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ABSTRACT

This study aims to examine probable human errors when landing an airplane by the use of
SHERPA(systematic human error reduction and prediction approach) and propose methods for
preventing the predictive human errors. It has been reported that human errors are concerned
with a lot of accidents or incidents of an airplane. It is significant to predict presumable human
errors, particularly in the operation mode of human-automation interaction, and attempt to
reduce the likelihood of predicted human error. By referring to task procedures and inter-
viewing domain experts, we analyzed airplane landing task by using HTA(hierarchical task
analysis) method. In total, 6 sub-tasks and 19 operations were identified from the task analysis.
SHERPA method was used for predicting probable human error types for each task. As a result,
we identified 31 human errors and predicted their occurrence probability and criticality. Based
on them, we suggested a set of methods for minimizing the probability of the predicted human
errors. From this study, it can be said that SHERPA can be effectively used for predicting
probable human error types in the context of human-automation interaction needed for
navigating an airplane.

Key Words : Human Error(9142%), Human Reliability(Q17FA12]%), SHERPA, Risk Assessment
(94 %87D), Task Analysis(RFE4), Cognitive Task Analysis(Q1A]|Z] & FEA])
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UthHlLee and Seol, 2010).
RIHQFE d&star AAA
of2] A+ o] QA EIl Utk
(Jeon, 2013).

QI7H] Ame}l mkzke 7t WYY He-, Foigh A
T olojd &= Q= AOA JIARFE A5t
ALE mldo] A5l QR kg2 w9 Faskt
(Shorrock and Kirwan, 2002). @530z Q149
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9 WSAIAY], BAHS B -8, AT Y A
3ol o8l JFE =ty & 4 JrtiMartinussen
and Hunter, 2010).
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= WA Q8 R erron)7t AT 7= w5
=

olgfgt EAIAS 2l & A= SHERPA(syste-
matic human error reduction and prediction
approach)7|<& &8l 37| 25 oA <
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and Holroyd, 2009). 918 272] gHsE ALlst 4
4A QIFMAIFEEA 9] = Y8o] HIE Q¥ QF dI&
I} gl-grget Ajoj2} o & QIt(Sharit, 2012). 14
Q7] AHS APl {8l of=] 7Io] EEof
2ot tiEAQl 7192 SHERPA, HEIST(human error
identification in systems tool), TRACEr(technique

—

for the retrospective and predictive analysis of
cognitive errors), HET(human error template)S
IS KStanton et al., 2006). Table 12 o] 7|
=9 E4 4 AJdS HojEr. o] 7S ARI/A
3 Ay 9] ]l Aol opd Q1F 7Tt WA

1 AR/m2A|20A HSiE odstal, olE WAIsH
7] 93t 5o e Kirwan, 1994; French et
al., 2011).
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2F AdF)ol HEg 7[HE Tefoigtt 1 Zi
SHERPA 7]®o] & A+to] E4o] H4gt o= w
5FTHStanton et al., 2006; Kirwan, 1990).
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Table 1. Human error identification methods(Stanton et al., 2006)

o]
AR

o= ARl IS

Method Domain Trz}mmg Time to Advantages Disadvantages
time use
- Probably the best HEI . .
method available - Can be tedious and time
Nuclear power Has b el 4 consuming for complex
SHERPA | Low | Medium |7 % Deen extensively used | pagks
Generic in many domains
] - Extra works may be
- Is quick to learn and easy | eeded for HTA
to use
- Very easy to use, little - Can be tedious and time
training consuming for complex
Aviation, . . task
HET Generic Low Medium | - Taxonomy is based on asks
pilot error occurrence - Extra works may be
- Taxonomy is generic needed for HTA
- Appears to be very
comprehensive for error
prediction - Appears .complex for
) ) ) o taxonomic error
TRACEr Generic Medium High - Based on sound scientific identification tool
theory
. - No validation evidence
- Can be used predictably
and retrospectively
- Uses error identifier
prompts to aid analysts - High resource usage
HEIST | Nuclear power Low Medium |- Each error question has .
. - Limited usage
associated results and
design remedies
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Zest FEUS vt} SHERPAE F5-HofolA
9] JAHQF dl&(Harris et al., 2005)2]°] o8 2
FollA d2] EE&Eo] It A= Y AF 9 7kA
AL 703 (Stanton and Wilson, 2000), QlZ:AH]A
T2 (Lane et al., 2006) 2 9=&7]7] AR8{Embrey,
2014), ASIEHE  Aloj#=(Ghasemi et al.,
2013), AL AlofdZRd(Lee et al., 2011)00
A9 QIHQF A& AFE & & Utk HE HeR
A 7193} B|ws] SHERPAE AxHd &7 7]4ko]
oA B AgHol1 &Y w2 7IHog dTA
QJtHKirwan, 1990; Harris et al., 2005).
SHERPA: Z2A|A AFio] ARg5}7] 915 Embery
(1986)l oJafl 7/HL=|Jct. SHERPAE AEA 2F &
AHTA)= st 3 AXE wet of HE 55
S AREsto] QU7 EEat IAE 7 A A sfE
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AT ASA &Y BAoM A2 7 ARARE &
AA AT A&Z A3 GAl= 7|1EHoR
AR FAETHEmbrey, 1986; Stanton, 2009).
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5ol tigt HRES HoloF gict. a1 3% &}
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Fig. 1. Typical graphical format of HTA
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Table 2. SHERPA error mode checklist (Ghasemi
et al., 2013)

Error mode Code| Error category

Operation too long/short Al

Operation mistimed A2

Operation in wrong direction | A3

Too little/much operation A4

Misalignment A5
Right operation on wrong .
object AG Action
Wrong operation on right
. A7
object
Operation omitted A8
Operation incomplete A9

Wrong operation on wrong A10

object

Check omitted Cl

Check incomplete Cc2

Right check on wrong object | C3
Checking

Wrong check on right object | C4

Check mistimed C5

Wrong check on wrong object| C6

Information not obtained R1
Wrong information obtained | R2 Retrieval

Information retrieval

incomplete R3

Information not

. I1
communicated

Wrong information

. 12 |Communication
communicated

Information communication

incomplete 13

Selection omitted S1
Selection

Wrong selection made S2

7] 9ol 3EHo® AR B F37] 2F wAet
F57] 2E8 QS &85l tHLee, 2020; Cathay
Pacific Airways, 2004; Delta Airlines, 2010).
FF7] 2FelA 250l BAE FHEA = Airbus
A330-200/300 7152 3 ZEAA(Cathay Pacific
Airways, 2004)2} AT AE(Delta Airlines, 2010)

£ B4 gelstoct. 19T 2% 9] waiw =

S A71RE ol A8 AV ' 4% el
BAEO] e iRSHwang, 2011)2 FashaL,

37 AAl 27 Aol FEv|to] wsARE EY
AR 2FA0A o DA ZGo] o]FojR|=Aof| o
off mofetgict.

231 FF7100A A 7hsdt ARl gk A
BE 7] 98 I AF Q9] I ws ARE 53
Shal, PFETARAL 3] 2005WHE 20164
7HA] B AL B4 17670 5 4R HRE
Atal BalA 86715 EFote] sHlTkell: 20134
OFAloRRFE A321-200 AF)(Jung and Ham, 2019).
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£ WA TR

i
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ZAgo|A9} Fefols L2 IE 9I5| AFS 9
o sPdohs oA ol FYoE W 2%
< o3It
-Sub-task 1.3: E¥(flap) & 4% dA= 4 4
BAZ 2TFo=EN FT7Y dES THAAT= A
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Table 3. A sample of tabular HTA results

151 HI@7|
iz =2
(10~20T] E)

g. 2. HTA of aircraft landing task

No. Operation Information needed for operation

Feedback

1.3 Set a flap

Dial the ‘Speed/MACH' Knob to

Position of ‘Speed/MACH' Knob,

Provide aircraft speed and

131 enter the appropriate speed ECON-Spd(Economic speed) adequate flap level
(CI : cost index =60~130)

1.3.2 Check the speedometer of PFD Position of speed display Provide aircraft speed and

e adequate flap level

1.3.3 Check the current flap level Position of flap gear Current flap level

1.3.4 Operate a flap gear Position of flap gear Flap angle




20 A, A, T

Vol. 29, No. 2, Jun. 2021

A ARo} WA i B2 AHE ASH
HRRAole AR WE, 7Y, Y7 SUL 95 &
ofof 3 ARY, el S7b Mg Agslaich

3.3 QIMQZ Al 9l HA

[ | L | = =

A& AFEHoz =&FH 19719 &9
s M FE AHS AT, F 31709 QIFeRE
EE319iE. 2329 R0 = 1470(45.16%)2] Action
|39 27, 1171(35.48%)2] Checking 9389 2
5, 470(12.90%)9] Communication F89] 237, 2
M(6.45%)2] Selection §F2] Q72 T =351}

J=a @A BAsks ti4dl A330-200/300%F
7o thsf Table 201 Sl= 7t @&F ==dEa A 7t
5o JIFeRE Hysiy, I 2 xHEE I
g 242 X5ttt o|F Q¥ef WY 7k &
EP) A9 FHAOE dSsioitt ol =&
7N @ o] Ae]Elojof T XM= E A=st] s A
BH} A4 AF2 dutdos ZoA Q1A
Ol AL ST, 1t oF WY T R o
B 7k 8219 Ao 2FE A ASE AN
Sto] o]FojXtHEmbrey, 2014). £RE fldiA= &
Atz ok el Tl AE7] A9 Hof
Table 4(Karandikar, 2014)8} &2 7|02 HE
F7HE Xt SHAE B oA AEA &
HQl A7l 2FA] B2 AFPZ 0 R 7] off
9] Table 4 W89 475 4 L&t UF
LF B 7t FE(P)9 A-fell= High(7~109] &

Table 4. Risk assessment guideline

%), Medium(4~62] A=), Low(1~39] PR S
< AP, AFaLe] FHZ(O2 E5H JHFE
Qlsl gok= AAE EUE ol2fet WHoE w5
H), HM), FHDZ B7eloich. dRkdog I
58} HopollA] Adjeii(absolute judgment)S T uf
TESfoF Sk 0] 471 ASSE o] AtiEe=s
BolglAck= M(Wickens et al., 2016)3 H&4H7+
oA YA H7IF =(risk assessment code)E Aat mf
T OJAY 3~45F0F ko= 3irk= F(Bahr,
20159014 ol2f3t HRe ZAE 22 4= Utk

Table 5= SHERAPE 83 2540049 Q14
2R dF 4 £44379] A§ HojEr A= 1.3.1.
SAlE AAH71EE(1AS)/MACH displayell 24 <%
TE =Rt} gg7l0] £2E Ytk Y2 &5
A% Knobg &3l o|FojXtt. Knobe WHAAl ®3F
o= EYA =¥ UYsh= gho] AobA|aL, AJAMRRES
2 =99 dgste= #ol ARe dgFAoltk. o] 2+
A Ao LAY 7FsSE oF HEZ A39 AYPS T
3H W 2AZS &St 25 AgelA=
Jo) g= -3 £ 2 7ok 1ol iEnt
337 &0 &= A% Knobs WA Wge = =
2lof Yol E-fstal, AAROR ERth: 250
gt AS 71¥skal, 1 2= 577 = ofof
St 25 AgolA 27t STl A ettt
= A< A 181 QIR RF 1Y Vs gE
(P2 Medium, AtL9] FH2 25 A Bl £ 2
Qlsf o] 7}t E High® &R

Rating Severity of effect Likelihood of occurrence
10 Hazardous without warning
Very high: Failure is almost inevitable
9 Hazardous with warning
8 Loss of primary function performance
High: Repeated failures
7 Reduced primary function performance
6 Loss of secondary function
5 Reduced secondary function performance Moderate: Occasional failures
4 Minor defect noticed by most customers
3 Minor defect noticed by some customers
Low: Relatively few failures
2 Minor defect noticed by discriminating customers
1 No effect Remote: Failure is unlikely
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Table 5. Sample results of human error prediction in landing task by using SHERPA

Efe SII; Task r]irégz Description Consequence C Remedial measures
Pilot turns the | The wrong airspeed is
A3 Speed/MACH | entered and the plane H Training and education
knob in the speeds up instead of system, sensor
wrong way slowing down
The pilot dials in Before capture, the
Dial the the desired aiéo_ss; 11?C thvsggu?iertrcl)pt Design(HMI, alarm),
‘Speed/MACH’ airspeed using training and education
A6 the speed value H
Knob to the wrong . system, sensor,
1.3.1 . entered causing the . . .
enter the control knob i.e. lane to leave the information aids
appropriate the heading knob P lidesl
speed glideslope
Entered instead of
adequate speed, If
Do not select a1rc€2‘f; ngégactieat a Training and education
S2 adequate speed determinitior‘l of the M | system, risk assessment,
correctly descent rate and the sensor, automation
pulling become
inaccurate
Pilot misidentifies| . . i
the current speed Pilot misidentifies the Design(HMI), training
C4 current speed and L .
on the PFD and education system
lowers the flap late
Check the speedometer
1.3.2 | speedometer :
of PFD fllé)et d((:)}rfecti rt}(l)ef The aircraft can stall Design(Alarm), training
s IEFD late when by late changes in flap H and education system,
level to meet behavior discipline,
they lower the .
aircraft minimum speed sensor
The aircraft can stall
Check the . .. . by late changes in flap Design(HMI), training
Pilot misidentifies level to meet .
1.3.3 | current flap C4 . . H | and education system,
level flap level minimum speed and it information aids
affect flap gear
operation
Failure to lower | Speed deceleration Design(alarm), training
A2 |flap level in time| does not occur on M | and education system,
134 Operate a to airspeed time team/organization
~ flap gear L
Set the flap level| Flap is broken or Job procedu.re, training
A5 . H | and education system,
incorrectly stalled . N
behavior discipline
4 OIMQE ZIAZ O3} [HiH .
3.4 UH2F @AS ot UM 5ol osiiA JIHRFE A 5= JYARE A=A
QAo fe] W A 8olnt el S¥A 8 Ut A A2BS T AL AHeFE
QAT AxpAol 23, FAER &3 U WSAIAY, ol AA8AE 71e3 ARk ol 2314
PRIY YE 78, I 4 BA 5 AU 0 AMNE UF ED Ues) B AToME
Fot 2] AR ] B e Aol 7)1tttk Rt SHERPA 7|HZ & =& Q¥e7o] ZfAHRt
Ao 75EI vk ¥HEAQl EHE B 7I& % (remedial measure)S 71&F TGN} H7|EF
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19k HREO R Table 59| ThAE; Fo] B
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2A17)7] 918 ek welE 4 9le
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TS 99 2o AAIgH ZRAEEET ofuet
ALLE ASHoE BEASHH 1¥eR= I
SR ST 2AAA, FESE 59 Bl
2 Uehdt) ol AlE I3 1489 AHA|
A7} ofe}, 13 8%1S HElok= AAC] EA=
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Table 6. Measures for reducing human errors

Type Measures

- HMI(Human-Machine Interface)
design

- Alarm system design

- Computer procedure system design

Technical | _ Large information display design
measures

- Automation(level)

- Sensors

- Database

- Information aids

- Task procedure

- Training systems (including training
simulator)

- Selection of crews
- Staffing (team/organization)

Non-technical| - Behavior disciplines (e.g. Human
measures performance tools)

- Safety audit

- Accident reporting and analysis
system

- Risk assessment system

- Safety culture
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