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Abstract

It is widely believed that human factors risks contribute to more than hdieaviation accidents

(Shappell et al., 2007)Thus, aiation safetyrisk identification,and in particular human factor risk
identification, is one of the cruciacomponerds i n todayds avi asysems safet
There is a need tidentify examples ofnajor human factors risks in recent years in the industry and

track the exposure of these risksani ndi vi dual airlineoHRlightoDalm oper a
Monitoring (FDM) is a systemati@and proactiveprogram (Civil Aviation Authority, 2013), which

aims to improve aviation safety by collectingdaanalyzing digital flight dataSince the flight data is

able to provide objective angp-to-dateinformation ofroutine flight performancehis programhas

the potential to contribute to the identificationtbé existencend statuf the somemajor human

factors risksi n  ai r |l i nes 6 . lHowevericurrent DM edataa is hod widely used

proactivelymonitor and trackhuman factors issues

This thesis presents an initial analysis of the potential of using FDM daidefiatifying and
trackinghuman factas risks. As a first step,r order toobtaininsights into the currenkey human
factors risks irthe North American commercial aviation operatioti's Human Factors Analysis and
Classification System (HFACSyasused to categorize 267 accident and incident final refromns
2006 to 2010Semistructured interviewhavealsobeenconductedo identify andunderstandnajor
andprojectedhuman factors issues frotihea i r | i ne o p e r aByocombiring fhesresgltp e c t i v «
obtained from two methodgxamples of perceiveghajor human factors riskg1 current operations
are determined.The arrent top risk of concerninclude Standard Operational Procedur&OP3
noncompliance, fatigue, distraction, communication issues, inadequate situation awareness, training

issues pressure, and high workload.

In order toassess the potential opportunit@fstrackingthesetop human factors riskf airline
operationsthrough FDM, current FDM process, applicatignbest practicesand recorded flight
parametersvere studiedA literaturereview, field observationsand interviews with experienced
safetyinvestigators ah flight data analystsvere conductedModels of general FDM process, event
setting processand daily review workfloware presented ankduman performance related flight

parametergrecategorized into seven classes

Finally, opportunitiesand two potenél approaches of usingDM to track somemajor human
factors rislks have been identifiedhese two approachésve the potential of being embedded into
current FDM processes are 48tting up newhuman factorevents(HF events)and2) conducting

specific human factors focused studiflsF studies) Implementation examples demonstratimgw
iv



these two approachesan beapplied to track some major human factors, includimgitomation
confusion,high workload andon time pressurareprovided For example, proposed fiaut omat
mode confusion event 0 forinewtypeof arcnafi€eryd thedBoeing p8&)c i al | vy
where new pilots are interacting with new operational environmémglicatiors of the potential

approaches recommendationgo commercialairlines and future work of this studyre also

discussed
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Chapter 1

Introduction

On February 12, 2009, Colgan Air Flight 3407 lost control on its approach and crashe@®ufaio

Airport in the United States of Americ#ifty people died andour peopleon the ground were

serioudy injured in this crash The investigationconducted by the National Transportation Safety

Board (NTSB) ndi cated that the aircrewbs slstemwasithee t o a|
direct cause of the accidemn. addition, aseries of supervisory and organizational issuere also

identified as underlying contributing facto® this tragedy including inadequate training,
inappropriate crew schedulingnd inadequate fatigue managem&t$B, 2010).Such risksareall

examples ohuman factors risks known and commoathreatto aviation sfety.

Similar issues have been cited as probable causes and contributing factors in many previous

aviationoccurrencs. Research shows that appinmately 60% to 80%f theaviaion accidents today

are related to human errofShappell et al., 2007Although significant efforts have been made to
prevent human errorgheserisks still exist int o d aawlibesoperations.Moreover, pojected
increases in air traffic worldwid@CAO, 2012) the development dhcreasingly sophisticated forms

of automation(Sarter, Woods, & Billings, 1997and changes in the operational environtmeave

the potential to introduce new types of human factors ridésause of the quick evolving operational
environmentthe traditional approach of identifying problerosly afterthey have led to an accident

cannot satisfy thaeed of future risk maagement

New ways of practively identifying existing and emerging risks are needed. As a firstisisp,
usefulto identify examples omajor human factors riskis recent yeari the industry andoutinely
track the exposuref these risks imanindivi d u al airl i ndédnere acourate ander at i
comprehensive data source and a more proactive and systematic human factors risk identification
methodareneeded for airlines to monitor the human factors risks, especially the current major issues,

in routine operations.

Flight data which records aircraft operations and performances through all phases of the flight, is
often thought of primarily as a resource in accident investigation. However, advances in technology
and processes have provided new opputies to collect, analyze, and act on flight data as a part of
routine flight safety operationklight data hasiow become one of the majoformation sourcefor
line operatioal performance management due to the establishmetitedflight Data Moritoring
(FDM) programin many countries and major airlines during the past de&idee ths program is

1



able to provide objective angrto-dateinformation ofaircraft and aircrew performand@eremight

be the potentialfor airlines touse flight datéo trackand analyzehe major human factors issues
routine operationsand even identify the emerging issue®wever, this has not been done yet.
Research worls needed t@xplorethe potential

This thesisaims toidentify the opportunityon how exsting FDM processes could be modifitx
track human factors risks, particuladgmemajorhuman factors riskef current concerns order to

improve airlines riskmanagement.

1.1 The Challenge of Identifying Aviation Human Factors Risks

Studies of humandtctors related issuesn be foundrom the earliest days of aviatiomhose ediest
studiesmainly focused on the welfare of the operators and tagabilitiesto adaptto the systems
(Koonce & Debons, 20)1Human factors concepts continue to evolve over time. In particular, the
viewpoint that a complex system is more reliable than human operators is slowly dedi@akisg,

2000) being replaced by the recodait that the human operator is thenterof complex system

design and that human errors are indications of irreconcilable goals and pressures farther upstream
(Dekker, 2000) Sincethe 1990s, he focus of identifing and mitigating human factors risks has
shifted from making humanadapt to the system to understanding the root causes of human errors
and modifying design, training, and procedures to halpan operators perform bet{&i & Harris,

2006)

However,a major challengéhat current human factors righentification is facing ishelack of an
objective and comprehensivdata sourceand adatadriven identification methodBased on the
literature review (Chapter 2interviews, and field observations (Chapter 3 and Chapter 4) conducted
in this thesis traditional human factors risk managient is usually conducted based on reported
events and safety audit§hus, human factors issues are only able to be detectedythsaiety
reports after the occurrenceEBhis approach is limitedecause safety reports are descriptive data
which describe the occurrences from t bedostrorepor t
coveredup if the reporters negleittor chasenot to reporit. For example, pilots might naresthe
event in their own understanding or they might omit one or two human factors related facts that they
think are not important in the report, thereby causingregiérting or selselected biaglLeroux,

Rizzo, & Sickles, 2012; Olsen, 2008)he bias of the reporters will inevitably influence the results of

risk identification.

el



As discussed abovean FDM program collects accurate and ufp-dat flight performance
information whichprovidesan opportunity for data driverdentificationof the human factorasks.
However based on the literature reviethere are ngracticesor previous research arsing FDM to
proactivelymonitor thehuman fators issuesn daily operationsSome related work has been done,
but no systematic method has been develo@llenges of exploring such opportumgs and
potential approdesinclude how to interpret human factorelatedinformationthrough the digita
flight dataand how to embed the method into current FDM activiliéese are challenges this thesis
aims to address in the following chapters.

1.2 Flight Data Monitoring

Flight data analysis has long been used to investigate aviation incidents andtackidecent years,

it has been recognized that these same tools may be used to review routine data to reveal underlying
trends and risks in operational line flying. DM i s a fAsyst ematpurgtye pr oac
prog r a (Qivil Aviation Authority, 2013), whi ch aims to provide fAgreat:
oper ati ons (lamsportrCGamadae 20019 improve aviation safety by collecting and

aralyzing digital flight data generated fromutineoperations.

Since the 1990s, modern safety theories have started to view and manage aviation safety from a
systematic and organizational perspective, which is the basis of the current Safety Management
Systems (SMS). SMS include a series of documented processes that focus on proactive risk
identification and continuous risk mitigation to ensure aviation safety in the industry. Safety oversight
of daily gperational performance is one of tmeportant componestin SMS. FDM, whiclserves as
one oft he A r e p o fot safetygovensmght # SMETransport Canada, 20Q04as become a
significantmethod of risk managemeirt many airlines FDM is now being employed glaby to
prevent accidents, improve flight safety enharared operational efficiency In addition,it has the
potentialfor tracking some of thBuman factors challengs@ceit provides objective informatioof

aircraft and aircrew performancesdaily operations.

1.3 Research Scope and Objectives

Aviation human factors risks include a widange of issuefrom human capabilities, limitations,
perceptions, andnteractiors with the complex systemto organizational and environmental
influences Coveaing all these topics is beyond the scope of thisearchThe goal of this thesis is to

identify potentialopportunitiesand potential approachesuse FDMtracksomemajorhuman fators



issuesairlines are currently facingo achieve the thesis godhreespeific objectives are defined

and described as follows:

Objective 10 Identify examples ofmajor human factors risksin current airline operations in
North America.

The major human factors risks in current operations are the risks of interest that aidimee w
track through FDMAs well, understanithg the current major risks will help identify and develop
potential approaches. Thus, the first objective of the thesis is to idertifyples ofmajor human

factors risks in current operations.

To identify the major human factor riskshat needto be monitoredthrough FDM, accident and
incident data from Nth America in the most recent fiwgears for which relatively complete
accident and inciderinvestigations are availablq06 to 2010was examined usg the Human
Factors Analysis and Classification System (HFACS). The data evllected from accident and
incident investigation reports published by Canadian and US transportation safety boards. A literature
review on previous research of HFACS analysid application of accident investigations wiase
Interviews with aviation safety experts were also conducted to obtainmsight o ai rl i ne op
perceptions of current majand upcomindiuman factors issue$he results from two methodgere
comparedand a listof examples ofmajorhuman factors challengespresenteth Chapter 3

Objective 20 Understand current FDM practices and flight parametersavailable in current
FDM analyses.

Understanding current FDM practices is the basis of exgjargw opportunities to track human
factors risks A literature review was done to develop insights into the backgrounds of digital flight
data, flight data analysis tools, and current FDM practices and applicatmbgtter understand the
FDM process ancevent setting logic, field observatiorend semistructured interviewswere
conducted hr ough mul tiple visits to a major North A
data analysis software, data analysis procedures, and the event programming \wereestudied
during the field observation$hese software, tasks, and procedures are core components of the entire
FDM processThe interviews with FDM expertalso helped with understandinghe current FDM
activities Questions with respect to the @mt FDM activitiesand event settingeere asked and
answers were collectedBased on he core components and findingsentified from the field
observatios and intervievs, as well asheliterature review,tiree modelsdescribing FDM processes

have beer developedn Chapter 4.



In addition,a study of recorded flight parameterasdone in order tadentify parameters relevant
to aircrew performance, which have the potential to reflect human factors relates issues during the
flight. Regulations on digitdlight data werealsoreviewed.

Objective 30 Identify potential approachesof using FDM to track some majorhuman factors
risks.

Based on the findings identified from ObjecBvkeand?2, opportunities of trackingome example
major human factors issuelsrough FDM were identified. Wo potential approachesased on th
identified opportunitiesireproposed in Chapter Retailedprocessesnd application instructionsf
the two preliminary approacheme developed Implementation examplesf some major huan
factors risksarealsopresentedo demonstratbow to apply theespectiveapproaches

Thesethreeobjectives and the methods used to achieve Hrensapturech Figurel.1:

[
| :
| HFACS : Model
l % Analysis of ¢ lntgr\(lews Flight Field Development
9 P |
| © | with aviation safety N
= occurrence Parameter Observations at &
= - o and FDM experts & : : |
| @ | investigation Literature Review Analysis FDM department Implemetation
IE | reports Examples |
R 1 ] |
| '
FTe y T ___:
| I Examples of major Current FDM practices
| | human factors risks and flight parameters |
| in current available in FDM |
l operations analyses |
| o | (Objective 1) (Obijective 2) |
)
[ 31 J
=
19l I
()
12| ! !
| O | Opportunities and potential |
approaches of using FDM to |
I I track major human factors
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Figure 1.1 Research Methods and Objectives



1.4 Thesis Organization

The remainder of the thesis is organized as follows:

T

Chapter 2: Background contains an introductioaf basic concepts regarditige theme of this
thesis and a review of preuis research related to aviation human factors ideatiificand FDM

applications.

Chapter 3: Major Aviation Human Factors Risks presents the research methods and findings

of identifying major aviation human factors in current operatibtiSACS analysisof past five

years occurrences in North America and interviews with ten aviation safety experts with respect
to majorhuman factors riskare presentedThe results obtained from two methais compared

and examples ofmajor human factors risks of currenbncern are summaed in this bapter.

Objectivel of the research will be achieved through ChaBter

Chapter 4: Current FDM Processes and Flight Parameter Analysigresend the methods and
findings with respect tdhe current FDM processesnd analyss of flight parametes. Three

models describingeneralFDM process, event setting process and daitivities are presented
in this dapter. Classification of the ecorded flightparametersdbased on the relevance to
aircrewods act iaremlso diacnsdedohjectve Z2willebs achieved through this
chapter.

Chapter 5: Potential Approaches of Tracking Human Factors Risks through FDMproposes
the potential approaches of using FDM to monitmmme major human factors riskPetailed
processes angotential implementatiorxamplesof applying the two approaches in tracking
some of the major riskare provided Limitations and concerns are also discus$gliective 3

will be achieved through this Chapter.

Chapter 6: Conclusion summarizes key findgs of this thesis and proposesommendations

andfuture researcbpportunities



Chapter 2

Background

This chapter presents a review of previoegearch related tthe analyses dviation human factors

risk andthe application ofFlight Data Monitoring FDM). The following sections of this chapter
discusslie previous studies in the research areaaviation human factors theariiluman factors risk
identification methods, FDM and human factors focused FDM applicatiol$is chapter also
discusses the limitatie of previous work in solvingsome human factors risk identification
challengs discussedn Chapter 1. In addition, how previous research can be applied in this thesis to

better achieve thessearch objectives is discussed.

The literature sources reviewk include books, prescriptive documents, reports, meeting
proceedingsand research papers in the field of aviation humatorfa research and FDNExamples
of reviewed material include the International Civil Aviation Organizationl@AO) regulations
Transport Canadaand Federal Aviation AdministratioffFAA) publications National Aeronautics

and Space Administration (NASAroject reportsand research papdresm academics.

2.1 Accident Causation Theory

Anac ci dent i s fia short , orsoccdr@greathat rasaltd in anruewargeel ande d e
undesi r ab I(Holinagelt200d)rmetiie aviation industry, ICAO defines accident &an

occurence associated with the operation of an aircraft which takesl@aeeen the time any person

boards the aircraft with the intention of flight until such time as all sugdopsrave disembarked, in

which a person is fatally @erious injured, the aircrafustains damage or structural failuoe the

aircraftismiss ng or compl eCAO,00l)naccessi bl eo

The understanding ofcaident causatianis essential to accident preventidMarious accident
causation theories and models presenting diffeapptoaches of accident inviggitions and analysis
exist such asthe Reason Mode(1990) and Heinriclis Law (1950) The perception of accident
causation has evolved over time from concaitg on hardwire failures to huméactorsviewpoints.
Instead of simply blaming the operatar®dern safety toriesespousdhat accidents are caused by
a series of failures from ganizational level to the opeianal level It is now widely acceptethat
such failuresarise from the interacticnbetweenhuman ancperationalsystemsRe ason6és Mo d el

also known as the Swiss Cheese Moud#lich describeshe dynamics of accident causations from



il afamt ur es o t o (Réason,t1PN)s thd neost lcammenapplied modelof this

accident causation theofgalmon, 2011)

The Swiss Chees®odel likens humaroperationalsystems tdour slices ofswiss cheeseeach
representinga level offailure in the operationalystend Unsafe ActsPrecondition®f Unsafe Acts
Unsafe Supervisiorand Organizational Influencedkeason believes thainsafeacts arethe direct
causeof the accidentand when there anensafe acts, there must be some preconditions that lead to
the unsafe actd. n addi tion to these two |l evels of ndactdi
which refer to the supervispiand organizational level issues. The dectsimd supervisiosifrom
upper level maagement are sometimes the underlying causes of unsafe acts and unsafe preconditions
(Reason, 1990However,supervisory and orgé&ational level issueare latent because they are not
aseasytodc over as o0 p e Thsmaelshavs thatwnulaive effedof the four levels
of failure or absendefenss at anylink (e.g., protective equipmerttaining, regulations antlles)
will finally trigger mishaps

The Swiss Cheese Model has drivtie establishment of many significamiman factorgisk
identification methodgSalmon, 2011)Forexample, théHuman Factors Analysis and G#fication
System HFACS) (Shappell & Wiegman, 2003)s used as a major method to identihe example
key human factors risks in this reseaf@ection3.2).

2.2 Human Factors Risk Identification Methods

Various methods have been developedidentify and analyze human factors risks. Generdfigre

are two majotypes of methosito study human factors risks.

(1) Directly identify human factorsisks through reports and everfitsm daily routine operatios
using human factors analysis toolnd models such as HFAQShappell & Wiegman, 2003}he
SHEL Model (ICAO, 1989) andthe PEAR Model (John®n & Maddox, 2007)This kind of risk
identification relies on data sources includisgfety reports, safety auditsnd external information

shared by other parties.

(2) Conduct human factorexperiments Recruitparticipants and measupea r t i c hypi@alnt s 6 p
and psychologicaldata,as well astheir performanceusing questionnaiseand equipmentin real
opemtions or simulation scenarioBased on the measurement results, human factors related issues

such as fatigue andorkloadcanbeassessednd anajzed.


http://en.wikipedia.org/wiki/Swiss_cheese

2.2.1 HFACS

The HFACS is expandedrom the Swiss Cheese ddel by Shappell antlvViegmann(2001) This
classification systeroategorizes human ogion failures into four levels, which are same as the four
levels in the Swiss Cheese Model. The HFACS further divided the four levels of failurEistd>
categoriegTable 1)(Shappell & Wiegmann, 2001k bridges the gap between theory and practice
(Shappell & Wiegmann, 20019nd provides a tool fothe identificationand classitation of the
underlying causes of operational errors in aviation accidents and inc{de8tdHarris, 2006) Each
subcategoryhas detailed description and exampleewever, detailed explanation of HFACS is
beyond the scope of thikesis a brief explanation and some examples for each category are listed in
AppendixA.

Table 2-1 The HFACS Framework (adapted from Shappell & Wiegmann, 200}

Level 1 Unsafe Acts

Errors Violations
Decision Skill-Based Perceptual Routine Exceptional
Errors Errors Errors Violations Violations

Level 2 Preconditions For Unsafe Acts

Environmental Factors Condition of Operators Personnel Factors
_ _ Adverse| Adverse Physical/ Crew
Physical | Technological _ _ Personal
_ _ Mental | Physiologica Mental Resource _
Environment| Environment o Readiness
State State Limitations | Management
Level 3 Unsafe Supervision
Inadequate Planned Inappropriate Failed to Correct Supervisry
Supervsion Activates Problem Violation

Level 4 Organizational Influence

Resource Management Organizational Climate Operational Process

The HFACS framework was first developed for aviatiorand has beemwidely applied and
evaluded in other domains, including road and maritime transporté@efik & Er, 2007; Iden &
Shappell, 2006)mining (Lenné, Salmon, Liu, & Trotter, 2012nd healthcargDiller et al., 2013)
Many studiesising HFACS in aviation accident analyséew a common trenaf UnsafeActs (e.g.,
operator errors and violationsand Preconditionsof Unsafe Acts (e.g., weather, technical
environment, distractionsind fatigug asthe most prominent human factors rigk®. Li, Harris, &

Yu, 2008; Shappell et al., 200Williams, 2011) However, organizational management inadequacies

also provedcrucial in safety management and accident prevenfian& Harris, 2006) When
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Shappellet al. (2007) analyzed the US commercial aviation accident data from 1990 to 2002, and
they found that the majorityof accident causal factors wastributed to aircrew errors and
environment. Also, skilbased error and decisi@nror accidents were most prevaleShappell and
Wiegmann(2004)also compared human factors risks betwiderNorth American mitary and civil
accidents, as well as some specific types of accident analysis using HEA&%pell & Wiegman,
2003)

Williams (2011)f ound si mi |l ar results to Shappell and \
sefous accidents in Alaskiiom 2004 to 2009. HFACS has also been addph other countries
outside North Americali, Hrris, & Yu (2008) analyzed 41 civil aviation accidentisat happened
during 1999 to 2006 in Taiwan. The results show statistically significant relationships betn@sn
at the opaational and organizational level. In Bihd Harris(2006) the focus of HFACS application
is more on the organizational level. Similar research has been done in sd¢veratountries (e.g.,
(Daramola, 2019) These studietestify toHF ACS6s merits in identifying
risks and prowe valuable statistical results.

However,the North American accident data used in previcesearch was from 19D02 With
the development of technology and world air traBioce then the pattern of prominent human
factors risks might change, and new types of risks might appkas, updating the results to map
with the rapidly changing opetional environments necessatyT he mo st r da@ ae t year
valuable information to airlinéssafety managemenThe key issues identified from occurrences in
recent yearare therisks of interesthatairlines need to keep track of in their dadlyerationsThus,
the devéopment of potential approachasing FDM to track human factors risks will focus on these

major issues.

Moreover, almost all the previous analysescentrateonly on accident datayhereas incident
data areequally valuable irproviding risk information(Ward, 2012) Billings andReynard(1984)
conducted a seveyear study of human factors in aircraft incidents. i results indicate that
aviation hcident reports are very important to safety supervisemause incidents usually involve
the same elements as accidentsansalfactors analysisTherefore the first step of this researchs
presented irChapter 3 othis thesisaimsto determinesame examples afajor human factors risks
that occurred most fregutly during the recent-ear time period2006 to 2010jor which relatively

completebothaccident and incident investigations in North America are available.
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2.2.2 Other Human Factors Model

Begdesthe HFACS framework, there aréher human factors models, suchtlks SHEL Modeland

the PEAR Model. These two models are hamed afteiniti@ letters oftheirc o mponent sd nam
andareintroduced in the flowing paragraphs. Thesmiman factorsnodek identify and exanme the

human factors issues withithe interactions between the individual amither components of the
system(Molloy & O'Boyle, 2005)

The SHELModel, often presented as the form showifigure 2.2 concentratesn the interactions
betweenLiveware (the operator) arfdur otherhuman factors components in the syst&oftware,
Hardware, Enviroment, and other Liveware. This concept was folseveloped byEdwards(1973) It
was proposed by the ICAQ989)asa methodf aviation human factors risk identification.

Figure 2.1 The SHEL Model (Image adapted fromICAQO, 1989)

Livewarerefers tothe humaroperatos in the systemsuch adlight crews, engineersnaintenance
personnel, and administration peoplkhis is the most critical component in the modeDther
componats need to m@ich the operators in order to mitigate the giskn the other hand, the
operators are easilgffected by external and internal influenceSoftware includes the rules,
procedures, written documenend regulationdHardwarerefers tothe functional systmsincluding
equipment, displays, and machin&svironmentrefers tothe social and economic climate which
other parts othe systenare operatingas well as the natural environmeiconsders the featuresf
each component and the tasid helpgo identify thehuman factordssues andlesignthe most

appropriate software, hardware, environment and team to perform the task.

The PEAR Model is similar to the SHEModel, but focugson the aviation maintenance arda. |

hasfour considerations forssessing human factors risks in aviation maintenafifeopl® who
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perform the taskiEnvironmend where the task is performeidctionsd the operata perform and

fiResourced which areneeded to complete the taglohnson & Maddox, 2007Each of the four

factors is associated withi f f er ent human factors issues such a
staus andorganizational envionment These factors need to be considered as possible issues while
apphing this model in human factors risks identification.

These two human factors modélave been useas toolsto identify possible riskef operational
tasks or risks in the operational syst€demparing to these two models, the HFACS framework is
more detailed and systematic irclassifying andstatisticalanalyzing the human factors causations of
existing problemsThus, the HFACS framework igsedto analyze the investigation reports of
previous occurrence and identify the major human factors relatedt@nsin Chapter 3

2.2.3 Human Performance Measurement

Human performance @asurement is atfter approacho track human factors issu€ghis kind of

testing requires experiment design, participacruiment, data collectingand analysis. Normally,

the pupose of the experiment is to measurephar t i ci pant s6 p hwaxlitheia | and
performancewhen conducting théasksin real working environmenor simulation scenariosThe
measurements can be donsing questionnaires, equipmeot other techiques Based on the

measurement results, human factors related issues such as fatigue and warkbeaahalyzed

For example,numerousstudies have been conducted analyze fatigue issues using various
measuring methods. These measurements indufective selfevaluation reports, physiological
measuring technigsesuch as actigraphy and polysorrgraphy,which collect objective inttators of
fatigue (Lee, Bardwell, Ancolilsrael, & Dimsdale, 2010)In the 1980s,a new objective fatigue
assessing technique was introduced and has been developed gradually during the past decades, which
is known aghe Psychomotor Vigilance Task (PVT). Studies shown thaPVT is sensitive to sleep
loss (Dinges & Powell, 1985)and subject performance inthe PVT can also be a practical
measurement of fatigu@g.ee, Bardwell, Ancolilsrael, & Dimsdale 2010) Similar techniques, for
example, selbvaluation questionmas like the NASA Task Load IndeXHart & Staveland, 1988)
physiologicalmeasurementf heart rateeye movemenfKlinger, Gregoire & Barta, 197%3as well as
the Situation Awareness Global Assessment TechniqueSAY) (Endsley, 1988pare also used in

measuing other popular human factors topiesg.,workload and situation awarengss

This kind of measuremeiias meri in capturing real time human performance and physiata,
which provide valuable information to understand human factors issues. However, the prabém is

these measurements require extra experin@mdaskdesides daily activitie®RResearch shows that
12



observation anghysiological measuremestmay influence the task operatdrperformancein a
long-term practicd application for example, wearinpeart rate sendor the entire long haul flight
(Tran et al., 200 Therefore, considerg the costsand influence on performance measurement, this
kind of human factors risk identification method is hargtmin practical for usen a daily regular
basis.

In sum, the two majotypes ofhuman fators risk identification methodiscussedeither rely on
reported events which already contain bias from réggorts or require experiment participants.
Therefore, a objectiveand practicalhuman factors riskdentification method is needed fayutine
monitoring purposeRoutine flight performance data collected by FDM offergr@at opportunyt
satisfy this ned The following sections will introduce the Baground of digital flight data and FDM.

2.3 Digital Flight Data and FDM

2.3.1 Digital Flight Data and Flight Data Recorders

Digital flight data is consisted of parameters that provide flight performance infornthtmrghout

all phases of flight. The parameters are recorded by devices installed on the aircraft. The number of
collected parameters varies with different types of airgi@fO, 2010) According to the FAA,

there are 9tequired parameter groups, including airspeed, altitude, acceleration, automation system
data, and etqFAA, 2014) Recording intervals varies with different types of parameters from 0.125
secondo 1secondICAO, 2010)

An aircraft can be equipped with several types of devices that collect flight data. A Flight Data
Recorder (FDR) is a device required by the regulatory agencies to record digital flight data; it was
originally mandated for aident investigation purposes. Digital FDR has replaced magnetic tape
FDR since 1980s and greatly improved the number of the parameters that are ré¢Bardad
d'Enquétes et d'Analyses pour la sécurité de l'aviation civile (BEA), 2Bigflre 2.3(a) shows a type
of digital FDR used on modern airplari@mmerman, 2013)nitially, the principal use of flight data
was h accident investigations, especially those severe accidents with no survivors. The design
requirement for the FDR is that it could sustain damages such as fire or impact in crashes. FDR
records flight operation parameters that provide the real informaifothe accident to the
investigators. Typically, accident investigators will follow the standard procedures to recover and
readout the data from the FDR first, and then replay the situations when accidents happened, to
investigate the causes and genefatéual report§NTSB, 2002)
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Quick Access Recorder (QAR) is another type of onboard recording unit. Different from FDR, it
provides quick and easy access to a removable medium and is able to record over 2,000 parameters,
which is more accessible and accurate for ground anéiAis, 2004) Figure 2.3(b) shows a type of
QAR produced by Teledyne Technologies Incorporafédledyne Technologies, 2013}t can
acquire certain parameters with selected sampling frequency from data recording units. Generally,
data needs to be downloaded from a removable disk regularly before the memory is full. The most
recent technologies allow wireless data transmisBimm recorders to the ground station, which is

more accessible for routine monitoring and research purposes.

(a) FDR (b) QAR

Figure 2.2 FDR & QAR (Image adapted from Zimmerman, 2013; Teledyne Technologies,
2013)

Since the 1970s, the aviation industry began to realize the valuable insigVitted by the flight
data for daily routine performance measurement. By routinely accessing flight parameters through the
secondary recorder QAR, much more information of operations performance and aircraft conditions
could be collected, and risks coub@ detected to prevent the accidents or serious incidents from
occurring. Flight data analysis tools developed by technical software development companies like
Aerobytes Ltd. are able to assist analysts to replay and animate the digital fligi@ldatd Aviation
Information Network (GAIN), 2003)Advanced data replay tools can provide different views of the
flight performance during different flight phases. Relative high automation hes dhieved by
some of the analysis software, which greatly simplifies the data presentation method. Many flight
data analysis tools are applied in the todayobs
advanced analysis tools have been develgped the past decag@nanda & Kumar, 2008; Harbee
Sorensen et al., 2012; Haverdings & Chan, 2010)
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2.3.2 An FDM Program

FDM i s a 0pr eantive iprogeam domgatheringpamd analyzing data recorded during

routine flights to improve flight crew performance, operating procedures, flight training, air traffic
control procedur es, air navigat i dl6AOsX05VvEartye s | or
in the 1970s, the UK CAAG6s Safety Regul ation Gr
FDM information in safety taskéCivil Aviation Authority, 20L3). Before the 199Qsindividual

efforts were made by some large airlines that first integrated FDM into their systems to improve
safety management. Transport Canada held the International FDM Meeting in Ottawa in 1997 and
began to implement the prototype FDM syst@mransport Canada & Software Kinetic Ltd., 1997)

Since 2005, after ICAO introduced a requirement on all member fGites Aviation Authority,

2013), FDM has been accepted and established in more countries as a mandatory program. However,
both the FDM program in Canada and the FOQA program in US are voluntary programs and they
must use dédentified datgFAA, 2004; Transport Canada, 2001)

The general FDM process is that raw flight data are first recorded by data recording unit on the
aircraft and transferred to the ground station. Analysts on the ground retrieve decoded flight data from
FDM datbase and then replay and animate flight data via specific analysis tools and methods to find
potential safety risks and events. These practices provide feedback and improvement suggestions to
the entire airlinebs operians itaken is thesrglevanedmpartmertise r i s

based on FDM feedback will finally improve the operations of the aircraft systems continuously.

Research has previously been done in the area of exweedetectionExceedace detectioris
looking for abnormal fligit performance, in which some flight data exceggseviously established
safety boundaryNehl & Schade, 2007he statistical results of exceedaramlysis could provide
important and reliable information for prediay potential risks and improving training techniques
(Nehl & Schade, 2007Recent research conducted by researchers at MIT proposed a cluster analysis
approach to flight data analysi€ompare to traditionaéxceedancaletection, the cluster analysis
aims to identify abnormal patterns in the dathjch enlarges the investigation boundary to include

underlying events that are within the threshialdLi, Gariel, Hansman, & Palacio2011)

In FDM, the unsafe performance evetiétection is based on event settings to the FDM software.
However, the advisory circulars and related documents only described the basic rules and
recommendations of how to set up the events that wish to dstebe software and the thresholds
(FAA, 2004) In practice, the event sets are decided and customized by different airlines based on
their safety goals and SOPs, which regulate the standard operations during each #igtioptiee

pilots. Detailed FDM activitiearediscussed in Chapter 4.
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2.4 Other Related Programs and Systems

Other programs and systems related with digital flight data have also been designed and developed in
the aviation industrySome previous research applying flight data in human factors related studies
were conducted based on these prograhhgeseprograms orsystems differ from each other on
specific areas of focus, but they all aim try to take the advantages of routine flight data monitoring to
identify safety risks and improve aviation safety.

2.4.1 Flight Operational Quality Assurance (FOQA)
FDM is also known as FOQA in the US. The aim of FOQA is to allow the FAA and carriers to

cooperate with each other to identify and mitigate safety risks. FO@&wsaltommerciakirline
operatorsand plots to share daentified information with the FAAso that the FAA can monitor
trends in aircraft operationgtionallyand target its resources to address operational Tislesbasic
elemens of the FOQA progrannclude: abornedata recording systemair/ground data transfers
andground data analysis systsiffrAA, 2004) The general process is similar to the FDiich are

presented in details in Chapter 4

To further FOQA progam toward the proactive safety risk managemidASA has collaborated
with airlines in a project know as Aviation Performance Measuring System (APMS). The olgjective
of APMS are to develop advanced concepts and prototype softwaraufare flight dataaralysis

andfinally transferring these tools to practigehidester, 2003)

2.4.2 Aviation Safety Information Analysis and Sharing (ASIAS) System

The development of FDM or FOQA program in many airlines pravitde avation industry an
opportunity to aggregate the data and share the information among different awiiagien Safety
Information Analysis and Sharing (ASIASYystem is a safety analysis and data sharing collaboration
initiated by he FAA and the aviatin communityin the US.Today,ASIAS has at least 50 domestic
and international airline member@ASIAS, 2014) ASIAS collects various aviation data sources
include air traffic management dataidentified digital flight data (from FOQA), and safety rejso
from airlines.Analysts can access to these data sources via a secured communication. iétsvork
goal of this system is to proactively identify and managéety issues and emerging riskg
synthesizing and analyzing safety data from different ssUASIAS, 2014) The results of these

analyses are shared with the ASIAS participants.
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2.4.3 Advanced Qualification Program (AQP)

AQP is a voluntary training program and was first built in the late 1980s by the FAA. Its initial
motivation was the development aircraft technology and training techniques. The aim is to
reconstruct the content of training programs for crew members and dispghars2006) Unlike
conventional training, AQP emphasizes crawented training andalabased instructiongBresee,
1996) Generdly, the AQP proces#volves analyzingjob tasks and required knowledge for the
operators and qualifiyg the standards and documents first, and then coinduichining in small
groups. Once initial performance daitee collected and analyzed, the training progriamevaluated
and revised to achieve conipus improvemenfFAA, 2006) The FAA NASA andsome researchers
havebeenworking on integrating FOQA data in AQP, to provide an objective measureméighof
performance.This will assist training programs to describe the qualified standards support
training progran{Bresee, 1996Callartine, 200).

2.4.4 Fatigue Risks Management System (FRMS)

FRMS is adatadriven and scientificapproach of identifying fatigue related safety risksaifine
opegrtions Key commnents of the FRMS approach aecess to fatigue related data, fatigue analysis
methods, identification and management of fatigue drivers, and application of fatiguetionitig
procedures. ICAO introduced FRMS to Annex 6 (Operation of Aircraft) in 2008 and several
commercial airlines (e.gSingapore Airline and EasyJet) have succdlgsfionplemented FRMS as

part of their SMJSrivastava & Barton, 2012)

2.5 Human Factors Focused FDM Practices

FDM events often contain a significant human factors element. In orgmirtansight into human

factors focused flight data applicatignpreviousFDM researchassociated with human factors are
discussed in this section. Current FDM practices that focus on human factors issues are mainly in the
domains of training, crew performance measurenfeit, SOPsioncompliance)and crew fatigue
monitoring, as well as integrating FDM with other data sources. Many research phajeetbeen

done with the suppodf FDM/FOQA, AQP and other related programs.

Mitchell, Sholy & Stolzer(2007)have analyze the benefitof FOQA datafor training programs
Their research shows that replay of the flight data, for example, GPS data, can assist the instructors to
critigue whether the flight was following the right path. Researab &lso been oducted on
integrating FDM data intdhe Crew Activity Tracking System (CATS) to identify training needs
(Callantine, 2001)The CATS model compares state parameatbtained fronreal flight datawith
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constraint parameters and pilot actions to identify unsafe operatioaddition, theresearcherbave
workedon applying data obtained from FOQA programs into AQP to provide a solid base of training
instructions (Bresee, 1996Callantine, 200l A FAA training manual alsalescribes brieflythe
efforts of using crew pdormance trend data for training purpd§eamster, BoehiDavis, Holt, &
Schultz, 1998)

The ®cond area of applying FDM data to address human factors issues is measuring crew
performanceChidester(2003) has applied APMS tools to understand the crew performance during
approach and runway assignmetianges. The Japan Aerospace Exploration Agbasproposed an
initial flight crew operatiorsafety analysis tool designed to be used withimanr | RDN.eTbis
tool is designed to reconstruct flight crew activities, includd@Pstasks that camnd @nnot be
directly detected from changes of parameters, ugingmanbehavioralmodel (Muraoka & Tsuda,

2006) Research hassobeen conducted on applying FDM for crew fatigue monitoring. For instance,
EasyJethascollaboratedwith NASA in implementingHuman Factors Monitoring Program, which
providessomeexample of integating FDM data in fatiguenonitoring(Srivastava & Barton, 2012)

In addition, severalstudieshave exploredintegrated safety analysign particular, Maille and
Chaudron(2013) have workedon developing a new methodology, whicbhmbines thdlifferent
feedback database&.g., safety reports and FDM) infety managementThis new safety
management miebd uses thaunique flight identifications (e.gflight number ad departure timefo
link and match thdaumanfactois components in crew reports the operational deviations detected
by digital flight datafrom the same flightThey have successfully tested their method based on a
small set of data provided by a cooperative airline. WalkerSaradhie(2012)presented an approach
of applying human factors nteids to FDM data source. They notleat current applications of flight
data analysis lack a path to understand Wayrisks exist; they sugges$iat humarfactors methods,
such as the signal detectiohebry andthe mental modetheory, can be usedo analyze th
information provided by digal data.

However,although many studies have been done in identifying human factors related issues based
onflight data analysis, the human factors focused FDM applicatierelatively limited, especially
in routine riskidentification practices. There is neystematic approach dfacking majorhuman
factors risksthrough FDM that can be embedded to current routine flight data anabsient
challengesinclude interpreting human factors elements from flight datad identifying the
relationship between human perftance and certain §ht parametersThese are theignificant
problems that need to laeldressedin orderto developpotential approachdse keep track of thenajor

human factors issues via monitoring the ®@ilgilight data.
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2.6 Chapter Summary

In summary, this chaptgresentedhe basic aviation human factaisk identificationmethodsand

the background of flight data analysis. Previausk about FDM applications associated witiiman

factors wasreviewed. Hwever, while human factors elements were proved to be existed in FDM
information, none of these studies were focused on developing a systematic human factors risk
identification approach through FDM on a routine monitoring basis. Current human fackors ris
identification practicemainly relies on prescriptive information dasource such as safety reports
Researchers have realized the opportunities of investigating human factors issues through digital
flight performance data, but there is a gap betweemahuactors risk identification and current FDM

process.

In order tobridge this gapand identifythe potential approaches of using FDMttack major
human factorc oncer ns i n t o d afigshexamalésrofnajorhemam faceors sgueésnn s
recent years need to be identified. Then, current FDM proaedsflight parameters nedd be
carefully studied to build a comprehensive understanding of the program and technigoesiext
chapter, the research of identifying current key human faggksin North Americas discussed.
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Chapter 3

Major Aviation Human Factors Risks

This chapter aims to determiseme examples ahajor human factors riskef concern in current
airline operations.The human factors risks in this thesis refevaviousfactors related to human
errors as classified in the HFAC®amework, whichcould cause or contribute to incidents or
accidentsDue to available resourcethe scopeof this study was airline operatiomgthin North
America aviation industry. Key riskbhat showed up most frequenthere identified from accident
and incident investigation reports usidigman Factors Analysis and Classification SysteifrRXCS)
analysis and senstructured interviews with aviation safety experts. Righat become more
prominent over the year&and upcoming issueshat might beintroducedby changes in thairline

operational environmemirealso discusseih this chapter

The objective of the investigation report analysisl interviewis tolook for major general types of
human factorgssues that may exist in current operatidrtgese top risks would be of most interest in
airlines® pr oa c tdéntifgng and snkerstaradingatiye eeurrent major risks will help
explore the opportunitietd use FDM to track expostes totheserisks. In addition, the research
findings in this chapter can provide insight into current concerns and will assist airlines in assessing

their own operations and preventing future occurrences.

3.1 Methodology

As discussed in Chapter 2, previowsearch of human factors risks identification using HFACS
focused only on accident dat®m addition, the results of prominent human factors risks in North
Americawas most recently updatéal 2002. Thus, more recent dasaneeded to update this result.
Moreover, his research includes not only accident but also incident data in North America to capture
a wider scope of the riskén order toidentify the key human factors riskgithin current airline
operationsanHFACS analysigShappell et al., 200%yas doneof the finalcommercialoccurrence
investigation reports from 2006 to 2010 time period, for whiglatively complete accident and
incident investigations are availabie the US and Canadd&he commercial dline operatios
described here refers to the operations regulated Hedieral Aviation Regulations (FAR$art 121
Scheduled Air Carrier Operations. The Canadian data were selected under Canadian Aviation
Regulations (CARs) Part VII, Subpart 705 AirliOgerations.

In addition, emistructured interviews have been conducted with ten safety experts and flight data

analysis in order to collect two types of i nfo
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factors concerns and FDNhata analysiprocess and activities. In this chapter, results obtained from
human factors risk related interview questions are presamigdsed incomplementinghe HFACS
analysis resultsThe second type ohformation collected from FDM related interview questio@se
used in developing FDM models, which are discussed in the next chapter.

The structure of a semstructured interview is organized around the topics of interest and starts
with a prepared list of questions. Thet of prepared questiomsed in the intervigs are listed in
Appendix B However, during the interviews, the actual questions asked are not limited to the
prepared question [|ist, making this form of i nt
answers, additional or extended questiores asked. This method aims to ensure the flexibility in
how and in what sequence questions are asked, and in what particular areas might be followed up and
developed with different intervieweg¢Mason, 2004) Using semistructured interviews also allows
new viewpoints to emerge freely. The topics discussed in these ten interviews include major human

factors risks the airline is facing, upcoming human factors related issues, and current FDM practices.

Inthe finalmrt of the chapter, the HFACS analysis r
perceptions to obtain a more comprehensive and practical point of view of current major risks. The
following sections in this chapter describe the methodologies and reshtith HFACS analysis and

interviews.

3.2 HFACS Analysis

The contents presented in this section are based on a Q¥ae& Histon, 2014)that has been
submitted to and accepted bijuman Factors and Ergonomics 2014 Annual Meeting in October,
Chicago, lllinas (See Statement of Contribution).

3.2.1 Data

The HFACS analysis was conductading 267 commercial aviation occurrences in the US and

Canada from 2006 to 2010, for whicklatively complete accident and incident investigations are
availablé. The commercial idine operation incident and accident final investigation reports were
retrieved from two investigation report databases. First, the US data were obtained from the National
Transportation Safety Board (NTSB) Aviation Accident and Incident Data Systemghto t he FAAOG s
Aviation Safety Information Analysis and Sharing System (ASIASAA ASIAS, 2014) The

! Investigationstake time and final investigation reports for some accidents and incidents may take years to

complete.
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Canadian final reports were retrieved from the

aviation investigation report databa@esB, 2013. In total, 267 accident and incident final reports,
including 230 US occurrences and 37 Canadian occurrences, have been analyzed. The final reports
contain conclusions of findings as causal factors which indicate that the investigations for the

occurrences are finakd.

3.2.2 HFACS Analysis Method

The report analysis process in this study is describeligare 3.1. First, commercial operation
accidents and incidents (for flights operated under FARs 121 and CARs 705) were selected from the
investgation report databases. Whether human errors were involved in the occurrence as one of the

causal factors is determined by the findings in the investigation reports.

An occurrence related to human errors was defined as one where the probable caubes descr
human actions, or inactions, including operator errors and organizational issues, as contributing to the
incident or accident. The investigation report normally provides information on whether human
operators, including aircrew, ground crew, ATC olimtenance personnel were involved and whether
their operation errors were the causes of, or contributing factors to, the occurrence. The errors made
by these personnel could be anything that deviated from safe and standard operations. Occurrences
not relaed to human errors were primarily caused or contributed by other factors including weather,

mechanical system failures, and bird strikes.

Accidents and incidents involving human errors were then categorized by four types of personnel
(ground crew, ATC, niatenance and aircrew) who had direct or indirect influence on the
occurrences. Several types of personnel can be involved in a single accident/incident. Since this study
is conducted from a commercial airline perspective, only accidents and incidentsnioparcrew

actions were considered in HFACS analysis.

The contributing factors of the occurrences were cadénl HFACS categoriedased on the
probable causes in each report. The coding started from higher levels of failurecateqdries,
mappingeach causal factor mentioned in the report to the HFACS categories. For exampke,
first determiné which level of failurea cause belongs to (whether it is a violation or organizational
issue), andhe cause wathen codd into subcategories. Sinceis difficult to differentiate between
routine and exceptional violations simply from the description of the investigation report for a single
occurrence, violations are discussed together in the study. The customized HFACS framework used

in this thesis hs 18 categoried &ble 3-1). Each HFACS category was counted a maximum of only
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once per accident/incident; thus, this count acted simply as an indicator of the presence or absence of
each of the 18 categoriaader the four levelof human failure

| Report Database \
CFR Part 121/
CARs Part 705

No further

No p
analysis
Yes
Involve Human No Recorded/ No
Operator Error further analysis
Yes

4
Categorize by Involved Type
of Personnel

Involve Aircrew

Yes

[ HFACS Analysis ]

|

Figure 3.1 Investigation Report HFACS Analysis Process

Recorded/ No
further analysis

Table 3-1 The Customized HFACS Framework(adapted from Shappell & Wiegmann, 200}

Level 1 Unsafe Acts
Errors Violations
Decision Skill-Based Perceptal Routineand
Errors Errors Errors ExceptionaViolations
Level 2 Preconditions For Unsafe Acts
Environmental Factors Condition of Operators Personnel Factors
Physical | Tecmological Adverse Adyersg Physical/ Crew Personal
. : Mental | Physiological Mental Resource .
Environment| Environment Lo Readiness
State State Limitations | Management
Level 3 Unsafe Supervision
Inadequate Planned Inappropriate Failed to Correct Supervsory
Supervsion Activates Problem Viol ation
Level 4 Organizational Influence
Resource Management Organizational Climate Operational Process
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3.2.3 Results

After filtering for FARs 121 and CARs 705 operations, there were 267 accidents and incidents,
among these commercial occurrenaasre than half (61%) were determined to be related to human
errors(Table 3-2). This result accords well with the previous study that around-&WW% aviation
accidents are associated with human er(@sappell et al., 2007)Among these human error
associated occurrence85 were cited as being contributed by aircrew errdrisat is, aircrew
contributed 52% of the human error associated aviation occurrences, and 32% of the total 267
occurrence final reports, which indicates that aircrew errorsaaegnificant concerrfTable 3-3).
Concentrating on the airline perspective, this chapter focuses on the aircrew errors. Fairtre\85

error associated occurrencesiethhave been examined using HFAQBe frequency count and
percentage of each HFACS category are shovigare3.2.

Table 3-2 Frequency Count for Occurrence Type

Occurrence Type Frequency Percentage
Related to Human Errors 162 61%
Not Related to Human Errors 105 39%

Table 3-3Frequency Counts for Each Type of Personnel Involved iluman Operator Error
Related Occurrerces

Personnel Frequency Percentage
Aircrew 85 52%
Ground Crew 34 21%
ATC 33 20%
Maintenance 26 16%

Note that the percentages in the table will adt t0100%, because in some cases more than on
type of personnel was associated veittoccurrence.

The HFACS analysis results show thawel 1, Unsafe Acts and Level 2, Preconditions of Unsafe
Acts are the two most prominent failures described in the investigation reports, a finding which is in
accordance with results in previous studieset al., 2008; Shappell et al., 2007) Ative failuresd
including unsafe actgLevel 1) and preconditions of unsafe acts (Leve&r® more prominent than
il at ensdb f ait he ésvel@)andwdarsizational environment levélevel 4), because
unsafe acts are the maesasily recognized types of failurelslost times, unsafe acts are the direct
causes or contributing factors of the occurrence, such as incorrect usage of controls/equipment on the

aircraft and failure in following the SOPs. Level 2 Preconditions of Unsafe Acts as the direct trigger
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of unsafe acts areommonlycited as contributing factors in most of the occurrences. Among these
preconditions, physical environment issues, includingther, ATC services, and adverse mental
states such as distraction and lack of situation awareness can easily affect human performance.
Another possible reason for the pattern observed in the results is that incident reports were also
included in this stuglin order to capture a wider scope of risks. However, since incidents are less
severe than accidents, sometimes there were no
organizational level problems or even no need for deep diving into tlee lgwel issues due to time

and financial expenses.
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Figure 3.2 HFACS Analysis of Aircrew Error Related Occurrences

Note that the percentages in the figure will not add to 100%, because in most casdsaamoretHFACS categories were associated with the
accident or incident.
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To understand how the relative frequency of the most prominent categories was changing over
time, the relative percentage of all occurrences of each subcategory was determinell yeaea
the data set. Results are presented belearby-year for the top termost prominentHFACS
subcategories (HFACS subcategories which were contributing factors to more than 10% of aircrew
related occurrences)rhese ten most frequent HFACS causalegories are: LeveldlDecision
Errors, Skillbased Errors, Perceptual Errors and Violation; LevélPRysical Environment,
Technological Environment, Adverse Mental States, and Crew Resource Management. Inadequate
Supervision under Level 3 and Organiaafl Process under Level 4 are also identified as prominent
factors.Figure 3.3, Figure3.4, andFigure 3.5 show the percentagef each year 6s occur
high frequent HACS categoriefor each HFACS level.

For Level 1Unsafe Acts(Figure 3.3), the percentage of each type of error varies every year; no
obvious increasing or decreasing trend is observed. When comparing this result to the previous
research result from examining commercial aviation accidents from 1990 to 2002, the progortion o
violations grows from around0% to 30%(Shappell et al., 200%p around 30% to 50%More
violations mean more propastin  of occurrences are caused or con
regulations and SOPs in recent years. Since incident data is also used in this study, one possible
explanation may be that more violations are committed in incidents, because thHeetesed that
slight deviation from the rules would not be a big problem (i.e., cause an accident); however, these
actions have the potential of creating more severe outcomes under certain corfeitiamsample,
the crew decides to land the plane wHeret s peed exceeds the SOPs6 requ
it is fine or t heThisthayteéditalonglantingtncideng;dhowaverpifuumddr
certain conditions, such as wet runway, strong tailwind or suddenly failed brake, more severe
consequences like runway excursion will occur. Therefore, the slight deviations identified from the

incidents can be early warnings in accident prevention.

Figure 3.4 shows that Crew Resourtéanagement (CRM) still presernds araind 30% of aircrew
error related occurrences, which is a relatively high proportion considering the emphasis placed on
this issue over the yeafSalas, Burke, Bowers, & Wilspr2001) However, this finding is not
surprising, because the CRM concept is tifadeted, from communication between operators to
leadership and decision making, which make it a complex domain in safety management. Moreover,
some of the CRM contents, such as communications and leaderships, are hard to measure, which

increase the diitulty of CRM training and improvement.

The percentage of occurrences contributed by Inadequate Supervision increased from 2006 to 2010
(Figure3.5). The key word identified as a primary issue within this categosy i t rAacordingn g 0 .
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to the categorization result, training issues such asthieairganization failed to provide adequate
training to pilots present more than 90% of the inadequate supervision issues cited as contributing
factors in the accident regs. An airline that fails to provide adequate training may leads to pilots
having inadequate experience with the systand incorrect reactions when controlling the aircraft.

The increasing percentage of this category suggests that training requiraneegtewing. Part of

this is due to the increasing air traffic and rapidly evolving technology. The needs for more new pilots
and for current pilots transferring to different types of aircraft and adapting to new technology are

increasing.

The organizatinal process varied between 20% and 30%; the numbers are mainly contributed by
unclear or unavailable organizational instructions identified in the investigations. This is highly
relevant to the development of SMS documentation requirements. Since SNi&thsidrted to be
implemented in commercial airlines in North America during 2005 to ZBA@, 2014a Transport
Canada, 2012)it actually provides a research opportunity to see how the relatigaeimey of
organizational instructions change as contributing factors in occurrences with the improvement of
SMS in airlines in the next few years. It is possible that the frequency of organizational instructions
being cited as contributing factors decrsada the next few years due to the successful
implementation of SMS. It is also possible that more instruction issues will be identified because of
the lack of unified standards of SMS, which may cause confusion and discrepancy in the industry and
the assesments.

Under each subcategory, there are various specific detailed factors and behaviours that are
considered as riskgor example, incorrect use of control system is a specific type of risk which
bel ongs to t he -bsausbecda. tremrdendorgainiosight af e spdcific type of risks
that contrbuted to these occurrencdbge top 15 specific risks under HFACS subcategories are
presented irrigure 3.6. The SOPs noncompliance is the top one issue identifiedtirer@5 aircrew
related occurrences, followed by inadequate situation awareness, attention failure, weather, and
training issues. Incorrect operations include incorrect use of controls and automation. Communication
issues, distraction, fatigue, high wor&th and ATC services, which all belong to Preconditions of
Unsafe Acts, are also showed up most frequently in the investigation rdpataples ofmajor
human factors risks from general levels to specific types of risks were identified from the HFACS
andysis of previous occurrence reports. The results of stmctured interviewswhich collect

information from the operational perspectigegpresented in the next section.

In addition, the analysis wawot able to separate whether any trécitBnges nticed in the year
by-year analysis and comparison to previous researeldue to underlying fundamental changes in
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how systems are operating, or changetheawareness oinvestigators For examplemany years

ago, the emphasis of air investigation waschanical problems. Today, with the development of
technology and safety theories, the investigators have realized the important role human fastors play
in accidentgDekker, 2000)so more emphasis may be puatidentifying these issues.

Level 1: Unsafe Acts

o 70%
2 * Dok
0 60% L ecision
5 x\ -’-—".‘."\ l’ El’r‘OI’S
3 50% i e - ,'r-..,.._-
< Pl :ai\:‘P S
Q o | BoAmmT Nk % -m-Skill-Based
t_'t': ’ :*:' *-—"‘*-__u',a"' Errors
L 30% # i
] - - ---Perceptual
o 0, \‘\ “
& 20% N R -~ Errors
~ P \._._ ”t
g lo% \\“,"’ "o_.tf
a ====Violations
E 0% T T T T 1
o 2006 2007 2008 2009 2010

Year

Figure 3.3 Percentage of Aircrew Error Related Occurrences Cited as Being Contributed by

Four Types of Unsafe Acts by Year

Level 2: Preconditions of Unsafe Acts

172

Q

e 70% ----Physical

e » .

g 60% s Environment

o o _z"’

o 0% P P - -Technological

> e X /s .

‘t‘ 40% 2 N - < Environment

’ A #

2 % !” 1,----"‘:"'I\ /I 7N

w 30% B = 5 ’.:.'-’ \‘\

g o -..____‘*,, . \\ Adverse

8o 20% e ‘-.___“ Mental States

) ’ ~--u

c . »

§ 1% ====Crew

& 0% | Resource
2006 2007 2008 2009 2010 Management

Year

Figure 3.4 Percentage of Aircrew Error Related Occurrence<Cited as Being Contributedby

Four Major Preconditions of Unsafe Acts by Year

29



50%

40%

30%

20%

10%

0%

Percentage of Yearly Occurrences

Figure 3.5 Percentage of Aircrew Error Related OccurrenceCited as Being Contributedby

Frequency Counts

Level 3&4: Unsafe Supervision and Organizaitonal

Influences
*.-'-
P S=aa
,
7 =<--|nadequate
) Y <--Inadeq
i I Supervision
z”,l.\ ’,l
b’ \‘.\ "I
. L4 ~ Prd
[ M S e——- o
'l
hd - - Qrganizational
Process
T
2006 2007 2008 2009 2010
Year

Major Unsafe Supervision and Organizational Influences by Year

Figure 3.6 Frequency Countsfor Specific Type of Human Factors Risks

30



3.3 Semi-structured Interviews

3.3.1 Interview Question Regarding Major Human Factors Risks

As discussed in Section 3.1, part of the ssmictured interview questions were designed to learn
examplemajor humanfactr s ri sks of current and future conce
The interview questions that used to identify
presentedn Table3-4:

Table 3-4 Interview Questions Regarding Human Factors Risks

# Question

1 What are the top five human factors risks that you think the airlines or even the entire N
American industry is facing based on your experience in aviatiory sefletidentification?
Based on your experience and involvement with safety management activities, what ar

2 lupcoming changes in the airlinebs oper ;i

factors issues or increase the current human factses?

Question#1 asked for the top five major risksutthe number of top risks listed by each participant
was not rigid and the participants were not required to rank the Qslestion #2 aims talentify the
influences of future changes in thedustry operational environment on human factors riskgeto
insight of theupcomi ng i ssues of future concern and pr

assessment.

3.3.2 Participants and Interview Procedure

The semistructured interviews were conducted twiten very experienced expert participants,
including five senior safety managers and investigators, four flight data analysts and senior data
managers from a major North American airline and a senior safety manager from an aviation council

in North Ameria . Al l the participantsdéd daily working

aviation safety management, safety investigation and risk identification.

The interviews were conducted privately with only one participant at a time eitpersan or
over the telephone. Among the ten interviews, eight were recorded (with permission) for researcher
review and analysis purposes. Handgritnotes of participant answers were taken during the
interviews and all audio records were transcribed after the integvidotes were compared with the

transcripts to verify the precision of the transcripts. For the two interviews, whose audio records are
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not available, detailed handwritterotes were taken during the interviews and the participants were
asked to speak mostowly and pause if necessary. The study participates were recruited through the
airline and were voluntary. ey were informed before the interview that they could decline to
answer any question if they wish and withdraw from the participation at ary Aithparticipants

were coded with numbers and all identifiers were removed from the transcripts and notes.

The aaswes provided by eaclparticipant to each question wemaalyzed by searchinfgr main
themes that ovdapped between participants. Key nds were extracted to identify the themes and
main categories in the responses. Data collected from FDM related questions were built into the
models presented indHollowing sections ithe nextchapter

3.3.3 Results

3.3.3.1 Question #1Top Human Factors Risks

After analyzing the interview responses for Question #1, fourteen key words that covered the
viewpoints of the participants were identified. The top risks mentioned in the intervie@O&®
noncompliance, pressure, distraction, communication issues, fatigillebased errors, training
issues, decision errors, inadequate situation awareness (SA), complacency, ground service, ATC
service, technology, and weather. The frequency of each risk mentioned in the interviews is shown in
Figure 3.7. Based on the nature of these risks, they can be classified into three higher level HFACS
categories: Unsafe Acts, Preconditions of Unsafe Acts and Unsafe SupefSisampell et al., 2007)

as shown inTable 3-5. The organizational influences were not mentioned as major issues in
interviewsin response to this questiohhe number of participants who have mentioned at least one
risk under each category was also counted to reflect thveireaess of the level of these riskig(re

3.8).
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Table 3-5 Classification for Major Human Factors Risks Identified in Interviews

Figure 3.7 Frequency Counts of Major Risks Identified in Interviews

Categories

Risks ldentified

Unsafe Acts

SOPs noncompliance
Skill-based errors
Decision errors

Preconditions of Unsafe Acts

Pressure

Fatigue

Distraction
Communi@tionissues
Inadequateitiation awareness
(SA)
Complacency
ATC service
Technology
Weather

Unsafe Supervision

= |=a=a-a= =4 =4 -8 -a-a -89

Trainingissues
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As shown inFigure 3.7, SOPs noncompliance is mentioned by the experts most frequently in the
interviews. 80% of the participants put SOPs noncompliance as one of the top risks. SOPs
noncompliance means the pilots decide ndolow the SOPswhile flying the aircraft, which can be
a warning sign of routine violatiofShappell & Wiegmann, 2001)his result accords with the

HFACS analysis result.

Pressure and fatigue are the next tvegifrequently mentioned by the participants. Based on the
participantsé explanations, the pressure mainly
companyés on time policy. Fatigue is al wtbys a hi
detect and manage, partly due to the nature of flying task itself and the measurement techniques
(Gartner & Murphy, 1976)

Almost half of the participants thought distraction and communication are among et coiajor
human factors risks. During the flight, distractions may come from everywhere, including the
passengers and the flight attendants. Communications here include communication between crew
members, crew and Air Traffic Controllers (ATC), and ciavd flight attendants. It is part of CRM,
and the cooperation between crew members has been strengthened for years. However, it seems that
continuous efforts still need to be made on CRM training to mitigate this risk. A few participants
mentioned skilbas ed er ror s, whi ch r ef eswith ndconscpusithougtt 6 i nco
such as incorrect use of the equipment arnmeak down in a visual scan patt¢®@happell et al.,
2007)
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Figure 3.8 indicates that 90% of the participants mentioned at least one human factors risk that
belongs to preconditions of unsafe acts, and 80% thought that at least one of the unsafe acts is a
current major risk. The prsoftunsafe getaindicates tha theyrare n e s s
not regarding identifying the human errors as the ultimate goal of safety management, they are aware
that there are root causes behind the errors. Training issue was addressed as one of the supervision
issues, whreas no organizational influence issues were mentioned specifically. Why no
organizational risks were mentioned in the interviews is a question that needs to be considered. Is it
because there are no big changes in the industry currently, is it becgaseaiional issues are
handled well enough, or is it because it is more easier to blame the operators and environmental
influences like weather and technology? In fact, the prominence of SOPs noncompliance in the top
risk list may indicate the existencéspme organizational issues, becatnaaing andorganizational
culture influence aresometimes underlying causefthis kind of problem. It is reasonable to assume
that although training and organizational issneght be the fundamental reasons beh8@Ps
noncompliance. It is also possible that under the interview circumstances and the way questions were

asked, participants may find it easier to address the more obvious errors in daily operation.

3.3.3.2 Question #2 Upcoming Issues

Question #2 asks about upaimg changes in the organizational environment that might introduce
human factors related issues. Answers cover a wide range of topics from front line operation to
organizational management. The answers mdicatethe upcoming trends of some human fagtor
risksin the industry and serve as early warnings to future risk prevention. Eleven key words capturing
the viewpoints of the participants were identified from the answers, including new policies, new
pilots, and new types of aircrafts. The frequencynt®wf these factors mentioned in the interviews

are shown irFigure3.9. These changes were then categorized into five groups based on their features
(Table 3-6). Example human factors issues introduded these upcoming changes are also
summarized from the answers and presented in TalbleF&yure 3.10 describes the number of

participants who listed the upcoming changes under these categories.
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Figure 3.9 Frequency Counts d M ajor Upcoming Changes ldentified in e Interviews

Table 3-6 Classification for Major Upcoming Changesand Resulting Human Factors Risks

Categories Upcoming Charges Resulting Human Factors Risks
1 New policies o
_  Training issues
1 New standards/regulationg )
1 SOPs noncompliance
 New routes .
Organizational f New airports I Automation
decision changes _ 1 Increased wrkload
T New pilots
. 1 Pressure
1 Work position changes
1 New types of aircrafts 1 Automation
Technology chaiges 1 New technologies 1 Trainingissues
_ 1 Trainingissues
Money issues 1 Resources/funding o
i Safety supervisiorssues
_ _ . 1 Increasing air traffic
Increasing air traffic density J T ATC
Weather changes 1 More severe weather 1 Weather
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Most of the participants considered the changes in the organizational level and outside influences
when asked about upcamg changes that might introduce human factors related issues. This indicates
that that most of them believe that decisions made in the upper level management, including policies,
standards, and recruitment of new employeedilaly to introduce new riskto the operatioim the
future. The results also indicate that with the development of technology and continued growth of the
aviation industry, human factors riskein also arisdrom the interaction with new automation

systens, training for new typesfaircraft and interaction with ATC.

According to the answers, potential human factors issues that might be brought by these upcoming
changes include training issues, automation issues, workload, pressure and etc. Therefore, proactive
risk identificationand continuous monitoring of the issues mentioned above are necessary, especially
to the changes that involve human operators, to ensure that the risks are proper managed in the

evolving environment.

3.4 Discussion

In order to obtain aorecomprehensive umistanding of current major human factors risks in North
American airline operationgheresults of both investigation report analysis and intervieave been
presented aboveéWhen combining the findings from interviews and HFACS analysis, common

stream®f frequent mentioned risks were identified, as well as some discrepancies.
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First, Unsafe Acts and Preconditions of Unsafe Acts are the two most prominent human factors risk
categories found in both interviews and investigations. Supervisory and atizmat level issues
were identified | ess than the first two categor.i
and organizational issues must be less in the reality, because the Unsafe Acts and the Preconditions
sometimes indicate the poteaitiissues in the upper level management. In the interviews, no
organizational issues were mentioned as current top concerns, whereas when talking about future
changes which might cause new risks, organizational changes are the most prevalent onest.on the li
It reveals that though upper level management issues are not cited as frequently as other risks like
operational errors and violations, most of the participates believe that changes in the upper level
management are the sources of other issues aneweiitually influence the daily operations.

Second, the examples of major human factors risks of concern identified from both HFACS
analysis and interviews can be put into three categories: identified in both interviews and
investigation reports, identiftconly in interviews, and identified only in investigatiofiaifle 3-7).

SOPs noncompliance, fatigue, destruction, communication issues, inadequate situation awareness,
training issues and etc. are listed as major human factks m both interviews and HFACS
analysis. Pressure, complacency, and technology (primarily refers to automation), were mentioned as
top human factors concerns in interviews, but
Similarly, attention failure, wdload, failure to see, misjudgement (misjudge of distance, clearance,
speed or altitude) and organizational instruction issues were identified as prominent risks in the

reports, whereas they were not mentioned in the interviews.

Table 3-7 Major Human Factors Risks Finding Comparison

Both Interview Only Investigation Reports Only
1 SOPs noncompliance 9 Pressure 1 Attention failure
1 Fatigue 1 Complacency 1 High workload
I Trainingissues 1 Technology 1 Failure to see
1 Inadequate SA (Automation) 1 Misjudgement
9 Distraction 1 Instruction ssues
1 CRM (Inadequate/incorrefctot
(e.g., ommunication available)
issue3

I Decision erors
(e.g., inapropriate
procedures)
1 Skill-based gors
(e.g., incorrect use of
equipment/automation)
Weather
ATC services

=a =
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The synthesized results show that SOPs noncompliance is the top one issue, followed by fatigue,
distraction, and communication issues and inadequate situation awareness. Other major risks include
training issues, CRM, pressure, and higitrkload. These are the risks of interest that the researcher
wants to constantly track through FDM later in the final phase of the research,amniltbcussed in
Chapter 5 of this thesis.

3.5 Chapter Summary

The analyses and findings presentethia sectim aim to identify examples ahajor human factors

risks in currentairline operations. The research is based on empirical evidence from ten semi
structured interviews with safety experts and the HFACS analysis of 267 North American occurrence
final investgation reports. Current major issues in recent years, as well as possible upcoming issues

were identified and analyzed.

By combining the perceptions of top human factors concerns identified through the trends
identified from previous occurrences aseimistructured interviewsa more comprehensivdist of
examplemajor human factors riskaas determined Both HFACS analysis and interview results
show Unsafe Acts and Preconditions of Unsafe Acts are still the prominent risks. Among these two
levels of failue, attention should be paid to violations of the SOPs, which have been identified as the
top challenge. When adding incident data into the HFACS analysis, the increase of violations can be a
warning to airlines. Fatigualistraction, communication issueand inadequate situation awareness
are also identified as major risks from the synthesized resdibieover, yeaby-year analysis found
that training issues and poor CRM have increased and become more prémigeant years. These
are the risks thaairlines need to pay attention to and constantly track in their daily operations.
Though there are not many supervisory and organizational risks identified from the research, the

identified major risks above may be cues to help investigate the orgaratainohsystematic factors.

Objectivel stated in Chapter 1 was successfully achieved in this chapter. In the next chapter, the

study of current FDM activities and flight data parameaeepresented.
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Chapter 4

FDM Process and Flight Parameter Analysis

To exploe whether there are opportunities of addressing human factors risks through Flight Data
Monitoring (FDM), current daily FDM activities need to be carefully studied. Although government
aviation agencies have provided advisory circulars as guidefredeveloping FDM programs in

airlines, according to the literature review presented in Chapter 2, thef@iaseudies on the real
practices of this program in airline daily operations. This chapter presents the research methods and
models developed in thefeft of understanding the current FDM techniques and practices, including
the general FDM process, event setting logic, daily data review activities, and flight parameters used
in programing the events. In order to achieve the goal, field observationseamdtructured
interviews were conducted; relevant documents regarding FDM processes and flight parameters were

alsoreviewed

4.1 Methodology

4.1.1 Field Observations

Unobtrusive field observations were conducted through multiple visits to the FDM department at a
major North American airline. The researcher spent seven days (56 hours) in total with the FDM
analysts, the senior data managers, and the gatekeepers to study the general process of flight data
analysis, event setting, and other related activities. Not® taken during the observations,
guestions were asked at the end of the observation day or during the spare time of the analysts in

order to minimize the intervention to their daily work.

This method is crucial for understanding the practices of mufiight data analysis and exploring
future opportunities. The observations also helped to get exposure to the aviation environment and
address confusions on site directly. The observation was conducted in a daily working environment
and the researcher wiable to carefully study thmajor tasks andhe associated tools, including
FDMO s softwar e, dai |l vy dat a review procedur e,
collecting systems. In addition, a demo flying in a high fidelity simulation was alxsénvorder to

better understand the flying tasks.
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4.1.2 Semi-structured Interviews Regarding FDM Process

Semistructured interviews introduced in Section Bdve also been used to collect datathe
current FDM process and activities The questiogwith regards to the FDM processesr@asked
together with other questions dhe topic of majorhuman factors risk¢Chapter 3)during the
interviews. The procedure and analysis methods are the same as presented in Se2tibhe3nes
and main categories ofiewpoints were identified and summarizednr the transcripts and
handwrittennotes to determine thieequency of participants who provided similar answhrghis
chapter, results obtained from tARBM procesgelated interview question atsed in devieping the
models of current FDM practices

In the interviews, part of the questions were designed to collect FDM practices information with
respect to FDM process, current event setting and daily activitadmde4-1).

Table 4-1 Interview Questions Regarding FDM Process

# Question

What is the general process of the current FDM in major airlines?

What are the inputs (e.g. flight data, requirements) and outputs (e.g., repoitpétiney
process?

2 | What was the process of determining the original set of events when the program start

3 | Over the years, how did you determine that events needed to be changed? How W

events determined and added? Were some remoéd/?

4 | What FDA tools are you using in daily monitoring?

5 | Does safety department communicate with FDM department once you get a safety
How often?

6 | Is current FDM able to identify HF risks? How?

4.1.3 Literature Review

A literature review was done t@wklop insight into aviation human factors risks, FDM applications,
backgrounds of flight data and flight data analysis. Sources reviewed include government agency
documents, reports, meeting proceedings and research papers in the field of FDM implemamdati
application. Reviewed materials include ICAO regulations, descriptions of FDM programs
implemented irthe United StateCanada and other countries, report$-kight Operational Quality
Assurance FOQA) program in the US, and research papessifecademics on FDM applicatiomif
exampl e, Transport Canada an dFDNF ARDQA) prdgvams o r y
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(FAA, 2004; Transport Canada, 200Dther documents reviewed include FDM mdwtreport,
tradiional FDM event setecommended by advisory circulathe generalStandard Operational
Procedures SOP$, and someFDM s af et y st uTtd lgesature redewownad used to
supplement and generalize the insight gained from the fiddreations and interviews.

4.2 General FDM Process Model

Based on the findings through the methlodies discussed abovkey procedures and components of
FDM current practices were extractedsed on their relationship to the observed tasks done by, and
software used by, the analystd. general FDM process model which presents the basic data

information flow and functions d¥dDM program in major airlines wakevelopedFigure4.1).

First, raw flight data is recorded by data recogdinit on the aircraft and transferred to the ground
station. Thentheflight data is dddentified and transferred to the analysis software. The event setting
programs identify the safety events for the analysts. arfalysts validate and analythe flight data
for the flights flagged by thsoftware in order to detect safety rigkan & Histon, 2013)

Generally, there are five principle application areas of current FDM in most airlines shown as
ifnFDM Activitieso i n t he m cent elhvestigafoa, u Continuwus Mo n i t

Airworthiness Monitoring, Integrated Safety Studies, and Commercial Studies.

Routine Monitoring focuses on monitoring routine performance of an increasing number of line
operation flights to identify risks and subtle trendattmight be potential risks of accidents. This
application mainly relies omexceedancaletecton of deviations fromthe SOPssuch as heavy
landings andthe triggering ofGround Roximity Warning System(GPWS) warning. It also requires
sufficient technigas and resources to conduct daily review and analysis of a wide range of
operational parameters, such as taleweight, flap setting, and indicated air spd€&ilvil Aviation
Authority, 20L3).

Incident Inwestigation and Continuing Airworthiness Monitoring are another twongaké&DM
activities. hcidents usually provide equal value of information of risks as accidents. FDM data has
been very useful as a quantitative complement and analysis resourcecdarence reports (e.g.
mandatory and voluntary safety repor@Sjvil Aviation Authority, 201L3). Besides, both normal and
event data retained by FDM can be used to monitor efficiency and predict futuoenaerée of
engines and other aircraft systems. This could assist timing routine maintenance and ensuring
continued airworthineg<ivil Aviation Authority, 2013). Mitchell, Sholy & Stolze(2007)suggested

that reattime monitoring can benefit mcraft maintenane, for example, identifying engine
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conditions Additionally, monitoring landing performance coupled with damage detecting during
maintenance inspection rcdnelp aircraft manufacturers to design systems more tolerant of stresses.
Other tools that assist continuing airworthiness management have been developed by Airbus,
Teledyne Controlsand other companies (GAIN, 2003)

Integratedsafety analysis is a potdral area where FDMan providebenefitsby linking the FDM
central database with other safety databases (e.g. safety reports) to gain a more comprehensive
understanding of safety issues in the system. The integration of all available sources of sabety dat
provide the companyod6és safety department with v
operation(ICAO, 2005) However,at many airlinesthe links betweerrDM and othersafety data
sources @@ not well developg As learnedin the interviews,because of concerns around data
confidentiality,the interaction between safety department and flight data depactarehe limited in

practice, and most times they only communicate after occurrences.

Based on the field @ervation, iwas alsdound that FIM data can beised in commercial studies.
For examplefuel consumptioranalysisfor commercial purpose in order to reduce costs or prove the

efficiency ofnewpoliciessuch as single engine taxi

All these FDM activitis discussed above, sometimes combined with information from other
databases (e.g., safety reports and safety audits), are able to identify all kinds of safety risks and
provide feedback and improvement suggestions to almost every link of the operattudingn
internal departments of flight crews, flight operations, maintenance, training, safety department, and
external parties such as ATC, regulatory agencies, and industry groups. The commercial studies, such
as fuel usage studies are also able to geiniformation to business departments to reduce costs. The
entire process is a dynamic loop; the risk mitigation actions taken in the departments based on FDM

feedback willfeedbackte ont i nuously i mprove the airlineds op

This general BM process model is able to provide guidance to the further study of exploring
human factors elements and opportunities in FDM. The most important components that have the
potential to detect human factors risks are also the core components of the rexess:pevent
setting programs, anal ystsé tasks and FDM daily
information from the interviews, a current event setting process model and a daily flight data review
workflow have been developed to expltine potential opportunities. Descriptions and discussions of

the two models are presented in sections 4.3 and 4.4 of this chapter.
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4.3 Event Setting Process Model

As preented in the general FDM process model, flight data needs to go to data analysis tools for
event detection before it is reviewed by the analysts. The event setting programs are regarded as a key
component of the entire process, because daily routineala¢avrmainly relies on the event settings.

The FDM events discussed in this thesis refer to a certain type of flight performance which exceeds
the set boundaries during the flight. For example, approach speed high at 1000ft above ground level
and decent ta high between 1000ft to 500ft above ground level (FAA, 2004). The thresholds are
determined by analysts based on their experience and the industry standards. The analysts need to
decide how fast should be regarded as over speed, what range of dedesrdaagptable anid rate

that exceedsthe acceptableéange should be regarded as high decent Bdased on the advisory
circulars provided by FAANd Civil Aviation Authority, UK thecurrent suggested events are able to
capture flight performance frothe moment engines start till landingAA, 2004; Civil Aviation

Authority, 2013) Therefore, the basic events are fairly comprehensive at capturing abnormal flight
performanceA list of example basic FDM flight performance events providgdrAA is presated

in Appendix C

Event setting is the first step in the FDM process where digital flight data has been defined to
reflect flight performanceUnderstanohg how the events were selected and set in the system is
precondition to understamd) the otherFDM activities ando identifying potential opportunitiegor
human factors risk identification. This model (Figure 4.2) presents the current event setting process in
FDM, including different constraints (left side of the model) which need to be considdikd
creating the events and event refining process. The right side of the model shows a simplified
information flow of the analyst$ daily data review task, which iextracted from the entire FDM
general process modg@figure4.1). Flight data is downloaded to FDM software, and then events are
detected by the event setting programs for analysts to review. This task is performed on a daily basis.

A detailed workflow is presented in Figure 4.3 in Section 4.4.

Four major constraistin developing FDM events have been summarized based on the field
observation and interview results. These constraints can be regarded as the basic rules of FDM event
settings. Constraint 1 refers to the company regulations, such as the SOPs, trantiagistand
policies for economics purposes. These regulations define the flight performances FDM wants to
track and the expected performances. Safety operation boundaries are the second constraint; it defines
the thresholds for the events. By adding safbtgsholds to a corresponding flight performance, a
basic description of an event can be created. When programming the defined events into FDM

software, another two factors need to be considered. First, the features of flight data recording
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equipment ingtlled on the aircraft will influence the type and quantity of parameters recorded. The
programmers have to consider the availability of the parameters and also select the required
parameters that reflect the described events. Depending on the programnutignf of the FDM
software, the events will be programed into the software based on the selected flight parameters.
Finally, these programs will be applied in event detection function in the FDM analysis tools.

An ideal and advanced FDM program revievegadevery day. Flight data downloaded in the last
24 hours from monitored flight all over the world comes into the analysis tools. If the values of
certain parameters exceed the thresholds, events will be triggered for analysts to validate and analyze.
This event setting process is also a didsep system. The events can be refined if the results of the
event review are unusual. For instance, if an abnormal trend of a certain event appears, the analysts
will check the event setting, including the threslschnd the programs to examine the reasonability of
the current setting in order to modify or reset it.

The study found that there are opportunities to add new types of events to track human
performance through flight data to detect potential human facisks. Deta# of thisprocessare
presented in Chapter 5.
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Figure 4.2 FDM Event Setting Process Modé
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