Thermal and Acous t i ca l  Comfort 

e Dry b u l b  temperature f o r  each zonal area and each enc losed 
o f f  i ce. 

e Wet b u l b  tempera ture  f o r  each zonal area and each enclosed 
o f f i c e .  

e Sound pressure  dBA read ing  f o r  each zonal area and each 
enc losed o f f i ce .  

0 PNC read ing  f o r  each zonal area and each enclosed o f f i c e .  

Peak d5 a t  peak Hz f o r  each zonal area and each enclosed 
o f f  i c e .  

E. Photographs 

0 180" f i s h  eye photograph of space as viewed from s tand ing  
u p r i g h t  p o s i t i o n  l o o k i n g  i n t o  space. 

0 180' f i s h  eye photograph of space as viewed from h o r i z o n t a l  
a t  p r imary  t a s k  l o c a t i o n  l o o k i n g  up. 

F. Other  D i  r e c t  Envi  ronmental Data 

0 Outdoor sky c o n d i t i o n s  a t  t h e  t i m e  photomet r ic  measurements 
were made. 

e Type of window g l a z i n g  and window t rea tment  ( i f  any). 

0 He igh t  of space d i v i d e r  used i n  open o f f i c e  ( i f  any). 

e Predominant f u r n i s h i n g  t rea tmen t  used (wood, meta l ,  f a b r i c ,  
e t c .  

o Predominant w a l l  t r ea tmen t  used (wood, meta l ,  f a b r i c ,  etc.) 

e Type of o f f i c e  c h a i r  used ( s e l e c t e d  from a cho ice  o f  seven 
o p t i o n s ) .  

a Record of c o l o r s  i n  work s t a t i o n  - t h e  t h r e e  dominant 
c o l o r s  were matched t o  s tandard c o l o r  samples under t h e  
e x i s t i n y  o f f i c e  l i g h t i n g .  These c o l o r s  can be matched t o  
t h e i r  Munsel l  c o l o r  n o t a t i o n .  

e Type o f  supplemental t a s k  lamp, l e n s / c o n t r o l  media, and 
1 umi n a i  re .  

s Type o f  l i g h t  s w i t c h  used (on /o f f ,  none, m u l t i p l e  l e v e l ) .  
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3. LIGHTING POWER D E N S 1  T Y  AND OTHER I N D I R E C T  ENMIKONFENTAL MEASURES 

The p a r t i c u l  a r  1 i g h t i  ng power da ta  and o t h e r  i ndi  r e c t  ineastires da ta  

a r e  list-ed below. G o t h  o f  these types o f  da ta  a re  ob ta ined  i n d i r e c t l y ;  

t h a t  i s ,  t hey  a r e  acquired ( a t  S c a s t  i n  p a r t )  f r m r  t h e  a r c h i t e c t u r a l  

d raw ings  o f  the b u i l d i n g .  

ca tegory  because i t  i s  determilied by computing the  rati’o o f  the connected 

The l i g h t i n g  power d e n s i t y  fa3 Is under t h i s  

power l o a d  t o  the  work s t a t i o n  f l o o r  area. 

A. L i g h t i n g  Power i)a%a 

d Connected lamp and b a l l a s t  power l oad  ( w a t t s )  o f  
1 oca1 i zed t a s k  1 i g h t i  ng. 

8 C o n n e c t e d  lamp and b a l l a s t  power l o a d  ( w a t t s )  o f  
ambient system i n  surrounding zone, 

Q L i g h t i n g  p o w ?  densjty (nattsjsq. f t . )  o f  loca l  t ask  
l i g h t i n g .  

l i g h t i n g  power d e n s i t y  ( w a t t s / s q ,  ft.) o f  ambient 
surroiindi ng zone. 

a T o t a l  l i g h t i n g  power d e n s i t y  ( w a t t s / s q .  f t . ) .  

B.  Other I n d i  r e c t  Envi  ronmenkal Data 

@ A r e a  of work s t a t i o n  (square fee t ) .  

Area o f  zone o r  bay t h a t  work s t a t i o  (squa 

S h o r t e s t  walk ing  d i s t a n c e  from tvork s t a t i o n  t o  
e l e v a t a r / s t a i r s .  

i s  i e f e  t). 

e S t r a i g h t  l ine  d i s t a n c e  f r o m  work s t a t i n n  t o  nea res t  window. 

P S t r a i g h t  l i n e  d i s t a n c e  from work s tdt ic rn t o  neares t  a t r ium.  

4. D E S C R I P T I V E  C H A R A C T E R I S T I C S  OF THE OCCUPANT 

These additional d a t a  were col 1 ected on the w r k  s t a t i o n  occupants. 
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o Age o f  occupant. 

a Sex o f  occupant. 

0 Whether occupant wore glasses, con tac ts ,  o r  b i f o c a l s .  

o Whether occupant smoked o r  worked near someone who d i d ,  

e Whether occupant was l e f t  o r  r i g h t  handed. 

o Pro fess iona l  l e v e l  o f  occupant. 

B How long  occupant worked i n  p resent  b u i l d i n g .  

0 How many hours per  day occupant was a t  b u i l d i n g .  

e How many days per  week was occupant a t  b u i l d i n g .  

0 How many hours per day was occupant a t  work space. 

0 How long has occupant been a t  p resent  work s t a t i o n .  

0 Type o f  o f f i c e  environment occupant was i n  be fo re  
moving t o  p resent  work s t a t i o n .  

5. OTHER SUBJECTIVE MEASURES NOT UIKECTLY RELATED TO THE VISUAL 
ENVIRONMENT 

o Rat ing  o f  convenience i n  g e t t i n g  t o  and from work. 

o Rat ing  o f  bothersomeness o f  va r ious  surrounding noises. 

B Rat ing  o f  comfor t  w i t h  heat ing ,  v e n t i l a t i o n ,  and c o o l i n g  
system. 

0 Rat ing  o f  frequency o f  h e a l t h  f a c t o r s  such as headaches, 
d i zz iness ,  s leepiness, sore t h r o a t ,  eye i r r i t a t i o n ,  and 
t r o u b l e  focus ing  eyes. 

e Rat ing  o f  t h e  amount o f  space a v a i l a b l e  t o  do work. 

0 Rat ing  o f  amount o f  speech p r i vacy .  

Ra t ing  o f  comfor t  o f  cha i r .  

e Rat ing  of the amount of  su r face  area a v a i l a b l e  t o  do work, 

(There a r e  severa l  o t h e r  r a t i n g s  t h a t  a re  n o t  mentioned here.) 
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APPENDIX 3: QUESTIONNAIRE AND EVALUATION FORMS 

1. L.ETTEIl TO OCCUPANT 

2. OCCUPANT ~ ~ E ~ T I O ~ ~ A I ~ ~  

3 .  EXPERT EVALUATION FORMS 

4. PNOTOMETHIC AND OTHER DIRECT ENVIRONMENTAL EVALUATION FORM 

5. INDIRECT ~ N ~ I ~ ~ ~ ~ ~ ~ ’ ~ ~ ~  MEASURES FORM 

6 .  L I G H T I N G  S P E C I F I C A T I O N  FORM 
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Letter. t o  Occupant 

Ti AMERICAN DlSTIKrIZ OF Ai?cpIIyEflS H W J A T K ~ N  
1735 NEW YORK AVENUE. NORTHWEST. WASHINGTON. D C 2.- 
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E
xpert Evaluation Forms 
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6, Irlphtnesr on t44k 4t ptlury vork surfrcer 

1. Amount of diccanfort glare due to electric lights reflectin9 
off tack: 

1. m u n t  of disability glare f rm electric llphtrr 

9. haunt of direamfort glbre due to daylight reflectihp off task: 

[ T I  {-I F] 

12. Appropriateness of l i g h t  for t h e  trrkt 

14. Oppcrtuniry for vlcu41 relief: 

I,,,] 
15. Clppartunity t o  eontrol m o u n t  of light on trrki 

r,,I 
16. Opportunity to control direction 02 Jight on t w k :  

17. Dirattion ob light u k r s  t48k: 
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d .  

e. 

z .. . 

B. 

h. 

dP a primer) work s u r f a c e  15 no t  bounded by  a pane? ( s ) .  
rh sn  neosurc three feet h ~ ) o n d  tne p r m a r )  WOTK rui imce 
30 l o r n  s h e  work8tat:on sDace. ( s e e  f s )  

Tf t h e  workste;'on is on') partially boundef by punr l a ,  
assme t ? e  a r e 3  16 r h e  enc losu re  of t h e  w o r k s t a t i ~ n  that 
63 bouncitd 3y e.ttensionr. 0: t h e  %amas and t h e  eCge 0' 

r h e  f u r n i t u r e .  

ire t h e  bd:d ing ' s  s : ructural  components a6 vorxsta:mn 
boundar i e s  If they  a r e  w1th:n b f e e t  of the primary 
work s u i f a c c  and nre no t  intended f o r  othe: use (e.8. 
corr idor ,  other v a r k s r a t i a n ) .  

for a works t a t ion  t h a t  is open wi thou t  p a r r i r l o n s .  t h e  
area is def ined  b y  t h e  primary w r k  U U T ~ ~ C @ ,  con t igunus  
f u r n i t u r e  and equipment ,  and t h e  space  t h r e e  f e e t  beyond 
t h e  v o r l  s d r l a i e .  I f  t h e r e  is a wall. p a r t i t i o n .  Dank 
of f i l e s  0: publit t r a f f a r  corridor w i t h i n  fhrre f e e t  of 
tne p r a a r ,  verk  s u r f a c e ,  thci it Bef ines  the  edge of rne 
a9skur*zs 5 3 .  

I f  there 1 s  a n o t h e r  open worxs t a t ton  less than s i x  feet 
from rhc edge of t h e  primarf vork su r face .  d l v l d e  the 
area betveen the primary work s u r f a c e  snd orher open 

u a s u r e d .  

Squtrro-df c u ~ v c z  ecaes of worxs ta t ions  before r ak ing  
= a s u x e w n t s s  

vo rks to iyon  t O  form tht edge of the WOrkEtatlOn k i n g  

3. Workstation Densizy 

By denc i ty  we mean the number 4 1  w o r k s t a r m n s  per &C@ s q u a r e  feet 
of floor area. 
using the same rcshs as rho a r c h l t e c t u r a l  drawings.  
dragonal corswrs t o  fxm on *A". 
c e n t e r  of each  open o f f v x  works ra t ion  and c w n t  tae  number of vork- 
s r a t i o n s  !mc:us:ng rne one cen te red  on)  t,mt fall wizhln t h e  kWJ 
*quare fw? r s m p h x .  
*thin she 4 0  s q u a r e  feet. ~t e*hou:d he counted. 

Ceaslder the  f o l i o v s n g  condirbne m e n  b e z e r m i n a q  dcnc'ity: 

8 1 .  

Using c l e a r  a c e t a t e .  draw 8 box 40 Icot bg 2D f e s t  

P h e e  rho  center of the X on the 
Gnnoc: the 

1: anp p o r t i s n  o i  t r o r k  aza;ion dalla 

For s p a c e s  less than 600 squa re  fee: bounded by ceiling high 
ualPo. count  only the workrtarions wi th in  that wal l -bdnd  area. 
For exsmple. a convenr iona l  o f f i c e  occupaed by one  p r w n  {one 
workstation) m a l 6  b v e  a dens i ty  of on?, 



4. MZ g. O P M  DPFltE LTTKXT PARTITIONS 
Dnc edge im on a traffic corridor. 

b. h%en a vwb.sterion i n  en open off ice  a r m  is adpcent SO or 
wrh:n 1 C  fee: of a ceiling h igh  wall, place  t h e  edge of the 
20 fret by 20 fee? tenplate on the ceiling hig'l wall and center 
rne other d:rcci:on of the  remp:are ever t h e  waritscation (see 
exanpie b-1).  
on :he corner formed by walls ( m e  exsinpic k 4 j .  

For a corner uorkstacinn, piace corner of template 

L. Humber of h 1 1  Ceiling. Hizh Yslls Enclosing Workstation 

Count :he number of ceiling high weal:s ths: fore the boundsries of 
the uirkstarion. 
ceiling h i g h  wells. ~n open office srrangewnt wirho.ir partitions 
will in mos: c86ts not have s full csll i .np high v ~ l l  bounding I t .  
If the open office is adjacent  to an incerior Building wall. 
exterior bullding wall or orrim wall. one rai l ing  high w a i l  
ohouid be eounted. 

A conventions1 pr ivote  o f f i c e  will have four 

b u n t  the sides Of the worksretion spt.Ce t h a t  BTe encloned 
by mvteblr panels or partitions.* 
tha  panel must be at ieasc L fcec Ln length. 

To be considered a purcition. 

6. U c e n c r  to Glazed Exterior \:all 

Indicate whether or not the morkstation is adjacenr to a glazed 
exterior ual l  ~f the SualdSnS. 
afjeienr b f  one ur sore of i r e  edges z &  formed by a glared 
exterior UB~?(S). Consider guidelines for dererrdnlng area 
btundarits of vorkstarlDGs - 6ee \!OrknK&tSOr: Ares. 

9he morh6iation is eonsideree 

7. 

Indicate whether or not the w53kssseion I s  a2yscent t o  an 
atrium. %e Item 6 for definition 0f adjacency. 

Sndieite whether or not the workstation 66 mEjscent to a 
aon-glare6 exterior wall. Sro It- 6 for definition 0f adjacency. 

For workstation modules that are not rectmyulor. the atmdsrd 
number of sides aar be preezer than 4. 



1 3 .  Funct ionoI  Di s t ance  t o  :;carest Sta:: 

l k a s u r e  she d i s t a n c e  0: t h e  s h o r t e s t  p o s s i b l e  r o u t e  t h a t  t h e  work- 
s t x i o n  oxupan :  can Take t o  t h e  n e a r e s t  s t a i r .  Func;lonsl d i s t a n c e  
1 6  t h e  d i s t a n c e  t h a t  a person wouIri  normally move through r h e  space .  
A f u r n i t u r e  f l o o r  plan is necessary f o r  thls measurement. Consider  
t h e  f o l l o u i n p  when r a k i n g  t h e  measurement: 

a .  Openings between valla, i u r m r u r e  o r  o t h e r  o b j e c t 6  must be a t  
l e a s t  2 f e e t  wide t o  be cons ide red  PI passage :o meaoure through.  

Use t h e  "X" i n  t h e  c e n t e r  of t h e  voricstai ion as t h e  po in t  for 
k g i n n i n a  t h e  distance m e a s u r a n t .  

Place an  "X" on t h e  o f f i c e  a x a  side of Zhe a;airve!l. 3 fee: 
fron t h e  c e n t e r  of  t h e  door opening and mraaurr  t o  t h i s  po in t .  

p e n c i l  on t h e  f u r n i t u r e  f loor p l a n .  
i n  v e r i f y i n g  the  measurements I n t e r .  

b. 

C. 

d .  %rk off the routes from v o r k s t a t i o n s  t o  s t a i r 6  wi th  co lo red  
This procedure will a id  

9. StraiCnt-Line,  \ ' lev t o  Gle .e? E x t e r i o r  L;cLi 
Using t h e  a r c h l t e c t u r a :  : u rn l tu re  floor plan oi t h e  bu i ld ing .  
determine vhe the r  t h e  h o r i s t a t l o n  (from t h e  c e n t e r  po in t  of 
t he  works t a t ion )  has  yn unobstructed view t o  a glared CxTerIOr 
wall. 

An o b s t r u c t i o n  woult c c n j i s t  of any unglazed c e i l i n p  high uall 
o r  o rhe r  opaque s t r u c r v t e l  elrmnr  such as Q r o l i l m ,  A g la red  
interior w s l i  would n?t  o b s t r d c t  a p o s s i b l e  view t o  a glazed 
e x t e r i o r  wall. 
not  be considered an o b s t r u z t m n ,  

A panel  t h a t  does no t  reach Lhr ccl:ing would 

BO. S h o r t e s t  Distance Lrom i iorkotat ior3 to C l 8 2 t . d  Erterior Wall ( S t r a i a h t - L i E )  

P E  9 518s "Yes" then measure the  s t r a i g h t  l i n e  d i e t a n c e  from 
t h e  c e n t e r  X of t h e  works t a t ion  t o  t h e  n e a r e s t  g l azed  exterior 
wall. rnns ide r  t h e  fu l lowing  where making t h e  measurement: 

a. Do not %elsure through any opque ce i l i n s -h igh  vall or o t h e r  
.obstruct ;on 

k a s u r e  *.c t h e  i n t e r i o r  edge of 3.ha windos ahss ii i t  is 
i n d i c s r c d  on the dssubnp. 
edge o! the exterior g l u e d  vall. 

Blol.ra!le open off lce  p r r d r i o n s  are n o t  cons ide red  o b s t r u c t i o n s .  
E"easure over  t hen .  

4 .  
Orherwise, =@sure t o  ?lie i n t e r i o r  

C. 

11. Srsamht-Lane View t o  Arriun 

To d e ? e m n r  vhe the r  t h e m  9s a possible r i c k  to the afrbum. use 
t h e  yrsrediise deicribttl i n  dram Y. 

14. Func t iona l  Distance 'LO Xearest  E l e v a t o r  

k'lersure t h e  disianrre of the s h o r s e s t  posslble r o u t e  that ehe  
voritsts:;on occupant  can t a w  t o  ?he n e a r e s t  e l e v a r e i .  An "X" 
rhouid  be placed i n  the c e n t e r  of an elwaror lobby (mre t han  
one e l e v a t o r )  o r  t h r e e  icet fron t h e  ccn:ei- of t h r  e l e v a t o r  
open ins  outside t h e  e l e v a t o r  (one e l e v ~ t o r ) .  
end po in t  of t h e  o a n s u r e m n t a .  
e r a t i o n s  i n  raking f i rnccional  d i s r a n c e  awwurements. 

This "X" is t h e  
See Item 13 for f u r t h e r  consld-  

15. JI1etenc.r so !&io- Yraffxc C a r s i d s  

Using tne a rch i secsu ra ; lSure i ?use  p:ans, mrk 3he major t r a f f i c  
c o r r s d o r s  an colorec p e n c d .  

B. 

Conside. t h e  fo l lonng:  

Wepr corradors p iovsde  c i r c u r a t i o n  Soh 8 floor of t h e  building. 
so t r a f f i c  p a r r c r n a  can  k casilg l d e n t l d l e d  on the floor plana.  
Notice the route t h a t  connes t s  the buildtap core(.) with t h e  
office areas. 

b. W r e n ,  e l e v a t o r s .  atairs .  toilet and ru.eprlon greets vi11 
be an mjor t raff ic  c o r r i d o r s .  

feet. I n  ms? C ~ Q D Z E .  a t  s i 2 1  DO Imger. 

d. To be conr fde red  adjacent to a uajor r r a f f a r  corridor, a 
works ta t ion  should have one aide ad jacen t  co 1%. or a t  
rhould open o x o  the  corridor.  

C. The vldth O f  the r r n f f i c  cor-ldor 3hould k dlT X l w f i t  thtDc 



16. 

An m b i e n t  cr general l i g h t i n g  system is one t h a t  provider uniform 
i i lurrinatior:  t o  e space.  
for a uorkstatior. or can be combined w i t h  d a y h p h t i n p  or rash l i g h t i n g .  
However. in t h e  AIAF!E: IfgLcing s tudy ,  the c l s m s i f i c a t i o n  of she 
nnblent  lighting system d o e s  nut t a k e  izrc nccount dbylighelng or 
t a sk  lighting CharDCt@ri6tfCb Of the u o r k s i a t i t n .  ??me aKLri8uSes 
of e l e c t r i c  lights uned t o  d e f i n e  nnbicnr  lighting e m  d i r s r t i o n a l -  
i t y ,  t y p e  of l i g h t  r o u r c e ,  and rwunt inp.  

I n  the  AIAF/U?I stulg. three d i r t c t i o n s  o f  rsrbient l i g h t i n g  were 
cons ide red :  d i r e c t ,  indirect, and d i r e c t / i n b i r e c r .  R.rec c j p d  
of l m p a  were also used: i ncandescen t ,  fluorescent, snd h igh  
i n t e n s i t y  di6charge.  finally, seven types  of &oun:in%s were iden- 
t i f i e6  i n  t h e  uo rke t s rbons  under study. The66 were: reeeueei',, pendant. 
furn i ture  sounzed, surface rnounteZ pendsnt. free s t a n d i n g ,  w a l l  
rwucrrd, and wall washer, 
*re conbined t o  d e f i n e  the fo l lorhg  clessrs f u r  t h e  rmbimt l i g h t i n g  
system rsaociated with ench wrkstarlcn. 

I t  cen be the sole source of i l l m i n a r i o n  

Dircrtionaliry, lsmy type  and w m i i n g  

1. .Direct Recessed f l u o r e s c e n t  with Louvers: ( l 'r4')  
2. Mrcct Recessed F l u o r e s t e n r  b l z h  Lens  ( 2 ' 1 2 ' )  
3. M r c c t  Recessed Fluorescen? vrth Lens ( Z ' x 4 ' )  
P .  M r e c t / I n d l r t c t  Fluoresctnt R n d a s t  
5. I n d i r e c t  F luo rescen t  - Pendent 
6. I n d i r e c t  FLuorescent  - F u r n i t u r e  b u n r e d  
7. Recessed Incandescent  
8. Surface Hountet! Pendant Incsndercenr  
9. High I n t e n s i t y  Discharge - Free  S t e n l i n g  I n d i r e c t  

10. D i r e c t l l n d i r e c r  F luo rescen t  - b l l  ?bun ted  
11. F luoraseenr  \~:all-b!ather 

Th@ presenee  or ab6enCQ of rneh clsss WI noted for an ares Lppronhntelg 
10 f e e t  beyond the edRes  of werka tac ions  an  open offices, 
l l n h t i n c  olnni were uued t o  d e t e d n e  ambient l i n h t i n e  characteristics 

Wotc~rsphs  snd 

03 w 
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APPENDIX C: THE EVALUATION TEAMS 

The e x p e r t s  were: 

Name Pro fess ion  Speci a1 Task ( s )  

Henry Kowalewski , A I A  A r c h i t e c t  Team l e a d e r  

Stephen S q u i l l a c e ,  P.E. I l l u m i n a t i n g  Recorded lamp & 
Engineer b a l l  a s t  wattages 

Gary Stef fy ,  IALD, IES L i g h t i n g  
Designer Photographer 

Ross Maloukis,  A S I D  I n t e r i o r  Recorded lamps and 
Designer  f i x t u r e s  t h a t  were 

o u t  

The t e c h n i c i a n s  were: 

Name Bui 1 d i  ng - 
V i r g i n i a  North,  U n i v e r s i t y  o f  Michigan 1,2,& 3 

Carol  B a r r e t t ,  U n i v e r s i t y  o f  Michigan 1 

Pamela 0 '  Connor, U n i v e r s i t y  o f  Michigan 2 

Gay1 Marans, U n i v e r s i t y  o f  Mich igan 3 

Doug Hol land,  Nat iona l  Bureau o f  Standards 4,5,7,9 

Bernard Brasey , Nat iona l  Bureau of Standards 6,8,10,11,12 

Bel  i n d a  Kuo, Nat iona l  Bureau of Standards 13 

Gary G i l l e t t e ,  A I A  Foundat ion 4,5,6,7,8,9 
10,11,12,13 
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