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THE INTERNATIONAL COMMISSION  ON  ILLUMINATION  

The  I n ternati onal  Comm iss ion  on  I l l um inati on  (CIE)  i s  an  organ i zat ion  devoted  to  i n ternati onal  co -operat ion  and  exchange  
o f  i n formati on  among  i ts  member coun tri es  on  al l  matters  re lat i ng  to  the  art  and  sci ence of  l i gh t i ng .   I ts  membersh ip  consi sts  
o f  the  Nati onal  Commi ttees  i n  abou t  40  coun tri es .  

The  obj ectives  of  the  CIE  are:  
1 .  To  provi de  an  i n ternat ional  forum  for  the  d i scuss ion  of  al l  matters  re lat i ng  to  the  sci ence,  technology and  art  i n  the  

f i e l ds  o f  l i gh t  and  l i gh t i ng  and  for the  i n terchange  o f  i n formati on  i n  these  f i e l ds  between  coun tri es .  
2 .  To  develop  basi c  s tandards  and  procedures  of  metro logy i n  the  f i e l ds  of  l i gh t  and  l i gh t i ng .  
3 .  To  provide  g u i dance  i n  the  appl i cat i on  of  pri nci pl es  and  procedures  i n  the  developmen t  of  i n ternati onal  and  nati onal  

s tandards  i n  the  f i e l ds  of  l i gh t  and  l i gh t i ng .  
4 .  To  prepare  and  publ i sh  s tandards ,  reports  and  o ther publ i cat i ons  concerned  wi th  al l  matters  re lat i ng  to  the  sci ence,  

technology and  art  i n  the  f i e l ds  of  l i gh t  and  l i gh t i ng .  
5 .  To  main tai n  l i a i son  and  techn ical  i n teracti on  wi th  other i n ternati onal  organ i zat i ons  concerned  wi th  matters  re lated  to  

the  science,  technology,  s tandard i zat i on  and  art  i n  the  f i e l ds  of  l i gh t  and  l i gh t i ng .  

The  work of  the  CIE  i s  carri ed  ou t  by  Techn ical  Comm i ttees ,  organ i zed  i n  seven  Di v is i ons .   Th i s  work covers  subj ects  
rang i ng  from  fundamental  matters  to  al l  types  o f  l i g h t i ng  appl i cati ons .   The  s tandards  and  techn i cal  reports  developed  by  
these  i n ternat ional  D i vi s ions  of  the  CIE  are  accepted  th roughou t  the  world .  
A  p l enary sess ion  i s  he ld  every fou r  years  at  wh i ch  the  work of  the  D i v is ions  and  Techn i cal  Comm i ttees  i s  reported  and  
reviewed,  and  plans  are  made  for  the  fu tu re.   The  CIE  i s  rec ogn i zed  as  the  au thori ty  on  al l  aspects  of  l i gh t  and  l i gh t i ng .   As  
such  i t  occupies  an  importan t  pos i t i on  among  i n ternat ional  organ izat ions .  
 
LA COMMISSION  INTERNATIONALE DE  L'ECLAIRAGE  

La Comm iss ion  I n ternat i onale  de  l 'Eclai rage  (CIE)  est  une  organ i sat ion  qu i  se  donne  pou r bu t  l a  coopérati on  i n ternati onal e  
e t  l ' échange  d ' i n formati ons  en tre  l es  Pays  membres  su r  tou tes  l es  quest ions  re lat ives  à  l 'art  e t  à  la  science  de  l 'éclai rage.   
E l l e  est  composée  de  Com i tés  Nati onaux représen tan t  envi ron  40  pays .  

Les  obj ect i fs  de  l a  CIE  son t  :  
1 .  De  consti tuer  u n  cen tre  d 'étude  i n ternat i onal  pou r tou te  mat ière  re levan t  de  l a  science,  de  l a  techno log ie  et  de  l 'art  

de  l a  l um ière  et  de  l 'éclai rage  et  pou r l 'échange  en tre  pays  d ' i n formati ons  dans  ces  domaines.  
2 .  D 'é laborer des  normes  et  des  méthodes  de  base  pou r l a  métro log i e  dans  l es  domaines  de  l a  l um ière  e t  de  l 'éclai rage.  
3 .  De  donner des  d i rect ives  pou r l 'appl i cat i on  des  pri nci pes  et  des  méthodes  d 'é laborati on  de  normes  i n ternati onales  et  

nat i onales  dans  l es  domaines  de  l a  l um ière  e t  de  l 'éclai rage.  
4 .  De  préparer et  pub l i er  des  normes,  rapports  et  au tres  textes,  concernan t  tou tes  mat ières  re lat ives  à  l a  sci ence,  l a 

technolog ie  et  l 'art  dans  l es  domaines  de  l a  l um ière  et  de  l 'éclai rage.  
5 .  De  main ten i r  une  l i ai son  e t  u ne  co l l aborati on  t echn i que  avec  l es  au tres  organ i sati ons  i n ternati onales  concernées  par 

des  su j ets  re lat i fs  à  l a  sci ence,  l a  technolog ie,  l a  normal i sat i on  et  l 'art  dans  l es  domaines  de  l a  l um ière  e t  de  
l 'éclai rage.  

Les  travaux de  l a  CIE  son t  e ffectués  par Com i tés  Techn iques ,  organ i sés  en  sept  D i v is i ons .   Les  su j ets  d 'études  s 'étenden t  
des  questi ons  fondamen tales,  à  tous  l es  types  d 'appl i cati ons  de  l 'éclai rage.   Les  normes  et  l es  rapports  techn i ques  é laborés  
par ces  D ivi s i ons  I n ternat ionales  de  l a  CI E  son t  reconnus  dans  l e  mo nde  en t i er.  
Tous  l es  quatre  ans ,  une  Sess ion  pl én i ère  passe  en  revue  l e  t ravai l  des  D iv i s ions  et  des  Com i tés  Techn iques,  en  fai t  rapport  
e t  établ i t  l es  pro j ets  de  travaux pou r l 'aven i r.   La  CI E  est  reconnue  comme la  p l us  hau te  au tori té  en  ce  qu i  concerne  t ous  
l es  aspects  de  l a  l um ière  et  de  l 'éclai rage.   E l l e  occupe  comme  te l l e  une  pos i t i on  importan te  parm i  l es  organ isat i ons  
i n ternati onales.  
 
DIE  INTERNATIONALE BELEUCHTUNGSKOMMISSION  

Die  I n ternat ionale  Be leuch tungskommiss i on  (CI E)  i s t  e i ne  Organ i sati on ,  d i e  s i ch  der  i n ternat ionalen  Zusammenarbei t  und  
dem  Austausch  von  I n formati onen  zwi schen  i h ren  M i tg l i eds ländern  bezüg l i ch  der  Kunst  und  Wissenschaft  der  Li ch ttechn ik 
wi dmet.   D i e  M i tg l i edschaft  besteh t  aus  den  Nati onalen  Kom i tees  i n  rund  40  Ländern .  

D i e  Zi e l e  der  CI E  s i nd :  
1 .  E i n  i n ternat ionales  Forum  fü r  D i skuss ionen  al l er  Fragen  au f  dem  Gebiet  der  Wissenschaft ,  Techn ik und  Kunst  der 

Li ch ttechn ik und  fü r  den  I n formati onsaustausch  au f  d i esen  Gebieten  zwi schen  den  e i n ze l nen  Ländern  zu  se in .  
2 .  G rundnormen  und  Verfah ren  der  Messtechn ik au f  dem  Gebiet  der  Li ch ttechn ik zu  en twickeln .  
3 .  Ri ch t l i n i en  fü r  d i e  Anwendung  von  Pri n zi p i en  und  Vorgängen  i n  der  En twickl ung  i n ternat ionaler  und  nati onaler  Normen  

au f  dem  Gebiet  der  Li ch ttechn ik zu  ers te l l en .  
4 .  Normen ,  Beri ch te  u nd  andere  Publ i kat i onen  zu  ers te l l en  und  zu  veröffen tl i chen ,  d i e  al l e  Fragen  au f  dem  Gebiet  der 

Wissenschaft,  Techn ik und  Kunst  der  Li ch ttechn ik betreffen .  
5 .  Li ai son  und  techn ische Zusammenarbei t  m i t  anderen  i n ternat ionalen  Organ i sati onen  zu  un terhal ten ,  d i e  m i t  Frage n  

der  Wissenschaft,  Techn ik,  Normung  und  Kunst  au f  dem  Gebiet  der  Li ch ttechn ik zu  tun  haben .  

D i e  Arbei t  der  CI E  wi rd  du rch  Techn i sche  Kom i tees  ge le i s tet ,  d i e  i n  s i eben  D iv i s ionen  organ i s i ert  s i nd .   D i ese  Arbei t  betri f f t  
Gebiete  m i t  g rund legendem  I nhal t  b i s  zu  al l en  Arten  der  Li ch tanwendung .   D ie  Normen  und  Techn ischen  Beri ch te,  d i e  von  
d iesen  i n ternati onal  zusammengesetzten  D i v i s i onen  ausgearbei tet  werden ,  s i nd  au f  der  ganzen  Wel t  anerkann t.  
Al l e  v i er  Jahre  f i ndet  e i ne  Sess ion  s tatt,  i n  der  d i e  Arbei ten  der  D i vi s ionen  beri ch tet  u nd  überprü ft  werden ,  sowie  neue  
P läne  fü r  d i e  Zukun ft  ausgearbei tet  werden .   D i e  CIE  wi rd  al s  höchste  Au tori tät  fü r  al l e  Aspekte  des  Li ch tes  und  der 
Beleuch tung  angesehen .   Au f  d i ese  Weise  un terhäl t  s i e  e i ne  bedeu tende  Stel l ung  un ter  den  i n ternat ionalen  Organ isat ionen .  
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Th is  Techn ical  Report  has  been  prepared  by CIE  Techn ical  Comm i ttee  3 -44 of  D i vis ion  3  
“ I n terior Environment and  L ighti ng  Des ign "  and  has  been  approved  by the  Board  of  
Adm in istrat ion  as  wel l  as  by D ivis ion  3  of  the  Comm ission  I n ternationale  de  l 'Eclai rage .  The  
document  reports  on  curren t  knowledge  and  experience  wi th in  the  speci fic  f ie ld  of  l i gh t  and  
l i gh ti ng  described ,  and  i s  i n tended  to  be  used  by the  CIE  membersh ip  and  o ther  i n terested  
part ies.  I t  shou ld  be  noted ,  however,  that  the  status  of  th is  document  i s  advisory and  not  
mandatory.   

Ce  rapport  techn ique  a  été  é laboré  par l e  Com i té  Techn ique  CIE  3-44  de  l a D ivis ion  3  
"Envi ronnemen t i n térieur et  étude  de  l 'éclai rage"  et  a  été  approuvé  par  l e  Bureau  et  D i vis i on  3  
de  l a  Comm ission  I n ternationale  de  l 'Eclai rage .  Le  document expose  l es  connaissances  et  
l 'expérience  actuel l es  dans  l e  domaine  part icu l ier  de  l a  l um ière  et  de  l 'éclai rage  décri t  i c i .  I l  es t  
destiné  à  être  u ti l i sé  par  l es  membres  de  la  CIE  et  par  tous  l es  i n téressés.  I l  fau t  cependant  
noter que  ce  document  est  i nd icati f  et  non  obl i gato i re.   

D ieser Techn ische  Berich t  i s t  vom  Techn ischen  Kom i tee  CIE  3-44 der D ivis ion  3  " I nnenraum  
und  Beleuchtungsentwurf"  ausgearbei tet  und  vom  Vorstand  sowie  Divis ion  3  der Comm ission  
I n ternationale  de  l 'Eclai rage  gebi l l i g t  worden .  Das  Dokument  berich tet  über  den  derzei t i gen  
Stand  des  Wissens  und  Erfahrung  i n  dem  behandel ten  Gebiet  von  Lich t  und  Beleuchtung ;  es  
i st  zu r  Verwendung  durch  CIE -M i tg l i eder  und  durch  andere  I n teress ierte  bestimmt.  Es  so l l te  
j edoch  beachtet  werden ,  dass  das  Dokument  e i ne  Empfeh lung  und  ke ine  Vorschri ft  i st.   

Any men tion  of  organ izations  or  products  does  not  impl y endorsement  by the  CIE.  Wh i lst  every 
care  has  been  taken  in  the  comp i lation  of  any l i s ts ,  up  to  the  time  of  g o ing  to  press,  these  may 
not  be  comprehensive.   

Tou te  men tion  d 'organ isme ou  de  produ i t  n ' impl i que  pas  une  préférence  de  la  C IE.  Malgré  l e  
so in  apporté  à la  compi lation  de  tous  les  documents  j usqu 'à l a  m ise  sous  pre sse,  ce  travai l  ne  
saurai t  être  exhausti f.   

D ie  Erwähnung  von  Organ isationen  oder Erzeugn issen  bedeu tet  keine  B i l l i gung  durch  d i e  CIE.  
Obg le ich  g roße  Sorg fal t  be i  der  Erste l lung  von  Verzeichn issen  bis  zum  Zei tpunkt  der 
Drucklegung  angewendet  wurde,  besteh t  d ie  Mög l i chkei t,  dass  d iese  n ich t  vo l l s tänd ig  s ind .   
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LIGHTING  FOR OLDER PEOPLE AND PEOPLE WITH  LOW VISION  

Summary 

This  report  summari zes  l i gh t ing  recommendations  on  l i g h ti ng  and  visual  envi ronmen t i n  i n teri or 
spaces  such  as  off ices,  publ ic  spaces,  and  res idences  for  heal thy o l der  people  (d efi ned  as  
people  aged  50  years  and  o l der)  wi th  normal  vis ion ,  and  people  wi th  low vi s ion ,  and  implements  
gu i del i nes  described  i n  C IE  1 96 :201 1  i n to  practical  so lu t ions .  

The  report  provides  ( 1 )  i l l um inance  recommendations,  derived  from  s imu lat ions  wi th  exist i ng  
visual  models  for  o l der  people,  (2)  s tate  of  art  of  stud ies  on  how l i gh t  he lps  people  wi th  l ow 
vis ion  see  objects  by reviewing  recent  l i terature,  and  (3)  des ign  gu ide l i nes  for  l i gh t i ng  
practi t i oners  how to  des ign  appropriate  visual  envi ronments  for people  wi th  l ow vis ion .  

 

ECLAIRAGE POUR PERSONNES ÂGÉES ET DES PERSONNES À VISION REDUITE 
DANS BATIMENTS  

Résumé 

Ce rapport  résume l es  recommandations  d 'éclai rage  pou r l 'éclai rage  et  l ' envi ronnement visuel  
dans  les  espaces  in téri eurs  te ls  que  bureaux,  espaces  publ ics  e t  dom ici le ,  pour  les  personnes  
âgées  en  bonne  san té  ayan t  une  vis ion  normale.  Les  personnes  âgées  en  bonne  san té  son t  
déf in i es  comme personnes  de  50  ans  et  p l us.  Ce  rapport  vau t  également  pour l es  personnes  
ayan t  une  vis i on  rédu i te.  I l  met  également en  œuvre  des  l ignes  d i rectrices  décri tes  dans  CIE  
1 96:201 1  en  proposant  des  so lu tions  prati ques.  

Ce  rapport  fourn i t  ( 1 )  des  recommandations  d 'éclai rement,  qu i  sont  i ssues  de  s imu lati ons  avec  
des  modèles  visuels  exi stants  pour les  personnes  âgées.  I l  fou rn i t  (2)  l 'état  de  l 'art  actuel ,  
rapporté  dans  la  l i ttérature,  des  études  réal isées  sur l a  façon  dont  la  l um ière  ai de  l es  personnes  
ayan t  une  vis i on  rédu i te ,  sur  la  façon  dont  i l s  vo ien t  l es  objets.  I l  fourn i t  (3)  des  gu i des  de  
conception  pour l es  pratici ens  de  l 'éclai rage  afi n  de  concevoi r  u n  envi ronnement visuel  
approprié  pour l es  personnes  à  vi s i on  rédu i te.  

 

BELEUCHTUNG  FÜR ÄLTERE PERSONEN UND MENSCHEN MIT SEHSCHWÄCHE 
IN  GEBÄUDEN  

Zusammenfassung  

Dieser Berich t  fasst  Beleuch tungsempfeh lungen  i n  Bezug  au f  Be leuch tung  und  d i e  visuel le  
Umgebung  i n  I nnenräumen  zusammen.  Anwendungsgebiete  s i nd  Räume wie  Büros,  öffen tl iche  
Räume und  Wohnräume fü r gesunde,  äl tere  Personen  ( h i er defi n iert  als  Personen  ab dem  50.  
Lebensjahr)  m i t  normalem  Sehvermögen ,  sowie  fü r  Personen  m i t  schwachem  Sehvermögen.  
Darüber  h i naus  g ibt  der Berich t  Vorsch läge,  wie  d ie  i n  CIE  1 96 :201 1  beschriebenen  R ich tl i n i en  
praktisch  anwendbar s ind .  

Der  Berich t  um fasst  ( 1 )  Beleuch tungsstärkeempfeh lungen ,  bas ierend  au f  S imu lati onen  m i t  
bestehenden  visuel len  Model l en  fü r  äl tere  Personen,  (2)  den  aktuel len  Forschungsstand  
anhand  der neuesten  Li teratur  zum  Effekt  von  Lich t  au f  d ie  Objektwahrnehmung  durch  
Personen  m i t  Sehschwäche,  sowie  (3)  Le i tfäden  fü r Lich tanwender  zu r  Gestal tung  ei ner  au f  d i e  
Bedürfn isse  von  Personen  m i t  Sehschwäche  angepassten  visuel len  Umgebung .  
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1  Introduction  

Recentl y,  energy conservati on  has  become a  g l obal  concern .  Li gh ti ng  i s  often  the  f i rst  th i ng  to  
be  tu rned  off  when  e lectrical  energy has  to  be  conserved.  For i nstance,  after  the  G reat  East  
Japan  Earthquake  h i t  Tohoku  Japan  on  March  1 1  i n  201 1 ,  not  on l y the  quake-h i t  area bu t  also  
the  capi tal  area,  wh ich  used  a l arge  amount  of  e lectric  energy,  were  demanded  to  reduce  energy 
use.  Turn ing  off  l i gh ti ng  and  removing  l amps  are  the  most  c onven ien t  measure  for l ocal  
mun icipal i t i es  and  publ ic  transportation  to  demonstrate  electric  energy savings .  Even  wi thout  
such  an  emergency s i tuation ,  recen t  i n ternational ,  nati onal  and  reg ional  energy conservation  
codes  have  strictl y regu lated  the  maximum  acceptable  energy usage  wi th in  a g i ven  un i t  of  f loor  
area and/or t ime.  I t  may be  easy to  say that  unnecessary l i gh ting  shou ld  be  tu rned  off  or  d immed.  

Wh i le  l amps  em i tt i ng  too  much  l i gh t  for  people  wi th  normal  vis ion  are  removed  or d immed,  
i l l um inance  levels  requ i red  for o lder  people  and  people  wi th  l ow vis ion  have  been  neg lected .  
These  people  often  encoun ter d i ff i cu l t ies  i n  seeing  obstacles  and  edges  of  s teps  i n  publ ic  and  
commercial  bu i l d i ngs  under l i gh ting  cond i t ions  d immer than  a few years  ago.  

Current  l i g h ti ng  requ i rements  were  establ ished  based  on  resu l ts  of  experiments  that  employed  
young  subjects.  I n  add i t i on ,  a  recen t  g rowing  i n terest  i n  g lobal  warm ing  and  a  sustainable  
society has  resu l ted  in  reduced  i l l um inance  requ i rements  for the  same visual  ta sks  in  g l obal  
regu lati ons  and  codes.  Thus,  i t  i s  importan t  to  summari ze  recommendations  for  l i gh t i ng  and  
visual  components  so  that  people  wi th  vi sual  d isadvan tages  wi l l  not  have  d i ff icu l t i es  and  
problems  when  perform ing  visual  tasks  i n  i n terior appl ication s .  

1 .1  Growing  ageing  society 

As Figure  1  depicts,  ageing  popu lat ion  has  dramatical l y i ncreased  i n  many coun tries .  E . g .  i n  
Japan  one  quarter  of  the  popu lation  i s  al ready 65  years  and  over,  and  th is  ageing  popu lation  
wi l l  reach  40  %  i n  2050.  Japan  i s  the  worst  case,  bu t  Korea and  other  countries  wi l l  catch  up  
wi th  Japan  i n  the  near fu ture.  

After typical l y the  age  of  45  years ,  people  need  s i gn i f icant  add i t i onal  amounts  of  l i gh t  to  be  
able  to  perform  the  same visual  tasks  comfortabl y (Sagawa  et  al . ,  2003) .  

The  201 0  World  Popu lati on  Data Sheet  by the  Popu lat ion  Reference  Bureau  reported  that  there  
were  n i ne  working -age  people  for every o l der  person  i n  the  world .  There  are  fewer than  f i ve  
working -age  people  for every o lder  person  i n  many Eu ropean  and  As ian  coun tries .  The  ratio  i s  
l owest  i n  Japan ,  I tal y,  and  Germany—at  th ree  to  one.   

 

Figure 1  –  Ageing  population of 65 years and over by country (UN  (201 3.6)  World  Population 
Prospects:  201 2 Revision)  
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1 .2  Prevalence of  low vision  

Based  on  the  defi n i t i on  of  l ow vis i on  as  presen ti ng  vis ion  ( i . e .  vi sual  acu i ty wi th  the  best  poss ible  
correction)  (Resn ikoff  et  al . ,  2004) ,  WHO reported  that  272  m i l l i on  people  were  est imated  to  
have  l ow vis i on  and  43  m i l l i on  people  to  be  bl i nd  (31 5  m i l l i on  visual l y impai red  i n  total )  i n  the  
world  i n  2004 (WHO,  2004a) .  The  est imated  number of  people  visual l y impai red  was  reduced  
to  285  m i l l ion ,  39  m i l l i on  bl i nd  and  246  m i l l i on  having  l ow vis ion ,  i n  201 0  (WHO,  201 0) .  Such  
reducti ons  refl ect  i n ternational  i nvestments  and  co l laborations  i n  improving  eye  heal th  services.  
However,  there  are  s t i l l  many people  wi th  visual  impai rments  who  need  medical  support  and  
improvement  i n  l i g h ti ng  envi ronmen t .  Table  1  shows  prevalence  of  b l i nd  and  l ow vis i on  by WHO 
reg ion .   

Table  1  –  Prevalence of  selected  condi t ions by  WHO reg ion  in  201 0  using  presenting  
vision  (mi l l i ons)  (WHO,  201 0)  

 
World  Afri ca  

North  

Ameri ca 

and  

Sou th  

Ameri ca  

Eastern  

Med i ter-  

ranean  

Eu rop

e  

Sou th -  

East  Asia  

( I nd ia  

excluded)  

Western  

Paci fi c  

(Ch ina 

excluded)  

I nd ia  Ch ina  

Low 
vis ion*  

246,0  20 , 4  23 , 4  1 8, 6  25, 5  23 , 9  1 2 , 4  54, 5  67, 3  

B l i nd**  39, 4  5, 9  3 , 2  4, 9  2, 7  4, 0  2, 7  8, 1  8, 2  

*  Low vi s ion  (presen ting  vi sual  acu i ty <  6/1 8  and  ≥  3/60)  due  to  g l aucoma,  cataracts,  macu lar 
degenerati on  or  refracti ve  errors.  

**  B l i ndness  (presen ti ng  vi sual  acu i ty <  3 /60)  due  to  g laucoma,  cataracts,  macu lar degenerati on  or  
refracti ve  errors.  

Table  2  shows  a  g lobal  estimate  of  the  number  of  people  visual l y impai red  by age,  suggesting  
that  63  % of  people  wi th  l ow vis i on  and  82  % of  al l  b l i nd  are  50  years  and  o lder.  Th is  impl ies  
that  the  number of  l ow vi s ion  people  may i ncrease  as  people  l i ve  l onger.  

Table  2  –  G lobal  estimate  of  the  number of  people  visual ly impai red  by age  (m i l l ions)  
(WHO,  201 0)  

 Popu lat ion  Low vis ion  B l ind  

0–1 4  years  1  848,5  1 7, 5  (0, 9)  1 , 4  (0 , 1 )  

1 5–49  years  3  548,2  74, 5  (2, 1 )  5, 8  (0 , 2)  

50  years  and  o l der  1  340,8  1 54,0  (1 1 , 5)  32, 2  (2, 4)  

Al l  ages  6  737,5  246,0  (3 , 7)  39, 4  (0, 6)  

NOTE Correspond ing  prevalence  (%)  i s  shown  i n  paren thesi s  for each  category and  each  age  g roup.  

1 .3  Relevant  CIE  publ ications  

CIE  1 23-1 997  “Low vis ion :  Li ghti ng  needs  for the  partia l l y s igh ted”  (CIE,  1 997)  reviewed  stud ies  
on  l ow vis ion  and  summari zed  the  features  of  the  major  d iseases  caus ing  l ow vis i on .  These  
d iseases  include  macu lar degenerat ion ,  reti nal  p i gmentosa,  cataract,  and  g laucoma.  Th is  report  
also  reviewed  stud ies  that  addressed  the  effects  of  l i gh t  on  visual  functi ons  such  as  visual  
acu i ty,  con trast  sens i t i vi ty,  vi sual  f i e ld  and  colou r vis i on .  I t  i n troduce s  vi sual  ai ds,  such  as  
neu tral  and  selecti ve  absorbing  g lasses,  l i gh t  ampl i f i c ation  systems,  h igh  power add i t i ons,  
magn i f i ers,  te lescopes,  c losed  ci rcu i t  te levis i on  systems,  e tc.  and  provides  l i gh t ing  
recommendations  for  people  wi th  l ow vis ion .   

CIE  1 96:201 1  “CIE  Gu ide  to  I ncreas ing  Access ibi l i ty i n  Li gh t  and  Ligh t i ng ”  (CIE ,  201 1 ) ,  was  
wri tten  for  l i gh t i ng  des igners  and  eng ineers ,  as  wel l  as  scien tists  of  l i g h t,  co lour,  and  vis ion  to  
ass ist  them  i n  taking  accoun t  of  the  needs  of  o lder persons  and  persons  wi th  d isabi l i t i es.  The  
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gu ide  was  developed  i n  accordance  wi th  I SO/IEC Gu ide  71 :2 001  “Gu idel i nes  for s tandard  
developers  to  address  the  needs  of o l der persons  and  persons  wi th  d isabi l i ti es”  ( I SO/I EC,  2001 )  
and  i ts  techn ical  gu idel ines  I ES/TR 2241 1 : 2008  “Ergonom ics  data  and  gu idel ines  for the  
appl ication  of  I SO/IEC Gu ide  71  to  products  and  services  to  address  the  needs  of  o lder persons  
and  persons  wi th  d isabi l i ti es”  ( IES,  2008)  i n  order  to  implement  accessible  des i gn  i n  the  f i e ld  
of  l i gh t  and  l i gh ti ng .  Some content  has  been  shared  wi th  those  two  documents .  Th is  gu ide  
provides  fundamental  knowledge  and  data on  vis ion  of  o lder people  and  people  wi th  d isabi l i t ies ,  
as  wel l  as  des ign  cons iderations  based  on  these  data,  i n  order to  faci l i tate  consideration  of  the  
needs  of  o l der people  and  people  wi th  d isabi l i t i es .  

1 .4  Goal  and  outl ine of  the presen t  report  

The goal  of  th is  report  i s  to  summarize  l i gh ti ng  recommendations  on  l i gh ti ng  and  visual  
envi ronment  i n  i n terior  spaces  such  as  offi ces ,  publ ic  spaces,  and  res idences  for  o l der  people  
and  people  wi th  l ow vis ion .   

Other gu i del ines  such  as  ANSI /IES RP-28-07 (ANSI /I ES,  2007)  al ready provide  comprehens ive  
area-speci f ic  l i gh ti ng  so lu ti ons  for  various  l i gh ti ng  appl ications  l i ke  i n  s tai rs,  corridors ,  
bedrooms,  bathrooms and  en trance  trans i t ions .  Such  l i gh ting  des ign  gu ides  may not  be  su i table  
for i n ternati onal  recommendations  s i nce  l i fe  s tyles  i n  worldwide  coun tries  d i ffer from  each  other.  
Thus,  the  focus  in  th is  report  was  lai d  on  fundamental  aspects  ( for i nstance  i l l um inance  and  
g lare)  common  in  various  appl ications  and  coun tri es.  Th is  report  provides  gen eral  g u idance  for 
practical  l i gh ti ng  des ign ,  l eaving  appl ication -speci fic  gu idel ines  to  be  developed  by reg ional  
bod ies  that  are  better  able  to  take  i n to  accoun t  local  cu l tu re,  habi ts ,  and  preferences.  Li gh t ing  
recommendations  for heal thy o lder  people  wi th  normal ,  ageing  vis ion  are  al so  provided ,  based  
on  s imu lations  that  use  existi ng  models  for  age-related  changes  in  vi s ion .  

CIE  1 23-1 997  (CIE,  1 997)  provided  a comprehens ive  review and  l i gh ti ng  gu i del i nes  for people  
wi th  low vis ion  as  of  1 997.  I n  the  presen t  report  the  state-of-art  s tud ies  on  the  effects  of  l i gh t  
on  low vis ion  are  updated  by focus ing  on  publ ications  i n  the  years  from  1 997  to  the  presen t,  
and  design  gu ides  for l i gh ti ng  practi t i oners  and  envi ronmental  des igners  are  provided  to  des i gn  
an  appropriate  visual  envi ronment for people  wi th  l ow vis ion .  Gu idel i nes  described  i n  CIE  
1 96:201 1  (CIE,  201 1 )  have  also  been  implemented  i n to  practical  so lu tions .  

I n  th is  report,  o lder  people  are  def ined  as  people  wi th  more  than  50  years  of  age.  Th is  means  
that  the  report  i s  also  re levant  for  the  rapid l y g rowing  ageing  workforce,  taking  i n to  accoun t  
those  parts  of  the  popu lation  that  are  st i l l  working  bu t  start  experiencing  a  s i gn i f icant  reduction  
i n  visual  acu i ty due  to  thei r age  ( Sagawa et  al . ,  2003) .  See  also  www.age-platform .eu .  

2 Research  update of  low vision  and  visual  changes with  age  

I n  order to  provide  gu idance  on  l i gh ting  for o l der people  and  people  wi th  l ow vis ion ,  i t  i s  
important  to  understand  the  mechan isms  of  ageing  vis i on  and  l ow vis ion .  Li terature  reviews  on  
visual  changes  and  impai rments  wi th  age  have  al ready been  undertaken  (Weale,  1 963;  CIE ,  
1 997;  Boyce,  2003;  ANSI /IES,  2007;  C IE,  201 1 ;  Owsley,  201 1 ) .  Th is  c lause  summari zes  these  
reviews.  

2.1  Ageing  eyes  

Most components  i n  the  human  visual  system  deteriorate  wi th  age  (F igu re  2) .  O lder people  
often  experience  noticeable  changes  in  visual  performance  and  task object  appearance.  These  
changes  orig i nate  due  to  (1 )  reduced  accommodation ,  (2)  i ncreased  i n traocu lar l i gh t  scatter,  (3)  
reduced  spatial  con trast  sens i t i vi ty,  (4)  reduced  retinal  i l l um inance,  and  (5)  s lower dark 
adaptati on .  
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Figure 2 – Section of the human eye 

2.1 .1  Reduced  accommodation   

After  approximatel y 45  years  of  age,  people  often  experience  reduced  capabi l i t i es  i n  
accommodation .  The  refracti ve  power of  a  human  eye  i s  determ ined  by the  curvature  of  the  
cornea and  the  th ickness  of  the  crystal l i ne  lens .  The  curvature  of  the  cornea i s  f i xed  wh i le  the  
th ickness  of  the  crystal l i ne  l ens  i s  variable  so  as  to  change  the  focal  leng th  of  the  crystal l i ne  
l ens.  When  l ooking  at  objects  at  various  d istances,  a  young  observer  ad j usts  the  th ickness  (or  
focal  l ength)  of the  crysta l l ine  lens  so  that  the  obj ects’  images  can  be  formed  on  the  focal  poin t  
o f  the  l ens  ( i . e.  the  fovea on  the  retina) .   

However,  the  lens  becomes  more  ri g id  and  f latter  wi th  age,  and  therefore  i t  becomes  more  
d i ff i cu l t  to  focus  on  short -d istance  objects.  Th is  i s  regarded  as  presbyopia  or fars igh ted ness  
due  to  age.  Such  refracti ve  errors  often  impai r  contr ast  sens i ti vi ty.   

Ligh ti ng  cannot  he lp  o l der people  f i x  such  optical  errors  or  ease  presbyopia.  Wearing  g lasses  
or contact  lenses  helps  o l der  people  remove or at  l east  reduce  such  refracti ve  errors.  To  fu rther  
d iscuss  l i gh t ing  for o lder people  and  people  w i th  vi sual  impai rments  i n  the  fo l lowing  subclauses,  
i t  i s  assumed  that  o l der  people  wear  g lasses  or  contact  l enses  i n  order  to  optical l y remove  the  
above-described  refracti ve  errors.  

2.1 .2  Increased  intraocular  l ight  scatter  

I n traocu lar  l i gh t  scatter  i s  caused  m ain l y by the  cel l u lar  structu res  of  cornea,  crystal l i ne  l ens  
and  fundus  ( including  the retina,  bl ind  spot,  and the fovea)  for young  adu l ts  (Fi gure  3) .  However,  
the  l i gh t  scattering  i n  the  crystal l i ne  l ens  dramatical l y i ncreases  wi th  age.  Prote ins  i n  the  
crystal l i ne  lens  g radual l y denature  and  degrade,  and  ther efore  the  lens  becomes  c louded  over  
t ime  (Vos,  1 984) .  Since  the  s i ze  of  the  prote i n  partic les  i s  too  l arge  to  cause  wavelength -
dependen t  Rayle igh  scattering ,  the  i n traocu lar  l i gh t  scatter  i s  i ndependen t  of  wavelength  (Steen  
et  al . ,  1 993) .  Due  to  the  l i gh t  scatter,  o lder  people  often  experience  reduced  reti nal  contrast  
and  subsequen tl y d isabi l i ty g lare.  

I t  i s  importan t  to  carefu l l y design  l i gh ti ng  so  as  to  m in im ize  such  i n traocu lar  l i gh t  scatter i n  
i n terior  spaces  where  o lder people  perform  detai l ed  visual  tasks.  

 

Figure 3 – Origins of intraocular l ight scatter 
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2.1 .3  Reduced  spatial  contrast  sensi tivi ty  

Spatial  con trast  sens i t i vi ty i s  d im in ished  wi th  age  due  to  i ncreased  i n traocu lar  l i g h t  scatter  and  
neural  factors.  The  process  of  i ncreas ing  i n traocu lar  l i g h t  scatter wi th  age  has  al ready been  
d iscussed  in  2. 1 . 2 .  The  neural  factors  i nclude  i ncreased  node  densi ty ( i . e .  t i n y ye l l ow or wh i te  
accumu lations  of  extracel l u lar  material )  i n  the  ret i na,  decreased  photorec eptor  densi ty,  and  
decreased  gang l ion  cel l  dens i ty during  the  ageing  process  (Keunen  et  al . ,  1 987;  Adrian ,  1 993) .   

However,  l oss  i n  spatial  con trast  sens i ti vi ty i s  l argel y optical  i n  orig in  at  photopic  levels  wh i l e  
neural  factors  become more  importan t  for  the  sensi t i vi ty l oss  under mesopic  and  scotopic  
cond i t i ons  (Owsley,  201 1 ) .   

S ince  th is  report  focuses  on  i n terior spaces  that  are  usual l y i l l um inated  at  photopic  l i gh t  levels,  
i t  may not  be  necessary to  take  such  contribu tions  of  neural  decl i nes  to  reduce  spatial  con trast  
sens i t i vi ty i n to  accoun t  for fu rther  d iscuss ion  on  l i gh ting  for heal th y o lder people.  Th is  impl i es  
that  i t  i s  importan t  to  i ncrease  task i l l um inance  to  obtain  f i ner images  as  wel l  as  to  m in im ize  the  
i ncrement of  ambien t  i l l um inance  in  order  to  m in im ize  i ncreased  i n traocu lar l i gh t  scatter.   

2.1 .4  Decreased  retinal  i l luminance  

Retinal  i l l um inance  decl i nes  wi th  age  due  to  reduced  pupi l  s i ze  ( also  cal l ed  pupi l l ary m ios is)  
and  i ncreased  spectral  absorpti on  of  the  crystal l i ne  l ens.  I t  i s  reasonable  for  l i gh t i ng  
practi t i oners  to  i ncrease  task i l l um inance  to  he lp  o lder  people  compensate  for  the  age-re lated  
l osses  i n  ret i nal  i l l um inance.  

I ncreased  spectral  absorption  wi th  age  i s  caused  by an  i ncrease  i n  the  s i ze  of  the  crystal l i ne  
l ens  and  an  accumu lation  of  a  ye l low pi gment duri ng  l i fe  (Pokorny et  al . ,  1 987;  Xu  et  al . ,  1 997;  
van  de  Kraats  and  van  Norren ,  2007) .  S ince  the  yel l ow pi gments  absorb more  short -waveleng th  
rad iati on  than  long -wavelength  rad iati on ,  the  spectral  transm i ttance  of  the  crystal l i ne  l ens  
becomes  h i gher  at  l onger  waveleng ths  wi th  age  than  at  shorter  waveleng ths  (F igure  4) ,  
effecti ve l y caus ing  the  o lder  viewer to  see  the  world  th rough  a  ye l low f i l ter .   

 

Figure 4 –  Reduction of lens transmittance due to lens yellowing  

Pupi l  d iameter i s  dete rm ined  by adaptati on  l um inance,  spectral  power  d istri bu ti on ,  and  age  
(Hol laday,  1 926;  Crawford,  1 936;  Moon  and  Spencer,  1 944;  De  Groot  and  Gebhard ,  1 952;  
Stan ley and  Davies ,  1 995;  Barten ,  1 999;  B lackie  and  Howland,  1 999;  Winn  et  al . ,  1 9 94) ,  as  
shown  i n  F ig ure  5 .  Pupi l l ary m ios is  i s  caused  by many ageing  factors .  These  factors  i nclude  a  
comparative  atrophy of  the  d i lator  re lat i ve  to  the  sph incter  muscle,  i r i dal  r i g i d i ty,  decrease  i n  
sympathetic  tone,  reducti on  i n  parasympathetic  i nh ibi t i on ,  and  chron ic  fat i g ue.  A few stud ies  
i nvestigated  how many m i l l imetres  the  pupi l  i s  contracted  wi th  age  (Winn  et  al . ,  1 994) .  A recent  
study combined  these  f i nd ings  and  developed  a  un i f i ed  formu la to  estimate  pupi l  d iameter 
(Watson  and  Yel l ott,  201 2) .  
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Figure 5 –  Effect of a contracted pupil  diameter 

2.1 .5  Slower dark adaptation  

Older  people  have  decreased  visual  sens i ti vi ty i n  the  dark.  I ncreased  optical  dens i ty of  the  aged  
crystal l ine  l ens  and  pupi l l ary m ios is  contri bu te  to  thei r  scotopic  th reshold  e levati on .  However,  
the  visual  cycle,  the  biochem ical  pathway responsible  for rhodopsin  regeneration  i s  perturbed  
wi th  age  (Owsley,  201 1 ) .  Therefore,  o lder people  experience  substantial  de lays  i n  adapting  to  
darkness  (Jackson  et  al . ,  1 999) .  

Older  people  need  l onger photo -stress  recovery t ime,  or  t ime  needed  for  the  reti nal  p igments  
to  recover  after  they have  been  bleached  by a  bri gh t  l i gh t  source  (e . g .  the  time  to  recover after 
l ooking  i n to  a  g lar ing  l i gh t  source) .  Duri ng  th is  longer  recovery t ime,  the  visual  system  is  i n  a  
trans ien t  state  of  i nsensi t i vi ty,  subj ecti vel y perceived  as  an  after - image  (E l l i ott  e t  al . ,  1 991 ) .  I t  
i s  therefore  importan t  to  conceal  h igh - lum inance  l i gh t  sources  from  o lder  people.   

Older people’s  l ower visual  sens i t i vi ty i n  the  dark and  the  s l ower  dark adaptation  often  raise  
ri sks  wh i le  dri ving  and  walking  on  streets  at  n i gh t.  I t  i s  very important  to  exam ine  how th ese  
age-related  visual  deteriorations  affect  n i gh t - t ime  traffic  safety.  However,  th i s  report  focuses  on  
l i t  i n terior  spaces,  and  therefore  wi l l  not  deal  w i th  th is  area.  

2.2  Change of  colour vision  wi th  age  

Due to  the  anatom ical  and  phys io log ical  ocu lar changes  wi th  age,  the  spectral  power 
d istribu t ion  (SPD)  and  i n tens i ty of  l i gh t  reach ing  the  retina are  changed .  Therefore,  i t  can  be  
pred icted  that  such  changes  shou ld  resu l t  i n  dramatic  changes  i n  human  co lour vis i on .  However,  
at  suprathreshold  l evels  i n  normal  i n teri or l i g h ti ng  appl ications,  human  co lour vis ion  main tains  
remarkabl y s table  across  the  l i fe  span ,  impl yi ng  that  the  visual  system  may adapt  to  
compensate  for the  anatom ical  and  phys io log ical  changes  i n  spectral  sens i ti vi ty (Werner et  al . ,  
2004;  Sinomori ,  2003) .  Th is  sub-clause  f i rst  ou tl i nes  human  co lour vi s i on ,  second  describes  
senescen t  decl i nes  i n  cone  sensi ti vi ty,  and  f i nal l y shows  evidence  of  the  r enormal i zation  
processes  recal ibrating  the  visual  system  for  chang ing  reti nal  s t imu l i  and  al tered  s ignals  from  
the  visual  pathways.  Colour  appearance  for  people  wi th  l ow vis i on  wi l l  be  described  i n  3 . 6 . 3 .   

2.2.1  Outl ine of  how human  colour vision  works  

Human  co lour  vis ion  starts  wi th  the  absorption  of  photons  by th ree  types  of  cones  wh ich  d i ffer 
i n  sens i t i vi ty range  of  wavelength .  Cones  having  thei r  peak wavelengths  at  the  shortest,  m idd le  
and  longest  waveleng th  ranges  are  cal led  S - ,  M -  and  L-cones  respecti vel y.  Human  co lour  
percepti on  i s  based  on  a  transformation  of  s i gnals  from  these  cones  i n to  red -green  and  yel l ow-
blue  chromatic  channels ,  and  a b lack-wh i te  achromatic  channel  accord ing  to  Boyn ton  and  
Gordon  ( 1 965) .  F i gu re  6  i l l us trates  the  class ic  model  of  human  co lour  vis ion  and  ocu lar optics.  
The  black-wh i te  achromatic  channel  receives  s i gnals  from  the  M -  and  L-cones.  The  red -green  
opponent  channel  produces  the  d i fference  between  the  s i gnal  of  the  M -cones  and  the  sum  of  
the  s i gnals  of  the  L-  and  S-cones.  The  b l ue-yel l ow opponent  channel  produces  the  d i fference  
between  the  S-cones  and  the  sum  of  the  M -  and  L-cones.  Human  co lour  percepti on  i s  based  
on  the  above  described  re lat i ve  ou tpu ts  from  the  th ree  types  of  cones  rather than  the i r  abso lu te  
ou tpu ts.  Th is  i s  th e  key to  the  renormal i zati on  of  co lour vi s i on  from  in fancy th rough  senescence  
as  described  below.  
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Figure 6 –  Classical  model  of human colour vision and ocular optics 

2.2.2  How anatomical  and  physiolog ical  changes with  age cause 
psychophysical  changes at  threshold  

Sal ient  anatom ical  and  phys io log ical  senescen t  changes  impacti ng  s i gnals  generated  by the  
ret i na are  reductions  i n  the  reti nal  and  choroidal  b lood  suppl y,  a  decrease  i n  ce l l  densi ty of  the  
ret i nal  p i gment epi thel i um ,  a reduction  i n  photoreceptor numbers  and  changes  i n  photoreceptor 
morphology,  and  a l oss  of  reti nal  gang l i on  cel ls  (Werner et  al . ,  2004) .  For i nstance,  a  study 
(Curcio  et  al . ,  1 993)  counting  cones  i n  27  whole  mounted  ret i nas  from  donors  aged  27  to  90  
years  reported  that  changes  i n  cone  dens i ty had  no  cons istent  relati onsh ip  to  age  or  reti nal  
l ocation ,  and  the  total  number of  foveal  cones  was  re lati vel y s table  wh i le  rod  densi ty decreased  
by 30  %.  At  the  temporal  equator,  however,  cone  densi ty decl ined  by 23  %.  Stud ies,  wh ich  
d i rectl y measured  responses  from  cones  and  rods  us ing  e lectroreti nog ram ,  reported  that  
amoun t  of  responses  from  cones  and  rods  are  con tinuousl y reduced  after earl y adolescence  
(Bi rch  et  al . ,  2002) .  

Many psychophysical  stud ies ,  wh ich  attempted  to  determ ine  absolu te  sensi t i v i t i es  of  th ree  types  
of  cones,  showed  that  S -cone  sens i t i vi ty decreases  wi th  age  (E isner  et  al . ,  1 987;  J ohnson ,  
1 988) .  Several  s tud ies  found  s im i lar  l osses  i n  the  sens i t i vi ty of  M -  and  L-cones  (Knoblauch  et  
al . ,  2001 ;  Werner and  Steele,  1 988) .  For i nstance ,  Werner and  Steele  ( 1 988)  measured  spectral  
sens i t i vi t ies  of  S- ,  M- ,  and  L-cones  by testing  detection  th resholds  for  76  observers  rang ing  
from  1 0  to  84  years  i n  age.  F i gu re  7  shows  the  resu l ts  of  the  measurements.  The  sens i t i vi ti es  
at  al l  waveleng ths  corre lated  negati vel y wi th  age.  The  sensi t i vi ty at  560  nm  decl i ned  at  a  rate  
of  0 , 1 1  l og  un i t  per decade  for  both  M -  and  L-cones.  These  data support  the  vi ew that  the  
sensi t i vi t ies  of  al l  th ree  cone  types  and/or thei r pathways  after the  reti na decl ines  from  1 0  to  84  
years  of  age.  
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NOTE  The  l ogari thm  of  the  re lati ve  sensi t i vi ty  i s  p l otted  as  a  functi on  of  age  for S -cone  (un fi l l ed  
squares) ,  M -cone  ( f i l l ed  ci rcles) ,  or  L -cone  (un fi l l ed  ci rcl es) .  The  data  are  n ormal i zed  arbi trari l y  
al ong  the  sensi t i vi ty  axis  for  each  of  the  th ree  cone  types.  

Figure 7 –  Relative sensitivity as a function of age for S-,  M- and L-cones (Werner and Steele,  
1 988)  

2.2.3  Colour d iscrimination  

Knoblanch  et  al .  (2001 )  tested  co lou r d iscrim inati on  performance  for 75  subjects  rang ing  
between  20  and  78  years  of  age  by us i ng  the  Farnsworth -Munsel l  1 00-hue  test  at  f i ve  
i l l um inance  levels.  The  resu l ts  of  the  experiment  revealed  a s im i lar tendency of  defects  i n  co lour  
d iscrim ination  i n  both  young  and  o l der subjects  at  l ower i l l um inance  l evels.  I n  add i t i on ,  the  
abi l i ty of  co lour  d iscrim inati on  appears  to  decl i ne  wi th  age.  To  understand  mechan isms  of  such  
an  age-related  decl i ne  i n  co lour  d iscrim ination  Sh inomori  et  al .  (2001 )  developed  st imu l i  
cons isting  of  monochromatic  l i gh ts  wi th  i nd ividual l y  determ ined  constant  l um inance  values  so  
that  the  SPD  and  i n tens i ty of  l i gh t  reach ing  the  reti na  of  each  of  the  subj ects  can  be  phys ical l y 
the  same.  The  experimental  resu l ts  suggested  smal l  bu t  cons is ten t  i ncreases  i n  co lour  
d iscrim ination  th resholds  in  o lder  observe rs  compared  to  young  observers.  Sh inomori  et  al .  
suggested  that  these  age -re lated  l osses  i n  co lour  d iscrim ination  are  attribu ted  not  to  reduction  
i n  reti nal  i l l um inance,  bu t  to  neural  changes  because  the  reti nal  i l l um inance  of  the  st imu l i  was  
constan t  across  al l  observers.  The  resu l ts  of  the  above  described  experiments  conducted  at  
th reshold  l evels  suggest  i ncreasing  l i gh t  levels  for the  el derl y to  main tain  the i r  visual  
performance  i n  i n terior  l i gh t ing  appl ications.   

2.2.4  Colour appearance at  suprathreshold  leve ls  

The former subclauses  showed  large  losses  i n  sens i t i vi ty of  cone  mechan isms  and  a s i gn i f ican t  
decl i ne  i n  co lour  d iscrim ination  performance.  I t  i s  also  importan t  to  understand  how co lour  
appearances  of  obj ects  change  wi th  age  under suprathreshold  cond i t i ons  where  we  normal l y 
l i ve.  

Schefrin  and  Werner (1 990)  measured  the  wavelengths  of  un i que  hues  (blue,  g reen ,  and  yel l ow)  
as  a function  of  age  for  50  observers  rang ing  i n  age  from  1 3  to  74  years.  F igure  8  shows  the  
resu l ts.  Each  of  the  un ique  blue  and  un iqu e  yel low does  not  have  s i gn i f i can t  d i fferences  i n  
wavelength  among  d i fferen t  age  g roups.  However,  F igure  3  also  suggests  s i gn i f icant  sh i fts  of  
un i que  g reen  wavelength  to  shorter waveleng th  reg ion .  Schefrin  and  Weber (1 993)  conducted  
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a colour nam ing  experim ent  for 1 5  young  (21 , 3  years  on  average)  and  1 5  o lder (71 , 9  years  on  
average)  subjects .  The  subjects  were  asked  to  scale  the  percen tage  of  each  fundamen tal  hue  
(red,  g reen ,  ye l low and  blue) ,  and  then  to  scale  the  proport ion  of  overal l  chromatic  and  
achromatic  content.  As  a resu l t,  hue -nam ing  percen tages  used  by subjects  d id  not  d i ffer by 
more  than  5  %  between  young  and  o lder  subj ects  for  any hues.  However,  o lder subjects  
perceived  co lours  to  have  more  achromatic  content  ( l ess  chromatic  con ten t)  than  young  
subj ects .  Okaj ima et  al .  (2002)  reported  s im i lar resu l ts  us ing  a l arger set  o f  colour ch ips.  The  
subj ects  were  asked  to  choose  one  of  1 1  common  colour  names  for  each  s t imu lus.  Essen tial l y 
no  d i fference  between  young  and  o l der  subjects  was  found.  However,  re ductions  i n  perceived  
co lour  saturation  appeared  i n  o lder  subj ects .  S im i lar tendency can  be  found  from  an  experiment  
conducted  by Sagawa and  Takahash i  (2003)  as  described  l ater.    

From  the  above  described  stud ies  on  co lour  appearance  by us i ng  techn iques  fo r i denti fying  
un ique  hues  and  co lour nam ing ,  co lour appearances  of  obj ects  seem  to  be  main tained  re lati vel y 
constan t  over the  l i fe  span .   

 

NOTE  0 , 95°  d iameter foveal  s timu l i  wi th  a  l um inance  o f  7 , 1  cd m −2 .  

Figure 8 –  Wavelengths of unique hues as a function of age (Schefrin  and Werner,  1 990)  

2.2.5  Renormal ization  of  chromatic  mechanisms  

I f  mechan isms  of  human  co lour vis ion  have  been  al tered  by changes  i n  i npu t  and  adaptation ,  a  
sh i ft  i n  the  neu tral  wh i te  po in t  shou ld  appear.  Werner  and  Schefri n  ( 1 993)  measured  the  wh i te  
po in ts  for 50  normal  observers  rang ing  i n  age  from  1 1  to  78  years.  The  observers  were  asked  
to  vary the  in tens i ty ratio  of  the i r  i nd i vidual l y determ ined  un ique  bl ue  and  un ique  yel low i n  order  
to  def ine  thei r  wh i te  po in ts  wh i le  main tain i ng  a  constan t  ret inal  i l l um inance.  The  resu l ts  
suggested  no  s ign i f icant  change  in  the  wh i te  po in t  as  a  functi on  of  age.  

Delahunt  et  al .  (2004)  measured  the  l ocus  of  the  achromatic  po in t  before  and  after cataract  
surgery for  four  cataract  patients  (63–84  years) .  The  subjects  were  asked  to  determ ine  the  
chromatici ty of  st imu l i  that  appeared  achromatic  (wh i te  po in t)  before  surgery,  and  at  vari ous  
i n tervals  after surgery for  up  to  1  year.  The  locus  of  the  achromatic  po i n t  for  each  of  the  
observers  showed  a l arge  sh i ft  i n  the  wh i te  po in t  i n  the  ye l l ow d i recti on .  However,  the  wh i te  
po in t  s lowl y moved  back i n  the  d i rection  of  the  chromatici ty before  the  surgery.  The  wh i te  po in t  
even tual l y reached  a  fai rl y stable  ch romatici t y at  about  th ree  mon ths  after  the  surgery.  Th is  
resu l t  impl ies  that  there  shou ld  be  processes  that  compensate  for the  changes  i n  the  reti nal  
s timu lus  caused  by l en ticu lar  senescence  to  main tain  the  wh i te  po in t  s table  across  the  l i fe  span .  

2.2.6  How findings on  change in  colour vision  with  age can  be appl ied  for 
interior l ighting  

The  above  described  s tud ies  have  demonstrated  that  the  visual  system  recal i brates  i tse l f  for  
chang ing  reti nal  s t imu l i  and  s i gnals  on  the  visual  pathways.  Therefore,  sh i fts  i n  chromatici ty  
pred icted  based  on  changes  i n  ocu lar dens i ty of  opt ical  med ia shou ld  not  be  appl i ed  for 
assess ing  senescent  changes  i n  co lour  appearance.  However,  such  renormal i zati on  processes  
are  not  perfect,  suggesting  some deteriorati ons  i n  colour vis ion  especial l y i n  th reshold  
cond i t i ons.  Saturati ons  of  perceived  co lou rs  decrease  and  co lour d iscrim ination  th resholds  
i ncreased .  Th is  i s  especial l y true  for  th reshold  cond i t ions  at  l ow ret inal  i l l um inances  and  l ow 
saturations .   
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Therefore,  i t  i s  importan t  to  main tain  su ff i cien t  i l l um inance  on  visual  tasks.  I t  can  be  also  
recommended  to  use  l amps  wi th  h igher co lour  renderi ng  i n  order  to  main tain  perceived  colour  
saturation  (Sh inomori ,  2003) .  

2.3  Low vision  

This  present study fol lows  the  defin i ti ons  of visual  impairmen t,  low vis i on  and  bl i ndness,  g i ven  
i n  the  i n ternati onal  stat i stical  c lass ification  of d iseases,  i n j u ries  and  causes  of  death ,  1 0th  
revis ion  (WHO,  1 993) .  The  def in i ti ons  are  l i sted  below:  

  Visual  impai rmen t  i ncl udes  l ow vis i on  as  wel l  as  b l i ndness.  

  Low vis ion  is  defined  as  visual  acu i ty of  less  than  6/1 8,  bu t  equal  to  or  better  than  3/60,  or  a  
correspond ing  visual  fi e l d  l oss  to  l ess  than  20 °  i n  the  better  eye  wi th  best  possible  correcti on .  

  Bl indness  i s  defined  as  visual  acu i ty of l ess  than  3/60,  or a  correspond ing  vi sual  fie l d  l oss  to  
l ess  than  1 0°  i n  the  better eye  wi th  best  poss ible  correction .  

As  described  i n  CIE  1 96  (CIE,  201 1 ) ,  l ow vis ion  i s  referred  to  as  the  deteri orated  visual  function  
due  to  d iseases  and  i n j u ri es.  Such  deteriorations  i n  visual  function  cannot  be  impr oved  even  
by us ing  wel l -corrected  g lasses.  These  d iseases  i ncl ude  macu lar degenerat ion ,  reti nal  
p igmentosa,  cataract,  and  g laucoma.  I t  i s  important  to  understand  that  there  are  d i vers i t ies  i n  
the  type  of  impai rmen ts  and  wide  i nd i vi dual  variati ons  in  the  degree  of  impai rments .   

WHO provided  a  breakdown  of  the  causes  of  vi sual  impai rments ,  i nclus ive  of  bl i ndness :  
cataracts  (33  %) ,  refracti ve  errors  (42  %) ,  g laucoma (2  %) ,  age-related  macu lar degeneration  
(1  %) ,  trachoma (1  %) ,  corneal  opaci t i es  ( 1  %) ,  d iabeti c  retinopathy ( 1  %) ,  ch i l dhood  ( 1  %)  and  
undeterm ined  ( 1 8  %)  (WHO,  201 0) .  The  data demonstrate  the  l ack of  i n terven tions  for  eas i l y 
treated  cond i ti ons  such  as  uncorrected  refracti ve  errors  and  unoperated  cataracts .  Th is  i s  
especial l y true  for  l ow- i ncome coun tries  (WHO,  2004b) .  I t  shou ld  be  poss ible  to  ease  a  h i gh  
number of  cataracts  and  refracti ve  errors  i f  i n terven tions  are  made  avai lable.  Th is  breakdown  
also  suggests  the  importance  of  understand ing  that  there  are  various  causes  of  visual  
impai rments  to  im prove  l i gh ting  for l ow vis ion .  

CIE  1 23  (CIE,  1 997)  addressed  the  defi n i t i ons ,  term inology,  and  c lass i f icati on s  of  deteri orated  
visual  functions  of  l ow vis ion .  CIE  1 23  also  reviewed  re levant  art i cles  comprehensivel y and  
provided  l i gh ti ng  recommendations  for  people  wi th  l ow vis ion .  I t  covered  the  fo l l owing  areas:  

  The  effect  of  l i gh t  on  vi sual  functions  such  as  refracti on ,  accommodation ,  visual  acu i ty,  
ocu lar pathology,  con trast  sens i t i vi ty,  visual  f ie l ds  and  co lou r vi s ion .   

  The  effect  of  i ncreased  l i gh t  l evel s  on  performance  of  people  wi th  l ow vis i on  for  practical  
tasks  such  as  read ing ,  computer  tasks,  and  m iscel laneous  offi ce  tasks.  

  The  effect  on  dark adaptati on  of  people  wi th  l ow vis i on  i ncl ud ing  achromatopia,  avi tam inosis,  
cataract,  cone  degeneration ,  reti n al  detachmen t,  d iabetic  reti nopathy,  g laucoma,  j u ven i le  
macu lar degenerati on ,  age-re lated  macu lar  degenerati on ,  h igh  myopia,  optic  atrophy,  
ret i n i t i s ,  and  pi gmentosa.  

  Adverse  l i g h ti ng  effects  on  people  wi th  low vi s i on  such  as  d isabi l i ty g lare,  d iscomfort  g lare,  
photophobia,  l ow or h i gh  i l l um inance/i rrad iance,  act in ic  kerato -con juncti vi t i s ,  cataract,  
ret i nal  i n j u ry,  l i gh t  hazards  from  ophthalm ic  i nstruments ,  and  ocu lar  hazards  from  natural  
l i gh ti ng .  

  Basic  features  of  l i gh ti ng  des ign  re lated  to  l ow vis ion  such  as  geometrical  d i stribu tion  of  l i gh t  
i n  an  i n teri or space,  un i form i ty of  i l l um inance,  d i rectional  and  d i ffused  l i gh ting ,  vei l i ng  
reflect ions ,  f l i cker,  l amp spectra  and  co lou r vis ion  effic iency,  l amp co lour  preferences,  
versati l i ty and  sel f -ad j ustment  of  i l l um inance,  cost -savings  in  l i gh ting  i nstal l ati ons,  choice  of  
l amps  and  l um inai res,  l amps,  and  local  l i gh ti ng .  

  Visual  aids  such  as  reducing  reti nal  i l l um inance,  chromatical l y se lecti ve  f i l ters ,  i ncreas ing  
ret i nal  i l l um inance,  obj ect  magn i ficati on ,  optical  magn i f ication ,  e l ectron ic  magn i f ication ,  and  
visual  f i e l d  expanders.   

  L i gh ti ng  des ign  recommendations  for  people  wi th  l ow vis ion  as  a g roup.  The se  i ncl ude  
recommendations  for  pri vate  homes,  res iden tial  faci l i t ies ,  schools,  working  p laces,  publ ic  
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bu i l d ings  (e . g .  banks,  post  offices,  recreational  bu i l d i ngs ,  museums,  art  gal leries ,  
restauran ts,  and  shops) ,  and  ou tdoor envi ronments  for dri ving  and  publ ic  transport.   

As described  above,  CIE  1 23  provides  a  comprehensive  review and  detai led  gu i del i nes  for  
people  wi th  l ow vis ion .  The  present  report  wi l l  not  chal lenge  CIE  1 23  to  provide  a  s im i lar review 
bu t  update  the  s tatus  of  s tud ies  on  the  effect  of  l i gh t  on  visual  performance  by focus ing  on  
papers  publ i shed  from  1 997  to  presen t.  Th is  update  i s  reported  i n  3 . 7.   

3  Lighting  requirements for visual  tasks defined  by visual  models  

What i l l um inance  l evels  do  o lder people  need  to  obtain  the  same performance  as  young  people?  
I n  2007,  the  I l l um inating  Eng ineering  Society of  North  America ( IESNA)  publ i shed  a  
recommended  practice,  “L ighti ng  and  the  visual  environment for sen ior l i vi ng ” ,  wh ich  was  
approved  by the  American  National  Standards  I nsti tu te  (ANSI )  (RP-28-07)  (ANSI /IES,  2007) .  
For  the  recommended  practice,  the  I ESNA comm i ttee  on  “Ligh ting  for the  E lderl y and  Partia l l y  
Sigh ted“  reached  a consensus  of  i l l um inance  recommendations  for o lder  adu l ts ,  i n  wh ich  the  
h igher l im i t  i n  the  range  of  conventional  i l l um inance  recommendations  i s  suggested  as  the  
m in imum  i l l um inance  for o l der  people.  I t  seemed  reasonable  to  fo l l ow the  I ES RP-28  
committee’s  consensus.  However,  s i nce  i t  i s  importan t  to  confi rm  the  rati onale  of  the  
recommendations,  th is  clause  attempts  to  exam ine  the  i n troducing  questi on  th rough  the  
fo l l owing  approaches.  

3.1  Approaches to  i l luminance requirements for older peop le and  people wi th  
low vision  

There  are  several  poten tial  approaches  to  i denti fy i l l um inance  requ i remen ts  for o lder  people  
and  people  wi th  l ow vis i on .  I n  th is  clause  l i terature  i s  i nvesti gated  concern ing  the  impact  of  
i ncreas ing  i l l um inance  for o lder peopl e  and  people  wi th  l ow vis i on  to  improve  thei r  visual  
performances.  The  fo l l owing  approaches  are  i nvesti gated :  

1 )  Appl icati on  of  models  representing  age-related  changes  i n  eyes,  e . g .  reducti on  i n  spectral  
transm i ttance  of  the  human  crystal l i ne  l ens  and  contracti on  of  pupi l  area;   

2 )  appl ication  of  visual  performance  models,  wh ich  i nclude  an  ageing  factor;   

3 )  appl ication  of  contrast  sens i t i vi ty functions  (CSF)  of  d i fferent  age  g roups  and  people  wi th  
l ow vis ion ;  and  

4)  comparison  of  i l l um inance  l evels  preferred  by o l der people  i n  d i fferent  experiments .  

I n  the  fo l l owing  the  above-described  approaches  are  i n troduced  to  gu i de  l i gh ting  practi t ioners  
i n  se lect ing  an  appropriate  i l l um inance  for a  g i ven  task cond i t ion  (e . g .  task s i ze  and  task 
con trast)  or  se lect  an  acceptable  task cond i t i on  for a  g i ven  i l l um inance.  The  th i rd  approach  
(CSF)  i s  especial l y usefu l  for d i scuss ion  of  l i gh ti ng  requ i rements  for  people  wi th  l ow vis i on .   

3.2  Age-related  changes in  spectral  transmittance of  the human  crystal l ine 
lens and  pupi l  area  

To address  how much  more  i l l um inance  i s  needed  for  o lder  people ,  age -related  changes  i n  
pupi l  d iameter  and  crystal l ine  l ens  transm i ttance  were  reviewed  and  anal ysed .  

3.2.1  Age-related  changes in  spectral  transmittance of  the crystal l ine lens  

The  optical  dens i ty of  the  human  crystal l ine  lens  changes  wi th  age.  Pokorny et  al .  ( 1 987)  
reviewed  l i terature  regard ing  both  the  spectral  dens i ty function  and  the  rate  of  such  changes.  
They found  that  the  average  lens  densi ty i ncreases  l i nearl y at  400  nm  by abou t  8  % per decade  
between  the  ages  of  20  and  60 ,  and  by abou t  30  % per decade  above  60.  They also  found  that  
two  factors  governed  the  spectral  l ens  densi ty functi on ,  wh ich  shows  a  g radual  i ncrease  during  
the  human  l i fe  span .  One  factor  has  the  h i ghest  absorpti on  i n  the  UV rad iati on  and  shows  a 
rapid  i ncrease  i n  the  f i rst  two  decades  (0–1 9  years) .  Th is  factor i s  attribu ted  to  an  i ncrease  i n  
l ens  material .  The  second  factor  has  peak absorpti on  i n  the  vis ible  spectrum  and  i ncreases  
g radual l y during  l i fe .  Th is  factor represen ts  an  accumu lation  of  a  ye l lowing  pigment during  l i fe.  
Based  on  the  above-described  l i terature  review,  Pokorny et  al .  developed  a  model  to  estimate  
ret i nal  i l l um inance  reducti ons  wi th  age,  based  on  changes  i n  ocu lar spectral  transm i ttance.  I t  i s  
known  as  the  two-factor model .  They provided  a tabu lati on  of  the  two  factors  of  the  average  32-
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year-o ld  l ens  as  wel l  as  an  equation  to  derive  the  average  spectral  l ens  densi ty functions  for  
observers  aged  20–80.  F i gure  9  depicts  the  spectral  transm i ttance  of  human  crystal l ine  l enses  
for d i fferen t  age  g roups.  

By us ing  the  two-factor model ,  Okaj ima and  Iwata ( 1 998)  attempted  to  estimate  age -re lated  
changes  i n  reti nal  i l l um inance  wi th  standard  i l l um inan ts  D65  and  A.  The  resu l ts  showed  that  the  
ret i nal  i l l um inance  for a  70 -year-o ld  i s  75  % of  that  for a  22-year-o ld  i n  case  of  i l l um ination  wi th  
standard  i l l um inan t  A ( i . e .  i ncandescent)  and  72  % i n  case  of  i l l um inati on  wi th  standard  
i l l um inant  D65.  Th is  impl i es  that  to  obtain  a certain  i l l um inance  on  the  retina,  o l der people  need  
approximate l y 1 , 3  t imes  the  i l l um inance  that  young  people  need .  

 

Figure 9 –  Spectral  transmittance of human crystalline lenses with  different age groups  

I n  order  to  est imate  age-related  reductions  in  spectral  transm i ttance ,  van  de  Kraats  and  van  
Norren  (2007)  developed  a more  comprehensive  model .  The  model  i s  composed  of  f i ve  
templates  that  represen t  optical  transm i ttances  of  f i ve  ki nds  of  human  visual  med ia  and  
therefore  i s  regarded  as  the  f i ve - template  model .  For fu rther anal yses  of  l ens  transm i ttance  i n  
th is  report ,  th i s  model  was  used.  

3.2.2  Age-related  pupi l  reduction  

Winn  et  al .  ( 1 994)  i nvesti gated  the  effect  of  age,  gender,  refracti ve  error and  i r i s  co lour  on  l i gh t -
adapted  pupi l  s i ze  i n  humans.  They measured  pupi l  d iameters  of  91  subjects  (aged  between  
1 7  and  83)  us ing  an  objecti ve  i n frared -based  con tinuous  record ing  techn ique  under  f i ve  
photopic  ocu lar  i l l um inance  l evels  between  2 , 1 5  l x  and  1  050  l x,  and  the  accommodati ve  status  
of  each  subject  was  precisel y con trol led  at  a  constant  l evel .  The  ocu lar  i l l um inance  i s  the  
i l l um inance  at  the  en trance  to  the  eye  (on  the  pupi l ) .  

They found  that  pupi l  s i ze  decreased  l i nearl y as  a  functi on  of  age  at  al l  i l l um inance  l evels .  The  
rate  of  change  of  pupi l  d iameter wi th  age  decreased  from  0 , 043  mm  per  year at  the  l owest  
i l l um inance  l evel  to  0 , 01 5  mm  per  year  at  the  h i ghest.  On  the  other hand,  pupi l  s i ze  was  found  
to  be  i ndependen t  of  gender,  refracti ve  error or  i r i s  co lour.  

By us ing  Winn  et a l . ’ s  experimental  resu l ts ,  Okaj ima and  Iwata (1 998)  developed  a model  to  
estimate  changes  i n  pupi l  s i ze  wi th  age .  By us ing  the  model ,  i t  i s  poss ible  to  calcu late  a pupi l  
s i ze  for  a  certain  age  subject  for  a  certai n  i l l um ination  cond i t ion  (e . g .  i l l um inance  l evel  and  
spectral  power d istri bu ti on) .  Based  on  the  above-described  changes  i n  l ens  t ransm i ttance  and  
pupi l  s i ze,  Okaj ima and  Iwata  found  that  a  70-year-o ld  person  needs  a 2 , 9  t imes  h igher ocu lar  
i l l um inance  than  a 20-year-old  person  for  the  same reti nal  i l l um inance  for an  ocu lar  i l l um inance  
of  1 0  l x.  Older people  need  a 2 , 6  t imes  h i gher ocu lar i l l um inance  at  1 00  lx  and  a 2 , 4  t imes  
h igher i l l um inance  at  400  lx.  
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Recentl y,  Watson  and  Yel lott  (201 2)  reviewed  seven  publ ished  models  i ncl ud ing  the  Winn  et  
al . ’ s  model  and  constructed  a  un i fi ed  formu la  that  describes  the  rate  of change  in  pupi l  d iameter  
as  a  functi on  of  l um inance  for  d i fferen t  vi sual  f i e ld  s i zes,  ages  and  reference  ages.  The  un i f i ed  
formu la essential l y ori g inated  from  the  formu la of  Stan ley and  Davies  ( 1 995) ,  wh ich  defi nes  
pupi l  d i ameter  based  on  corneal  f l ux  dens i ty or  adaptation  l um inance.  The  un i f ied  formu la also  
considers  the  effect  of  age  on  pupi l  d iameter,  based  on  Winn  et  a l . ’s  data  (1 994).  F i gure  1 0  
depicts  pupi l  d iameter  as  a functi on  of  adaptati on  l um inance  for d i fferent  age  g roups  calcu lated  
by us ing  the  un i f i ed  formu la.  

I n  th is  report,  the  un i f i ed  formu la  provided  by Watson  and  Yel l ott  was  used  to  calcu late  reti nal  
i l l um inance  for  d i fferen t  age  g roups.  Th is  formu la does  not  i ncl ude  the  effect  of  spectral  power 
d istribu tion  (SPD)  on  pupi l  d iameter.  I t  may be  poss ible  to  take  the  SPD  effect  on  pupi l  d iameter  
i n to  account  by combin i ng  a model  proposed  by Berman  et  al .  ( 1 990) .  Th is  model  describes  the  
re lati ve  con tribu tions  of  photopic  and  scotopic  l um inances  to  the  determ ination  of  pupi l  area.  
However,  such  a  compensation  was  not  appl ied  i n  the  fo l l owing  anal yses  i n  the  presen t  report  
because  the  model  does  not  i nclude  an  age  factor.   

  

Figure 1 0  –  Pupi l  d iameter as  a  function  of  adaptation  luminance for  d i fferent  age  
g roups  (Watson  and  Yel lott ,  201 2)  

3.2.3  Age-related  reduction  in  retinal  i l luminance  

As  described  above,  i n  order  to  estimate  age -re lated  reductions  i n  ret inal  i l l um inance,  age -
related  changes  i n  the  spectral  transm i ttance  o f  the  crystal l i ne  l ens  and  pupi l  s i ze  were  
calcu lated  by us ing  the  f ive- template  model  and  the  un i f i ed  formu la respectivel y.  A Matlab  
program  was  developed  to  calcu late  how much  h i gher  i l l um inance  i s  needed  for o l der  people  
than  for  young  people,  based  on  a  l amp SPD,  a target  age,  and  a  reference  age  for d i fferen t  
adaptati on - fie ld  l um inances.  The  ratio  of  the  l um inance  requ i red  for  o lder people  to  the  
l um inance  requ i red  for young  people  was  calcu lated  for  equ ivalen t  reti nal  i l l um inance,  by that  
receiving  mu l ti pl iers  i nd icati ng  how much  more  i l l um inance  i s  needed  for  o l der  people  (60,  70,  
and  80  years  o ld)  than  for  young  people  (22  years  o ld)  for  a  D65  lamp  and  an  i l l um inan t  A l amp.  

Fi gu re  1 1  depicts  the  resu l t  of  the  calcu lation  suggesting  that  a  1 , 5  t imes  h igher  task i l l um inance  
i s  needed  for people  at  an  age  of  70  years  than  people  at  an  age  of  22  yea rs  to  equate  thei r  

ret i nal  i l l um inances  at  a  l um inance  of  1  000  cd m −2  for  both  the  D65  lamp and  the  i l l um inan t  A 
l amp.  Al though  th is  f i gure  i s  based  on  adaptation  l um inance  i nstead  of  hori zontal  task 
i l l um inance,  the  l um inance  mu l t ipl i er  on  the  vertical  axis  i s  equ ivalent  to  the  i l l um inance  

mu l t ipl i er.  A lum inance  of  1  000  cd m −2  i s  rough l y equ ivalent  to  a  hori zon tal  task i l l um inance  of  
400  lx .  Th is  impl ies  that,  al though  o lder  people  do  need  h i gher  i l l um inances  on  visual  task than  
young  people  do,  twice  the  i l l um inance  for young  people  may be  more  than  enough  for  the  o l de r  
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work force  up to  around  70  years  of  age.  There  was  l i tt l e  d i fference  i n  mu l t i pl i er  between  the  
two-factor  model  and  the  f i ve - template  model .  

 

(a)  Standard  i l l um inant  D  65  

 

(b)  Standard  i l l um inant  A 

Figure 1 1  –  Multipliers of luminance needed for older people to that for young people at an age 
of 22 years calculated by the five-template model  for lens spectral  transmittance (van de Kraats 

and van Norren,  2007) and the unified formula for pupil  size (Watson and Yellott,  201 2)  

The  resu l ts  of  the  calcu lati ons  also  suggested  that  l arger  mu l t ipl i ers  are  needed  for  a  D65  lamp 
than  for  an  i l l um inant  A l amp.  Th is  i s  because  a l amp wi th  more  short -wavelength  componen ts  
tends  to  reduce  pupi l  s i ze.  Th is  impl ies  that  i t  may not  be  appropriate  to  suggest  us ing  a  lamp 
wi th  more  short-wavelength  rad iation  for  o l der people.  However,  i t  i s  also  noted  that  the  focal  
depth  of  retinal  image  i s  i ncreased  as  pupi l  s i ze  decreases.  Th is  i s  because  a smal ler pupi l  
eases  optical  aberrati ons  of  a  ret inal  image.  Th is  calcu lation  does  not  take  the  effect  of  a  shorter 
focal  depth  on  the  sharpness  of  a  retinal  image  i n to  accoun t.  

3.3  Visual  performance models including  ageing  factors  

There  are  th ree  types  of  visual  performance  models  that  speci fy the  relationsh ip  between  
adaptati on  ( i . e.  background)  l um inance,  target  ( i . e.  fon t)  s i ze,  and  target  con trast  i n  terms  of  
con trast  sens i t i vi ty  (CS) ,  visual  acu i ty  (VA)  and  visual  task performance.  I n  fundamental  
experimental  phases  to  determ ine  CS,  subj ects  i denti fy th reshold  con trast  of  targets  wi th  
d i fferent  s i zes  against  thei r  backgrounds  wi th  d i fferen t  l um inances.  Visual  acu i ty i s  determ ined  
by asking  subjects  to  i denti fy th reshold  s i zes  of  targets  wi th  d i fferent  adaptation  l um inances.  
Visual  task performance  i s  determ ined  by asking  subjects  to  perform  visual  tasks  under  various  
task s i zes,  con trasts,  and  background  l um inances.  Dependen t  variables  are  often  (a)  speed  to  
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complete  a  certain  amount  of  tasks ,  or  (b)  amoun t  of  tasks  completed  in  a  certain  peri od  of  t ime.  
Some of  them  i nclude  ageing  factors .  Th is  subclause  i n troduces  recently developed  visual  
performance  models  wh ich  i nclude  ageing  factors  so  that  l i gh ting  practi t ioners  can  determ ine  
an  appropriate  i l l um inance  or target  con trast  u nder  a  g i ven  cond i t i on .  

3.3.1  Visual  acui ty model  

1 )  Defin ing  vis ib i l i ty  

General l y speaking ,  vis ib i l i ty of  a  vi sual  s t imu lus  viewed  by an  observer  i s  determ ined  by the  
characteristics  of the  visual  s timu lus  and  the  observer’s  visual  capabi l i ty.  The  characteristics  of 
the  visual  s t imu lus  are  represented  by four  e l ements;  th ey are  the  s i ze  (or a  vi sual  ang le)  of  
the  visual  target,  adaptation  (background)  l um inance,  l um inance  con trast  of  the  visual  target  to  
the  background ,  and  vi ewing  t ime.  I f  vi ewing  t ime  i s  l onger than  1 00  ms,  vis ibi l i ty becomes  
stable  regard less  of  t ime,  and  therefore  vi ewing  t ime  becomes  l ess  importan t.  A f l ow chart  of  
determ in ing  vis ibi l i ty i s  shown  i n  F i gure  1 2 .  Th is  chart  treats  visual  response  and  visual  
performance,  e . g .  vi s i ble  d istance  or  th reshold  lum inance,  as  vis ib i l i ty.  Al though  human  visual  
capabi l i ty can  be  def ined  by vari ous  attribu tes,  vi sual  acu i ty i s  one  of  the  most  importan t  
characteris tics  among  them .  

 

Figure 1 2 – Flowchart to evaluate visibility 

2)  Defin ing  visual  acu i ty  

Visual  acu i ty represents  the  abi l i ty to  resolve  f i ne  detai ls .  Visual  acu i ty can  be  defi ned  as  the  
spatial  resolu tion  of  the  visual  process ing  system ,  and  measured  by i denti fying  ori en tati ons  of  
Landol t  r i ngs  or i den ti fyi ng  l etters  and  numbers  on  a test  chart  from  a set  d is tance.  The  test  
chart  characters  (e. g .  Landol t  r i ngs )  are  represen ted  as  black symbols  against  a  wh i te  
background  at  h igh  l um inance  con trasts  over 0 , 9  ( i n  Weber con trast  (see  Annex  A) ) .  A Landol t  
ri ng  (see  Fi gure  1 3)  i s  a  r i ng  wi th  a gap,  thus  looking  s im i lar to  the  l etter C.  The  Landol t  r i ng  i s  
one  of  the  s tandard  optotypes  for  visual  acu i ty measurement i n  most  coun tries .  I t  was  
standard ized ,  together  wi th  measurement  procedures,  by I SO  8596 :2009  ( I SO,  2009) .  The  I SO 
speci f ies  a  range  of  Landol t  optotypes  and  describes  a  method  for  measuri ng  d istance  visual  
acu i ty under  dayl i gh t  cond i t i ons  for  the  purposes  of  cert i f i cation  or  l i cens ing .  The  s troke  width  
i s  1 /5  of  the  d iameter,  and  the  gap  width  i s  the  same.  The  gap  can  be  at  various  pos i t i ons  
(usual l y l eft,  ri gh t,  bottom ,  top  and  the  45°  pos i t i ons  i n  between )  and  the  task of  the  tested  
person  i s  to  decide  on  wh ich  s ide  the  gap i s .  The  s i ze  of  the  Landol t  ri ng  and  i ts  gap are  reduced  
un t i l  the  subj ect  makes  a speci f ied  rate  of  errors.  The  m in imum  perceivable  ang le  of  the  gap  i s  
taken  as  a measure  of  the  visual  acu i ty.  For example  a person  who  can  correctl y  i denti fy a  
1 , 454-mm  gap  on  the  Landol t  r i ng  from  5  m  d istance,  i . e .  a  visual  ang le  of  one  arcm inu te,  has  
a  visual  acu i ty of  1 ,0.  The  d istance  between  the  observer’s  eyes  and  the  test chart i s  set  at  a  
suffici ent  d is tance  to  approximate  in f in i ty i n  the  way the  l ens  attempts  to  focus.  
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