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ABSTRACT

Objective: The purpose of this paper is to introduce a task complexity model combining task design aspects and complexity
dimensions and to explain an approach to identifying and organizing task complexity factors based on the model.
Background: Task complexity is a critical concept in describing and predicting human performance in complex systems
such as nuclear power plants(NPPs). In order to understand the nature of task complexity, task complexity factors need to
be identified and organized in a systematic manner. Although several methods have been suggested for identifying and
organizing task complexity factors, it is rare to find an analytical approach based on a theoretically sound model. Method:
This study regarded a task as a system to be designed. Three levels of design abstraction, which are functional, behavioral,
and structural level of a task, characterize the design aspects of a task. The behavioral aspect is further classified into five
cognitive processing activity types(information collection, information analysis, decision and action selection, action
implementation, and action feedback). The complexity dimensions describe a task complexity from different perspectives
that are size, variety, and order/organization. Combining the design aspects and complexity dimensions of a task, we developed
a model from which meaningful task complexity factors can be identified and organized in an analytic way. Results: A
model consisting of two facets, each of which is respectively concerned with design aspects and complexity dimensions, were
proposed. Additionally, twenty-one task complexity factors were identified and organized based on the model. Conclusion:
The model and approach introduced in this paper can be effectively used for examining human performance and human-
system interface design issues in NPPs. Application: The model and approach introduced in this paper could be used for
several human factors problems, including task allocation and design of information aiding, in NPPs and extended to other
types of complex systems such as air traffic control systems as well.
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1. Introduction P AAQ) QAR 14HaAL glvk(Ham et al, 2011).
whebA] Q17 =S EAstaL A5k 212 W AT
=9 B9 o]tk (Wickens, 1992). Thekst @ A50]

A2 4 (NPPs: Nuclear Power Plants) 9F 2+ t] A7 FYTe APHAOR JEFE XL 9SS B A
FAAEY] b S FREeT 9F TR 55 &3 ¢eIA th(Sheridan, 2002; Vicente, 1999).
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I TR BikEE Q1A SRkl tFd A oR %
= VA tEARD @40tk (Park, 2009). T12HE tEY
Al zglol A o] Q1A o] e fleiAE Hiteel
g AAARD A7t Folet & 4= vk

tHA 2Rl SR 7é§”5}7ﬂ Xq«]6}‘3}% AL Al
2 do] obdrh TEA B B3t A7ES H3wel

sk theFel g o) shellA A7t WegE| o] %hﬂr(Honnagel
and Woods, 2005). 71213t t}aFst FoE9] Aol 1 A
oj5o] Batst QI —A|AH AT Ag0] oW SHs T
Ao 2 gl QoA v|EE o Gill and Hicks
(2006) &= AAA] ATF=AIAE s 2g-7 #ds)] 13719

BT o} s A 0|57 Foli Al
A ool 45AE AT offl FHE PEsherl

ofsl e,
BT Qe BRI A8AA BHow ofg §3e

BHE7F BREo] gt} AFskel 2l (Situation Awareness)
©F 3t Endsley s} 719 TEES 7140 AAH &

Foll A QIzto] AAF o7 QA sH= Bt o2
o] vpFdt BRE RS £
(Endsley et al., 2003). :/_—E—O] Rl
o3 Ak 71eAR A" 752

714 A28 BFE (technical system complexity), 71
€ (human operators) ©] ’\]*E“—O— A]»%E}ﬂ 93 E]—-?—O]O]:

H—-
ook uFo A 27 Yo] x]x%x% Of?'; L__7]]7_ﬂ i

[}
% (apparent complexity). W3 B35
= -

%% (cognitive complexity), TlAZ#o]/Q
J-O Bz

Ha

¢

= (display/perceptual complexity),
(reactlon complexity) 2] Al dejlZ ] F-#|gt¥lt} Li and
Wieringa(2000) 9] 7% B2t WAoR oy B35
o F3& FEska Slth 1Ee] T HREe] 3
231 Zth AF-EZAE (task complexity), 374 3%
(process complexity), A|oJA]2~8l BEZ% (control system
QlE]Hlo] A~ EH3E (human—machine interface

complexity), 802 2w HF% (perceived com—

|

complexity),

plexity).
Aelx AFst= of2] F39 FFErt FREe] $A
v ARA EAE (objective complexity) 9F T2 Bk
= (subjective complexity) 2] F-io] 914 F3%= A9t
A8 7P 9 e T 59 s Aolth(Li and
Wieringa, 2000). 2134 535+ 7|E<Hoz AAd &
Qw A3A Qo] osAut FAo] H= Brrolrt B
o] 34 BATE= Fojx ARA BAw

= H T iRt BT HJ—% q
oA AAFOR /3 QAskeTtel ta Apdeltt
B FRHE BRTE Qzke) A3 AP 2 A2

o
e Ame) e BE 4E 4 gk w% 3
A Fewe] Brhw o4 wS Few ovE At

(Rasmussen and Lind, 1981).

O79d AgA BREel FHA B E FEHoR o
H3 7 vk 17 FYEel BT A AF-ellA
wj-$- f-elg Aok, AFEIE (task complexity) 9] 71
o] olgfgt HAow f-gatA &8E + S Zolth(Ham
et al.,, 2011a, 2011b; Liu and Li, 2012; Park, 2009; Park
and Jung, 2007). A go] a8k AL 74
EAORNE] FE V|shs AWE BT AAE el
A A o] Faof = AFE B O BREe B4
o] @ol WiJHrh, AR B AN HAe-E 2 =9 A
214 A5-(procedure—based tasks) %5t o} d2]4 #
21719k A5 (principle knowledge—based tasks) & X+
oA HFA A AEIO] AMFpA Bl Exo] wo| vl

o UL % 5 Yk wF ek 2y

=
ZS}TE

o] AAF o r AR FHREL S-S 7)1 Q1A
stHA FHA BEXEE FAgstta & 5 vk 2ER
AFEREE AR EREe) 94 5459 oud A}
o] (semantic gap) & Q43T F&3 Jd41E 9 9&S
stha g 4l

oko] Mo 2 HE thEA|ARloM ] QIZF-A|AE] AFS
Zhgy BEE geokdt BT S ARERE Ay}
F3 ouE Adrk= 2S¢ 5 vk 2R @A o
Al2Elo A WSS A=A A8 AT ZFg-ol| A 9] Q1T
A=t A 9 ARE APste AAA A 54
< Adt}h b AFEREE QIR X4 A1 ]9
A BIME o] itk ek AFEREE ARAL
g o)A W JEX ]%’\]i%ﬂ %"ﬂ o 1 @57} 44

& olek. o Aol A
Qo) vt AU~ 2 e AF ek
a9 o) it APl e sbedel drk(ing,
2004).
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54 A8 52 27049 AFE S vleE 9
S5 oY Aol ga et lth(Liu and Li, 2012). &
Hillburn (2004) & FF-aAA 2 EloM 9] AFEHAT 2405
AHLEA vhelsta EF8ch Park (2009) 2 A1k
29} 2 FRAAANH A Y] AFBHE QA4F 5714
2 253 710 719kl TACOM(TAcom COMplexity)
olgh=s HPE AFst A=E /NEselch Thelwell (1994)
o] A= FAAIA AL AFEG T JFS v
Qo] thdt £ A T o do|uth AAZMA] thEE
o] AF7E ANARD AR Ao Ao B S wH|
T 2aE A7 gheh 2y FH2edl "ol 7nket 252
F90] FosAEA | AFEHEE JFTS v|H|
e

o gk A% =74ska Utk o2 Rothrock et al.

Ha aiOte=

(2005) 9] ATE= ¥ AFEFLT G wx= 11719
LA2E goltala o]5S Al 9 IE(FEY WY, A9
T} A wedd) o A seglvh
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getsta A gbek= 489 5 Qs AFEHE BYs
Mk Fego] oSS 7 Campbell, 1994; Ham
et al., 2012; Horsky et al., 2003; Liu and Li, 2012).
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2. Model-Based Approach

FEATERE A A7 A A AdeldA A &4
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Work Domain
Task (Interaction)

(Systembeing
controlled)

Functional needs of a task

o~ ﬁ

>

| Functional aspect | ’

The goals of a task should achieve |

How to achieve the goals? Why do these }ctivities are

condudted?

Behavioural aspect | ’

Cognitive information processing activities I

How to expréss and struct

. i en )
uralize the|activities? inferted?

What uctiv%es can be

| Structural aspect

” Task expression, Structural forms, lexical aspects, etc. |

Figure 1. Three design aspects of a task

235 214 (design dimensions of a task) ©]t}.

H -
¥R Avlehs ATRAE Bge) AurAel g
3o

A AR teow wrh FAH fes 7145
2} g},

R o
2

2.1 Design aspects and complexity dimensions of a task

AY 1 AAE A AF) Axgo 1 )
2R £ AR Ropel Ao Ay BEe 2

i=4 al = -
Fodel HegsE ook me T A R elA
AIAA Ao A4do] ad &= glojof stk oldt A&

3
1 o o] AARY By FolA Vle-dH-T=
(FBS: Function—Behavior—Structure) ~z Y%= (Gero
and Kannengiesser, 2004; Vermaas and Dorst, 2007) 7}
ARERE B S sk &8 & Stk
FBS ZHU$aE AlAR =2 HAE (artifact) & Al 7+
A A S sk Vs, AH, R AIAEE] Vs
Dl— ,\]/\Eﬂo] AJA]Q 11%791?_] E.Eoﬂ iyezlﬂr/]. z‘sﬂ
& Al A SHorRE VdHAY EEY
32 oulet AR Aladle] dEehs 23 whdd
it‘r:]__O_ 7]_/\]7601 /\]AEﬂg] :rL/H O/RQ}_ 157}3]

re
rlo
::’

oo e
4 4
BN o
_IZi

Hdd 7 AETy & FBS ZEld¥as AlARe] A &
W AR 48 Bl Al 7HA] FEo R e
RomL siAdtt 3t Al 7] vkl SR WAl
2~k $7 (goal—means relations) & #HellA &|4E

4 J
X2
o
2

G i B R E B i o F R Bl R B S

-

3} 7o g wo] #8%+= Rasmussen(1985) 2] 443}
A% (AH: Abstraction Hierarchy) 2+ 2u2d wil-$- -fAlsHc)

61— 7= o]];]_
FBS Zgd9as 27 4L 7153 39, a9el 1z
o] #AE Ak Ao At o] IS o Al

Aoz Aisty] 918 FBS 23 5709 A e
o} 87119 A W Y-S TRl 5712 A el 7
TE), A5 P B, TEREREH TE2HE FH By,
TZ(S), FA3kE e (D). 8709 W gL 5719 A
A AEHETY Hol o7 FHHHELy 15 ey 7
tk: @A (formulation; F —> Be), £ (synthesis; B. —>
S), 4 (analysis; S —> By, %7} evaluation; Be <—>
By, 453} (documentation; S —=> D), Al 1 §3< Ay
A (reformulation type 1; S —> S), Al 2 +39 AP
Al 3 B AFA

(e

(reformulation type 2; S —> Be),
(reformulation type 3; S —> F).
FBS ZH 95 A2 Ae &&atd AF= Al 714
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Com plexity Dimension
Note

Design Aspect of Task
Size

Variety Order/Organization

Functional Aspect of Task

Related to task level

Information Collection

Behavioural Information Analysis
Aspect of Task

Related 1o step level

(Part of cognitive

- Decision and Action
activities to be

(Selection of complexity
factors is dependent on
the objective of actions

B Selection
considered for
Automation or
Aiding) Action Implementation

(action verbs))

Action Feedback

Structural Aspect of Task

Related to task level

Figure 2. Model for identifying and organizing task complexity factors
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Ao HEFEE d4sks Aol &ntErte] digh A
T {Ege g 9ok 18y B2 dATEe] EEE
A 7] Aol 1yE et S Axsh 27
(size), TFHAd (variety), Z231d % (order/organization)
(Zamenopoulos and Alexiou, 2005). A|A~ES A &=
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k7 4 @450 e s w3t g S
Aot} T3 11 A 24 k
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S RO 1 Q4AE B2
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2.2 Model of complexity factors
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2012).
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A (information collection), % X4 (information analysis),
QAFAA 4 358 (decision and action selection), 33
943 (action implementation), 3= 7= (action
feedback). ©] 57} <1A4 ARAE F5o T
Rasmussen®] 2JAFEd U (decision ladder) (Rasmussen
etal, 1995 & A58 FHof 5A d=s)st ot
T HAR pEE ool she A Ao Fxe} AR
A7) Zdake] B#EAdolt) Figure 32 QA b 404 9
Z71 7] FB 9 (SGTR: Steam Generation Tube
Rupture) o] th-&3t7] 918k A5-dxpA 2] WS HojFrt,
o] AFAAA e o} gl5zo] hFAIARE] AH-e] 2=
Al @AZ A ke ArE oy Al AFE 4
Hed oleldt AR AFE A8 (step) o)t gtk & 3he]
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Emergency Task Procedural Step
Confirming the occurrence
of SGTR

S—— - NN N
SGTR { Froviding g SUTISILI.‘IE"I'I[ safely J w
Procedure injection (S) flow
Checking the necessity of
a stoppage about RCPs

Instructions Contingency Actions

4.IF  pressurizer pressure is less than 123.9 kg/icm® || 4.IF  SIAS and CIAS are not automatically initiated

THEN verify SIAS and CIAS are automatically THEN manually actuate SIAS and CIAS
actuated |
5.IF  SIAS actuated 5.IF Sl flow is not acceptable
THEN perform all of the following: THEN perform any of the following:
- Verify sufficient S flow is delivered to RCS - Energize electrical power to HPSI pumps
(Refer to SI delivery curve) - Energize electrical power to LPSI pumps
- Veerify all HPSI pumps are running - Energize electrical power to Sl valves
- \erify all LPSI pumps are running - Align Sl valves
- Start All charging pumps - Operate necessary auxiliary systems for
HPSI pumps
- Operate necessary auxiliary systems for
LPSI pumps

SIAS: Safety Injection Actuation Signal; CIAS: Containment Isolation Actuation Signal
HPSI: High Pressure Safety Injection; LPSI: Low Pressure Safety Injection

Figure 3. Part of task procedure for coping with a Steam Generation Tube Rupture(SGTR)

Astels FASE 1 wALY tido R ATl X A S AAY F2 8-S ALt & 5 Qi
(HE TEAAZEAD). olest Al Al A P25
yHPE w A5 714 SHy 724 59y #HE 2.3 Complexity factors based on a model
AFEZRE Q4 A7 AN FF(task level) & ©HA 0
A gpotely Faith ey AN ] Wil dE A ObollA] ZvfE AFEAE BPO AREALE 9 A2 1
Fo] BAS GAsy] 93k AR Q1A 4l R A 3 o AAA O R FAAR W oR stotetal Rslehe|
59 Py ARERE 24 E vos|ells 1 o] Y dast dFo /A 271E PAsh=d 5 H3o] 9l
oAk A AN gEF SE e ATEgs Z7F 153 QuE AYE F 21709 AFERE 247}
Q4= A8 S (stepleve) oM 1elE Do) Qvk 79l EEEojof T WAISHAIRE 1 By QA7) Folojoof
ol shte] Aglell A 5709] 1A Fpo] B FAEE 2 dtths 31 WABH] dieth olEfdt @4F EEs] Sl
& of B AREAS Bl dld A5l B Qe IXE A AR JRE gEaor stal A7k BE W F
5 Adsks Zlo] Fasitt A @ Fo] BE eqrEvkal & 4 Qv e e
T Fow FAE BEE & 2119 AREgy BEe el £8-2 F14 Hamet al. (2012) 2 A%
Q27 gpekd Fert Qs st 7 BERE 2Ahy HERE 719 Adel A A0 BHE o
AR AFER L] 1§53 oS Adu) 13 72 4 T A8E o ® 217H9 B3t 24-F Figure 49 7ol
FEAE 94F gotshr] Qe skellA A AAH ARFeFSATE o] BHE QAES sl ofo]al AR
AR (A F AFEA) o] WA MegEojof gt AR Q4 webo] EAy) BA7Le] Bl w thE 24E0] F
Ao Foixl ARE vpgow 1fe 21709 Ay-Eits W8] EEE ¢ vk 28y B9 e4E0] tEval 3
Q47} btk 21 394 s E8siths 3o T 7t 9450 ou)o} 253k #ARAde A q1get
o} FEk o] gA djelEl QAES B F U] FHoA A A3} AFel e ook gt
Tohs MEES o83l f71AoR A% AA 455 Aok 21709 AFEAE ¢ 4of ek ApAFE AL F
Fole] Aol siaE 4= ik o]d ofulefA JiE 17 Ham(2010) oA 8 4= Qltk Aljbe H53te 94
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Complexity Dimension
Design Aspect of Task
Size Variety Ordrder/Organization
Span of Abstraction-
Functional Aspect of Task P e Number of task goals Number of precoditions
Decomposition space
Information Collection Number of vanapfes to Number of drffererrr types of Number.of sourc.es to collect
collectidentify collected variables information
Behavioural Aspect of Number of variables to be Number of different types of Number of cognitive
Task Information Analysis derived/produced cognitively derived variables operations to be conducted
(Part of cognitive o R K o
I Decision and Action Number of decision making Number of possible paths to Number of subjective
aclivities to be ) ] ; o
. Selection variables achieve a step goal Jjudgment needed for decisions
considered for
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Figure 4. Twenty-one task complexity factors identified from the model
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Note:

1. It is usual that several task goals are described in one sentence and not explicitly specified in the ‘Objective’ part in the procedure; thus it should be
carefully examined through reading procedures.

Example:

The procedure for the task “Auxiliary Feedwater Pump Operability Testing” has three task goals (objectives)

- Testing operability and reliability of motor-driven auxiliary feedwater pumps in the auxiliary feedwater system
- Testing operability and reliability of diesel-driven auxiliary feedwater pumps in the auxiliary feedwater system
- Testing operability and reliability of safety-related valves in the auxiliary feedwater system

Figure 5. Example of detailed description and guidance of a task complexity factor
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Figure 6. Process of using the model and task complexity factors
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