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Introduction

Almost 100% of aviation accidents and incidents can be attributed to any

human eror by personnel working in the aviation systern. This is because

humans have incentives,capabilities and responsibility for safe and effective

operation of the systemo Human factors has,therefore,become a maor

conco肛l for many operational and management personnel in all flelds of

aviation systerllls. Their attention is mainly focused on eliminating human

∝ror itsel■(EIor resistance)

It is recognized that human aror would never be eliminated since it is a

part of nollllal human bёhavior and an unfomnate result of the challenging

activities which are inherent to human beings.If this is so,what should we do

to achieve the goal of`zero accidents'?As an attempt to answer this question,

a new idea has unveiled itselt WhiCh intends not to eliminate but to control

human∝ ror by intelvening accidents.KEror toleranco

lt should be recalled that our me otteCt市e for enhancing night safety is

not necessarlly to elilllllnate human q■or but to prevent the accident that is a

result of human error.In this respect,error tolerance is considered the most

reasonable and realistic approach to realizing our pellllanent goal of`zero

accide nts',however,there  sun is a fear that tolerating human αror lllllght be a

double―edged sword.

In this paper, the author will challenge the construction of an accident

prevention strategy by integrating vanous human factors knowledge and skins

including the human factors investigation process of using the `】Downhi■

model',which emphasizes the top― down(crOr tOlerance)conCept.
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Air transport as a socio‐technical systenl r

&,ε′ο―たθ力れたαJ sysた″

A socio…technical system is a group in which the failure of五sk control lnay

dttecay lead to a disaster.The flnal decision to avoid an accident is entusted

to a small number of personnel who are working■ e■ ont lineo e.g.Nuclear

power industry,Railway transport,Manne transport,Chermcal plant,Space

industry,Air transport,etc.

Miss′ο″グ α″′″α乙遭′Or′

The ultilnate goal of a缶transport is to fly passengers and ieight ionl point

A to point B safely and efrlciently。̀Safely'Ineans to protect the life and雌

property of passengers and employees。  `Efflciently' means to secure proflt

for shareholders,rnanagement's and employees by saving operational cost。

A  conceptual  modd  (Figllre。 1)

represents the safety envelope as deflned

by four axis;Indicated airspeed,Pressure

altitude, Horizontal situation and Tillle

(Time factOr not shown in the model)。

safe night is deined as aircra■operation

w血 h tts envdop%whib efndent皿 ght麓

aircra■ operation within a narrower

shaded region illustrated in■e envdope。

Figure。l Safety envelope

The responsibility of a nightcrew is to accomplish thett mission balancing

these two oljecives,safety and efflciency of night.The boundarles of the

safety envelope are oien  tillles hard for operational persollnel to perceive in

the aviation system as compared with in other transportation systems.

Whatis human error?
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To better understand the characteristics of human error,it is suggested that

we tracc human history back to its ongin.I・ Iuinans had initiated, at solne
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stabOe of their history,to walk on the ground and stand upnght on their legs

instead of Кsiding ln trees.crect bipeddisり 。ThiS evoludond change

enabled humans to use tools,speak languages and support their heads with

an erect backbone,a1l of which contributed to the rellllarkable growth of the

modoHl human braln.

The ittontal lobe,as the latest addition to the cerёbral cortex,・functiOns to

encourage the human brain to challenge difflcult tasks that are beyond its

capability, which sometimes causes human ttors.To err is a unique

characteristic inherent to humans.Human error rnay never be eliminated since

humans are destined to never stop challenging。

Dげ〕″j′′ο″″
r力ν″α″θ″οr

Human eror is deflned as a part(f noHl.al hurllan behavior in which the

expected level of performance can■ ot be achieved becausc (1) the

perfo■11lance of the human brain is lowered,or(2)the eXpected level of

perfomance is too high.

Rθ′α″ο4sみ″ bθんクθθ
“
θ″″0ろ′刀εJJθ″′α″グασσ′αθ″′

An accident is an occurence in which the result of human∝ or leads to

fata1/serious itturieS tO persons or the damage/failure of an aircrafto An

incident is an occШence which is identical to an accident in nature but was

detected and coFeCted before an accident occured.

Strategy lbr accident prevention

■クο tterθ″響ηrοασ力ω/ar′″οろル″sοルj″g

Histo五cally,there have been two p五 rnary approaches for problem solving。

These are listed below。

●Bottom…up approach(Data―drive⇒:iS problem sol宙ng that begills with

lower hierarchy like tactics,tools,details and procedures.

.Top―down approach(ConCeptua■drive→:iS prOblem sol宙ng that begins

with higher hierarchy like strategies,o可ect市eS,Oudines and concepts.
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There are two different approaches for accident prevention, one is error

resistance which is denved fronl the bottonl―up approach and the other is

eror tolerance which is derived from the top―down approach.The process

of the c■or tolerance approach requlrcs in―depth knowledge and skills of

human factors and related disciplines.

EIor resistance:is intended to intervene directly at the source of the error

itseli(BottOmüp approach)

EIor tolerance:refers to the ability of a systenl to detect and correct the

eror before leading to serious consequences.(rrOp…dOwn approach)

It is not recent that error tolerancc has been recognized as an effective tool

for accident preventiono Many people,however,are still reluctant to accept it

because ■ey are not comfortable leaving the conventional way of e■ or

resistance which has hnctioned well as a tool for nlalntaining satisfactory

level of■ight safety in current aviation systms.

The effectiveness of error tolerance,however,has been demonstrated h

the automobile systerno When driving a car,the driver roughly monitor the

distances ttonl road edges,other cars,pedestrians,ctc.by tilne sharing their

attentionけOr t01erance)instead Of exacdy keeping within ie center oflane

(Error  resistance)。ThiS implies that the human infollllation process is better

suited to a top‐down approach rather than to a bottonl― up one.This is the

very reason why the author would propose accident prevention largely based

upon the top―down(eror t01erance)Strategy.

More practically,boundaries of hazards which are hard to perceive should

be clearly identifled and displayed to operators.If operators were provided

with sufflcient info....ation of the charactenstics of probable hazards through

the hulllan factors investigation process, they could construct a proper

mental image for associated五 sks in human factors training such as CRM

(CreW resOurce management)。

Concept of human factors

Dグ4j′′ο4び力ν
“
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Hurrlan factors can be deflned as an effort to ha“nonize and optillve■ e

relationshゃbetween people and he士living att wOrking envirollmcnts wi■
the knowledge and skills rdated to human perfo.11lance and limitations.

0″σψ′クα′″οル′ヵ′あν″α″力θわrs_SHEL“ ο滋′

The famous SHEL model olawkins,

1987)i■ustrates that humans are li宙ng

and working in a systenl that consists of

four indamental elements; sottWare― S,

hardware―H,    envirolllment―E   and

五veware ―L。 (Figllre.2)Info・11lation is

exchanged through interfaces of each

element. Human ∝ or may occur if the

interface is not hmonized.

施 ″ θグS肥 乙
“
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Figure。3

SIEL molecular structure
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Figure。2 SHEL model

Putting the SHEL modelinto more practical use,the author has proposed the

follow ing two modiicatio ns to the original model。(Sakuma,1996)

SHEL″ οたθッル/s″
"σ

′ν″θ.ThiS model■ lustrates that multiple l市ewares

coIImunicate with each other in the system where all elerllents but hveware

are playing a role as media for infomation exchange。(Figllre.3)

計11.ここ

Figure。4

SHEL time tunnel
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SHEL″ zθ ′ν44θ′.This model gives better insight into change in SIIEL
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elemens in terlns of elapsed ime,which helps claritt the relationship

be椰
‐
een error,incident and accident。(Figure.4)_

〃blッゎ 乃α″″ο″″θ SttLJれ た機 θθS

■
網
Ⅷ
酬
―――

‐―――
「
劃
―

――

―
―

‐

The theory of communication process

as illustrated in Figure.5 can be

applied in hmonizing the SIIEL

interfaces   since   the   elements

corlllnunicate with each other in ■e

SHEL Inodel.Both livewares process

and exchange infomation based upon

the缶own knowledge,o切 eCt市e and

situation  at  hand.  E)ifferences  in

knowledge, o可ectiVe and situation

may lead to communication errors.

The effort by responsible livewares to

as follows.
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Figure。5 Conll■unication process

hannonize the interface is categorized

. Training:is the effort by the liveware located inside the SHEL model to flt

with surrounding four elelnents.e.go CRM/LOFT

・ NIlanagement:is the effort by the liveware penpherally located outside the

SIEEL model to tailor the working envlronments. e.go Ergonorrlics,

Hulllall―centered design

CRⅣ 【 is a kind of human

factors training which ailns to

activating all inctions of the

human infollllation process in an

integrated manner,¬ hich consists

of  training  for  situational

awareness,   problelll   solving,

declslon making, collllinurllcation

and stress IIlanagellllent.CRNIl is

de働正tely   trai面ng   which

cottl11ls  to  error  tolerance

conccPl.

絆

“
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Figure.6 Human information process
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Figure.6 is a conceptual model of the human information process dra■ed by

Wickens(1984).

rレθθゥクθsグヵツ″α″
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The inc■ on of human infolllladon process is classiied into three types as

indicated in Table.1.Associated(】■ors are also included.

Table.l Three types of human information process
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Various liinitations reside in the human infonmation processes as below.

● Capabilities of human info....ation process remains unchanged from

ancient tiines that only flt with natural su『oundings in which the hurllan is

destined to reslde.

. Humans can respond only to moving or changing quantities because the

nervous system is essentially an analogue detector.

. Resources of the human information process, like attention resollrce,

memory capacity and infomation channels are notinfmite.

● Huinans are prone to rllllstakes in the foHning,selecting and sto五ng of a
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grollp of IIllelnones(SChem→.

. TLc human brain can solve a new problem ilLa relatively shorttime without

any program(HctmSiCS)but easily makes mistakes because of its

ambiguous working process.

Errors ttsοεJα″グW′滋αψθθ忽′′ο″″′θr/a/″α″θθ

Human error is classifled into flve catego五 es in accordance wi■  the

relationship between perfol■nance and expectation in te口ms oflevel and time

as illustrated by Figure。7.(Kantowitz and Sorkin,1983)

・ OInission eror:is skipping a part

of a task。

Co― ission劇■or:is perfolllling

a task incorectly。

Extraneous act: is a task that

should not have been perfolllled.

Sequence error:is a task that was

performed out of sequence.

Tilllle error:is perfolmng a task

too early,too late or not within

the dme a1lowed。

ル″οrゎた″
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Figure。8 shows the iallllleWOrk of an

田 or tolerant feedback system in

which any maJor failure in hurrlall

performance is properly analyzed to

identitt haZards wi■the infomation

of`what',`where',`how'and`why'

ofhuman o『 or involvedo Corective

actiorls planned are to be timely and

re■ected in dE CRM training and in

血  process of corporate safety

mement. The effectiveness of
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Figure.7

Errors associated with expectation
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Figure。8

Error tolerant feedback system

●Q雌場CttVel actions should also be care■11ly evaluated.
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htegrated process for human factors invesJgatiOn
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The author would like to present a conceptual model as shown in Figure。 9

that is ta1lored to help in understanding and investigating hurllall factors

issues.In this inodel,the llllssion of alr transport is sirnulated by a man or a

woman skiing down a hill along the prescribed route on the slopeo The skier

represents an operator(■ightCrew)and the prescribed Юute standsゎr the

standard operating procedure(SOP)。
During tt joumey hm儀 ‐

start to the goal,there may be a■
number  of  possibilities  for‐
operator to intentionally or l‐

unintentlonally deviate iom the  ‐

route.An umntentional devlation

■Юrn ie route symbolizes the

operator's  procedural  eror.

Once devlation hHl the route ‐|

occurs for any reason,he or she

might encounter a number of

hazards which are lndicated by

holes widely dispersed on ie slope.

Figure.9 Downhill model

The type of encounter the operator has with the hole is grouped into ttКe

catego五es. The flrst case is dropping into a deep hole with no recovery,

which stands for an accident.The second is a recovery J■om a sha1low hole,

which represents an incident.The last one is retumng to the onginal route

wl■ no event。

The types of hazards are classifled into two kinds.One is a stable hazard

in which the operator tends to approach by IIllstake.The other is an attacking

hazard which may attack the operator traveling along■ e prescribed route.

The stable hazard reprOsents, for example, stall, high speed buffet, pilot

involved oscillation,terain,turbulent wealler,ctc。,while the attacking hazard

represents arcrai nlalinctions,attacking aircrat,fre,■lisloading,etc.

Iカッθs′′gα′Jο″′″οθθSS
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Figure。10 and Figllre。1l illusttate a process■ 誠 prOVides a stcp―by―step

systernatic approach for use in the investigation of human factors. The

process is an integration and adaptation of a number of human factors

theories and conceptual rnodels referenccd in this paper.A unique featurc of

this process resides in the capability of identitting a hazard aS in depth as

possible by the use of available concepts and theories of applied human

factors.Figure。1l shows the reverse process of Figure。10。

:憲OF 1`尋尋滋藤|=瀬喜撼 蟷=l

ふo●●●●●●機機 r
犠 岬

Figure.10 Human factors investigation process(1)

Knowiedge_base
Rule_base                 ‐
Skill_base

Figure.1l Human factors investigation process a)

Conclusion
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禁霜 籠鶴鰐幣難揮繁蹴孵睦鵞

L_S,L_H,L_E,L_L

Aircraft designor,Llechanic,Calin Cro",Dbpatcher.
Ramp● ordinatoF,Training inまructlF,Management,etc
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The process of human factott investigation presented in this paper has

proved to be effective by the author's demonstrations which were applied in

several cases of actual aviation occШences involving the failure of human

behavior. There, however, exist some problems that a sufflcient level of

proflciency is required in human factors and other related disciplines to c岬

out the process.The author believes that the most urgent issue in achieving

the goal of`zero accidents'is at this time to provide as many operational and

rFlallagelllent personnel as possible with sufflcient skills and knowledge of

human factors that will enable thenl to ctt out an integrated process for

investigation.
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