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Background and Objectives: In recent decades, several major accidents have
occurred in high-reliability industries such as petrochemical companies. Accident
analysis shows that the occurrence of more than 90% of accidents in industries are
due to human factor and only with technical-engineering measures and the
establishment of safety rules and regulations can not be institutionalized safe
behaviors in such industries. Therefore, despite a slight reduction in human presence
in these industries, the potential for human error risks is still high. The aim of this
study was to identify and assess human errors in a petrochemical plant using the
technique for the retrospective and predictive analysis of cognitive errors (TRACEr).

Methods: The sample size was all the eight operators of control room working
in four shifts. In the first step, all tasks were analyzed using the hierarchical task
analysis in order to identify sub-tasks. Then, for all the subtasks, different error
modes (external and internal), psychological error mechanism (PEM) and
performance shaping factors (PSFs) were identified and recorded in TRACETr sheet.

Results: The analysis of TRACETr sheets indicated that of a total number of 1171
detected errors, the internal and external errors were 50.67% (n=593) and 49.33%
(n=578), respectively. In this line, timing/sequence’ errors with 35.36% and
'quality/selection' errors with 30.03% were identified as the highest and lowest
external error modes, respectively. In classifying the internal error modes, action
errors with 31.87% and decision making with 10.73% were identified as the highest
and lowest external error modes, respectively. Within
PEMSs, distraction/preoccupation (23.61%) was identified as the main causes of
perception errors. The analysis of the PSFs shows that ‘Organization’ with 27.95%
and ‘task complexity’ with 8.74% were two main factors affecting the task errors.

Conclusion: The current study could identify many of the errors and conditions
that affect the performance of operators. Therefore, this study can be introduced as a
basis for managers and stockholders of chemical industries with complexity and high
risk in order to prioritize human error prevention programs.

Keywords: Cognitive error, TRACETr, External error mode, Internal error mode,
PSM, PSF
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Extended Abstract

Introduction

So far, many studies have been performed using
various methods such as SHERPA [19-23]
CREAM [23, 24] and HEART [25] in
petrochemical control rooms; however, studies
based on technique for the retrospective and
predictive analysis of cognitive errors (TRACEr)
are very rare. Therefore, the aim of this study was
to analyze human error in the control room using
the TRACEr method. The reason for choosing
this method in comparison with similar methods
is related to the systematic nature of the error
analysis process in this method, identifying the
methodological mechanisms of error and the
factors that shape the performance, which are
considered as the strengths of this method;
therefore, due to the supervisory and operational

Table 1. External error mode (EEM)

nature of the control room operator of the
petrochemical industry and also the high
workload, complexity of this section and the
extent of the shaping and psychological factors of
error, this study was conducted to analyze the
predictive cognitive errors of control room
operators in southwestern Iran.

Methods

The sample size was all the eight operators of
control room working in four shifts. In the first
step, all tasks were analyzed using the
hierarchical task analysis in order to identify sub-
tasks. Then, for all the subtasks, different error
modes (external and internal), psychological error
mechanism (PEM) and performance shaping
factors (PSFs) were identified and recorded in
TRACETr sheet.

Quality and
selection

Scheduling and
sequencing

Error description

Deleting a task, too much action, too little action, too little action, wrong direction, wrong
action on right goal, wrong action on wrong goal, wrong action on wrong goal,
unnecessary action

Too late, too early, too repetitive, too short, too long, too wrong

Ambiguous transfer of information, ambiguous registration of information, lack of access

Exchange of
information

to information, non-transfer of information, non-registration of information, incomplete
transfer of information, incomplete registration of information, incorrect transfer of

information, incorrect registration of information

Table 2. Classification of internal state and psychological mechanism of error

Internal error mode

The psychological mechanism of error

Perception
Lack of visual recognition
Delayed hearing
Wrong reading
Visual misunderstanding
Misidentify
Lack of identification
Delayed visualization

Lack of auditory diagnosis

Biased bias
Spatial confusion
Perceptual confusion
Defects in perceptual prioritization
Perceptual tunneling *
Saturation of stimuli
Lack of consciousness

Attention / mental preoccupation
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Internal error mode

Auditory error

Delayed auditory hearing

Memory
Forget the task
Futuristic memory impairment
Forgetting previous actions
Forget temporary information
Wrong to recall temporary information

Incorrect recall of stored information

Judgment, planning, decision making
Wrong prediction
Poor decision making
Delayed decision
Make a decision
Poor planning

No program

Execution of action
Selection error
Position error
Time error
Unclear information transmitted
Unclear recorded information
Incorrectly registered information

Unreported information

Table 3. Performance shaping factors (PSF)

The psychological mechanism of error

Similar intervention
Memory capacity saturation
Negative transmission
Wrong learning
Insufficient learning
Memory freeze

Attention / mental preoccupation

False knowledge
Lack of knowledge
Deficiency in considering long-term or side effects
Misunderstanding
Cognitive stabilization
Wrong assumption
Prioritization defect

Hesitant to make decisions

Spatial confusion
The predominance of habit
Perceptual confusion
Functional confusion
Improper accent
Thoughts leading to action
Environmental interference

Attention / mental preoccupation

Factors Description of the effect

Instructions

Are there any instructions? What is the clarity, complexity and number of instructions?
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Training and
experience

Interaction

Organization

Individual
characteristics
Complexity of the
task

Environment

Do operators have the necessary training and experience to perform the task?

Is the human-machine interaction defined in a clear and logical way?

Are there enough operators to do the job? Communication system? Accountability and

teamwork?

Does the task require alertness, concentration and mental skills? Can the assigned task
cause fatigue and anxiety?

Is the task entrusted with a lot of complexity?

Does the physical environment interfere with the performance of the assigned task?

Ambient lighting? Stunned by screen displays? High ambient temperature?

Results

The analysis of TRACETr sheets indicated that of
a total number of 1171 detected errors, the
internal and external errors were 50.67% (n=593)
and 49.33% (n=578), respectively. In this
line, timing/sequence’ errors with 35.36% and
'quality/selection’ with  30.03%
identified as the highest and lowest external error
modes, respectively. In classifying the internal

€I1rors WwWEre

Table 4. Results of external error mode

error modes, action errors with 31.87% and
decision making with 10.73% were identified as
the highest and lowest external error modes,
respectively.  Within  PEMSs,  distraction/
preoccupation (23.61%) was identified as the
main causes of perception errors. The analysis of
the PSFs shows that “Organization” with 27.95%
and “task complexity” with 8.74% were two main
factors affecting the task errors.

Modes Frequency %
Quality and selection 92 30.03
Scheduling and sequencing 111 36.35
Exchange of information 103 33.62
Table 5. Results of internal error mode
Modes Frequency %
Perception 89 89.29
Memory 82 51.27
Judgment, planning and decision making 32 73.10
Performance 95 87.31
Variable Period Frequency
Less than 30 years 28
Between 30 and 40 years 49
Age
Between 41 and 50 years 34
More than 50 years 13
Gender Male 79
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Female 45
Less than 10 years 36
Work history Between 10 and 20 years 53
More than 20 years 35
Discussion

According to the results, the share of external
error state and internal error state are 50.67 and
49.33%, respectively. Based on the results of
external state error (Table 4), errors related to
scheduling and sequencing with 36.35% were
recognized as the most external state errors and
information exchange error (33.62%) and quality
and selection (30.03%) were in the next ranks.
The results of this study in the subsets of the
internal error state showed that in the study, the
most state errors in the field of quality and
selection to eliminate a task (14.70%), in the
timing and sequence of very late action (23.95%)
and in the information exchange section, it is
related to the wrong transfer of information
(6.86%).

The results of Table 5 on the internal state of
operator error showed that performance errors
with 31.87%, perception with 29.86%, memory
with 27.51% and judgment, planning and
decision making with 10.73%, respectively,
include the highest to lowest percentage of
internal errors.

Based on a study by Corver and Aneziris,
cognitive and memory errors were identified as
the most important errors, respectively. These
results are inconsistent with the results of the
present study where they prioritize perception
errors over performance and memory errors [33].
Halvani et al. in a study using the SHERPA
technique and the risk of human error in the
control room operators of the gas refining
company, showed that the most obvious errors

35

were functional and regulatory errors; according
to their results, the functional errors were due to
forgetfulness in doing work. This finding is
consistent with the present study where the most
memory errors were due to forgetting to perform
an action [34].

The results of this study on the factors that shape
the performance of operators showed that
organizational factors with 27.95%, task
complexity with 26.88% and individual
with 20.43%
important factors that shape the performance.

characteristics are the most

Conclusion

The current study could identify many of the
errors and conditions that affect the performance
of operators. Therefore, this study can be
introduced as a basis and
stockholders of with
complexity and high risk in order to prioritize

for managers
chemical industries

human error prevention programs.

Acknowledgement

This article is part of a research project with ethics
code IR.AJUMS.REC.1399.504. The Honorable
Vice Chancellor for Research and Technology of
Jundishapur University of Medical Sciences is
hereby thanked. Also, thanks to all participants in
this study.

Conflict of Interest
The authors declared no conflict of interest.



E-ISSN: 2345-5365 | V%44 ylws) F ol (A Jlw | (509395 5 adxo

J S @b sl ygilpl (G5l lallas &l iy Juloigs 1208

Y %eébﬁzw“',;&“' ‘5)L&é|~>9|éc‘ @W&S‘*’S‘ﬂ‘)‘

ol gai S pole olKitsls cuilag 50SLails )5 Cuithige g  ghos (owiigeo 09,5 )15 Cadblige g gios! cwiigeo 0 )| ol IS ggzmiils )
Olpl lsal ol

el lgal Glgal jelaguin S pgle olKisls wuilags 50SLails IS Cuilige g Sosl (cwdige 09,5 ezl .Y

Ol lgal Glgal el gain S pele olKisls wuilags 0aSLzils IS Cuilage g ghonl (cwdige 09,5 leiils T

FWENES Wi SleS!

Syl anle YU liebl collB b mlio [0 55 6 diol> (paiz 3 slbans (o 18ud g i) VR VYT il

glio ;o Sl 00)0 el i 989 45 980 (g0 Lt Bsly> gy p Sl 00l 5 (b iy Lo VRN S Ay

Ol (ol Sl phe g lsd @y g (oaige (2 DLl L Lt 5 Cenl atly (Sluil Jole & VR4 /oA DT Lel
Jeily oo cqalio cnl )3 Gluil jpa> (o5 (28l o e g 0,5 andles Caro 3 1) el sl )3,

Bt @)l 5 loled Saa b jol ddllas il (oo Y Gluil lallas I 06 o las g8, i o Sy o3

2855 plonil (poni iy @lis 5 (o Sy BB slaygilnl g3 ls slallas SN ol oD

pori iy golio 3l (o S 361 sl gyl plos ad plowl VY5 Jlo o o adlllae ol o )5 Ghgy Bl s el (it 05,5 Lol

oozl b Cinlly 10l 6 oy 33 S o IS s oz )0 9 Jidgr i S oS (S gz Ghlia  pole ol bl easail oS

o) Lo Gilises lacdlo wislloy ) dad (5l ymamms Wik S Citllag 5 4 o5 poaliaks JUT 5 olrl lsal leal jeligua (o5
b glales s Slee sauns IS8 Jelge o Uas 5lsdly) sl S il (g, 1 Seig iU Gy

shirali@ajums.ac.ir

ot 0B olulid gllas VY)Y goazme 5l ams oo lis ballas Llodga s 5 g 50T ieassl
2 Uaz 3o )0 (OYA) ao 0 FANY 5 (BAY) wo )00+ /FY i sy e Jgy0 clo g s gy o>
L «obil g coas» slalhas 5 0o, oYFIVO L « g 5 sunplep 4 baye slallas o lulipnly

b €6 S opena? lallas g oy iy ao SYVAY L 2D 4y bgy e lallas ¢ 59,0 cll> slallas y ) 35 «lio eyl 39b1s gl
ISl s 3liily; mandlSe ploo 5o iols (olaisl 095 4 1) laio o 2aS duoyo) +/VY S ol 355 Jabso

g 0 Sles Baias JSUi (gla 5551 )Ly audls 1) Jlade o piiin we,oYYTPY L« pod Culgiie
A Cpnd 2o, 3VV/AO L« Slojle Jelse? a4 by o Jole oy yrion

lolid g 35530 oyl pl o Shoe a5l g lallas S| (5 ko ol Aalllan 5 (6 oS dmid
a5lo Vb Sy 5 Sz b i gholo 5 oo sly alivo Wl oe anllho el wmgtiys
25 (e Gladl glbs Sl (g Rty slaadk y gancaslsl jshieas ( plard glio

5 cliisly) panilSo s gy el las gy cJl= TRACEr (sl glas (oflgands

Loz b S Jalge
doddo
auile caid i (slancs b 3l bl 3 i )3 a5 (s ey <[V ] )5y 2l (398059, dmmgs g (o MBI JLioay
ou ooliiul (goue J S 5 by 0 )5 ¢ Sgals oSy ()b S g odd el s oulul Ojgoa sl

Y#


mailto:shirali@ajums.ac.ir
http://orcid.org/0000-0001-7979-033X
http://orcid.org/0000-0003-3323-6266
http://orcid.org/0000-0002-4564-741X

WA lie; | Foylod A 0y90 | (sogisS )| oty PR

slalbas 5l 86 Slilas g8y A se0 (i Cal o ]
Blio (S b %00 g 5 IV el sy TS
2l s @lie ool 3 ol B g (cenda iy
bl glalas S 5 plaled 6l (2l 6], & (23l
LF Bl sl oads JJs 55 5 ook Coonl
i G B R e
5 Sadilas (Shy orizmen 5 SUjks glag sl el
Sl Jlosl 1 (236 sl &Sl Gl G092 (i S o
ot < glolid o Solg> 5 e (et
IS sla Bl 3l ¢l Ll lalkas Jlodge 20
IS ladaly 5l 6 xKin b Ghelf wdis jslaney el
[7] a0 55 40 (6590 )T 51 S50
G5 5 bl Sl el w0 LI WL o aS aigF Lo
sadplol Slidss 5l fol> Ll ulwlys o ls Eolg> 55, 501,
oyl e s Gl ele o gie Golg> 5Ly
Ot xbeo Golg>
ao, VO 5l i [A-Y] sanlp mlio o Solg> s oM

)‘ ‘6|M N
L8] e 53,55 Sl a3V 51 s 5 3 S0l
VAVY Lo 5l 518 g el mlis jo Golg> £489 aig, 1 IS

Dol sms o las B3 &0t YA

sam o Ngdoo (B3l 5955 &g b Sgnuls Loy
DBl Sz 5 0lsl 8 sloply <8l s Jooas lagtsw
9 s lals sbul caw (s FglS Glapitus o
W5 g a5 093 00 531 (6l 4z g5 BB artis slacollad
055 vgzsa gl sl g bkl lulys o 1) Sl )5 L
aslis Wb Ss, b olbpians dogiaew opl oplplo
ol sl 5l (S at slonl &g lulepl  Xigd o
laoee 4y aSly g o0 Y ak s PCINURIG L PECT U P W
oSls g mlio jo G».o.:‘ ol glpas e 59>l
9 )8 (i b d9e) )l EleG 5K AL ole
dofosllygins) s lPle 3 S Grizen 5 (8 slable>
5 ,baexl lavely 5o 50 Ll o Sles Caoal (il 8,5
ol 85 jmalS olg> ALyl e 25
olg doyd Ve 5l s £489 s o lis Wols )
- 58 Dlaladl b Ls g, 003l sl aunly glusdl Jale 4y i jo
ol sa)lid; plgi oo (sl Do 5 (g by 9 (omiige
25> (05 SRl 3525l rizres 05 ansly Cais o)

& b
™~ J\_} 7
180
167
160
140
123
,
o 120
]
= 100 : 9]
- 8 g
S g |
]
i"Nl
2 o8
i} ng A M
16, 18 2 17 18 " n,%n nn
) 13 15 l'~‘|||312||uln‘~ln1
dalnliila all allananlanis!l
4~ AN crle alpl= migie 2| ale 9| clw|lelzla
SO EREE R R
EIB|E|E B2 A RN R A T B
§122 5 |z(8 = |8(2(5 2(2|%|n(8 2(0(d|2 8|88 5(T|2(8 (|8 (8|28
0 g 8= 1|8(F ¥|al2 R ET E| |Y|w|Ri8 (k|8 || eg|[m|E]|°
3 g ElL]| |rjal@ s |alg (> EE] (B Blal|2 (RlE|RIZIEIE
g g7 e §(h(81% i o Slpw 2|8
g il ) gle ; ] g bz
a 7 i L k= 2 T L& Ela
Y] > T E £ > -1
-] 1 5 =
-3 % 2
li a

1971/197219741976 1977 1978 1979 198011981 1982 1983 1984 1985 1986 1987 1988 1989 1991 1992 1995 1997 1998 1999 2001 20022003 2t

Years

004.2005200720102012

YT 6 1AV Jlo 5150 5 cadi Canioo 55 g3 ool sloxs g ) S

3 Humans errors
4 Identification

vy

! High risk
2 Fail



JrS Gl oyl (3l lalbs &by iy Jelosisa o | oS0 5 (5 i3 Somge oy

sl Jdogay s caallas ol 5l s ool ol el GlaS
s oo TRACEE g, 31 oolicial b J 58 361 o ol
Oogiepllss 4y cilie slo by, b duslie ;o () cnl
sl plobs (g, cnl o s ol anl
S ool o 3 Shae bains S5 Jobe 5 L 515,
@ azgi b g)onlil soasils by, () g8 blis ) o] plgieas
3 sy Caie JAS @1 ) Slilae 5 ol
Jelge (F058 9 Asu Gl ( Sz b )15 Sk pwizmen
sobiedy  asdlas opl s oSlidly, g cdums SO
Ul slayglyl sFls bl &l i Jelodsa o

i plnil plpl )8 oz ey iy wlie 5l (S0 U8

SLIETY)

Jls 0 a5 sl alaiagoyse Slaalllas ol Aallas
@9 Bble (cordoyy mlio jl (o JyuS @bl 0 VA7
S s 5l (S semdigyh Caio [ Gl ol [l jauS
Slasin 4 b e bl des a5 cwl Cais oyl oS
5 ooy 5 YTl il (20l 5 65k ledlbl il
O sl gl o polo 5w cnl 3l Y 2l slagle 2
Codled cans ¥ oyo a5 Wog ,a8 A adlaes g0 JuS 501 o
388 g Sy Glpiedr S8 G Sdnd 50 50 S o0
axllan (g2l ol o ¥ S bl 3 S o IS a0 lsica
2 by ol lapl G5 g9y 5l B ok plmil 5 2 5b 4
Slal laasy g o ooy ok Jlaise Cato b caads vl S
Al Bl gy 5l el sas e b Susuiw oS

iyl cal> yo opl o il iy Bg (oLl 1 gl > yo
5 sbate ol el s asetie 5 glolid S 561, o3
s el Sl g0 4Ty 3 S 361 gyl il
4.7(.:] 9 sbew! P OMW wl.bj C}u) O S ugo.,o dsl?o])‘
ol @8y el il Sglis ol o plonl Slbes & jgohs sl
525 inllsg bl 550 o311 b drliae pogdle ¢ Jlazo! [Ss
i Bl e i S T s Gl GBS S son
A Sl aslllae gl J S G361 LSS el 5 Sl

¢ Human Error Identification in Systems Tool

7 Technique for the retrospective and predictive analysis of
cognitive errors

8 Hierarchical Task Analysis

YA

logiy, Sy, byl 5 Sl olulis Gy
@oly> 535 Lol il o oalitul byl 5l 5 Byme cilisee
soliziul a5 ol ol Bacmslis o Sladl slallas 5l 56 suste
aass &3 Hralss s s o)l S slat,
Sk oplpll 1)l glaiz (pasu 5l (Sl slallas 359> 4
Slalas YU C8s g Co g (ue )0 a5 09 ol by, Jlisa
auS ob) s lelet paass S oBays 5l 1, Sl
Solem S 3l das Wiz 3 oS oty (nl ezl
Joe 5o Sl slaz bl slaghs) 4 lgiee wilanals
sl Jeloogaiz 5 Gngin @ (THEA) i 34l
b3, “(Human HAZOP) Ll wgjle M(PHEA) Ll
las slulis Jlpl SHEART) o als 5 Slul slbs
aS 5 S o Ll o sla g, g * (HEIST) iy Sl
Y] w5l K0S b aslie jo 1y oblie 5 Lusgase plaS ,a
Tl gy« sls! sllas 50UT (lajig, 5 5o (o))
Jlo ;o a5 el Y(TRACEr) bt slalbs dlig i
slp 1y ol (eolais! jsbas Kirwan 4 Shorrock (Y- Y
Sl JS She po Bl glalks o)l lulis
Slojsx ;3 by (rl 5 ojgpel adl s )S gas 2lge
g9 ololids sy oy, cnl IV F] 0gi oo solinl js Galises
a5 gy ol y0 gi e ooliiul Uas 505 jslos>ga LYo o
sty Sledbl yosls ol Sludl sl yeiS s
Segrlpbe 05 o S)ge HTA) (ol jealeds Leloigay 32
il 4z 4l (arsas jlasea Jolse g e I (orpsg Al
&S o oolaiwl oz ol e g w20 o0
gl 5 (2loa S5 S )0 a5 Slalllas 5l (55l )
Ay olgiedy TRACEr (g, 51wl oals plxil g
Glalas  Kaind8 5wl Ul @lp s Lol
2 gy ool Sk Ve el sas sslanal sl
S ek Jgde glalhs oLl jolaied Koo (Slllla
Sldlas 5556 VY OA] el sads sslizul o e 5 5
YY-| SHERPA asile calises (sla b, 5l oslinnl b g,k

JyeS sl o [Yol HEART 4 [YY .Yf] CREAM [

)L....MJ U’“ﬁ) w‘).:‘suuuc ddllas Lol el o0l ‘nl?u‘ wﬁj...s

! Risk Assessment

2 Technique for Human Error Assessment

3 Predictive Human Error Analysis

4 Human Hazard and Operability Study

5> Human error assessment and reduction technique



WA lie; | Foylod A 0y90 | (sogisS )| oty PR

Gy el oals @lf Uas Sgym Cl> saiupend Vo>
oolainl alizes muie a3l i cpl 4y bgy o slallas Lulils
Sl 585 i ed Sl e g )5l b aslas i
Sloyzs a5 ol atwlys bl 5l cpeSde ol Bl gl Uas Jgyw
O o i 13 Sldlas o Lol o ojbeple 1y 0
aT y plod am dl> o 0 b oo b ballas plod >las
b slulis glp (Operational Log) ~By oo Sllec
lgz Sud SIS Jolod g (o 2 3 Caldyd g 05 (o2

LS Ojgo

OT®

Uas g cdlo oo bLI,ILY JS
s gy <l

@l> o cpl o ZIEM) bas  Jgy0 b 1o,k dlo yo

ar by (L oo Shee plaS aSil 65650 (Slofag e
Uas Sgy0 o gy el oals &8l el a5 (gl o oo,
5 Sl 5 § S e @bl S0 Sl ez p Joiie
Sy bl TRACET s, )0 al> po ol (Vi) el 2
o ol gl o5 cend Sl Sl sjloy Jow
Joe bgoads oy Slasl Sledlbsl isls y jo i SO lgiea
LUy S e [VA YAD cadd 850 (194Y) Wickens
ooly lad gludl ledbl wils s Jaw g las  ggyo > yleo
S 8 Al e ol jllas £o5 cpl ololid .l ool
ol @bl lp 5o slaSal, 51 (o jskane cnl sl oo
(S B g, 5l eolaiul b canla 53 51 b axlias lallas g4
S 5 1, ol it il S5 Gl slagilsl 3
S bbbl gl SOy 5 s 0 o)l Jleial b wsloas

2 Internal Error Mode

yva

HTA 3 adlitd Lol g 300

AR sy fe ik
PSF,EEM

als
IEM PEM:is52% 4ida

y
v
-~
—
TRACEr iS5 gl 2 g5 .Y JSCb

Al yo cpl 55 s il ylbg Juloxdigay joui 193 Al o
Jebos Ghgy ol Ao 0 eadaie Sl il
ey sailsgn; o wd Jelodsa 2 (HTA) (o5 eands
iy (S 9 Oonoles Jdoa Wad s 55 el
lp ooz OLlid 5L amlas g osalive (b jlcaalllass 9
Ive] as solinal a1 59, e g allas glgil olulis
oy o HEEM) bas Ggmw > ipgw Ao yo
3l b ogdll slallas sl osaliva JB 5 ()5 0905 @lg)s >
15 ol glil Conl 5,3 G ol Jlas! 51 sibate gl bl
ol (il S glallas Ews aw 4wl oyl
Ngdgo el LMl Jols slallas 5 JIg 5 ganple;
5 Swain by, eluly gamail by cnl (7 JS8)
B s 0 )Ll 45 @S e [YV] el ous sl Guttmann
Skl ol slacdled 4 by Gop slalla> o
<,ke Hollnagel <oy x5 oleol (Dol )| slacodled ais
(oIS g0y dileles 5 31,81 1o Lo 0 el Jols :5f
oS s s y5e J 7S G615 [V] (Sa 5 (S U
il 5 S Al e 5 o ebo0liins] bl dilols
Obeo 65590 g il Dl 3l iU il slalas o
Bl plo I3 () g Slhe SuhS (rizmen 5 3
5 el 0392 38,86 s g5 5| g cslallas ol

1 External Error Modes



JrS Gl oyl (3l lalbs &by iy Jelosisa o | oS0 5 (5 i3 Somge oy

asbe G&Lw."j) JA‘B.C ol 0 L)Lﬁ" L5;5)° 6&? »
ol il g oliil (6,8 0b « S (6 S0l ( god Cdsiin
b ly s glolis Uas sslisily, sl Sg5le da il
A WD oe gy 3,5 o0 eel B ]y (IS b ascl gl nl S
ylly (Sauze 5 9b5 )50 Jdoa alidl el o Jdo L
Sl 005.3

T(PSF) & ySlos 500 S (gl 59358 1 quinds Al yo
R P O VO S 25 WINPT F STV LRPETESSON I
Uas Sgup s SoS g s olas ) wouis oS Jolge puizmon
(Y Jgoz) wiads gloled wasl ansls aulg oo b axsls 136
53l | b dmlian poud 0 Slos daums JSi Jolge ysd (gl
Sy g SIS 5 boygilyl Sllee Lo (g2 B,
Al oolazuwl L:aQT Sl8le 5 o)l ¥lecen

ol e i dlse! glalas #Mol g (b5 ipiis Al
Lo g edelcwwods  oledbl 5l oolaiwl L al> e
A% &) addllaes g0 Caro 4 allas

4y b pandd mf G o LSS adde pais 0 00l 8 ol
Wil o5 ,0) 3gb slacdls 5 Ky o, o] lallas Coals 4,
Sl ez 98 gunaies (Gnyaely 5 GpS e

W o\)l&....u‘ g.)é‘}} 6Lmuu)|)§ R )‘ ;l...oSJ 3 L:LA.AJLA—AAJ

MU,.;

-
]

Sl Sl 3315 31 ko 9 Ui 9,0 > bl I F IS

ol o HPEM) s 5 Lliily ) puwailSo ipaxiy dl> w0
€89 sln (Hleadly; Yo g las (S3lidly) unslSo cal> 5

(EEM) s S Al ) Jous

s oy

(F-YO | £

bl Baw o Caw s r:ldé‘ Wy BB 4o ol r:l.}él olasl cyz o p‘.}&l @S b p‘d&‘ b by p‘d&‘ i by S B>

oliil g Catus

sy a8l ksl Gum o elial pladl

ol g5 5o w3l o SVobo Loy whidl wolisS Sl pladl o555 alaBlng; Lt ahidl s Loy plodl

S 9 ol

a8 JUiss) e i wledbl 8l ! ledlol d (it s ftans «leMb] pgan Cas wledol pgne Jlis
ledlb bzl s wledlbo bzl JUiss sledlol ol s (AL

oleSb! Jobs

s 5Lulily) S0 9 (g0 Al (gusvalub .Y Jgur

s S5 Ulily ) pwslo

90 s I

il ol cuas
@lad b
Sheol pases
Shol sancadyl o (ki
NEUSIEIN Y

2 Performance Shaping Factor

Sy
Sra paiipas
S oeid Ol e o
Oleoloi]
Srar (50,5 p ol

058 ol ol

! Psychological error mechanism



WA lie; | Foylod A 0y90 | (sogisS )| oty PR

s 5 Lulily y pamnsilSio

90 sl >

oS 7o (s gl
Solivgn ali

85 Sl | S e

e 8l5he
il 2 el
(shre JUid
olal g .Soky
SBL 5ok
il aBdgina

85 Sl | S e

S ol zils
Sl pslas
ol b s Sl3b (285 s e
Oogdolind]
ol (8
Gaglsl als

G S e 43 3850

@lad (oS
Sole dde
Sheol pases
&35 b
elials g
Joe & i IS8
Lo 5o

25 st p

R
Gl auseiipas
ol ol
ol ol janseis o
alasl>
4alag (58,5 Sgal b
ooy Alsbl> ek
sk Jlosl (53,5 el 2
g0 Sledb| Qb;uﬁ}al)é
Bge ledbol (59,9104, ol

oadio 3 SNl (10,5l ol

S35 oo (5 33yl y1 sgluas
prd (6 S e
RS i 2
Cxd (6 yaal

4.01)).’ ™ WY

Jos s>
Sl glas
sy (sl
Shoy sl
oadosls Jlal pmsly e cledll
oiiied il o DleMbol
00 Cans y3b el
oazdosls sl oledlb

oty oledlll

el g 1y o0 wledlbl b allg g 050 o 35 eie 0diad ke 5 Seidar gz aile oS yome S ygilpl > > o (Perception tunneling) S0l 5 g %

LY



JrS Gl oyl (3l lalbs &by iy Jelosisa o | oS0 5 (5 i3 Somge oy

(PSF) 3 ;Shos (55 S5 slo 5556 ¥ Jgur

Aoy

Sl 355 Lo Joall g 0laas 5 Sauzen zgg T30 Sg2g Lol g LT
)l 1) abbigelonl (gl (SIS 828 5 03 (Bisel Loysilnl L
€l 00 iy o5 st g SBlad (yadile ~ sl s Jales L]
66255 5 5 (555l Sl s 000 2925 IS plondl sl (SIS il L]
§058 Slladl 5 (S o Wl oo 00 o Ailos Tols Sl (105 & lae 5 3 103 (s kg @ caielos L
€05 (ko (Fhezmn o Jsmee diclss L

Jolge
M' )9:5«-\)\3
4,25 g hjgel
Jolxi
olojlw
85 b S
adbg (Souzmy

il 5l b 5 s Slase olidg, TS e oloul 505 el Jgme dabsg (gl 2l 5 (Sopd e L

Sy a bge glas a0 IS 0 .05 |y Jgye S
pae (2o, 0F/FY) (6 pa 50,58 0 olail sl wile e o ey
(20,0F/2Y) (6 pas 39,5 ololiss 5o g (0o, 0F/YF) oluliss
b yo bz > oy i bbbl 4 bgs o slallas oo jo
A et (Mo VOIVA) Loaaly S 0,5 hgel 8
@ oSS e 5 Syl (gl o s Ll (g i
2 58 Saledyd 0ebioe barpe 0o 0F0 Y L 38 Seeal o
09 |y Jlade o iion o AV L Sbey slas d >l i

Ll 00ls olais
(0 IS
OS5 2o VO L« pad Cdgriaor 5« p lg>?
lalaz osbxl o 1) ke oy s o V\YAA L (STl
sllas cll> o ailosls plais] 0g3 4 S0 4 bgs e
abhdl> cud,b el a4 b i i kil

s oslialy, pedlfe ole o

(Dglad glls > 0wl ool Lasid (as,0V/AA)
ol gebsdlyy ole o Ste (S S el 9 (S 400
Jelge izl ise o 50 Colesyo .canl aus,oVAY L w0l
Olpedr 1o ofAF L wole 4l g wo ) /T L e
ol olulid U o8y (oliasly) Jeloe (Pt
Ol A S o a5 o Slas bauao IS5 sle xS 13 51,0
L sbole Julse @ baye Jole o iy sl oals ools
IRWIUOUES IV § J7 VNI AT VE SRR W A TR TA

fY

buxo

aazsly

ol g by Slealads Jolodiga s wlol
lp aing ;WA g (Lol 4239 VY ity sla il
ol @ bgrye lallas glgil 5 osls (ansdd w0 2
a5 JUT TRACES s, 5l eslioial b ciyllsg 15 s ciyllss
Uas Vo F ¢ Sy Sl 4 bgs o slallas slaxi g0,
& by glallas daz oloss ol 51 aS (F Jguz) wog
5 (Lo dYPIYO) YWY Sleld L o« Jlg 5 ooy
(o, 0Y /2 Y) 5 AY Slgl,8 b «obsl 5 coa Sy slallas
wSld Seym Sl lalhs (n a8 5 (i oS
(nS 5 il slallas s o B S5 izl i
Bas o olail pladh e 5 (o 2V FIVe) «Bis»
095 s |y ballas slaxs o ion (o 0V/RY)) «ow )
(Sl g gampley slalhs Hle o aisly elaisl
Qo dYY/AD L €0 Lo pladh a4y by o Uas o iy
Job? & by pe slalas (cn (goimainb (g )3 00
v 9 (2o ) 0F[AF) «oledlbol olosl Jash waledb|
olas slass o yiiion (2o ,00/TY) «oledlsl oloil cud»
sl |
S )5 4 bgrye glalas Jals a5 Sy <> slallas
2 weben L2l S peeal 5 S )aelp gl abadl>
L €lah 4 bgyre slallas ol ond ools (lis & Jga
L €6 S puoal o5 dalpy «oglad> 5 asoYI/AY
Sallas wo)s (a8 5 st i (2 p0) < IVY)



\YaAa ul.a.m.a) | ¥ o)Lo.-:'J/\ 0,99 | ‘.5"3“;)‘ 6“&5)" L5°l$ aolilad

s gy cdls I Jols mlis F Jgox

sl

(F-YON | £

M).b

ol g cods

ay

Ye/-¥

TSRS

BB

YSITD

YY/#Y

LYYIEY

LYIYS

AR

>
«

730

23.95

25

O

~N

N T T TR

LN

0  EEEE——

©

)]

N e——

o0
~

N ——

<

1.63

.32

2.61
Io

3.92

1.631.96

I 570 e
ekl IS
I 9e (=

aacliS o

a0 e | A
S0 ol o) T

2 e

324/ B asadli Sy

9 gk
Sy

20

7.51

2.94
1.63 I

4.24

2.28

0.98 65

jgo) o€ )7 jore
lgr)e |

g0 <77 o
g <7 (e
leve 7 séqe

v <77 TR

1.631.96

0.32

14.7

15

10

jgr)d 3 60

|6 (7T o eve [T

ol Lacgamo y )y g s gy <l oy b JSi

|6 <o o€ v [TTe
e [ o wre of e
vl of L 7T

jgeyd 0 5

lgvye ¢ e

ol g Cudns

<Te B by

0

Al



S Gl sla il pl (23l slalles &lio iy Jelossasos | )50 5 (553 Somse oy

s g0 el jf Jolo alis & Jgor

Lol

ol

o o

&S)é

A4

Y4/Aq

abdl>

AY

YY/ON

S S o 9 (639 yaoli g (gliad

Yy

e IvY

1,1

0

YV/AY

LYVIAY

YARIAAL

ZYY/e)

YARYS

15.79

6.04
5.7

3.35
‘ 3

g

[T &= orve

36

01

8.74

1.67

A [P Ses v
ITRA™ e ¢ ove
TR e e e —
A= 262 e ciee e K
<9 (e
< Ea T aen)
ik Gl e U

4.02

.3&'|67 |

0,67
1

1.34.36

o #qov
oy ({9 o
qw\,@q&M\ﬂo
Fr0 F e

Aol «iglad
PaonsS 9 (S

S5

3330

‘ ‘1i371

2'i”1.s7

2.68

|70 ¥ A 16060 |qKA = oo oo
7T Fp e 16600 | KA fem
|t S0 IR e

“ o e 4
o0 ey ) e o w
)bl sCc0 by

Nalfvenall N akeavlty

3.35

4.02
2.34 |

4.41 436

2.01

3.69

z.sé’i)z

14
B

16

14

12

10

of o

4
2
0

70 Y

srd oree e (9

& Mm@ 0 'S

ard e

|70 T e a,
jrre o€ 9 Ce0 )
70 <Sjer0

¢ oo c0 o (9

srd e ol

ol sacgozo pj g s Fg)0 cdls woyo .f JSCo

¥F



\YaAa UL“-..M.A) | ¥ a)Lo.-'::A 0,99 | L5‘°5"5§)| ‘5..«&3].1 Go.l.c dolilad

25

23.61

10.41

7.98

7.11

3.47

.34
[

‘O

1.38

3.81

AP

e\ b s

e g

R vl gfsfe 4;
e Ao

3.81

3.12

2.08
1.38
0.390.34 I I 0.34
| I | |

1.73

e of ool K5
e bfrm D
o jere an
g0 g w

o0 o o S8 < v 4
eor( < 3

i

‘WS

cjer” qelemn
e KD oo

1.73.73
o.34| I I
| |

1.04
]

2.77

20

13.88

15

2.08

orbe ov? e
AesHS 99¢”

A oo

e[ o

1713 9’6 Qe

ov|STY o

H? K o
o @b

aksls
las 5 Llilg )y pusdlBo duoyo Y o

1.38
0.39.34 I
[ I |

10

3.81
| ‘

3.1
0 |

1793 v o om

(7 (<57

o o€ ffeD b (€57

5270 (c€)57 S
SR v e "

o Qev((ee

L~ . 218

3

) apbs Sozn I 26.88
\_35 @22 b Sy I 20.43

0

Sl S 4.65

ol I 27.95

3

1254

I 5.37

4 g sl
Sl gss

o

15 20 25 30
o 99

10

o o s JSis Jolge A S5

Yo



JrS Gl oyl (3l lalbs &by iy Jelosisa o | oS0 5 (5 i3 Somge oy

oS Canl ) £9090 cpl Jus [¥V] 58 Jlymen yol> dalllas b
ole 5 o Slas b IS (J S G slo gl sy il o
A b i ;0 a5 (OIS b el o 1l snias Juis
9998 S50 g alulid (Sen (o) (0 eS p3 was o0 &) L3>
Ol 2 Spgo (I oy o s s S5 5 (sl e
Mayglpl S Sl gV S0 4 Bgats 9 guono (6 S paend
olail bl (S gballas 5Ly ol S e
005 Sz by 4 by ye sty glulid pac g (grm 35S 0
5 SVl b il slos (i JLid (il aw (5 )le
o ygill 8Ly Koo 0j90 el g oo 5 bl bglas
G5 b ot i 50 ool OS] 0,5 olulis o
el By Sy 55,58 slaclgiie b

4 abidl> 5 5,0 slallas (Aneziris 3 Corver dslllas ululy
&S bl bl cpl el glolis lalhs ) Sege <S5
b el so podie dlibl> 5 fae (glz) slallas a4 |, S s sloallas
Jo sl s gy slallas [¥¥] 5 s & plie yols dalllas gl
OV €9 (it 145 00 )18 S slallas 05,5 5 pgd &)
3¢5 | (o dAIVY) duo o gy s oS Cel (guis o (gllas
Sl sloy sla yo3s) Jdoay ganley sl sl ools plaiz
Obey o a8 asl slladl Jols wilgs o Ua> g9 ol a3l 0
Sl Sl ygon o5 lallas b il oo plnl (atia
by sl ygilnl & Gloy 1 b wigdi oo SlF Dl S
Ble S0 )50 adilog 5l g ams ploxl 1) (6,500 Aigly oudy ateia
RCE O TS

S5 ) ool b glasllas b o Sen 5 Halvani
oS 55 S @l sl silnl s slud glallas Sy, s SHERPA
3 Sbee (slallas dallas (5 jogeiue o5 203 00 (L3 B AL
plsl ) (SBgal 5l (AT, (60 Shos (slallas o5 Wiy (55
3 ol bl gllas oy iy oS Lol adly ol lasdls S
LYl o)l gren yol dallas b wg Jos plol (0,5 ogel 3
2lo & (b ]srine Jdsa ally (S sl o 51l (w2 seS
P alie (2ol uzes ol 0l Las Aoy sbgl o wayllbg
oS s j9bas Y0l cud oaslcansas Endsley o Jones dalllas
03,5 Sdlaools (il b odslie ol jgilpl e LS 5 Jsene
o

obis sl 5 Sloe sams IS Lalse 8,4, anllas ol gl
b aiby Sy wopstVA0 L Sl L oS aas o

\2

.'.=~

sl ,gilyl 3l slallas Bl i ;U1 Gabss ol 5l o
W9y ol 42 ST 09 (oendafy SSHE S 4 bgre 1S U
Sl Cupae o Gl glalled plubid gl Jsene (S0,
ColB hg, oyl a5 e e lid aliie Slalllas adl Slsp
IYA Al S8 351y Koo mlio jo eolail

b gy 2o g a3 Gy b o el bl
s bl ez wo o 5 5l o 2 FUTY 5 01V s Sy
b g5 g saisle; & bgyyo slallaz (F Jga) oz (59 >
sl 5 Ggpm o glallas oy i lgicas (Ao oYFYR)
10 (B, 3V e+ ¥) ol g CutsS 5 (2o 0 VY/PY) Sl Jols
(), 5en g Shirali ddlae aazgl b als gon slag,
@is0le) e 5 P 5 S 4 bogypo lallas Sl 1 i
) S plae dalllae (pl b oS 09 (sl (slalla coledys 5 I
L] ael sy oo gl 38 )] Koo dalllas ;0 (puimen
doc b conle jo Oglds 4 Splie opl Jdo o8 gn wls
bze 50 (nl > @lls 4 bgye slo Sowmmy 9 Slles Lo
e Logs 10

2 aS las Ggp0 o slrdcgormey; ,o adlas oyl gl
Sl i oS0 dddllas o awo oo lis s @l O IS
2o 2V FIV ) dalog SO Bl 4y bl g uaS 835> 40 lallas
33 9 (o, YY) o LS phdl a Jlgi 5 ganley Sisw o
by o (ao 07 AF) cledlbl oloil il 4 ledbsl Jols iz
L¥y] s s Slyen o 5o o Shirali dallae b gl opl o9 o0
5045 5, cdyllas Orosi dalllae gulis b asdlas ) gl ¢ pizxon
lalas o inte Olocas ) po L3 pldl (Bi> slalls
sl 51, Bis glallas a5 Lo -yl 5l Lol ccl 0o 87 Lol
2 S gyeba )l Opbe alily pade o el 5l A6
Iy Ua> Slgl 3 o o ao @YV A L B> slallaz-Orosi dslllas
a5 ail by Dalite Cuple Jdody wilg co gl ol a5l
e JAS G Tl b siludsls slaals IS 0 (LS
ikad A o plodl

W oo L byl ol gl Sgp0 cdl>6)L,0 O Jaoo zulbs
b aladl> o oY UAF L S 30 o oY VAV L s 2] slallas
Qo 23V IYY L (6 S ol 5 (53,800 «glad 5 do DYV/O)
gl o Jal 1) (G9)3 slalla 9o (5 oS b o e oy
S o g abadls 4y bgy o las ws o oy iy Shiralidallas bl
Wl o paie Sy glalas 1) aladl> glallas oS 5,005 g ol



WA lie; | Foylod A 0y90 | (sogisS )| oty PR

oo 5 005 Sl ) ples Lilid 3 oS el
[ey] Ao oo il 1y 008 (60 Slee

Gy alsr Sy S mlio ,o o5 TRACEr i,

ool lallas g sl a3l axwss ] clallas sotpai b
ol saaisb oy WS o lolis |, Slolay o3l
6 gl o Mes oS lailyd g ooty JyuS @61 ol
b glee ;o Glail glbs ) s pXiny sloasky oucagly
S9d (Byre gloerd glio wiile Vb Sy 5 (S

s e 3 ).g'é.ﬁ.i'

G 95 L daghy gyb gt dlie ()l
Cglee 5l abiwgpdy el IRAJUMS.REC.1399.504

ypligus (Sop psle ollidls (5,0l ¢ Olados e
g o0 SIS g ol 5 aslllas

&bw (o,

D) 292y mblie ;o o )les WS e Bain g

o b
el 00l ol 80 g Jawsgd dxdllas opl Il molie

References

1. Macchi L, Hollnagel E, Leonhard J, editors.
Resilience Engineering approach to safety
assessment: an application of FRAM for the
MSAW system. EUROCONTROL Safety R&D
Seminar; 2009: EUROCONTROL.

2. Hollnagel E. Human Reliability Analysis: Context
and Control. 1993. London: Academic Press.

3. Hoseini H. Human Error Engineering: Fanavaran;
2010.

4. Azhdari M, Monazami Tehrani G, Alibabaei A.
Investigating the causes of human error-induced
incidents in the maintenance operations of
petrochemical industry by using HFACS. J. Occup.
Hyg. Eng. 2017 Mar 10;3(4):22-30.
[DOI:10.21859/johe-03043]

v

ol yiete ooV /T L (698 slo Sy 5 ao S TFIAA
Cowg 4 danbsy  Fouzes (A JS0) aiws o Slas baias IS0
wb o8 elge slawi g g5 9 ol g g5 g olans ptans
JrsS Gy o5 lalllae bl sl dily 09 (gnay 2 9 S
WL At (85 D90 senig iy JFUS G g (sl o'y
olass gy 5,50 b ygil pl o Slas oS ¢ Sz Jalge 5| S5 a5
G b b S gy Lol aS (g psboay el Sl (g5,
5 Sob dalllas o L8 V] cudd ool olis (g foline  Stuso
oS 9 (e Jelge daygil pl olass a5 0l (adeie o (S
o Sl o 85 i Sl (gl ology] el 5 o il
it 530 a3 59,0 1085 ased Jeloe VAL Wgd disl> 39,
locels boygilyl 55" o il S g ladl o sl & (s o0
3wl )0yl e g J5 0958 Jl 53 pglie jsboas
ot Wl oo o sl izmed Candd (o (6 ol (Sin
Kirwan 095 olwl ulbypj g by Gop e 9 e
o 803 slogzgar ol ole 53 1, Wb )5 )L 5 i 3553k
Cawyd o Jadllyginss Bl g (Bigal sy ] sl 00,5 B yne
oygel Sl )by [ Y] il Lo )5 Wl oo allas o (ol
@l Ll jolaeas | Jezms (g3lwands slo by, Sikorski
bl ool sl 995 ik silal cand o Slee | 26 L]
sblia 3 1F T casdls (59,0 1, oY (slogsbigel 5 o3l cinss
3 s 1 o glolid clallas o8 Cad ol Sodord e o0

Sy sl Gz o ol Jlsl by WS iy

5. Maulana FI, Widyanti A. Adaptation of Tracer-
Technique for The Retrospective and Predictive
Analysis of Cognitive Errors-for Analyzing
Indonesian Train Accident Involving Train
Dispatcher. InJournal of Physics: Conference Series
2019 Mar 1 (Vol. 1175, No. 1, p. 012193). IOP

Publishing. [DOI:10.1088/1742-
6596/1175/1/012193]
6. Khan FI, Abbasi SA. Techniques and

methodologies for risk analysis in chemical process
industries. J Loss Prev Process Ind. 1998 Jul
1;11(4):261-77. [DOI:10.1016/S0950-

4230(97)00051-X]

7. Joschek HI. Risk assessment in the chemical

industry. In: Proceeding of the international topical
meeting on probabilistic risk assessmen. New York,


https://doi.org/10.21859/johe-03043
https://doi.org/10.1088/1742-6596/1175/1/012193
https://doi.org/10.1088/1742-6596/1175/1/012193
https://doi.org/10.1016/S0950-4230(97)00051-X
https://doi.org/10.1016/S0950-4230(97)00051-X

JrS Gl eyl ) (23l slalbs &lia iy Jelossa o5 | oS0 5 (553 Sgmpe oy

10.

11.

12.
13.

14.

15.

16.

17.

18.

NY: American Society of Chemical Engineers.
1981.

RG B. Human and organizational factors in safety
of engineered systems. In: Conference proceedings
for American Society of Safety Engineers Region
III and Texas Safety Association. 1998.

Jahangiri M, Hoboubi N, Rostamabadi A,
Keshavarzi S, Hosseini AA. Human error analysis
in a permit to work system: a case study in a
chemical plant. Saf Health Work. 2016 Mar
1;7(1):6-11.  [DOI:10.1016/j.shaw.2015.06.002]
[PMID] [PMCID]

International, Association, of, Oil, &, Gas, et al.
Risk assessment data directory. In: International,
Association, of, Oil, &, Gas, et al., editors.
Auderghem, Belgium2010.

Kirwan B. Human error identification techniques
for risk assessment of high risk systems-Part 1:
review and evaluation of techniques. Appl. Ergon.
1998 Jun 1;29(3):157-77. [DOI:10.1016/S0003-
6870(98)00010-6]

Johan A, Stanton N. Task Analysis (Hardcover).

Said MH, Noor MFAM, editors. Technique for the
retrospective and predictive analysis of cognitive
errors in maritime pilotage operations. 12th
UMT annual symposium"
advancements in marine and freshwater sciences;
2013.

international

Shorrock ST, Kirwan B. Development and
application of a human error identification tool for
air traffic control. Appl. Ergon. 2002 Jul
1;33(4):319-36. [DOI:10.1016/S0003-
6870(02)00010-8]

Shorrock ST. Errors of perception in air traffic
control. Saf. Sci. 2007 Oct 1;45(8):890-904.
[DOI:10.1016/j.5s¢i.2006.08.018]

Shorrock ST. Errors of memory in air traffic
control. Saf. Sci. 2005 Oct 1;43(8):571-88.
[DOI:10.1016/j.55¢i.2005.04.001]

Theophilus SC, Ekpenyong IE, Ifelebuegu AO,
Arewa AO, Agyekum-Mensah G, Ajare TO. A
technique for the retrospective and predictive
analysis of cognitive errors for the oil and gas
industry (TRACEr-OGI). Saf. Sci. 2017 Dec;
3(4):23. [DOI:10.3390/safety3040023]

Baysari MT, Caponecchia C, Mclntosh AS. A
reliability and usability study of TRACEr-RAV:
The technique for the retrospective analysis of
cognitive errors-For rail, Australian version. Appl.
Ergon. 2011 Nov 1;42(6):852-9.
[DOI:10.1016/j.apergo.2011.01.009] [PMID]

A

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Shirali G, Hosseinzadeh T, Dibeh Khosravi A, Rasi
H, Moradi MS, Karami E, Fathi A, Rezaei M,
Barzegar L. Integration of human information
processing model and SHERPA technique in the
analysis of human errors: A Case Study in the
control room for the petrochemical industry. Iran
Occup. Health. 2017 Apr 10;14(1):1-1.

Petrillo A, Falcone D, De Felice F, Zomparelli F.
Development of a risk analysis model to evaluate
human error in industrial plants and in critical
infrastructures. Int. J. Disaster Risk Reduct. 2017
Aug 1;23:15-24. [DOI:10.1016/;.ijdrr.2017.03.012]

Ghasemi M, Nasleseraji J, Hoseinabadi S, Zare M.
Application of SHERPA to identify and prevent
human errors in control units of petrochemical
industry. Int J Occup Saf Ergon. 2013 Jan
1;19(2):203-9.

[DOI:10.1080/10803548.2013.11076979] [PMID]

Ghasemi M, Saraji G, Zakerian A, Azhdari MR.
Control of human errors and comparison of risk
levels after correction action with the SHERPA
method in a control room of petrochemical industry.
Iran Occup. Health. 2011 Oct 1;8(3).

Shokria S. A Cognitive Human Error Analysis with
CREAM in Control Room of Petrochemical
Industry. Biotech. Health. Sci. 2017(1):13-21.
[DOI:10.5812/bhs-38592]

Maddah S, Ghasemi M. Estimating the human error
probability using the fuzzy logic approach of
CREAM (The case of a control room in a
petrochemical industry). Organization.;4:0-100.

Ghalenoei M, Asilian H, Mortazavi S, Varmazyar
S. Human error analysis among petrochemical plant
control room operators with human error
assessment and reduction technique. Iran Occup.
Health. 2009 Jul 25;6(2):38-50.

Sandom C, Harvey RS, editors. Human factors for
engineers. Iet; 2004 Aug 13.
[DOI:10.1049/PBNS032E]

Swain AD, Guttmann HE. Handbook of human-
reliability analysis with emphasis on nuclear power
plant applications. Final report. Sandia National
Labs.; 1983. [DOI:10.2172/5752058]

Isaac A, Shorrock ST, Kirwan B. Human error in
European air traffic management: the HERA
project. Reliab. Eng. Syst. Saf. 2002 Feb
1;75(2):257-72. [DOI:10.1016/S0951-
8320(01)00099-0]

Cheng CM, Hwang SL. Applications of integrated
human error identification techniques on the
chemical cylinder change task. Appl. Ergon. 2015


https://doi.org/10.1016/j.shaw.2015.06.002
https://www.ncbi.nlm.nih.gov/pubmed/27014485
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4792918
https://doi.org/10.1016/S0003-6870(98)00010-6
https://doi.org/10.1016/S0003-6870(98)00010-6
https://doi.org/10.1016/S0003-6870(02)00010-8
https://doi.org/10.1016/S0003-6870(02)00010-8
https://doi.org/10.1016/j.ssci.2006.08.018
https://doi.org/10.1016/j.ssci.2005.04.001
https://doi.org/10.3390/safety3040023
https://doi.org/10.1016/j.apergo.2011.01.009
https://www.ncbi.nlm.nih.gov/pubmed/21354553
https://doi.org/10.1016/j.ijdrr.2017.03.012
https://doi.org/10.1080/10803548.2013.11076979
https://www.ncbi.nlm.nih.gov/pubmed/23759191
https://doi.org/10.5812/bhs-38592
https://doi.org/10.1049/PBNS032E
https://doi.org/10.2172/5752058
https://doi.org/10.1016/S0951-8320(01)00099-0
https://doi.org/10.1016/S0951-8320(01)00099-0

WA lie; | Foylod A 0y90 | (sogisS )| oty PR

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Mar 1;47:274-84.
[DOI:10.1016/j.apergo.2014.10.008] [PMID]

Abbas Shirali G, Malekzadeh M. Classification and
quantification of human error in air traffic control:
a case study in an airport control tower. Int J Occup
Saf Ergon. 2020 Aug 27:1-3.
[DOI:10.1080/10803548.2020.1760526] [PMID]

Shirali GA, Malekzadeh M. Predictive Analysis of
Controllers' Cognitive Errors Using the TRACEr
Technique: A Case Study in an Airport Control
Tower. Jundishapur. J. Health. Sci. 2016;8(2).
[DOI:10.17795/jjhs-34268]

Orosi M, Mombeni B. Assessment of human errors
in paper machines of pars paper industrial group by
Predictive Human Error Analysis (PHEA).
Jundishapur. J. Health. Sci. 2012 Dec 31;4(4).

Corver SC, Aneziris ON. The impact of controller
support tools in enroute air traffic control on
cognitive error modes: A comparative analysis in
two operational environments. Saf. Sci. 2015 Jan
1;71:2-15. [DOI:10.1016/1.85¢1.2014.07.018]

Halvani G, Mehrparvar AH, Shamsi F, Rafieenia R,
Khani Mouseloo B, Ebrahimi G. Risk assessment of
human error among Mohr City, Parsian Gas
refinery company control room operators using
systematic human error reduction and prediction
approach SHERPA in 2016. Occup Med (Lond).
2017 Jul 10;9(3):32-44.

35Jones DG, Endsley MR. Sources of situation
awareness errors in aviation. Aviation, space, and
environmental medicine. 1996 Jun.

Lin CJ, Yenn TC, Jou YT, Hsieh TL, Yang CW.
Analyzing the staffing and workload in the main
control room of the advanced nuclear power plant
human information  processing
perspective. Saf. Sci. 2013 Aug 1;57:161-8.
[DOI:10.1016/j.55¢1.2013.02.004]

from the

Shirali G, Dibeh Khosravi A, Hosseinzadeh T, Fathi
A, Hame Rezaee M, Hamzeiyan Ziariani M. Using
the human information-processing model and
workload to predict staffing demand: A case study
in a petrochemical control room. Iran J Ergon. 2014
Dec 10;2(3):70-6.

Lane R, Stanton NA, Harrison D. Applying
hierarchical task analysis to medication
administration errors. Applied ergonomics. 2006
Sep 1;37(5):669-79.
[DOI:10.1016/j.apergo.2005.08.001] [PMID]

Kirwan B, Scannali S, Robinson L. A case study of
a human reliability assessment for an existing

nuclear power plant. Appl. Ergon. 1996 Oct

&

40.

41.

1;27(5):289-302.
6870(96)00014-2]

40Sikorski M. Use of digital simulation in
reliability analysis for the design of industrial
process control systems. Reliab. Eng. Syst. Saf.
1991 Jan 1;31(3):281-95. [DOI:10.1016/0951-
8320(91)90072-F]

[DOI:10.1016/0003-

Grozdanovi¢ M, Stojiljkovi¢ E. Framework for
human error quantification. FU Phil Soc Psy Hist.
2006;5(1):131-44.


https://doi.org/10.1016/j.apergo.2014.10.008
https://www.ncbi.nlm.nih.gov/pubmed/25479998
https://doi.org/10.1080/10803548.2020.1760526
https://www.ncbi.nlm.nih.gov/pubmed/32715929
https://doi.org/10.17795/jjhs-34268
https://doi.org/10.1016/j.ssci.2014.07.018
https://doi.org/10.1016/j.ssci.2013.02.004
https://doi.org/10.1016/j.apergo.2005.08.001
https://www.ncbi.nlm.nih.gov/pubmed/16182230
https://doi.org/10.1016/0003-6870(96)00014-2
https://doi.org/10.1016/0003-6870(96)00014-2
https://doi.org/10.1016/0951-8320(91)90072-F
https://doi.org/10.1016/0951-8320(91)90072-F

	03-A-10-447-1.En
	03-A-10-447-1.Fa

