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An Evaluation of Operator Performance Related to the Switch Types
in Main Control Rooms of the Nuclear Power Plants

Seong-Nam Byun

The objective of this study is to evaluate the operator performance relating to hand switches with two or
three buttons in the main control rooms of nuclear power plants. Based on the comparative analysis of
the nuclear power plants, two different subjective workload-rating scales were used to evaluate the
performance of 48 operators: the Overall Workload(OW) and National Aeronautics and Space
Administration Task Load Index (NASA TLX). The sutvey questions consisting of the eight-items were
asked to evaluate the operating experiences for the two different switch types.

The OW scales ratings were applied to measure the workload of the switch-related tasks. The ratings
revealed that signal detection tasks caused less workload in the three-buttoned-switch operators than
the other switch group. However, in the switch operation tasks, the switch types did not show
statistically significant effects on workload level.

The NASA TLX scale ratings were performed based on derailed task scenarios that assumed the
accident of small break loss of coolant, what we call, the small LOCA. The NASA TLX was
administered to three different task groups: the reactor, the turbine, and the electric operator groups.
Based on the NASA TLX, the two-buttoned switch groups showed higher workload than those with
the three-buttoned switches. However, a statistically significant difference was found only in the reactor
operator groups. When the current switch type was assumed to be changed for the other type, all of
the three-buttoned switch groups were predicted to have higher workload than the other switch groups,
respectively. The implications of these findings were discussed.

Fodede F487] A3 F7HAd AAE Roske RS

oJu] &K Ogden, Levine, Eisner, 1979). A3 &AL 2He)ajel

A AAA mE 35 AR BE PN 28 55

&9
A 7)(Pupil Diameter) 52 o]&3lt}
L]-

HFH ol CUrsin, 1979). A8l =
W 3KHeart Rate Variability), ¥ 3

g4 ]9 (Um-dlmensmn) T=0 8

o]zt RAT U} FANA o] L&A R YA A AYH-3 H7KSubjective Workload Assessment) 7)ot}



FHA AR GG L ol £ YA LA L FA ok Ao 2993 44 2 FYE P} 55

(Sinclair, 1995). ©] ¥ A (Diagnosticity) ¥ 174
(Sensitivity) %Tﬂ"ﬂ’q £4 @31]'0“ CHZ?} AZA el Ea1, Zj
&o] A9 AT-TA AAY QALY FHE T £
o2 da #8851 YrHMoray, 1982; Muckler, Seven, 1992;
Wickens, 1992).

FHY AdFs ok dEAY JHOEE Overall
Workload(OW), Modified Cooper-Harper Scale(MCH), Subjective
Workload Assessment Technique(SWAT), National Aeronautic &
Space Administration Task Load Index(NASA-TLX) o] 9t}
(Hill, lavecchia, Byers, 1992). ©]#]3} 7ML AA HE
(Absolute Rating)®s H7}7|E0.82 A3 Ao Z OW, MCH
T ©Y 89E Frlehy] 3 FxEE HEE AMES
Th SWATS} NASA-TLX= F¥3 Agjisto] o] g2lo]
FEol gloe 7Hste] o egistd Hxg Abggirh
SWATE ZgHste] F&& nAls QQloz A)Rb Fat
(Time Load), A4l =9} E3HMental Effort Load), AE &2
B3KStress Load) 5 A 71AE 13 8he, 7} X|(Weight) Z
Ae A3 A% AL B ¥ A5 48 BAE AR A
32 H7)3kA HhReid, Nygren, 1988). NASA-TLX+ A413
R7HMental Demand), A& Q- HPhysical Demand), A7H3 Q
“HTemporal Demand), 3% (Performance), =2(Effort), 3
- F(Frustration Level) ¥ 67 8¢91L 2 Hslo] F8ES 1)
A n9lo s B23ErhHart, Staveland, 1988). 238}
£ olE 8919 Athu]nl(Pairwise Comparison)ol] ¥ 715
Ask 2+ q9le] oha Hrhxel Fol slal AUt

A HE(Relative Rating)E B71e] 71E 02 HE3 7[HL

= Psychophysical Scaling, Subjective  Wotkload Dominance
(SWORD) 2] 2t} Gopher & Braune(1984)o] 2J&l A A]E
Psychophysical Scaling 2427} H7HE A% 7l &
(Reference Task)S F8 £ o]F 100H 0.5 A3, ojs}
Hlaste] 4 tidgge] o Ax9 §a18 Yo sk
A At Aoz HrlEkeE 7ol th SWORDE Saaty2] Analytic
Hierarchy Processt AHP)E- 3-&3la] 119He Ao g, 7+ 4 1
gl gk ARl E Fate] ZAPQReE Hrkehe Weloltt
(Vidulich, 1989). o|2lol = F#3 ARt Hrt2 FTo A
obsl M © & Workload File, Instantaneous Self- Assessment(ISA)
50| 9ltHTattersall, Hockey, 1990); Tsang, Velazquez, 1996).

Aed T34 AdF-st 9ot 7S &8 4le] ShApplied
Psychology) -obellA] o] ATE Fstd] ZAzpel =4
(Reliability) % Fr-&A(Availabilicy)o] 7AZ = ATHHill, Byers,
Zaklad, Christ, 1989; Wierwille, Eggemeier, 1993). Hill ¢ al.
(1992)& SWAT, NASA-TLX, OW, MCHe] th3t 2184 H7}
£ B8l mdd dig Ao S H53a, Bl (Validity)
ol M+ NASA-TLX7}, o] &4 ol A& NASA-TLXS} OW 7]
ol £+ Ao Hrratdeh £ loch o (19897
Tattersall & Hackey(1990)= F834 A E3le] Hriaje A
04 249 F9 49039 Brhasel HUATL w0

Y3l Nygren(1991)2 NASA-TLX O} SWATY FAl &4
(Psychometri)®] 4 £4& Fao Q1AH 4 mdzA
o] HIAEE S, NASATIX: AP st
(Experienced Workload)oll tjdF £33 oS RdZ, SWATE
A yatel dist /AaE BEE] Y3 AXF B2 A}
&8 AL Atetdth 53] NASA-TLX®] -9, 4 vlag
T 7FEA Y &8 AR JH54E ATl fkle
2 Agste Ao X o] AL At 2d &5
A A1EFA ) SWAT Card Sorting MethodE ©]-8-3la] 7123
£ ZA& e, ol Bsta B& Azte] a7 HE A
o] 9 wHo|thHill, lavecchia, Byers, Bitner, Zaklad, Christ,
1992). wepA] o] g W& Basly]) e 7153 e W
ohE 7|1E R A AF S Tt e E AN}
& thBiers, Mclnerney, 1988).

24 AQ8e 27 e 3 ABA Adsd T
g Ao gt AF FatE Hriahr] A3 1A=
Ak, Y FdstA] dn Aol tisk A dProjection)d]]
o3 Yriste Aol Aol AEAdol & Zo ¥
& Z tHMasline, Biers, 1987). £3] 1 AAE A iy
2ol g4t AF7} FAHSubject Marter Experr: SME)O 2
TS A, AA A F8d o3t Hrh Ade A4H
AAV we Aoz BEAHTHVidulich, Tsang, 1987,
Vidulich, Ward, Schueren, 1991). wabx BEMElmA}t g 2
Aol 7o) #734 Ee A 890z 8 FdHo
2 Bohsd A%, 257 AR fdsdolde 48
o AYREE W BHATE A AYS @ A
o} §9% Ao r Bt

ojde] AFde Aed JHEY HE&E I AN
A 2dRste] EFo] AAdAel dig AAH FHdAM
AHFYT Yrig 3 Az H3eS Ho o wet
A B AFddAMe 8 A4RE H7kE Bl dAY
dHaelet 4R) FARE Ao A9A AR hE &
Aol FNF AgFatel old we A FPEE P}
atarzt g

2. Ajojut Ao} 29x]

g fElvel 989 FAofRle] AMSEE o] 2914
= g9 7153 SA ot 2dd 3@ A2 BR
g 4 9tk <y 1> YEAS 24E Y% 20 3d
%29 WREAY PHE HAF o) F 24 24K
o F8 7|5d Hole 37 YA AS, vBZY F
A B A7} TROUBLE® DISABLEDE FHEo] loi} 2¢
2$X)= INOPERABLEZ E¢3le] EA)g o gt uA
A GHE QF AL T AA(Acknowledge) WL 3T
291x)9] A9 TROUBLE/DISABLED ¥%& ¥2EZ go]



56

8
ofx

AR 29 A$XE OPEN EE CLOSE & ojm 1
FEHEE AR E AAEUG 2" 29X 9

OPEN©|U} CLOSE & ol: HES Fafals Qx|AE
T 248310, A% OPEN FEi CLOSE % #(Command)©]

P A& e

< ek

AES whoh 22 7154 2ol 3 2- 35 293¢

e
3

i o o

}é)

2> O]

AR

g, 2¢t 29219 A7)E 2 x3 2A 3¢

2" x4%) wlg) AzAolz} 17 Ak o] 2¢t
A

FUH

A3k

Hhe FAoR 2719 &4,

[S)re]
RIZL7IA dEjslols HA ol Fi

ol

Heto g o 5. 657 FAE AAYHE 3o
AMASA. ol w2t A 137t 7|FAAE 2
ZHolA] Alo)29x] WA wE A A9
158 4 e AT FrE a78A =
CmEhA Ao gk et Bty d@ow F
A ARl e Eahe 230 Ao] A9R] AR
A9 93 Y=g Fristaat ok

B 02 ol
2

=
T

3.4

31 24 B4

2 drddMde 28 297419 38 2938 AHEle 7
TAHY Ade dAste FaA ARE 9rte 38t
Atk 29 2993 ALE g &30 34357 FA Y
o Al 28 29 ARAE, 37 2993 AR J
o FF 3457 FAYE)E) 3T 294 AR
Agstaitt
® Are

Fol

THZE

Z

=

L

ZE 370 WX E s SRR T oAg By
IS t7] 255 RE A £ 3
fdos PHATY. E£3 2 FHzAA A

FA|ojuke] 2129l AR E Supervisor Reactor Operator(©]

o
7N
A

3} SRO), Reactor Operator(©]3} RO), Turbine Operator(©}3}
2 A Ae 3% 2YAE ALESE 9B 345 7)9 o]  TO), Electric Operator(0]3} EO)YE B4 thAto] ZEA|HTH
of g HFF A 3 3-437] FAoE HA)  weby FHA FYEste @i JAde &3F 343
AREERATE TS #A AMEFA dF 568N o 719 FF 3 487] 72 4, F 4802 FAFHAT
HRFAAEA HUME Bl FA U 2¢ 29X)9 &7 343719 G 34857 $HYY 913 Agke
AEE AASHAT 94F A8/ VRO 2RH 1 VA <R >3 vk A iRk Hit vole 314 olH,
& 80l - grpigrTh a¥d 7|Ee v 2o &g SRO9 AFo| 3594 F M E9th RO, TO, B0 o
dF AL AL SALEC] 4P 56879 AojAY & SRORTHE o}l Ao u|LE]l ZAF ARl A9
A& 2o AAT A, £93 AHee] @& Edto] of  Fo] 7MF EFHQ A¥Z &3 U ¢ ¢ ok
718 & dthe ol E 3T 2YARY wMAS a7sY  da IF AYE 9% 3-457)9 o] &3 348
o EE G wAs o AEolBSimulon7t 35 28 lo] vls) Wit 209 Y ggron, F Aojd ¥ Y
A2 AAEo wANME u& FHo 84S HHIE I FF 3 - 45719 Y] ATk
3 1. B oAb Q1A AR
A4 A% 3437 27 3437
AR SRO | RO TO EO 37 SRO | RO TO EO Hi
U 35.2 1 313 | 303 | 313 32,0 365 | 285 | 283 | 275 30.2
) (1.2) | (1.6 | (1.2 | (1.2) (2.3) 2.8 | (1.6 | 2.0 | 3.0 (4.4)
st A 2EAE 1755 | 722 57 66.8 92.9 1855 | 403 | 313 | 263 70.9
1) Q2.1) | (11.8) | 3.8) | (15.8) (50.0) (20.1) | (23.4) | (10.5) | (12.7) (69.7)
FAoAd 2EAY 113 | 445 | 225 | 275 51.9 608 | 21.2 19 10 27.8
A @37 | Q9.h | (134 | (19.6) (45.7) 79 | 88 | 9.2 | 83) (215)




Z34 A ¥a A0 e o 48 449 AL

Fo4 Qs Brke 9% 3- 45719 A9 1999 4
9 6URE 44 sU7A 33U, & 3- 4i7¥91 i

199941 49 4YEE 15Y7A 297, 94 F AojA U
A AU AHAQ WS F8)o HEE}%‘!E}

32 F8A A58 Bt

B Afoxs Hrte AAS #ol7] Adtd F A

o Zz dF AYHY HeEE B ¥l HAAE F
Attt o]F Edlz 23Y F uw F Aoyt 44
2 Sog AR HEVF AW HEE AH HEFH
B7HAE A48

B AFgA s F8A 2Rt Hrte —rﬁ &
g ie ogd 2ok

) A3 HE

S 2. 3% A9 ARl g HEl RS 98ty
A gAY 297 AN AEES QY 2R
ol BAEgrt 3l AR ¢l z|(Acknowledge) A0
TROUBLET} DISABLED®) w8l A& 8o FaAg %
st

—(o

_;N

L ¥

) HojxAe] A8 7}

2 3% Aof 29 ‘M] YEl JHo] mE 29x9 AL
S Hristdh 290%]9 AREAL Viduich & Tang
(1987)8] Overall Workload ScaleS H7FHEE o] &3ttt
W ok 293 ARANE 3T 29AE, 37 290 AR
Ae 2w 2948 ASSE A0 47} R 29
2 WA wWE AMRAE Hristglth olelgk Hrbele
Likert's Summated Rating MethodS AF&-8} T}

(3) A5 A o] ot 2 Fat Hrt

AA HgAbE oA A7HEE A4 dder de &8st
2 9+ Small Break Loss of Coolant Accident(Small Break LOCA)
S sHgsta, AR W XA FHA AN
12 A £ Al ARl W 5 2
AR 30, 36 2904 AR 28 2908 A8
A% — & 7MY el gk AgRsE griadck £
AtolMe HrpgAes aelo] FHstoof o YR AL
Az3) AFFES AF Auba] Q(Task Scenario)® A A3 2,
o] & NASA-TLXE 01'9'0}04 ARsE Hrlekc
NASATLXE 29 A5o) a7EE gt 4AvaE
AAA QT(Mental Demand), A1) & Q- HPhysical Demand),
A7FH Q& F(Temporal Demand), 3 E(Performance), =¥
(Effort), F8 I AEH A FT(Frustration & Stress Level) 5
6o a9low BHaiu gtk B 9#?01]*1“ NASA-TLX #
£ B A7y BHo| APsieE dF s ¢4

FA ol it Ao} 281%] 2§ VA FHE F7} 57

o) 7429 F =gl By YR Pris LAY
LFHE d8 4F(Communication) 0. 2 A5G Th.
Ao HRE B AEAY e Wb Azt she
A(Variability) & Z7 1A Aie] A4S AsA7E 89
o F &3 E (Nygren, 1991) 0|3 B2 A 2)3FH )

T ‘].

B
{i{o

APIAHE

)

3% 291A0) UEd Aue] el
A9 APARe e AUEY 4%
BASIYTh<E 25,

)

&HO 1R

i1 8¢9

AR gelst FHAH 29 2

& SRO, RO ¥ EOY A9, 333%, TOS 16.7%%] #HO
ilﬂ%%ﬂﬁﬂC@ﬂﬂﬁ%LﬁA*143444V
EO7} 50%% 7F% =1, SRO ¥ RO A 16.7%7)} &
e A9e 1oz Yy E0E A %lg E.E 7ol 3
ool Bla] 29 2929 EghEo] Eorh ol 3@ 29
X9 AL vAA Aleld A A K7} TROUBLEZ} DISABLED
2 PEyo] FAHAW 2tk A9]3)%: INOPERABLEZ %3}
Ho] ARE FRR= o g8 =7v Aoz guHEch

RE Hsh HANAN 2R BHAY A5E

229)] ‘}QZH £ 39

3 AYEL 2 299 7 % ROQ} EO7} 7t %s 3%, TO
= 167%9th olol vl 3¢k A9 A+ EO9] AS- 50%7)
A5E HPA o SRO, R09} TOY A4 78"?30] 3
At

¥2 Eag s AYHE (9] o)

A8E | w7 3% 1% 08

AT | ¥ | =% | sa | z%

A9x 2%k 3gb | ogk 3uh | okk 3tk | ogh 3th

SRO 3331673331333 0 [ 0 | 0 | 0
RO (333016711671 0 [333] 0 [333] 0

10 l167] 0 11671 0 T1e-10 |01 o
B0 | 333 50 | 333 167|333 | 50 | 167 ] 66.7
w3 [w2]ns ] s (125200 125] 125167

42 2 A

<20 vehd ule} 2ol 24w BAYW 28 294

Aol E& AP EL SROS EOY AHS, 7H7 33.3%,
ROSH TOO] Zfolle 27 167%%) 2o ‘74 ZAHE 9
ok 39 A9 A AMERLY] EFES SRO AL, 33.3%E 2



il

2929} FUEA EOE 167%2 28 293 AM&A}
Hlg] @itk B3] RO TOE & A¥o] AF Qg
A0 ® Yehy, Adbzor rgh 293 AlLo| )3t &
el B AL & & Ak o|HE Ael flow
2k 293 AbgAteke] ek An), INOPERABLES] 7
OPEN#H ¢ H-R 02 7% o] INOPERABLES %A%
% OPEN W#o] TAld 438 A 2 Belg gial
Ao gk
zAtl digdt A4 FPEL 2 29x)9] AL ROVL
333%E M E%OH, EO 167%, SRO TOE 7 & o]
gl AR Zh etk 3¢ 2939 44, SRO, RO,
TOE

43 AzTEeHeA

TROUBLE®} DISABLED F-Eo] AFTE HoAd uidh

Y AAL ZAEIATE 24} A3 3 A9H AR
Ao W FE95.8%; 23%)0] Az HEEA] FREOo} §
$H3Y ;. = E SRO, RO, TO7} FEo] Fasiciy
sgom, E0Y AT 833%0 @agct olasl
39 A9R] ALY dlREo] 2 292 B
of tial FgAds B Fuk.
2 283 ARBARe] A9 AL dlAdRbe] 58.39%(14)7)
AzEe] dasitty ST AEE TROUBLEH
DISABLEDE. FE& 7o thafre 209%GH)7} =40
Bhel FAol| RG] dEE v|F 4 qlvkn $gslarh
ol 29t 29 AMEA} 3 299x] Abgate] HlE| 2
A2 WA g FAHQ 7o) AhHor HALS
EbATH

FAHY WA, 2@ A9 ARz gRE
(79.1%)°] 3% 29AE AL Ago] e AoE ¥
Hom 3¢ 290X Algalo] HlE] 2 AR AR}
A 789 Fade A vehd e 29 294 o
3 ol= AE WEEI QS-S ujdith whHd 3¢ A9
Ao A AL AR 83%(28)Rko] 2%k 29 X]9] A}
& Aol UM webA 2wk 29)%] ARgale] ~9x W
ol tigh AR zko] 3 2902 Algald) vla) He AL,
294 xo] MEH HYo] 21k AR AMEA A G
FA7] v ozt FEHT

T
3

ol i oo L

A S

L.
=

5. Al o) 2412] 8] 2134 97}

Overall Workload Scale-g ©|83}ad 2 - 3¢k A9 R)9] AL&A

of s} FrtstAi<ag 2> & A7 A 23
o tis] ~91A] AREe] o], 4o Ex ofYthe o

ofy

3

SI4 10074718 52 R & Bl Tl
242 2979 AHgo] otk A2 et

5.1 &9l

A5 Ele dig 239 299 ARRAHL <Y,
@>¢} 2t <a¥ 2, > 93l% SRO, RO, TOY A<
3T 290X wlE g A9 A9 Algo] ol Aom
Uelston, EOE 38 2939 AHE-S offA “7E A
o2 WAt e 2" 294A ALEAY AA Hito]
377408 39 2929 254" BlF 1237 =o} A
Aog 2t 29X|9] Algo] bt Ao nlF] oS
Aoz HrE AT o]H3t x}o]¥: Newman-Keuls 73 A3}
ik glo3gk 293 A8 o)zl BAFoE £9
(p<0.0D3HA JERY AE 8919] A4 3tk 29 ALE-
Aol 2 29)x]of nla) =31t

—e— 2C1 AQI%]| AFBR} —m- 35k A9IX] AFBA}

50 S S
45.9
40
30
=0
80
20
10
O — S
SRO RO TO EO =
@ & <!
—— 2CH ARIX| ARBX} - 3T AQIX| ALK}
50 -
L
40 !
30
wa
o
20
10
0 L — 1
SRO RO T0 EO e
b % 3
Y2 29X 9 ALEA H7)
52 %%

295 22 g3 AMEA Wyl A As gl o)



F2A AAH A YIPIY S o) 8 €AY AL

g AMEAY A9 FARH UElRT<d¥ 2, > &,
SRO, RO, TOE 2@ A9x|9] ALgo], EOE 3¢ A$A9
Mol o ol AoR 77} HrEQIch 29AE T
& 29 29A7F 967, 39 29A7) BIYoR 2 294
7F 6574 Bk o] Ajole EAFOR #o5kx ottt

53 29 WA

Likert’s Summated Rating MethodE o]838le & 17
FAOEE dA)A 27 2AE 3T 2YAE, 3T 29
Ae 29 A9AZ wASES o oo tigh 29X A
8§49 2ASET, A7lAE Brgel ALSE 294
o] AHgol AT As Yehd

4% BAARAN 2A4E WAL A4 30 A9
AHEAG8 2 2913 AREAK2.95)e e A A
2 2go] t% of 9 Rz SHAG<IY 3, (>
o] z}ol+= Newman-Keuls ZAA AN F98 Ap<0.0)oE
et 3d 294 19 2R el via)

297 WA 2AAE & 4 Ak

O2¢k A91%| AFSA} 3T A9|X| AFSXL

3.8

O.EI.
EY]

3.7

|

3
w
o

5
T

L
o

SRO

(=)
no
w
o~
o

05
il

(@ &

o

025 A2|%| ALEAL W3TH A91X] ARBXL

3.5

oF!
EY

3.6

|

—
e}

w

w

O e —————————
e —
0 1 2 3 4 5
a3
DR

& 9ol e ALY 5L

393 2942 ¥3E 7MY
NE gelolet 22 237t

294 2AAFANE AF

FA ofuk Al o] 2915] A4 A4 FYE H} 59

Vet <18 3, (b)>. 29X WAHAL 39 29K A&
(3579 of#fFol 27 A9 AREAK2.9H) His) £ A
o7 wFh o] o] I FAHCE Fodi(p<0.0n)
29H 24 AFAME 3T AREAbe] AR WA o
3 ARo] 2tk A9 AMgAle] HlE Ate AS o
F Utk

A3t upe) 2ol 21k 293 ARERLY] diF-E(79.1%)0]
3¢ 29X E AN AYo] dden 3w 29X Algat
o A% 2AF didale] 83wl 29 29X AL
Agol Ak webA 2 -3¢ 29x9) WA tE AL
2 Aezke] Byh zjol 2wk 29A)9] o)A Sldx 2zt
Ao 2924 AHE- BE9 oo Mz Y F
lom ol wmedh AFs 47 sf4o] Pasiga sl
ok

6. A5 Autz) 2.0 93 &< 73} P}

Ao A= Small Break LOCA A 22| F 2 -39 29
AHES} #EE AR tid e gAF et
Hrbstglck oloh oAl 2YAe] WA, 5 2" A9F
A 3T 29RE, 3T 293 AHAE 2 290X
- AHEE Aol diE A RaE wrtek et

AR Ao 29 9 3 2939 AR #E
AL 2AER, 9830437 7 2 3045719 W
A AzpAe] vled A8E YRR ARSI ATHEEA
AK1997,1998). A71ell A A= B7E Bl 27 290
AHgALe) 39 293 AR dis] FUE ARLERAE
SIS AASIATE ROAE RCP $-7 3 LOCA 7
$l AEE<Hi3, @>, TOAAE 10CA F-947F AHA)
Fke W Aol & A 45 AuER A
th<it 3, (b> EF E0Y A, Ad dE 4 2 o4F
Hojoh #dd £Ag AR AueR 2Hs%T<R 3,
(©>. SROE AA AfL WA 238 AR A= @
do] gliar wesof 2 HrtoA A9l AT

>

[

>ty v i

i

i

6.1 A% A2 9 of th 2] -3t

A% Aueled @ $A99 Jdvshe 18 49

2. 240 AQRalE AWER ROE BE B89
oM 2% 2907 AHgel td e} 38 29A

Hlg 28 Ao HrEUT<a™ 4, >, 28 293 A
43hs RO9 A9 ulga o] wE ARt Mg =%
on, ggor 2Eg s 9 ARMY o AAH 87 F
o o]tk 3¢ 293 AMEAY] AfAXE HEta Tl
e AdHaprt 714 wgen 2R Yad 9 A
3 QT 59 $Oo2 APYNEAE =7 AR Ukt



60

3. 784 4908 9718 98 A% el

() A F- AlU] 2 : RO RCP &

rE
ofy

A W LOCA B¢ 48]

(o 4 ubgol iyt 2 Y BmrEa) Z:‘]*P"o’)

1. CP7} AZ-01 "2 Jziaf E
L] Felsit) grer 23 2ol

7t otk ol AAlgch”

]
o

Fe& 43ste] LOCA ¥-3 A g A=gch
(h F&F HeE Hgoh whet AExl ¢jodchd

AW Azl B Legich gt AelFx]

2y 12& AR 2
5og FHz|uct

ebgrrid 4

() THE g Bl oW ATORe tdol Hge
steigie).
COW HAbs (XA H] AAE 271 % ks A

ghel cow AECEAe edo] HelE® A7)
Al A Egct
(4) RCGVS i1 T2 Z2 9 7id7]) A& Felgich

ghok Ag|g] kot £E o8 Aszjgirh
(5) SDS HH*} QE}E Q"]ﬂt} u]'(ﬂ: 7—‘18 i]zl OL%E}
H s=og Zelgich

2. TS BF #ldle LocA THd §-9]8 Helsitl
(1) CVCS & Ze|WE 7} xpgtE]| o2 #elgic)
(2) BE RCS A =23 Ae|yRy} xgiEiglex] FHaol

gtct

(3) E RCGVS ulj7] Agjwie sl agig)gl=x] I3t
E},

4 B2 sm Ae e 7}t 2erE o=z #elgic)

(5) } gelste] cewEe Wb f&Fol ¢&s
%M?}r}.

SCCW oAb AR EE F18S

- CCw R2EIE 29 219

kel cCwRe] Q7] dol HAEW g #
sWato] e r% x}‘ﬁﬂt}.

CEAEQ RE RCP AR,

- RCPE 2] f"% & HelwE xgh

-RCP UE FE Aewe xgh

- g Bzky) o] A gE gt

(b) A2 AJE] Q. TO (LOCA 5-9) H] Al 4] 23)A}8h

25k A912] AR AL

3et 2913 AE 234

Ol4 Mgl e 2x W BarEA) ZAlAbRh
Ell

Wt 3 Rey &N

. LOCA %17} 7 o
A7bA] 5550 /hee] BARER

g +3ste] scs g
%3] QA4yck
M Eiﬂi 3 Rl WHE ol &
) B3l 23 tfy] WEHE o] &
(3) £%7] th7] YEYWEE o]
2. MsIs7h uAE[ R okerrid, Wzt
o3t MsIs ABEL HEXE 2ta EE 93
oWZste Bob REa EE BA F4E o83k G
F9] & 23.5~90%(WRE §2] )

(ol 4 qhgof cigh 2] 5l EvbEA] ZA AR

L. SBCSE o] &stef Fx| Wzt Mgl 277A] RCS W2HE

KL=

(1) 47171 A& 7HesiH, *r 1% SBCS WH AL

(2) 717t AHE % old, th7|& SBCS WH ALg
qrek SRCS7F 2 A awolm' ADVE Ap&3ste] =]

Lny_} 2ol 2 7A7A] RCS WYzt *l”ﬂtk
2. MSIS7} whAdsla] ekom RCs Wzb W 7l o $3

=

HEAE S/G ¢E Mo T o] FE ¥t

(o) AE A}e] Q.- EO(F

of o ub-gof iy =X Y BRIZA] ZAALgh
17147 dEe] 1239 kgim'A 0)8 BE AYAE
o] 1331 cmH.O ol4tolH, thg Aty :
(h) ClAS7E 25 WAt AGAE Ael dRo)
gher ©hslz] efgkrid

&7 Ael WEE 2F Akt

e
&

~

5

wn
o
oft
M
off
w2,
k)

)
N e
Pia:ied

@ &d Jted BE 7—1%:??1% R L“’—UIE A& 23
Reg HYCH giel BUisd A £5LE A
2

: dxte e 42
el BlsU 2§ £E0R 4
: UL MR Er

1 Ag7] 8ol 1331 emH,0 ool AL AYLgr 2
g 72 57} ‘Q'%‘ﬂ?i--‘d th%é—

YAkl B5 gt}
(1) CIAS % 2h& #Qlgirt wiof FaEx] ¢tow, thg
ZF IHE sUPrt
- CIAS %3158

» .
) &3 M58 BE RCPCI HA dreg 2AERS
el gich
- RCFCY] A& &3
RCKEA CCW JOLT:.L%E Wwy 2]

g 4= -1 a]ggni 7]% B
2. 213\,:}- ?j% oﬁl@‘]o] 105.5¢mH,0 1:1':‘1_]:0]1;8y 2.11# a% :{.l] (3) 'S'T;ﬁ 7}'"5"{]' CEDM L“Z}‘XL %ﬁ%%}% Q(ﬂﬂt}
W2 A4 o8 Ruod 14 oF mue A gher 2@E 3 AdR] Qi &d 7Hs3d CEDM 4
oer e i zZthg 713tk
ek @ £H THsd AR e Yz 2AF wer 2
HElD ol ddrid &3 Thsd (AR Aule] B
Mg 71EA)




724 B4R P g

4 2CHARR] AREK} - - 3THARIK| ARBK)

Wil

(a) RO

—o— 20H AQIR| ARBX} -m-- 3TH AR ALRA}

ol
=
o
o

() EO

(LANAE Q- 2444 8, 3: A7HE 8 F, 4 A4 5 08T, 6 AEYA S

o] 43 YA A&

ZA ok Ao 2915] A% Q1 FY 5 Y7} 61

—— 20 AQYX| ARBX| - 3THAQIX| AMRK}

41

#oteel

(b) TO

~#— 2CE 22| AFBAL -m-- 3T ARIX| ARRK}

w34
w08

* W33
w207

@ & 23}

a9 4 AR Ay Lo e Ared wat

TO9 B¢ A a7 dig FARsle 3¢ 2927}
ERAT 19 HriacleMe 2k AR Abgol @2
AJESE EdT<aY 4, (b)>. E3 E0Y AL uds
TFE AL BE Q6 3¢t A3 ARt AR
3t7F %ol RO ¥ TOS] HrhAdete & BES Holx
A< 4, (0>

Z AHels AHEH ROE 26 229X AR} 275
H, 38 29A AMEARE 07HO0E, 2wk 293 AR
0 ARt 3t A9 vl w4 Jelkth wd
TO9| 74 2%ko] 255%, 3¢+& 23370 & RO9} m}x7}A]
228 29A AREAe] F &AYRsist %}D} e
EOS] 7%, 3¢ 29A]9 F AR} 27 29X R
6138 E=A vhelgdc) 0]!’3131 alo] ¥ Newman-keuls 737
% ROY ZS- BAAHSE Fop<0.0589 2} TOS EO
= atol7} fiith

62 291X WA U@ FY2e

A% Auele o 2948 WAL el 4ay

3g Hrisld<ad s>, ¥rh4s ROSF EOY AS- 39

2913 *}%1}7} XF 2AE AN AP v 299%)
AHEAZE 3F 29X AMEShe 4G Hls) FdRall
=9t} ROE Lﬂi}ﬁ% % 2EHA AN F Ut

Aoz QIAAR 11 9 Hrkal A <1®'s, (2>, EOQ
B ANRE Aejd BE HriaclelA 37 A9 A

A7} 26 29025 Agshs A9 BRI wto
<" s, (0> Yy 109 A$- AAF 9L Az g7
o} 2EY 2 FENME 20 294 AR A g

ML TAAE 35 297 AHEAe) AqdRelt Eavie
189S, (by>.

F AQjRel ZWclxE ROY S, 3T 29K ALgA
T 308%, 20 A9 AHEARE 282408 WAANE @
g 30 291X AR} 28 2948 A8 A A
Fo7h £ ACE UePED<1d s, (> E0Y 99
=3 29A] ARgARe AQYEEr) wolH e, I A}l
© 91go Tk ey TOY F AR 3h= 33dyer F

AU AolL ULk F AUY § AR Ae
Newman-Keuls 423 RO TONA T Zo)7b g1 #)qt



62

e
of

—o— 2EH AR|X| AMBA| —m— 3B AR(X] AREX}

80

70
60

5 50
71 40
KM 30
20

55-——# 56
46— ?

s34

—— 2CH ARIX| ALBX} - 3T ARIX| AMBXL

T
w72 .69

719!

() EO

LAY 87, 2 WAH T, 5 1Y 2, 4
AX AHgAPL 30
297 ARk 3E w A AHgA}

a9 5. 2992 wAde 7HEE

VA%
3%t

2918 AMgR: 2%

BOZtelE frol@ Ap<00522 FHEAT:

63 2913 WA A - ¥ AAyae sl

290x WA - Fo tF AYRste] WIE #43
Ho<1¥ 6>, 28 294 AMgALY] B¢ TO® EE ¥
7FRRleA 29X WA $9 AFEsirt FU8MAAR
RO ¥ EO9 7 Hriagle wep ZAsAY Frtehe
AeE Holi SIt<ad 6, > 2y $HY F
APRste WA Ad v Frkstden olF ToE 753
o ARt F/EE 71549

3T 29)A AMERRY AR 28 WAY B¢
RE HrleoloA] Zrlshe AL HYui<ade, (b)>.
% ZYrste] AL ROS TOt A Ao s 10159],
EOE 5330| F7ieto] 29 291X ARgAe] wls|] 293
HA 3o AR A4 %—ﬂfﬂﬁﬂr.

Newman-Keuls Z4& o|8stdd $-d9 g Hrpaqd

—0— 2EHARIR| ALK} - - SEFARUX| ARBKE

el

by TO

—o— 2CH AQIX| AFBA} - - 3T AQ|X| ALEX}
400
__-ma77
350

300

= 250
g
3 200
Kl
150

RO TO

@ % 2gHst
A7, s HE_T, 6 2EH S £5)
29A 8 A3 Ao AR}
2% 29X E AMES H9-9] FQREsh

7350l o 23t

EO

A99e dalel folde Bustia . 28 o

AN BE 294 939 BT & A9Re 219
o 294 £ W Mg A, o BAG

Zé;‘é AY FodkA] YUt<E 4, @> FHriad¥Ee
ROZ} AIZHE 8 Z(p<0.0900 A, TO¥ W3} 8 Hp<0.05)

A 29 MR mE AgiRete] §938 S A
9] Brrajld ek A9 wie] Ade gle Al

H}HQOM;}

3Gk 291K AMEREY] A9 ROE HAA 8 THp<0.01),
AA Y 2F(Pp<00D, AZHE 27(p<0.05)0014 W7 Aol
Hls) AQRsbt A FUBslkdh Tov AHAd 87
(p<0.03), AI7HE QFHp<0.05), HE 27 p<0.01), 2EH X
FEP<0.05) 59 47] 28194, B0 A4 FAH 4T
(p<0.035), AZHE QFHp<0.05), B2 FEPp<0.05) 5 3
A 83044 @S e AeE Uehth B3 29X
B mE F HYPR3Ie Fhe M‘—f— A s
T3 ATHP<0.05). o] A 38 29A U



F3H AGF A HIPIYE o] §8 LAY TAL: FA o Ao] 299 A4 UA Y= P}

I gl=r-Ruls SR Y-
&0 O 1
7 70 L
80 55 &0 ) — 8
..... 56 s pe—— w5 !
io 50 AN 4 # 49 % 50 e —e 49
I B
K30 ; Kr30 | '
2 | 20
10 10
0= oL — .
1 2 3 4 5 6 1 2 3 4 5 6
il el
RO TO
AR g HHF - e R
& i 400 7
70 | 350 w3
60 ‘ 3 282 T R g 286
% 50 W ¥ 25— 263
o+ ];}_ 250
7140 | 30 200
Kl 30 7y
0 4o 150
10 100
0 50
1 2 3 4 5 6 0 — |
el RO O ED
EO N F A 5a
@ 29 294 AR
—— G -a- Y ‘ ~— S -.- ¥
0 & ~
70 ,‘ 70 568 b
; .G
) s P &0 . et G
%50 852 2 e . 50
I R ko I
s140 0 140
K| +3B8—+30—e0— ¢ ; K30
20 ; 20
10 § 10
0 | e 0 e j
1 2 3 4 5 8 1 2 3 4 5 6
el el
RO TO

wieel RO ™ B

EO T A RS
(b) 3% 291 3] A& Famwet
(RN 272 AAE BT, 3 A0E L7 4 A7, 5: UBLT 6 AEH A 27

Y6 29X WA A - F g Rele W

63



64 o)

T4

H4 29X HA A - F ZYF-31e] wslol o) Newman-Keuls 7378 2 7}

=0 7

(a) 2+ 2~ 9] %)
H7tedl A 97 | AAHF o F | AH 27 A tate L |AEFA £ & s
RO $<0.05 -
2 291%|  TO ; —T )
EO ] : $<0.05 L -
BETEEETS
(b) 3 29|
Hrtasl A 97 | AAF o | AY 27| AT 3te 7 |[2EHA £ F 2gEs)
I Rro $<0.01 $<0.01 $<0.05 $<0.01
3eh 2912 TO $<0.05 <005 $<0.01 p<005 | <005
EO $<0.05 <005 $<0.05 $<0.05
- T3] &)
29 2979 WAo) ATFR) 4T BN FF 238 293 A8H vEd 23 AU 2P 29,
S A F USE HAFE k ol W 2] A9x] AMge tfd EF HPES &3
29z WA W& A AGHate] wsle] e A 3-457]9 2¢ AYA AMEAE HF 3-437] AR}
71¢] S FgshE, 7|2 2YAE AR A 2 HlE 28 AoE et SHYe A4 AFELS 29
29X E AESle AYo], 2X WAL T AE AR ALEAS} 3G A9 AREAR] zGol7} fle A
0w

A
3G AQXE AMEIE MY AYREE 22 Al
BHHATE E=E 297 W@ A - T F AAYHele
A 38 290X AHE HYUAAM HE A 2904 wAo
A5 o 7429 9¥L vA £ Jdox AgEd. F
& ddege 4 2994 WA U 38 2943 A
2o AR ko] 27 2R ARSA] HE Arks A&
£ 7 odtk Aed A AW AR ANMS 2ol AETE
o] FaAo] 2t 292 UL 583%(14%)%0H Hlg] 3
293 FHYL 95.5%23) Dakqith £ Ao} &
A9 ARG HoPolA B who o] 29)A w7
B 3T 2YA ARATE 2d 292 AREAte] wle] A&
o] TS ozl Aojzke A 94| ojHF ALE
it ojed ARLL 2T 293 ARGl & BHF
fell AP 238 29F] A B R o8] E
Aozt F3Ech st 2t 293 AREA] 38
£912]9] ALE AFEL 79.1%0 Yk W, 3¢ 29
AR AA 9] 83%Th0] 27 2905 AMEE Y] 9l
7] WEolnt. ol2ld Fhe ol7h e 293 WA
of ut& Z¢lRste] Mstel %S vizloezin AdE.

o

o

7.4 &

2 dFelMe FH4 FAgRet Wkg olddt 2-3d
29A MM #ddE JHTYRE M- YrRskglth

o2 gk

TROUBLE % DISABLED 4% F#& 3% 293 A&}
9 95.8%7F wt=Al Hesldn $Hsigh T3 o)
5 Ad AN gt 2998 wiFg A, FA &

Aol FFAQ d%g v = Ay SHIHL ¢ &
AR ALgare] A, 2lge] Fio] Hasity $HE &
AYo] 589%cl 1A 3t 29X AREAR] Hls] WA
oS A =1 Je Aoz Jeiger 3¢ 29
|z AdA WAA FAowE Sde] HEFE v 4 9
tha ©@$E Mol 209% E@sted 29% WA U
g Bzl Asr}t 3¢ A9F] A&l HlF] wokr)
235 29X AMEA S Hrisk A, A5 g9l AR
o]

A= 38 2YR7F 28 29X HlE 43 Ao
sy Et 1y 29 2 AFMe F 29A]9
A4 FYS Ao et 3 AE 89 ¢ &
2 AR 2 WAY A, 39 29YA AHEAE
2% 2R AREAL HlE] AR Segio] T oY Ao
2l grhste] 2912 WAl tid R4 A AsE Bt

NASA-TLXE o] -&ated 2. 3¢t 293 AHg3 Bdd ¥
F Augel tidt 199 HH AYRsE Holst
At Hrb Ag 29 29X E AMEEE ROT 3W 29A)
Z AMEEle RO HIE O & ARslE wokth ey
TOS} EOY] 9ol 5 Azt #ol7} etk

29129 WA e AARsHE Jrie 4w 3w &
HAE AHEshT EOY] AR} 29 29X E AMEsE



AR FI) P g o) 48 YA AL

£Oo] ¥la) @ Ao® BHHh Tost ROS) AYae
A 345717 220 345719 Wls) Bk} 1 o]
HEARe felsAE gk

2907 WA A% ¥R Fo & Anale] wste
e 2B 2904 WA e 3 A9AE A
9ol 3 AYRat A F7hehe Ao ey o
ohe 39 293 48RS A9 294 WAel $94
A% Syo) AU 7 449 qclez 489

'“10 ot

o A%
% ee AAET W 28 294 SR 8§
3 ARt Slegont $AH0R felg $EAA
£ ol2A Ragrh 294 WRd Be Agrael 27}
7h 88 3 A g B 502 A g 2
w297 Algo) me $AY 2= e 4 g
A 2038 297 A 48 455 5 5 A o
A8 499 Aol 2Rs) 2007 wael me Fay
sl 270 9

&g rizoggn gudrt
= 23sly $AYe FAF s

S T

B9 A3
T AS 58 2999 Age] AXH FHES 4
sfcha B aeu 71E 2908 AHel o8l 2913
B A% 3R AN R S, olw 4
Qe 57 }% 20 2943 AgAel He) 38 2914

ARERb A ZA) Jeh) B d7ZAse) gt AFs 4
o] ottty war] A9 WA 3t $A Axz)

ojell wt& APRatel Fyh e AAE A3
2 orE Jheshd d4 AHEEQ 29X9 Yy E
AHEEE sk o] uigAsith oy} F3e) A4
YANME dA 27 290X AMgAlE 21 A9 S
P AR 2ESEE F3, 3% ARRA 94] 30
48 ASHE ARANT cras 294 Rey
# A7 wEAE Aoz gddHd wik A9
Hohe 29329 Jh9 7154 548 183 A
7]
A1

2 do g rfr J}-)
o i r°*'

r_>.:
i)
= H

717 & A7 Ao i3k AN o] 91H £
a7 o)gta AR EH Y
HlE XYY Fd4 g}
A AN 8827 2 R

712E g Hoh 3
F Aojutd] hat 4
el kA gl

o @ %o [y i M

rkc: T

sedd s
Aol
FAAAAT 35
2o

Fatoq
Z 71
H A
L
vg o
Ao

€
TE
A9 928 gkl A4
T 3, ol o
=g

éﬂlo mtm
r

ﬂlh

E

I+l

uz*.

Bt AEFAL(1997), R 3 - 45 7] Bl A A RIA, Revision No.l),

S A H AL (1998), DB 3 - 457] Bl HA A, Revision No. 1.

Biers, D.W., and Mcinerney, P.(1988), An alternative to measuring
sub;ecuve workload: Use of SWAT without the card sort, Proceeding of
the 32" Annual Meeting of the Human Factors Sperety, Santa Monica, CA:

FA o Alo] 29 A4 AH FYE P} 65

Human Factors Society.

Gopher, D., and Braune, R. (1984), On the psychophysics of workload: Why
bother with subjective measures?, Hauman Faors, 26, 519-532.

Hart, 8. G. and Staveland, L. E. (1988), Development of NASA-TLX (Task
load index): results of empirical and theoretical research, In P. A.
Hancock, and N. Meshkati (Eds), Human Mental Workload (pp. 139-183),
Amsterdam: Elsevier.

Hill, 8. G., Byers, ]. C,, Zaklad, A. L., and Christ, R E. (1989), Subjective
workload assessment. during 48 continuous hours of LOS-F-H operations,
Proceeding of the 33" Annual Meeting of the Human Factors Society, Santa
Monica, CA: Human Factors Society.

Hill, 8. G., lavecchia, H. P., Byers, J. C, Bittner, A. C, Zaklad, A. L.,
and 11. Christ, R. E.(1992), Comparison of four subjective workload
rating scale, Human Factors. 34, 429-439.

Ttoch, Y., Hayashi, Y., Tsukui, I. and Saito, S. (1989), Heart rate vatiability
and subjective mental wokload in flight task, In M. J. Smith and G.
Salvemdy (eds), Wark with computers, Elsevier: Amsterdam,

Masline, P. J., and Biers, D. W. (1987), An examination of projective versus
post-task subjective workload ratings for three psychometric scaling
cechnique, Proceeding of the 31" Annual Meeting of the Human Factors Society,
Santa Monica, CA: Human Factors Society.

Moray, N.(1982), Subjective mental workload, Human Factors, 24, 25-40.

Muckler, F. A., and Seven, S. A.(1992), Selecting performance measures:
"Objective" versus "subjective” measurement, Human Factors, 34, 441-455,

Nygren, T.E. (1991), Psychometric properties of subjective workload
measurement techniques: Implication for their use in the assessment of
perceived mental workload, Human Factors, 33, 17-33.

Ogden, G. D., Levine, J. M., and Eisner, E. . (1979), Measurement of
workload by secondary tasks, Human Factors, 21, 529-548.

Reid, G. B. and Nygren, T. E. (1988)), The subjective workload assessment
technique: A scaling procedure for measuring mental workload, In P. A.
Hancock, and N. Meshkati (Eds), Human Menial Workload (pp. 185-218),
Amsterdam: Elsevier.

Sinclair, M. A. (1995), Subjective assessment, In ]. R. Wilson. and N. Corlett
(eds.), Evaluation of buman work: A practical ergonomics methodology (pp.
69-100), Taylor & Francis: London, 1995.

Tattersall, A.J. and Foord, P.S.(1996), An cxperimental evaluation of
instantaneous self-assessment as a measure of workload, Ergonomics, 39,
740-748.

Tattersall, A. J. and Hockey, G. R. J. (1990), The assessment of workload in
a complex monitoring and fault diagnosis task. In D. Brogan (ed.), Vimal
Search, Taylor & Francis: London.

Tsang, P.S. and Velazquez, V.L.(1996), Diagnosticity and multi-
dimensional subjective workload ratings, Ergunomics, 39, 398-381.

Ursin, H. and Ussin, R. (1979), Physiological indicators of mental workload,
In N. Moray (ed.), Mental workload: Its theory and measurement (pp.
349-366), New York: Plenum Press.

Vidulich, M. A.(1989), The use of judgement in subjective workload
assessment: The subjective workload dominance technique, Proceeding of
the 33" Anmual Meeting of the Human Factors Society, Santa Monica, CA:
Human Factors Society.

Vidulich, M. A. and Tsang, P. S. (1987), Absolute magnitude estimation and
relative judgement approaches to subjective workload assessment,
Proceeding of the 31" Annual Meeting of the Human Factors Society, Santa
Monica, CA: Human Factors Society.

Vidulich, M. A., Ward G. F. and Schueren, J. (1991), Using the subjective
workload dominance (SWORD) technique for projecive workload
assessment, Human Fators, 33, 677-691.

Wickens, C.D.(1992), Engineering psychology and human performance, New
York: HarperCollins.

Wierwille, W. W. and Eggemeier, F. T. (1993), Recommendations for mental
workload measurement in a test and evaluation environment, Human
Factors, 35, 263-281.



	dfs: 


