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N. Itoh . Visual guidance  of w alk ing: effects of illum ination level and e dge  em ph as-

is. Ge rontech nology 2006; 5(4):246-252. Th is  study conce rns  th e  visual guidance  

of walk ing. Vie w ing dire ctions  and ste p rate  of young and old participants  w e re  as -

s e s s e d, focus ing on th e  global e ffe ct of illum ination le ve l and th e  local e ffe ct of 

e dge  e m ph as is  of walk ways. Expe rim e nts  w e re  pe rform e d on a straigh t walk way 

(norm al) and on a s h ort corne re d walk way w ith out sufficie nt visual inform ation (re -

stricte d). Re stricte d conditions  include d a com ple te ly w h ite  ve rsus  an e dge d-e m -

ph as iz e d walk way, and low  m e sopic ve rsus  h igh  ph otopic ligh ting le ve l. In norm al 

condition, both  olde r and younge r adults  dire cte d th e ir line  of s igh t to th e  uppe r 

le ve l of th e  walk ing dire ction. In re stricte d conditions  for olde r adults , th e re  was  

no ch ange  in th e  ph otopic condition w h ile  in th e  m e sopic condition olde r adults  

look e d longe r to th e  floor and e dge s  and walk e d slow e r. Edge  e m ph as is  h e lpe d to 

k e e p th e ir line  of s igh t in th e  uppe r walk ing dire ction. Young adults  look e d cons ist-

e ntly in th e  dire ction of walk ing in all conditions , alth ough  th e  re stricte d condition 

affe cte d th e ir ste p rate . If ligh ting le ve l is  insufficie nt, e dge  e m ph as is  h e lps  olde r 

pe ople  to m aintain a stable  walk ing pace .

K e yw ords : e lde rly, e ye  m ove m e nts , w alk ing, illum ination le ve l, e dge  e m ph as is  

Th e  ability to as s e s s  spatial inform ation 

is  e s s e ntial for walk ing. W alk ing re -

q uire s  inform ation on both  static and dy-

nam ic conditions  of th e  walk ing space . 

W e  s e t out to unde rstand w h at type s  of 

visual cue  are  be ing us e d by walk e rs  

and h ow  th is  inform ation affe cts  th e ir 

walk ing. 

Earlie r studie s  h ave  e xam ine d th e  co-

ordination of gaz e  be h avior and walk -

ing, in re lation to vie w ing dire ction 

w h e n walk ing

1-3

, and th e  influe nce  of 

age

4,5

. Th e s e  studie s  inve stigate d h ow  

visual inform ation was  us e d for obstacle  

avoidance  or for ste pping on ce rtain 

m ark ings. Anoth e r study inve stigate d 

vie w ing dire ctions  of young and olde r 

adults  w h ile  walk ing in natural condi-

tions. Th e  e lde rly appe are d to re ly on 

th e ir ce ntral vis ion m ore  th an th e  

young

6

, indicating th at age -re late d diffe r-

e nce s  e xist in th e  way visual inform a-

tion is  us e d to control walk ing. Also it 

was  obs e rve d th at olde r adults  look e d 

longe r at th e  e dge s  of walk ways  (borde r-

line  of flat walk way and slope , e dge  

be tw e e n wall and floor)

7

.

Age  diffe re nce s  in vis ion m ay incre as e  

unde r ch alle nging vie w ing conditions , 

s uch  as  low  contrast and low  lum in-

ance

8

. Th e re fore , global e ffe cts  of th e  

visual e nvironm e nt, s uch  as  illum ination 

le ve l, m igh t affe ct daily activitie s  of 

olde r adults  s ince  th is  group ne e ds  

m ore  ligh t to h ave  th e  sam e  visual acu-

ity as  younge r adults. H ow e ve r, a study 

on th e  e ffe cts  of ligh ting on young and 

olde r wom e n’s  gait param e te rs  w h e n 

walk ing on irre gular surface s  re porte d 

no s ignificant e ffe cts  on both  groups

9

. 

So th e  way th e y acq uire  global visual in-

form ation from  th e  e nvironm e nt during 

walk ing re m ains  uncle ar.

In orde r to unde rstand th e  appropriate  

visual walk ing e nvironm e nt for olde r 

Vis ual guidance  of w alk ing: e ffe cts  of 

illum ination le ve l and e dge  e m ph as is
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adults , it is  im portant to le arn both  

about th e ir walk ing be h avior, as  w e ll as  

h ow  th e y ge t inform ation from  th e  e nvir-

onm e nt. Th e re fore , th is  study focus e s  

on th e  age  de pe nde nce  of th e  pe rce p-

tion of visual inform ation of walk ways , 

in particular global inform ation supplie d 

by th e  illum ination le ve l and local inform -

ation on e dge s  be tw e e n wall and floor. 

D e pe nde nt param e te rs  are  vie w ing dire c-

tion and ste p rate . From  th e  re s ults  w e  

try to de rive  de s ign rule s  for e asy and 

safe  walk ways  for olde r adults.

M ETH O D S

Participants

A total of 24 olde r and 13 younge r 

adults  participate d. To avoid e ffe cts  of 

visual acuity, only participants  w ith  visu-

al acuity > 0.6 in ph otopic conditions  

w e re  s e le cte d for analys is . Contact 

le ns e s  or glas s e s  could not be  us e d in 

th e  e ye  m ove m e nts  analys is  syste m . 

Th is  le ft 10 olde r adults  (69 .2 ±  6.6 yrs; 

60 to 82 yrs) and 7 younge r adults  

(22.6 ±  2.5 yrs; 19  to 26 yrs) to be  in-

clude d in th e  final analys is .

Proce dure

All e xpe rim e nts  w e re  conducte d in th e  

laboratory w ith in th e  institute . D ata for 

vie w ing dire ction and ste p rate  w e re  ana-

lyz e d in two e xpe rim e nts. In Expe rim e nt 

1, participants  walk e d on a straigh t 38 

m  long and 2 m  w ide  walk way for four 

tim e s . Th is  walk way was  com m only 

us e d as  to e nte r actual room s , and all 

subje cts  h ad us e d it be fore . D uring th e  

e xpe rim e nt, no outs ide rs  w e re  allow e d 

to us e  it. First, participants  w e re  as k e d 

to walk  tw ice  as  usual: fre e  walk ing. 

Ne xt, participants  w e re  as k e d to walk  

tw ice  straigh t in th e  ce nte r of th e  walk -

way: controlle d walk ing. Th e re  was  no 

dire ct visual inform ation to sugge st 

w h e re  th e  ce nte r of th e  walk way was , 

and no indication of w h at re pre s e nte d a 

straigh t line . In both  cas e s , th e  s e cond 

trials  w e re  adopte d as  th e  data to be  

analyz e d.

In Expe rim e nt 2, participants  w e re  

as k e d to walk  as  usual on a walk way 

cons isting of th re e  straigh t line s  and 

two corne rs. Th is  walk way was  10 m  in 

le ngth  and 1.8 m  w ide , h ad a w h ite  s ur-

face , and visual inform ation was  re stric-

te d. Th e  s ide s  w e re  3.0, 4.5, and 2.5 m . 

Th e re  w e re  two conditions : a com ple te ly 

w h ite  (no e dge ) walk way and an e dge d 

(e dge  e m ph as is ) walk way. Me an ligh ting 

le ve ls  w e re  s e t to 1000 lx (ph otopic) 

and 10 lx (m e sopic) (Figure  1); h ow e ve r, 

th e re  was  also a sm all am ount of day-

ligh t from  th e  w indow , w h ich  did not e x-

ce e d 10 lx. First, all subje cts  walk e d 

th is  walk way prior to th e  e xpe rim e nt 

w ith out w e aring an e ye  m ove m e nts ’ ana-

lys is  syste m . Ne xt, w ith  th e  e ye  m ove -

m e nt syste m  attach e d, th e y w e re  as k e d 

to walk  e ach  walk way tw ice  as  usual 

(fre e  walk ing) and tw ice  in th e  ce ntre  of 

th e  walk way (controlle d walk ing). Again, 

only th e  s e cond trials  w e re  adopte d for 

data analys is .

Figure  1: Expe rim ental set up; a: Norm al w alk w ay; b: No-e dge  condition, ph otopic; c: 

Edge  condition, ph otopic; d: No-e dge  condition, m e sopic; e : Edge  conditions, m e sopic



vi s u a l w a lk i n g  g u i d a n c e

248

w
w

w
.

g
e

r
o

n
t

e
c

h
j

o
u

r
n

a
l
.

n
e

t
N

o
v

e
m

b
e

r
 

2
0

0
6

,
 

V
o

l
 

5
,

 
N

o
 

4

D uring walk ing, e ye  m ove m e nts  w e re  

m e asure d by a ligh tw e igh t e ye  m ark  re -

corde r w ith  an infrare d s e nsor m e asur-

ing corne al re fle ction (EMR8; NAC Im age  

Te ch nology Inc., Japan). Sam pling fre -

q ue ncy was  30 H z ; pre cis ion w ith in 0.1 

de gre e  in w idth . Eye  m ove m e nts  w e re  s u-

pe rim pos e d on a vide otape d im age  of 

th e  sce ne  th rough  w h ich  th e  pe rsons  

walk e d, w h ich  was  re corde d by a CCD  

cam e ra attach e d unde r th e  cap be tw e e n 

both  e ye s . Ste p rate  was  de rive d from  

vide o tape , w h ich  was  re corde d by a cam -

e ra place d on th e  back  of subje cts  dur-

ing th e  first e xpe rim e nt, and 3 CCD  cam -

e ras  attach e d to th e  ce iling of th e  s ide s  

of th e  walk ways , and one  vide o cam e ra 

at th e  starting point of th e  walk way in 

th e  s e cond e xpe rim e nt.

Expe rim e ntal protocols  w e re  approve d 

by Th e  National Institute  of Advance d In-

dustrial Scie nce  and Te ch nology (AIST) 

Eth ics  Com m itte e  and all participants  

gave  w ritte n inform e d cons e nt prior to 

data colle ction.

R ESULTS

Fre e  and controlle d w alk ing

Ste p rate  and range  of e ye  m ove m e nt 

distribution w e re  calculate d as  th e  

product of th e  standard de viation of th e  

range  of h oriz ontal dire ction (X) and ve r-

tical dire ction (Y) m ove m e nts  (Table  1). 

Two way ANO VA s h ow e d th at th e re  

w e re  s ignificant e ffe cts  of range  of e ye  

m ove m e nts  and ste p rate  be tw e e n fre e  

and controlle d walk ing (range : n=1, 

F=18.114, p<.01, rate : n=1, F=9 .746, 

p<.01). Th e re  w e re  no s ignificant e f-

fe cts  of age , and no inte ractions  w e re  

found.

Edge  and illum ination

View ing directions

Vide otape d analys is  of vie w ing dire ction 

Table  1. Subject ch aracte ristics, and area and range  of th e  distribution of vie w ing dir-

ection and step rate  in th e  fre e  and controlled w alk ing e xpe rim ent; Range  of vie w ing 

directions w as calculated by th e  product of th e  standard deviation of h oriz ontal (X) 

and ve rtical (Y) vie w ing directions; E = O lder adults; Y = Younge r adults; F = fem ale; 

M = m ale; FW  = Fre e -w alk ing; CW  = Controlled w alk ing

Ste p rate

(s te ps /m in)

FW

CW

FW

CW

Range  (X*Y)

Vie w ing

D ire ction

Vis ual 

acuity

Age

Ge nde rSub je ct

E1

E2

E3

E4

E5

E6

E7

E8

E9

E10

E

m e an

60

78

71

64

82

68

70

66

65

68

69 ± 7

M

M

F

M

M

M

M

F

F

M

1.5

1.0

1.0

1.0

0.6

1.2

1.0

1.0

0.9

0.9

1.0± 0.2

In h e ading dire ction

In h e ading dire ction

In h e ading dire ction

In h e ading dire ction

In h e ading dire ction

Le ft wall

Le ft wall

Le ft wall

Le ft and righ t wall

Floor

In h e ading dire ction

In h e ading dire ction

In h e ading dire ction

In h e ading dire ction

In h e ading dire ction

In h e ading dire ction

Ce iling

21.20

9 .28

5.04

18.53

0.47

20.34

23.30

5.43

9 0.82

33.63

23± 26

3.43

1.68

4.61

1.63

0.36

5.43

6.38

5.81

38.59

31.23

10± 13

125.24

9 0.83

117.81

123.74

120.67

9 3.33

114.11

117.81

123.80

121.19

115± 12

121.53

89 .50

107.67

127.32

110.77

82.53

110.20

112.9 2

117.63

123.04

110± 14

Y1

Y2

Y3

Y4

Y5

Y6

Y7

Y

m e an

F

M

M

F

F

M

F

19

25

21

26

24

22

21

23± 3

0.6

1.0

1.5

1.0

1.5

0.9

1.5

1.1± 0.4

12.65

9 2.18

29 .46

8.11

24.16

71.27

43.18

40± 31

109 .15

111.38

110.00

111.9 1

105.88

113.11

116.20

111± 3

5.37

0.71

1.44

3.71

0.41

1.14

8.68

3± 3

115.57

107.63

113.54

115.31

118.58

114.25

115.68

114± 3
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was  conducte d, and are as  of e ye  m ark s  

w e re  locate d and re corde d fram e  by 

fram e . Total walk ing tim e  varie d am ong 

participants , and th e  tim e  ratio of th e  loc-

ation of e ye  m ove m e nts  was  calculate d. 

Cate goriz e d locations  include d: h e ading 

dire ction (uppe r are a of dire ction of walk -

ing), floor, e dge , oth e r (for instance , ce il-

ing, s ide  wall), and e rror (unce rtain e ye  

m ark s ). Figure  2 s h ow s  th e  com parison 

of th e  tim e  ratio of e ach  are a of distribu-

tion of vie w ing dire ctions  for e ve ry ligh t-

ing condition. In th e  ph otopic condition, 

both  olde r and younge r adults  look e d 

pre dom inantly in th e  h e ading dire ction. 

In th e  m e sopic condition, olde r adults  

m ore  ofte n look e d at th e  floor or th e  

e dge , e spe cially w ith out e dge  e m ph as is , 

w h ile  th e re  was  no s ignificant ch ange  in 

th e  younge r adults ’ gaz e  dire ction.

Th re e  way ANO VA re ve ale d ove rall e f-

fe cts  of age , e dge  e m ph as is , and illum in-

ation. Th e  e ffe cts  of age  w e re  s ignific-

ant w h e n look ing at are as , but not for 

illum ination or e dge  e m ph as is . To fig-

ure  out th e  e ffe cts  of e dge  e m ph as is  

and illum ination w ith in e ach  group of 

participants , two-way ANO VA was  con-

ducte d on th e  ratio of distribution of 

vie w ing dire ctions. W h e n look ing at 

e ach  are a, for instance , two-way ANO VA 

of younge r adults  re ve ale d no s ignific-

ant e ffe cts  on any of param e te rs  on 

look ing at th e  are a, h e ading dire ction, 

floor, or e dge . For olde r adults , two-way 

ANO VA on look ing at h e ading dire ction 

and floor re ve ale d no s ignificant e ffe cts , 

but th e re  was  a s ignificant e ffe ct of illu-

m ination le ve l on look ing at th e  e dge  

(n=1, F=5.682, p<.05). 

Step rate

In m e sopic conditions , ste p rate  of 

olde r subje cts  slow e d down (Figure  3). 

Th re e  way ANO VA re ve ale d no ove rall e f-

Figure  2: Average  tim e  ratio of vie w ing directions in controlled w alk ing in th e  e dge  

and illum ination e xpe rim ent; H eading direction = direction of w alk ing tow ards th e  

w all; Floor = floor and foot area; Edge  = e dge  betw e en floor and w all; P = ph otopic;

M = m e sopic
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fe cts  of age , e dge  e m ph as is , and illum in-

ation. W ith in e ach  group of participants , 

two-way ANO VA of younge r adults  re -

ve ale d th at th e re  was  a s ignificance  dif-

fe re nce  due  to th e  pre s e nce  of th e  e dge  

(n=1, F=8.779 , p<=.05), and inte raction 

be tw e e n e dge  and illum ination (n=1, 

F=6.352, p<=.05), w h ile  for th e  olde r 

adults  th e re  was  only a s ignificant diffe r-

e nce  on illum ination le ve l (n=1, 

F=17.735, p<=.01).

D ISCUSSIO N

Vis ual anch oring

In controlle d walk ing in norm al condi-

tions , distribution are as  of vie w ing dire c-

tions  of both  younge r and olde r adults  

w e re  s ignificantly sm alle r com pare d to 

fre e  walk ing. O ne  olde r subje ct did not 

cons iste ntly look  in th e  dire ction of walk -

ing, but still th e  distribution are a was  

sm alle r in controlle d walk ing. Th e re fore , 

it appe ars  com m on for both  olde r and 

younge r adults  to k e e p look ing at ce r-

tain are as  and not look  around w h e n con-

trolling dire ction and pos ition of walk -

ing. Sim ilar be h avior h as  be e n re porte d 

e arlie r: w h e n ste pping on a m ark e d are a 

or on stairs , olde r adults  look e d longe r 

at ce rtain points  be fore  th e  action

6,7

. 

Also, a stable  fixation point adds  to th e  

stability of posture

10

, and sports  e x-

pe rts  h ad th e  strate gy to fixate  th e  e ye  

to ge t inform ation from  th e  pe riph e ral 

visual fie ld

11

. So it s e e m s  th at th e  act of 

‘visual anch oring’ (fixation) h as  two dif-

fe re nt functions. Early studie s  re porte d 

th at participants  us e  inform ation from  

ce ntral vis ion

6,7

, w h ile  late r studie s  m e n-

tione d pe riph e ral vis ion

10,11

. In th e  

pre s e nt study, m ost participants  k e pt 

look ing at th e  dire ction of walk ing (for 

instance , h e ading dire ction or wall) al-

th ough  no cle ar visual targe ts  w e re  

pre s e nt th e re . Th e re fore , th e  purpos e  of 

th e  stable  vie w ing dire ctions  of th is  e x-

pe rim e nt was  to ge t inform ation from  

pe riph e ral vis ion, and both  age  groups  

us e d th is  anch oring strate gy. 

Young adults  look e d in th e  dire ction of 

walk ing m ost of th e  tim e  e ve n in th e  re -

stricte d visual inform ation condition 

and th is  did not ch ange  m uch  w ith  le s s  

ligh t and w ith out e dge  e m ph as is . But 

olde r adults  look e d m ore  downward in 

re stricte d conditions  and e spe cially in 

th e  m e sopic condition. In m e sopic con-

ditions  th at te nde ncy was  sligh tly re -

duce d w ith  e dge  e m ph as is . Con-

s e q ue ntly, olde r adults  s e e m  to us e  

th e ir ce ntral vis ion m ore  in th e  m e sopic-

re stricte d condition. Th is  is  in accord-

ance  w ith  th e  finding th at olde r adults  

look e d soone r to targe ts , and fixate d 

th e  targe ts  for longe r, th an younge r 

adults

5

.

Figure  3: Average  step rate  in controlled w alk ing for young and old adults in th e  e dge  

and illum ination e xpe rim ent; P = ph otopic, M = m e sopic 
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Ligh ting and e dge

Ste p rate  of olde r adults  was  illum ina-

tion-de pe nde nt, w ith out e ffe cts  of e dge  

e m ph as is . For young adults , walk ing 

was  faste st in ph otopic-e dge  e m ph as is  

follow e d by m e sopic-e dge  e m ph as is , 

m e sopic-no e dge , and ph otopic-no 

e dge . Th e  re lative ly good re sults  for th e  

m e sopic conditions  m ay be  due  to th e  

dim  e xtra ligh t from  th e  ce iling, w h ich  

produce d a h e te roge ne ous  brigh tne s s  

of th e  walls. As  s e ve ral young adults  re -

porte d, th e  walk way was  m ore  e as ily vis -

ible  in th e  m e sopic condition th an in th e  

ph otopic condition. So th is  illum ination 

arte fact m ay h ave  aide d visual orie nta-

tion. Probably, young adults  ch ange d 

th e ir ste p rate  according to th e  vis ib ility 

of inform ation from  pe riph e ral vis ion, 

w h ich  was  e nough  for k e e ping th is  

strate gy at any ligh ting and e dge  condi-

tions. H ow e ve r, for olde r adults , h e te ro-

ge ne ous  brigh tne s s  of th e  walls in m e so-

pic conditions  was  not sufficie nt for th e  

visual control of walk ing.

In sum m ary, th e  pre s e nt re sults  indicate  

th at for olde r adults  sufficie nt ligh t is  ne -

ce s sary in orde r to k e e p th e ir vie w  in 

th e  h e ading dire ctions  and for k e e ping 

a norm al ste p rate . O nly if th e  ligh ting is  

insufficie nt, local visual cue s  m ay h e lp 

to k e e p look ing at h e ading dire ctions.

Th e  ne xt s te p

Th e  pre s e nt findings  de m onstrate  an 

age -re late d usage  of th e  visual fie ld for 

controlling walk ing, in w h ich  good illu-

m ination is  m ore  e ffe ctive  for old adults  

th an e dge  e m ph as is . Furth e r inve stiga-

tions  are  ne e de d to e stablis h  w h at ligh t-

ing le ve l is  critical for th e  visual orie nta-

tion of olde r adults. Such  inform ation is  

ne e de d for th e  prope r de s ign of safe  

walk ing e nvironm e nts.

CO NCLUSIO NS

(i) For controlling dire ction and pos ition 

w h ile  walk ing in norm al walk ways , both  

olde r and younge r adults  h ad th e  

strate gy to k e e p th e  e ye s  dire cte d at a 

ce rtain are a.

(ii) W ith  im pove ris h e d visual inform a-

tion, age  e ffe cts  w e re  s ignificant. Young-

e r adults  re duce d ste p rate  but k e pt 

th e ir e ye s  to th e  dire ction of walk ing. 

O lde r adults  also de cre as e d ste p rate  

but look e d m ore  ofte n at th e  floor and 

at th e  e dge s  of th e  walk ways.

(iii) Th e  re s ults  supply bas ic data for th e  

de s ign of e as ily pe rce ptible  walk ing 

space s  for olde r adults. Both  e dge  e m -

ph as is  and sufficie nt illum ination are  

bas ic ingre die nts , s e rving visual orie nta-

tion for walk ing control.
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