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ABSTRACT: The work aims to construct a multi-dimensional ergonomic method adaptability analysis model to provide
ideas and guidance for ergonomic researchers to determine appropriate methods to solve their engineering and design
problems in a variety of ergonomic methods. First, survey on ergonomics factors methods was conducted. A method set
containing 76 methods in 11 categories was constructed. Then, the selection process of ergonomic methods was analyzed
from four analysis dimensions of research object, reliability and validity, resource cost and time cost. The influences of
the analysis order and setting level of each dimension on the adaptability analysis of ergonomic methods were discussed.
At the end of the manuscript, the application of the applicability analysis method in the task analysis method selection was
discussed. The proposed ergonomic method adaptability analysis method can effectively select the appropriate ergonomic
method for the target analysis scenario. The proposed method is simple and intuitive, and does not require a lot of calcu-
lations in the application. The research can provide ideas for adaptability analysis of ergonomic methods.
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Fig.1 Analysis dimension and index of ergonomics method
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Fig.2 Analysis of research object
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Tab.2 Traversal results of adaptability analysis considering the highest-level selection principle

Bk kAL WIREX LN
TR, BRSO, KA B, ARG PG RO, FIRE, NIRRT 50K RS,
SRR AT, BRAEIIF R, SRR, J2 AR5 70 Hrik

4 15 R L TAE e L AR
3 550007, BUbRIE BR ik
2 Z R, B AERNE, M, EIRAEST, SA TR, Mg
1 BB
*3 EEESELAMERNBBLFHEER
Tab.3 Result of the traversal sub-method considering the highest-level selection principle
Ti LS ERVRCS S TR
LG/ SR 2 WM, BUbRIE BRI
E:55 53 7 75 12 1 JBRAL 55 53 BT i
INHUT: 55 53 B 1 KR
SUREHERFS 2 BRI PR, S o3 17 12
NI A A7k 2 NIRRT GRS, FHIHrE
5 37 A i 2 SA TR AT, A SRR WA R
oG 3 B0 A A D5 1% 1 TAE G F PP A
ZilUNER /RS 3 HARAT 55 08, #EACROZE AT, 25 SR o B ) 4
ST 2 HEHEO AT, K
[E&AWIREN 3 fE55 000, BEBGH, 2R
AT B R T 3 1 i K TR A

x4 ERIAHERFERENN T ZEBERESTEDER

Tab.4 Traversal table of method adaptability analysis considering two levels of selection principles
3 R B Ik 24 FR

A, WEE, BARBERE:, JRRAES /0, I EFRENGE , IAFIEL 5B, I AN 55 20 4T,
INFER T, MR, SCHERRR, TIREEAR, BT EEAR, FR ok, SsRaHris,
RGN RBEACMBUN ik, NRBRE, R SHRESESTEAR, VR AR, RE T EHARR

6 A, NIRRT S EAR, AWERMT SR ERS, FEAE, EEERMS MRS fmis 5,
TAERAT MR AR, EUWTAEAMEREA, B EW TAE AR LR AR, RTS8, 23
G ER L, WA, sEofr, SEARSr, AP RS ERE, RO AR, REA
AtEEE, TR, SR, REBAENTIEE, KRR, BT

4 ERERARIPMEA, R TAE SRR

3 S U A SE B R RN ), P A T AR S vRA,, BRI

2 SA TR, T SIUIRITAL A

BEANTNEYEERS WA AT R i B P X A e ORE B AR RIENYE, HAELL L 46 Rk sy
ML P Y SR RTINS, BN, 7e 5 80kME Tk, A 39 MOTIE S ERTA SR I A& e
BUZI B EAEG “W7 MCBGmT ANAEG, DIsHE, b Pk, 7ED7IE RLE A T B DL BTk,
PR AR UL 4, A 46 Rl A S Bk . BBt T8 8 5 8, BT RIS R AT 4%

HIZE 4 IO, R R RIS, ikl RRSE R = AN R 2, R gk T ik S
R EWE TR T 46 A, XWAT IR RZH  FIEZH07k.



32 o %

T 7

202142 H

4 LhiE

AR SCET R TAREANBE T N P R 2 7 12 9 36 7
PEJEIT 3B o A2 NP AR 2 05 R B ikl £, gt
THE =R 76 RN TR AL AL, IF
MBIFFERS G AR | B PRBAS L R s 18]l A P9 A 73
W2 X R TR 22 05 15 1) st sk o A JR T 0 A, o
— AR S5 I D7 I B SR, PR TIOR3 B
TiEAE SR AR R B o ARG 138 A A A 44
2 AR I T R AN [R] 0 B R | A ] 25 8 8 0]
SR 3 LRSI AT BRI o ASIFFE AR H A0 T A A A
LY S PNIS MR TR T EWNIAE (S S UPNSEN
P27 75 ¥ PP E B 1 B D7 IR MR AR AT TS B9 T
HA—E T E L.

S E 3k

[1] KELLY D. An Analysis of Human Factors in Fifty
Controlled Flight into Terrain Aviation Accidents from
2007 to 2017[J]. Journal of Safety Research, 2019, 69(1):
155-165.

[2] ROTHBLUM A M. Human Error and Marine Safety[C].
National Safety Council Congress and Expo Orlando,
2000.

[31 DARBRA R M. Historical Analysis of Accidents in
Seaports[J]. Safety Science, 2004, 42(2): 85-98.

[4] LEFEVRE J. Towards the ldentification of Warning
Criteria: Analysis of a Ship Accident Database[J]. Ap-
plied Ocean Research, 2005, 27(6): 281-291.

[5] MATURANA M C. Human Error Contribution in Colli-
sion and Grounding of Qil Tankers[J]. Risk Analysis,
2010, 30(4): 674-698.

[6] BALDAUF M. Accident Investigation Reporting Defi-
ciencies Related to Organizational Factors in Machinery
Space Fires and Explosions[J]. Accident Analysis &
Prevention, 2011, 43(3): 1187-1196.

[71 PIERRE Le Bot. Human Reliability Data, Human Error
and Accident Models Illustration through the Three Mile
Island Accident Analysis[J]. Reliability Engineering &
System Safety, 2004, 83(2): 153-167.

[8] EVANS A W. Fatal Train Accidents on Europe’s Rail-
ways: 1980-2009[J]. Accident Analysis & Prevention,
2011, 43(1): 391-401.

[9] BOOHER R H. Handbook of Human Systems Integra-

tion[M]. Canada: John Wiley & Sons, 2003.

MOD. Human Factors Integration (HFI) Practical Gui-

dance for IPTs[R]. Washington, 2001.

REINACH S J. An Introduction to Human Systems In-

tegration (HSI) in the US Railroad Industry[R]. Wash-

ington, 2007.

TVARYANAS A P. Human Systems Integration in

Remotely Piloted Aircraft Operations[J]. Aviation Space

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

& Environmental Medicine, 2006, 77(12): 1278-1282.
HELANDER M. A Guide to Human Factors and Ergo-
nomics[M]. Boca Raton: CRC Press, 2005.
KARWOWSKI W. Ergonomics and Human Factors: the
Paradigms for Science, Engineering, Design, Technol-
ogy and Management of Human-Compatible Systems[J].
Ergonomics, 2005, 48(5): 436-463.

STANTON N. Human Factors Methods: a Practical
Guide for Engineering and Design[M]. CRC Press, 2017.
SALVENDY G. Handbook of Human Factors and Er-
gonomics[M]. Hoboken: John Wiley & Sons, 2012.
WATERSON P. Defining the Methodological Challenges
and Opportunities for an Effective Science of Socio-
technical Systems and Safety[J]. Ergonomics, 2015, 58(4):
565-599.

LOWE B D. Ergonomics Assessment Methods Used by
Ergonomics Professionals[J]. Applied Ergonomics, 2019,
8(1): 1-8.

STANTON N A. Guide to Methodology in Ergonomics:
Designing for Human Use[M]. Boca Raton: CRC Press,
2014.

SHORROCK, S T. Human Factors and Ergonomics
Methods in Practice: Three Fundamental Constraints[J].
Theoretical Issues in Ergonomics Science, 2016, 17(5/6):
468-482.

STARK R F. Reducing Risk in System Design Through
Human-Systems Integration[J]. Ergonomics in Design:
The Quarterly of Human Factors Applications, 2010,
18(2): 18-22.

CRISP V. The Validity of Using Verbal Protocol Ana-
lysis to Investigate the Processes Involved in Examina-
tion Marking[J]. Research in Education, 2008, 79(1):
1-12.

FANG H. The Petri Net Method of Task Decomposition
and Its Validity Research[J]. Journal of Anhui Univer-
sity of Science and Technology (Natural Science), 2008,
28(1): 85-89.

ORMEROD T C. Using Task Analysis for Information
Requirements Specification: the Sub-Goal Template
(SGT) Method[M]. London: CRC Press, 2003.
STAPLES L J. The Task Analysis Process for a New
Reactor[C]//Proceedings of the Human Factors & Er-
gonomics Society Annual Meeting, 1993.

MILITELLO L G. Applied Cognitive Task Analysis
(ACTA): a Practitioner's Toolkit for Understanding
Cognitive Task Demands[J]. Ergonomics, 1998, 41(11):
1618-1641.

GABRIELLI S. Supporting Cognitive Walkthrough with
Video Data: a Mobile Learning Evaluation Study[C]//
Proceedings of the 7th International Conference on
Human Computer Interaction with Mobile Devices &
Services, 2005.

HOFFMAN R R. Use of the Critical Decision Method to
Elicit Expert Knowledge: a Case Study in the Method-



Ma2t A

FRACLSEAE . TAREANBE T AP AR 5 5 0k 9 3 N 23 33

[29]

(30]

[31]

[32]

[33]

[34]

(35]

[36]

[37]

(38]

[39]

ology of Cognitive Task Analysis[J]. Human Factors,
1998, 40(2): 254-276.

RAEIE, &M, PG, CAPP R4 TR EIR A h
A NEARBEFE]. HliE Ak A 34k, 2000, 22(11): 24.
ZHU Hua-bing, ZHOU Zhi-shang, YIN Zhi-giang. Re-
search on Automatic Generation Technology of Process
Drawing in CAPP System[J]. Manufacturing Automa-
tion, 2000, 22(11): 24.

HONG E S. Quantitative Risk Evaluation Based on
Event Tree Analysis Technique: Application to the De-
sign of Shield TBM[J]. Tunnelling and Underground
Space Technology, 2009, 24(3): 269-277.

BOHADA J A. Automatic Generation of Clinical Algori-
thms within the State-Decision-Action Model[J]. Expert
Systems with Applications, 2012, 39(12): 10709- 10721.
BN, VIR, ST, RO S AT R TE AL L i A
R EME TR R I]. B AR, 2004, 28(1):
56-59.

HAN Xiao-tao, YIN Xiang-gen, ZHANG-Zhe. Applica-
tion of Fault Tree Analysis in Reliability Analysis of
Substation Communication System[J]. Power Grid Tec-
hnology, 2004, 28(1): 56-59.

STANTON N A. Predicting Design Induced Pilot Error
Using HET (Human Error Template)-A New Formal
Human Error ldentification Method for Flight Decks[J].
The Aeronautical Journal, 2006, 110(4): 107-115.
POCOCK S. THEA: A Technique for Human Error
Assessment Early in Design[M]. Amsterdan: 10S Press,
2001.

GARRETT J W. Human Factors Analysis Classification
System Relating to Human Error Awareness Taxonomy
in Construction Safety[J]. Journal of Construction En-
gineering and Management, 2009, 135(8): 754-763.
BELMONTE F. Interdisciplinary Safety Analysis of
Complex Socio-Technological Systems Based on the
Functional Resonance Accident Model: An Application
to Railway Trafficsupervision[J]. Reliability Engineer-
ing & System Safety, 2011, 96(2): 237-249.

Bt BHECK R RES L L R E ARk
=, CN109040742A[P]. 2018-12-18.

YAO lJia. Intelligent Cause Searching Method and Device
for Camera Fault and Cameras: China, CN109040742A][P].
2018-12-18.

LOFT S. Using the Situation Present Assessment Method
to Measure Situation Awareness in Simulated Submarine
Track Management[J]. International Journal of Human
Factors and Ergonomics, 2013, 2(1): 33-48.

BoKSG, IV T A N A TRAT R T
WAt []. PERAT AT B R, 2015, (2): 48-51.

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

WEI Shui-xian, SUN You-chao. Design of Flight Simu-
lation Test Scheme Based on Physiological Measure-
ment[J]. Journal of China Civil Aviation Flight Institute,
2015, (2): 48-51.

GROOTJEN M. Cognitive Task Load in a Naval Ship
Control Centre: From Identification to Prediction[J].
Ergonomics, 2006, 49(12/13): 1238-1264.

ANASTASI D. Team CTA Applied to Radar Operations
System Modernization[C]// Proceedings of the Human
Factors and Ergonomics Society Annual Meeting, 1998.
ARZE P, TR IR, FE RS 4 A BT TR A S 4 U N
HJ]. KEdE, 2017, 3(2): 38-44.

SHAO Ying-xia, FENG Shi-cong. Application of Social
Network Analysis in the Field of Public Security [J].
Big data, 2017, 3(2): 38-44.

ARTHUR JR W. Innovations in Team Task Analysis:
Identifying Team-Based Task Elements, Tasks and
Jobs[J]. The Handbook of Work Analysis: Methods,
Systems, Applications and Science of Work Measure-
ment in Organizations, 2012(3): 641-661.

ZHANG C K. Spatial Layout of Reclamation of Coastal
Tidal Flats in Jiangsu Province[J]. Journal of Hohai
University: Natural Sciences, 2011, 39(2): 206-212.
JOHN R W. Evaluation of Human Work[M]. England:
CRC Press, 1995.

w7y, Wi, W ZRANEER G RE T
REER[I]. ATk, 2010, 16(1): 68-71

TANG Zhi-li, ZHANG An, CAO Lu. A Survey of Func-
tion Allocation Methods for Complex Man Machine In-
telligent System[J]. Ergonomics, 2010, 16(1): 68-71.
WE, BRiG, BN R AR TR L5
SIMEFIE ). ALERAER T P, 2016, 23(10): 92-94.
CHU Xue-Qin, CHEN Jie, CUI Ze-peng. Task Analysis
of Human Factors Engineering Design in Nuclear Power
Plant[J]. Instrument Users, 2016, 23(10): 92-94.
LOCKTON D. The Design with Intent Method: a De-
sign Tool for Influencing User Behaviour[J]. Applied
Ergonomics, 2010, 41(3): 382-392.

WALKER D. Stakeholder Voices Through Rich Pic-
tures[J]. International Journal of Managing Projects in
Business, 2014, 7(3): 342-361.

SCHLIERF R. Human Factors Operability Timeline
Analysis to Improve the Processing Flow of the Orion
Spacecraft[C]// 2011 Aerospace Conference. IEEE, 2011.
ZHANG X. Construction and Application of Applica-
bility Evaluation Model of Human Factors Methods for
Complex Human-Machine System[C]//International Con-
ference on Applied Human Factors and Ergonomics.
Springer, Cham, 2020.



