Reporting Aviation Maintenance and Groundcrew Error Reduction Efforts

Human Factors and
Upper Management

by: BonnieHendrix

Twohours until takeoff andthe
enginesstill needtoberun. There' sonly
oneperson availableto performthe nec-
essary runchecks. Y ourealizeyou need
more peopleto perform thetask in order
to maintain safety standards; however,
thereareno other warm bodiesavailable
to help. What do you do?

On the one hand, it is your
responsibility for safety and upholding
standards. On the other hand, it isyour
job to make surethe airplane departson
schedule. If the airplane is not ready,
you'’ ve got to answer to upper manage-

technicians to do
et the job finished

g this pressure,
nvironment has
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Duringaroutineaudit of alarge,
fully rated, repair station, certificated by
the Federal Aviation Administration
(FAA) under Federal Aviation Regula-
tion (FAR) Part 145, work documentfiles
were examined for compliance with the
FAR requirements. Analarming rate of
FAR 843.9 and §43.11 violations were
discovered. Thisdiscovery triggered a
detailed investigation of the facility fo-
cused on quantifying the extent of the
problem. A detailedinvestigation of 200
randomly sampled work records, gener-
ated over the previous twelve months,
reveadled a violation rate of 40%. The
typical entries contained abbreviations
andphrasessuchas: R& R, Ck’dOK, Ops
Ck’dGd. or C/W. Thesedo not meet the
intent of theFAR becausethey areimpre-
ciseandleavemuchtothereader’ simagi-
nation to determine what was done and
what standard might have been met to
allow an approval for
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“The Dirty Dozen”

7. Lack of Resources
2. Complacency 8. Pressure .

3. Lack of Knowledge 9. Lack of Assertiveness
4. Distraction 10. Stress

5. Lack of Teamwork 11. Lack of Awareness
4. Fatigue 12. Norms

| -~
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I5z2] Use loghooks, worksheets etc,
10 communitate and remove
“dount,

T2 Disenss work to be done or
what has been completed.

Iz Mever assume anything,

M anagement (continued from pg. 1)

unsafe, inefficient and costly performance from technicians, and the inability of front
lineand middlemanagement to createasafeand efficient work environment. Thesetwo
issue are so closely related that it appearsthey have a cause and effect relationship.
Does poor performance from the technician prevent the manager from creating asafe,
efficientwork environment, or doesthemanager’ sfailureto createasafe, efficient work
environment breed poor performance? If your perception is it could be either way
depending upontheindividuals, youmight becorrect. However, if wetaketheposition
that notechnician or manger wantstobean unsafeor poor performer, thenwemust ook
elsewhere for the cause. We must acknowledge the push behind the behavior - time
driven schedules. To examine the results of hard line scheduling, let’ slook into the
negative effectsit can have on the technician aswell asline and middle management.

First, consider themai ntenancetechnicianwhoworksinan environment based
strictly onschedules. Too oftenthese individual sof integrity areputinapositionwhere
they are expected to compromisetheir personal values, and aninternal conflict builds.
For example, if a technician is forced to deviate from standards, work in unsafe
conditions, work to his’her physical limits, and in general try to rush quality in order to
meet the schedul e, thetechnicianwill suffer alossof self esteem. Should thissituation
continue for an extended period of time, a survival instinct will take over and the
technician will either adapt to their situation or try to changeit. The moredetermined
technicianswill ook for an employer they feel will allow them to usetheir skillsina
professional manner. Somewill stay andfight thebattlefor change. Otherswill adjust
and become compl acent and uncaring about what goeson around them. Takeheed ...
those that adjust may be an accident waiting to happen.

Putting any employee in these conditions will (in the long run) cost the
organization alot morethanit would if they allowed thetechnician the time and work
environment to perform top-notch professional maintenance. Consider the cost of
shotgun troubleshooting, damaged parts, hangar rash, rework, skipped items on an
inspection and outright neglect of the airplane. Also consider the cost associated with
morale or attitude problems: absenteeism, stress related illnesses, minor injuries,
arguments, wasting time, labor disputes, high turnover and poor quality workmanship.
AccordingtotheU.S. Department of Commerce 1993 Census, therewere 1510injuries
withlost work days, and 280 fatalitiesintheaviationwork place. Recordsindicatethis
costtheindustry $59.9billioninwagesand|lost productivity, $20.7 billioninmedical fees,
and$14.4billioninadministrativefees. Experienceshowsmost accidentsandinjuries
occur when the worker isin ahurry, under stress, and taking shortcuts to speed up a
process.

Ideally, the work environment should allow atechnician the time, tools and
assistanceto performin aprofessional manner. The technician should be ableto say,
without fear of reprisal, “I think | need some help here,” or “I’m really not up to par
physically today, sodoublecheck me,” or “ That jobreally requiresthreepeople. | don’t
think it’ ssafe doing it by myself.” Unfortunately, the majority of organizations can’'t
boast of having thisideal work environment. Usually the systemisout of balance and
standardsget compromised. Theaveragetechnicianlooksto hisimmediate supervisor
to provide thebalance, bringing usto the second negativeimpact of scheduledemands
- theinability of management to create a safe and efficient work environment.

Why doesn’t the maintenance manager create a safe, effective and efficient
work environment that promotes Quality, Safety and Customer Service? The most
obviousreasonisarigid, demanding, do-or-dieschedule. Managersappear tobeplaced
inapositionwheretheir joband professional credibility arebased onreduced operating
cost and on-timedepartures. They feel pushed to cut cornerswherever possible. They
frequently spend most of their timetrying tofigureout how to maketheschedule, rather
than how to reducerisk and improvethework environment. Middle managersmay be

locked in the office with meetings, reportsand explanations. Visitsto the hangar may
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consist of aonce or twice aweek walk through on the way to
ameeting. Submerged in the business end of aviation, their
perception narrows. They forget the pressuresinthehangar as
well astheimpact atechnical mistake can have on the organi-
zation. Unfortunately, they fall intoajob-saving survival mode.

Another reason the manager may not be able to
improvethework environmentislack of training. Thefactisthat
many times the technician that gets the front line or middle
manager’ spositionisjust that, atechnician. A technicianwho
isintelligent, dependable, an excellent craftsman and usually
well liked by their peers but someone who often has little
understanding of Occupational Safety and Health Administra-
tion requirements, the Code of Federal Regulations, Federal
Aviation Regulations, budgeting, establishing manpower re-
quirements, justifying manpower and equi pment needs, much
lessmanaging people. Thisindividual isplacedinanextremely
stressful environment with ahugelearning curve. Thistech-
nician/manager istotally unprepared to bal ancethework envi-
ronment.

It appearstheindustry hasrecognizedthedeficitinthe
technician’ sability todeal withtheseout- of-balancesituations
and has given them much needed Human Factors training.
Maintenance Resource Management training has been devel-
oped to heighten and improvethetechnician’ sability to recog-
nize risky situations and prevent accidents. In essence, we
provide the tools for the technician to improve interpersonal
skills, increasesituational awareness, identify error chains, and
enlighten them on how important their contributionsareto the
organization. But how effectiveisthetraining if management
will not or cannot support and reinforce it by providing the
proper work environment? It may bethat management expects
a short course in Human Factors to eliminate or ease what
demanding schedules cause. The redlity is, this will never
happen.

Human Factorstrainingwill providethetechnicianthe
toolsto increase productivity and safety; however, the repeti-
tion needed to perfect their use of these tools requires the
support and in some cases, the demand of management. If
revenue producing schedules take priority over the skill and
judgment of a professional technician now, then providing
Human Factorstraining will haveonly amarginal effectonthe
organization asawhole. Y ou may see one or two technicians
work for self improvement and become stronger contributors.
However, to experience a drastic change and provide an im-
proved work environment, first line and middle management
must have the support of the schedule makers, thosein upper
management. The reality might be that upper management
needsHuman Factorstrainingjust asmuch, if not morethan, the
technicians.

BonnieHendrixisthemanager of theMaintenance Resource Manage-
ment programat Flight Safety International.

Why Would Anyone Want to Go to

Toronto in February?
By Gordon Dupont

The third conference on Maintenance/Ground Crew
Errorsand Their Preventionwill beheldin Toronto, Canadaon
February 18and 19, 1997. Now whowouldwanttogoto Toronto
inFebruary? Y ouwill if youhaveany interestin humanfactors
training for maintenance people or groundcrews. Thisconfer-
encewill assembleexpertsfrom variousfieldsto discussmain-
tenance human factors and how you and your company can
benefit fromthistrainingthroughimproved safety andlowered
costs.

Finally, theworldisrealizingthat maintenancepeople
and groundcrewsarehuman and can benefit fromhumanfactors
training that has long been offered to the pilots. It may have
taken thefamous Aloha“ convertible” tofocusour thinking on
maintenanceerror or perhapsit wasthegradual realization that
“simple, stupid” groundcrew incidents reduce aviation safety
and cost billions of dollars.

Since human factors training doesn’t come with a
double-your-money-back guarantee, therearemany who doubt
the cost effectiveness of this new maintenance human factors
training. Thatiswhat thisconferenceisall about. Wemust
devel optechniquesto show that the* maintenanceerror dragon”
canbeconquered. Unfortunately, evenwiththebest of training,
sometimes the maintenance error dragon wins.

This conference offers some well known aviation
professionalsto help usall learn some new information. The
quest speakers include:

John Goglia, the keynote speaker, has |ooked the mainte-
nanceerror dragonintheeyemany timesand asaboard member
of theNTSB isinapositionto giveushisview of what must be
done to lessen its impact on aviation safety.

MikeDoiron will giveushisview of thedo-nothing cost of
maintenance error. Somewill suggest that these maintenance
and groundcrew errorsmust betolerated aspart of the price of
doing business. | believethat Mike, asaRegional Director of
System Safety, will be able to convince you otherwise.

David M ar xwill provideuswithararel ook at wherediscipline
fitsintoall thishumanfactorstraining. Davewill beaskingevery
participant of this conference to complete a questionnaire on
disciplinepriorto attending and theresultsmay berel eased and
debated at the conference during the panel discussion.

Alan Hobbswill speak on theresultsof anincident study he
has carried out in Australia. A similar questionnaire has been
distributed in Canada, and if the results are tabulated in time,
they will be released at this conference.

Gisele Richardson, along time advocate of human factors
(See Toronto, page 4)
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training, will recapwhereweareand whereweshould be, asthe
luncheon speaker. If you can attend only one session then this
istheone. For not only do you enjoy agood lunch, but you
will hear her tell itlikeitisinher “velvet glove’ style.

After lunch, William Johnson of Galaxy Scientificand Wil-
liam Shepher d of the FAA will takeusthroughaHuman Factors
guide which has been produced to provide background infor-
mationfor anyonewanting to know moreabout thesubject. This
wealth of information is available on a CD ROM and will be
demonstrated with an opportunity to try it yourself at the wine
and cheese reception later that afternoon.

L ee Norvell of the FAA will give usan overview of what's
available in maintenance human factors video's, posters, etc.
Also, we will learn about exciting new maintenance human
factors plans.

The day will finish off with Jim Taylor presenting a case
study of someof thereal costsbehind amaintenanceerror—and
it'snot all dollar and cents.

The afternoon will conclude with awine and cheese recep-
tion. Thismay beof themost valuable part of the conferenceas
youwill meet peopleand companiesfromaroundtheworldwith
the same interests as you in the new world of human factors
training for maintenance and ground crew personnel. Toronto
weather in February will certainly encourage all attendeesto
stay indoors and attend this four hour event.

Thenext day will haveyou deciding which of four workshops
youwishtoattend. Oneworkshopisonthemany humanfactors
workshopsnow being offered by variouscompanies. A second
workshop discusses what’ s being done to lessen groundcrew
errors. Thethirdworkshopfocusesonwhat themilitary isdoing
tolessentheir problemsinthisfield. Thefinal workshop takes
alook at the Part 2 workshop to be offered as a follow on to
Human Performancein Maintenance Part 1. Sinceyou can’t
attend them all, you will have adifficult choice.

A preview of the" Dirty Dozen” postersfor ground crew will
be shown at this conference and it is hoped to have one of the
12 printed asasample.

Itwill beaninteresting timefor all, so please planto bethere
to help ensureit’ ssuccess. Thefuture of maintenance human
factorsin our industry depends on the interest we show now to
solving thisthing called “Human Error”.

Note: Thisconferenceissponsored toimproveaviation safety.
Any surplus funds from this conference are used to further
Human Factors training for maintenance and groundcrew as
determined by an aviation working committee.

Gordon Dupont isa Special Program Coordinator for Trans-
port Canada. He developed the HPIM workshop in
response to the F28 accident in Dryden, Ontario.
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return to service. Because of these non-compliances, any
aircraft, aircraft engine, or component part approved for return
to servicebased on theinformation in one of these documents
could be considered unairworthy and the associated aircraft’s
airworthiness certificate could be rendered invalid.
Well established written procedures at the repair sta-
tion and regulatory requirements, virtually unchanged for over
35 years, mandate that aviation work records contain at least:

e Description of thework performed, or referenceto data
acceptable to the Administrator

e Dateof completion

¢ Name of the person performing the work

*  Signature, certificate number, and kind of certificate of
the person approving the work

During the post audit meeting, repair station manage-
ment promised to issue a document to supervision requiring
complete compliance with the repair station’ s procedures and
theFARaongwithamandatefor enforcement. Interviewswith
repair station employees indicated that repair station records
have been a systemic problem for some time and supervisory
enforcement of policies in general was very cyclical, very
ineffective, and never lasting. During management crackdowns,
the compliance rate would increase, only to return to previous
levels when scrutiny was removed.

The audit team believed that a tried-and-true quality
tool was in order. Something was needed to bridge the gap
between management desires and work force implementation.
M echanicsneeded to fully understand the goal ; equally impor-
tant would be understanding their progress towards that goal .
Some way to tell exactly how fast the organization was going
(compliance rate) was what they needed. This repair station
needed a speedometer.

The audit team recommended a simple metric at the
floor level. Theorganization accepted therecommendationsof
the team and a customized measurement and feedback system
(MaintenanceRecord Speedometer System) wasimplemented.

First, ssmpleposterswerecreated outlining thenumber
of errorscomparedtothenumber of repair stationrecordsturned
in to the records department (error rate). Each morning the
collected datawas added to anew chart and placed on thewall
next to the FAR requirement posters.

This meant that those individuals creating the errant
records could now see, within hours, the failure rate of their
input. Inaddition, historical rate information remained on the
graphsotrendinformationwaseasily seen. TheFAR documen-
tation violation raterose for the first flew weeks, likely dueto
increased scrutiny, but the competitive spirit of human nature
quickly took over. Within six weekstheinitia error ratewas

halved and within eight weeks it was at 0% and it DID NOT
COME BACK! (See Speedometer, page 5)
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Oncethemetricsapproach begantorectify therecords
keeping discrepancies, it was also discovered that many tech-
nicianswere performing work without using dataacceptableto
theAdministrator, inviolationof FAR 843.13(b). Thisviolation
had far worse implications than arecords-keeping problem as
using theincorrect data could lead to improper repairs. These
incidencesal osfell quickly whenasimilar trackingand feedback
systemwasintroduced. Again, visibleandvery quick feedback
appeared to be the key to success. The transformation was
incredible and the improvement seemsto be very stable.

It seemsthat in any successful organized workgroup,
the goal is to achieve a desired result through having the
workforceexhibit acertain set of behaviors. What distinguishes
exemplary management istheir ability to achievethesedesired
behaviors effectively, repeatedly and efficiently. To thisend,
organizations that continuously measure their performance
against their goals always seem to achieve their goals and
usually much more. We found that driving the measurement/
management concept down to the work level seemed to make
FAR-compliant maintenance records happen with very little
management involvement.

John Lingle, co-director of asurvey on measurement-
managed companies conducted by Wm. Schiemann & Associ-
ates, explained, “Much of the measurement-managed compa-
nies success can be traced back to clarity of purpose and
communication. Whenyoubegintodefinethingsinmeasurable
terms, they losetheir fuzziness. Y ou have acommon language
to discuss issues and assess progress.”

| cannot possibly emphasize the overwhel ming effec-
tiveness we saw of communicating the goal, measuring the
progress, andfeeding back asquickly aspossibletotheworkers.
Thisisfairly simple when there is one task and a single work
group. Add awhole manual of procedures and a number of
different work groups with different functions and goals and
you have very quickly alarge number of potential progress
measurement methods. If metrics help simple organizations,
their benefitto complex, multi-layered organi zations, albeit more
challengingtoimplement, will beevenmorebeneficial.

When | approach new consulting assignments | still
ponder thelessonslearned fromthisexperience. My experience
heresuggeststhat simplemanagement dictateswill likely not fix
theproblem. Ofteninformationislackingwhereitisneeded most
—with those performing thework. When theworkershavethe
requiredinformation, itisamazingtheimprovementsthat canbe
achieved.

| promiseyouthat somesort of metric mechanismshall
be an integral part of my efforts for every future success |
achieve.

Mr. Hutchinson livesinthe Los Angelesarea and isalicensed
mechanic with inspection authorization authority, an engi-
neering and maintenance process trainer, a certified quality
auditor and teaches an |A course.
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particular circumstances prevailing in your group.
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THE HUMAN ELEMENT IN AVIATION

Our Programmes are designed to create a strong foundation for good communications by increasing trust and cooperation
within the management group, within the flight operations team, within the maintenance team and between them all. They
are ADAPTED TO YOUR NEEDS - scheduling, location, budget - and take into account your specific objectives and the

TEAM EFFECTIVENESSINTHEMAINTENANCE DEPARTMENT: Thisprogrammehel pscreateasolidpsychological
basefor saf ety measureswithin the mai ntenance department, and enhances safety, performance, and well-being. It
provides team members with practical conceptsto explain personality and interaction, and their impact on the workplace:
on safety, on the quality of communications, on the appropriate use of authority, and on stress. The programme incr eases
mutual support, open and comfortable communication, willingness to give and to receive both appreciation and
constructive critcism among peers and across levels. Current relationship problems are addressed, as are ways of improv-

THE SAME PROGRAMME IS AVAILABLE TO THE FLIGHT DEPARTMENT AS A WHOLE.

TEMPERATURE-TAKING: A short (two or three-day) process designed to provideinformation on how thetalentsand
energy of the members of the department are being well utilised or dispersed, and how they perceive the climate and working
environment of the department. Individual meetings with each member, followed by feedback to the group of the
consultant’s perception of the areas of satisfaction and frustration in the group, their strengths, their effectivenessin
dealing with pressure and priorities, their amenability to appropriate change, and so on. Thisisalow-cost, low-risk interven-

RICHARDSONMANAGEMENTASSOCIATESLTD.

P.O.Box 158, Montreal, Quebec, Canada H3Z 2T2
Telephone: (514) 935-2593, Fax: (514) 935-1852
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Human Factors in Maintenance:
An Emerging Training Requirement

Part 2 of 2
William B. Johnson, Ph.D.
bjohnson@gal axyatl.com

Galaxy Scientific Corporation
Summary

Part oneof thisseriesdescribed thegrowing demand and rational efor training rel ated to human factorsin mai ntenance.
Part two describes the course offerings— content, instructor qualifications, course length — and experiences of the
author as a provider of maintenance human factors training.

Human Factorsin Maintenance: AMultifaceted Menu

Figure 1 shows the many disciplines of human factors ranging from cognitive science to organizational psychology.
Because of the many disciplines, it is likely that the various maintenance human factors courses can have many
approaches with avariety of instructional goals. Based on this author’ sreview, there are significant differences, yet
al of the courses available have value. The course selection must be based on the specific requirements and
expectations of the student and th
organization.ReferringagaintoFigure 1, acourse
couldbededicatedtoonly oneof thedisciplines,
though from the standpoint of aviation mainte- CRES e
nance personnel thisis probably undesirable.
For example, ahumanfactorscoursethat dwells LTl e Iree i
only on human computer interface or only on
principlesof industrial designisnot applicableto
the daily job tasks of maintenance personnel. | | .\ o scroion:
Similarly, acoursethat placestoo much empha- Exomple

sis on personality and human psychology also Disciplines of

may miss the mark. A quality maintenance
humanfactorscourseislikely todiscussapplied | | qozanona psianocay Human Factors Computer Science

principles of human-machine systems as well
asappropriate applied psychology offering not
only the rules of human behavior and perfor- e
mance, but also providing ascientific basis for i

the information. For example, most of the scfefy Enginesrng
coursesreviewed containan element of “Work-
place Communication.” One course may

Experimantal Psychologn

Anthrooorstr ¢ Erginsenng

Figure One

offertherule—* All supported by motherhood and applepie. Instead, thescientificbasisfor theruleshouldbeoffered.

A scientific basis for the above rule centers on the communication process, which includes transmitting, encoding,
decoding, receiving, and providing feedback. Further, anideal maintenance human factors course should provide
numerous aviation maintenance examplestoillustratearuleor aprinciple. Practical examplesalso helpto ensureuser
acceptance and reinforcement of the concept.

Table 1 providesalist of topicsthat are candidates for a human factors course. Thelist iscompiled of topicsfrom
many coursescurrently offered. Thelistis®Incomplete” astherearealwaysadditional topicsof value. All of thetopics



listed in Table 1 are not likely to be
covered in a single 2-3 day course.
Furthermore, all of thetopicsmay not
benecessary tomeet theinstructional
goalsof al participants. A classthat
coversall thetopicsin Table1would
require aminimum of five days.

Tablel: AnlncompleteList
of Human Factor sTopics

¢ Communication in theworkplace
Assertiveness
Conflictresolution
Decisionmaking
Group dynamics/teamwork
Leadership
Planning meetings
* Economics of maint. human factors
¢ Error and error reporting
Corporate/regulatory discipline
Human factors fundamentals
Analytic methods
Cognitivefactors
Environmental factors
Human performancemodels
Physical factors
Medical factors and health
Psychological Factors
Behavioral analysis
Situation awareness
* Stress

Workplace Safety

Staff Credentials

Before stating the staff credentials,
first thetitleand number of thecourse
staff should be discussed. The staff
member(s) must be acombination of
|ecturer, instructor, discussionleader,
group facilitator, and sometimes me-
diator. We shall use the term “in-
structor”. Thisauthor believesthat
best quality (although more expen-
sive) is attained by having two in-
structors.

Who shouldteach/guideahumanfac-

tors in maintenance course? Does
the instructor need a Ph.D. degree,

anA&Por pilot certificate, ahuman
factorsprofessional certificate? Must
the instructor have airline or general
aviation maintenance work experi-
ence? How many years of working/
teaching experience constitute quali-
fications to teach/guide a course?
What kind, if any, of adegree doesa
instructor need? Each of these ques-
tionsis difficult to answer and there
are varying opinions on the answer.

Firstandforemost theinstructor must
beabletodefine/understand theneeds
of the course participants. The in-
structor must be able to make adjust-
mentsto the planned course delivery
based on the dynamic needs of the
participants. To ensure such adapt-
ability theinstructor must beanexcel-
lent communicator. The instructor
must have knowledge and experi-
ence beyond thelecture notes, which
may have been prepared either by the
instructor or by another party. Typi-
cally such capability comesfrom ex-
tensive experience, usually as a
teacher/instructor/public
speaker. The instructor must dem-
onstrate an obvious enthusiastic
belief inthevalueof themaintenance
human factors topic.

Theinstructor must have knowledge
and experience of human factors.
Thisknowledgetypically comesfrom
formal education offered by
academia and industry. Note that
Flight Crew Resource Management
started with extensiveassi stancefrom
academic consultants. After enough
flight crews were trained, the crew
members becamethefacilitatorsand
havedoneavery goodjob of integrat-
ing CRM into flight operations. The
early academic CRM developersre-
liedontheinteractiverelationshipwith
flight crews to design appropriate
CRM training. That same kind of
relationship, transition of devel opment

and delivery to the maintenance per-
sonnel, isdeveloping asthe mainte-
nance human factors coursesevolve.
Like CRM, maintenance human fac-
tors will have its early disappoint-
ments as well as successes.

Aviation maintenance experience
isavery helpful, possibly even criti-
cal, attribute for a maintenance hu-
man factorsinstructor. Such experi-
ence is likely to ensure that the in-
structor understandsthereality of the
maintenance environment. Exten-
sive maintenance experience means
that theinstructor can “talk the talk”
of maintenance. Maintenance expe-
rience, inandof itself, doesnot qualify
one as an instructor of maintenance
humanfactors. Experienceshouldbe
combined with academic and/or in-
dustrial training.

Credentialsand diplomasare help-
ful. That includescertification asan
Airframeand Powerplant Technician,
Pilot certificate and ratings, and col-
legedegrees. If aperson hasspent 25
years becoming an expert in mainte-
nancethey probably have not had the
time to become a human factors ex-
pert. Likewise, mostlongtimehuman
factorsexperts have not had thetime
to become maintenance experts.

The best mix isto combine the stu-
dents, who usually have extensive
mai ntenance experience, with train-
ers having reasonable human factors
expertise. Thiscombination ensures
that all the topics are addressed and
the maintenance personnel can help
determine how the human factors
principles can be applied.

The airline specific training pro-
gram, then, isideal because such a
course will permit airlineinstructors
to design and deliver a course cater-
ingtoacompany’ sneeds. Theairline
instructors and developers can re-



ceivetheir training from academic and or special purpose courses. They
can usethiskind of information to design the airline specific training.

Lessons Learned

Wehavelearned several lessonsdelivering human factorsin maintenance
courses. We have taught human factors to airlines, manufacturing
engineers, nuclear utility maintenanceworkers, and avariety of industrial
and military audiences. Without exception we have learned that content
specific examples are the best instructional method. While examples
from other industries may be helpful, aviation specific examples are
absolutely necessary for aviation maintenance human factors training.
Furthermore, examples must be tailored to groups comprised of mainte-
nance training personnel, maintenance managers, or students from
military, airline, or general aviation environments.

The culture of the audience drives the amount of classroom discussion
andgroup activities. Wehavelearnedthat theinstructorsmust havea*bag
of tricks” and must be prepared to do real-time course modification based
ontheclasspersonality. Some culturesexpect 2-3 days of lectures, while
others will express dissatisfaction with such instructional methods. The
instructor must learn asmuch as possi bl e about the student expectations at
thecourseoutset. The*onesizefitsall” approach doesnot work for human
factorsin aviation maintenancetraining.

We have learned that discussions about communication should start
early inthe course. Such information remindsthe student that communi-
cation is an active process and that being the student requires as much
attention and work as being the instructor. A review of communication
principles, at the start, al so sensitizes all participantsto work diligently to
optimizecommunication throughout the course.

Coursenotes, handouts, books, and other multi-media material sshould be
providedto al students. We believethat the FAA Human Factors Guide
for Aviation Maintenance is an important reference guide for a human
factors course. The book was designed by a committee of airline
mai ntenance personnel and written by human factors professionals. Itis
the only such source dedicated to airline maintenance and isfilled with
referencesto applicablehumanfactorsinformation sources. Itisavailable
from the US Government Printing Office (202-512-1800, USpriceis$43,
International priceis$53, Stock #050-007-01098-2).

The Bottom Line

Thereisno question that industry interest in maintenance human factorsis
very high. Maintenance personnel and management recognize thereisa
large potential payoff in terms of continuing safety, worker satisfaction,
and cost control. Maintenance human factors courses are available
throughavariety of consultantsand professional organizations. Inaddition,
airlinesaredevel opingand deliveringtheir own coursestointernal andwell

asexternal clients. Theball isrolling!

The next step is to share experiences
throughout theindustry, muchastheflight
CRM community hassharedinformation.
Another important step is quantify the
performance change based on applica-
tion of human factors principlesto main-
tenance operations. We encourage the
airlinemaintenancecommunity topartici-
pate in such forums as the FAA Human
Factors in Maintenance and Inspection
Meetings, the Transport Canada Meet-
ingson MaintenanceError, thevariety of
airline human factors seminars that are
available, the FAA Maintenance Human
Factors list server (hfami-
|@galaxyatl.com) and website
(www.hfskyway.com) , and the Ground
Effects website
(www.groundeffects.org). This news-
letter is another excellent way to remain
knowledgeable about trends and activi-
tiesinairlinemaintenancehumanfactors.

Dr. William B. JohnsonisV.P. of the Information
Division of Galaxy Scientific Corporation in At-
lanta, Georgia. Heisalicensed Aviation Mainte-
nance Technician and a pilot. He hasworked in
Human Factors since 1976 beginning at the Uni-
versity of lllinois Aviation Research Laboratory.
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Testing for Failure — not Success
by Wayne Glover

May 1995, an F-15 crashed on takeoff at Spangdahlem airbase in Germany killing the pilot instantly.

Thecauseof theaccident wascross-connected elevator control rods. Thus, theairplanewascommanded nosedown during takeoff,
instead of nose-up the pilot anticipated when he pulled back on the stick.

Themechanic, Technical Sergeant ThomasMueller, facingacourt martial for hiswork ontheaccident airplane, committed
suicide.

This same cross-connecting had occurred on at least two previous events, demonstrating that it was aforeseeable error
and thistragedy could have been prevented. The first opportunity to prevent thistragedy was during the F-15 design and testing
phase. Itishere, if maintenanceerror iscorrectly integratedintothedesignanalysis, that moreof these potential maintenanceerrors
could be detected and future accidents and economic losses could be reduced. What is needed is a better understanding of the
importance of maintenance error and a systematic method to include potential errorsin the design process. Understanding the
likelihood and effect of thesemai ntenanceerrorswoul d allow thedesi gn or operating proceduresto bemodified toaccount for human
foibles.

Lest anyone doubt it, data abounds showing maintenance error has a substantial impact on safe airplane operations.
Review of industry data suggests that maintenance contributed to, but did not cause, many aviation accidents. Two studies, one
of NTSB dataand one by arecent industry team, assigned maintenance as a contributing factor in 14% and 15% (respectively) of
all accidents; General Electric datashows 50% of all engine delays are maintenance rel ated; and, approximately 20% of in-flight
shutdown eventsinvolve maintenance. Reducing maintenance error will have a significant impact on aviation costs and safety.

Investigating a specific maintenance error, looking for contributing factors, often findsthe subtle contribution of aless-
than-adequate design. These contributions are seldom as conclusive or dramatic asthe F-15 tragedy; however, the connectionis
there. For example, in the referenced industry study, design was sited as a contributor to maintenance events almost as often as
mechanic actions (19 vs. 21). In fact, when al factors controlled by the manufacturers and vendors (design, manufacturing,
airworthinessdirective, servicebull eting/in-service communi cations, and mai ntenance/inspecti on programs) wereconsidered, the
manufacturer/vendor were cited 47 timesvs. 21 timesfor al factors controlled by the mechanic. Thissuggestsfactorsoutsidethe
mechanic’ scontrol, but still critical tothe operation, haveasignificant effect. Thereport takespainsto notethey werenot looking
for cause, and these data should not be viewed as mechanic caused versus non-mechanic caused.

Design and testing of an airplaneisacomplex process. To include maintenance error in this process should not be seen
as an attempt to “idiot-proof” the machine anymore than testing pilot reactions to new designs. However, the design process
currently doesnot include human error, especially maintenanceerror, inasystematic method. Including humanerrorinthedesign
process will improve the design, and increase safety.

Understanding how design contributes to maintenance error, work must begin to improve designs by including human
error inthedesign processof theairplane. Onemethod would beto view themechani cassimply another systemwithintheairplane
having it’s own failure modes and analyzing their effects on the system. Thistype of analysiswould meld well with an existing
design process called Failure Modes and Effects Analysis (FMEA) and improveit.

When an airplane isdesigned, afailureanalysis, often called aFMEA, isperformed as part of thedesign. Theintent of
this FMEA isto perform a systematic analysis of each system to identify possible failure modes and ensure that the system has
defenses against these failure modes. However, the current FMEA isweak in that it omits one significant source of failure —
maintenance human error. Typically, the FMEA does not contain any human error in a systematic method and virtually never
includesmaintenanceerror initsanalysis. However, maintenance human error isasignificant source of systemfailureand human
error data, when properly derived, can lend itself well to inclusion in the FMEA analysis and could improve the accuracy and
usefulness of the FMEA.

Skepticism existsin theability toinclude human error because of the virtually limitlessways people can make mistakes.
Albeit true that there is a wide range of potential human errors, there are recurring threads of incorrect actions which could be
accounted for inthe FMEA.. For example, review of incident data has shown there to be common maintenance mistakes such as:
incorrect torquing and lockwiring, and missing fasteners, which are consistently mentioned. These data can supply guidance as
towhichmaintenanceerrorsshould beincludedinthe FM EA and which should beignored asextremely improbable. Thisanalytical
approach to including human error should help convince skepticsthat human error analysis can belogical and scientific and will
not degenerate into a thousand “what ifs’ of nonsensical maintenance actions.

Estimating human error has been donefor several yearsin the nuclear powerplant designs. Thiswork was pioneered by
Dr. Alan Swainandiscalled humanreliability analysis(HRA). Thismethod doesusealogical method and human error estimates

(Continued on page 10)
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TeSti ng (Continued from page 9)

to develop an estimate of human error
potential. However, thiswork isnearly
exclusively for control room operators
and is not part of the FMEA process.

This process may not find as
many new failure pathsasmay beantici-
pated because many of these mainte-
nance-induced failure paths have al-
ready been included as equipment-in-
duced. For example, incorrect installa-
tionof apumpwould beincludedinthe
FMEA asapumpfailure. Thusno addi-
tional design changeswould berequired
based on that particular maintenance
failure. However, cross connecting the
inlet and outlet fluid lines, where the
pump attempts to pump fluid in the
wrongdirection, wouldnotlikely becov-
ered by an existing design failure mode.
Thisfailuremode, tryingtopumpfluidin
the wrong direction, would be a new
mechanic-induced failure mode requir-
ingfurther review.

Another point in the design
process which would benefit from in-
cludinghuman error isthetesting phase.
During testing, components and sys-

tems are subjected to grueling tests
looking for unanticipated failure paths.
Componentsare subjected to conditions
exceeding those expected in-service to
cover unforeseen conditions. However,
any maintenance proceduretesting dur-
ing thisphaserestricts mechanic actions
to the correct actions. That is, the as-
sumption is the mechanic will always
havethe correct tools, follow the proce-
dure exactly, and perform the task cor-
rectly. In sort, maintenance testing (if
any isperformed) isa“test for success’
processwheredesigntesting is “test for
failure’.

If the mechanic is viewed as
one other component in the airplane, it
stands to reason that the same level of
testing should be applied totheir actions
as to testing components. We should
actively look for maintenanceerrorsdur-
ing the testing phase by encouraging
mechanics, in controlled scenarios, to
deviate from procedures asthey may in
thereal world, look for potential mistakes
they may make, and, in short, look as
closely for potential failuresin the hu-
man component of the system aswe do
withany other component. At first these
intentional error-promoting deviations

may seem strange; however, isn't that
anal ogous to what we do when we use
design parametersfor other components
which exceed the expected in-service
conditions ? Aggressively seeking hu-
man error may producefailure pathsnot
anticipated by thedesigners, thusallow-
ing the design to be improved.

Thus, includinghumanerrorin
the design and testing process, although
challenging and requiring further study,
can be accomplished using experiential
maintenance dataandtheexisting FMEA
process. Theresultswould belesserror
prone designs resulting in increased
safety.

A process similar to thismight
havefound the potential from crosscon-
necting the cables, and an effective de-
sign change could have been devel oped
to prevent thistragedy. Itistoo latefor
the two victims of this accident. But
future accidents can be prevented.

Wayne Glover is the editor of
GroundEffects and a former mainte-
nancehumanfactor sengineer for Boeing
currently working as a consultant in
maintenance error management..
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