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Objective: The aims of this study are to review applications of systemic accident
analysis methods such as Accimap, STAMP and FRAM and to compare them.

Background: The systems thinking approach to understanding socio-technical system
accidents is the dominant paradigm within accident analysis research. It views accidents
as the result of unexpected, uncontrolled relationships between a system'’s constituent
parts with the requirement that systems are analyzed as whole entities, rather than
considering their parts in isolation.

Method: This study was based on the literature survey. The literature was searched
through academic database of ScienceDirect using the key words of systemic accident
analysis, Accimap, STAMP and FRAM.

Results: The survey showed that thanks to its characteristics for requiring small
resource and less analyzing time, Accimap was adopted in accident analyses the most
frequently of the three techniques. The systemic methods have been more frequently
used in the regions of Europe, North America and Oceania. STAMP provided a more
effective means of applying the systems thinking approach, compared to Accimap
and FRAM. While STAMP was more reliable, Accimap provided succinct graphical
summary of accident. FRAM may take the longest time and require the largest
amount of resource for analyzing accidents, which resulted in better way for extracting
recommendations for improving systems. A previous study pointed out that in addition
to practicalities, method adoption was most influenced by its usability and validity.

Conclusion: Accimap have been used the most frequently, while STAMP and FRAM
was easier in establishing preventive measures.

Application: The results of this study can be used as useful guidelines for adopting
an appropriate method for the accidents analyzed.
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1. Introduction
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10} B AH2]-7| & (socio-technical) A|AZ0| T SHe| 0 SESHE O M2f AtLE Tt
19934 Aol 2|z e AT A, 19955 O X|SHE Mol JpA Z&E AR S =
(502 At 2003 CHT X[SHE SLEY S AFD (1928 A, 2014 MES HE ADEM4TE AHY 2 HE)2t
Y 0|40 At = HEBE= Y A7t O o2 = & UCH ST AZ-7|8 A[2H0M Ldshe A ES

09| 071X %1 SR %2 Mz A ZutZ LMo, T4 94 JHMO| OfLl A|AH HMA M ADE 2AT}

StCHUnderwood and Waterson, 2013).
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T 2 FTA (fault tree analysis)2t 22 MEX Al X (sequential) ¥ Ql-Z K cause-effect) Abxl LEH2 Ap 7} EH| DXO|L

oz YMSCt D EChUnderwood and Waterson, 2014). 234 Z&H|0ts

AtQL 22 BT ARl-7|& A|A"OIM LSt Atles SQHH WSO|Lt AEjEL
L s HY2Z LoddtH emerge) ElCHde Carvalho, 2011). E3 &=A K2l

Mo XB3HA (0], AALZREO| &5 7|2E 4ot 2 1 ANZE SHE Me EX]

and Waterson, 2014).
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2ot 2HTS siZ5t7] I5t0] 0|, FES FHCE o MATUM e AIAEE FHHO| At ZALR QI7HESH 20k0A &
|1 QUCHSalmon et al, 2012; Stanton et al, 2012). A|AEIA A AR 7|2 AtD Q018 & HRHESE 9|

|5t ofd, ZatE ol oFF i 2of it HEE S| =CHUnderwood and Waterson, 2014). [2tA|, 2 STOAE Al

tn 24 718 5 EA 7|#2l Accimap (Rasmussen, 1997), STAMP (systems theoretic analysis model and processes) (Leveson,

2004), FRAM (functional resonance analysis method) (Hollnagel, 2004)2 E2¢IZALE HIE o2 o sigts Halsln, 1 EM2 Hn

in}
w3
nx
]
ot 0

% = L
(Rasmussen, 1997; Rasmussen and Svedung, 2000). Accimap2 At 7t 2ot RS E3Hsl0] A|AH MA|o| MIiE MAHEED|, Hd}
4

o7l A2 OfLX|Et Al2-E E& 6702 2N XRE £FEZ Zaot AE X2 LiEHCE HE X A 7|2t 2 7
2 X de 21y 49, 71ed W 288 #e, AAEE A oY 3 BEk 25)0 2 4gE], 24 I I HEf). 0|E Ht
8oz AAHES Pt oY £F2| QJAHETEAI QAETE S THE LB

STAMPE LevesonO| NSO A|ARN HA, T4 I 2F0|MQf OHH B Kote| MM ga|ut HHlo| x-S & Mo 7|8t
SHO|C} Accimapdt FASHA A|l2BS O2f £FE2E O[O AT FXRE LIEILAD, A[AR I 20| 2ot T 74el ¢
gl A5 =2 71 AL Accimapdt CH2CH(Leveson, 2004; Salmon et al, 2012). A|A” AHZ FZ9| 2 £=F0f= 2 actor T2
stakeholderZt MA|Z| L, O|F2| At 7|0 ROIZ HHWFE= &O(taxonomy)E HEZE MSSt AL, 0[0] Sr0{ AtLl 7|0f QIX}
= A% Fxet EE 2 EAMBit

FRAM HollnagelO| USRS At Mot 7o 7|83 HIMYE 2

2. Method
2 7= A YO BE AAHA AR 24 J|HE OF 2YUZAME 2HE O|RORLE AF0M EHZAlE MAZF 2]t
= 2% 29 #nEd ZEE0 Lt2E 21} systemic accident analysis, Accimap, STAMP. FRAM2 ZM0]2 $ ScienceDirect 24
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3. Results

3.1 Accimap

Hulme et al. (2019)0] 471 && O|O|EH|0|A HME 310 X2 1990H0A 2018 7YX Al 7|¥ & XY =& 30H 3,
Accimap 23 =20| 20HOZ T UL 2N [ 2O0IHRE 35 270| 6HOZ JHE WY, W& 48, Q&K e OFR
EO 232|0f0]M(led outdoor recreation) 4, s 3H, a5, A=, ES ZH 1HO|QUCH 24 CHA AARIS AHF £X9| =& £
17H0| 67}, 3HO| 57t 20| HAZE At |0 B2 @4 =FHE 7-7170(E: 401, EEHAL 1652 OYSIRo, AS
XM B9 =& T, AtD ME =2 X|HoZ Z4E U2 Aoz ZAME|UCKESIY 50 2 Mgk Ha 134ETHAL 80
AAQ 5 Y& W 32ETHAL 3.1)). O]2{st HAL2 237 Accimap 2 X2 =22 HASZ 3 Salmon et al. (2020)2] HL0]|

ME 20| LIEFRLTE

Salmon et al. (2020)2 2371 Accimap & X4 = F2 LMD, O|F0 %51 558770 7|

of QIXtE He|stIct &, &Y Mg 107, E=E N o] 1470, X HE

137, EE 7] 2 2 702 1304, HE HA Qo 1974 B FRE H2[SIRALE o2t AtREE F= Accimaps 0|8% EMO|AM A
|

17|10 RS HoF F2ot=H ot 2&E & ULk

Goode et al. 2017)2 47 At EDME 7|82 Accimap?| 2|1t B T (validity)E EA4SHQUICE 28~79(Ew: 542
1Yo BMXIE MR ot & K EM0IAM 24Xt WY ME[H(intra-rater reliability)2 A|AE +=FO0A BT 836%EZHAL 7.8),
A2E ZE AS0|MQ At 7|0 QIXkdescriptor) =E=0A B 740%ETEAL 113)5 EIHCL 2MKt ZHinter-rater) A2[H2 &
o Wit T A M F7to| A|AH £=FOM Ho 688%( ZHAL 105), & HN IO B 739%EZHAL 11.2)2 TAML| UL
AbD 7|0 QIXt =0 CHEH K HRY TILOAN 585%ETFHAL 125), & HN I ME 641%ETEHAL 1152 2M}F 7+ M2l
2 HQUO) 28 B E 24 B35 e *l‘E*(method creator, =22 A WK X F H W MXhot 2AX 7H HIF Zop YRR
BISIACH, Al28" +=F2 H tH}IH HItO| M 739%ETEHAL 103), T BN TIHO|A 753%EFETEHAL 9.1), AkD 7|0f QIX
R OHW EILOIM 67.6%EFETAL 119), £ HM BIIOIA 708%EZTHAL 11.92 LIEFRLCH

5
A
0

3.2 STAMP

Hulme et al. 2019)01 2[5tH 199001 A 2018 7E&EX| STAMPE O|&310] Atl EME o Md =22 6HO[U2H, 4HZ STAMP
o & A% TR0 28) & 280 XS ¥F1 URUCL HE 2Eots nE, g3, R AL oY IFEH 2 10|k
STAMPE 2t AB0|A ot H[ofol EX ATt HM(EN &), S =29 £XEsH Ml mEH0| SXHSIAL 53, 8 (context),
A 23 Agkmental model flaw), ®Z&(coordination)2t 22 67FX| HE/E0{0| A At QQIZ 7|&sted, At /1 B+ =2
HE 14~7T170(E 485 EEEAL 213)RACH AlR JQIC2+= S da2| FHHEst 40| 917422 I By, U322 X ¥
579, Mg 68, MAl 2y A 38 D= 11, ¥X 44 £O2 LIEFGICE

Altabbakh et al. (2014)2 FMEA (Failure Mode and Effect Analysis), FTA, ETA (Event Tree Analysis) HAZOP (Hazard and Operability
Analysis)Ite| HmE &30 STAMPE S8 AR HES= F8% A H(holistic) ZH0|1, CHE At ol ZEO| H|5H0]
At 7|04 201 o BO| Al 2 0stRict

3.3 FRAM

Ka (2017)& 201390 2483t i+ GX F= A0t M= EE ADE FRAME H86H0] EAMBIALE Lee and Lee (2018} 2
AlOF 9 AFDLE FRAME O|8¢ B & 2|HA Z3l(resilience engineering) ZHH A 2ABIALE Hulme et al. (2019)0] 2|3} FRAMS

http://jesk.or.kr
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HEot MY =22 4HO|A2M, Ka (2017)2} Lee and Lee (2018) HTE &tH FRAM HE =22 6HO| £|11, M & E0t= 3 37,
nE 27, o W AR LHA 2 17 (Ka 2017)2] HFe HEQt Y & 7HK|E CHE)OIRALY. Patriarca et al. (202002 471 &t O
O[HHo|& HMZ S50 75t 193740 FRAM ZHH XEM'E =&, eaX| UH, HA, M. 8AL 39| =8, ZAH, 3H0|X| § =
She Z7{2, &3 200 HE0| 71 UM (249%), L2 AAF0{(14.0%), MY 22 (industrial operations) (124%), 31 (8.8%),
HE(7%) €2 =2 MEL|1 USS 2Lt XAE XAt IH2 FEUO| 576%= 7+ WAL, OFA|O} 19.9%, 2A|0FLO} 10.6%,
20 73%, 50| 52%, OtZ2|7} 03% =22 LIEtHCE FRAM H& HAL 40 5 Z5E N8 XETL 546%E 7+ BUD, 1~3
CHAZIR| LE0F M2t X2 L OF 40%7F QUUCE LIHA| 57%= REO| ME2 CHEX| ZI review, H|1 59| O|2XQl MOt C}2
I AALH

3.4 Studies by countries and application fields

Hulme et al. 2019)0] Z=AFSH 3078 Md =29 27t 2X = Figure 12 ZCh E=20| 9H(Accimap 78, STAMP FRAM 2} 1H)22
b WL, Ol 3 ZF 2 4, 2|uzt 3, JLCH Bt REME, B 2 2, d2|A, 290] ZH 1HO|UCE f2|Lztel
3HE 25 ANEs HE MDE MY =20|1, 2H2 Accimap, 1H2 STAMPE 0|83}t

Hulme et al. (2019), Ka (2017), Lee and Lee (2018)0]] LtEf &
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=, 1

Usability

Useful output format

Reliability

= Generic analysis approach
= Validity
= Software based method

= Dynamic modelling capability

= Existing worked examples

Figure 1. Paper distribution by country Figure 2. Paper distribution by application fields

3.5 Comparison of Accimap, STAMP and FRAM

Accimap2 A|AHED HE TLEOA LO{LE= AR, stakeholder 22 actor] 5, AZhcondition) S8 & BAISH= BHH, A|AH TLZE,
At SX AL B DEHo| ISt A2X O HEXOZ QARSICE STAMPE A|AHE A5 PZXO0|s Atdo| Iee Okl
=

X o

O

stakeholder 2 actorZt2 LIEILHD, OF0| AtL10| OJXl 7|0 =2 QL2 MA|=l 67kX| 2E/E0(0| 7|8tsto] =2 FABICE O

23t EOA STAMPZL AccimapOil H|SH0] & G A|ABRE ALDE Z gtEstot 8 4= QUCHUnderwood and Waterson, 2014). FRAM2

ANABE ABHOE LIEHY7| ECH= AIAHRION LojLtE 7 oSt Ol 6/l 712 Ed22 EXMatsta, 0|59 A
|

of
£ =AHOoZ LIEHo HQIS FHY - AUARE ot= 7|golat AILEH ML Y=ot Y 2 A22 FFE Ch(Figure 3).

STAMP= = S

oM Aot HEQE ZH0| At IQlof LY 674K| BHE/E01E MEstn R0, 24 Al 0[S0 CHEt i8S AM3| HMSotH
249 A2 =Y = A2M(Underwood and Waterson, 2014), 242 28t 97tX| BXHE 7HEl STAMP-CAST (causal analysis based on

== ChstoIZ RSt 3|X|

[ =
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STAMP)E HA|St

b @A 2 223 4= QUCE BHH, Accimap2 At Q10| Cigt 8019 HA|7F Slol +XH& 24
XL glo B2 222 MR =X T

tEHO| O|E=5t0] STAMPO| H|SHO] A2 =7F STt

Figure 3. System thinking approach comparison of Accimap, STAMP and FRAM

NEz HE MIE 243 47 =2 X MAES| =F(Accimap 28, STAMP 2H)Z Cj&o =2 ZIE EM3t Filho et al. (2019)2] S+
of =M, MEYEZ2 7|HS 0|&%t F =20|A ZQIE At [Qlol UX| W, EMA 7t 55 HE)2 Accimap 38%, STAMP
=

AccimapZt STAMPE 0|83510] Mgz HE AfLE BAst =2 4ft4(%F Y & H)o| H|WOo A EbEtE(
At 7|0] QIRIe] B2 HE)E 8%E IR HUCKFilho et al,

T M 24S ot 7|59 5450 et 710|277 [[H—-—01| HEY2 7MY e A2z 33

F

STAMPE 0|8% 2410 O B2 A7} Q70 A|AE & 3 14 2400 i3 O B FE27t Bst7| o), STAMPE 0|8
ot 240| AccimapOil HISHH A2&|= A|ZH2 Aol & HY FZ0|CHUnderwood and Waterson, 2014). Accimap% At 7|04t BE
oI 7IHHRSIH ASZ XS 0|83t ZEE LIEPE £ QIO HHH, STAMPE AAE T o 280f Cist & 7ol AZ F=xot
Z AE FEOMY stakeholder 2 actore| At 7|0f Q0lg Hr2 24 . 7F2|5t0{0F 17| 20| ZHEHSH =®E LIEFLYY| OfF
CHUnderwood and Waterson, 2014). FRAM2 A|ARIZ #M5HE ZE 7|52 TtYUstY 6/ @42 EMzista, 18 7te| #AHE

25t0] +BHoE M2 AHZS0[0F 617| R0 AT Txat 27| FED #40| AQL|s AlZH0| 7HE ACHKee, 2017) (Figure 4).

fo

|

FRAM

.. Re /lablllty low
PPlicatior, N tim s
"aphical gy 019 STAmp
ffecm, Mmary. Rehabmty hi

Acc"nap
Reliabjj;
Medi

App”cat:on % ;dfym
"aphica) ¢ . €. short

A
. ImOUnt of re raf'y UCCmC(
p rnative est ab, ce: | ast
ifficult Ablishmepy.

Figure 4. Usage characteristics of Accimap and STAMP
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FRAM2 7|558 JCZ LtEfT ME2 HZAY & A= 'FRAM model visualizergts AZEQIOE REE HMIstn UCH

N
=~

Accimap AlE T Zg0l= AARE Ld5ts ATY
EITE STAMP= O|2{8t AtELF Bl AT 72 oL 28), A
2HA|, actor B2 stakeholdero| EZO0|L} AFZAO| CiT HEE Aot HiQF 20| FRAM2 2M8IAt She A&
2ol 2E 7|51t 259 ol §4 84, 7|sE 7H9| A i ZQE 60 7tE B2 HEI Q7 ECL 24 ZnE Hte
OF AtD A RO OtEols O B2 XtEE 0|85t HA ot 7|0l o =EXo|Ct. metM 240 @7 E= A8
1 HHCHZ FRAM, STAMP Accimap 22 CHQF OF210] &A EChKee, 2017).

10

actor 22 stakeholder®| &5, At710] CHst HEIt @+

7b Bl 2t 39| actor B2 stakeholder ZF SH|2F K| <F
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3.6 Criteria for selecting methods

Underwood and Waterson (2013)0] =gt 1074 Li2te| Qb el MRA 8l ME7F 42F(PT: 28~79M|, o 464M)) - HEY At

ZAAL oY, HEHEH MEIH17Y, A2tEE HE7F 108, A7 6F-0f o HEZALOIM, At 24 7|9 M 7|F2 7|¢o 4
3

(B [=] —™ =
2410 O8O AFRMO| 54%2 7HE =QUCH CH2O 2 EFEM 27% 983 ZAlb HE 7% 2AZEQ0] 7|8t 7| 5%, M2|M 4% S
O =ME ZALE|RACFigure 5).

m

0
1%](‘11%

= Usability
= Useful output format
= Reliability

5%

= Generic analysis approach
= Validity
Software based method
= Dynamic modelling capability
= Existing worked examples

Figure 5. Preferred features of an analysis method

ARXE BEH KR AIOE 988 OFF [jg MNS 4 s 7|8 HZ8}7| H20], STAMP FRAMOI H[510] Accimapg A
Reaearchers Practioners
* Greater thoroughness, * Thoroughness and
less efficiency and efficiency and
usability usability
+ Taxonomiy not normaly + Taxonomiy required
required + Method track record
+ Developmental methods

Figure 6. Technique selection trade-off factors

7= ChetlZtSstalX|
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Do ZYO0| QUCE BE AAH” AL JHEE otEsts ZEQst 2M2 3 AE 245t AFXI0AIE STAMP FRAMO| A2
g AL 24 7Moo = O OjEXO0|CHUnderwood and Waterson, 2014) (Figure 6).

2 97 B8 TAIE HIEOE iEE AAEA At 24 7|HQl Accimap, STAMP, FRAMO| A1 Y-S ATMETD EY £4
2 HIDGRUCE AQA X[= TEH2 QMO E A|AHEXN 70| Ot Hel ™ (epidemiological) 7| H2 2 27 E|L, Underwood and
E

rjo

Mg Eol0] A9A K= BEO| 7|85 ATSB (Australian Transport Safety Bureau) 2 &

A S dte A TFoIME AIAEE ALD 24 7|Eo| THEXMQl Al 7HX] 7|
Ohg CHEQICE Ol ATSB ZEO| & HT0IA CHE M 7|#0f HISH A|AR Al 7]50] 7HE oF6t¥7| T2 0| ChUnderwood and
Waterson, 2014). M| 7|8 & 240 275 At22| 20| M1 M A|ZH0| BoH, HEQE AHEY = U= AccimapO| 7ty 2
SHAl A7ElD As AL t HO{X|2, gL ®3 FHo| 7|8 B Al 1
2 Z[0{OF BICE AJAEA f8, 20|, 2A40tL|of ZAMo=Z 0|FR0{X|1
UALF.

Waterson (2014)2 Grayrigg @A+ €M At
 A|AEE ADE A" 7|

d
re ok
o
u
k Ar
S
o
Ok
3Q
_[:|_
[}
=
r
rhT
e

SOl BY, FIAS 22 2AT AT ZAF 7|82 SR 2 AAO|L
oL, SEET St Al]7lE AA”O| AR B0l
2

: THRA DYOER PSS AT 20l K
QB|LIEIE HES AE AR 03 OHF-| AAHE D 24 780l 34 BYo|

7}st Z40|ChSalmon et al, 2011).
= AULL &3, Y Z0k= ICAO
(International Civil Aviation Organization)Lt IMO (International Maritime Organization)2| EZO|L} protocole M2t Akl ZALZ} O] R0
X OAABE AtD HEOIM ATt UCE J2iLf, SHALE IZE ZOR0AM = OfF st olfet ME0| O|F 0K RUctnes & =+
2IC}. Hulme et al. (2019) X Filho et al. 2019)0f 2 AN HE ALDE CHE M HO| M4 ¢

LHA1 XA 25 ot=00e)), M1KA A% 7|2 7|EC2 & I Al ®2 2/ L&A O|F0

22|Lt2tof A ¢lojof YojLtD e ME AZAME 32017, 29 AMd), L HRABIAY(2018, 33F A, O/ ERAD S|
(38 A, 2020) 52| hE Ato| OHe QUsiME, AIAEE At 24 7|Ho chot st et 4F =0l 27L& CH Sk
ABxtol M2 7)Y =0l 3, 2 Mool 2 22 QAU Fae O|X|1, A[AHE AL £M J|He Lt 0|2
U o 2OF X4, ng/2HZ 27sitie M2 Tae I AIA" MR 24 J|Ho H5 2 QoA ws/20| 24 £/0{of SiCt
(Underwood and Waterson, 2013). -1l A|ARIA At 24 70| CHot CHEHOA Q| WH0| OFA2 = THAO|LL, CHSHO|A Q| 2

| 9% o2 =HOICt 7| ME 7|F0|M AHE40| 2 H|IES XSt (Figure 5),

Lo WgS S0 Of 20F AME Fdst= A
A

dFXbe 7|Hol AL WA 2gnt A8YS Ut Qs F2 N2 (Figure 6), 00| HZE YHO| A8YS MUY =
Benz us/zHs S0 dFAE 2 oS Sl0] HFo =st0] A8Y = Q=S SHofOf Bt

WS/2HEM C20f ALn 2H0 AIABH JIYS ASOHH At Hols & O B mofe & A0, RHES AN HES mgt
D0 AL G| M 30 =20| Ele miutS dFAte B M YKL AN £ XS BH0{0F AILEH AL 24 7|
gol 24xcz Bgd Ho= =olt

5. Conclusion

= AFofAel 2o A it M 718

M0 £9&= Aol YO| YUXHoZ M ZIESh ZHZ LIEHH = A= Accimap
0| 7+ BiO| MEE[Of 21, STAMPE ME|H0| 11 AIAEH AtnE & BHIotth FRRAM2 718 JMSH 2MECZ B2 ItRE R
TS 24 A|7H0| Z0| Hulme et al. 2019) T 21}t 7|Z02 M 7|8 & 71E ®A| ZLE|QUCH A|AHEE AtD 24 J|Ho| Mg
20ts STEY, 1§, ¢, St 22 ST AILH0| BACH
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