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THE  INTERNATIONAL COMMISSION  ON  ILLUMINATION  
The  I n ternati onal  Commission  on  I l l um inati on  (CI E)  i s  an  organ i sati on  d evoted  to  i n ternati ona l  co-operati on  and  exchange  
of i n formati on  among  i ts  member coun tri es  on  a l l  matters  re l a ti ng  to  the  art  and  science  of l i gh ti ng .   I ts  membersh ip  
consi sts  of the  Nationa l  Commi ttees  i n  abou t  40  coun tri es.  

The  ob jecti ves  of the  CI E  are :  
1 .  To  provi de  an  i n ternational  forum  for the  d i scuss ion  of a l l  matters  re l a ti ng  to  the  science ,  technology and  art  i n  the  

fi e l ds  of l i gh t  and  l i gh ti ng  and  for the  i n terchange  of i n formation  i n  these  fi e l ds  between  coun tri es .  
2 .  To  deve lop  bas ic  standards  and  procedures  of metrology i n  the  fi e l ds  of l i gh t  and  l i gh ti ng .  
3 .  To  provi de  gu i dance  i n  the  appl i cati on  of pri nci p l es  and  procedures  i n  the  devel opmen t of i n ternational  and  na ti onal  

s tandards  i n  the  fi e l ds  of l i gh t  and  l i gh ti ng .  
4 .  To  prepare  and  publ i sh  standards ,  reports  and  other publ i cati ons  concerned  wi th  a l l  matters  re l a ti ng  to  the  sci ence,  

technology and  art  i n  the  fi e l ds  of l i gh t  and  l i gh ti ng .  
5 .  To  ma in ta i n  l i a i son  and  techn ica l  i n teracti on  wi th  o ther i n ternationa l  organ i sati ons  concerned  wi th  matters  re l ated  to  

the  science,  technology,  s tandard i sa ti on  and  art  i n  the  fi e l ds  of l i gh t  and  l i gh ti ng .  
The  work of the  CI E  i s  carri ed  on  by seven  D i vi s i ons  each  wi th  abou t  20  Techn ica l  Commi ttees.   Th i s  work covers  
sub jects  rang i ng  from  fundamen ta l  matters  to  a l l  types  of l i gh ti ng  appl i cati ons.   The  standards  and  techn i ca l  reports  
deve l oped  by these  i n ternational  D i vi s i ons  of the  CI E  are  accepted  th roughou t  the  worl d .  
A p l enary sessi on  i s  he l d  every fou r years  at  wh i ch  the  work of the  D i vi s i ons  and  Techn ica l  Commi ttees  i s  revi ewed ,  
reported  and  p l ans  are  made  for the  fu tu re.   The  CI E  i s  recogn ised  as  the  au thori ty on  a l l  aspects  o f l i gh t  and  l i g h ti ng .   As  
such  i t  occup ies  an  importan t  pos i ti on  among  i n ternationa l  organ i sati ons .  
 
LA COMMISSION  INTERNATIONALE  DE  L'ECLAIRAGE  
La  Commission  I n ternati onal e  de  l 'Ecl a i rage  (CI E)  est  u ne  organ i sati on  qu i  se  donne  pou r bu t  l a  coopération  
i n ternationa le  e t  l 'échange  d ' i n formations  en tre  l es  Pays  membres  su r tou tes  l es  q uesti ons  re l ati ves  à  l 'art  e t  à  l a  science  
de  l 'écl a i rage.   E l l e  est  composée  de  Comi tés  Nati onaux représen tan t  envi ron  40  pays.  

Les  ob j ecti fs  de  l a  CI E  son t  :  
1 .  De  consti tuer un  cen tre  d 'é tude  i n ternational  pou r tou te  matière  re l evan t  de  l a  sci ence,  de  l a  technolog i e  e t  d e  l 'art  

de  l a  l um ière  et  de  l 'écl a i rage  et  pou r l 'échange  en tre  pays  d ' i n formations  d ans  ces  doma ines.  
2 .  D 'é l aborer des  normes  e t  des  méthodes  de  base  pou r l a  métrolog ie  dans  l es  domaines  de  l a  l um ière  et  de  

l 'écla i rage.  
3 .  De  donner des  d i recti ves  pou r l ' app l i cati on  des  pri ncipes  et  des  méthodes  d 'é l aborati on  d e  normes  i n ternationa les  

e t  nati onales  dans  l es  doma ines  de  l a  l um ière  e t  de  l 'écla i rage.  
4 .  De  préparer et  pub l i er des  normes,  rapports  et  au tres  textes,  concernan t  tou tes  matières  re l ati ves  à  l a  sci ence,  l a  

technolog ie  e t  l 'art  d ans  l es  domaines  de  l a  l um ière  e t  d e  l 'écl a i rage.  
5 .  De  ma in ten i r u ne  l i a i son  et  u ne  col l aborati on  techn ique  avec l es  au tres  organ i sati ons  i n ternati onal es  concernées  

par des  su jets  re l ati fs  à  l a  science,  l a  technolog ie ,  l a  norma l i sati on  et  l 'art  dans  l es  domaines  de  l a  l um ière  e t  de  
l 'écla i rage.  

Les  travaux de  l a  CI E  son t  effectués  par 7  D i vi s i ons,  ayan t  chacune  envi ron  20  Comi tés  Techn iques.   Les  su jets  d 'é tudes  
s 'étenden t  des  questi ons  fondamen ta les,  à  tous  l es  types  d 'app l i cati ons  de  l ' écla i rage.   Les  normes  et  l es  rapports  
techn iques  é l aborés  par ces  D i vi s i ons  I n ternationa les  de  l a  CI E  son t  reconnus  dans  l e  monde  en ti er.  
Tous  l es  quatre  ans ,  u ne  Sess ion  p l én ière  passe  en  revue  l e  trava i l  d es  D i vi s i ons  et  d es  Comi tés  Techn iques,  en  fa i t  
rapport  e t  é tab l i t  l es  proje ts  de  travaux pou r l 'aven i r.   La  CI E  est  reconnue  comme  l a  p l us  h au te  au tori té  en  ce  q u i  
concerne  tous  l es  aspects  de  l a  l um ière  et  de  l ' écla i rage.   E l l e  occupe  comme  te l l e  une  pos i t i on  importan te  parm i  l es  
organ i sati ons  i n ternati onales .  
 
DIE  INTERNATIONALE  BELEUCHTUNGSKOMMISSION  
Die  I n ternati onal e  Be l euch tungskommission  (CI E)  i s t  e i ne  Organ i sati on ,  d i e  s i ch  der i n ternati ona len  Zusammenarbei t  u nd  
dem  Austausch  von  I n formationen  zwischen  i h ren  M i tg l i edsl ändern  bezüg l i ch  der Kunst  und  Wissenschaft  der L i ch ttechn ik  
wi dmet.   D i e  M i tg l i ed schaft  besteh t  aus  den  National en  Komi 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 ternati onaler M i tte l punkt  fü r D i skuss ionen  a l l er Fragen  au f dem  Gebiet  der Wissenschaft,  Techn ik und  Kunst  

d er L i ch ttechn i k und  fü r d en  I n formationsaustausch  au f d i esen  Geb ieten  zwi schen  den  e i nzelnen  Ländern  zu  se i n .  
2 .  Grundnormen  und  Verfahren  der Messtechn ik au f dem  Gebiet  der L i ch ttechn i k zu  en twicke ln .  
3 .  Ri ch tl i n i en  fü r d i e  Anwendung  von  Pri nzip ien  und  Vorgängen  i n  der En twickl ung  i n ternati ona ler und  nati ona ler 

Normen  au f dem  Gebiet  der L i ch ttechn i k  zu  ers te l l en .  
4 .  Normen ,  Beri ch te  und  andere  Pub l i kati onen  zu  erste l l en  und  zu  veröffen tl i chen ,  d i e  a l l e  Fragen  au f d em  Gebiet  d er 

Wissenschaft,  Techn i k  und  Kunst  der L i ch ttechn i k betreffen .  
5 .  L i a i son  und  techn i sche  Zusammenarbei t  m i t  anderen  i n ternationalen  Organ isati onen  zu  u n terha l ten ,  d i e  m i t  Fragen  

der Wissenschaft,  Techn ik,  Normung  und  Kunst  au f dem  Gebiet  der L i ch ttechn ik zu  tun  haben .  
D i e  Arbe i t  der C I E  wi rd  i n  7  D i vi s i onen ,  j ede  m i t  e twa  20  Techn i schen  Komi tees,  ge le i s tet.   D i ese  Arbe i t  betri fft  Gebiete  
m i t  g rund legendem  I nha l t  b i s  zu  a l l en  Arten  der L i ch tanwendung .   D i e  Normen  und  Techn i schen  Beri ch te,  d i e  von  d i esen  
i n ternationa l  zusammengesetzten  D i vi s i onen  ausgearbei tet  werden ,  s i n d  au f der ganzen  Wel t  anerkann t.  
Al l e  vi er J ah re  fi ndet  e i ne  Sess ion  statt,  i n  der d i e  Arbe i ten  der D i vi s i onen  überprü ft,  beri ch tet  u nd  neue  P läne  fü r d i e  
Zukun ft  au sgearbei tet  werden .   D i e  CI E  wi rd  a l s  höchste  Au tori tä t  fü r a l l e  Aspekte  des  L i ch tes  u nd  der Be leuch tung  
angesehen .   Au f d i ese  Weise  un terhä l t  s i e  e i ne  bedeu tende  Ste l l ung  un ter den  i n ternationalen  Organ i sati onen .  
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Th is  Techn ical  Report has  been  prepared  by a  Working  Group  (Ad-hoc)  i n  the  CIE  Board  of 
Admin istration  i n  cooperation  wi th  TC  1 -54  “Age-related  change  of visual  response”  and  TC  
3-44  “Ligh ting  for the  e lderly”  and  has  been  approved  by the  Board  of Admin istration  of the  
Commission  I n ternationale  de  l 'Eclai rage  for study and  appl ication .  The  document reports  on  
cu rren t knowledge  and  experience  wi th in  the  speci fic  fie ld  of l i gh t and  l i gh ting  described ,  and  
i s  i n tended  to  be  used  by the  CIE  membersh ip  and  other i n terested  parties.  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 un  g roupe  de  travai l  (Ad -hoc)  du  Consei l  
d 'Admin istration  de  l a  CIE  en  coopération  avec TC  1 -54  “Age-related  change  of vi sual  
response”  et  TC  3-44  “Ligh ting  for the  e lderly”  et  a  été  approuvé  par l e  Consei l  
d 'Admin istration  de  l a  Commission  I n ternationa le  de  l 'Ecla i rage,  pour étude  et  emploi .  Le  
document expose  l es  connaissances  et  l 'expérience  actuel les  dans  l e  domaine  particu l ier de  
l a  l umière  et de  l 'écla i rage  décri t  i ci .  I l  est destiné  à  être  u ti l i sé  par l es  membres  de  l a  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 igatoi re.   

D ieser Techn ische  Berich t i st  durch  e ine  Ad -hoc-Arbei tsgruppe  des  CIE-Vorstands  in  
Zusammenarbei t  m i t  TC  1 -54  “Age-related  change  of vi sual  response”  und  TC  3-44  “Ligh ting  
for the  e l derly”  ausgearbei tet und  vom  Vorstand  der Commission  I n ternationale  de  l 'Eclai rage  
gebi l l i g t  worden .  Das  Dokument berich tet über den  derzei tigen  Stand  des  Wissens  und  
Erfahrung  in  dem  behandel ten  Gebiet von  Lich t und  Beleuchtung ;  es  i st  zur Verwendung  
durch  CIE-M i tg l ieder und  durch  andere  I n teressierte  bestimmt.  Es  sol l te  j edoch  beachtet 
werden ,  dass  das  Dokument e ine  Empfeh lung  und  keine  Vorschri ft  i st.   

Any mention  of organ isations  or products  does  not imply endorsement by the  CIE.  Wh i l st 
every care  has  been  taken  i n  the  compi lation  of any l i sts,  up  to  the  time  of going  to  press,  
these  may not be  comprehensive.   

Tou te  mention  d 'organ isme  ou  de  produ i t  n ' impl ique  pas  une  préférence  de  l a  CIE.  Malgré  l e  
soin  apporté  à  l a  compi lation  de  tous  l es  documents  j usqu 'à  l a  m ise  sous  presse,  ce  travai l  ne  
saurai t  être  exhausti f.   

D ie  Erwähnung  von  Organ isationen  oder Erzeugn issen  bedeutet keine  B i l l i gung  durch  d ie  CIE.  
Obg leich  g roße  Sorgfal t  bei  der Erstel l ung  von  Verzeichn issen  b is  zum  Zei tpunkt der 
Drucklegung  angewendet wurde,  besteht d ie  Mög l ichkei t,  dass  d iese  n ich t vol l ständ ig  s ind .   
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CIE  GUIDE TO INCREASING  ACCESSIBILITY IN  LIGHT AND LIGHTING  

Summary 

Th is  gu ide  was  wri tten  for l i gh ting  designers  and  eng ineers,  as  wel l  as  scien tists  of l i gh t,  
colour,  and  vis ion  to  assist them  in  taking  account of the  needs  of o lder persons  and  persons  
wi th  d isabi l i ties.  The  gu ide  was  developed  in  accordance  wi th  I SO/IEC Gu ide  71 : 2001  
“Gu idel ines  for standard  developers  to  address  the  needs  of o lder persons  and  persons  wi th  
d isabi l i ti es”  and  i ts  techn ical  gu idel ines  I SO/TR 2241 1 :2008  “Ergonomics  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”  i n  order to  implement accessible  design  i n  the  
fie ld  of l i gh t and  l i gh ting .  Some  con ten t has  been  shared  wi th  those  two  documents.  The  
gu ide  was  prepared  by a  Working  Group  (Ad-hoc)  i n  the  CIE  Board  of Admin istration  in  
cooperation  wi th  TC  1 -54  “Age-related  change  of vi sual  response”  and  TC  3-44  “Ligh ting  for 
the  e lderly” .  

 

GUIDE CIE  POUR L'AMELIORATION  DES LUMIERES ET DE  L'ECLAIRAGE 

Résumé 

Ce gu ide  a  été  réd igé  à  l ' i n ten tion  des  concepteurs  en  éclai rage,  des  ingén ieurs,  aussi  b ien  
que  des  scien ti fiques  du  domaine  de  l a  l umière,  de  la  cou leur et de  l a  vi sion ,  dans  l e  bu t de  
prendre  en  compte  les  besoins  des  personnes  âgées  et des  personnes  hand icapées.  Le  gu ide  
a  été  m is  au  poin t  en  respectan t l e  Gu ide  71 : 2001   I SO/IEC  “Principes  d i recteurs  pour l es  
normal isateurs  afin  de  répondre  aux besoins  des  personnes  âgées  et  de  cel les  ayan t des  
i ncapaci tés"  et ses  d i rectives  techn iques  I SO/TR 2241 1 :2008  “Données  d 'ergonomie  et l i gnes  
d i rectrices  pour l 'appl ication  du  Gu ide  I SO/CEI  71  aux produ i ts  et  services  afin  de  répondre  
aux besoins  des  personnes  âgées  et de  cel les  ayant des  i ncapaci tés”  de  man ière  à  favoriser 
une  conception  satisfaisan te  des  l umières  et des  écla i rages.  Certaines  parties  son t 
communes  avec cel les  de  ces  deux documents.  Ce  gu ide  a  été  préparé  par un  g roupe  de  
travai l  (ad-hoc)  du  Consei l  d 'Admin istration  de  l a  CIE  en  coopération  avec l e  TC  1 -54  
“Mod i fication  des  réponses  visuel les  avec l 'âge”  et l e  TC  3-44  “Ecla i rage  pour l es  personnes  
âgées".  

 

CIE  LEITFADEN  ZUR VERBESSERUNG  DER ZUGÄNGLICHKEIT DURCH  LICHT UND 
BELEUCHTUNG  

Zusammenfassung  

Dieser Lei tfaden  wurde  fü r Lich tplaner,  I ngen ieure  und  Wissenschaftler im  Bereich  Lich t,  
Farbe  und  Sehen  geschrieben ,  um  d ie  Bedürfn isse  ä l terer Menschen  und  von  Menschen  mi t  
Beh inderungen  zu  berücksich tigen .  Der Lei tfaden  wurde  i n  Übereinstimmung  mi t  I SO/IEC 
Gu ide  71 : 2001  “Gu idel ines  for standard  developers  to  address  the  needs  of o lder persons  and  
persons  wi th  d isabi l i ties”  und  seinen  techn ischen  Rich tl i n ien  ISO/TR 2241 1 : 2008  “Ergonomics  
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 ties”  geschrieben ,  um  e ine  
beh indertengerechte  Planung  im  Bereich  von  L ich t und  Beleuch tung  einzu führen .  E in ige  Tei le  
des  I nhal ts  wurden  m i t  d iesen  Dokumenten  abgeg l ichen .  Der Lei tfaden  wurde  von  e iner 
Adhoc-Arbei tsgruppe  i nnerhalb  des  CIE-Vorstands  i n  Zusammenarbei t  m i t  TC  1 -54  “Age-
related  change  of vi sual  response”  und  TC  3-44  “Ligh ting  for the  e lderly”  erstel l t.  
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In troduction  

With  the  g lobal  i ncrease  i n  the  proportion  of o lder people  i n  the  popu lation ,  and  awareness  of 
the  righ ts  of persons  wi th  d isabi l i ties,  care  for o lder persons  and  persons  wi th  d isabi l i ties  i s  
becoming  a  worldwide  concern  i n  governmental ,  social ,  and  i ndustria l  affai rs.  Th is  g lobal  
movement reflects  on  i n ternational  standards  organ izations,  such  as  I SO,  I EC,  I TU ,  and  CIE,  
i n  thei r development of i n ternational  standards.  The  design  concept that i s  i nclusive  of o lder 
persons  and  persons  wi th  d isabi l i ties  as  users  of products,  services,  or envi ronments  i s  ca l led  
Accessible  Design ,  Accessibi l i ty or I nclusive  Design .  

Th is  document provides  gu idel ines  for implementing  accessible  design  i n to  the  l i gh t and  
l i gh ting  field ,  fu rthering  the  concepts  addressed  in  I SO/IEC Gu ide  71  [1 ]  for Standards  design .  
As  poin ted  ou t i n  the  Gu ide  71 ,  there  are  many factors  to  be  considered  i n  provid ing  better 
l i gh ting  and  vis ib le  s i gns  that meet the  needs  of o lder persons  and  persons  wi th  d isabi l i ties.  
CIE  has  developed  considerable  expertise  i n  l i gh t  and  l i gh ting  s ince  i ts  establ ishment i n  the  
early 20th  century and  i s  i deal ly p laced  to  del iver the  techn ical  i n formation  on  human  visual  
abi l i ti es  of o lder persons  and  persons  wi th  d isabi l i ties  that are  i nd ispensable  i n  assessing  
(visual )  accessib i l i ty.  Th is  CIE  Gu ide  therefore  provides  extensive  data  on  visual  abi l i ties  and  
design  considerations  that are  usefu l  for wri ters  of CIE  standards  and  techn ical  reports  as  
wel l  as  l i gh ting  designers  who  wish  to  take  i n to  account the  needs  of o l der persons  and  
persons  wi th  d isabi l i ti es.  

The  data  presented  here  have  been  selected  from  the  l i terature  using  the  cri terion  that 
statistical  features  and  variabi l i ties,  i nd ividual  or cond i tional ,  were  avai lable  and  based  on  a  
l arge  number of samples.  Methods  of applying  th is  data  to  l i gh ting  design  have  been  
presented  where  possible  as  formu lae  or tables  to  i n form  good  practice.  

Th is  Gu ide  i s  based  on  a  number of techn ical  documents  re levant to  accessib le  design  i n  l i gh t 
and  l i gh ti ng .  CIE  Publ ication  1 23  “Low vis ion  – Ligh ting  needs  for the  partia l l y-sigh ted”  [2 ]  i s  
an  excel len t report wi th  usefu l  i n formation  concern ing  physiology and  l i gh ting  needs  for l ow 
vi s ion .  The  I SO Techn ical  Report I SO/TR 2241 1  [3 ]  a l so  contains  re levant i n formation  for 
implementing  accessib le  design  i n to  the  l i gh ting  fie ld .  Some  parts  of those  documents  are  
d i rectl y ci ted  in  th is  Gu ide.  I nevi tably,  due  to  the  wide  range  of i ssues  i nvolved  in  accessib le  
design ,  i n formation  i s  sti l l  m issing ,  particu larly on  persons  wi th  d isabi l i ties.  The  i n formation  
con tained  i n  th is  document i s  not exhaustive,  and  the  col lection  of data  and  design  
considerations  i s  ongoing .  
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1  Scope 

Th is  CIE  Gu ide  provides  fundamental  knowledge  and  data  on  vis ion  of older people  and  
people  wi th  d isabi l i ties,  as  wel l  as  design  considerations  based  on  that data,  i n  order to  
faci l i tate  consideration  of the  needs  of o lder people  and  people  wi th  d isabi l i ties.  

Wh i le  there  i s  no  clear defin i tion  for “older people” ,  th is  Gu ide  presents  data  that i nclude  
samples  taken  main ly from  people  over 60  years  old .  I n  add i tion ,  the  visual  d isabi l i ties  
addressed  are  low vis ion  and  colour vis ion  defects.  Care  for tota l l y b l i nd  people  i s  not 
considered  as  l i gh t and  l i gh ting  i ssues  have  no  re levance  for them,  a l though  non-visual  i ssues  
such  as  tacti l e  or aud i tory i n formation  for i ncreasing  accessibi l i ty are  vi ta l ly important.  

2  Terms and  Defin i tions  

For terms  and  defin i tions  concern ing  vis ion  and  l i gh ting  used  in  th is  document the  
I n ternational  L igh ting  Vocabu lary [4 ]  appl ies.  

For terms  and  defin i tions  concern ing  accessible  design  I SO/IEC Gu ide  71  [1 ]  and  I SO/TR 
2241 1  [3]  apply.  

3  General  Remarks on  Vision  of Older People and  People wi th  Disabi l i t ies  

The  pathway of the  human  visual  system  extends  from  the  reti na  of the  eye  to  the  central  
brain ,  and  i s  fi nely structu red  and  coord inated  to  detect l i gh t and  to  recogn ize  the  i n formation  
conveyed  by the  l i gh t.  As  wi th  other sensory organs  the  abi l i ties  of the  visual  system  change  
wi th  age  both  physiolog ical ly and  behavioural ly,  wh ich  makes  the  visual  envi ronment 
perceived  by older people  d i fferen t from  that perceived  by younger people.  

I n  add i tion  to  the  ageing  effects,  various  types  of impai rments,  i nherent or acqu i red ,  may 
occur i n  the  vi sual  pathway,  wh ich  a lso  makes  the  perceived  vi sual  world  d i fferent from  that of 
people  wi th  no  impai rment.  A variety of forms  of d i fficu l ty i n  vi sual  perception  are  caused  by 
d i fferen t types  of impai rments,  and  depend  on  the  s i te  i n  the  visual  pathway where  the  
impai rment occurs.  

The  d i fferences  i n  perceived  visual  envi ronment between  younger people  wi th  normal  vi s ion  
on  the  one  hand ,  and  o lder people  or people  wi th  vi sual  d isabi l i ties  on  the  other hand ,  shou ld  
be  taken  in to  account i n  design ing  l i gh ting  and  the  visual  envi ronment.  I n  the  fol lowing  
sections  the  change  of the  visual  system  as  a  function  of age  and  of impai rments  i s  described .  

3.1  Age-related  Change of  the  Visual  System  

At the  very early stage  of vi sual  i n formation  processing ,  the  l i gh t transmi ttance  of the  ocu lar 
med ia  of the  eye  change  wi th  age,  wh ich  i s  due  to  the  absorption  and  scattering  of l i gh t 
caused  by opaci fication  of crystal l ine  l ens  of the  eye  [5] .  Th is  reduces  the  tota l  amount of l i gh t 
reach ing  the  retina,  and  consequently l owers  vis ib i l i ty for o lder people.  

The  absorption  and  scattering  i n  the  ocu lar med ia  a lso  depend  on  the  spectrum  of the  l i gh t [6] .  
The  absorption  and  scattering  of l i gh t i n  the  shorter wavelength  band  (coloured  violet to  b lu ish)  
has  much  more  effect than  that i n  the  l onger wavelength  band  (redd ish),  wh ich  means  that a  
vio let  or b lu ish  l i gh t has  l ower efficiency or visibi l i ty for o lder people.  Th is  a l so  causes  a  sh i ft  
of appearance  of colour to  the  more  yel lowish  reg ion .  I t  has  been  reported ,  however,  that the  
macu lar pigment,  wh ich  covers  the  central  part of the  retina,  has  no  change  i n  i ts  densi ty wi th  
ageing  [7 ] .  
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There  i s  a l so  an  ageing  effect i n  the  pupi l  reaction  to  l i gh t.  The  s ize  of the  pupi l  becomes  
smal ler i n  general  wi th  age,  and  consequently the  amount of l i gh t i nciden t on  the  retina  
decreases  wi th  i ncreasing  age.  Th is  i s  particu larly true  for l ower ambien t l i gh ting  cond i tions  
where  the  pupi l  normal ly opens  wider to  col lect l i gh t.  Under cond i tions  of dark adaptation ,  the  
pupi l  d iameter of o lder people  becomes  smal ler by 2 , 0  mm  to  2 , 5  mm  on  average  compared  
to  that of younger people  wi th  normal  vi s ion ,  wh ich  reduces  the  l i gh t l evel  approximately by 
one  hal f to  one  fourth  compared  wi th  younger people  [8] .  

At  the  retinal  l evel ,  the  number of photoreceptors,  i n  particu lar of rods,  decreases  wi th  age  [9] .  
I n  add i tion  to  th is ,  the  number of gang l ion  cel l s  i n  the  retina  decreases  wi th  age.  One  of the  
affects  caused  by the  decrease  of the  gang l ion  cel l s  i s  the  reduced  visual  fie ld  of older people.  
As  the  gang l ion  cel l s  main ly convey the  temporal  changes  of l i gh t s ignals,  the  reduction  of the  
number of these  cel l s  makes  visual  i n formation  l ess  sensi ti ve  to  detecting  flash ing  or 
fl i ckering  l i gh ts.   

S im i larl y,  the  number of neurons  responsib le  for visual  i n formation  processing  i n  the  central  
part  of the  brain  decreases  wi th  age.  The  effect of ageing  at  th is  central  l evel  has  not been  
wel l  documented .  Some  reports  poin t ou t the  existence  of mechan isms  for compensating  for 
the  decreases  of vi sual  sensi tivi ty or reduced  functions  occurring  i n  earl ier stages  of the  
visual  pathway [1 0] .  

3.2  Low Vision  

Low vis ion  refers  to  the  deterioration  of vi sual  function  due  to  d isease  or i n juries,  wh ich  often  
l ast for the  remain ing  l i fe  span  and  cannot be  corrected  wi th  the  best-corrective  eye  g lasses.  
There  i s  a  l arge  variety of vi sual  impai rments  that resu l t  i n  reduced  visual  functions  of 
d i fferent types.  A number of d iverse  opin ions  exist i n  the  l i terature  on  the  terminology and  
classi fication  of the  reduced  visual  functions  associated  wi th  l ow vis ion .  CIE  1 23  addresses  
these  i ssues  [2 ] .  

Accord ing  to  med ical  classi fication  of l ow vi sion  there  are  fi ve  major types  of impai rment.  
These  are  macu lar degeneration ,  retin i ti s  pigmentosa,  cataract,  g laucoma and  d iabetic 
reti nopathy wh ich  between  them  account for abou t 70  %  of l ow vis ion  cases  g lobal l y.  A 
restricted  visual  fie l d  i s  one  of the  most typical  problems  caused  by these  impai rments.  Some  
patien ts  have  avai lable  vis ion  on ly i n  the  central l y l im i ted  visual  fie ld ,  some on ly i n  the  
peripheral  fie ld ,  and  some others  in  a  number of l ocal l y avai lable  smal l  fie lds.  Note  that a  l ow 
vis ion  patien t who  has  a  visual  fie ld  restricted  to  a  smal l  cen tral  area  of the  retina,  wi l l  have  
associated  reduced  colour vis ion ,  or reduced  spatia l  vi sion  (e. g .  read ing  task),  even  i f i n  tests,  
wh ich  are  usual ly carried  ou t i n  the  smal l  central  area,  the  resu l ts  i nd icate  a  good  visual  
acu i ty and  colour vision .  

3.3  Colour Vision  Defects  

Defective  colour vis ion  i s  an  anomaly of vis ion  i n  wh ich  there  i s  a  reduced  abi l i ty to  
d iscriminate  between  some  or a l l  colours  [4 ] .  Congen i tal  colour vis ion  deficiency i s  brought 
abou t by the  l oss  of one  or two  types  of photoreceptors  among  the  three  normal  classes  of 
cone  photoreceptors,  the  short-,  m idd le-,  and  l ong-wave  sensi tive  cones.  Accord ing  to  the  
classi fication  of the  defects  i n  terms  of the  photoreceptors,  two  major classes  of colour vis ion  
defects  exist,  protan  and  deu tan .  There  are  two  types  of protan  defect:  protanopia  i n  wh ich  
there  i s  a  l ack of the  l ong-wave  sensi tive  photoreceptors;  and  protanomaly i n  wh ich  there  i s  a  
sh i ft  of the  absorption  spectrum  toward  e i ther l onger or shorter wavelength  reg ion  re lative  to  
the  normal  posi tion  of the  long-wave  cones  a long  wi th  the  wavelength  axis.  S im i larl y,  the  
deu tan  defects  are  deu teranopia  and  deu teranomaly,  the  former wi th  a  l ack of the  m idd le-
wave  sensi tive  cones,  and  the  latter wi th  a  sh i ft  of the  absorption  spectrum  of the  m idd le-
wave  cones  [1 1 ] .  

Depend ing  on  the  type  of defect and  a lso  on  race,  approximately 5  %  to  8  %  of the  popu lation  
are  affected  by protan  and  deu tan  defects.  There  i s  a  th i rd  type  of colour vis ion  defect cal led  
tri tan ,  wh ich  i ncludes  tri tanopia  and  tri tanomaly and  affects  short-wave  sensi tive  cones.  The  
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i ncidence  of th is  type  of defect i s  so  rare  that i t  i s  estimated  that on ly 0 , 002  %  to  0 , 007  %  of 
the  popu lation  are  affected .  

Protan  and  deu tan  are  cal led  the  red -green  defects  because  the  d isorder of colour vis ion  
appears  on  the  red -green  axis  i n  the  chromatici ty d iagram,  implying  that some combinations  
of green  and  red  l i gh ts  can  not be  d iscriminated  by the  persons  affected .  Tri tan  i s  assigned  as  
the  yel low-blue  defect wi th  a  d isorder on  the  yel low-blue  axis.  None  of these  congen i tal  
defects  of colour vis ion  are  associated  wi th  a  l oss  in  vi sual  acu i ty or on  rod  receptors  wh ich  
operate  at  a  very l ow i l l uminance  l evel .  

Acqu i red  colour vis ion  defects  are  the  defects  associated  wi th  d iseases  or i n ju ries  not on ly at  
the  retinal  l evel  bu t a l so  at the  central  l evel .  A s imi lar classi fication  to  that of congen i tal  
defects  appl ies  to  the  acqu i red  defects,  though  i t  i s  rare  that on ly one  type  of photoreceptor i s  
impai red .  Usual l y,  two,  or a l l  th ree,  types  of photoreceptors  are  impaired .  Various  types  of 
acqu i red  colour vision  defects  are  observed .  

4 Design  Considerations for  Accessibi l i ty in  Visual  Signs and  Lighting  

Th is  section  con tains  basic design  considerations  for visual  s igns  and  l i gh ting  to  i ncrease  
accessibi l i ty.  Conten ts  were  primari l y taken  from  I SO/TR 2241 1  [3 ] ,  together wi th  add i tional  
i n formation  regard ing  l i gh t and  l i gh ting .  

4.1  Luminance and  Colour 

4. 1 . 1  Luminance Contrast  

Contrast of l uminance  i s  one  of the  most cri ti cal  factors  for vis ibi l i ty.  I n  general ,  h i gher 
con trast produces  better vis ib i l i ty.  Publ ic s igns  or i n formation  d isplays  shou ld  be  of su fficien tly 
h igh  con trast for older people  and  for those  wi th  l ow vis ion  to  see  them  clearly.  The  visual  
sensi tivi ty to  con trast decreases  wi th  age,  main ly due  to  the  l i gh t scattering  effect i n  the  eye.  
For people  wi th  l ow vis ion ,  the  sensi tivi ty to  contrast i s  much  lower than  that of o lder people  
due  to  various  types  of vi sual  impai rments,  such  as  cataract,  and  the  perceived  contrast of 
those  wi th  l ow vis ion  i s ,  therefore,  considerably reduced .  For quan ti tative  evaluation  of 
con trast,  the  con trast sensi tivi ty function  (CSF),  the  fundamental  property of human  spatia l  
vi s ion ,  i s  used .  The  data  on  CSF  for older people  and  for those  wi th  l ow vis ion  are  presented  
i n  5 . 4  and  5. 8  respectively.  

Con trast i s  usual ly referred  to  achromatic patterns  un less  otherwise  speci fied .  Where  
coloured  l i gh ts  are  concerned  such  as  i n  e lectron ic visual  d i splays,  for example,  effective  
l uminance  of the  coloured  l i gh ts  may change  wi th  age  due  to  the  spectral  sensi tivi ty change  of 
the  eye,  and  th is  shou ld  be  taken  i n to  account i n  calcu lati ng  contrast.  Estimation  of the  
effective  l uminance  for any coloured  l i gh t for a  person  at  any age  i s  described  i n  5. 1 .  

I t  shou ld  be  noted  that extremely h igh  con trast may cause  g lare  for o lder people  and  for those  
wi th  low vis ion ,  and  care  shou ld  be  taken  to  avoid  th is .  

4.1 .2  Appearance of Colour 

Colour i s  used  as  a  way of marking  or d rawing  atten tion  to  objects  or l i gh t sources.  S ince  
appearance  of colour d i ffers  wi th  age  and  a lso  wi th  visual  d i sabi l i ties,  such  as  colour 
deficiency or l ow vis ion ,  those  d i fferences  shou ld  be  taken  i n to  account i n  the  choice  of colour 
or colour combinations.  Appearance  of colour a l so  changes  wi th  the  l uminance  l evel ,  
particu larly i n  the  mesopic range.  Care  shou ld  be  taken  i n  choosing  colours  for use  i n  a  l ow 
l uminance  cond i tion .  For example,  due  to  the  Purkin je  effect,  as  the  l uminance  l evel  
decreases  a  redd ish  colour looks  re latively darker,  wh i le  a  b lu ish  colour looks  brighter.  Thus  
visual  s igns  i n  deep  red  shou ld  not be  used  at n igh t as  they may not be  seen .  
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A typical  example  of a  change  i n  colour appearance  for o lder people  i s  the  fact that a  b lu ish  
colour l ooks  re latively darker compared  wi th  i ts  appearance  to  younger people,  due  to  the  
absorption  of the  short-wavelength  (b lu ish)  component of l i gh t i n  the  eye  of older people.  
Consequently,  l etters  coloured  b lue  become d i fficu l t  to  see  for o lder people  when  presented ,  
for example,  on  a  dark background .  Another example  i s  the  effect of wh i te  colour l ooking  
yel lowish  to  o lder people  fol lowing  yel lowing  of the  l ens  due  to  the  absorption  of b lu ish  l i gh t,  
wh ich  makes  colour d iscrimination  worse  between  wh i te  and  yel low i n  particu lar.  However,  
colour adaptation  may occur under certa in  viewing  cond i tions,  and  changes  i n  the  appearance  
of colour of objects  may not be  that obvious  [45] .  

For people  wi th  colour vis ion  defects,  some colour combinations  among  redd ish  and  g reen ish  
colours  may be  confusing  depend ing  on  the  chromatici ty and  l uminance  ratio  as  described  i n  
3 . 3 .  Appearance  of colour for a  person  wi th  l ow vision  i s  considerably d i fferen t from  that of a  
person  wi th  fu l l  vi s ion  the  extent of wh ich  largely depends  on  the  type  of impairments.  

The  Purkin je  effect i s  not l im i ted  to  o lder people  and  people  wi th  visual  impai rments.  I t  occurs  
general ly at l ower l uminance  l evels,  namely below a  few cd ⋅m -2  or about 1 0  l x,  i n  wh ich  a  
b lu ish  colour looks  relatively brigh ter,  and  by comparison ,  redd ish  colours,  darker.  
Furthermore,  colours  g radual ly become more  desaturated  as  l uminance  decreases.  

I t  shou ld  be  noted  that on ly g i ving  i n formation  through  the  use  of d i fferences  of colours  shou ld  
be  avoided  for those  who  have  reduced  colour vis ion  mentioned  previously.  Other sensory 
i n formation  such  as  tacti l e  i n formation  or other non-colour visual  i n formation  such  as  symbols  
or l etters  shou ld  accompany the  in formation .  

The  fol lowing  can  apply to  the  practical  use  and  choice  of colour to  i ncrease  accessib i l i ty i n  
vi sual  s igns  and  d isplays.  

−  I t  i s  advisable  to  avoid  the  use  of too  many colours.  

−  B l ue  shou ld  be  used  i n  h igher l uminance  or h igher i l l umination  envi ronments  for o lder 
people  than  for younger people.  

−  The  colour combination  of g reen-red  shou ld  be  used  wi th  s ign i fican t l uminance  con trast for 
people  wi th  colour vis ion  defects.  

−  Care  shou ld  be  taken  wi th  respect to  people  wi th  low vis ion  who  have  reduced  abi l i ty to  
d iscrim inate  and  i denti fy colours  e . g .  use  of colour combinations  wi th  a  fa i rl y l arge  colour 
d i fference,  i . e .  red-blue  or g reen-purple  (see  5. 8. 2).  

4.1 .3  Colour Combination  

Colour combination  i s  a  usefu l  tool  for i den ti fying  and  d iscrim inating  objects.  As  described  i n  
4 . 1 . 2 ,  appearance  of colour changes  wi th  age,  type  of vi sual  impai rments,  as  wel l  as  
l uminance  l evel .  These  changes  shou ld  be  taken  i n to  account i n  creating  colour combinations  
for improved  vis ib i l i ty.  

A conventional  method  of colour combination  i s  to  use  the  opponent colours,  such  as  red -
green  and  yel low-blue.  However,  some  combinations  of red  and  g reen  are  d i fficu l t  to  
d iscrim inate  for people  wi th  colour vis ion  defects.  Luminance  d i fference  improves  conspicu i ty 
of the  combination ,  when  such  defects  exist.  

The  concept of colour category i s  a  usefu l  tool  for making  colour combination .  Colours  are  
perceived  i n  a  l im i ted  number of colour g roups  such  as  red ,  orange,  yel low,  g reen  and  so  on .  
Th is  i s  cal led  categorical  colour perception  and  has  widely been  accepted  in  the  appl ication  of 
colour.  Th is  i s  described  i n  5 . 2  i nclud ing  an  ageing  effect.  
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4.1 .4  Colour Coding  of Information  

Cod ing  of i n formation  by colour i s  a  s imple  and  usefu l  way of making  objects,  surfaces  and  
l uminai res  easi ly perceivable,  i denti fiable  and  d istingu ishable.  Colours  used  for such  
purposes  cou ld  be  selected  from  categorical  colours.  Colours  selected  from  d i fferen t 
categories,  such  as  red ,  orange,  yel low,  g reen ,  and  so  on ,  cannot be  confused  wi th  each  
other.  The  span  of each  colour category,  i n  terms of the  membersh ip  of a  colour to  a  category,  
i s  cri ti cal  for the  choice  of colours,  bu t depends  on  age  and  l uminance  l evel  (see  5. 2).  

Most of the  considerations  g iven  i n  the  previous  sections  can  apply for colour cod ing  of 
i n formation  and  objects.  For example,  i den ti fication  of objects  or i n formation  shou ld  be  
accompan ied  not on ly by colour bu t a l so  by an  a l ternative  format of i n formation ,  i . e.  aud i tory 
or tacti l e  i n formation  or other non-colour visual  i n formation  using  symbols  and  letters.  

4.2  Size  and  Style  of  Font  and  Symbols   

The  leg ibi l i ty of fon t and  symbols  i s  associated  wi th  the  reader’s  abi l i ty to  visual l y d iscrim inate  
one  character from  another,  and  i s  affected  by the  physical  construction  and  properties  of the  
fon t or symbol .  Leg ibi l i ty i s  d i fferent from  readabi l i ty wh ich  addresses  the  mean ingfu l  g rouping  
of characters  to  form  words  or sentences.  Readabi l i ty may be  affected  by con ten ts,  g rammar,  
wri ti ng  style,  or even  the  spacing  between  characters  or sen tences.  Fon t s ize  and  style  wi l l  be  
recommended  for various  presentation  med iums,  such  as  prin ted  i n formation  and  d isplay 
screens.  Other standards  provide  add i tional  gu idel ines  for various  si tuations  [1 2] .  

Wi th  i ncreasing  age  the  l ens  i n  the  eye  l oses  e lastici ty and  the  abi l i ty to  focus  clearly.  The  
opaque  effect i n  the  ocu lar med ia,  wh ich  a lso  increases  wi th  age,  resu l ts  i n  l ess  con trast at  
the  reti nal  image.  These  effects  have  a  negative  impact on  visual  acu i ty and  consequently on  
the  l eg ib i l i ty of fon t for older people.  

Persons  wi th  l ow vis ion  have  a  s ign i ficantly reduced  visual  acu i ty and  a  reduced  visual  field .  
Depend ing  on  the  type  of impai rments,  a  much  l arger fon t s ize  i s  requ i red  for persons  wi th  
l ow vision  i n  general  than  for older people.  They tend  to  prefer l i gh t text on  a  darker 
background  ( the  negative  polari ty)  rather than  darker text on  a  l i gh t background  (the  posi tive  
polari ty)  -  see  Figure  1 .  

 
Positive polarityNegative polarity

 

Figure 1  −  Examples of the negative and the positive polarity font,  the former being preferred 
by people with  low vision 

4.2. 1  Font  Size  

Visual  acu i ty i s  the  factor that most affects  the  leg ibi l i ty of l etters  or symbols.  When  the  visual  
acu i ty i s  not good  enough ,  the  fon t s ize  shou ld  be  made  larger for l eg ibi l i ty;  i n  con trast,  the  
s ize  can  be  smal ler for people  wi th  better visual  acu i ty.  For older people,  vi sual  acu i ty at near 
viewing  d istances  ( less  than  abou t 1  m)  becomes  considerably worse.  A l arger fon t s ize  i s,  
therefore,  requ i red  i n  th is  case.   

Visual  acu i ty i s  a l so  affected  by the  l uminance  l evel .  I t  becomes  worse  when  the  l uminance  
decreases.  A l arger fon t s ize  i s  requ i red  i n  th is  case.  Luminance  l evel  here  means  the  
l uminance  of the  background  (brigh ter part)  i n  case  of a  posi tive  polari ty,  or the  l uminance  of 
the  l etter (brigh ter part)  when  a  negative  polari ty i s  used  (see  F igure  1 ) .  Sometimes  
l uminance  l evel  i s  a l ternatively defined  as  the  average  l uminance  of background  and  text 
together to  speci fy the  adaptation  l evel .  
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Data  on  how visual  acu i ty changes  wi th  viewing  d istance  and  l uminance  l evel  and  i ts  re lation  
to  leg ible  fon t s ize  are  presented  i n  5 . 3.  

4.2.2  Font  Style  

Font style  a lso  i n fluences  l eg ib i l i ty.  Wh i le  s ign i ficant research  has  attempted  to  i denti fy 
whether seri f fon ts  ( those  characters  wi th  smal l  structural  l i ne  ends)  or sans-seri f fon ts  (no  
seri f)  (see  F igure  2)  promote  l eg ib i l i ty or readabi l i ty,  the  resu l ts  are  m ixed .  Wi th  h igh  
resolu tion  d isplays  or prin ted  hardcopy,  the  standards  developer needs  to  focus  on  overal l  
fon t design ,  and  ensure  that seri fs,  i f present,  do  not negatively affect l eg ib i l i ty.  However,  
when  the  ou tpu t resolu tion  (e i ther on  paper or screen)  i s  l ow,  a  sans-seri f fon t wi l l  l i ke ly be  
requ i red  because  there  wi l l  not be  enough  dots  or p ixels  to  render the  seri fs  clearly.  I n  recent 
stud ies,  a  sans-seri f fon t i s  preferred  and  shows h igh  leg ibi l i ty for a l l  younger,  o lder,  and  
people  wi th  l ow vis ion  [1 2 ]  [1 3]  [1 4 ] .  

The The
Serif font Sans-serif font

serif

 

Figure 2 −  Example of fonts with  serif and without serif (sans-serif) 

The  fol lowing  fon t design  shou ld  be  considered  for older people  and  those  wi th  low vision  to  
i ncrease  accessibi l i ty i n  fon t style:  

−  consisten t stroke  wid ths  ( l i ke  a  sans-seri f fon t) ;  

−  open  coun ter forms  (the  open  space  i n  l etters  l i ke  “e”  and  “a”) ;  

−  clearly vis ible  ascenders  and  descenders  (such  as  ta i l s  on  the  l ower case  l etters  “ t”  and  “ j ”) ;  

−  wider horizon tal  proportions;  

−  extended  horizon tal  strokes  for certain  l etterforms  (such  as  the  arm  of the  l owercase  “r”  or 
the  crossbar of the  lowercase  l etter “ t”) ;  

−  negative  polari ty fon t for people  wi th  l ow vis ion  (see  F igure  1 ).  

4.2.3  Special  Considerations for Fonts  Used  in  Display Screens 

Visual  appearance  of images  i n  sel f- l uminous  screen  d isplays  i s  d i fferen t from  those  reflected  
i n  prin ted  med ium  (hard  copy documents,  books,  etc. ) ,  and  the  d i fference  shou ld  be  taken  i n to  
consideration  for the  d isplay design .  I n  particu lar,  colour appearance  of sel f- luminous  d isplays  
d i ffers  from  that of reflected  images  even  i f the  physical  characteristics  of the  l i gh t are  the  
same.  Some  reference  values  for the  d isplay design  have  been  reported .  For example,  
con trast values  between  6 : 1  and  1 0 : 1  are  preferred  for d isplay screens  i n  D IN  TR1 24  [1 5] ,  
wh i le  3 : 1  i s  recommended  i n  I SO  9241 -303  [1 2]  for screens.  

4.3  Provision  of  Lighting  

Provis ion  of l i gh ting  depends  l argely on  visual  tasks,  envi ronments,  and  vi sual  capabi l i ties  of 
the  person .  For example,  read ing  smal l  characters  requ i res  a  h i gher l i gh ting  level  to  i ncrease  
vis ibi l i ty,  wh i le  a  l ower l i gh ting  l evel  i s  su fficien t for re laxing  i n  a  l i ving  room.  Visual  tasks  are  
categorized  i n to  the  fol lowing  g roups:  (a)  detection  of l i gh ts  or objects,  (b)  recogn i tion  of 
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colour,  (c)  read ing  characters  and  symbols,  (d )  walking  and  other behaviours,  and  (e)  
relaxation  and  comfort.  For each  category the  l i gh ting  l evel  shou ld  be  designed  appropriately.  

An  appropriate  l i gh ting  l evel  i n  bu i l d ings  shou ld  be  defined  for each  part of the  bu i l d ings  by 
considering  the  purpose  of the  place,  such  as  en trances,  l i ving  rooms,  d in ing  rooms,  or 
working  rooms,  as  wel l  as  the  extent of visual  abi l i ty of the  users.  Standard  l i gh ti ng  levels  

A su fficien t l i gh ting  l evel  shou ld  be  assured  to  main tain  safety i n  transportation  envi ronments  
 En trances  of 

bu i l d ings,  sta i rs,  e levators,  escalators  shou ld  a l so  be  l i t  su fficien tly to  ensure  safety.  

 wi th  visual  
impairments  shou ld  take  i n to  account thei r vi sual  sensi tivi ty.  For many of those  people,  an  

re  
when  increasing  the  l i gh t l evel .  Where  possib le  the  l i gh ti ng  shou ld  be  con trol lable  to  

or users  wi th  visual  impai rments.  Th is  
shou ld  a l so  be  appl ied  to  windows  where  curta ins  and  b l i nds  can  provide  effective  control .  

i scriminate  colours  decreases  
for o lder people  as  shown  i n  5 . 2 .  A l i gh t source  wi th  an  appropriate  spectral  emission  wou ld  

tion .  Th is  i s  a l so  true  for people  wi th  l ow vis ion  who have  
d i fficu l ty i n  colour d iscrimination  and  colour i den ti fication  [1 7] .  

 reflected  from  the  screen  and  reducing  the  l uminance  
con trast or creating  specu lar reflections  from  the  screen ,  thus  obl i terating  the  screen  image 

reas  wi th  abrupt changes  between  l i gh t and  
dark shou ld  be  avoided ,  because  people  wi th  l ow vis ion  may have  d i fficu l ty seeing  the  detai ls  

dapt to  sudden  changes  of brigh tness.  They 
have  s imi lar problems  adapting  to  brigh t areas.   

requ i red  for various  i ndoor workplaces  are  defined  i n  CIE  S  008,  bu t on ly for adu l ts  wi th  
normal  vi s ion  [1 6] .  

such  as  rai lway stations,  subway stations,  bus  stops,  roads,  and  pavements.

4.3. 1  Lighting  for  Older People and  People  wi th  Visual  Impai rments  

The  design  of an  appropriate  l i gh ting  l evel  for older people  and  for people

increased  level  of l i gh ting  may be  requ i red .  People  wi th  l ow vis ion  need  a  re latively h igher 
l evel  of i l l uminance  when  they view publ ic  s igns  or controls  particu larly at n igh t.  

I t  shou ld  be  noted ,  however,  that there  i s  a  l arge  variation  i n  the  type  and  extent of 
impai rments  of people  wi th  l ow vis ion ,  and  the  appropriate  l evel  of l i gh ting  depends  on  the  
type  of impai rment.  For example,  a  person  who  has  opaci fication  of the  cornea  or l ens,  or 
a lb in ism,  may fi nd  i t  d i ffi cu l t  to  see  i n  brigh t l i gh t.  Care  shou ld  be  taken  not to  cause  g la

accommodate  the  dai l y variation  i n  l i gh ting  needs  f

4.3.2  Spectral  Composi tion  of Light  Sources 

The  spectral  emission  of a  l i gh t source  i s  a  factor to  be  considered  when  better colour 
d iscrimination  or colour i denti fication  i s  needed .  The  abi l i ty to  d

therefore  assist colour d iscrimina

4.3.3  Uni formi ty of  Lighting  

I t  i s  desi rable  that l i gh t i s  un i formly d istribu ted  on  al l  re levant i n ternal  surfaces,  and  the  
production  of strong  shadows  shou ld  be  avoided .  Th is  can  be  ach ieved  by ensuring  that the  
Spacing  to  Mounting  Heigh t Ratio  (SHR),  as  recommended  by the  manufacturers,  i s  not 
exceeded .  Th is  i s  of particu lar importance  i n  i n teriors  wh ich  are  heavi ly obstructed  wi th  
objects  and /or furn i tu re.  The  use  of su rfaces  wi th  h igh  d i ffuse  reflectance  wi l l  a lso  assist  i n  
d istribu ting  l i gh t un i formly i n  a  room  [1 8]  [1 9]  .  The  d istribu tion  of l i gh t a lso  affects  the  use  of 
se l f- l uminous  d isplays  wi th  l i gh t being

and  causing  vei l i ng  reflections.  The  same holds  true  for g lossy floors  or g lossy papers  on  
wh ich  importan t i n formation  appears.  

Wi th in  bu i l d ings  producing  a  darkened  area  or a

in  the  dark area  due  to  thei r reduced  abi l i ty to  a

4.3.4  Consideration  of Ambient  Lighting  

Ligh ting  for tasks  and  surround ings  shou ld  be  appropriately designed  so  that there  i s  no  l arge  
brigh tness  change  between  the  task and  the  ambien t l i gh ting .  The  use  of a  wel l  shaded  task 
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l amp,  wh ich  does  not expose  people  who  are  visual ly impai red  to  h igh  temperature  su rfaces  
and  can  ad just  the  amount and  d istribu tion  of l i gh t over the  task,  provides  a  usefu l  and  
effective  l i gh ting  solu tion .  To  ensure  safety,  atten tion  shou ld  a lso  be  paid  to  the  ambien t l i gh t 
l evel  for walking  areas.  Th is  i s  particu larly importan t for o lder people  and  people  wi th  l ow 

a l  vi sion ,  wh ich  p lays  an  importan t role  i n  walking ,  i s  l im i ted  

l der people  and  for people  wi th  visual  impairments  (e. g . ,  cataracts,  corneal  
edema,  vi treous  opaci ties,  etc. ) .  G lare  can  cause  a  feel ing  of d i scomfort (d iscomfort g lare)  

y decreases  i n  the  presence  of g lare  particu larly for o lder people  [20] .  Recovery 
from  g lare  a lso  requ i res  more  time  for o lder people  general ly,  wi th  s im i larly extended  times  

the  decrease  of detectabi l i ty of a  l i gh t or the  decrease  of 
spatial  resolu tion  of an  image.  Wi th  regard  to  d iscomfort g lare,  a  Un i fied  G lare  I ndex (UGR)  

General  solu tions  to  the  problem  of g lare  i nclude  sh ie ld ing  of brigh t l i gh t sources,  and  the  use  

ependence“,  LRC Gu idel ines,  USA [22] :  

n  l uminai res;  they do  not sh ield  the  l i gh t bu lb  from  your view.  

e i l i ng  are  needed .  

e  from  sh iny surfaces,  l i ke  
 magazines.  

−  Use  shades,  b l i nds,  or cu rtains  to  m in imize  g lare  from  windows.  

r speci fic use  i n  thei r country of orig in  (Ligh ting  and  the  visual  envi ronment for 
Sen ior l i ving ,  I ESNA,  USA [23] ;  Housing  for people  wi th  s igh t l oss,  A Thomas  Pockl ing ton  

s :  

vi s ion ,  because  thei r peripher
(see  5. 5) .  

4.3.5  Avoidance of  G lare  

Due  to  the  i ncrease  of l i gh t scattering  in  the  ocu lar med ia  of the  eye,  the  effect of g lare  i s  
exacerbated  for o

and  i n terfere  wi th  task performance  by decreasing  the  perceived  con trast i n  visual  s igns  
(d isabi l i ty g lare).  

Visual  acu i t

for l i gh t and  dark adaptation .  The  age  factor for d isabi l i ty g lare  i s  provided  i n  CIE  1 46  [21 ]  
(see  5. 7) .   

D isabi l i ty g lare  i s  described  by 

for i l l umination  has  been  defined  by the  CIE,  and  recommended  values  for various  workplaces  
are  presented  i n  CIE  S  008  [1 6] .  

of i nd i rect l i gh ti ng  for i l l umination  of tasks  and  workplaces.  The  fol lowing  are  examples  of 
solu tions  taken  from  “Ligh ting  the  way:  A key to  i nd

−  Avoid  p lacing  very brigh t l i gh ts  against dark cei l i ngs  or wal l s .  Choose  l i gh t-coloured  wal l s  
and  cei l i ngs  to  soften  the  effects  of brigh t l i gh t.  

−  Sh ie ld  brigh t objects  from  usual  l i nes  of s igh t.  For example,  i f a  l i gh t bu lb  i s  seen  when  
seated  at a  d in ing  table,  i t  i s  better to  h ide  the  d i rect view of the  bu lb  by ad justing  i ts  shade  
or reposi tion ing  the  l uminai re.  

−  Avoid  clear l enses  or shades  o

−  Spread  l i gh t over l arge  areas  by l i gh ting  cei l i ngs  and  wal l s ,  or by using  l i gh t sources  wh ich  
are  sh ie lded  from  d i rect view.  

−  Choose  a  deeply recessed  l uminai re  to  m in im ize  d i rect view of the  bu lb  when  recessed  
down l igh ts  or “cans”  mounted  i n  the  c

−  P lace  task l i gh ts  to  your s ide,  not i n  fron t,  to  avoid  reflected  g lar
pol i shed  wood  or g lossy

4.3.6  Lighting  Design  

There  are  several  national  l i gh ting  design  gu ides  avai lable,  a l though  these  have  been  
produced  fo

Design  Gu ide,  UK [24] ) .  The  fol lowing  are  l i gh ting  design  considerations  provided  i n  the  
gu idel i ne

−  Consider possible  changes  to  the  task to  i ncrease  the  l uminance  con trast and  the  visual  
s ize.  

−  Reduce  the  i ncidence  of shadows on  tasks  and  access  rou tes  th rough  the  use  of wide  
d istribu tion  l uminaries  and  h igh  reflectance  surfaces.  
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−  M in im ise  d i sabi l i ty g lare  and  d iscomfort g lare  by reducing  the  risk of l i gh t sources  being  i n  

t  cond i tions  ach ieve  a  un i fied  g lare  rating  (UGR)  of ≤  1 9 .  

 by an  older workforce.  

t  i l l uminance  in  design  
gu idance  for adu l ts.  

 o l der people  and  people  wi th  d isabi l i ties  to  be  taken  in to  
account for better l i gh ting  and  better vis ib i l i ty for those  people.  The  data  were  selected  from  

tures  on  
ta  are  

ment of the  CIE  standard  l uminous  efficiency function ,  V(λ) ,  to  estimate  

otometry clearly 
show the  decrease  of efficiency wi th  age  i n  the  shorter wavelength  reg ion  between  about 

Th is  ageing  effect i s  considered  due  to  the  yel lowing  of the  l ens  in  the  eye.  However,  the  
decrease  of efficiency i s  a lso  observed  in  the  l onger wavelength  reg ion  in  the  data  measured  
by d i rect brigh tness  match ing  (righ t s ide  data  i n  F igure  3a  and  3b),  wh ich  cannot be  expla ined  
by the  l ens  absorption  on ly.  

the  fie ld  of view and /or reducing  the  background  l uminance.  

−  I n  ambien

−  L i gh t sources  shou ld  have  a  general  colour rendering  i ndex (Ra)  of ≥  80 .  

−  Provide  l i gh ti ng  con trol  for ambien t and  task l i gh ting .  Use  bl i nds  and  curta ins  to  control  
dayl i gh t.  

−  Provide  a  m in imum  of 300  l x for tasks  undertaken

−  Provide  for an  i ncrease  of 50  %  on  the  recommended  ambien

−  Consider the  provis ion  of ad justable  task l i gh ts.  

−  Comply wi th  the  recommended  SHR for the  l uminai re  (see  4 .3. 3) .  

5  Vision  Data  and  Design  Methods for Older People and  People  wi th  Disabi l i ties   

Th is  section  provides  vis ion  data  of

su fficien t numbers  of samples  and  cond i tions  so  that they can  provide  statistical  fea
variations,  i nd ividual  or cond i tional .  I n  each  section  methods  for applying  the  da
presented  on  how to  use  the  data.   

5.1  Luminous  Efficiency Function  and  Age-related  Luminance Contrast   

The  spectral  l uminous  efficiency function ,  i . e .  spectral  sensi tivi ty of the  eye,  i s  one  of the  
fundamental  characteristics  of the  visual  system.  Th is  has  been  used  i n  photometry widely 

s ince  the  establ i sh

the  visual  effi ciency of l i gh ts.  The  CIE  V(λ)  function  was  based  on  the  data  taken  from  a  
hundred  people  approximately,  bu t the  ageing  effect was  not clearly addressed  i n  these  
standard  data.  

F igures  3a  and  3b  are  two  major data  sources  showing  the  change  of the  spectral  l uminous  
efficiency function  wi th  age,  reported  by Kraft and  Werner [25] ,  and  by Sagawa  and  
Takahash i  [26]  respectively.  Both  data  show the  efficiency function  measured  by fl i cker 
photometry and  by d i rect brigh tness  match ing  as  wel l .  The  data  by fl i cker ph

400  nm  to  500  nm.  Th is  means  b lu ish  l i gh ts  l ook relatively darker to  older people  than  they do  
to  younger people.  Care  shou ld  be  taken  when  using  b lue  l i gh ts  i n  vi sual  s i gns,  especial l y i n  
traffic or emergency signs,  so  that they do  not look too  dark to  older people.  
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Flicker Direct match (a)  

(b)  
Flicker Direct match 

0,5 

 

Figure 3 −  Luminous efficiency functions measured by fl icker photometry and direct brightness 
matching 

(a)  Kraft-Werner data 
(HFP:  heterochromatic fl icker photometry,  
HBM: heterochromatic brightness matching) 

(b)  Sagawa-Takahashi  data 

I n  the  Kraft-Werner data  (F igure  3a),  the  data  of d i fferen t age  groups  are  sh i fted  vertical l y to  
avoid  overlap,  and  the  sol id  l i nes  i n  the  l eft  panel  represent the  V(λ)  function  ad justed  at 
61 0  nm  for each  curve.  I n  the  righ t panel  sol id  l i nes  are  averaged  functions  over the  7  curves  
throughout the  age  groups.  I n  the  Sagawa-Takahash i  data  each  curve  means  averaged  data  
for each  of seven  age  groups,  i . e .  1 0-1 9,  20-29,  30-39,  40-49,  50-59,  60-69,  70-79  from  the  
top  to  the  bottom,  a l l  be ing  normal ized  at  570  nm  for both  the  fl icker and  the  d i rect match  data.  
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Application 

The  major appl ication  fie ld  of the  spectral  l uminous  efficiency function  i s  photometry i n  wh ich  
l i gh t i s  evaluated  in  terms  of visual  efficiency.  The  age-related  change  of the  l uminous  
efficiency function  as  shown  i n  F igures  3a  and  3b  can  be  used  to  estimate  the  efficiency of 
l i gh ts  for people  at any age.  The  method  for th is  compl ies  wi th  the  principle  of photometry,  bu t 
i n  order to  avoid  confusion  wi th  the  existing  CIE  photometry,  the  age-related  l uminous  
efficiency functions  can  be  safely used  on ly for estimating  visual  con trast for a  pai r of l i gh ts  
[27] .  

For a  g iven  pai r of any two  l i gh ts,  namely L 1  and  L2 ,  vi sual  contrast i s  calcu lable  by using  
Equation  (1 )  taking  L 1  as  a  test and  L2  as  a  reference  (or a  background),  provided  that the  
spectral  rad iance  of the  two  l i gh ts  are  known .  The  contrast defined  here  shou ld  be  cal led  age-
related  l uminance  con trast,  and  denoted  as  Ca.  
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where  
Ca  i s  the  age-related  l uminance  con trast for age,  a;  

L  e ,λ , 1  i s  the  spectral  rad iance  of l i gh t  L1  (W ⋅m -2
⋅sr-1 ⋅nm -1 ) ;  

Le ,λ , 2  i s  the  spectral  rad iance  of l i gh t  L2  (W ⋅m -2
⋅sr-1 ⋅nm -1 ) ;  

Va(λ)  i s  the  age-related  spectral  l um inous  efficiency of age,  a;  

Δλ  i s  the  wavelength  bandwid th  (5  nm).  

NOTE  1  Age  a  here  i s  defi ned  i n  decades  such  as  1 0-1 9  or 20-29  years,  and  the  correspond ing  data  
on  Va(λ)  are  g i ven  i n  Table  B . 1  (Annex B).  For example,  C20  and  V20(λ)  mean  the  age-
related  l um inance  contrast and  the  age-related  spectral  l um inous  effi ciency function  
respectively,  both  for people  i n  thei r twenties.  

λ λΔNOTE  2  The  quan ti ty ∑  (i  =  1 ,  2 )  corresponds  to  a  re lati ve  value  of l um inance  

defined  by CIE  where  the  standard  l uminous  efficiency function ,  V(λ) ,  and  the  maximum  
l uminous  efficacy,  Km  (683  lm/W),  apply.  Th is  quan ti ty means  the  re lati ve  vi sual  effici ency of 

the  l i gh t.  

NOTE3  The  wavelength  bandwid th  Δλ  was  set  to  5  nm  for practical  use,  bu t  the  equation  pri ncipal l y  
holds  for other bandwid ths  l ess  than  5  nm,  such  as  1  nm.  

Figure  4  provides  an  example  on  how Ca  i s  ca lcu lated  for a  g i ven  s ign  shown  i n  the  i nset of 
the  figure,  wh ich  consists  of a  l i gh t L1  (a  b lue  symbol )  and  L2  (a  dark-brown  background).  The  
age-related  l uminance  con trast was  calcu lated  for two  age  groups,  the  20s  and  the  60s  for 
example,  by using  thei r spectral  l uminous  effi ciency function  (fl i cker photometry)  shown  i n  
F igure  3b.  The  resu l t  of the  calcu lation  shows  that the  l uminance  con trast i s  34  %  for a  
younger subject and  1 5  %  for an  ol der subject.  I t  tu rns  ou t that the  effective  contrast of the  
s ign  i s  much  l ower for the  older person  than  for the  younger.  
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