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M.Yam agish i, F.Kaw asak i, K.Yam aba, M.Nagata, Legibility unde r reading ligh ts 

using w h ite  LED . Ge rontech nology 2006; 5(3):231-236. Th is  pape r de als  w ith  le gib-

ility unde r in-ve h icle  re ading ligh ts. In th is  study, five  ligh t source s  (incande sce nt 

lam p, fluore sce nt lam p, b icolor LED  and two type s  of w h ite  LED ) w e re  us e d in 

orde r to e valuate  le gib ility, pe rce ptual w h ite ne s s , and pe rce ptual brigh tne s s . Th e  

illum inance  of th e  te xt pape r was  s e t constant at 40 lx. Th e  first e xpe rim e nt 

s h ow e d th at th e re  is  a re lations h ip be tw e e n le gib ility and pe rce ptual w h ite ne s s . 

Th e  s e cond e xpe rim e nt - a com parison be tw e e n four k inds  of ligh t source s  

w ith out th e  b icolor LED  as  to subje cts ' pre fe re nce s  - s h ow e d th at th e  w h ite st LED  

is  th e  be st ligh t source  for e lde rly pe ople . A th ird e xpe rim e nt confirm e d th is  re s -

ult as  to dire ct subje ctive  pre fe re nce s.

K e yw ords : le gib ility, LED , in-ve h icle  re ading, vis ual ch aracte ris tics , e lde rly 

Re ce ntly, LED s  h ave  be e n applie d to 

m any ligh ting s ituations : th e y provide  

both  h igh  e le ctrical e fficie ncy and long 

life . As  blue  LED s  and im prove d w h ite  

LED s  are  be ing de ve lope d w ith  a h igh e r 

lum inance , LED s  are  in th e  future  also 

lik e ly to be  us e d for h ous e h old ligh ting. 

Th is  pape r addre s s e s  le gib ility unde r in-

ve h icle  ligh ting conditions  of a range  of 

re ading ligh ts , including colore d and 

w h ite  LED s. It discus s e s  e xpe rim e ntal in-

ve stigations  of le gib ility, re late d factors  

of w h ite ne s s  and visual clarity, and re ad-

ing ligh t pre fe re nce s.

Ge ne rally, in-ve h icle  re ading ligh ts  are  

installe d on th e  back  s e at of so-calle d 

luxury cars  for th e  us e  of th e  pas s e nge r 

s itting th e re . It is  lik e ly e lde rly pas s e n-

ge rs  w ill us e  th e m . Visual function de -

cre as e s  w ith  age , ow ing to de clining 

visual acuity and incre as ing le ns  opacity 

and ye llow ing

1

. Th us , th e  in-ve h icle  

re ading ligh ts  s h ould h ave  spe cifica-

tions  th at w ill e nable  e lde rly pe ople  to 

re ad e as ily.

In-ve h icle  re ading ligh ts  h ave  s e ve ral 

k inds  of spe cification but th e s e  de s igns  

do not ne ce s sarily re fle ct age -re late d 
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ch ange s  in visual function. H ope fully, in 

th e  future  it w ill be com e  standard prac-

tice  to tak e  age -re late d ch ange s  into ac-

count w h e n draw ing up de s ign spe cifica-

tions.

LEGIBILITY UND ER  EACH  LIGH T SO URCE

Th e  first e xpe rim e nt e xam ine s  w h e th e r 

le gib ility and visual acuity s h ow  vari-

ations  unde r diffe re nt LED  ligh t source s. 

Th e  re s ults  are  discus s e d in te rm s  of 

age -re late d diffe re nce s.

M e th ods

Subjects

Se ve n younge r subje cts  (Me an (M) = 

25.7 ye ars  old, standard de viation (SD ) 

= 6.7; no m ale s , s e ve n fe m ale s) particip-

ate d in th is  e xpe rim e nt; five  of th e s e  

younge r subje cts  wore  spe ctacle s  or con-

tact le ns e s . Th e  s ubje cts  w e re  volun-

te e rs  s e le cte d from  th e  graduate  stu-

de nts  and adm inistrative  office  at th e  

unive rs ity. A furth e r 16 e lde rly subje cts  

(M=66.9  ye ars  old, SD =4.9 ; 15 m ale s , 

one  fe m ale ) took  part in th e  e xpe ri-

m e nt; th e y w e re  re cruite d from  th e  Sil-

ve r H um an Re source s  Ce nte r. O f th e  e ld-

e rly subje cts , 14 wore  th e ir h abitual 

spe ctacle s  or contact le ns e s . All sub-

je cts  h ad norm al linguistic ability and 

w e re  able  to re ad a te xt; th e y s uffe re d 

no spe cific visual im pairm e nts.

Sam ple  Ligh t Source s

Five  k inds  of ligh t source s  w e re  us e d 

(Table  1). O f th e  five  ligh t source s  

sam ple s  D  and E are  both  w h ite  LED s , 

but th e re  are  two diffe re nce s : th e  corre l-

ate d color te m pe rature  and th e  re lative  

spe ctral distribution. Sam ple  D  contains  

two k inds  of spe ctral e ne rgy, at a s h ort 

wave le ngth  (ne ar 470 nm ) and at a 

m iddle  wave le ngth  (ne ar 580 nm ), 

w h e re as  sam ple  E contains  th re e  k inds  

of spe ctral e ne rgy, at a s h ort 

wave le ngth  (from  400 nm  to 470 nm ), a 

m iddle  wave le ngth  (ne ar 520 nm ) and a 

long wave le ngth  (ne ar 620 nm ). As  a re s -

ult th e s e  ligh t source s  diffe r in color re n-

de ring and color appe arance . Figure  1 

s h ow s  th e  re lative  spe ctral distribution 

of sam ple s  D  and E.

In addition, illum inance  on th e  pape r sur-

face  was  s e t at a constant le ve l of 

40.0± 1.0 lx as  m e asure d by a MINO LTA 

Corporation T-1H  digital illum inance  

m e te r, th at follow s  th e  CIE spe ctral 

s e ns itivity standard. Th is  illum inance  

was  ch os e n be caus e  it corre sponds  to 

th e  spe cification for th e  back  s e ats  of 

cars.

Expe rim ent 

Five  illum ination boxe s  w ith  inte rnal 

ligh t source s  w e re  us e d in th e  e xpe ri-

m e nt. Figure  2 illustrate s  th e  e xpe ri-

m e ntal conditions. Th e  distance  

be tw e e n th e  s ubje ct’s  e ye s  and th e  

Table  1. Sam ple  ligh t source s

Ch aracte ris tics

Sam ple s

A

C

D E

LED  Prope rtie s

Ligh t source

Corre late d color 

te m pe rature , K

Incande sce nt 

lam p

Fluore sce nt 

lam p

Bicolor LED W h ite  LED W h ite  LED

Blue -gre e n +  

re d LED

Blue  LED  +  

ye llow  ph osph or

Purple  LED  +  

RGB ph osph or

2,300 7,200 6,500 7,100 11,000

- -

Figure  1. Relative  spectral distribution 

of sam ple s D  and E

B
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pape r w ith in th e  box was  constant, at 

40 cm . Th e  visual obje ct us e d to inve stig-

ate  le gib ility was  a ve rtically writte n te xt 

of about 200 Japane s e  ch aracte rs , con-

s isting of 60% Kana and 40% Kanji. Prior 

to th e  e xpe rim e nt, s ubje cts  got accus -

tom e d to th e  dark ne s s  in a room , and 

w e re  th e n brough t to th e  dark  e xpe ri-

m e nt room . Th e re  th e y w e re  give n tim e  

to adapt to th e  illum inance  re sulting 

from  th e  sam ple  ligh t source , afte r 

w h ich  th e  e xpe rim e nt starte d.

Evaluation

Subje cts  w e re  as k e d to e stim ate  le gib il-

ity by th e  inte rval-scale  m e th od. Th e y 

w e re  instructe d to re ad th e  pape r unde r 

a ligh t source  and th e n rate  th e  source  

according to le gib ility on a cle arne s s  e s -

tim ate  scale , a visual fatigue  e stim ate  

scale , and a le gib ility e stim ate  scale  of 

0-10, w ith  0 s ignifying poor and 10 s ig-

nifying e xce lle nt le gib ility. Evaluations  

w e re  m ade  im m e diate ly afte r e xposure  

to e ach  ligh t source . 

Furth e rm ore , 21 e lde rly subje cts  (M= 

66.6 ye ars , SD =4.5), am ong w h om  e ld-

e rly w h o participate d in th e  le gib ility 

e valuation study, h ad th e ir visual acuity 

m e asure d unde r e ach  of th e  sam ple  

ligh t source s. Th e y wore  th e ir h abitual 

spe ctacle s. In th is  e xpe rim e nt th e  stand-

ard vie w ing distance  of 30 cm  was  

us e d, as  re com m e nde d by th e  Re s e arch  

Institute  of H um an Engine e ring for Qual-

ity Life  (H QL)

2

.

Re s ults  

Th e  e valuation scale  of 0 to 10 is  s ub-

je ctive  and th e  data obtaine d vary 

w ide ly be tw e e n individuals. By contrast, 

th e  re lative  pre fe re nce s  for ligh t 

source s  are  orde re d m ore  cons iste ntly 

by subje cts. Th e  five  ligh t source s  w e re  

arrange d from  th e  h igh e st to th e  low e st 

e valuation point. Th e n, th e y w e re  rate d, 

on a scale  of 1 to 5 in asce nding orde r.

Le gib ility ratings  for a w h itis h  pape r 

w e re  com pare d for younge r and e lde rly 

subje cts  us ing th e  afore m e ntione d or-

de ring m e th od. Elde rly rate d sam ple  E 

(w h ite  LED ) as  providing th e  h igh e st 

le gibility of all th e  ligh t source s  (Figure  3).

Figure  4 indicate s  th e  visual acuity of 

e lde rly subje cts  at e ach  sam ple  ligh t 

source . Elde rly subje cts  gaine d th e  

h igh e st le ve l of visual acuity for sam ple  

E (w h ite  LED ). Th e  corre lation be tw e e n 

th e  value  of visual acuity and th e  le gib il-

ity rating was  also te ste d, and th e  re s ult 

Figure  2. Expe rim ental layout

Figure  3. Relative  legibility rating in tw o 

diffe rent age  categorie s

Figure  4. Visual acuity of elde rly 

subjects for th e  five  ligh t source s, A to E
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indicate  th at th e re  is  a strong pos itive  

corre lation (r=.9 3). 

R ATING W H ITENESS AND  VISUAL CLARITY 

In th e  s e cond e xpe rim e nt, s ubje cts  w e re  

as k e d to rate  w h ite ne s s  and visual clar-

ity, as  le gib ility-re late d factors , of th e  

pape r surface  unde r e ach  ligh t source . 

‘W h ite ne s s ’ re fe rs  to th e  color of th e  

pape r surface , and ‘clarity’ re fe rs  to 

brigh tne s s  of th e  pape r surface . Th e  re s -

ults  are  com pare d w ith  th e  le gib ility re s -

ults  obtaine d in th e  first e xpe rim e nt. 

M e th ods

Subjects

In th is  e xpe rim e nt, s ixte e n younge r 

graduate  stude nts  volunte e re d as  s ub-

je cts  (M=21.8 yrs , SD =0.54; 5 m ale s , 12 

fe m ale s); 15 e lde rly subje cts  (M=69 .2 

yrs , SD =3.6; 11 m ale s , 4 fe m ale s) volun-

te e re d. Th e s e  e lde rly subje cts  are  e n-

rolle d in a life long le arning cours e . In 

th is  e xpe rim e nt, m ost of th e  s ubje cts  

h appe ne d to be  h abitual w e are rs  of spe c-

tacle s  or contact le ns e s . All subje cts  h ad 

norm al linguistic ability.

Sam ple  Ligh t Source s

In th is  e xpe rim e nt, four k inds  of sam ple  

ligh t source s  w e re  us e d, e xcluding 

sam ple  C (Table  1). Th e  first e xpe rim e nt 

indicate d th at both  younge r and e lde rly 

subje cts  rate d sam ple  C as  h aving th e  

low e st le gib ility of th e  five  k inds  of ligh t 

source s. Illum inance  of th e  pape r sur-

face  was  s e t at 40.0± 1.0 lx as  m e asure d 

by a MINO LTA Corporation T-1H  digital il-

lum inance  m e te r.

Expe rim ent

A dark  room  was  e q uippe d w ith  two illu-

m ination boxe s  place d s ide  by s ide  (Fig-

ure  2). A ve rtically writte n te xt was  us e d 

to rate  w h ite ne s s  and visual clarity. Th is  

te xt of a ge ne ral social and e as ily unde r-

stood topic, cons iste d of about 300 Ja-

pane s e  ch aracte rs  containing 60% Kana 

and 40% Kanji. Be fore  th e  start of th is  

e xpe rim e nt, s ubje cts  w e re  give n about 

2 m inute s  to adapt to th e  dark , during 

w h ich  tim e  th e  e xpe rim e nt was  e x-

plaine d to th e m .

Evaluation

Afte r th e  s ubje ct re ad th e  pape r te xt 

place d in e ach  box, h e  or s h e  was  as k e d 

to e stim ate  th e  w h ite ne s s  and visual clar-

ity of th e  pape r surface  unde r e ach  

sam ple  ligh t source  us ing th e  Sch e ffe  

m e th od of paire d com parison

3

. More  

spe cifically, th e  s ubje cts  w e re  as k e d to 

look  at and re ad th e  pape r te xt place d in 

two ne igh boring illum ination boxe s. 

Th e y w e re  th e n as k e d to com pare  th e  

le gib ility of th e  two sam ple  ligh t source s  

by rating inte ns ity, from  e xtre m e ly h igh  

to e xtre m e ly low  diffe re nce  in te rm s  of 

w h ite ne s s  and visual clarity. 

Re s ults  

Th e  paire d-com parison re sults  w e re  s im -

ilar for th e  younge r and th e  e lde rly sub-

je cts. As  th e re  w e re  no s ignificant diffe r-

e nce s  th e  analys e s  discus s e d be low  are  

bas e d only on th e  re s ults  of th e  e lde rly. 

Figure  5 s h ow s  re sults  for th e  de gre e  of 

w h ite ne s s , Figure  6 for th e  de gre e  of 

visual clarity.

Figure  5. D egre e  of w h itene ss for eld-

e rly subjects of 4 ligh t source  sam ple s 

(paire d com parison)

Figure  6. D egre e  of visual clarity for eld-

e rly subjects of 4 ligh t source  sam ple s 

(paire d com parison)
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Four sam ple  ligh ts  (A, B, D , and E) w e re  

com pare d for w h ite ne s s  and an ANO VA 

was  carrie d out, re sulting in a s ignific-

ant m ain e ffe ct for sam ple  ligh ts  (F(3, 

9 0)=1.232, p < .01). Sim ilarly, for visual 

clarity, a four-sam ple  ligh t (A, B, D , and 

E) ANO VA was  carrie d out, re sulting in a 

s ignificant m ain e ffe ct for sam ple  ligh ts  

(F(3, 9 0)=3.857, p < .05).

Th e  re s ults  of Figure s  5 and 6 sugge st 

th at sam ple  E (w h ite  LED ) re ce ive d a h igh -

e r e stim ation for both  w h ite ne s s  and 

visual clarity th an th e  oth e r ligh t 

source s.

CO M PARING LEGIBILITY AND  W H ITENESS 

To confirm  th e  validity of le gib ility-re -

late d factors , th e  re lations h ip be tw e e n 

th e  re s ults  of le gib ility e stim ation (first 

e xpe rim e nt) and w h ite ne s s  rating 

(s e cond e xpe rim e nt) was  te ste d. 

Figure  8 s h ow s  a corre lation bas e d on a 

com pute d approxim ation form ula:

Y = 0.443 +  0.248 X (R

2

 = 0.9 52)         (1)

In Figure  7, th e  ve rtical axis  s ignifie s  

th e  scale d e stim ate  of le gib ility (= Estim -

ate  / 10), as  in Figure  3. Th e  h oriz ontal 

axis  de note s  th e  de gre e  of w h ite ne s s , 

as  in Figure  5. Figure  7 re ve als  a strong 

pos itive  corre lation be tw e e n le gib ility 

(first e xpe rim e nt) and w h ite ne s s  

(s e cond e xpe rim e nt). Th us , w e  m ay con-

clude  th at th e  w h ite r ligh t source  e n-

h ance s  le gib ility, e spe cially for e lde rly.

PREFERENCE BETW EEN LIGH T SO URCES 

Th e  re sults  of th e  pre vious  e xpe rim e nts  

s ugge st th at for th e  e lde rly a ligh t 

source  is  m ost e ffe ctive  as  re ading ligh t 

if it m ak e s  th e  back ground appe ar as  

w h ite  as  pos s ible . From  our e xpe ri-

m e nts  w e  can conclude  th at th e  w h ite  

LED  us e d in sam ple  E in th is  study is  

m ost suitable  for th e  e lde rly. H ow e ve r, 

it s h ould be  re m e m be re d th at if such  

LED s  w e re  to be  us e d ge ne rally around 

th e  h ous e , it is  im portant to k now  h ow  

LED  ligh ting affe cts  h um ans. Pre fe r-

e nce s  for particular re ading ligh ts  

am ong th e s e  sam ple  ligh t source s  are  

discus s e d in a th ird e xpe rim e nt.

M e th ods

Subjects

In th is  e xpe rim e nt 16 younge r subje cts  

and 15 e lde rly subje cts  took  part. Th e s e  

w e re  th e  sam e  participants  as  in th e  

s e cond e xpe rim e nt.

Sam ple  ligh t source s

Both  e xpe rim e nts  us e d th e  sam e  four 

sam ple  ligh t source s. Th e ir illum inance  

le ve ls  w e re  also ide ntical to th os e  of pre -

vious  e xpe rim e nts.

Expe rim ent 

Four illum ination boxe s  w e re  s e t up 

s ide  by s ide  (Figure  2). As  in th e  

pre vious  e xpe rim e nt, s ubje cts  adapte d 

to th e  dark  prior to th e  e xpe rim e nt. Th e  

sam e  visual obje ct (i.e ., te xt) was  

pre s e nte d to th e  s ubje cts.

Evaluation

Subje cts  w e re  instructe d to indicate  

w h ich  of th e  four ligh t source s  th e y pre -

fe rre d.

Re s ults  

Figure  8 s h ow s  s e le cte d pre fe re nce s  for 

e ach  ligh t source . Th e  

2

 te st was  pe r-

form e d on both  age  groups  (younge r 

Figure  7. Correlation of legibility e stim -

ate  and w h itene ss for ligh t source  

sam ple s A, B, D  and E
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and e lde rly) unde r four sam ple  ligh ts  (A, 

B, D , and E). Th e  age -re late d diffe re nce  

is  s ignificant (

2

(3)=12.58, p < .01). Th e  

num be r of e lde rly ch oos ing sam ple  B 

(n=2) is  sm alle r th an th e  num be r of th e  

younge r subje cts  (n=8). Th e  num be r of 

e lde rly ch oos ing sam ple  E (n=9 ) is  lar-

ge r th an th e  num be r of younge r sub-

je cts  (n=1). Inde e d, th e  m ajority of th e  

e lde rly indicate d th at sam ple  E (w h ite  

LED ) is  th e  be st ligh t source . Th e s e  re s -

ults  are  cle arly cons iste nt w ith  th e  e stim -

ation of le gib ility (first e xpe rim e nt) and 

w h ite ne s s  (s e cond e xpe rim e nt).

CO NCLUSIO N

Th is  re s e arch  focus e d on th e  visual ch ar-

acte ristics  of th e  e lde rly, and discus s e d 

le gib ility unde r a varie ty of re ading 

ligh ts. O f th e  sam ple  ligh ts  inve stigate d -

in te rm s  of le gib ility for th e  e lde rly - a 

s ignificant pre fe re nce  was  found for 

w h ite  LED  (11,000 K corre late d color te m -

pe rature ). Th is  w h ite  LED  h as  th e  

h igh e st corre late d color te m pe rature  

and cons ists  of com pre h e ns ive  

wave le ngth s : both  s h ort, m iddle  and 

long wave le ngth . Th is  m e ans  th at th e  

spe ctral ch aracte ristics  of obje cts  are  ac-

curate ly re fle cte d. W h ite  LED , th e re fore , 

re s ults  in th e  h igh e st e stim ation of w h ite -

ne s s  by e lde rly pe ople . In oth e r words , 

w h ite  pape r look s  m ost w h ite . Th is  is  

im portant as  a h igh  contrast be tw e e n 

ch aracte rs  and back ground optim iz e s  

le gib ility, in particular for e lde rly pe ople  

w h o suffe r ye llow ing of th e ir le ns e s . 

W h ite  LED  h as  be e n calle d th e  ne w  ligh t 

source  for th e  21

st

 ce ntury. Th is  re -

s e arch  s ugge sts  th at th e  w h ite  LED  us e d 

in th e s e  e xpe rim e nts  could be  of gre at 

be ne fit to th e  e lde rly. Th is  re s e arch  also 

h as  im plications  for th e  ge ne ral us e  of 

LED s  as  a ligh t source .

FUTURE D EVELO PM ENTS

LED s  are  incre as ingly illum inous  and are  

ge tting ch e ape r. So far th e y h ave  be e n 

us e d in traffic s igns  and displays , but 

not ye t as  ligh ting in h ous e h olds  due  to 

som e  unre solve d proble m s , s uch  as  in-

s ufficie nt illum inance , and a lack  of un-

de rstanding of th e  e ffe cts  of LED  ligh ts  

on h um ans. Undoubte dly in th e  ne ar fu-

ture  m ore  pow e rful LED -colore d ligh ts  

w ill be  de ve lope d th at h ave  sufficie nt il-

lum inance  to be  us e d as  ligh ting. It 

would th e re fore  be  tim e ly to re s e arch  

th e  psych ological and ph ys iological e f-

fe cts  of LED s.
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Figure  8. Prefe rence s for reading ligh ts 

of 15 elde rly and 16 younge r subjects 

w h e n te sting 4 ligh t source  sam ple s (A, 

B, D , and E)




