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The Relation between Visual-Field Size and Body Sway
Masanori TAKASE

Department of Applied Physics, National Defense Academy,
1-10, Hashirimizu, Yokosuka 239

Movements of one-leg postural body sways were measured as a function of the visual-field
size (diameter) restricted from the condition of closed eyes to that of open eyes in photopic
vision. Test stimulus was a large landscape photograph (37°x26°) illuminated by two fluores-
cent lamps (40 WX 2). Surroundings of the stimulus were covered with dark screens. The
experimental results obtained for six subjects show that magnitudes of their body sways are
approximately constant up to 10° of visual-field size, and decrease lineally with increasing
logarithm of visual-field size to the condition of open eyes. It is concluded that peripheral
vision markedly contributes more to body sway than central vision does, and the effective

visual-field ranges from about 10° to the size of open eyes.
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Fig. 1 Schematic diagram of the experimental
booth and setup. P.C., D.L. and P. A. represent
a personal computer, a data logger and a position
analyzer, respectively.
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Fig. 2 Landscape photograph for test stimulus
(color, 2mx1.4m). Sets, (L, z,¥), which mean
luminance values L(cd/m?) and chromaticity coor-
dinates (z, y), at typical locations of A, B, C, D,
E and F are (50, 0. 368, 0. 388), (12, 0. 421, 0. 463),
(26, 0.388, 0.460), (5, 0.112, 0.820), (23, 0.257,
0. 548) and (10, 0. 257, 0. 548), respectively. Two
circles drawn in the figure are examples showing
visual-field sizes of 5° and 15°.
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Fig. 3 Schematic diagram of binocular goggles.
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Fig. 4 Measured examples of body sway (A:
left side) and head sway (B: right side) of sub-
ject MT with visual field of diameter 0. 5° in ses-
sion 1. Upper and middle curves are lateral and
longitudinal components of sway. Lower ones
are horizontal loci.
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Fig. 5 Standard deviations (SD) of body sway (A) and head sway (B) as a function of
visual-field diameter for subject HK. Circles, triangles and squares indicate 1st, 2nd and
3rd session. Open symbols denote plots for 1st mode in the experiment and closed ones

2nd.
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Fig. 6 Standard deviations (SD) of body sway (A) and head sway (B) as a function of
visual-field diameter for subject NF. Rhombic symbol denotes session 4. Other notations
are same as Fig. 5.
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Fig. 7 Mean standard deviations (SD) of body sway (A) and head sway (B) averaged
across six subjects at each visual field. Error bar shows standard deviation of standard
deviations across six subjects. Two lines denote 1st order regression lines in two regions;

0.5°-10° and 10°-180°.

DERFEOHNEAMEBEREDTSD2EELTO
EHEEL7ny 3§ 5 & Fig. 7(A), (B)icRd &
St o7, HhOERIZZOXMTO 1 IGANDHERE
THs. COM»D, ELHBEDROAMICS S & &
DEROEBNOAEDMENIL, BARKSRDORELTO0.99
+0.17 cm, 0.5°~10° AY DEF 44 X TRE—ET
0.82+0.13cm, Z LT, 10° 40 » HBHRICE S 1R%F 5
4 XD UCEER T o 0.40+0.06 cm ¥ THEAR
HNC/NS 1B METH B T & dshr b, IRICEETEZE AL
DERRFBEOFEARZELHEE L AROBRELZRLTE
D, TOKREIE, ALEFEET B L, HRT 4.3+2.2
cm, 0.5°~10° YD HWEFH4 XFT 3.1*1.6cm, £
LT, BBT 1.3%0.5cm THh -7z,
BAELERICOVWTIE, 1EORETHIODF—4

e e e - I
>~ (2] [=:] o N
T T T T

e
N
T

il;

¢

e
=

Mean fault frequencies in a trial

CLOSED

.5

1

5 10

50 100 OPEN

Diameter of visual field (deg.)

Fig. 8 Mean fault frequencies of one-leg stand-
ing in a trial averaged across six subjects at each
visual field. Error bar shows standard deviation

across six subjects.



570(62)

POV EIMATEAZEBKEVDT, LokAK
HREBOSZET A4 XCLICIBORTH DD EEE
QEHERD, RICEHBEIC OO TREE & R
kWl Z0fER%E Fig. 8 IKRT. CONMDL, #
BREMOIESDER@LILOREVC ENbrEH, 24k
DA E LTRITD 10° Fith THENZE L LTH D,
73D BOBEHEIC DA R LTV 5. £ - T, Fig. 7
ERILES I 1 TGAMERARD, Hduci#ivz. U
L, 5° & 15° TORAES B & K it bisnc L hsE
72D, COMEMIZ Fig. 7 OELFEIE L FEEEMOK
FIEHDULEDLOLTNT, 5° TOENTDOThIT/IE
{1 ->TWA.

4. %

Fig. 7 O RIC BT, EOMBIES L UTHEELEN &
HICEN AR SRE A S  TRHIBEARE /NS,
ZLUTHEEY A XBRELBEEBNLBNAELE T
5. Fig. 8 OREZBL MBI OVTORE T S AT
5. THEREBFNEL 125 EFIFTE 2 REHERHE
U, FEEESZET 2 &0 BRTHEHENEETH
5. UL, 0.5° 5 10° O SIREE 44 Xic BT 3
BEOBEROREINRREALTHY, FREELE
BOBEBEEMICOWTHRE LERTHE 0D T &R
DIELERLUIC . —DDAEEME LT, Ikeda 59
DTS > L EH S NERRICAESHBERFO A& X3
#10° EV S ARMRERSBE LS. HE—MHITENT
W3 BIOREF O fh o A RR B ROSEUS S NLIER IR
INBDICHERHIBETF 1 24K 10° L{ET 5
& ENLOBROBRE TIREARMPICEE L TERIK
FIFH I N EREERIIDELED, FMERES EREIC
LOWNERIC K 2 BAHEMBERICE 2 LEZL o0
5. ZHEZLBE, 5 10° T ORIBREF choEOL
B —EENBCEIERT X 5.

—77, REHRROEEEMC DO TR ELBEEIZ
ER 10° ToFrhiiA D OFEHEIZIE - D LTt
i, FHEEMNZEORNOFEL—ETH 3 Lsh
HEDOIDDOEBHITIE > TNBIDHEELZONS. C
OHEBEENMZRE LIcd > —2DEKZ, BHORFOH
RCHT2HEERIDICHZ OO ERE LTTH
5. TbbL, HEEMSEERET 3. 1cm FIETH
BENSHCTER, BicEZLZ L (3=5 v FHOLEL
FTZHF 0em &L, HAVOEEEZEZLIL), O
RESHATH2FEMEDOH D I 4 2.5° DEHFEL
HOMBAHFTENTOBECEEBERLTVS. Lkt

i

e FI8AHE 105 (1989410 A)

> T, BHEEMICOVTORRIE, COk> BHOEE
DFENO P THRAERBEREERICHET 5 cdicid
HERESORHEBBETHZ CEEBRLTHB.
ELBROZEEFEOKS X 13, 10° §1%H o R
REFET, HHM1 X (BEE) ooy LTERMIC
INERKIE-2TW5. CCTHBICKE 2013, REEER
(37°x26°) DAMIDBERICSRIAE,H/cD, BIRKRE
CE2E THREORFRNITIIM S PORBSELET S
ENHTLTHDE. WBREORDFOEHAS—HKTIRIE
{, ROBMBBRMAENTALRI-EVRLB. 351,
PREDHHY 0.8m O LEFicHEELLLTH 3.
L l, WBREOHEICL S E, ChLORADKEN
BROARE—ERIAEINTHIERITIEADRY Licdo
Thoic. BROEEZLEFOIBHZRZIL 210
EFU LDV TRIELT A % &, BET4cd/m? F
¥ 1.8 cd/m?® B X REREIRZE 0. Ted/m? ThH 7285, K
WEFTbGE® 2 E2THEIE led/m? PIFEHRAIEN .
DX, BHEONM 54 MEOEERRASEEDS
FEBL D HIED. DX DKL H b o TILRAE
DFHRIIFAT, FREILBOEKDBNICOVTOEME
Bo LRZEBRATFTH S C EEBRITRLTVAS. T
DREICH T 2B RERMETRIE > &) LTV, K

SRR 4 — v OB & EMHET ZHLEO A h =X 4

MEARLTVLEHDEEZ LN 5.

# 10° AR HH © OBEF 5 4 X2 TFROFHEE &
ik, ZOERBRTOBEMEEFRIZE 10° f7%H o BER
BEFETENS. COMFMAL, FERLUAMESick
589 20° 05 110° (K B 3 FEEH & 3T —B LTV 3.
LD LR, ARDYBEEIENT 3EA5BLOE(L
LIBWARIOHED EL oIt TS, FHEEEDLEAL
ZBRHT B A N =R LDBFEBHEELTNEDOTRE
WhEHERIEN .

RB2EBERICONT, 5° & 15°DEF Y4 XTEL
AL IE->T0E. Zhid, chSOBRFH A X T
DDEBEEDIDDERBREBTNE T EERL
T3, HHREOWNBEICES L, ThoDBFY4XT
BERPERORDHAY & 72 3R UARDHRDED 15
AP EREIDICRTOEOREEAETH 1. EBDS
BERICHL T »&DERAZEHRT, LrbZOME
IO 4 4 X Fig. 2 ichlR L 5° 0HI b A LA
. ZO KBNS EENROMEMNAEA YOS
BERPIZOENOCEDD, COMBATORREERE
ROBNDOLZEDIDICFIA L TN ED TR, EHE
waEhs.



RHOLES LA0EN 0BG i)

15° |EIC DN T b, EAREFIC Lol 10° K hK
%<, Fig. 2 it flIsR L7 15° DHE D H/AE DT,
LS ERBAEBEEENE. L d, 200 TRIAED
DR EEARNE EBRFICIIO B 1cDICZ DFHFRIBH
LIrEEIOND bBHA, BEEHE (f40°) &
DR EN 50 HWHICOWTHR LHRSEZL 5N 505
BRSO TEOEEINSVEZZOND. L
->T, Fig. 8 »5° & 15° TL D MW HEL TS &
WHERNR, TDX D7 cue D H B RIBERNICID
KEBLNIEETHE EEZ NS, AHOERERD
BEBED XD K EEBEDORBCHEIL-> TV EHEE
Z3ET, BRHIBREE > TS,

5. ¥ & o

ARETIE, FRIDL LABEBREOTBOBEHFOLE
EBREMCHBRLUCEE, AOBNBEDXLIKEDS
OhERETECEICL-T, FHEEEOE(OBRL
LTORBEEDOBIAROESEHA . TORKE,
HOZEhOEERZEID, (1) BARICBLTRIREL,
BRICBOTEL/AS D, (2) 10°HT#% K D BROHIRR
FY 4 ATRRRE—EOREETHY, »2, (3) 10°
Rt D DEEREFICEL  TRE Y1 X (BER) O
et UCRIZERICORS {7, chkb, BER
BAORABOEFESRI PRI SBEETH L L 0 A
3. 1, AREEEREERCIUS L TEBRRZCH
AT B DICIIHEIRESIOETNUETH 5 & KE
L, Z0ORE T 10° L#EE L. SBIK, COE
BROBEOENREOHASFEETO A & 33—
TELEDD, EHoIbILBICEBEROE/LEBRH

571 (63)

THEAN=RLNFEBELHEELTOEOTRIENNE
HER L 7c.

Bigic, AIRZEZEMT 2ichicd, ERAHOHEY)
BHE RO KO ER LERFR OB TR R
SBEBICRE N LTS o, BrOBREEaA Y
FARNREOAREENIE_RCE#H I L E
kD

X ik

1) MWERE: HEOLEYES (LMK, R 1979) 8
10 .

2) MR, WEEX, ATHER: “EEY 1 XL EHMA
REFEGR”, FL Y vELEE 33 (1979) 407-
413.

3) FETE: “HZEMmE c B d % sensory-tonic field
theory”, BREME A~V ¥F7 v 7, MEBE, 3h @S
EHE, BR, 1969) pp. 427-433.

4) thEFH: “REEESOENLEREERS", BETIL,
3 (1983) 1-7.

5) B. Amblard and A. Carblanc: “Role of foveal and
peripheral visual information in maintenance of
postural equilibrium in man,” Percept. Motor Skills,
51 (1980) 903-912.

6) J. Dickinson and J.A. Leonard: “The role of pe-
ripheral vision in static balancing,” Ergonomics, 10
(1967) 421-429.

7) C.A. Curcio, et al: “Distribution of cones in

human and monkey retina: Individual variability

and radial asymmetry,” Science, 236 (1987) 579-582.

B OEk (RFE): BEHNODORET - 4 L8 (CQ

Wik, B, 1987) pp. 69-72.

9) M. Ikeda and S. Saida: “Span of recognition in
reading,” Vision Res., 18 (1978) 83-88.

10) H.B. Barlow and J.D. Mollon (ed.): The Senses
(Cambridge University Press, Cambridge, 1982) p.
138.

8

<z



