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HUMAN FACTORS

S
OON AFTER DEPA RTING Syd n ey
on an intern a ti onal fligh t , the crew of
a Boeing 747-400 noti ced that the oi l
l evels on the nu m ber one and two

en gines were fall i n g.
Fortu n a tely the airc raft was close en o u gh

to its dep a rtu re point to land wi t h o ut
n eeding to shut down any en gines du ring the
f l i gh t . On the gro u n d , oil was seen leaking
f rom the en gi n e s .

The probl em? Missing O-ri n gs . Du ri n g
overn i ght mainten a n ce , en gi n eers had
c a rri ed out bore s cope inspecti ons on all fo u r
en gi n e s . This usu a lly invo lved rem oving and
ref i t ting each starter motor. The starter
m o tors were rem oved from the nu m ber on e
and two en gines in prep a ra ti on . But the too l
that en a bl ed the en gines to be tu rn ed by the
s t a rter drive was lost.

The starter motors for en gines three and
four were not rem oved and all en gines were

tu rn ed by another met h od .
Because there were not en o u gh spare s ,O -

ri n gs were not rep l aced wh en starter motors
were ref i t ted . This ti m e ,h owever, a mech a n i c
h ad fo ll owed the doc u m en ted procedu re s
and rem oved the O-ri n gs from the nu m ber
one and two starters , a n ti c i p a ting O-ri n g
rep l acem en t .

But the workers who ref i t ted the starters
a s su m ed the situ a ti on was normal and did
not noti ce that the O-ri n gs were missing.
Had the job proceeded as planned , the starter
m o tors would have been rem oved from all
four en gi n e s , with po ten ti a lly fatal con s e-
qu en ce s .

This true story illu s tra tes how ro uti n e
vi o l a ti ons of m a i n ten a n ce procedu res can
tri gger acc i den t s . In this case, the probl em
was preven ted from becoming serious thanks
on ly to an alert flight crew.

Human errors and del i bera te vi o l a ti on s

a re implicated in many acc i dents and inci-
den t s . As the rel i a bi l i ty of tech n o l ogy
i n c re a s e s , the proporti on of c a u s e s
con tri buted by humans wi ll incre a s e .

Human error is not the end of the story,
de s p i te a long history of i nve s ti ga ti ons that
s top there . In avi a ti on ,human error has of ten
been term ed pilot error and provi des a
conven i ent excuse to look no furt h er.

Au s tralian inve s ti ga ti ons into avi a ti on inci-
dents have shown how weaknesses in main-
ten a n ce opera ti ons can cre a te po ten ti a lly
c a t a s trophic situ a ti ons inheri ted by the fligh t
deck .

A 1997 stu dy by Au s tra l i a’s Bu reau of Ai r
Sa fety Inve s ti ga ti on showed that om i s s i on s
were the most frequ ent type of m a i n ten a n ce
error, acco u n ting for 48 per cent of the to t a l ,
fo ll owed by errors of com m i s s i on (27 per
cen t ) , su b s ti tuti ons (12 per cent) and mis-
ti m ed acti ons (3 per cen t ) .

As long as humans are working in aviation there will be human erro r. 

Human factors expert Patrick Hudson explains how these errors can be managed  and minimised in maintenance operations.



P reventive maintenance Modern safety
m a n a gem ent rep l aces the “ i f it ain’t bro ke ,
don’t fix it” bre a k down mainten a n ce
m en t a l i ty with preven tive , or con d i ti on -
b a s ed ,m a i n ten a n ce .

Con d i ti on - b a s ed mainten a n ce is heavy on
i n s pecti on ,of ten non - de s tru ctive inspecti on ,
and this requ i res cl o s er managem en t .

Com pon ents must be taken apart and
re a s s em bl ed , opening the process up to
f a i lu re . Rem ova l , dismantling and rep l ace-
m ent can make a sys tem that was perfect
before mainten a n ce hazardous after it.
In con trast to traffic vi o l a ti on s , wh i ch are

of ten due to bad atti tu de , i n du s trial vi o l a-
ti ons gen era lly happen because people want
to do their be s t . Wh en on - time dep a rtu re s
a re seen as impera tive , people wi ll do ju s t
a bo ut anything to meet de adl i n e s .Vi o l a ti on s
a re inten ti on a l ,but wh en things su d den ly go
awry, the outcomes are not inten ded .

The simplest errors , slips and lapses
h a ppen wh en som eone fails to do what they
h ad ori gi n a lly inten ded . Th ey had a good
plan but failed to perform it correct ly.
Mi s t a ke s ,m e a nwh i l e ,i nvo lve exec uting a bad
p l a n .
S l i p s Slips invo lve performing the wron g
acti on inste ad of the inten ded , ri ght on e .
Examples are :
• pressing the wrong swi tch – the em er gen c y
ox ygen in a Boeing 777, for ex a m p l e ,c a u s i n g
a ll the face-masks to de s cen d , ra t h er than
activa ting the single em er gency ox ygen
su pp ly for a heart pati en t .
• sel ecting a swi tch ,but get ting an unex pected
re su l t , l i ke en gine start , because you tu rn ed
the wrong swi tch .
L a p s e s Lapses are acti on s , su ch as a ch eck or
s tep in a sequ en ce ,not perform ed . Ex a m p l e s
a re :

• for get ting to insert or ch eck that the under-
c a rri a ge locking pins are in place
• missing a step in a ch ecklist due to inter-
ru pti on s .
M i s t a k e s Mi s t a kes invo lve uninten ti on a lly
doing the wrong thing. You ch oose an erro-
n eous plan or acti on to ach i eve your goa l .
Examples are :
• bel i eving all the wh eels on a 747 are down
and locked because you have three green s .
However 747 classics have five greens on the

en gi n eer ’s panel so you would be heading for
a nose wh eel up landing.
• bel i eving you are on the correct ru nw ay
a n d , a rm ed with a cl e a ra n ce , a t tem pting to
t a ke of f f rom a ru nw ay under con s tru cti on .
O o p s Most slips are qu i ck ly spo t ted and are
u su a lly ben i gn . Your brain is prep a red for
what comes nex t , and if t h ere is a su d den
i n con s i s ten c y, you get an “oop s” m e s s a ge .

Lapses are clear wh en you know what yo u
for got to do,but you might be obl ivious unti l
t h i n gs go wron g, so lapses can be more
d a n gerous than slips. Ma ny people have a
n a gging feeling that they have for go t ten
s om et h i n g, even wh en they are not immed i-

a tely su re what it is, h owever.
Mi s t a kes are more com p l i c a ted .People do

what they inten ded but regret the inten-
ti on s . While slips and lapses are failu res to
c a rry out a good plan, m i s t a kes invo lve
c a rrying out a bad plan. It can take a lon g
time before the gap bet ween what should be
h a ppening and what is happening becom e s
n o ti ce a bl e .
C a u s e s Why do people make errors? Hu m a n
error is the con s equ en ce of what makes us so
su cce s s f u l . Our species is very cl ever, f a r
s m a rter than mach i n e s . We are flex i bl e
en o u gh to cope with a world in flu x . Th i s
f l ex i bi l i ty en a bles us to do more than on e
thing at on ce and to solve probl ems before
we have all the inform a ti on to hand. Th e
down s i de is that occ a s i on a lly we do the
wrong thing. We fail to ju ggle several simu l-
t a n eous tasks, and we draw the wron g
con clu s i ons from limited data.
Is there anything we can do abo ut this? We

can never el i m i n a te error com p l etely, but we
can understand what makes errors more or
less likely – the error producing con d i ti on s
– and de s i gn our machines and practi ces to
su rvive the occ a s i onal on e . We need to iden-
tify the con d i ti ons that make errors likely,
and sys tem a ti c a lly fix them .

The two main re a s ons for error are that, a s
c re a tu res of h a bi t , we do what worked last
time and we skip steps wh en we are in a
hu rry. This explains why we slip, lapse and
m a ke mistake s . Add a de s i re to please, a n d
we get vi o l a ti ons as well .

Ha bi t , redu ced atten ti on and tri ggeri n g
con d i ti ons – situ a ti ons in wh i ch con d i ti on s
a re mislead i n gly familiar – can lead to slips.
Most acti ons requ i re atten ti on to en su re

t h ey are progressing properly, a f ter wh i ch
t h ey can be left to run to a natu ral cl o s e .
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“The two main reasons
for error are that as

creatures of habit we do
what worked last time and

we skip steps when we
are in a hurry.” 



However, i f the work l oad is too high , prob-
l ems ari s e . Wh en they are pre s su red by too
mu ch work ,people shed their load by let ti n g
familiar tasks run wi t h o ut ch eck s , con cen-
tra ting on areas that seem to need it.Poor or
n on - ex i s tent task planning can of ten lead to
a work l oad that cre a tes the con d i ti ons for
s l i p s .

Over- a t ten ti on also is a probl em because it
d iverts atten ti on from other tasks. And if
people don’t have en o u gh to do, t h ey can be
i n su f f i c i en t ly aro u s ed to carry out the nece s-
s a ry ch ecks on their acti on s .

Tri ggering con d i ti ons can be rel a ted to the
de s i gn , equ i pm ent or too l s . Wh en people are
e a s i ly con f u s ed or misled by what they think
t h ey see – a cockpit display, for example –
t h ey might do what they usu a lly do, and this
could be the wrong acti on under the circ u m-
s t a n ce s .
Ma ny of the causes of lapses are the same

as those of s l i p s , with a mem ory com pon en t
ad ded .O f ten one pers on’s lapse is another ’s
s l i p. As soon as som eone has to rem em ber
s om et h i n g, wh et h er it is an acti on , a ch eck
or just tallying how of ten an acti on has been
perform ed , the po s s i bi l i ty of for get ti n g
a ri s e s .

We must rem em ber why we want to
perform an acti on . In ten ti on mem ory is a
con cept easily recogn i s ed by anyone wh o’s
ever found them s elves in front of an open
ref ri gera tor, won dering why. And on ce we
h ave started a sequ en ce of acti on s ,we have to
rem em ber wh ere we are in the sequ en ce .
Wh en acti ons are repe a ted , we have to keep
co u n t .

Lapses are caused by factors affecti n g
m em ory. So luti ons may be pall i a tive ,

h elping failing mem ory, ra t h er than el i m i-
n a ting the probl em .
Mi s t a kes happen for many re a s on s . Peop l e

can become fixated on a soluti on , over-
l ooking altern a tive s , or they can take too
mu ch into con s i dera ti on . Both too narrow
and too wi de a focus can tri gger mistake s .
The soluti on lies in training people to take
s ys tem a tic approaches to probl em recogn i-
ti on and soluti on .
People must possess all the inform a ti on

n ece s s a ry to solve a probl em ,but they migh t
be unaw a re they lack the nece s s a ry data.

Ru l e - b a s ed mistakes invo lve the natu re of
the rules them s elve s . Too many ru l e s , e s pe-
c i a lly if t h ey have sligh t ly different app l i c a-
ti on s , can confuse and make it difficult to
a pp ly the rel evant ru l e .We tend to recogn i s e
n ew probl ems as old on e s ,overl ooking small
but important differen ces that dict a te wh i ch
rule app l i e s .

One approach to error is to forbid it. Th i s

is inef fective because most errors are unin-
ten ti on a l . Even vi o l a ti ons are ra rely inten ded
to cre a te harm . Th ey are som etimes a
re s ponse to the need to get the job done in
i m po s s i ble circ u m s t a n ce s .

The second approach is to rem ove the
re a s on s , su ch as haste ,l ack of k n owl ed ge and
d i f f i c u l ty, for the error. In tod ay ’s com m erc i a l
envi ron m en t ,m a i n ten a n ce wi ll , at ti m e s , be
perform ed under time pre s su re s , h owever.

The third approach is to recognise that
human error is part of being hu m a n , a n d
devise soluti ons to manage it.
Managing erro r s
1 . Iden ti f y:
• the type of technical probl em (O-ri n gs
om i t ted ,l ock wi res left of f , avi onics sys tem s
m i s c a l i bra ted ,t h rust revers ers damaged )
• the type of human errors assoc i a ted wi t h
the probl em (slip, l a p s e )
• the immed i a te and or ga n i s a ti onal causes of
the errors
• the sort of people making the errors – ex pe-
ri en ced (vi o l a ti ons) or inex peri en ced
( com petency and adequ acy ch eck i n g )
• wh en the probl em is happening – du ri n g
m a j or mainten a n ce , s h ort - term work , at a
certain time of the day or ye a r.
2 . Examine the equ i pm ent and task to see if
probl ems should arise at all . Reg u l a tory
requ i rem ents for preven tive mainten a n ce
of ten mean that avoi d a n ce is not the preferred
s o luti on , but you might set avoi d a n ce as a
l on ger term goal on ce you have ex a m i n ed the
con s equ en ces of the probl em in det a i l .
3 . Redu ce the probl em . Avoi d a n ce means
m a n a ging a probl em aw ay but redu cti on can
be the first approach to managing around a
problem.
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“Often one person’s lapse

is another’s slip. As soon

as someone has to

remember something...

the possibility of 

f o rgetting arises.”



Th ere are two basic redu cti on stra tegi e s .
One invo lves lowering the prob a bi l i ty of
f a i lu re by reducing error- en forcing con d i-
ti on s . Ma ny slips and lapses are caused by
h i gh work - tem po requ i rem en t s , i n correct
p l acem ent of com pon ents or rel i a n ce on
m em ory.
Ma ny mistakes are caused by unclear or

con f l i cting procedu re s , or by too many
procedu re s . Sys temic soluti ons are the most
ef fective . Th ey do not el i m i n a te error, but
m i ti ga te the cause or con s equ en ce s .
4. Su pport the process by ack n owl ed ging the
error and tackling it head - on . Su pport
requ i res a good understanding of the type of
error and of the immed i a te con d i ti ons that
m a ke it more likely. Al t h o u gh redu cti on
m i ght help by easing work stress en a bl i n g
ti gh ter focus on a probl em are a , su pport
m i ght invo lve set ting up con d i ti ons to arre s t
w a n dering atten ti on .
5 . Ch eck each other ’s work sys tem a ti c a lly.
Ch ecking and inspecti on should redu ce the
ch a n ces of an error.However, this is a limited
m e a su re because so many probl ems are bu i l t
i n . The ch eck has to take place before the
probl em is hidden .

A missing O-ring is hard to see , but a
s ys tem en su ring that the old and new
com pon ents are acco u n ted for would make
the probl em obvi o u s .
6 . Le a rn what the probl ems are , wh ere they
a re con cen tra ted and how they are be s t
m a n a ged . Taking on probl ems one at a ti m e
as they are iden ti f i ed and dealt with is a good
t actical approach . It is also essen tial to take a
s tra tegic line by examining the wi der pictu re
of or ga n i s a ti onal and sys temic issu e s .
S p read the word A crucial final step is shari n g
i n form a ti on with manu f actu rers ,a i rlines and
reg u l a tors to improve de s i gn s , practi ces and
reg u l a ti on .
Managing lapses O m i s s i ons are the most
f requ ent errors in airc raft mainten a n ce ,a n d
m em ory aids can hel p. Ch ecklists are amon g
the main aids but are not alw ays the soluti on ,
as many failu res are attri buted to ch eck l i s t s
that were skipped .

S ten c i lling simple ch ecklists at the loc a ti on
of an assem bly task makes it easy to do the
ri ght things in the ri ght order. An o t h er tech-
n i que invo lves using a con t a i n er to sep a ra te
old and new part s . Wh en the work is finished ,
the con t a i n er of n ew parts  should be em pty
and the con t a i n er of old part s ,f u ll . Pa i n ti n g
tool outlines on a boa rd makes it easy to see
wh i ch tools are out .

Counts are crucial in many situ a ti on s . Are
a ll the lock wi res in? Have all the bolts been
torqu ed ?

So luti ons can be found wh en mem ory is
rep l aced by percepti on . For instance , wh en

rep l acing lock wi re s , one approach requ i re s
the mechanic to rem em ber, while another,
m ore ef fective on e ,uses a stora ge bag. Wh en
the bag is em pty, nothing has been
for go t ten.
Ma n a ging error is a com p l ex and ti m e -

con suming proce s s .

But half the fight is recognising that errors
wi ll happen , and using ex peri en ce to devi s e
practi ces that are less error- pron e .

Ad a pted from Pa tri ck Hu d so n’s Ma n a gi n g
Erro rs and Vi ol a ti o n s , soon to be pu bl i s h ed by
CASA 
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Identifying – Find out where maintenance
p roblems occur, discover what types of
e rror are being made and identify the imme-
diate causes.
Av o i d i n g – Is it possible to avoid the
p roblem completely? Areas that continu-
ally give rise to maintenance errors need to
be identified and redesign considered.
R e d u c i n g – Are there measures available
that will either reduce maintenance needs
(lower frequency) or minimise the conse-
quences? Is it possible to make failure s
m o re obvious? Are there alternative pro c e-

d u res available that will be less susceptible
to error? Can dis-assembly be reduced?
S u p p o rt i n g – Ident ify the type of erro r s
being made and provide support. Pro v i d i n g
check lists, local reminders and pro m p t s
can reduce memory problems.
C h e c k i n g – If a ll else fails, put in place a
procedure that requires another person to
check.
L e a rn i n g – Provide information about what
was discovered and how it was managed
to other interested parties such as manu-
facturers, airlines and regulators.

How to mitigate errors

Habit 
Failure to consider 

necessary variety
Haste 

Lack of time
Fatigue

Lack of sleep
Ignorance
Lack of knowledge
Distraction
Lack of attention 
Obsession
Too much attention
Complacency 
Lack of attention in     

general
Competition

More than one 
option    

Perception
Too much 

going on

E rror enforcing conditions


