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S.H asegaw a, S.Matsunum a, M.O m ori, M.Miyao. Aging effects on th e  visibility of graph ic 

text on m obile  ph one s. Ge rontech nology 2006;4(4):200-208. Te xt including ch aracte rs  

unsupporte d by built-in fonts  of ordinary m obile  ph one s  can be  displaye d on th e  liq uid 

crystal displays  of th e s e  ph one s  w ith  th e  us e  of graph ic te xt. D isaste r inform ation w ith  

m aps  or oth e r im portant inform ation th at can be  s e nt by us ing graph ic te xt is  

ne ce s sary for pe rsons  of all age  groups , including e lde rly pe ople . H ow e ve r, th e  sm all 

ch aracte rs  on th e  displays  in m obile  ph one s  are  h ard for e lde rly pe ople  to re ad. W e  

studie d th e  vis ib ility of ch aracte rs  by m e asuring re ading spe e d, rate  of m is re adings , 

and vie w ing distance  w h ile  41 young, 14 m iddle  age d, and 33 e lde rly subje cts  re ad 

graph ic Japane s e  te xt on m obile  ph one s  aloud. W e  also re corde d subje cts ’ s ubje ctive  

e valuations  afte r e ve ry trial. Th e  s ubje cts ’ visual functions  of cataract cloudine s s  and 

ne ar visual acuity w e re  also m e asure d. W e  found th at re ading pe rform ance  de te riorate d 

as  th e  s iz e  of th e  ch aracte rs  be cam e  sm alle r, and as  s ubje cts  be cam e  olde r. Cloudine s s  

and ne ar visual acuity w e re  strongly corre late d w ith  age , and th e y also affe cte d re ading 

pe rform ance . H ow e ve r, ne ith e r of th e  two h ad h igh e r corre lations  w ith  re ading spe e d 

or vie w ing distance , th an w ith  age . More ove r, vie w ing distance  incre as e d as  th e  

s ubje cts  be cam e  olde r, but be cam e  s h orte r as  th e  ch aracte r s iz e  be cam e  sm alle r. Th e  

e ffe cts  in te rm s  of vis ib ility are  not s im ple , and th e  re s ults  sugge st th at aging include s  

m ore  factors  th at ne e d to be  cons ide re d.

K e yw ords : LCD , le gib ility, s m all dis plays , m ob ile  ph one s , aging

In th e  curre nt aging socie ty, th e re  is  an 
incre as ing ne e d for e lde rly pe ople  to 
us e  inform ation de vice s  s uch  as  m obile  
ph one s  (MPs). H ow e ve r, ch aracte rs  on li-
q uid crystal displays  (LCD s) in MPs  are  

sm all be caus e  of th e  re stricte d s iz e  of 
th e  LCD s. Fe w  studie s  h ave  subje ctive ly 
m e asure d th e  vis ib ility of ch aracte rs  on 
LCD s  in MPs 1-3, alth ough  th e  re com m e n-
de d ch aracte r s iz e  on vide o display te r-
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m inals  (VD Ts) of pe rsonal com pute rs  
h as  be e n standardiz e d,4,5 e ve n for olde r 
office  work e rs ,6 bas e d on th e  re s ults  of 
m any studie s 7-16. In th is  study w e  us e d 
graph ic te xt to e xam ine  th e  re lations h ip 
be tw e e n vis ib ility of ch aracte rs  on LCD s  
in MPs  and subje cts ’ visual functions  of 
cataract cloudine s s  (CC) and ne ar vis ion 
acuity (NVA), as  w e ll as  th e ir age . 

‘Graph ic te xt’ h e re  m e ans  ch aracte rs  re p-
re s e nte d in a digital im age  form at such  
as  JPEG. Graph ic te xt m ak e s  it e asy to 
s e nd te xt w ith in graph ics  s uch  as  on 
m aps  or in com ics  by e -m ail. MPs  w ith  
built-in cam e ra are  us e ful in s e nding 
and re ce iving graph ic data by e -m ail. Mul-
tilingual inform ation can also be  s e nt 
w ith  th e  us e  of graph ic te xt e ve n if th e  
m obile  ph one  th at is  re ce iving th e  in-
form ation doe s  not support m ultilingual 
ch aracte r fonts 17. D isaste r m aps , 
typh oon inform ation w ith  w e ath e r 
ch arts , and oth e r s uch  inform ation can 
be  s e nt by us ing graph ic te xt18. Ne e d-
le s s  to say, s uch  im portant inform ation 
as  disaste r pre ve ntion inform ation is  ne -
ce s sary for pe rsons  of all age  groups , in-
cluding th e  e lde rly.

In th is  study w e  e xam ine d th e  vis ib ility 
of graph ic te xt on LCD s  in MPs  w ith  
th re e  diffe re nt s iz e s  of Japane s e  ch arac-
te rs.

M ETH O D O LO GY

Sub je cts
Th e  s ubje cts  w e re  88 Japane s e  m ale s  
and fe m ale s  20-79  ye ars  of age  
(46.3± 17.9  ye ars) including 33 e lde rly 
pe ople  60-79  ye ars  old (Table  1). 

Vis ual functions
Visual function of a s ingle  e ye  w ith  catar-
act cloudine s s  (CC) of th e  le ns 19 -21 was  
e stim ate d w ith  th e  us e  of an ante rior 
ocular s e gm e nt m e asuring instrum e nt, 
EAS-1000TM (NID EK Inc.). Binocular ne ar 
vis ion acuity (NVA)21 for a 30cm  distant 
targe t was  also m e asure d for e ach  s ub-
je ct. Subje cts  w ith  corre cte d vis ion wore  
th e  e ye glas s e s  th e y norm ally us e . CC 
was  indicate d in 256 le ve ls  (0: no cloudi-
ne s s  - 255: m axim um  cloudine s s )1,22. 
NVA was  e xpre s s e d in ste ps  as  0.1, 0.3, 
0.5, 0.7, 1.0 or 1.2.

Re ading pe rform ance
Re ading pe rform ance  of graph ic te xt on 
LCD s  in MPs  was  m e asure d (Figure  1). 
Sam ple s  of graph ic te xt w ith  th e  sam e  
num be r of Japane s e  ch aracte rs  w e re  pre -
pare d in th re e  diffe re nt ch aracte r s iz e s  
(Figure  2).

O ne  of th e  MPs  us e d in th e  e xpe rim e nt 
was  an SA51 (Sanyo) w ith  a 2.1-inch  

Figure  1. O vervie w  of e xpe rim ent and 

m easurem ents

Table  1. D e scription of subjects

Ch aracte ris tic

Age  range

Me an age  ±  SD

Num be r

Grouping

All s ub je cts

20-79

46.3 ±  17.9

88

Young

20-39

29 .3 ±  6.2

41

M iddle  age d

40-59

47.6 ±  6.8

14

Elde rly

60-79

66.4 ±  4.7

33
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LCD  of 260 K color TFT and 132×176 
dots. Th e  contrast ratio (ligh t/dark ) was  
e stim ate d from  m e an lum inance  (cd/m 2) 
in dark  and ligh t are as  in th e  LCD  m e as -
ure d w ith  a lum inance  m e te r LS-100 (Min-
olta). A sufficie nt num be r of graph ic 
te xt sam ple s  w ith  diffe re nt conte nts  
w e re  pre pare d so th at th e y could be  dis -
playe d in ch anging orde r to avoid any 
statistical e ffe ct of th e  orde r of pre s e nta-
tion, and no subje ct re ad th e  sam e  
ph ras e s . All te xt sam ple s  w e re  parts  of 
s e nte nce s  re lating disaste r inform ation 
w h ich  Japane s e  s ubje cts  could e as ily un-
de rstand, alth ough  th e  ph ras e s  w e re  
not com m on one s , so th at e ve ry subje ct 
could re ad th e m  w ith  no difficulty. Th e  
s ubje cts  us e d e ye glas s e s  as  usual, sat 
in a ch air and adopte d a pos ition h old-
ing th e  MP in one  h and so it was  e asy to 
re ad. Th e y th e n re ad aloud th e  ph ras e  
displaye d on th e  LCD  (Figure  1).

Re ading tim e  (RT), num be r of m is re ad-
ings  (ER) and vie w ing distance  (VD ) w e re  
m e asure d w h ile  th e  s ubje ct re ad aloud. 
Subje ctive  e valuations  (SE) on a 5-point 
scale  (5: ve ry e asy to re ad, 4: e asy to 
re ad, 3: m ode rate , 2: difficult to re ad, 1: 
ve ry difficult to re ad) w e re  also re corde d 
afte r e ach  re ading tas k . Eve ry subje ct 
also re sponde d to a q ue stionnaire  as k -
ing h ow  th e y usually us e  MPs.

R ESULTS

Us ab ility of m ob ile  ph one  e -m ail
Th e  re sults  of a q ue stionnaire  inve stigat-
ing th e  way subje cts  norm ally us e  MPs  
are  s h own by age  group (Figure  3). All 
of th e  younge r subje cts  w ith  th e  e xce p-
tion of one  w h o did not own an MP, 

us e d MP e -m ail. Th e  rate  of e -m ail us e  
de cre as e d w ith  th e  age  of th e  group. In 
th e  e lde rly group h alf of all subje cts  
us e d MPs , and h alf of th e s e  MP us e rs  
us e d e -m ail. 

Re ading pe rform ance
Re ading spe e d (RS) was  calculate d from  
m e asure d RT, as  RS (ch aracte rs/s e c) = N 
/ RT, w h e re  N is  th e  num be r of ch arac-
te rs. Error rate  (ER) was  calculate d from  
th e  num be r of e rrors  (Error) as , ER (%) = 
(Error / N) ×100. Th e  age  distributions  
for SE, RS, VD , and ER are  s h own in Fig-
ure  4a, 4b, 4c, and 4d, re spe ctive ly. Th e  
statistical value s  of th e s e  param e te rs  
are  s h own in Table  2 for e ach  ch aracte r 
s iz e , age  group, CC group, and NVA 
group.

Ch aracte r siz e

Th e  p-value s  s h own in Table  2a are  th e  
re s ults  of ANO VA by ch aracte r s iz e . A 
s ignificant de cre as e  in vis ib ility was  
s e e n as  th e  s iz e  of ch aracte rs  be cam e  
sm alle r. W ith  sm alle r ch aracte r s iz e , th e  

Figure  2. Exam ple s of graph ic text prepared for th e  e xpe rim ent; (a) Large  ch aracte rs 

= 8 ch aracte rs / line; (b) Medium  siz e d = 10 ch aracte rs / line; (c) Sm all = 12 

ch aracte rs / line

Figure  3. Mobile  ph one  (MP) use  in 

pe rcentage s and age  of subjects; Young 

= 20-39  years old; Middle  = 40-59  years; 

Elderly = 60-79  years
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points  for SE de cre as e d, VD  be cam e  
s h orte r, and ER be cam e  large r (Table  

2a). Th e re  w e re  s ignificant diffe re nce s  
in RS, VD , and ER be tw e e n ch aracte r 
s iz e s  of M and S, but th e re  was  not a s ig-
nificant diffe re nce  be tw e e n L and M. RS 
te nde d to be  faste r w ith  M th an w ith  L. 
Five  of th e  88 subje cts  (5.7%) gave  up 
re ading th e  S s iz e  ch aracte rs  be fore  fin-
is h ing, so th e y w e re  e xclude d from  th e  
m e asure m e nts.

Age

Figure  4 s h ow s  th e  age  distributions  for 
th e  param e te rs  of re ading pe rform ance . 
SE s h ow e d no strong re lation w ith  age  
(Figure  4a). W ith  e ach  ch aracte r s iz e , RS 
de cre as e d (Figure  4b) and VD  te nde d to 
be  longe r as  s ubje cts  be cam e  olde r. VD  

be cam e  s h orte r as  th e  ch aracte rs  be -
cam e  sm alle r, e spe cially am ong th e  
younge r subje cts. Am ong th e  e lde rly, in 
w h om  VD  was  longe r, little  diffe re nce  
was  s e e n w ith  ch aracte r s iz e  (Figure  4c). 
W h e n ch aracte r s iz e  was  S, ER ros e  
m ark e dly w ith  age  (Figure  4d). A two-
way ANO VA w ith  factors  of age  groups  
and ch aracte r s iz e  was  conducte d for 
e ach  param e te r. Th e  statistical s ignific-
ance  of th e  diffe re nce s  be tw e e n age  
groups  is  s h own in Table  2b. For SE, 
only th e  e ffe ct of ch aracte r s iz e  was  s ig-
nificant, and th e re  w e re  no s ignificant 
diffe re nce s  be tw e e n age s. For RS, VD , 
and ER, both  ch aracte r s iz e  and age  
group w e re  s e e n to be  s ignificant m ain 
e ffe cts  (Table  2b). All 5 of th e  s ubje cts  
w h o gave  up re ading w ith  th e  S ch arac-

Figure  4. Age  dependency of reading pe rform ance  m easure s for 3 diffe rent ch aracte r 

siz e s;  dot = large , square  = m iddle , triangle  = sm all; (a) Subjective  evaluation; (b) 

Reading spe e d; (c) Vie w ing distance; (d) Error rate
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M e as ure m e nt

(a)

Subje ctive  e valuation

Re ading spe e d

Vie w ing distance

Error rate

(b )

Subje ctive  e valuation

Re ading spe e d

Vie w ing distance

Error rate

(c)

Re ading spe e d

Vie w ing distance

Error rate

(d)

Re ading spe e d

Vie w ing distance

Error rate

Table  2. Reading pe rform ance  in relation to ch aracte r siz e  (as ch aracte rs / line ), age  

of th e  subject, cataract cloudine ss and near-vision acuity; Subjective  evaluation on a 

5 point scale; Reading spe e d in Japane se  ch aracte rs/s; Vie w ing distance  in cm ; Error 

rate  in % of m isreadings

M e an ±  s tandard de viation of re ading 
pe rform ance  at 3 diffe re nt value s  of an 
influe ntial factor

Significance  p-value

3.15 ± 0.87

4.38 ±  1.38

35.1 ±  5.4

0.39   ±  1.14

2.44 ±  0.83

4.81 ±  1.52

34.1 ±  6.6

0.9 6 ±  1.71

1.25 ±  0.60

3.64 ±  1.67

31.4 ±  8.2

3.51 ±  3.31

<0.0001

0.0079

0.0019

<0.0001

<0.0001

      -

      -

      -

<0.0001

<0.0001

0.0305

<0.0001

Ch aracte rs / line

8 (L) 10 (M ) 12 (S)

L - S L - M M  - S

Age  in ye ars

40-59  (B)20-39  (A) 60-79  (C)

A - C A - B B - C

2.23 ±  1.11

5.09  ±  1.40

30.5 ±  6.2

1.03 ±  2.19

2.26 ±  0.9 4

4.59  ±  1.42

34.2 ±  6.2

1.19  ±  2.28

2.41 ±  1.15

3.13 ±  1.16

37.2 ±  6.4

2.46 ±  3.00

     -

<0.0001

<0.0001

<0.0001

      -

      -

0.0037

      -

      -

<0.0001

0.0405

0.0022

Cataract cloudine ss

80-139  (B)20-79  (A) 140-19 9  (C)

A - C A - B B - C

5.08 ±  1.39

30.2 ±  6.0

0.9 7 ±  2.13

3.04 ±  1.08

36.1 ±  6.2

2.73 ±  2.9 0

3.72 ±  1.47

36.9  ±  6.7

1.9 7 ±  2.9 0

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

0.0021

<0.0001

      -

0.109 7

Ne ar-vision acuity

1.2-1.0 (A) 0.7-0.5 (B) 0.3-0.1 (C)

A - C A - B B - C

5.13 ±  1.36

30.7 ±  6.2

0.9 4 ±  2.10

3.34 ±  1.16

35.6 ±  5.1

2.15 ±  2.70

3.60 ±  1.38

36.3 ±  7.0

1.9 8 ±  2.68

<0.0001

<0.0001

0.0006

<0.0001

0.0004

0.0059

      -

      -

      -

te r s iz e  be longe d to th e  e lde rly group, 
and corre sponde d to 15.2% of th e  33 e ld-
e rly subje cts.

Visual functions.

Th e  m e asure d visual functions  of CC 
and NVA w e re  strongly corre late d w ith  
s ubje cts ’ age  (Figure  5). CC h ad a 
strong pos itive  corre lation (r=0.9 1) and 
NVA a ne gative  one  (r=-0.86), w ith  age . 
CC is  alm ost line ar w ith  age , h ow e ve r it 
varie d cons ide rably in th e  e lde rly group. 
Th e  NVA value  s h ow e d m ore  variation in 
e ach  age  group.

Subje cts  w e re  clas s ifie d by CC of 20-79 , 

80-139  and 140-19 9 , indicating low  to 
h igh  cloudine s s  (Table  2c), and by NVA 
of 1.2 or 1.0, 0.7 or 0.5, and 0.3 or 0.1, 
indicating h igh  to low  vis ion (Table  2d). 
Two-way ANO VAs  w ith  th e  ch aracte r 
s iz e  w e re  pe rform e d for e ach  param e t-
e r. For SE, only th e  e ffe ct of ch aracte r 
s iz e  was  s ignificant. RS, VD  and ER 
s h ow e d s ignificant diffe re nce s  de pe nd-
ing on th e  CC and NVA clas s ification 
(Table  2c-d). Significant diffe re nce s  w e re  
s e e n, e spe cially be tw e e n clas s  A (20-79 ) 
and B (80-139 ) of CC (Table  2c), and 
be tw e e n clas s  A (1.2 or 1.0) and B (0.7 
or 0.5) of NVA (Table  2d). Th e  influe nce  
of CC and NVA on SE, RS, VD , and ER 
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s h ow e d s im ilar tre nds  to th e  influe nce  
of age .

Table  3 s h ow s  corre lation coe fficie nts  
be tw e e n visual functions  (age , CC, NVA) 
and re ading pe rform ance  (RS, VD , ER). 
W ith  th e  e xce ption of som e  ER, age  
s h ow e d th e  stronge st corre lation in 
m ost cas e s . For RS, CC s h ow e d th e  ne xt 

h igh e st corre lation follow ing age . Age  
also s h ow e d th e  stronge st corre lation 
for VD , follow e d by NVA. For ER, CC te n-
de d to h ave  a h igh  corre lation.

D is cus s ion
Ch aracte r e -m ail w ith  graph ic te xt is  us e -
ful in s e nding inform ation to MPs. 
H ow e ve r, it is  ne ce s sary to cons ide r th e  
visual ch aracte ristics  of th e  e lde rly and 
oth e rs  in orde r to m ak e  inform ation 
available  to all pe ople .

Ne arly all th e  younge r subje cts  re gularly 
us e d ch aracte r e -m ail on MPs , but as  
s ubje cts ’ age  incre as e d th e re  was  a de -
cre as e  in th e  rate  of pe ople  w h o us e d 
ch aracte r e -m ail or e ve n MPs  th e m s e lve s  
(Figure  3). Th is  could be  e ith e r be caus e  
olde r pe ople  find it difficult to us e  ch ar-
acte r e -m ail on MPs  or be caus e  th e y 
s im ply did not fe e l th e  ne e d. If it is  be -
caus e  of th e  form e r, it is  a re al proble m . 
Th e  re asons  for th e  difficulty fe lt by 
olde r pe ople  m ay be  re late d to both  us -
ability of e -m ail syste m  and vis ib ility of 
ch aracte rs  on LCD s  in MPs.

Vis ib ility de cre as e s  as  ch aracte r s iz e  be -
com e s  sm alle r, and low e r SE, low e r RS, 
s h orte r VD , and h igh e r ER are  s e e n (Fig-

ure  4). H ow e ve r, th e  h oriz ontal w idth  of 
m obile  ph one  LCD s  is  s h ort, and as  ch ar-
acte r s iz e  incre as e s  th e  num be r of ch ar-
acte rs  th at can be  displaye d on one  line  
de cre as e s . It is  not ne ce s sarily th e  cas e , 
th e n, th at large r ch aracte r s iz e  m ak e s  
re ading e as ie r. In te rm s  of re adability, 
Figure  4b sugge sts  th at th e  optim um  
ch aracte r s iz e  (num be r of ch aracte rs  pe r 

Figure  5. Age  dependency of visual 

functions; (a) Correlation of cataract 

cloudine ss and age; (b) Correlation of 

near-vision acuity and age

Sub je ct ch aracte ris tic

Age

Cataract cloudine s s

Ne ar-vis ion acuity

Table  3. Correlation coefficie nts of pe rform ance  m easure s and influential factors

Pe rform ance  m e as ure  at diffe re nt num b e rs  of ch aracte rs  / line

Re ading s pe e d Vie w ing dis tance Error rate

8

-0.54

-0.53

0.4

10

-0.69

-0.65

0.54

12

-0.66

-0.62

0.56

8

0.47

0.38

-0.40

10

0.42

0.38

-0.34

12

0.50

0.41

-0.46

8

0.18

0.18

-0.16

10

0.40

0.48

-0.21

12

0.42

0.38

-0.37
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line ) is  about 10 ch aracte rs  pe r line  for 
Japane s e  (e q uivale nt to 20 ch aracte rs  in 
th e  Rom an alph abe t). In any cas e , if th e  
ch aracte rs  are  too sm all, re ading pe r-
form ance  de cline s. W ith  graph ic te xt in 
particular th e  display re solution of sm all 
le tte rs  can be  lost be caus e  of noncon-
form ity (Figure  2c). Th is  can be  a caus e  
of m ark e d de cre as e s  in vis ib ility.

Re ading pe rform ance  te nde d to de -
cre as e  w ith  th e  age  of subje cts  (Figure  

4). Th is  de cre as e  was  m ark e d w h e n ch ar-
acte r s iz e  was  sm all. Th e s e  re s ults  
agre e  w ith  th os e  from  m any studie s  on 
vis ib ility on VD Ts  and oth e r de vice s 1-3,7-

9 , but MPs  are  ch aracte riz e d by sm all dis -
plays  and be ing h and h e ld during us e . 
In th e  pre s e nt study an e ffe ct from  
sm all ch aracte rs  was  s e e n on RS and ER, 
e spe cially in e lde rly subje cts , and th e  dif-
fe re nce  be tw e e n e lde rly subje cts  and 
both  m iddle  age d and young subje cts  
was  large , alth ough  th e  diffe re nce  
be tw e e n m iddle  age d and younge r sub-
je cts  was  not s ignificant (Table  2b). A 
large  diffe re nce  in VD  was  also s e e n 
be tw e e n younge r subje cts  and both  
m iddle  age d and e lde rly subje cts  (Table  

2b). It is  e asy to adjust VD  w h e n h olding 
an MP in th e  h and, but it cannot be  
vie w e d at distance s  gre ate r th an arm  
le ngth . It is  th ough t th at young and 
m iddle  age d pe ople  can com pe nsate  for 
poor vis ib ility from  sm all ch aracte rs  by 
de cre as ing th e  vie w ing distance , but 
olde r pe ople  w h o are  affe cte d by pre sby-
opia incre as e  th e  vie w ing distance  re -
gardle s s  of ch aracte r s iz e . Th e  de cre as e  
in RS and incre as e  in ER is  e spe cially 
m ark e d w ith  sm all ch aracte rs , and in 
som e  cas e s  e lde rly pe ople  s im ply give  
up trying to re ad, indicating th e  diffi-
culty of re ading such  ch aracte rs.

Th e  strong corre lation be tw e e n age  and 
visual functions  (for e xam ple , CC and 
NVA in Figure  5) also sugge sts  th at de -
cre as e d visual function is  a m ain caus e  

of th e  de cline  in re ading pe rform ance  
w ith  age . A pre vious  study1 indicate d 
th at th e re  is  a re lations h ip be tw e e n vis -
ib ility of VD Ts  and 50 cm  NVA, but 
s ince  th e  VD  was  s h orte r in th e  pre s e nt 
study w ith  MPs  (Figure  4c), an as s e s s -
m e nt was  m ade  w ith  30 cm  NVA. Both  
CC and NVA s h ow  a strong corre lation 
w ith  age , but th e  range  of value s  was  
particularly large  am ong olde r subje cts  
(Figure  5). W e  w e re  able  to conduct a de -
taile d inve stigation of th e  condition of 
e lde rly subje cts , w h o h ave  large  individu-
al diffe re nce s , as  a param e te r of visual 
function. As  e xpe cte d, both  CC and NVA 
e xh ib ite d th e  sam e  age -de pe nde nt 
tre nd for re ading pe rform ance  (Table  2). 
As  for th e  corre lation of visual functions  
and re ading pe rform ance  (TABLE 3), th e  
re s ults  w e re  w h at m ay h ave  be e n re ason-
ably e xpe cte d, s uch  as  re lative ly strong 
e ffe cts  of NVA on VD  and CC on ER. 
Me anw h ile , in ne arly all cas e s  th e  para-
m e te r of age  s h ow e d a stronge r corre la-
tion th an e ith e r CC or NVA. Th is  s ug-
ge sts  th at visual functions  oth e r th an 
CC and NVA m e asure d in th e  pre s e nt 
study (for e xam ple , contrast s e ns itivity 
and lum inous  e fficie ncy)3,8,9 ,13,22, as  w e ll 
as  psych ological and ph ys ical factors 23, 
m ay h ave  affe cte d th e  re ading pe rform -
ance  of MP ch aracte rs. D iffe re nce s  in 
th e  norm al state  of us e  of MPs  m ay also 
h ave  h ad an e ffe ct (Figure  3).

Th e re  h ave  be e n re ports  stating th at a 
contrast ratio of 3 or m ore  is  ne e de d for 
good vis ib ility9 ,14,15, and th at th e  de cline  
in contrast s e ns itivity in e lde rly pe ople  
is  one  factor in de cre as e d vis ib ility. In 
th e  e nvironm e nt us e d in th e  pre s e nt 
study th e  contrast ratio on th e  LCD  was  
approxim ate ly 3.6. Th is  is  th ough t to be  
a sufficie nt contrast for young pe ople , 
but cons ide ring th e  visual functions  of 
e lde rly pe ople  it s e e m s  lik e ly th at th is  
contrast is  proble m atic.
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CO NCLUSIO NS

Pe rform ance  in re ading graph ical te xt 
on LCD s  in MPs  de te riorate d as  s ubje cts  
be cam e  olde r, and as  th e  s iz e  of th e  
ch aracte rs  be cam e  sm alle r.

Visual functions  (CC, NVA) w e re  strongly 
corre late d w ith  age , but th is  was  not a 
dire ct line ar corre lation (Figure  5). CC 
s e e m s  to be  an e ffe ctive  factor for RS 
and ER (Table  2c) in addition to age  (Fig-

ure  4, Table  2b). NVA also h as  a strong 
e ffe ct. NVA of low e r th an 1.0 was  uni-
form ly as sociate d w ith  low  re ading pe r-
form ance  (Table  2d). H ow e ve r, both  ob-
je ctive  visual functions  of CC and NVA 
did not h ave  h igh e r corre lations  w ith  RS 
or VD  th an w ith  age  (Table  3). More ove r, 
VD  incre as e d as  th e  s ubje cts  be cam e  
olde r, alth ough  VD  was  s h orte ne d as  
th e  ch aracte r s iz e  be cam e  sm alle r (Fig-

ure  4c). Th e  e ffe cts  in te rm s  of vis ib ility 
are  not s im ple , e spe cially in te rm s  of 
VD . Th e  re s ults  sugge st th at aging in-
clude s  m ore  factors  th at s h ould be  con-
s ide re d in as sociation w ith  re ading pe r-
form ance , alth ough  CC and NVA are  
im portant factors.

Vis ib ility of ch aracte rs  on LCD s  in MPs  
de te riorate s  re m ark ably as  th e  ch arac-
te rs  be com e  sm all, e spe cially w h e n th e  
us e r is  e lde rly. Alth ough  th e  s iz e  of th e  
displays  on MPs  te nds  to incre as e  as  th e  
te ch nology de ve lops , th e  trade -off 
be tw e e n conve nie nce  of com pactne s s  
and vis ib ility of th e  display, including its  
re solution, brigh tne s s , contrast and 
s iz e , s h ould be  e xam ine d. In orde r to 
m ak e  m obile  inform ation available  to all 
age  groups , e ffe cts  of aging including 
visual functions  m ust be  cons ide re d.
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