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The Human Performance Degradation in Vigilance due

to Prolonged and Monotonous Tasks

Lee, Myun Woo

Abstract

This study is aimed at a validation of the vigilance simulation model which was proposed earlier
(2). The model estimates a perceived danger value, an alertness level and the probability of
detection at a given elapsed time of vigilance.

Twenty-nine male and seven female subjects were given a simple task. They were asked to det-
ect a number four numbers out of six digits in the telephone directory which have the probability
of occurrence in the range of 0.0010—0.0018) in six different experimental conditions, for periods
of two to three hours.

Analysis of the experiments showed that although the mean detection rate varied slightly in two
hours, the within-subject variance and the number of cyclic performance fluctuations increased
significantly. A primal factor that affects the performance seems to be the frequency of target
occurrence. By curve fitting, the relation between the probability of detection and the percentages
of danger event occurrence was derived; y==0. 50(1*6”5"‘2’—}—0. 39.

Assuming the equation represents the normal detection rate (1009 performance), the Relative
Vigilance Performance Rating was calculated. This rating method could be a useful criterion in
sclecting and training of the vigilance personncl.

The results show that the simulation model is « good estimator of human performance when the
probability of danger occurrence is greater than 0.0015; it gives a good reference for improveing
the vigilance system.

Suggestions are made that (1) the validity of proposed functional equations over the extended
range of danger probability be studied, (2) an analysis of the cyclic fluctuations of the alertness

level be accomplished, and (3) the cost functions of detection reliability be included in any future

model.
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event)o] WAy TFL :"3] Gov AAE 293
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LA FAE 2ol £THE AP 5] L 4T o
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Fig. 1. Performance variables in human vigil-
ance system.
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28 A, BA W4, B I odds £ 9 38 (12%), 433(9%), N4 (61), o
4789 nfEE AFE Hartk 2004 Sl MlE w2 gdriel °%‘5 T (2%), AT (5
O wAFez draAEz 4de] Tas, 4d  w)E 2 367o] BrAaded, WAUNE 2E A
o) kg AA4A L Eeaa 9, Lool 4o s FRsslsh. 6% AT 5w

3-2. I|AE X} (Subjects) (paid subject) 8- A 2|3k o] =}z o 8 A8 L x|

dda Sgel A Y E(perceived dangerva- - qlstedn, Aol obvdl Afade GhdA @i
lue) - 71 %-= (alertness)-f-x] ol wf % &)=l gk uh-2-& v th. Table.1¢] A& =le] Aw, sl 2719 4F
ol # HE&g A% Al o &3 2o e 7] (motivation) W gol 7] Zxle] glvb. Table. 1o FTA|E ule} 7-o]
7- o Faskel. el ma 3 ek (vigilance task) A 2A (Exp.i~6), T2 ARz QalA (2714
o 244 ol A N ARHT Yoed AP A7 B2 Wb APHerns AdnAe] e
4s] 734 (homogeneity)-& 71 st b, W@ A% &= wl = (frequency) = o175 okcl.

Table.1 Experimental Conditions and Subjects.
[ B = r'—“ N — | ﬁ R T
. Exp. Without Rest ! With Rest
i con- | i . i ; ~
idition; Exp.-1 ‘ Exp.-2 | Exp.-3 Exp.-4 ‘ Exp.-5 Exp.-6
l-SOmin/period | . 60min/period |- 120 Omin/period ‘ - (30min. work |- (60min. work |- 120min. work
I 4 periods | <2 periods i —-10min. Rest)| ~-10min. Rest)] ~-10min. Rest
| | I | »4 Periods. ¥ 2 Periods ~+-60min. Work
*. Target No. - Target No. - Target No. | - Target No. - Target No. - Target No.
. changed in changed in not changed | changed in changed in not changed.
. \ every 30min. every 60min. ‘ every 30min. every 60min.
No. Sub [ SAuibJ Sub. Sub.| !
Job J Sex | lN (Job ' Sex | No. Job. ‘ Sex No. " Job. ‘ Sex No. ‘l Job. \‘ Sex

11 L’—4*‘ mo21 U4 mos| U3 mfa|us| mis|us| mle|G1] m

2 12|U-4| m|22|U-4| m 32| U-3| m|42 U-3| m|52 U3| m|62|G-2] m

3 13| A-0 m 23 U-4 m | 33| U-3 m | 43| U-3 m | 53 | 0-S f 163} G-2 m

! \ !

4 14 ‘mi24‘U4‘m 34' G-2| m| 44| U-3} m| 54| U-3| f |64]|G-1]| f

501 | m |25 ‘ m 3. G-2| m} 45, U-3| m

6 16 A~0imL26 oS | f 36! G-2] m|46{U-3| m

7 | 27]0-S | f {

g | . 28|0S | f i |

9 | 20| 0-S | f | |

(Note * : U-3 : undergraduate junior G-1 : graduate lst yr. A-Q: army officer

U-4: ” senior G-2 ” ond yr. 0-S : office secretary
+: m :male
f :female

3-3. ZA &8 (Experimental Conditions). 3-3-3. A3 %% (Scanning Speed)

3-3-1. AA WA ¥ 3L(Numbers to be detected) 2 AP AAE FaE FEHE ol AL F

Table.1 o] A8 zAN4 Exps.-1,2,4% 59 AF Lo FaIYT wEE o Yo 2 Met
o o period (30 % F& 60 2)eheh A7 WAl S ronome(gomarks/min)$ 4= WEAAZ AH-§3He]
a9 953 MIAZor Exps-33 64 Fa d a9 Aaebs 20 el Az sk o 143 Fo04
ghgle] =] WES AAAGLE ALY WA 5% ol =& Pl ol 14%-e Hob

3-3-2, 4l 31=}4] (postures) Wi 4£a85% w2 3.3—4,2 bits/sec. 2 I A

M4 @Ase Ay rozde +4A2 2%em  AHEY SEez Fiw £EdA FEch AW
Wl AN EEE Fa 0B AN 0B AL AHUITY 2 page T ALY LE SaH s A%k
me| nAAA AARAS For, WA W B & sEagod, 4d 129 F$ele A period7h
A% sx asie ezid S48, AEe 53 A BwF, A 4569 9t A A A
NE AL gt 85T ED A B8 FAy 2 pagevieh Loy A 4F FES
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4-1. ZAh4kel F=H (Estimations of the potential

danger)
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%4 ¥ 4 (potential dangerH #7391 2236)
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S LA okl 4B S5 NNy, Ny o]
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of detection)-¢ o}&3] zrol & 319 o),

2
P S {ngj : .
L= - -1 (1)
Z]xJ
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L S Lt |
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9 5. (=1,
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T
N N ]
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o, 4dlz $a0] 23 B35
A5 o 24 g v 29
A8 Zn(Results)
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Percentuge of Detection (34)

60

qof

© 1 2 3 4 5 6 7 8 9 1o 11 12
Periods of 10 Minutes

Fig.2 Cyclic performmce fluctuation curves(Exp.3)
note: (D average percentage/10min.,
@ Values of 100% confidence interval
(c.f.Tab.2)

*ﬁJﬁﬁng—@wu

= 3 (event)s} vehiE: 34
2 B 4-13 7] &F3)
TE HEL2 TA8g .

- 2 page(eF 1,00070¢ W
)Y 2ad A7) Wb} Fig.3d] 71 5= 9le
Table.28] Axte 2 A4 group-¢ Fig. 28} o] &

Table.2. Percentages of Average Detection.
9% of Detection)
Periods. | mean fre-
L\ “(min)| 0 30 60 90 120i 1150 ¢ duency
Es“b No ) e | g | 1ol 150 180 = °f event
Exp. 1 07 (%)
1nleslz|nls| @ |
12 | 59 | 79 | 82 | 79 , 74
Exp.| 13 | 23 85115 | 50 e ;
1. I \ i 0.10
14|46 |70 |19 | 61 | s
15(36 83 |44 |58] 55
1631 | 90 | 54 | 83 } 65
21185 |67 641095 ! 79
2218375 |74 | 95 “; 82
23145 (83|89 |92 3 81
24|64 | 83| 89 | 92 : 84
E;p. 2564367289 65| 0.15
26177 | 60 | 54 | 41 ‘ 55
27 162 | 73| 50 | 41 , 54
28 | 46 | 41 | 54 | 61 52
29 46 | 47 | 42 | 63 49
31|70 | 71 100 | 70 72
3287|8675 |71 81
Exp.| 33|69 |75 |77 | 67 73 i
3. ‘ 0.16
34177 (70| 71|83 i 80
3560 | 41150 ! 71 51
36 | 70 | 84 } 79 | 64 | 74
a1]18f68lo1| T | 61
4279|7285 62 1 74
Exp. 43|44 | 67 |55 | 50 | 55 .
4. . ! i 0.11
44 | 54 | 41 | 60 | 50 - s
45| 85| 76 | 65 | 79 ;178
46 | 48165 | 85| 79 67
51| 71170 | 63|57 65
52|56 |50 68|45 i 54
ES’fP' 53| 0]78!89 |67 ” 38, 0.10
54|78 193 | 80 | 75 ;82
55|55 | 71,7 |50 | 65
6164|2521 |43 | 6974 62 }
Exp. | 6240 |25 |43 71|63 |85 47| ..
6 63|96 89|92 88|76 |80 83|
64|91 |95 |84 8481|685} 83|
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A% F, Al HAPAY 308 T BT 2w
+& AAka Zelel. Table. 28 $ule] Y& mean
frequency of event = sl g} 8ol 4 A= &9 57 -
Ehd HES 4 (EX100) 2 FALE gol. € E E
o, Exp. 18 0102 A" AAwAel 55 95
7h 1,000 8 W, o 1A = & ®
ah, 2 group ¥ T DA EL Tl vrEhd ket 3

vo
p3)

o,
I
LIS

o,
&l
-
e

2 3te High detection group

)3} Low detection group (=3

A A 458 A
= ARG AH Ao
B w  High detection group E]— Low detection
group e 4% AAL AR -
Low ¢] + e j
o} (Table. 3 atz). g}, 244

2l
Hell Al = High detection groupe], 24 -go
2!
<

T
5
jon
2]
i

group . 2

B

1
h

Low detection group o}

2

3

Z A A =
4ol spebs 2o,

Totﬂl

1

; o
S | T
Group Class e | 0~30 | 30~60 | 60~90 | 99 420‘120~1501oo~i80 Mo

| | i

m{ o i !
. | Mean Detection (%) a2 80 79 76 i 79 74 81
g‘r%}&pDem“O” Perf. Variance 11 71 | 108 | 108 13 72 100
' Perf. Range (0.93) } 56~98 | 64~97 | 59~99 . 56~96 | T2~86 | 57~91 -
| Mean Deteciton B \ 60 | 61 . 66 | 78 59
Gour, Deteetion | perf. Variance ‘ 132 | 267, 241 4 18 | 41 225
Perf. Range (0.95) 52~78 | 27~91 | 28~92 | 33~89 | 58~74 | 65~91 | —

(% :Columns ar. 1ot included in total mean)

4-3.

(Relations between the Frequency of Occurrence

Ry LM B2 BXIge] A

and the Mean Percentage of Detection)

High detection group 3} Low detection group ¢] 1]

E ouA g ikl ZF sk, & experimenal condi-
tion =} t}E experimental condition 7}2] 8k -2 ¥
A aAe A4 PAEE & o Aok

o =2, 948 -4 & (frequency of occurrence’o]
WA & (percentage of detection)d] 4 H5=3F (perfor-
mance levelyel ¢ 28 wlx] 1 g|-§o] F=A=lc}. 2tz
2] AE o4 Z Aol ek A g S 0,10~
0.18%7=) #icig (3 : Table. 28 $wle AH§
SAEU), B4 b % experiment group o] ¥ F ik
A& Table. 420 2ok o oA WA} w24
o ApmbAl g T el r=0.66 22 Vel WA 4
ook fol Edvo gl JA] (primal factor) E o] =
Aol FHeoluglvlh. 5] A3}(Table. 4)F curve fitting
&k A=t

Table 4. Mean Subgroup Percentages of Detection,
Given the Frequency of Qccurrence.

}‘requency ;

0. 0 0.110 0.13] 0.15] 0.16] 0.17, 0.18
Occurrence i { i
Percentage 1] 83 77 ‘

Deteocftion L 59 53| 77| 80| 73] 77

(/120min) 1 4| 67| 83 ’

(1) Yi=2.552:-10.34 (3)
Y;=probability of detection
w;=frequency of occurrence

(0.10% <z; <70.18%,)
9 ik BAY (LAS Vo sar Adghn sy
A 4= r=0.62) 3}
(2) Y= 50(1~L-5°*) —-0.39 (4
(x:>0)
o 23 AFFF0=0.60)% T T 4= 72
e 4 0 2F¢ @2d 98 % 7 (Frequency

of danger occurence)e] 0] AT ol7ko] Ao wb
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gk Exp. 1(a=0.1)3} Exp. 2(a=

0.59

0.50

Performance Reliability (Y)

0.1)% Exp. 3¢ ulsbe] v-§ 2
A5 HEEE AL G4e u
Sk zey, EAHq Ade

0.60f =2 EFAg A gle] A S 5A I 5
o g wA o} (sample space)el] gt

S ke Aol A Pohk

. F& b, 93l o 25k

o Hohe wFAIA L 24 WY +
L l.—sc;p:p::mll"".i gt Felm g, Table. 5¢]

9 0.65 0.10 0.5 0.16 0.20 0.25 0.30 0.5 o0 plhg HF ASA4Y wEs A
Percent of Frequency (X} = o} ¢k #tch. Exp. 33 Exp. 69

Fig. 4 Predicted performance curve: BT ATATS 2A A
{performance=f (frequency of occurrence)} 2AZAA 3 ARLE GRESE

w 11%9 3T 45A 57t Fan

Ago] 0.39, F 30%9 & AAcL ok zaEv, 4 v w4 R, 247 FAHAAAL 00%9 5
A2 A4 wggel 08l Aol ek perfor-  B& BT el 342 FANLE BHE A5

Fo] A& 4+ & AdAq
1A% (alertness level) & sl4 sk = =} 4] (3)=)
4 (4)e] =}k 0.34-0.39°] W4 st glov, 4
@)7F 179 HA 544
2 A4 gy 4 3)uct geidoln. 2EE,
A7t o] Aol A A g FH3] A= (absolute scanning
rate), ¢l7k8] At A 4% (absolute detection proba-
bility) & 402389 A =& Adctx g5 o).
1-4. MT{E MdESHse HEL FAaD

(A Relative Performance Rating and the

Rest Effect)

o] Are] B o = 21844l & (frequency of occurren-
ce)s} %71 & (percentage of detection)zhel F 43k I
Aoh DG T & Aot L, A7 wAE Aole]
W B AAG TS $F0) nAcH, vAdd AALE
8] ol A AP zAIL A Aol 27
dgolzh LR &, 44004 AFT 4 @) Y=
0.50(1—e~5%1)--0.39 9 F4lo] 100%9 AEA4
(normal performance=100%)% veliA 52z X
gol o AgA AA FTas vasd 4ER
AbuE 73 Al A 5A 4 (relative performance rating) &
Agza, AAAL FE ALY 45 2 49 A
ool 4 Aol ¥ Aotk Fig 49 4 (OFAE
100% performance level 2 7| F3te] A4k=" A4
7 A A A rating)¥] HF
=] 9L Ak (variance)-& Table 5.9} zbeh. HATA A
At oI mkat Esrh 8
., chak AAZTAFY AP z2A A2 p4k(vari,
¥} Exp. 5(a=0.05)%}
Exp. 6(a=0.01)o] -f&g ukal RAwss) ga, =

mance reliability = g1 7}k

7 284 (asymptotic level)

<= (relative performance

F4 5l (rest effect) =

ance)d 3 &

o= ok 9%z Z4AE T AL BAEE

oith. =& Exp. 13} Exp. 4,

2
Aasd FAL F AL 6~12%9 HET A4
ga4e Adenz, AAYR AAdEE 3
% 44% Floz 2 T4 + ¥ Fud

Table 5. Performance Ratings of the Experimental
Conditions, Given Y (performance)=100%

Experiment . .

Condition ’ Without Rest With Rest_
Exp.' Exp.] Exp.| Exp.| Exp.J Exp.

Resluts 1 2 31 45 6

Mean Perf. Rating] :

/Y:i=100% 93 |93 | 100 99 | 105 89
Variance 314 | 287 | 63 | 205 | 425 | 735
d. f. 5, 8 5 5 4 3

without rest & #-¢, Exp. 3¢] Exp. 1,237 &
A2 wola ¢y, o] AL Tickner et. al(3,4)
o] FAral(FL g nasl FARAHIE AASE
& Welma ) Anst A Gotk. o AFel I
s ARA AR 24, O wyat AHA 4 (object)
o HA L AAAE T =25 *3ha (Exp.
1, Exp. 2), @ BAGZ 7ol 2A2E 23% A
4, AT AAATY 4T E glod A% 7
2% (alertness) 7} /‘J- AEo =z ¥im=, FAZ
9 —‘/‘j o] Ak -?I’-%lv 71 A% (alertness) & a 73}
B AL AALE, A FAA3E 247k] FA
Aol ® AAF FAAES %@gz BAA 5 e
6~12% A + Atk Fol aokRch.

4-5. DojAls mQol _g_-g(Valldxty of the Simula-

tion Model)
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o} 0.371/10% cj4el s 24 Gd=Ee FF AW A
gFo 2 golglvh, Fig. 3¢ vlebug curve & 24l
o] Binomial(18: 0.1 (& Apziwr4ge]
0.1708 FHEE pERE A A ske] 347k (10-4 18

Z708 A= 72k 418 9] High detection, Low

w10 ,“71- JJ:] 3+
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A T4 DIt 8| ok (100% confidence
interval) Al& A=+ A4 753 wsleia, F4
3L 30 72 e s <=4 (routine mspectlon 0] 0] S

quency) 7F A A A
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eeema 2 I Predicted, with routine Irapection in every 30 min,
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3 4 & 6 7 & 9 10 11 12
Periods of 10 Minutes

Fig. 5 Predicted vs. measured
performance degradations.
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b el 24, HE g Re]l 0°) AlTEA A

clhelzl el detection percentage 3= 40%7F FHa, <=k
%om ZATHA S ned F40 olF BT

miss & 5L (1-0.40)"0] =22, §

7- detection

-4 G3 cost of detection miss Y A wEba)
cost b FelAnl AAA ] B AA £ ol

M= N 1 T
A4%&3 4= ¢l
= = Zel F2
AA =54 ol

1
AAE o FAL et 6~1290

L g

) 28] -
seize] F2 744 (inspection), 7]

-if

o]tk 74 (radar scanning), Z47A (vigilance of

infiltration), &Fgk a] (car surveillance) 8} 74 Bl &
#9] (I.D. number scarch) 559 9%, ATl
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oz, 4 ol sl Aym FAA A T (vigi-
lance performance rating)AFE-& 71w etz Xgu 2
sholch. Bl A8 hEA o 4 5A 47
100%0] 4l A AFAEL 459 F71H dF peak
(Fig. 2 22)9] 247} 39

=]
A gkgreh. AAT ALEH AL BEEE
=

Al A whx Aol w2 E3 A FfoF
B, oleld Ay ggatE Agste s Eel A
Al g AwAel A% ES FoAeE A
g A AlE = gFAfe] o] Fof A Fojet. ik, A
5 AW qAdA gd AdY 5 ge Aol AL
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