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— return-tornormal 7 7 —ANHBRIZ U By hand &, BIEEIZT 7 —4
2K 5072\ (et al. Huang, 2007)
—  out-of-the-loop(OOTL) performance problem(Endsley and Kiris, 1995)
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® OOTL performance problem %[5 <72 9IZ, £ < O TOINTE 2
— Human-centered automation(Billings, 1991,1997)
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— Levels of automation(LOA)
> A EBE O HFERE
> ANDIREERER B A b CEIFYIC LOAs % 4% -adaptive automation

1.1 Intermediate levels of automation(LOAs) and adaptive automation (AA)
® [Endsley & Kaber ®#f%£(1999)

— LOA »##Z%(Table 1)
4 SO RER B AT L ORSBEZ > 72 LOAs
(1) monitoring displays(7 # A7 L A OEAH)
(2) generating processing options(JLEE DR Y DAESE)
(3) selecting an ‘optimal’ option (5 72 R i D 4R)
(4) implementing option((3) D& D F1T)
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Tablel : LOAs taxonomy(Endsley and Kaber, 1999)
Levels of automation Roles
kMonitoring Generating Selecting Irmplementing
10 Full automation computer computer computer computer
9 Supenrvisory control Humans/computer computer computer computer
8 Autamated decision making Humans/computer Human/computer computer computer
7 Rigid system Human/computer computer Hurnan computer
6 Blended decizion making Human/computer Human/computer Human/computer computer
5 Decision support Human/computer Humans/computer Human computer
4 Shared control Human/computer  Human/computer Human Human/ computer
3 Batch processing Human/computer Human Hurman computer
2 Action support Human/camputer  Human Human Huran/ computer
1 Manual control Hurman Human Hurnan Hurnan

® Kaber HIZ L AHF22(2000)

EfFEE R > kAl o 72 FEER
LOAs DE W L AR T r—~< 2 A BEZ DR MR L U — 27 o — RO

Z oA
< Tablel DL~ 2, 3, 5, 9, 10 TIT-17-
> EEOERERETIZ, LOAs BR@EWN e T =<V ANEL 2D

S VAT APRESEERLZ LTWAIREETIE, LOAs MR & X2, HefEE
DIRBBHERE L 72D N7 =~ ABRRL 2D

® Kaber & Riley OHFZE(1999)

AN DU —7 o— Ro#FF L OOTL performance problems %/ &€ 5 7-

BHDOFFE L LT, adaptive automation(AA) & 2%

1.2 Human-automation interaction and human information processing (HIP)
® Wright & Kaber (T X 5 HFZE(2005)

F—LDIRT —~< 2 A% LOAs DEWNZ LD

<  Monitoring ® H#f{bIZ, F—2WNOaTI2a=bF—Ta IEEELHEXD

<% Generating ® HENMUIZ, F—LVU—T DT 53— A& @D D

< Selecting ® HENLIX, F—LDHHAEZIKD S

SyH7

® Kaber 5|2 & %AF%E(2006)
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(1) 1H#H O HSFMonitoring)

(2) 1E#HD53H7(Generating)
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(3) 1TEIDOWE(Selecting)
(4) 178D 51T (Implementing)
—  FERRR
> FNREEEREIX, ERARA RV NORRIANTH D
S ATEHOWEDOHEMEIZ, V—rr—FE&Ed S5

1.3 Model development for levels of automation
® Lin 52X % LOA PREDET 1(2008)
—  Skill-Rule-Knowledge(SRK) human behavior classification framework

—  AROIRDLE T X > T, #hE(monitoring, generating, selecting,
implementing) ® A &b % R E

< Skill-based @ I A
BUEE ORBERH, WOTBHOERBZIELWA, [THOFETIZI AND
L85 HEEI R L)
— implementing % H#{L 5 5

< Skill-based D& x
BEE OB I AWEn7e L)
— monitoring % H#{L 7T %

< Rule-based ® I A
WATAT DTN OB, LBFE LWEERICAR S22 WA GHE O 2 R)
—  selecting # HEWLT 5

< Knowledge-based ® I A
IRPLER D LR KD ANl Y) Z2ATERR E T L=
— generating & H &1L 5

T, VAT A0 LOAs Ol Th b, L L, Hix e LOAs OS85 ik LT
WDWFIEDTON TN DD, SRR FIEBITO A A o a b r—/b— LD T
DHOR, HlIHN—LDT T ZNACD NHIER OFEEEL R > T2 b DITD 720,

AWFZEIL. NPPsUSF /15 AN O SUIRAN T D LOAs DDA 42+ 5, LOA D BRI
KELTE 4 OO LRV EH -7V Ial—Yary AT Ao T, EBaiTo71,

2. RE

2.1 H®
® NPPs(Nuclear power plants)iZ3\ T, LOAs OEWIZ LDV AT LOEED R
T d =~ S ADREE T D
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2.2 KEBRSmMA

TR DA & RFBE 20 4tk 746, Bk 13 44)

20~28 ik

19,720 124

AT LEEOWE O T- I 16 FFHILL E@~4 F)D h L—=2 7 2% T2

2.3 EREE
® PC(1280x1024 E=% . Pentium 4 3.00GHz) %> T47 5
EERFEIZ, Huan 5 (2006, 2007) & Yenn 5 (2006)(Z & > CTEMA =@
PCTRAN(personal computer transient analyzer)>” A7 A & @alarm processing
VAT LOEIERR &AL
o DL@iIA—Hxy F&Ir L THHi

2.4 EERRE
2.1 Y TARY
@ AALFRATHPTT U FLATITOND
® KRUA hAR— KN LE®D’signal” & noise” % & L, IRET 5
— signal & noise IRV A FAR— R EORW Ry N TREIND
signal : /RN K>y R 25D L =
noise : RV Ky F312DL X

Table2 : The four out come of signal detection theory in the secondary task.

$®:: Signal @35 Noise
Rephy “Signal” Hit False alarm
Reply " Moise"” hiss Correct reection

® Hit =, Miss 3. false alarms 3, correct rejection %, SiRff & Fedékd 5

2.4.2 ALV RY
® PCTRAN > A7 A% f#HY % (B

— JRFEHIE Y X 2 L— X OO &, HlEEO#EER &)
— 5 OO false alarm
— ZERTIE 2 20REDNTNNTITDOILD

(1) Integrated Operating Procedure(IOP)

» LOA9 & LOA2ITHYT 5 2 >OEEE— Rafi>
(a) Supervisory control (LOA 9)



2010/03/05 fim ek Y . P

2.5

2.6

LOA O L~L 9 [T
(b) Action support (LOA 2)
LOA O L~UL 2 |ZHE2Y
>  “semi-automatic”’7R % > C Action support E— RNIZHI Y x5
>  “manual’ZR % > T manual control(LOA 1)E— RNIZUI W x5
(2) Abnormal Operating Procedure(AOP)
> ZORETIHE, 5207 7—ARBLEITHREINTND
B) WMENAEZTELVREY TV T, TI7—L0ED
» LOAG6 & LOAS TN T 5 2 DOE/EE— Rafi>
(a) Blended decision-making (LOA 6)
LOA O L~V 6 [ZF1Y
(b) Shared control (LOA 5)
LOA O L~L 5 [ZFY

EERETE
ERBINFILT > X LI 2 7 —F1243F 5 5I0P & AOP 22 £ 10 A)
FBRIT 20 20 % 2 [11T 9 (RIZ 10 0K Z HL D)
T2 - LOA @ 4 L~UL(LOA 2, LOA5, LOA6, LOA9)
TR AEE
(1) 2T LOENEE DT — 27 1 — F(NASA-TLX % ff 9)
Q) $THAT DT g— ARG & =T —)
(3) HfEE OIRPLFRFR(SAGAT %1 H)

EERFIE
EBRIFILL FOFIETITHON D
D30 ML —=27%179
(2) 10 sy fElRER
(3) FBRATOIRIFRH A M E (SAGAT %1 9)
(4) 20 A A B A7 ZATD
(5) IRPLEEFROMESAGAT) & UV — 27 v — K OHlEWNASA-TLX)
(6) 10 sy fElRER
(7) 20 A A B A7 ZATD
(8) IRILEEFR DOMESAGAT) & UV — 27 v — KOl EWNASA-TLX)
9 v—7 m— FEHENASA-TLX %)
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2.7 SAGAT & NASA-TLX [CDLMT
® SAGAT
— RGEE OB EITH WD
— RUEEER DO L
Loy 1 A3 E TWD Z & OHEIR
— BEEEO 2 R =R DALY A XZONTOERM
LoL 2 AN & T B O ERfiR
— aAAR—F hOEB, HERE. B, T3 R —x
> FORER ElT oW TOERM
LoUL 3 IRITAIHSEE & 2 o T
—  BUEOBIEREH & Ak OEME D TR SV TOER

>FNEhAaT7bT 5

® NASA-TLX

— U—7u— RFOHEICHNS

— 6 DDFEE A S ()
(1)Mental demand
(2)Physical demand
(3)Temporal demand
(4)Performance
(5)Effort
(6)Frustration

=>AaT7T 5

2.8 {r&
® LOANELRDHITHNT
— U—7nu— RFERWRHITITRD
— YT XA TOROSHRFRITELS 785
® LOAMELSZ2BIZoNT
— YTHRI DT =KPEL Y FOSREPEL 2D

3. #HER
3.1 A42YBRHIOT—4 O—F (NASA-TLX)
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® IOP & AOP DLk
BRERETIRLONRNoT
® LOAs DL
4 SOHBEYL LIV HEREN RS- (M8, 36) = 3.36, p=.029)
—  FAREOREE, LOA6 & LOA2 ORIZAHE R ENR L7 (Fig 1)

3.2 HITRRIUDNIT#—I R

®@ T7—(ZOoWNT
— Table 2 @ Misses & false alarms D & 3T —
— 4AOOHELIICHERREIALON N7

® ULKFEIZ DWW T
4 SO AL LT HERZN RO (FS, 36) = 7.44, p=.001)
—  FAREDRERE, LOA5, LOA6, LOA9IZLOA2 O L & X 0 USHEM A

BN 7= (Fig 2)
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Fig 1. Main effects plot for mental workload. Fig 2. Main effects plot for response time.

3.3 RRinEBE
ROV TOERMICEL T, EL»-o726 2 A, MOMICAE->THE6 14, M
HEOTWEL0BRELTAaT 227
® SAGAT O level 1 {25\ T (Fig 3)
4 SOOHBEL LIV H B REN RS- (F38, 36) = 3.34, p=.030)
—  FREDOHEFR, LOAGIZILOA2 LV AaT7 NEEICEN-T-
® SAGAT O level 2 {25\ T (Fig 4)
4 S>OHBEL L ~IVICHE B R ZEN R LT (38, 36) = 6.25, p=.002)
—  FREDFERE, LOAGIZLOA2°LOA9 L 2Aa 7 BNAEICEI >
® SAGAT O level 3 {25\ T (Fig 5)
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4 OO HBEL LU HBEREN R ST (M8, 36) = 4.02, p=.014)
— THARBREDOHRE. LOA6IZLOA2°LOA9 LV 2 a7 naEICE -1

Kaber & Endsley(2004)3, level 2 ® SA & NASA-TLX [ZI1FRER13H 25 = & i L
72, F7=. Wickens & Hollands(2000) £, & 7=, adaptive automation DE T /LR L7z,
Beoid, MmWAZNVT =7 o— R ERWEEEZ VLB L5 2 A 271%, manual mode (27
HEIITRE LT, T, KN A Z LT —7 a— R ERWGEREVE L 525 % A7 T,
full automation (235 X I ITHRE LTZ, RN A XL T —7 o— R L& @V &2 V3
LT DKW, mWU =7 — FEERWNVRERBEZLE LT 5K TIE, adaptive
automation Z vy, D L~V EFRHES S,
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Fig 3. Main effects plot for level 1 SA questions.
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Fig 4. Main effects plot for level 2 SA questions.
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Fig 5. Main effects plot for level 3 SA questions.

3.4 HBHEHMELARIILZEFERTHERICDOLNT
® AOP TLOAs OEW L~UL(LOA 6) & fiftezinE OElIE L, IOP T LOAs O

L ~UL(LOA 9) & [F T BN DEIE1EFE U Th - 72(90%)
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® LOAs DRV L~ULDE X LD EDL-ULORFDIE ) M, U—7 1 — RMEL S
FERIAAE W B 220 57, planning(generating)’ & 'decision(selecting)’ (Z- D\
TiE LOAs OV L~UL Mt 3%

—  EBRSINHE L, ﬁ@J ZRTET DL LOAs ZAKW LU T 5 D& 4
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Fig 6 Subjective ratings for level 2, 5, 6, and 9 of LOAs.

® KAFFETIE, LOA OFEWNC LDV T X AT D/RT —~ 2 A, KRRk, 7—7
0 — R%& g L7z
— EBRBMEOU—7 11— KON T
LOA 3m< 221225 TC, V—7m— RHES 2 5
—  FRUTHE, YT R ORGSR EL 725
— CRWEEFKIZHONT
< Endsley & Kiris(1995) D5 R & —#%4 %
LOA Mt 72 R5i%, full automation 72 & & X 0 ARIGGEFRS B W
(FRIZIRILERRR D L~ L 3)
> RBFZETITE 512, LOA MMEWEE G IRBEERNE N - L 2R LTz
WO L L1 L LV 2D e &
— LOAGIXLOA2 LW Ra 7 RnFEIZEN-T-
— BT HEAZIZONT
> BUSREH]
LOA 2 D, fthod L~L L VY SR 2N o 7=
—  LOA BMEWKE, AA X AZIZEVEBEEZRTHILERHY, V7
B ALY DINT g —~ 2 ANTED 5 (Kaber & Riley(1999) & —%0)
® generationGEIRZ DHEE) L selecting((TEIDPE) & implementation(fTHE) D 32
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T —1K{ L7z LOA(LOA 6) TiL, RIWFE#1 <. 7V —2 m— R HEn

—  LOA MEWEA(LOA 2 ° LOA )X° LOA 3@ WA (LOA9) L ik Lz & &
(2. LOA 6 [ZRILFR# A= <. V—7 B— FHEN

HEMLIZY —27 v — R%Z FiF 573, full automation (F35%8)D L7z

— OOTL performance problems % 5| & 2 Z 372

monitoring(#%1)<° implementation(fTEI D FEIPIL, 7 —2 12— RRPEEFHIC

WEEH 2700

— L& L. generation(ERILDOHEZL)RC selecting((TEI DR ENTHEL 5.2 5
(Endley & Kiris(1995)<° Endley & Kaber(1999) & —%)
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ARFFETIE, Bz e BEME L-UZ B W TOERI T 21T 72

— Endsley & Kaber(1999)?® LOAs & ZDWRED 7 L— LU — 27 %, LOAs D
WIC K DU — 27 b — RO DB Ll A S iz

=)L FIRRR— A DS & S3HT LTz

— 0Lt a—~wrxzT -zl BE{LDO 3 DOE—F
(monitoring automation. generating automation. selecting automation)%
HEES 5
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