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OBJECTIVE

The contents will be useful to the following entities:

Civil Aviation Authorities (CAAs)
Operators

Approved training organizations (ATOs)
Course developers

Pilot representative bodies

oD

CONTENT

The material in this manual is intended to compliment the following documents:

72 ICAO Annex 1

72 ICAO Annex 6

7 ICAO Doc 9625 Manual of Criteria for the Qualification of Flight Simulation Training Devices, Volume 1
— Aeroplanes

7 ICAO Doc 9841 Manual on the Approval of Training Organizations

2 ICAO Doc 9868 PANS-TRG Chapter 5 & 6

7 ICAO Doc 9995 Manual of Evidence-Based Training

STRUCTURE OF THE REPORT

The document is structured as a report of the objectives, methodology, analysis and conclusions resulting
from the review of the data conducted in support of EBT development. It is intended as the first step in a
process of continual review of real world data from accidents, incidents, flight operations and training to
feed and validate course development. The purpose of the data collection and analysis is to provide the
necessary information for development of a program of events based upon aircraft generations, to be
utilized for the development of pilot competencies through the baseline EBT program. Data analyses
described in this report have been used to construct the baseline EBT program, and will be reviewed and
updated on a continual basis. The enhanced EBT program described in this manual is intended to create a
delta to the baseline program, utilizing operator specific data.

UPDATES

While the EBT data analysis is substantial and supportive of the program, there is a clear need for regular
and where necessary, substantial update and expansion. New data will be acquired and analyzed
according to the key principles established in this report. New sources will provide a continuing and
expanding review of operations, training and safety events. The training criticality survey will be developed
to provide corroboration and correlation across multisource data results and more importantly, will provide
continual access to professional expertise. Data analysis undertaken with the rigor and spirit of the EBT
data study is a key foundation for improving safety through improvements in training.

EBT is focused on developing and maintaining pilot competencies in identified areas specific to aircraft
groupings and, in the case of an enhanced EBT programs, specific to an air operator. EBT represents a
paradigm shift in recurrent training methodologies that will supplement the more traditional regulatory-
prescribed training practices. EBT will continue to evolve as a result of continuous feedback and the
incorporation of new evidence as it becomes available. This report will be updated based upon the
analyses of new data.
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EXECUTIVE SUMMARY

The existing international standards and regulations for airline pilot training were originally derived in
response to accidents involving early generation jet aircraft. Apart from ‘bolt—on’ additions, usually in the
form of maneuver-based practices, standards have remained virtually unchanged since inception. During
the same period progressive changes in aircraft design, including the developments in automation, system
integration, reliability and significant changes in the operating environment have demonstrably improved
operational safety, but also revealed new operational challenges.

The Evidence-Based Training (EBT) project is a global safety initiative, which arose from concerns that
recurrent and type-rating training were no longer meeting the needs of airline pilots.

At the inception of the EBT project, a review of available data sources, their scope, and relative reliability
was undertaken. This was followed by comprehensive analyses of the data sources chosen. The objective
of these analyses was to determine the relevance of existing pilot training and to identify the most critical
areas of training focus according to aircraft generation.

This report corroborates independent evidence from multiple sources, which include flight data analysis,
reporting programs and a statistical treatment of factors reported from an extensive database of aircraft
accident reports. Both process and results were peer-reviewed by experts in pilot training drawn from
airline operators, pilot associations, civil aviation authorities and original equipment manufacturers, so as to
provide transparency and to bring a qualitative and practical perspective. During this study, critical core
competencies were examined, in technical and non-technical areas presenting the opportunity to train and
assess flight crews according to a defined, useful and comprehensive set of measurement criteria.

Pilots often do not have the confidence and capability to operate the aircraft in all regimes of flight and to
be able to recognize and manage unexpected situations. Results show that manual aircraft control,
management of go-arounds, procedural knowledge of automation and flight management systems (FMS),
monitoring, crosschecking, error detection and management of adverse weather are issues of concern. The
report also reveals a significant and pervasive rate of unstable approaches continued to landing, illustrative
of an endemic culture of intentional non-compliance across many flight regimes.

It is important that non-technical performance becomes part of an integrated approach to training, and the
report reveals the significance of certain non-technical competencies in reducing risk in operations. The
challenge of maintaining Situation Awareness in a highly automated and highly reliable system needs to be
addressed through more effective training and exposure to rapidly developing and dynamic situations.
Competencies of Leadership and Communication are revealed as key risk reducing countermeasures and
should be a primary area of focus in training.

Data indicate a need for pilots to be exposed to the unexpected in a learning environment, and be more
challenged and immersed in dealing with complex situations, rather than repetitively being tested in the
execution of maneuvers. Training programs constrained by repetitive testing in the execution of maneuvers
to comply with outdated regulation, lack the variability to train effectively in this way.

The report indicates significant differences across what can be considered as three different aircraft
generations of jet transport aircraft and two generations of turbo-prop aircraft. While overlap in training
clearly exists, there are quite distinct generational differences in patterns of existing risk that are not
adequately addressed by current training.

This report evidentially illustrates inadequacies in the perpetuation of historical airline flight training regimes
and identifies areas in which major change is necessary. It strongly supports the implementation of such
change in both the regulation and development of recurrent airline pilot assessment and training. It
identifies the areas for improvement, providing the prioritization of germane and relevant training topics to
guide in the construction of suitable EBT programs.



TABLE OF CONTENTS

EXECULIVE SUMMEAIY ...ttt b bt e e e e ettt e e e st b et e e e s aa b e e e e e e anbbe e e e e sanbeeeeeen ii
LI [ 11 (e Yo [0 i o] o IO PP PP PP PPPPPPPPP 1
(PR B B =1 = 1 1= 0 PRSP 3
1.2 Data SoUrCe — Cat@gOry 1 ...ttt et e e e bt e e e e st e e e s abe e e e e e anbeeeeeaa 4
1.3 Data SoUrCE — Cat@QOIY 2 ......eeiiiiiiiiiii ettt et e e e bt e e e e st e e e s aaba e e e e e aanbeeeeean 4
1.4 Data SoUrCe — Cat@gOory 3 ... ..ottt e et e e ettt e e e e bt e e e e e e s be e e e e e annbeeeeeaa 4
1.5 EVIAENCE TADIE ...t e e e e e e e 5
I o= T N o] I - - LU PRPPPPP 5
1.7 Application Of the FESUIS ..o e e e e e e e e e e e e e e e e e e e e e ennes 5
A\ =Y [ gl 1 g To [T g T £ P PO PP TSP PP PPPPPPPTP 7
P B o = - o7 PP PP 7
2.2 Flight Path — Manual Aircraft CoNtrol...........coocuiiiiiiiiii e 7
2.3 The Unstable Approach ParadoX...........ooo oo 8
2.4 Catalysts in the COCKPIL ........ueiiiiiiiie et e e sbreeea e 15
TS T4 o 4 1T OSSR 17
2.6  Prioritization of Training TOPICS ......cceiiiiiiiiiaiiiie et e e et e e e st e e e e s abeeeeaeaae 17
2.7 Summary of Major FINAINGS ......coiuiiiiiiiiiiiee ettt e et e e st e e e e sbeeeeaeaae 18
I |V =g TeTo (o] (oo YA PP P PP PPPPPURPPPPP 21
K 20t I I @1 7 NS (0o PP PP PRPPPRPRRP 21
3.1.1 ODJECHIVE ...ttt e et e e e e e e e e 21
3.1.2 BaCKGrOUNG ...t 21
3.1.3 Strengths and Weaknesses Of LOSA.........oo it 21
3.2  EBT Accident — INCIAeNt STUAY .......oooiiiiiiiiieii e e e 22
3.21 1= o [ Rt O PSP PTPRPR 22
3.2.2 EBT Accident-Incident Study — Stage 2.........oeeiiiiiiiii e 30
3.3 EBT Flight DAta analysis & additional FDA repOrts ..........ccueiiiiiiiiiiiiiiieiee e 46
3.3.1 EBT Flight Data ANalYSiS ........cooooiiiiiiiieeee e 46
3.3.2 Long Body AIrcraft StUAIES.........ueiiiiiiiiiie e 52
3.3.3 A Study of Normal Operational Landing Performance

on Subsonic Civil Narrow Body Jet Aircraft during ILS Approaches .........cccccccceeiiinne. 53
3.3.4 Strengths and WeaKNeSSES ......cocuuuiiiiiiiiiiii e 54
3.4 Training data (AQP & ATQP) ...t e e s a e 55
3.4.1 AQIP STUAY e e e e e reeeeeaa 55
3.4.2 ATQP Implementation Data ...........ooiiiiiiiiiiie e 57
3.5 Airline Pilot Survey on Training Effectiveness ... 58
3.5.1 BaCKGrOUNG ...t 58
3.5.2 Uy 0T 1= PSS 58
3.5.3 Strengths and WEAKNESSES .......coiuuiiiiiiiii e 59
3.6 Meta Data from Accident & Incident StUdIES ..........occuuiiiiiiiiiiiii e 59
3.6.1 IATA Safety Report 2008 & 2009 .........coiiiiiiiieiiiiiie et e e e 59
3.6.2 Incidents during training ........ccceeiiiiii e 62
3.6.3 UK CAA ACCIAENT REPOIS ..ottt e e e e e e e e e e 63
R T S Yo 1Y o 1o =Y o o] o £ PP 66
3.71 Skill Retention after Training (FAA Unpublished Report).........ccccoviiiiiiicieniniiieee 66

3.7.2 FAA Human Factors Team Report 1996 on: The Interfaces
between Flightcrews and Modern Flight Deck Systems..........ccccccvviiiiiiieiiniiee e, 67
3.7.3  Automation Training Practitioners’ GUIde.............coooiiiiiiiiiiiiiie e 67
3.7.4 Factors that Influence Skill Decay and Retention .............cccccoiiiiiie, 68
B.7.5  TAWS SSAVES’ .. eeiiiiiiiitiiie ettt ettt et et e e e e e e e e e e e 68
3.8 Accident STudy USING Cast Data .......ccoiuiiiiiiiiiiiie e 69
3.8.1 BaCKGrOUNG ...t 69



Data Report for Evidence-Based Training

3.8.2 Strengths and WeaKneSSES .........uuiiiiiiiiiii et 70

3.9 Training Criticality SUIVEY (TCS) ...ciiiiiiiiiiiiiiiie et e 70
3.91 BaCKGIrOUNG..... .. e e e e e e e 70

3.9.2 Strengths and WeaKneSSES .........uuiiiiiiiiiiii e 75

3.10 Correlation of Risk between TCS and Accident-Incident Study ............cccooiiiiiiiiiiic 75
3.10.1  BACKGIOUNG.....ooi ittt e e e e e e e e e e e e e e e s e 75
3.10.2  Strengths and WeEaKNESSES ......cciuuiiiiiiiiiiiie et 76

3.11 Evidence Table MethodOlOgy ..........cccuuiiiiiiiiiii e 76
B Tt e P B U [ o o £ S 76
3112 Data ENMrY oo 76
3.11.3 Evidence Table — Identifying the most Critical Training TOPICS ........cccoviiiiiiiiiiineeee 77
3.11.4 Evidence Table — AnalysisS DY SOUICE ........cccoiiuiiiiiiiiiiiie e 77

4 ANAlYSIS @NA RESUILS ... ... e e e e e e e et e e e e e e 83
4.1 SUMMAry ANAlYSIS DY TOPIC ...ceeiiiiiiiiei ittt e et e et e e e e abbeee e e s anbeeeeeeans 83
4.1.1 Unstable APPrOAChES ... ..o e e e e e e e e e e e e e e e e e e e eeaeeneanenens 83

41.2 AUTOMATION ...t e e e e e e e e e e e e e e 83

41.3 Error Management.... ..ot 84

41.4 Manual Aircraft CONTrOl ..........ouieiiiiie e 84

415 L€ Lo N 01U Lo - S RSP PRPT 85

41.6 AQVEISE WEALNET ...t e e e 85

41.7 System MalfUNCLION .......oiiiiii e 85

41.8 L] £ =1L PP O PP PUPRPPPPPP 86

4.1.9 STy 1 S PSR 86
4110 LandiNg ISSUES....ccoiiiiiiiitee ettt e e e e e e e 86

g e I N 00T g1 o] 1= T o o OO ERERR 87

S O 7 = - To [T ] 1] o 87
4.1.13 Mismanaged Aircraft STate ........oooiiiiiiii 87

S O o 1~ 1 88

4.2 ANAIYSIS DY SOUICE ... ..eeiiiiiiiiiie ettt e e e e bt e e e e bttt e e e e aabee e e e e abbeeeeeaanbeeeeeeaas 88
421 L O S A et b e e e o b b e et e e e e b et e e e e b e e e e e e anbaeeeeeaas 88

422 Accident INCIdent ANAIYSIS ........uiiiiiiiiiiiii e 106

423 Flight Data ANalYSis .....c.cooiiiii e 115

424 Training Data (AQP & ATQIP) ... e 127

425 PIIOT SUIVEY ...ttt e et e s s 152

4.2.6 IATA Accident Reports 2008/20009 ........cooiiiiiiiieiei e e e e e e e 166

427 Incidents during TraiNiNg .........uueeeiiiieiiriii e e e e 174

4238 UK CAA ACCIAENT STUAIES .....oiieiiiieiiiiiie et 182

429 Skill Retention after Training/SKill DECAY ..........cccoiiiiiiiiiiiiie e 187
4.2.10 FAA Human Factors Team Report 1996 ... 192
4.2.11 Automation Training Practitioners’ GUIde .............cccooiuiiiieiiiiiiei e 205
4.2.12  TAWS SAVES ...ttt ettt e e e a et e e e e bttt e e e e eab e e e e e br e e e e e nareeeeeaa 210
4.2.13 Accident Data Using Augmented Cast Data.........ccccoiviiiieiiiiiiie e 211

L€ (oS- 1Y o =T 1 - PP PP PP 218
D= T 11 [ o - PO PPTT 219
ACKNOWIEAGEMENTS ..ot e e e oo s e e e e e e e e e e e e s n e e e et e e e e e e e aaaane 222



APPENAIX 1 LOSA SHUAIES .oieiieeiiiiiie it e ettt e e e e e e e e e e ettt et e e e e e e e e e e e ne s eeeeeeeeaaaeaeeaaaannnnnneneeaeeaans 225

Appendix 2 Accident INCIdeNnt ANAIYSIS ... .. e e e e e e e e e e e e e e e e e e e e e eenenenanees 268
Appendix 3 Evidence-Based Training MatriX ...........uuiiiiiiiiiiiiii et 396
Appendix 4 Airline Pilot Perceptions of Training Effectiveness by Boeing............cccccceviiiiiiiiiiiiiiene e 465
Appendix 5 Assessment of Pilot Performance Maneuver Grades ...........cocccceeiiiiiieiiiiiiiee e 488
Appendix 6 Analysis of Global Fatal AcCident Data...........oooiiiiiiiiiiiie e 515
Appendix 7 Flight Data ANalySisS (FDA). ... ittt ettt e et e e e s st et e e s e enbeeeeeeans 525
Appendix 8 Definitions of Events Used in EBT FDA ...t 536
Appendix 9 Advanced Qualification Program (AQP) .......cc.uviiieiiiiiiie et 555
APPENdIX 10 ATQIP STUAY ...ttt e ettt e e sttt e e s bbbt e e e s enbne e e e e anneeeeas 562
Appendix 11 Training Criticality SUNVEY (TCS)....cii it 566
ApPendixX 12 EVIAENCE TaADIE ...t a e 596
Appendix 13 Matrix of Summaries from the Evidence Table ... 621
Appendix 14 Graphic Visualization of EBT Accident-Incident Data..............cccceiiiiiiiiiinii e, 638
Appendix 15 Cast Data for Jet Accidents 1987 — 2008 .........ccoouiiiiiiiiiiiiie e 648
Appendix 16 Summary Training Topic Derivation ProCess .............coit i 688
Appendix 17 Links to Additional Data SOUICES. ........uuuiiiiiiieeiei e e e e e e s e eeeaeee e s 692



Data Report for Evidence-Based Training

Vi

Intentionally blank



1 INTRODUCTION

The Evidence-Based Training project is a major safety initiative. It arose from an industry-wide consensus
that, in order to reduce the airline accident rate, a strategic review of recurrent and type-rating training for
airline pilots was necessary. Essential to ensuring regulatory support for this initiative was the objective
consolidation of empirical data that provided substantial evidence that current training and checking
practices were not, of themselves, fulfilling the safety needs of the industry. Keeping in mind that
international standards and commensurate national regulations for airline pilot training largely evolved from
the evidence of accidents involving early generation jet aircraft, the analysis of safety data involving other
groupings of more modern aeroplanes did not always show a relationship to those prescriptive
requirements. For the most part, the belief was that simply repeating pilot exposure to “worst case” events
in training was considered sufficient to satisfy the industry’'s safety needs. Over time, ‘novel events
resulting in serious occurrences were simply added to the requirements of progressively crowded training
programs, which eventually resulted in an inventory or "tick box" approach to training being adopted. As a
result, the industry was being forced to focus on their flight crews meeting the ever-increasing regulatory-
imposed minimum performance standards rather than enhancing their overall abilities.

This report clearly demonstrates that training methodologies must and can be significantly improved. This
improvement process begins with applying a different philosophy when developing and implementing
recurrent training programs; a philosophy that inculcates best operating practices, which are relevant to
both the equipment in use and the specific needs of the air operator.

The availability of data from both flight operations and training activity has improved substantially over the
last 20 years. Sources such as flight data analysis, flight observations (e.g., line observation safety audits
(LOSA) programs) and air safety reports give a detailed insight into the threats, errors and undesired
aircraft states encountered in modern airline flight operations as well as their relationship to unwanted
consequences. In light of evidence from these data sources, it was considered timely and important to
review current training practices

A large-scale comprehensive study of a range of available data sources and analyses was conducted and
important differences emerged between what can be considered as six different aircraft generations. The
process and results of this quantitative analysis were reviewed by a team of internationally recognized
experts in pilot training, representing airline operators, pilot associations, regulators, and original equipment
manufacturers. This provided transparency as well as a bringing a well-rounded and experiential
perspective to the data. Analysis of multiple sources using differing methods and tools revealed consistent
findings and it became apparent that, while there remains overlap in areas of training needs across aircraft
generations, there are also quite distinct differences in patterns of risk in the later generation aircraft that
are currently not addressed. Certain critical pilot competencies emerged in technical and non—technical
areas that clearly illustrate the need for a change of focus of airline pilot training, both in terms of concept
and curriculum with respect to generational characteristic.

This report presents the methodology and results of a meta—analysis and makes a strong case for changes
in recurrent airline pilot training. An intended second phase of the project will address type-rating training.
The data analysis team comprised experts from many fields in the area of operational and flight data, pilot
instructors, scientists, academic research professionals and a statistician, in addition to volunteer pilots-
analysts from various locations around the world.
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Results of the analyses described in this report have been used by the EBT working group, consisting of
experienced instructors, to build the training scenarios for the Baseline Recurrent EBT Training Program
specified for the different aircraft generations. The data sub-group worked directly with pilots developing the
content for the suggested recurrent training programs. Results, while unsurprising to many industry
experts, are too important to ignore. According to the EBT Pilot Survey, 54% of the respondents
encountered an operational situation in 6 months prior to the survey, for which they felt insufficiently
trained. 43.6% of respondents reported that the instructor in their last training session did not raise the level
of their confidence.

Results contained within this report are drawn from multiple sources, some of which are readily available to
the public. Some come from information, access to which is restricted to industry specialists, while other
results were inferred from confidential, de-identified data, the specifics of which are made known only to the
EBT project group and then only on a "need-to-know” basis.

While the EBT Data Report is not a meta-analysis in a pure sense, it is derived from an analysis of
analyses using a variety of sources and techniques to corroborate and challenge its own findings. It
consists of a large collection of results from primary and secondary studies that are consolidated to
determine training needs.

Findings of this nature in this multi-sourced report come from various external studies, in addition to
internally designed studies focusing on specific research questions. The criteria defining the usefulness of
the various studies in this report are the following:

1. ltis relevant from a training perspective (e.g., if incorporating a training change mitigates the risk found
in the study).
2. There is evidence that it will assist with the identification of competencies to be developed in training in
order to mitigate risks encountered in the evolving operational environment.
3. The study addresses one or more of the following objectives:
a. Substantiate the need for change in the assessment and training programs for commercial
transport pilots.
b. Provide evidence from data analyses to support the development of training topics, prioritized
according to aircraft generation.
c. Challenge and/or corroborate the Training Criticality Survey and the Training Guidance with
operational data.
d. Provide feedback to determine the effectiveness of changes implemented through the adoption of
competency-based training methodologies.

4. The findings of the study are corroborative or challenging across the spectrum of the multi-analysis
study.

5. The findings from an outside report come from an industry-respected study.

6. Varied data sources and/or varied methodology mitigate inherent biases associated with individual
types of source data.

Data were collected from the following sources:

Operators

Original Equipment Manufacturers — Aircraft (OEM)
Accident Investigating bodies

International aviation organizations

Civil Aviation Authorities

aorOND=

Note: Some of the data and/or results in this report are sensitive either in terms of their context or in that
the donor specifically provided data on a confidential basis.
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1.1 DATA STREAMS

1.
2.
3

All analyses are based on 7 data streams that are listed in figure 1.1.

There are 18 specific data sources, which are presented in figure 1.1a.

The data streams represent not only a large set of relevant data, but also a variety of different kinds of
data (e.g., flight data, observational data from LOSA, and scientific reports). The cross sectional
approach strengthens the basis for analysis, by providing compensation for bias inherent within each
data type. This is a strong rationale for the use of multiple data sources.

Data Streams

1. Cockpit Observation Reporting

2. Flight Data Analysis (FDA)
Studies

3. Accident/Incident analyses

4. Training Studies

5. Airline Pilot Survey on Training
Effectiveness

6. Scientific Reports

7. Training Criticality Survey

Figure 1.1

The data streams used can be divided into 3 categories based upon the means by which data are used in
the analysis.
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LOSA Reports
EBT Accident & Incident Study
EBT Flight Data Analysis

- CAP 776
UK CAA Accident Reports CAP 780

2008
IATA Safety Reports 2009
AQP Study

ATQP Installation Data

STEADES Training Query

Airline Pilot Survey on Training Effectiveness
Factors that Influence Skill Decay and Retention
Skill Retention after Training - FAA

Automation Training Practitioners' Guide

The Interfaces Between Flight Crews & Modern
Flight Deck Systems - FAA

Long Aircraft Type/Variant difference on Landing
A Study of Normal Operational Landing
Performance on Subsonic Civil Narrow Body Jet
Aircraft during ILS Approaches - NLR

TAWS - 'Saves'

Augmented CAST Accident Study

Training Criticality Survey (TCS)

Corrrelation of Risk Between Training Criticality
Survey/Accident and Incident Study

Figure 1.1a

1.2 DATA SOURCE - CATEGORY 1

The first data category contains data from sources that are highlighted in blue in Fig 1.1a. Evidence from
these sources has been formulated in the form of statements recorded in the Evidence Table (ET) [See
section 1.5 for brief description of ET]. The specific methodology associated with each data source
category is described in Chapter 3. The Evidence Table is a tool in the analysis, the specific evidence
statements within being linked to different parameters.

1.3 DATA SOURCE - CATEGORY 2

The second data category consists of the data from the EBT Accident and Incident Study, which is
highlighted in red in Fig 1.1a. The results from these analyses provide several means of ranking according
to defined training need. The processes involved (described in section 3.2.) are algorithmic and result in
distributions that do not translate easily into evidence statements, and therefore are not incorporated in the
Evidence Table.

Merging of all results to reach a final training prioritization by generation is described in Chapter 3
Methodology.

1.4 DATA SOURCE - CATEGORY 3

The third data source category consists of the results from the Training Criticality Study, which are
described in section 3.9, 3.10 and Appendix.11 are highlighted in amber.
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1.5 EVIDENCE TABLE

Specific evidence taken from the particular studies of category 2 are consolidated into single declarative
statements and entered into a database with links to the following:

Flight phases

Competencies

Objectives of the study

Training Topics

Context of the evidence if relevant

Factors analyzed in the Accident-Incident Study
Sources

Keywords associated with the conclusions of the report
Applicability to aircraft generations, if determined

CoNOOR~®ON =

The Evidence Table is displayed in Appendix 12 and the methodology associated with it is in Chapter 3
1.6 TYPES OF DATA

The following two types of data are used to provide systemic feedback for training criticality analysis in this
report:

Training data, including the elements and structure of transition courses, recurrent training, line flights
under supervision in addition to measurements of system performance. This type of data provides
information relating to the effectiveness of the training system, the instructor and trainees, and for the
purposes of this report is known as the internal training ‘feedback’ loop.

Operational & Safety data — Operators are required to collect data from operations, and this is sometimes
used to analyze and determine risk mitigations through training. This is combined with subsequent
measurement of the effectiveness of remedies. LOSA, pilot reports and flight data analysis (FDA) are prime
examples. (The external training ‘feedback’ loop)

1.7 APPLICATION OF THE RESULTS

One of the major results of the data analyses is a collection of training topics ranked by criticality for each
generation of aircraft.

All the results are detailed by training topics in chapter 4, (Analysis and Results) of the report and form the
topics sections in this chapter.
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2 MAJOR FINDINGS

2.1 PREFACE

The term ‘major’ denotes not only the importance of the finding, but also the strength of the evidence and
the preceding analysis. There are 6 major findings detailed in this chapter, five specific topics, and a
synopsis of the most important results in the EBT study.

The major findings are not surprising to those experienced in training, but there are aspects of findings that
initially appeared counterintuitive during the analysis. In such cases it wasn't until the analysis was
complete, that the situation clarified and became consistent with professional experience and expectations.
The unstable approach paradox is a good example of this phenomenon; the more it was investigated, the
clearer the problems associated with these approaches became, including the means for resolution..

A comprehensive major finding, the ranking of the training topics, is based on a type of modeling, which
uses risk as one of its major components. It is important to realize that while training has made a major
contribution to the reduction of risk in the history of airline transport aviation, it is by no means the only
contributor. Aircraft safety by almost any measure is a resounding success story for many reasons. When,
for example, comparing generation 2 to generation 4, the safety situation is very different and when making
cross-generational comparisons in terms of risk, it is important to normalize either by flight hours or by the
number of take-offs. In this study, normalization was achieved by reference to the number of take-offs.

On the other hand, when comparing factors within a particular generation, it is the ordering of the factors in
terms of risk that is important and while a specific factor may have a similar likelihood of occurrence in
another generation; it may well have a very different ordering because its position in the order depends on
all the other factors. Since the mission of the study is to provide evidence in the design of training programs
for each specific generation; it is important to prioritize factors accordingly and therefore in this context, i.e.,
view risk relative to the generation of aircraft for which the training program is being built.

The focus of this chapter is on some powerful and interesting findings. It is important to note that these
findings are by no means comprehensive. For a more comprehensive presentation of results, refer to
Chapter 4, where there are more findings completing the report and providing the necessary scope and
insight to be able to define the particular baseline recurrent training programs.

2.2 FLIGHT PATH — MANUAL AIRCRAFT CONTROL

Several data sources highlight, in different ways, that manual aircraft control skills of pilots are deteriorating
over time, as aircraft design improves and the use of automation increases. It should be emphasized that
manual control skills consistently remain an issue. As other contributing factors decrease through improved
design and reliability, manual control skills remain a substantial issue as a factor in accident rates.

The EBT Accident-Incident Study shows that manual aircraft control was a factor in 52% of all fatal
accidents. In addition, manual aircraft control was a factor in 84% of accidents and serious incidents having
a high probability of mitigation through training. The importance of manual aircraft control as a factor is
increasing proportionally in the total number of accidents and serious incidents.

According to reports derived from LOSA data, observed manual aircraft control errors are revealed in
adverse weather and turbulence, and with demanding and challenging ATC clearances. Pilots need to be
able to confidently control the flight path without automation, understanding when and how to revert to
manual flight. [Automation Training Practitioners’ Guide (Lyall)]
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Errors in manual aircraft control are the most frequently cited failures in flight crew performance, according
to the IATA Safety Report/Accident Study. Manual aircraft control is the preeminent flight crew error,
according to the IATA Safety Report/Accident Study. The top Undesired Aircraft State (UAS) in the same
report is “Improper Landing”, which has within it manual aircraft control elements. Industry comments from
the report indicate the need to reinforce manual aircraft control skills and note that pilots are reluctant to
revert to manual flight. Procedures not routinely flown present the greatest difficulty to crews and manual
aircraft control is a key contributor to this, according to training data from ATQP.

The LOSA error management report indicates that pilots detect only around 40% of aircraft handling errors.
In the case of self-detection, commanders detect 39% of handling errors of their first officers but only 9% of
their own.

Degradation of manual aircraft control skills of pilots who use automation frequently, or who primarily fly
very long sectors, is a concern, according to an FAA 1996 report.1 Runway excursions accounted for
almost 30% of all fatal accidents from 2000-2010, most included a manual aircraft control factor. This
amounted to a 12% increase in fatal accidents classified as runway excursion compared to the previous
decade. [Accident Study using augmented CAST data]

Skill decay/retention reports indicate that skill decay is currently not an issue in retaining manual flying
skills. While this could be considered paradoxical, the manual skills required to execute maneuvers as part
of maneuver validation, or skill test are resistant to decay but that test is given a vacuum of realism, with no
attendant distractions or environmental challenges. The question of how good these skills are and how
resistant to decay they are when required in a complex and dynamic situation is difficult to measure.
However, there are indications from data to support the fact that manual handling is an increasing problem,
when distracting factors, malfunctions and the environment draws pilot attention. This observation has to
be considered in close relationship with indicated difficulties faced by pilots in the effective use of
automation and the operator policies governing its use.

Automation has been the most important change in the operating environment of pilots in the last 30 years.
There has been concern by many that manual aircraft control skills have decreased during this time. The
evidence from the data is consistent with this concern.

Studies show that manual aircraft control is as important as always, with the attendant skills often being
needed in unexpected and difficult situations.

2.3 THE UNSTABLE APPROACH PARADOX

The unstable approach is addressed as follows: “While airline Standard Operating Procedures (SOP’s)
mandate a go-around if an approach is unstable, data indicates that landing from an unstable approach
may be less risky.” Landings that follow an unstable approach are usually uneventful. 97% of unstable
approaches result in a landing, of which 90% are uneventful, according to the LOSA report. The EBT flight
data analysis supports the LOSA results that in almost all cases (Approximately 98%) pilots land from
unstable approaches as opposed to executing a go-around. Additionally, according to FDA when looking at
the percentages of landings following unstable approaches versus stable approaches, the percentages of
flights with FDA events do not differ significantly between the two categories of approaches.

To add to this, the go-arounds are not usually well performed. Results from flight data analysis show that a
go-around from an unstable approach is almost twice as likely to produce FDA high severity risk events as
one from a stable approach. [See Fig 2.3a] This result may underestimate the real risk because flight data
analysis is not capable of detecting some excursions from the missed approach profile. Evidence from
LOSA also indicates that a go-around is rarely performed without error.

' FAA Human Factors team report 1996 on: The Interfaces Between Flightcrews and Modern Flight Deck Systems
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Figure 2.3a

To summarize the paradox; pilots are expected to go-around from unstable approaches, but they usually
do not; when they do go around: “the missed approach is rarely handled well by the crew”. [LOSA]. In
contrast, when landing from an unstable approach, they overwhelmingly do it “without issue” (90%) [LOSA]

This situation brings up various questions, such as:

*  Why do pilots have difficulties with go-arounds?
* How serious are unstable approaches?
* Islanding really the best option from unstable approaches?

Looking firstly at the reasons why pilots have difficulties with go-arounds shows the following reasons:

1. A go-around is usually unexpected

2. Go-arounds rarely occur from the altitudes practiced in training

3. Go-arounds are usually performed with relatively low gross weight, at the end of a sector and with all
engines operating.

4. Go-arounds performed in training are usually from defined approach minima without visual reference
and with one engine inoperative.

The overall rate of go-arounds is very low in general, approximately 0.31%. [FDA] According to almost all
airline SOPs, a go-around should occur every time there is an unstable approach, but in fact, it only occurs
a very small percentage of the time [3% LOSA] [1.4% FDA]
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The reasons why pilots continue unstable approaches to landing are as follows:

SUEE I
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10.

Failure to recognize deviations or to remember the stabilized approach criteria. [LOSA]

A belief that the aircraft will be stabilized shortly after the mandatory stabilization altitude. [LOSA]
PF/PM over reliance on each other to call excessive deviations or to call for a go-around. [LOSA]
Excessive confidence by the PM that the PF will achieve a timely stabilization before landing. [LOSA]
According to the judgment by the pilot, the landing can be performed safely. [Pilot Survey — per 82% of
respondents]

Successful experience from previous landings reinforces continuation in an unstable state. [Multiple
Sources]

Pilots are not routinely exposed to go-arounds in training except in routinely conducted exercises at
expected altitudes. This is likely to produce a reluctance to execute the go-around maneuver due to
lack of confidence when conditions are different from those for which they have been trained.
[Confirmed by multiple data sources]

Both crewmembers seem willing to continue the approach even though it is unstable. [according to the
LOSA report]

There frequently appears to be unspoken agreement between the crew that the approach will continue.
This has been rationalized over time into normal behavior. [LOSA]

It is clear that the decision to continue is consciously and evidently made by both crewmembers, even
if it is unspoken. [LOSA]

Looking at the flights with at least one event on landing, the profile is remarkably similar when comparing
the sets of stable approaches and unstable approaches. (See figs 2.3b and 2.3c.) Surprising though it may
be, it indicates that landings from stable approaches are not without problems and that eliminating unstable
approaches will only partially solve landing problems

While the frequency of approaches with landing events is roughly the same as for stable and unstable
approaches, (See Fig 2.3b and Fig 2.3c) data indicate that unstable approaches are more risky for both the
subsequent landing or go-around if we look at the type of events that occur.
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Figure 2.3c

Even though the frequency of approaches with at least one landing events is approximately the same for
stable and unstable approaches, data indicate that unstable approaches are more risky for the subsequent

landing or go-around when we look at the event rate and severity of events that occur.

The all-event rate is higher, by a magnitude of 20% for landings and by a almost 60% for go-arounds. (See

Fig 2.3c and Fig 2.3d)

Figure 2.3d
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Stable vs Non-stable Approaches
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The event rate for landings is 140% higher for high severity events and 85% higher for go-arounds. (See
Fig 2.3e and Fig 2.3f)
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Figure 2.3g

The event rate for the most dangerous landing events is 179% higher. (See Fig 2.3h)

Figure 2.3h

After examining the landing and the go-around phases, we have a clearer picture of the associated risk. A
subsidiary question naturally arises, about the quality of flight phases other than approach and landing in
flights that have stable versus unstable approaches. According to flight data the overall event rate in those
‘other’ phases is approximately 20% higher for flights having unstable approaches and the severe event
rate is 35% higher. (See Figures 2.3i and 2.3j)
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In summary, unstable approaches are endemic across the spectrum of aircraft operations, regions and
types. However, landing problems are an important training topic for all types of approaches, keeping in
mind that the frequency of high severity landing events is much more of a concern with unstable
approaches. Given that the rate of flights with landing events is approximately the same for stable and
unstable approaches, solving the unstable approach problem will not necessarily solve all landing
problems. This is particularly concerning when we note that the ratio of stabilized approaches to unstable
approaches is approximately 27:1.
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Despite efforts to eradicate unstable approaches and to mandate a go-around when conditions require, the
rate of occurrence remains significant. A major concern of unstable approaches is the disregard of the
SOP's, in addition to the efficacy of threat and error management during the entire flight. According to the
LOSA report, there is a “90% (SOP) violation factor” in terms of not executing a go-around from an
unstable approach.

Unstable approaches are often a barometer for the flight itself. If an approach is poorly executed, there are
strong indications that the rate of errors and risk events will be higher across the entire flight, according to
FDA and LOSA. Data from multiple sources indicate problems with the go-around, because it is not usually
expected, and may have to be executed under demanding environmental conditions, from altitudes other
than those practiced in training, with all engines operating and necessarily often higher energy states.
When unraveling the unstable approach paradox, one issue remained clear throughout: the flight crew
clearly should be trained to confidently and effectively perform a go-around during the approach in almost
any situation and condition.

2.4 CATALYSTS IN THE COCKPIT

A catalyst is defined as an agent that provokes or speeds significant change or action. There are 2 types of
catalysts: promoters and inhibitors. A promoter is a catalyst that accelerates and promotes a change or
action; an inhibitor is a catalyst that slows or inhibits a change or action. As part of making assessments of
the deployment of threat and error countermeasures, LOSA observers are asked to rate and comment on
command leadership and the communication environment during the flight. The rating is completed on a 4-
point scale: poor, marginal, good, and outstanding. The table below shows that flights with outstanding
leadership and communication environment have on average 2.3 errors per flight versus an average 7.0
errors per flight for those with poor leadership and communication.

-]
Ratings for Leadership, Communication Environment and TEM Indicators

LOSA Observer Ratings for Captain Leadership and Communication Environment
TEM Indicator - - - - -
Average Number per Flight Outstanding Leadership Good/Outstanding Leadership Poor Leadership
Outstanding Communication Poor Communication Poor Communication
Threats 4.9 4.3 5.0
Mismanaged Threats 0.3 0.7 1.1
Errors 23 56 7.0
UAS 0.4 1.4 1.8
Figure 2.4

The flights with poor ratings have approximately 3 times as many mismanaged threats, errors and
undesired aircraft states as a flights with outstanding leadership and communication environment, even
though the number of threats is approximately the same for both categories of flights (4.9 versus 5.0
respectively). Looking at the chart it seems clear that both command leadership and outstanding
communication are catalysts of the promoter type. It is also interesting to note that even when the
command leadership is rated good or outstanding, a poor communication environment in the cockpit still
produces a high rate of mismanaged threats, errors and undesired aircraft states.
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These LOSA results highlight the value of effective working relationships in the cockpit and are reinforced
by a study completed in 2001 by Lufthansa. According to an extensive study of AQP results, leadership is a
competency that can be developed. The analysis further shows the growing importance of communication
in the latest generation of aircraft, and how effective communication substantially mitigates risk in the
cockpit. But even though the importance of effective communication in the cockpit is clear, the LOSA report
indicates and 1996 FAA Automation Report stipulates: (there is... a lack of verbalization skills to share
mental models particularly in regard to automation.”)

In addition to these two positive catalysts, command leadership and communication, studies also
determined the presence of a negative catalyst: intentional non-compliance. According to the LOSA Report:
“there is a significant correlation between the number of intentional non-compliance errors observed on a
flight and the number of mismanaged threats, unintentional errors, mismanaged errors, and undesired
aircraft states”. (See Figure 2.4a)

-]
Intentional Noncompliance & TEM Indexes

TEM Indicator Flights with zero Intentional Flights with one Intentional Flights with two or more
Noncompliance errors Noncompliance error Intentional Noncompliance errors
% of Flights in LOSA Archive 56% 24% 20%
Average number of threats per flight 44 47 48
Average number of errors per flight 1.9 37 6.6
% of flights with a mismanaged threat 23% 37% 50%
% of flights with a mismanaged error 27% 45% 65%
% of flights with an undesired aircraft state 25% 42% 59%
Figure 2.4a

The LOSA report states: “As the rate of intentional non-compliance increases, the rate of errors detected
and acted on decreases.” There is a negative correlation between the rate of non-compliance and the rate
of errors detected and acted upon.” That is to say that non-compliance is an inhibitor to detection and
correction (i.e., multiplier in a negative sense). This is true across all error types”.

Of the various intentional non-compliance error types, the higher rates generally occur with procedural
errors. Commanders display significantly more non-compliance than first officers. Over 50% of checklist
errors involve some form of intentional non-compliance. The vast majority of non-compliance checklist
errors are attributable to the crew, only around 10% to external influences such as ATC. Almost half of all
non-compliance checklist errors occur during pre-flight and taxi out, which may be related to on time
performance pressures and distractions. There are multiple examples of high-risk situations exacerbated
by non-compliance behavior, according to the LOSA Report, e.g., terrain, weather, traffic in addition to as
well as approach and runway issues. Compliance issues are also highlighted in the IATA 2008/2009
accident reports. Furthermore, compliance is listed as one of the top 3 threats to safety according to the UK
CAA CAP 776, “Global Fatal Accident Review 1997-2006". According to the EBT Pilot Survey on Training
Effectiveness, 18% of respondents admit to deviating from checklists frequently and 21% of pilot
respondents admit to deviations to standard call outs on virtually every flight.

One of the encouraging results from the EBT Accident Incident Study is that CRM has been improving over
time. Compliance is not necessarily following this trend. Examining competencies as a percentage of
accidents with high training effect over the last 15 years; deficiency in application of procedures according
to published operating instructions was a factor in 49% of accidents. This evidence demands a change in
compliance behavior of the flight crews by deliberate and focused attention during recurrent assessment
and training in an EBT program.
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2.5 SURPRISE

The element of surprise adds difficulty in dealing with any given situation. When determining the effect of
surprise, it is important to clarify the meaning of the term, which in the context of this study denotes the
appearance of something unexpected. It does not necessarily refer to a completely unforeseeable event
(black swan), nor does it refer to physiological effects, typically referred to as ‘startle;’ although it is
recognized that the emotional response to an unexpected event may be a factor in the crew’s capability to
handle it Pilots need to be provided with more opportunities to learn and practice, especially how to handle
surprising situations according to the FAA Automation Report from 1996. Many abnormal situations that
pilots encounter during normal operations are not addressed in training, according to the IATA Accident
Classification Task Force (ACTF), These include automation surprises (sudden, slow, and subtle) as well
as go-arounds from above DA/MDA. When examining the notion of surprise, it is important to analyze
situation awareness, because the appearance of surprise can indicate the absence of situation awareness
(SA), as pilots are by definition not necessarily anticipating and planning for those eventualities.

The later generations of aircraft present crews with sophisticated tools and displays to assist situation
awareness, and so it seems counter intuitive, but in fact is the case, that these aircraft (generations 3 and
4) have a higher percentage of accidents where SA is a factor as opposed to aircraft with more primitive
displays. Poor SA was noted to be present in a higher percentage of fatal accident than for non-fatal
accidents. [EBT Accident-Incident study] In the set of accidents that were rated highly preventable by
training, the presence of the SA problems occurred in over 41% with an increasing trend over the last 15
years. [EBT Accident-Incident study] Situation Awareness issues include vulnerabilities in automation mode
awareness, flight path awareness including insufficient terrain awareness, energy awareness (especially
low energy state) [FAA Automation Report 1996]. Traditional training and checking do not usually address
the element of surprise.

2.6 PRIORITIZATION OF TRAINING TOPICS

Prioritization of the training topics is probably the most important result from the EBT data analysis. It is a
key part in the process for translating data into useful events and scenarios to assess and develop pilot
performance in recurrent training programs. This result is the first rigorous attempt to rank parameters such
as, threats, errors, competencies, along with factors affecting accidents and serious incidents, from multiple
data sources systematically to formulate a recurrent training program.

The exercise shows the feasibility of collecting an adequate set of operational and training data; developing
the necessary methods to analyze that data, while corroborating results to produce a criticality ranking of
training topics. The prioritization process occurs for each of the 6 generations of aircraft by ordering critical
parameters so as to highlight differences and commonality. There is sufficient flexibility in the process to
allow enhancement according to mission, culture and type of aircraft. The data in the process is also used
as material to build scenarios for use in recurrent assessment and training in an FSTD qualified for the
purpose according to the Manual of Criteria for the Qualification of Flight Simulation Training Devices
(Doc 9625), Volume | Aeroplanes.

The process used is transparent and repeatable and results in a unique prioritization, according to aircraft
generation. Three levels of priority A, B and C, with A having the highest priority, were used to determine
the frequency of pilot exposure to the defined training topics within a 3-year rolling recurrent training
program.
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Most data referred to in this report have been analyzed and are contained within the Evidence Table, and
the EBT Accident and Incident Study. The Evidence Table consists of data from multiple sources and has
the capability to sort as well as corroborate analytical results. It represents a robust set of evidence and it is
a primary tool used in determining results. The EBT Accident Incident Study has 3045 reports feeding the
analysis, making it comprehensive as well as sensitive in developing prioritization of results and
discriminating by aircraft generation. Prioritization of training topics by generation uses both of these tools.
In some cases, depending on the data, the assessment and training topics are drawn from both sources, in
some from the Evidence Table alone, and in some from the Accident Incident Study alone. While the
prioritization itself results from an algorithmic process, all analytical results were provided to the EBT
Project Group comprising training experts and professionals in training scenario creation. Their utilization of
the results served as an experiential validation.

Any set of historical data is necessarily finite. Using these data assumes that a large set of experience will
have strong predictive validity even though the environment is constantly changing. These challenges were
accepted because statistical and quality control principles were adhered to and more importantly, the
results from data analysis were applied in the context of professional experience and expertise. For the
creation of the EBT recurrent training program defined in this manual, a cautious approach was taken, and
frequency of training suggested is equal to or higher than the results suggest unless the corroborating data
is very strong. An example of this could be illustrated in the EBT Accident and Incident Study where the
data imply different training frequency in adjacent generations. If the data are quite strong in the generation
that demands more training, the training category in the adjacent generation is upgraded.

Operational and training data from multiple sources indicate that pilots operating the more modern
generation aircraft take less time to achieve competence in the performance of certain maneuvers. Modern
generation aircraft are also more complex, and pilots have more to learn in achieving a defined level of
competency to operate. While the number of assessment and training topics is slightly fewer in early
aircraft generations; the training time in the FTSD should be largely the same.

2.7 SUMMARY OF MAJOR FINDINGS

It is important to note that these major findings are simply a small part of the results, and that further results
are detailed in Chapter 4, where there are many opportunities to make additional inferences. The Evidence
Table contains over 300 evidential statements that clearly indicate and demonstrate a need for change in
the regulation of flight crew training. In addition, they reveal a disconnection between existing training
content and the reality of exposure to events in flight operations.

An underlying hypothesis of EBT is that there is a set of competencies that span the capabilities needed by
flight crews in operations. This notion is supported by the analyses in this report. Competency issues rank
very highly on the relative risk scale when analyzed over accidents and incidents. Competencies were
almost always judged as being deficient in any accident or incident that was classified as being possible to
mitigate by improvements in training.

There are significant aircraft generational differences in the flight phases of accident occurrence, e.g.,
Ground and Landing phases are the two most significant flight phases for accidents in Generation 4 Jets,
but for Generation 3, the Take-Off phase is particularly critical. Approach is the most significant phase for
Generation 2 aircraft. Engine failure ranks as the fourth priority for Generation 2 Jets, and seventeenth for
Generation 3 and 4 Jets.
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Clear trends were established, for example, the need for training becomes more and more critical
according to several interesting trends:

* Firstly, as the severity of the accidents increase (i.e., in each generation High training effect is
substantially higher for fatal accidents).
* Secondly as the generations become newer and the design and reliability improve. (fig 2.7)
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Figure 2.7

While the results of this study are in most cases not surprising, they are compelling when considered as a
whole. It is clear that the current framework of regulated training requirements, usually based on an over-
simplified view that replicating the same set of events and maneuvers, does not meet the need for pilots to
maintain competence in modern air transport operations, nor does it prepare pilots for the challenges that
they face in operations today.

Additionally we must:

1. Assess performance differently, and continue to develop and train, thereby maximizing learning
throughout a pilots career.

2. Build upon the identified pilot core competencies to deal with much more than the simple maneuvers
and standardized events used in checking and training today.

3. Understand and measure the factors, which contribute towards pilot performance, in order to develop
and improve systematically, as well as determine the effectiveness of remediation in training through
the EBT system.

There are many sources of data utilized in this study. Managing this volume of data was challenging and
rewarding at the same time. In most cases results from independent sources relating to key topics showed
consistent convergence.

While the process, analysis and findings represent an excellent beginning; a more comprehensive and
structured use of pilot and instructor expertise is critical to the data gathering and analytical process. With
any data source, there are always gaps between the information sought and what is available. The only
exception to this comes from the professional experience of our flight crews within the system.

This EBT data report represents a big step in the process of making pilot training much more relevant to

today’s needs. However, the analysis must be updated on a continual basis as more information becomes
available and the aviation system itself continues to evolve.
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3 METHODOLOGY

INTRODUCTION

This chapter describes in detail the methodologies applied during the analysis of each data source as well
as the process that combines the data from various sources into meaningful results with respect to training.
There are many graphical examples. The examples are intended to describe the methodology, and should
not be used as excerpts of data analyzed. Source data is contained within the appendices, which should
always be considered as the primary reference for any conclusions and findings.

3.1 LOSA STUDY

3.1.1 Objective

The objective of the LOSA Study for EBT is to provide a listing of systemic and pilot performance issues
gathered from the LOSA Archive of over 9000 observations across 45 airlines around the world. The study
identifies pilot performance issues according to both risk and the potential for mitigation through FSTD
based recurrent training. The insight gained from the LOSA Study provides the EBT focus group with a
unique contextual perspective of flight crew performance collected from the cockpit during normal
operations. Findings provided from the study complement the findings from analyses of other data sources.

3.1.2 Background

LOSA data is collected using the Threat and Error Management (TEM) framework. The LOSA
Collaborative conducted a research study designed to highlight 10 areas of pilot performance, agreed
between the LOSA Collaborative and the EBT Data Sub-group. Each target is supported with aggregated
LOSA/TEM results and excerpts from de-identified observer narratives. Additionally, the LOSA
collaborative provided a supplementary report on error detection. (See Appendix 1 for copies of the
LOSA reports.)

All notable, specific evidentiary results were taken from the study and entered into the Evidence Table.
(See Appendix 12 for the Evidence Table.)

3.1.3 Strengths and Weaknesses of LOSA

Pilot behavior can be influenced by the presence of an observer. While this can be considered a weakness,
the LOSA collaborative employs strict protocols in selection, training and operational guidance to observers
in order to minimize bias emphasizing standardization, neutrality and objectivity.

The LOSA methodology enables the determination “what happened” in addition to detailed contextual data,
recorded according to defined standardized parameters. This provides deeper insight and some
indications of “why it happened”. This strength comes from direct observation. The method provides a
comprehensive insight into line operations as any data method in use today. Analysis of the LOSA
database can be targeted and the EBT data study uses this focus to provide insight in the data analysis.
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3.2 EBT ACCIDENT — INCIDENT STUDY

The accident incident analysis conducted by the EBT data subgroup is a two-stage analysis. The first stage
involved reading the accident and incident reports by qualified pilot analysts to determine which factors
and/or competency issues were involved in the accident or incident. Additionally, the analysts were asked
to rate the degree to which improved training may have mitigated the results of the accident or incident.
This general process was repeated by a second analyst for quality control and resulted in a spreadsheet for
each individual type of aircraft analyzed. See Appendix 3 for the set of guidance provided for the analysts
and figure 3.2.1.6 for an example of the spreadsheet.

The second stage of the study was based on the results of the first stage and involved analysis globally
and individually within the 6 generations of aircraft. The process resulted in the prioritization of training
topics by training criticality from a generational perspective, using the dimensionality of risk, clustering, and
effectiveness of training.

3.2.1 Stage 1
3.21.1 Background

The NTSB database was used as the primary source of accident reports. The following western built
aircraft types were considered:

1. Turbojet aircraft certified in accordance with CS-25 or FAR-25 with a seating capacity of 50 or more.
Turbo propeller aircraft certified in accordance with CS-25 or FAR-25 with a seating capacity of 30 or
more.

3. 3045 accidents and incidents were considered over a period from 1962 up to 2010. Reports in this
targeted group were omitted from the analysis if they were considered incomplete. Approximately 4%
of the reports catalogued by the NTSB in our targeted category were not analyzed for this reason. If the
report contained creditable and useful information to determine relevant factors it was used. In some of
the cases the NTSB was not the investigating authority of record. In those cases, the official report or
references to the official report were used.

4. Approximately 2600 jet aircraft and approximately 350 turbo propeller driven aircraft events were
analyzed. Figure 3 below is the list of aircraft by generation. There are six defined aircraft generations,
four applicable to jet aircraft and 2 applicable to turbo propeller aircraft.

5. Most aircraft in figure 3.2.1.1 were analyzed, but some aircraft types had almost no data available data
or a qualified analyst was not available. This was particularly the case with very old aircraft.
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" Aircraft by Generation

Generation 4 Jet

A318/A319/A320/A321,
A330, A340-200/300, A340-
500/600, B777, A380, B787,
A350, Bombardier C Series,
Embraer
E170/E175/E190/E195

Generation 3 Jet

A310/A300-600, B737-
300/400/500, B737-
600/700/800 (NG), B757,
B767, B747-400, B747-8,
B717, BAE 146, MD11,
MD80, MD9O0, F70, F100,
Bombardier CRJ Series,
Embraer ERJ 135/145

Generation 3
Turboprop

ATR 42-600, ATR 72-600,
Bombardier Dash 8 Q Series

Generation 2 Jet

A300 (except A300-600),
BAC111, B727, B737-
100/200, B747-100/200/300,
DC9, DC10, F28, L1011

Generation 2
Turboprop

ATR 42, ATR 72 (all series
except -600), Embraer EMB-
120

Generation 1 Jet

DCS8, B707

Figure 3.2.1.1
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Aircraft Generations Analyzed in Accident

and Incident Study

. Airbus A319, Airbus A320, Airbus

Generation 4 1n351 Airbus A330, Airbus A340,
Jet Boeing 777, Embraer 170/190

Airbus A300-600, Airbus A310, Boeing
737-300,400,500,600,700,800, Boeing
Generation 3 |747- 400, 800, Boeing 757, Boeing

Jet 767, Embraer ERJ 135/145,
McDonnell Douglas MD-80 Series,
McDonnell Douglas MD-11

Bombardier Dash 8, British Aerospace
Jetstream ATP, Embraer 120, Fokker
F-27, SAAB 340

Airbus A300, Boeing 727, Boeing 737-
Generation 2 | 100, 200, Boeing 747-100, 200, 300,

Jet McDonnell Douglas DC-9, McDonnell
Douglas DC-10

ATR 42, ATR 72, British Aerospace

. Jetstream 41, Convair 580/600 Series,

Generation 2 n . 1, villand DH7, Fairchild-Dornier
TUrbOprop |35g Foxker F-27, Shorts SD330/360

Generation 3
Turboprop

Generation 1 |Boeing 707

Figure 3.2.1.1a

The data sample of accidents and serious incidents analyzed is highly representative of Aircraft
Generations 2, 3 and 4, both for jets and turbo propellers as applicable.

Only the B707 was analyzed in Generation 1. Because there are very few remaining in operation, the effect
on the analysis is minimal. Generation 1 was only analyzed in stage 1 and its value lies in providing
historical contextual reference.

A total of 27 pilot-analysts participated in stage 1 of the study. The analysts chosen were pilots currently or
previously qualified on the relevant type. The only exception to this was for several Generation 2 turboprop
types, where it was not possible to find type qualified pilots. In these few cases, experienced analysts on
similar types from the same generation were used. Work done by the volunteer pilot analysts was
extensive. The group worked in excess of 2,000 man-hours reading and analyzing accident and incident
reports.

The NTSB database provided a convenient template for defining the database of accidents and incidents to
be analyzed because of its large size, but wherever possible the report from the primary investigating
authority was used to determine the necessary information for the analysis.

The NTSB classified approximately 50% of events analyzed as serious incidents, the remainder being
accidents, 17% of which were fatal and 83% non-fatal.
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3.2.1.2 Description of the Method — Factor Analysis

For the purpose of this study, a factor is defined as a condition affecting an accident or incident with which
the flight crew had to cope. The criterion for inclusion in the analysis was if a factor was mentioned directly
in the report or if in the analyst’s expert opinion the report logically implied the presence of a factor.

The accident-incident study is a factor analysis, consisting of the recording of factors related to the event.
These factors may or may not be considered directly causal but should be relevant to the event.

The factors were originally defined in the Training Criticality Study by the EBT working group and can be
described in character as threats, errors and “end-states” with the potential to become the focus of FSTD
based training. These same factors were used in the EBT Accident-Incident Study enabling statistical
correlation between the risk rankings for each study.

There are 40 factors and they are listed in figure 3.2.1.3.

A factor was noted if it was relevant to the event for the following reasons:

1. It was specifically listed in the report, or described with sufficient accuracy to be deemed present and
relevant by the pilot analyst, without undue inference.

2. The factor may or may not have been causal; but it existed during and was relevant to the event.

3. The crew needed to manage or mitigate the factor.

Factor analysis is used to determine the distribution or frequency of factors occurring in accidents and
incidents. (See Appendix 2 and 3)

3.2.1.3 Factors used in the Analysis

Factors in EBT Accidents and Incidents Study

Ground Equipment

Runway Incursion

Ground Maneuvering Poor Visibility
Runway/Taxi Condition Upset

Adverse Weather/Ice Wake Vortex

Windshear Terrain

Crosswind Birds

Air Traffic Control Engine Failure
Navigation Minimum Equipment List

Loss of Communications

Fire

Traffic

System Malfunction

Operation/Type Specific

Crew Resource Management

Cabin

Physio

Compliance

Workload Distraction Pressure

Deficiency in Manuals

Manual Aircraft Control

Deficiency in Operational Data

Dangerous Goods

Deficiency in Charts

Loading, Fuel, Performance

Deficiency in Check Lists

Mismanaged-AFS

Deficiency in Data Bases

Mismanaged Aircraft State

Deficiency in Procedures

Mismanaged System

Fatigue

Pilot Incapability

Figure 3.2.1.3
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3.2.1.4 Competencies

All incident and accident reports were further analyzed to determine whether an area of competency was in
some way reported as an issue and contributory to the event. For the purposes of the study, 9
competencies (technical and non-technical) were considered and they are listed and described in figure
3.2.1.4. Analysts were restricted to note only the 2 most important non-technical competencies in the
report. That restriction was lifted for the technical competencies for which any deficiency could be noted.
The reason for the restriction is the overlapping nature of non-technical competencies, leading to a
tendency to over assign them. By limiting the number available in each event the analysts tended to be
more careful in the selection process.

Note: The competencies listed in figure 3.2.1.4 were used for the accident and incident analysis. There
have subsequently been some changes to this, which are reflected in ICAO Doc 9995 Manual of EBT.
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C

P Y

Comp y Description

Demonstrates the
application of procedures

Applies procedures
according to published
operating instructions

Ke
Performance Indicator — Observable Behaviour Y
Follows SOP’s unless a higher degree of safety dictates otherwise
Identifies and applies all (operating instructions) in a timely manner | |Technica|

Correctly uses aircraft systems, controls and instruments

Safely manages the aircraft to achieve best value for the operation, including fuel, the environment,
passenger comfort and punctuality

Demonstrates effective
communication

Demonstrates effective
use of language,
responsiveness to
feedback and that plans
are stated and ambiguities
resolved.

Knows what, when, how much and with whom he or she needs to communicate

Ensures the recipient is ready and able to receive the information

| | Non-technical

Passes messages and information clearly, accurately, timely and adequately

Checks that the other party has the correct understanding when passing important information

Listens actively, patiently and demonstrates understanding when receiving information

Asks relevant and effective questions, and offers suggestions

Uses appropriate body language, eye contact and tone, and correctly interprets non-verbal
communication of other crew members

Is receptive to other people’s views and is willing to compromise

Demonstrates effective
flight path management,
through proper use of
flight management
system(s), guidance and
automation

Demonstrates proficient
and appropriate use of
flight management
system(s), guidance and
automation including
transitions between
modes, monitoring, mode

Knows how and when to use flight management system(s), guidance and automation

Demonstrates correct methods for engagement and disengagement of auto flight system(s)

Demonstrates appropriate use of flight guidance, auto thrust and other automation systems

Maintains mode awareness of auto flight system(s), including engagement and automatic transitions

Reverts to different modes when appropriate

Detects deviations from the desired aircraft state (flight path, speed, attitude, thrust, etc.) and takes
appropriate action

Demonstrates
knowledge

Demonstrates knowledge
and understanding of
relevant information,
operating instructions,
aircraft systems and the
operating environment.

Demonstrates practical and applicable knowledge of limitations and systems and of their interaction

Demonstrates required knowledge of published operating instructions

Demonstrates knowledge of the physical environment, the air traffic environment including routings,
weather, airports and the operational infrastructure

Demonstrates knowledge of and compliance with applicable legislation.

Knows where to source required information

Demonstrates leadership
and teamwork

Uses appropriate authority
to ensure focus on the
task. Supports others in
completing tasks.

Agrees with and is clear about the team’s objectives and the crew members’ roles

Is approachable, positive, motivating and considerate of others

Uses initiative, gives direction and takes responsibility when required

Anticipates other crew members’ needs and carries out instructions when directed

Is open and honest about thoughts, concerns and intentions

Gives and receives both criticism and praises well, and admits mi

Confidently says and does what is important

Demonstrates empathy, respect and tolerance for other people

Involves others in planning and allocates activities fairly and appropriately according to abilities

Demonstrates manual
aircraft control

Maintains control of the
aircraft in order to assure
the successful outcome of
a procedure or
manoeuvre.

Demonstrates manual aircraft control skills with smoothness and accuracy as appropriate to the situation

Detects deviations through instrument scanning

Maintains spare mental capacity during manual aircraft control

Maintains the aircraft within the flight envelope

Applies knowledge of the relationship between aircraft attitude, speed and thrust

Demonstrates effective
problem solving and
decision making

Detects deviations from
the desired state,
evaluates problems,
identifies risk, considers
alternatives and selects
the best course of action.
Continuously reviews
progress and adjust plans.

Identifies and verifies why things have gone wrong and does not jump to conclusions or make uninformed
assumptions

Seeks accurate and adequate information from appropriate sources

Perseveres in working through a problem

Uses or agrees to an appropriate decision making process

Applies essential and desirable criteria and prioritizes

Considers as many options as practicable

Makes decisions when needed, reviews and changes them if required

Considers risks but does not take unnecessary risks

Improvises appropriately when faced with unforeseen circumstances to achieve the safest outcome

Demonstrates situation
awareness

Has an awareness of the
aircraft state in its
environment; projects and
anticipates changes.

Is aware of what the aircraft and its systems are doing

Is aware of where the aircraft is and what its environment is

Keeps track of time and fuel

Is aware of the condition of people involved in the operation including passengers

Recognises what is likely to happen, plans and stays ahead of the situation

Develops “what if’ scenarios and plans for contingencies

Identifies threats to the safety of the aircraft and people, and takes appropriate action

Demonstrates effective
workload management

Prioritises, delegates and
receives ce to
maximise focus on the

Is calm, relaxed, careful and not impulsive

Prepares, prioritises and schedules tasks effectively

Uses time efficiently when carrying out tasks

task. Continuously
monitors the flight
progress.

Offers and accept \ce, delegates when necessary and asks for help early

Reviews, monitors and cross-checks actions conscientiously

Follows procedures appropriately and consistently

Ensures tasks are completed

Manages interruptions, distractions, variations and failures effectively

Figure 3.2.1.4

27



Data Report for Evidence-Based Training

3.2.1.5 Training Effect

Training effect is considered as the potential effect of FSTD training in preventing the accident or incident
from occurring or mitigating the severity of the event, on a 5-point scale, as follows:

U Unknown

* N No effect

e L Low effect

* M Medium effect
* H High effect

3.2.1.6 Summary of Parameters in the Report Analysis
Other parameters were recorded for analysis in the EBT report as follows:

Date

Severity of event (fatal, non-fatal or serious incident)
Phase of flight

Aircraft generation

Location

Region of the world

Aircraft type

Competencies

Training effect

CoN>OR~ON =

See Fig 3.2.1.6 for an excerpt sample of the analysis matrix. (See Appendix 3 for a full representation
accident-incident analysis including the entire analysis matrix.)
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06/28/10] N http: | CRZ 3 NA EMB-145 1
06/16/10] __N__ |http: | LDG | 3 | EUR |EMB-145 1 N°‘t‘;_’ For 1
IS
04/03/10 N http: | CRZ 4 NA | EMB-170 1 example,
03/12/10 | hitp: [ APR | 3 NA [EMB-145 1 28 factors
12/07/09 N http: | LDG 3 NA | EMB-135 11 have been 1 1 1
07/27/09 N http: | CLB 4 NA | EMB-170 1 removed. )
07/11/09 N http: | APR 4 NA | EMB-170 1
06/26/09 | http: | GRD 3 NA | EMB-145 1
06/03/09 | http: | GRD 3 NA | EMB-145 1
05/21/09 N http: | GRD 3 NA | EMB-135 1 1 1
12/26/08 N http: | DES 4 NA | EMB-170
12/11/08 | http: | LDG 3 NA | EMB-145
08/14/08 N http: | LDG 3 NA | EMB-145 1 1 1
07/21/08 | http: | TO 3 NA | EMB-145
05/27/08 N http: | CRZ 3 NA | EMB-140
02/17/08 N http: | GRD 4 NA | EMB-170 1 1 1
02/15/08| N http: | CLB 3 NA EMB-145
12/17/07 | http: | TO 3 NA | EMB-145
12/14/07 N http: | GRD 4 NA | EMB-190 1] 1
08/07/07] N http: | DES 3 NA EMB-145 1
06/20/07 | http: | LDG 3 NA | EMB-145

Figure 3.2.1.6
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3.2.1.7 Quality Control

In order to achieve consistency and standardization across stage 1 of the analysis, two different pilot
experts independently analyzed each accident or incident. The first analysis was conducted by a pilot
currently or previously qualified on the aircraft type (the analyst), the second was conducted by a pilot (the
checker) qualified on type, or on an aircraft of the same generation. Any discrepancy between the first and
second analysis was noted, then reconciled by a separate team of 3 pilots, at least 2 of which working
together to reconcile the differences. The reconciliation team was limited to the same 3 pilots for the
entire study.

3.2.1.8 Strengths and Weaknesses

Accident analysis has been the bedrock of safety analysis for a very long time, providing the context
and framework for all other safety analysis and reporting. The NTSB database consists of an
extensive collection of accidents and incidents spanning 60 years, providing historical perspective and
trending data over time, thereby enabling dimensional comparisons across generations of aircraft. It is the
largest single source of this kind of data. The biggest strength of accident and incident type of data is
its relevancy to safety and training (i.e., evidence based training in a pure sense). The substantial amount
of data over an extended period provides, in most cases, statistical significance in terms of frequency and
risk. A large sample such as this was considered necessary in order to provide a sufficient data source for
factor analysis.

The biggest weakness in accident-incident reports is the inconsistency and lack of standardization of
reports. Older reports lack information on human factors as well as factors that were relevant but not
judged as causal. While the NTSB database is the largest collection of accident and incident reports, a
number of accidents outside North America are not included.

The search for direct and final causation means that some underlying factors are missing from reports.

In order to obtain realistic values from analysis, a large number of events are needed. Conversely if the
events sample size is small, the usefulness of the analysis diminishes. When ‘drilling down’ the data
sample can become small very quickly with a resulting impact on reliability, so that in-depth analysis for
specific factors must be done very carefully by re-reading source reports, itself a very time
consuming process.

The factor analysis is primarily statistical in nature, but whenever the result could be questioned for
consistency, or there was a need for additional information, a “drill down” was accomplished.
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Aircraft Analyzed in EBT Accident and
Incident Study
Airbus A319, Airbus A320, Airbus
Generation 4 | A351 Airbus A330, Airbus A340,
Jet Boeing 777, Embraer 170/190

Airbus A300-600, Airbus A310, Boeing
737-300,400,500,600,700,800, Boeing
Generation 3 |747- 400, 800, Boeing 757, Boeing

Jet 767, Embraer ERJ 135/145,
McDonnell Douglas MD-80 Series,
McDonnell Douglas MD-11

Bombardier Dash 8, British Aerospace
Jetstream ATP, Embraer 120, Fokker
F-27, SAAB 340

Airbus A300, Boeing 727, Boeing 737-
Generation 2 100, 200, Boeing 747-100, 200, 300,

Jet McDonnell Douglas DC-9, McDonnell
Douglas DC-10

ATR 42, ATR 72, British Aerospace
Jetstream 41, Convair 580/600 Series,
De Havilland DH7, Fairchild-Dornier
TUrboprop 1355 Fokker F-27, Shorts SD330/360

Generation 3
Turboprop

Generation 2

Generation 1 (Boeing 707

Figure 3.2.1.1a (duplicate)

3.2.2 EBT Accident-Incident Study — Stage 2
3.2.2.1 Purpose

The purpose of the stage 2 analyses is to utilize results from stage 1 to analyze accidents and incidents in
each aircraft generation and across all generations.

3.2.2.2 The Master File

Stage 2 analyses are completed in one master file unlike stage one where the analysis is done in individual
files for each type. The master file is created by integrating files from the analysis of different aircraft types
from stage 1. The analysis for a specific generation could only be carried out after all the aircraft types for
that generation had been through the stage 1 process.

Files from each aircraft generation are integrated into the master file as they became available. Each row in
the master file represents one accident or incident (event).
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Columns of the master file contain the following data for each event from the Stage 1 analysis:

1
2
3
4
5.
6.
7
8
9
1

0.

Date

Severity class (fatal accident/non-fatal accident/incident)

Active link to the event narrative in the NTSB database

Phase of flight during which the accident occurred

Generation of aircraft

Location of accident Region

Aircraft type

Factor — one for each of the 40 factors defined [Ref Figure 3.2.1.3]
Competencies — one for each of the 9 Competencies defined [Ref Figure 3.2.1.4]
Training effect

[See Figure 3.2.1.6 for an example or Appendix 1 Core Analysis Matrix Stage 1]

In order to accomplish the stage two analyses, 6 additional parameters are studied, adding 6 columns as
follows:

arOD =

o

Year of event (directly derived from the event date)

Column indicating whether the event took place within the last 15 years or not

The decade of the event

Event Identification number

Sum of Factors present in the event. This helped in calculating the Clustering tendency of each factor
and to make integrity checks on the Master File.

Sum of competencies present in the event, for same reasons as 5 above.

(See Figure 3.2.2.2 for an example)

Accidents Info Threats and Errors Competencies Stage Two Parameters
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Date | NonFatal |Link | Phase | Gen | Region | Type | E |3 < 2 Els|ss g |82 [E]E | w |- 15Y | Decade |woblanks | o™ i urmber| Factors | KSAs

Incidents 8|8 3 o alz[358 gl E5|8lc

s oS8 13| %8s sg |23

2|z 2lolg]|e 21858 HE AR

S5 |£ < @ gl |22 f£eles|2]¢8

5|28 |§ 2 lele|2 <|8[E|28 2% [53 (5|8

folll ol =4 S|s|s|& 513 8 s lod |[S|E
05/09/04) N Probal LDG P3 NA | ATR72 1 1] H] 2004 [Last1s5v] 2000 5/9/2004] 2004 2554 1 2
08/06/05, F Probal CRZ P3 EUR | ATR72 N | 2005 |last15Y| 2000 8/6/2005| 2005 | 2557 3 0
04/28/07, N Proba] DES P3 NA | ATR72 N | 2007 |last15Y| 2000 | 4/28/2007| 2007 | 2558 1 0
03/01/03[ N Probal CRZ P3 NA_| ATR72 Note: For N | 2008 |Last15Y| 2000 3/1/2003] 2003 | 2559 1 )
02/08/03] N Probal GRD P3 NA | ATR72 this N [ 2008 |Last15Yv| 2000 2/8/2003] 2003 | 2560 1 0
11/20/00] N Probal DES P3 NA | ATR72 example, M| 2000 [Last15Y| 2000 |11/20/2000] 2000 | 2561 2 2
03/10/00) N Probal CRZ P3 NA | ATR72 33 factors N | 2000 |last15Y| 2000 | 3/10/2000] 2000 2562 1 0
12/01/98] N Probal DES P3 NA ATR72 ':Z:(::Z“ 1™ 1998 | Last15Y [ 1990 12/1/1998| 1998 2563 1 1
10/31/94] F Probal CRZ P3 NA | ATR72 H | 1994 Older 1990 | 10/31/1994] 1994 2569 6 0
06/04/93) N Probal CLB P3 NA | ATR72 H | 1993 Older 1990 6/4/1993| 1993 2571 3 2
04/20/09) N Probal GRD P3 NA pHes | 1 [ 1 H | 2009 |last15Y| 2000 | 4/20/2009] 2009 2574 3 1
02/12/09) F Probal APR P3 NA DHC8 1 1 H 2009 |Last15Y| 2000 2/12/2009| 2009 2575 7 3
02/03/08 N Proba) DES P3 NA DHC8 L 2008 | Last15Y| 2000 2/3/2008| 2008 2577 1 0
01/31/07] N Proba| DES P3 NA DHC8 L | 2007 [rast15Y| 2000 | 1/31/2007] 2007 2578 1 0
08/29/05] N Probal GRD P3 NA DHC8 1 N | 2005 |last15Y| 2000 | 8/20/2005 2005 2579 1 0
01/08/03] N Probal APR P3 NA DHC8 N 2003 |Last15Y| 2000 1/8/2003| 2003 2583 2 0
10/14/02| N Proba) APR P3 NA DHC8 L 2002 [ Last15Y| 2000 |10/14/2002| 2002 2584 2 0
03/06/01 N Probal APR P3 NA DHC8 N | 2001 |Last15v| 2000 3/6/2001] 2001 2587 2 0
10/06/99] N Probal CRZ P3 NA DHC8 N | 1999 |last15Y| 1990 | 10/6/1999] 1999 2589 1 0
09/27/98 N Proba] APR P3 NA DHC8 L 1998 | Last15Y | 1990 9/27/1998| 1998 2590 1 0

Figure 3.2.2.2
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3.2.2.3 Methodology for Analysis

Demographics of the data set are considered, in order to determine the opportunities and limitations of
the analysis

1. Time is an important parameter for charting the evolution of accidents and incidents and understanding
the most critical factors for consideration in training today. In addition to sorting data by decades,
events are divided into 2 intervals, the last fifteen years and the preceding 35. Several important
studies, including the FAA Automation Report, the UK CAA Accident Studies (CAP 776 & 780) and
other safety studies in the meta-analysis, focus on changes in safety and training during the last 15 to
20 years.

Severity, a component of risk, classified in terms of fatal accidents, non-fatal accidents and incidents.
Flight phases as they vary in the types of demands on flight crews.

Regional distinctions enable a regional geographical perspective.

Training Effect is an important dimension as it can be a measure of how effective potential training
can be in mitigating accidents and incidents. Just as importantly, in this study it is used to sort the data
set itself such that the competencies, factors, generations can be viewed in terms of training
effectiveness.

oD

Data is normalized in two ways in the stage two analyses:

1. The percentages of all accidents, fatal accidents, and incidents for each generation. This is important
as it shows the frequency of factor occurrence within each generation of aircraft indicating likelihood, a
component of risk that is one of the dimensions of Training Criticality, which is subsequently calculated.

2. Normalizing by 1M TOs (1 million take-offs) relates to a more universal and comparable reference. It is
useful in showing trends across aircraft generations (and/or time periods.) It also has the notion of
probability: i.e., what is the probability within a certain time interval and/or generation of encountering
an accident with a particular factor.

Examining the ranking of factors with all the dimensions listed above for each of the 6 generations creates
2x3x9x8x6=2592 charts. In addition, ranking by factor is only one aspect of the data analysis. After
experimenting for some time with what could be the most informative ways to look at the data, the following
views were chosen to be the standard set for each aircraft generation

3.2.2.4 General View of Accidents and Incidents
In this section all accidents, fatal accidents and/or incidents are broken down by decades in terms of:

* Generations

* Raw numbers

* Percentage of occurrences

* Rate of occurrences (per 1 million Take-offs)
* Flight phases

The following figures are some examples of these partitions of the EBT accident incident database to
demonstrate the steps of the analysis; a more complete breakdown for each generation occurs in Chapter
4 Analysis and Appendix 2:

1. The first illustration (fig 3.2.2.4) shows the actual raw number of accidents and incidents by generation

per decade from 1960 to 2010. This allows a basic look at which aircraft generations dominate the
safety scene and a general look at the historical trends.
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Accidents and Incidents in database by Generation and Decade
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Figure 3.2.2.4

2. The next chart (fig 3.2.2.4a) shows all accidents (Fatal and Nonfatal) divided by generation in
percentages per decades from 1960 to 2010. The breakdown here is similar to the previous graph
except that it is normalized by percentages and only refers to accidents.

g
All Accidents by Generation and Decade

100% @ gg" R — =
90%
80%
70%
60% M Generation 4
50% ¥ Generation 3
40% . ¥ Generation 2
30% ¥ Generation 1
20%
10%
0% -

1960 1970 1980 1990 2000

Figure 3.2.2.4a

3. Figure 3.2.2.4b denotes the number of accidents (Fatal and Non fatal) for each flight phase by decade.
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Number of Accidents by Flight Phase and Decade
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Figure 3.2.2.4b

4. Figure 3.2.2.4c shows the same breakdown of the data except as an accident rate (normalized per 1
million take-offs).

5.
o
Accident rates per 1M TOs by Flight Phase and Decade
3.00
2.50 . - GRD
2.00 - T0
CLB
1.50 = CRz
1.00 DES
N APR
0.50 DG
0.00

1960 1970 1980 1990 2000

Figure 3.2.2.4c

3.2.2.5 View of Accidents Historically and by Phase of Flight

When looking at accidents as evidence for training from a historical perspective, more recent occurrences
tend to be more useful for training criticality analysis than the older accidents. However, the older period
does provide a good measure for comparison. Interestingly when splitting the EBT accident database into
two equal parts, the corresponding time periods turn out to be the last 15 years and the previous 33. The
next set of illustrations show some examples providing a breakdown of the above two time periods by
aircraft generation in terms of phases of flight and:

* Number of accidents (all accidents and fatal only)

* Percentage of accident occurrence (all accidents and fatal only)
*  Proportion of factors involved
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These few examples demonstrate the type of analyses performed; the values and the inferences will be
looked at more closely in the next chapters with a more complete breakdown and exhaustive case review.
The purpose of the graphs in this chapter is to exemplify methods and process.

Number of Fatal Accidents in the Last 15Y

GRD
TO
CLB

DES
APR
LDG

10 15 20 25 30 35 40 45

o
&)

Figure 3.2.2.5 — Example Gen 2 Jet

Note: Breakdown is number of fatal accidents per phase of flight in the last 15 years for a specific
generation.

o
Factors as a percentage of all accidents (Last 15Y)
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Figure 3.2.2.5a — Example Gen 3 Jets

The breakdown in figure 3.2.2.5 is percentages of all accidents per flight phase for a specific generation.
Additionally proportionality of factors depicted by color. Notice the sum of the bars exceeds 100%, since
each accident normally contains more than one factor.
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Factors as a percentage of all accidents (Older)
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Figure 3.2.2.5b — Example Gen 3 Jets — Previous time period

The next chart (figure 3.2.2.5¢) shows an alternate view (i.e., complete percentage breakdown of factors in
each phase) to better highlight the dominating factors in each phase. In this calculation each bar represents
the proportion of the factors occurring for the set of accidents within that specific phase; meaning that color
length is not comparable across phases.
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Figure 3.2.2.5c — Example Gen 2 Jets
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Methodology

3.2.2.6 Ranking Factors in Accidents by Occurrence

This step in the EBT accident and incident analysis orders and compares the factors by frequency of
occurrence in the last 15 years versus the previous time period. Figure 3.2.2.6 is an example of the

comparative rankings in terms of percentage of all accidents with each factor while figure 3.2.2.6a makes

the same comparison but normalized by exposure (i.e., 1 million take-offs).
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Figure 3.2.2.6 — Gen 2 Jet
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Figure 3.2.2.6a — Gen 2 Jet
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3.2.2.7 Comparing Competencies Historically

A similar study is made for each of the generations for the competencies in terms of time periods. The
display is alphabetical but the results are easily understood, as there are only 9 competencies. Figure
3.2.2.7 is a singular example of this analysis showing accident rates, with specific competency issues as a
rate of occurrence per 1 million flights. See Chapter 4 and App