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Abstract

Experiments on the eye movement bebavior were performed using Vidicon Eye Camera.
Factorial design (3 X 3) was used to evaluate the validity of the eye movement asa perf--
ormance measure in vigilance task, Eye movement data were recorded in video tapes, then
the data were converted to digital signals, which were reduced to quantitative fixation and
saccadic movement data by a microcomputer. ;
To compare with existing vigilance performance measures, response time and the number
of false alarms were also recorded.
The results showed that the saccadic movement is a good measure of the performance in
vigilance task :
1, Both the response time and the saccadic movement increased significantly during the
initial two time blocks. :
2, High correlations were shown between the response time and the saccadic movement,
3. The locational uncertainty affects the saccadic movement, the number of fixations, the
response time but doen't affect the duration of eve fixations.

.4 £

7 A 2o (vigilance task) & 5 velyA
%e £ {signal ) & 9 2¥ A3 A I
a (observing), &4l (detecting), 2.2 (repor-
ting) sk A 4& wa, AJNE FAgE 2
e o], wielct gxd, AFaA FA AT
ZF4}, »& Rz, A F AAAg PEe &
o Fo] 25 o] &tz B 4 4=

AA A S4 20 ALEHE JE HER
£ 9547 (response time}, B3 & & (Pde-

s AgA S B3 Y

tect), d ¢ A X (false alamm) 5ol grh

P ATl Al zAA ] T8 248
AT N2 7] Fordg GTLFRAE &43]
dz, 7IEdEs} vlnddsley Tetd4d-s o
Fahe =

clzke) & 4A (visual field) 2] U&=
S J4ded A4 F8% AR5 (sense
organ) o] 22 A4 H H R 4L TEF
o oEqtctm & 5 ok AA A A GF
+E54 T st 4 2% abd GE ATEF
o] W a7l Azl Heh AZE (signal) R F



AEER URAE SaAR—3

% (noise) ol 27, Yo, Az LY s 9
W3to] d& LT HdlA N AT AT
2 wke] AY=io] Rel (2, 3, 5, 6, 122

etk Al A Ttel] DE T EEY e o 3o
A AT E5hAl gk 2 o T Az
¥ 29 £84Y (Locational Uncertainty)st
Al AlE e Ry %ﬂ“"é {Temporal Un-
cerfainty) & $ o8 Eabat AA 2o 4 )7}
7 #lo} w2 sfolalel a} :r"%%-ﬁ’ﬂ% *+ 45ty
e},

ol Ty dAFolde] AT EFY e A2PE
o fixation 8] ALY AF A2} (stimuli perc—
eption) d ¥ 8¢ls =A 229k Fixation,
saccade ¥ 3ol FEE v2) & 8qle) W7
AT &S U wg ofal e} e}

1. Fixation

Fixationo|& AAl2] ¥ BEEES AL
A ¥ET U3l ol W Ay Ao
o] o] Fojxl o}

A d Helo] %34 (visual complexity)
of & ATEFT F4 ATFFefA fixation o
T2 FH=] HEdl, L o] fE BF 5o o g
¥t fixation 7] Ztell delAd =z fixation 3}
fixation Atelel A = #2] do1z =] 47 & Fo
o},

Gould 9} Schaffer (1965) of 93l= == 3
@ fixation ®| 2} FHHEF F2x2F (cr-
itical stimuli) 2| AT EL T2 4435
Zt=clx ek (5, 12)

Ohtani (1971) ¢l 2}3td fixation 7] 2k-& =
A8 FFol whed ofokit REE wold (0.1~
10 sec), A Y3t =432t (detail search)eA
<~ 70 A7l £ 8=V, scamming ¢ A¥+E g
= A 7te] A8xx AE ol e} [14)

2 . Saccade

Saccade # <]Al2] 3 g2 E 2 B )8 F
REE STAUES Ads dgysi=g4%, =
fixation k2] 755 Uibeh

Saccade + somatic movement 24 40° 2
Aol =l Aele Alzle] g17ke] A of 100
msec 2 ¥-52 28358t €4 #=7. ba.
llistic nature¥ 7F3 ¥y 2ol =l 21 &
Eao} 93, £R0 o] £71554 Sacca-

de & T4 W] W3lE slag A9 Yo
A3 FAY oA & 2 opp), 2y
Aol del TEelt AAE 2Astd G s
A2 Frxlel sledsta, A AR5e) Fobel g
EYde AT BT (12 15).

3. &X (stimuli perception) ] FaL 0|
e 24

Display 47 4] 22lg}+= A%l Lo =7
b, 42, A9 (contrast), 2%, =54 7},
HAHA, ALY URF wde) JdaFo] @
ehale, 2date] A4+ 43k, %7 (motivat-
ion), ¥4, AL FL A ZPue 8 2 o
G2 olAe =gk A YSHR A okE e
deldE A7y us] g Wil &+ Yok
122 ANl obFEEY Jdadys
QPSS 5] HRAHAE He 8458 mag
*useful field of view” 2] HAHo] ¥ asic
{123,

I. =&Yy

1. 8843 (Experimental design)

Display+= 6 X 6 analysis matrix {(7}&
20° A =20°, 70CmX 70Cm) Qe 54
P2 AE (AAEF2° 21 (8.2Cm), T2z
+1°31' (5.3Cm )& widslgen, urg
zol7b he FAY (A E 34", 2.0Cm) & 4
22 PAINEE 5190k (4E 260 Lux, uhe20
Lux} A1ZR| 447} (duration time) & 3] 4¥
2ol 9J3te) A EE 5hT (selfpaced), WA
== Temporal Uncertainty &) =tet  4}e)3)
A o3l

A2 A H 5 (task variables) 24
Locational Uncertzinty 8 Temporal Unce-
rtainty & H3F FPon, Az Al B 4
BEEF ¥/ 93k 1 sessione 32 time
block .2 vy gich o]4le] AFAAE 8okg)
W table-13 2o, 9 AgdAle) gz} q7g
% ¥ UT 24 fixation, fixation—dura-
tion, saccade +EAEE 5w, & 43
Hr24 3423 442 9 blocking 3
TE 3 %:g st o,

Table—1}494 Locational Uncertainty ¥
Temporal Uncertainty level & =}&3} 3te)



Locational Uncertainty

LC 1S LR .
Time | Time | Time | Time Time | Time | Time Time Time
blockl | Block2 | block 3| block1l |block2 | block 3 | block 1] block2 | block 3
Subject 1
TC
Tempor- Subject 2
al Subject 1
Uncerta- | TS e
inty ubject
Subject 1
TR
Subject 2
Table 1., Experimental design of the vigilance task
A A= g, AL g 4=l 7] (Continuous—S timulus

2. Locational Uncertainty ( Lu)

LC :AZ7F 3h4F (3, 3)4 fxlelyg 24
gheh,

LS teh& A&7 vehds HalE el g A E
7t HAAUR 4o ol gkt FYUg
2 e

LR :ASLA YAzl oy e Jehdo

3. Temporal Uncertainty (Tu)

TC (A ZH4 Azk7iAe] 60 &2 F3ilch

TS (o8 AZe WP L2 o] zx] Al2Ee} 10
&= FAY 7 A4% St HE2 B
g d

TR : 0 &4 110 F Abojol 4 L4 A2 7
Aol F2g) 2 Fol2lch '

4, IA#HZl (Sabjects)

A #-E 27 calibration error 7} &2
et 2%hd 4 298 wAYAEA AR
el QYA EL 4R A AR A2}
3tAl el LUE TU—level o disle 244 =
2] 1296 AR o6 FAL A5t

5. MA@ ZX (Apparatus)

T &5 &7 712+ Vidicon Eye Camera
(Model TKK—4) & AH-%3l2 eye mark 9
43t 7| 2% #std TV—monitor (Model TCK
—2003PW) &t VIRE A-§3t9eh 3hael o}
Elib= 4359 A2 slide—projector 295
AR83le] Y EE sgien], AlE204

A7k

Generator) 3} Relay & <H-85to 2245 9k
Slide projector 2 A Z 44 A projector &%
Lol % cue s Yo7l Hsld AE7NE
ek tape recorder & AH£3te 80dB2 whi-
te noise ¥ EE A3

Vidicon Eye Camera ¢l4+ Eye Mark
Camera 2+ Visuai Field Camera 7} 3ol =
=of beb} lamp $} A (image) 3 el o
e L display o 4% $ebEaleh o] FH9
42 Eye Camera Controller Unit«] 9l&
Mixer ol 4 %= o] TV—monitor ol disp-
lay o 47134 eye mark 7k €7 JepA A
ot w2k eye mark & ¥ 2l TV—monitor
o et 2 dfe] 2H2 VIR HE
2=

VIR H3d G7+8429 242 st
o microcomputer (Apple I plus) & +H&3}
@ew, VIR%3} 5o e} microcomputer %
Y€ bt 87 ke dF@ AR 24 Int-
erfacing Unit & A Zslo] 18409

Hl2417-E respense Key o digital timer
= s B B - I T P S - -
AP A3 9 wdL fieure—1 A el (figure —
2 2=z, :

6. 48 Ex (Procedure)

7t. Calibration
2 m~ 2«4 Landolt Ring ( Ring ¥ 7%
25min., A& 10.5Cm) & A3l calibra-
tion & 514129, calibration error & & 4



AREXIPOY B LB

Relay Continuous Stimulus Generator

0000

:tj: Digital
Timer

)
o

Screen

Slide
projector
: Eye camera
i - TJ
fﬁi‘m
Sl
oOoaQo —
Eye 00000
camera
controller |

Response
key

Interfacing Unit

I

’I‘V monitor (20")

Figure 1. Layout of the Equipment

Figure 2. Photograph illustrating the visual vig-
fdance sk,

ol St w2l $3 Qe 2 Zof oo =l 10°
2o SeMEg A4l oiys HYLEE

zAFoEN FLA7, delle|zeid L oy
o = WS FaAstod g Fc
L, olujAE B EuH
A48 Fdol YA 107k olv] A4 7}
Fotol 4 3 calibration € 5o monitor of
AH g eye mark 7t Vel EE 2 sz, gy

ALY WES AR Ae)A SxAAck b2

2710 FA4L ¢ 30EFTRS AR g
Aok, A9dAL AP 2%e] shel A2
9742 factor level o] e]§t 482 512 1

MY QA5 4E Aol 4 dgAYs]
LU 1level ¢f »2 display set & projector
tray 4 Eolsldod, d4a3 44y TU
level of w2} A k2 A& & o] tape § 4
L1

Aol Aatsldd S| AP Ale A5 YAYE A



stet @ 252 o) HA¥ response key® ¥
B ASREAYLE Aol g 5 Aol
digital timer £ %8 %347 2 3G 5 9
L 3l

' c}, At2=2 (Dsta recording)

%517]71 % <148 VIRE 1464 50Fields
o oy AT FRw T oA A Ed AT
&2 w2FAE shotspze] W e el

VIR %88 &5 Fatat 244439
eye mark #£0°! ¥ =7 73 b 55} A

2 eye mark ¥ 22 oscilloscape 4 of 4]
obg 2ot 2k 300 mV £ Mg By ks

2] Zol-& o] B3led vlEH T 00mV L& X
of Vet slg € 1 frame (20 msec)ol st
4 AEE & F ACSIH & digital 2 &4
715 timer2 $H A FAUTE 53 eye
mark? H3AE X, Yalgz Jebiige XY
e BAY GFFFARE 1&6 5044
w4 514 o, Microcomputer 43 5 28 o]
ot Lo EA A # FEl 22 E Mi-
crocomputer ® Y §3tod Habslm, s)ojm A
22 78 fixation # saccade IRE 223
At 53229 microcomputer H A4 A Ex B
2 figure—3 8} ok

X counter X Latch
Data
VIR - Bus
reset | set, clock
Complex .
Control . Micom.
g}gﬁgl Unit Latch signal Selector
reset I set, clock ' :
p & Address
Bus
Y counter Y Latch
Control
Signal

Figure 3. Block diagram of the microcomputer inferfacing unit

m. gedn

1. XIEX2} (Data reduction)

GTEEY E4AA4 713 23 #E 243
& (stimuli field) 3} 4oy doja g
F AEE AR Aol AFEE A2
= 45 fixation 3} saccadeei o gt EAl g2
T3l " fixation 3 saccade 2] £/ 435
oJ ¢k gtceh.  Fixation 3 saccade £ $59 3¢
8l el A %2 7 (duration) o] 9J# A4 Y
o2 HYsS fed AZFAg) e E5He wfat
theFdt 21 EE Helm ok (4, 16)

£ dF A fixation duration® 60msec
(3 frame) = &3, Az 1° 15" o] sk
GdTFEEE FYE fixation 02 H Y5z, &5
Azt Aeojo] HH-E dejutAY durationof

60msec o] 513l A& saccade 2 sholch =gl
A M 1% FAYE He|E drifted
involuntary saccade = 33k %< Dr-
ift ¢ involuntary saccade = microsaccad-
ic movement £4) Suction Cap "8 3 Purk-
inje IJmage W Fo= 240 slEeht X @
Toll 4] AHB-%t Zefdla}l A)~A® eye camera 2
= 1 &349 FHof ¥riEsiek (8, 18D

Session 3 3054 H3td =23 el 4 K27
o] wE sYERANYANE 87 Y5l sess
iong 10% 71402 Alog TEslm =9
T4 1349 A2 & FAHR 889 v}
ol22AFe 424AE ol 85 microcom
puter o A3 m (1 ¥ A2} A=sHs 7]
A&7 6KB), 1249 A& F hatch® N
2] 8kl o, '



FREXTENE 3 u—B

2. MRIEE S By

A RAY 49 A& sPds2 Q3"
AR AU R, 75 8852 44
% fixation, saccade +FAHEl, fixation
duration ofl A3t 4EF AL FAE435h] 2o
e {able—2 oF Zu}

Table—2 2] A3E dHsql ofef o} e}
7t. Fixation =
B fixation? & 1&¢ 19074 310
AL LEF B23en LU level of o9& fixa-
tion ¢ W= LSY g LCHT An
(@=0.01), LR F§4= LCY Yguc =

Independent variabler

I T LI LT IT LIT

Number of fixation

* &k K

Saccadic movement distance

wHk

Performa-
nce

Fixation duration

Response time

k¥

* ¥

iabl
AR eiise alarm

Number of blocking

*, wk, wex o A7 a=1 _F5 #1449 o5 el

'L : Locational Uncertainty factor
I : Temporal Uncertainty factor
T : Time Block® }e}f o

v}o] 2] &= Interaction & veld e

Table 2, ANOVA of the Vigilance Task

Al e, (@=0.01) 2=y LS2 LRo]
figation o oA = ke Aol gledsk
Lt, Saceade ZEH

B saccade +FAYUE 0.4%d04 6.7° Y
*EE Bgod whle—2¢]4 2u LU Ti-
me Block el F3 H T saccade T-EFAelol 4
&F T sles, TUS 98¢ ¢z, factor
79 interaction X #{ el YAl Elyict

Saccade $F A W% LUY F8& ¥4
LC7t #+FA=d =15+ 93 LS7 szl
482 Aojst Y3 (2=0.01), LCH LR(a=
0.01), LS= LR(a=0.05) & 244 &FA=
o oldle A& Aol foslek (figure 4-
a &), _

t}-& Saccade +FA] ) 3 time block
o of5-g vw T13 T26149 saccadedF
A= o} Aol K%l (@=0.05), T1# T3

o) aelE $sde (@=0.05). 28} T2

% T3 72 saccade +FAY el F2st
2 gksket (figure 4—b &),
ct, Fixation durstion
AT fixation duration € 260msec 7=l 2}

23 & 9oy, table—2el4 B vpsb o
ojd factor £ durationel 9L FA Ein
gosf, factor 74 interaction = =k
2}, BHRAIZE (Response Time)
HAFE AL 0.9F494 1.1 225
rdeow, LUS TUS o 3fe] 8= ¢Al Jebyt
e} (figure 4—c ,d #I3),

degree
4 1.38
3
2.72 0.57
2 0.68 Il-g3
1.18 ;
1- .
1 1 1
LC LS LR
Figure 4-3, Effects of Locstional Uncertainty on

saccadic movement distance

-—.18 -



1.55
4-
0.90
3 .58
1.99 2.32
2 1 1.52
1—
T T i
T1 T2 T3

Figure 4-b, Effects of Time Block on saceadic

movement distance

sec

1,5 -
0.16 0.17
frr I 1.22
1.0 4
I0.0G
0.5 0,68

LC Ls LR

Figure 4-c. Effects of Loeational- Uncertainty
on reaction time

sec
1.51
0.28 T79.29
0.24 1.05 }..08
1.0 0.95
0.5
T T T
T1 T2 T3
Figure 4-d . Effects of Time Block on reaction
time

At. 5914  (Fale slarm) 3 Blocking 85
TS AT HAHALE 0.75 %) A= @
ket ol AL AARY4RE A4 AuAn:

_— 19 —

A ez e ARy B4 dFd ¢
A AAAYe A T2 TEUAAE
= A% (dominant signal) ¥ 4rg&oz2 4%
s} o] HNAES AY e o
Vigilance Performance &3 o4 2% fa
ctor 7} =& blocking A X locational unc-
ertainty, temporal uncestainty ¥ time blo-
ckell =& F2A% Aot ebhvx gkl

3. SRS SYWSU 2FH MY

4% 9 T84 (performance variables) 9]
F444 B3 saccade TE5A 2 Hbg 4] T
ol A el T s 9L £ E
Y4+ stepwise multiple regression® %t
o #2553k F25% (total sum of squ-
are) ol 4 A¢e) ALY =7 1 %olsiel =
YT A gtz 2 o4l AL FaE
FE U9 TAE 4% A9 ol 48
sh4l et :

FTeo=1.98+0.78X1s—0.74X c—0.47X r,

O A0.32X g e e (1)

?n'r=1-23—‘0-51X1.c—-0- | B € TR

4714 Ve isaccade £ 57428 27 A,
Tt 2429 442

Xvic ‘Locational Uncertainty .factor of 4 9
constant level
:Locational Uncertainty factor i 2]
stochastic level

X1 !Time Block 19 9%

Xrs :Time Block 39 938 vjebiich

He 4 (1) (2)eiH 2y uhat o] sac
cade ¥ EA=S Q§Azte] 25 LCY Time
Block 39 d%& @+ Ao JElgg o)
A BAERSD Y E FH9 7EHEQ 9bgA 7L
ol 9% T+ factor L 25 saccade +%
Aeldl L vlAz sk ol saccade 7}t
$Azk3t ohAstA 2 ALY Y52 EFY7)
LR AEd ¢ RE BefFEr

Xus

4. FHHFZ0 AREH B

7| EH 2]l 4§41 23 & Ao A A8t s
ccade + 5 A2 24 4AAF canonical cor~
relation Whiol &]3le] Fa}%el

Locational Uncertainty level ol =& sacc
ade 57 28} 4b-84129] canonical correl-



ARERIEGE g A58

ation coefficient = 0.82(a=0.0}1) 2 }E}yt
2, Time block 9 =& saccade &57|zjet ut
3+ 7kl cancnical correlation coefficient =
0.76 (a=0.1) 2 epytcl 99 A= g
A7) saccade +E AT zhe] WP L *&54-5&
A7t dLE Helm g9k

5. HEAYH=2 M9 Saccade 2 HFE Aj7t

Saccade $EA S Wk2 7] AL =k
4% STt FYEE, saccade TF A=
S} gb3-A17 7o} AmbA)ob o) & A el
AL T EEFY EA4L Yrhi L saccade
AU A2 x $SA% A 7
At THEE FHsted YAYYE A=
{consistent measure) 7} T & 24l Holg

. 32 ¥ EQ|

. 828 :

%l'-'l 4 Y3tz Be olefel 72
o ek,

1. LUst TU7 Feojal Ay oA wk-2-4)
7h3l saccade 25 A w+ time block 1 3 ti-
me block 214 F7184E Agcl oL 4
77 atell wpel P Tk A EHE b el

2. Stepwise multiple regression i 2|3}«

84 7k3k saccade +8A 27t 4 (1), (2) 2
Zo] & factor 2 9L bk FFui e
2 Jehla, canonical correlationol 25k

dEe 4

uh-3-4] 7+3 saccade + 5 A2 2] A=Al 5 LU

—factor ¢l 4 0.82, time block factor o4
0.76 2.2 vpebyiel o} AL dTIEEY FTY
saccade $ 5 A7 7129 sH A4 ¢H$4
7h3 vha A 2 AA AP EE S 3 skl
d34d= AHEL = 5 92F 8alk,

3. LU= fixation<, saccade ¥-5 72| e
DS Tof AFWAY =2 A3} dTEF ¥
ol 2 F3FE Bl & Jebdcl TUS A3k
e e ok =d] o2 sAdAA Al
S Az A S-A5) 43S BoleALE
& 5 Ak

Fixation duration & A« =z} €3 E »
ol AFE glont £ AL 2 9] 1}
Elub= stk [5)

2. £9

AFa-3, RADAR® A5 A7t 4127
Aol 2F8E 44 4% 2T A, 54
Az A el = E ebFEFTEe s Ml Sag

ool & g slon A

AA Aga A A5 dAlEw S
) =zade) U 224 (operator) d] AW %
Fd T2agd9 At AEE AFE F AT
Aol e},

= £ dTel4 = fixationS A 2eld 1°
15' o/ duration 60 msec o] 42 R A 2l3le
olofl =& FAl #& L4s5td o, A2 4371
AgtAl el 74 2 ol 4 2] microsaccadic
movement & XHXE o[ YA Ao, ol E
o A= zepdldd eye cameraAlgS ¥l A%
X (resolution) 7} & ¢TF+F &4 A2 9
T AAAddT5 sl

References

1. Adams, ]. A, and L. R. Boulter 1964.
Spatial and Temporal uncertainty as det-
erminants of vigilance behavior. J. exp.
psy. 67(2): 127-131.

2. Childs, . M. 1976. Signal complexity,
Response Complexity, and spatial speci-
fication in vigilance. Human Factors. 18
{(2) 1 149-160. '

3. Drury, C. G, and M. R. Clement 1578.
The Effects of Area, Density and number
of background characters on visual sear.
ch. Human Facters, 20(5) : 597 - 602,

4, Gatchell, 5. M, 1977, Power Boat ape-
rators’ wisual behavior patterns. Unpub-
lished doctoral thesis, Univ. of Michigan.

5. Gould, J. D. and A, Schaffer 1965, Eye
movement patterns in scanning Numeric
Displays. Perceptual & Motor skills 20:
521 -535. _

6. Hiscock, M. and K. J. Bergstorm 1581,
Ocular motility as an Indicator of verbal
& visuopspatial processing. Memory &
Cognition, 9(3): 332 -338.

7. Kinchla, R. A. and L. G, Allen 1969.
A Theory of visual movement perception.




Psychological Riview. 76(6}: 537 - 558,
8. Levipe, J. M. 1966, Effects of values
and costs on the detection and identifica-

tion of signals in Auditory vigilance. Hu.

man Factors, 8:525-537.

9. Mackworth, 1. F. 1969, Vigilance and
Habituation. 183-199. Penguin Educa-
tign. New York,

10, Mackworth, J. F. 1970, Vigilance and
attention. 144-157. Penguin Education
New York.

11. Montgomery, D. C. 1976. Design & An-

alysis of Experiments. John Wiley &

Sons, Inc.
12. Monty, R. A. & J. W. Senders 1976.
Eye movements and Psychological proce-

sses. Hillsdale, N. ].: Lawrence Erlba-
um Assoc.

13, Neter, J. and W, Wasserman 1974,
Applied Linear Statistical Models. Rich-
ard D. Irwin, Inc.

14. Ohtani, A, 1971. An analysis of eye
movements during a Visual task. Ergon-
omics, 14(1} :167-174,

15, Remingtom, R, W, 1980. Attention
and saccadic eye - movements. J. exp,
psy. 6 (4): 726 - 744, :

16. Synertek, Ine, 1975, SY 6500/MCS6500
Microcomputer Family Programming Ma-
nual .

17 Synertek, Inc. 1975, SY 6500/MCS6500

Microcomputer Family Hardware Manual.
18 Young, L. R, and D. Sheena 1975, Eye

movement Measurement Techniques, Am-
- erican Psychologist 30 :315-330.




