
Data-driven safety feedback 
as part of debrief for 

General Aviation pilots
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General Aviation 
aircraft make up  90% 
of the fleet

The foundation of most 
flying activities.
• Primary training ground
• 446,000 aircraft
• 24.8 million hours
• 162,455 FAA-licensed 

private pilots (airplane)

2017 GAMA Annual Report
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Several hundred pilots lose their lives in 
GA accidents each year

2016-17 GA Accident Scorecard 
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Several hundred pilots lose their lives in 
GA accidents each year

2016-17 GA Accident Scorecard 
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Most licensed GA pilots are flying 
without a flight instructor

Typical flight lesson
• Lesson plan/discussion, pre-flight, flight, 

flight de-brief
• Practice emergency procedures, 

maneuvers

Typical flight after license
• Pre-flight, flight
• Get to a destination, have fun, return
• Put the plane back in the hangar

Can we use flight data to replicate 
the post-flight debrief?
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Pilots already use commercially-available 
products to visualize their flights



Can we provide pilots with effective risk 
information during their post-flight debrief?
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Can we provide pilots with effective risk information 
during their post-flight debrief?

• What events/behaviors should we be 
trying to avoid and therefore look for 
in flight data?

Accident Analysis

• How do we calculate and detect 
these events?

Flight Data Analysis

• How do we communicate such 
information to pilots so that they can 
improve?

Risk Communication
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Does changing how we present risk-related 
feedback affect its effectiveness?

Effectiveness:
• Accuracy of risk perception
• Motivation to change unsafe behavior
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Does changing how we present risk-related 
feedback affect its effectiveness?

Framing Language
• Risk-centric or safety-centric

Representation method
• Graphical or numerical

Parameter type
• Safety or performance
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Thesis Outline

Flight Data Analysis
Data Collection
Data Processing
Parameter Definitions
Parameter Calculations

Accident Analysis
Hazardous States/Triggers

Risk Communication
Debrief Screen Prototypes
Experiment Setup 
Survey 

 Flight data 
(G1000)

 Weather 
information

 Airport and 
runway 
databases

 Accident 
database
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What behaviors should we be trying to avoid 
and therefore look for in flight data?

Flight Data Analysis
Data Collection
Data Processing
Parameter Definitions
Parameter Calculations

Accident Analysis
Hazardous States/Triggers

Risk Communication
Debrief Screen Prototypes
Experiment Setup 
Survey 

 Flight data 
(G1000)

 Weather 
information

 Airport and 
runway 
databases

 Accident 
database
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Takeoff Safety Information

centerline deviation

rotation airspeed

engine RPM

takeoff distance

wind
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Used a state-based model to define 
unsafe flight events

State –period of time where the system (aircraft and pilot) 
exhibits a particular behavior

• Nominal State – safe flight state
• Hazardous State – unsafe flight state that may result in an 

accident

Trigger – event that causes transition between two states

A flight that did not result in an 
accident was not necessarily safe
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Generated a list of hazardous states from the 
NTSB accident database

Hazardous State or Trigger ACS Mapping

Insufficient takeoff distance remaining PA.IV.A.K1; PA.IV.A.R13

Insufficient takeoff power PA.IV.A.K2; PA.IV.A.S7

Tailwind takeoff PA.IV.A.K4; PA.IV.A.R4

Takeoff in high crosswind PA.IV.A.K4; PA.IV.A.R2; PA.IV.A.S4

Deviation from centerline PA.IV.A.S6; PA.IV.A.S12

Inappropriate runway selection PA.IV.A.R1; PA.IV.A.S2

Inadequate airspeed at rotation PA.IV.A.S8

High airspeed at rotation PA.IV.A.S8

Takeoff from inappropriately short runway PA.IV.A.K.1; PA.IV.A.R.1; PA.IV.A.R.13
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Takeoff Safety Information

centerline deviation

rotation airspeed

engine RPM

takeoff distance

wind
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How do we calculate and detect 
these behaviors?

Flight Data Analysis
Data Collection
Data Processing
Parameter Definitions
Parameter Calculations

Accident Analysis
Hazardous States/Triggers

Risk Communication
Debrief Screen Prototypes
Experiment Setup 
Survey 

 Flight data 
(G1000)

 Weather 
information

 Airport and 
runway 
databases

 Accident 
database
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Flight data can come in various forms

Flight data recorders (FDR)
• Location
• AHRS
• Engine
• Comm/Nav

ADS-B devices
• Location

Smartphone/Tablet
• Location
• AHRS
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We can process flight data to make it more 
complete and uniform across the board

Different formats
• G1000 vs Avidyne
• ADS-B, Smartphone

Missing information
• Airport in vicinity
• Departure/Arrival Runway
• Weather at the surface

Missing data points
• Recording frequency
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A series of automated algorithms processes 
the raw flight data
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Raw Data
Unified 

Data 
Format

Phase of 
Flight 

Identification

Airport & 
Runway 

Identification

Flight 
Analysis
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Created algorithms to detect each state in the 
post-processed flight data

State

Insufficient takeoff power

Inadequate/High airspeed at rotation

Takeoff in tailwind/high crosswind

Insufficient runway distance remaining at takeoff

Deviation from centerline
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Deviation from the centerline is usually the 
result of insufficient rudder control

Accident cause: “the pilot’s loss of 
directional control during takeoff, 
resulting in a decision to rotate 
early, and a collision with a hangar 
and subsequent fire.”
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Nominal 
Flight

Deviation 
from 

centerline

Collision 
with 

terrain

Insufficient corrective 
rudder input

Improper remedial 
action (rotation)

GAA16CA284



Calculate deviation from the centerline from 
the flight data
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Data Required Data Source

GPS Coordinates at 
Takeoff Point

Flight Data

Runway Threshold 
Coordinates

NTAD’s Airport Runways 
Database

Opposite Runway
Threshold Coordinates

NTAD’s Airport Runways 
Database

Runway Length/Width
NTAD’s Airport Runways 
Database



How do we communicate such information to 
pilots so that they can improve?

Flight Data Analysis
Data Collection
Data Processing
Parameter Definitions
Parameter Calculations

Accident Analysis
Hazardous States/Triggers

Risk Communication
Debrief Screen Prototypes
Experiment Setup 
Survey 

 Flight data 
(G1000)

 Weather 
information

 Airport and 
runway 
databases

 Accident 
database
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Takeoff Safety Information

centerline deviation

rotation airspeed

engine RPM

takeoff distance

wind
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Does changing how we present risk-related 
feedback affect its effectiveness?

List factors to investigate

30



Does changing how we present risk-related 
feedback affect its effectiveness?

Research on cognitive biases
• Tversky & Kahneman, 1974

Research on risk communication
• Medicine
• Education
• Sports coaching

We don’t know how to 
communicate risk to pilots

• Different population

31



We can present parameters in different ways

32



Does changing how we present risk-related 
feedback affect its effectiveness?

List factors to investigate

Design ways to present feedback
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We can present parameters in different ways
using a 23 full-factorial design

Treatment 
Group

Framing Language
Representation 

Method
Parameter Type

1 safety-centric graphical performance

2 risk-centric graphical performance

3 safety-centric numerical performance

4 risk-centric numerical performance

5 safety-centric graphical safety

6 risk-centric graphical safety

7 safety-centric numerical safety

8 risk-centric numerical safety
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Tested the risk representation method and 
parameter type factors through the debrief

Representation Method

Graphical Numerical
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Tested the framing language factors through 
the questions
Framing language

Safety-centric

Risk-centric

risky
risky

risky
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Does changing how we present risk-related 
feedback affect its effectiveness?

List factors to investigate

Design ways to present feedback

Apply to sample flights
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Used data from three flights to create 
debrief prototypes 

Flight A, Flight B, Flight C

C172 at KOSU

Different risk in each takeoff
• B (safest), C, A (riskiest)
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Hazardous State Flight A Flight B Flight C

Centerline deviation X X

Rotation airspeed X X X

Engine RPM X

Takeoff distance X X

Wind X



All three flights were very basic, with one 
takeoff and landing
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Does changing how we present risk-related 
feedback affect its effectiveness?

List factors to investigate

Design ways to present feedback

Apply to sample flights

Design interactive debrief 
prototype

• nicolettafala.com/debriefexample
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Does changing how we present risk-related 
feedback affect its effectiveness?

List factors to investigate

Design ways to present feedback

Apply to sample flights

Design interactive debrief 
prototype

Survey pilots to evaluate feedback 
effectiveness
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Surveyed pilots to see if different factors 
impact risk-perception or motivation to change

Introduction

Consent

Tutorial

Flight A

Flight debrief

Questions

Flight B

Flight debrief

Questions

Flight C

Flight debrief

Questions

Demographics

56

Questions that address the two parts of “feedback effectiveness”
• How risky do you think this takeoff was?
• Which behaviors concern you?
• What would you do to fix those behaviors?



nicolettafala.com/survey
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risky
risky

risky
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187 responses were complete—
268 were usable

Introduction

Consent

(954 consented)

Tutorial

(729 started)

Flight A

268 responses

(589 started)

μRR = 3.0970

Flight B

195 responses

(231 started)

μRR = 2.9949

Flight C

189 responses

(198 started)

μRR = 2.9312

Demographics

187 responses
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Out of the 187 complete responses… 
(~70% of total sample)

male 71%

female 26%

0 50 100 150 200

Doctorate

Master’s

College

High School

76% at least 4-yr degree

PPL 49% 

ATP

CPL 30%

IFR Fly daily to 
weekly

Fly rarely

Increasing 
frequency

56
2478

Part 141

Part 61

24
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Survey analysis overview

Main effects: one factor and one 
flight at a time

• Representation method; parameter 
type; framing language

• Risk rating; number of changes 
• Observations: 

• histograms; descriptive statistics
• Mann-Whitney U 
• Repeat for each factor

Interaction effects: 
• Scheirer-Ray-Hare (SRH) Test
• ANOVA

Repeat for each flight
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Pilots were more likely to quit when reviewing 
the graphical representation method

Number of completed responses

Flight Graphical Numerical Total

A 123 33% 145 39% 268 36%

B 91 64% 104 73% 195 68%

C 83 77% 106 98% 189 88%
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Flight B was more affected by representation 
method than Flights A/C
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Graphical Numerical

Flight Mean
Standard 

Deviation
Median IQR Mean

Standard 

Deviation
Median IQR

A 3.1951 0.9889 3 2 3.0138 1.0340 3 2

B 2.7582 1.2679 3 2 3.2019 1.0647 3 2

C 2.9277 0.9342 3 2 2.9340 1.0353 3 2

Graphical Numerical

Flight Mean
Standard 

Deviation
Median IQR Mean

Standard 

Deviation
Median IQR

A 1.3984 1.3474 1 2 1.5724 1.3629 2 3

B 1.0000 0.9661 1 2 1.3654 0.8251 1 1

C 1.3133 1.1575 1 2 1.5377 1.0882 2 1

Risk rating (5-pt Likert scale)

Number of changes (0-5)



The graphical representation method makes 
pilots rate their risk lower

68

Graphical Numerical

Flight B

z-value Rank sum p-value

-2.7339 7845 0.0063



The graphical representation method makes 
pilots provide fewer changes
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Graphical Numerical

Flight B

z-value Rank sum p-value

-2.9717 7805 0.0030



The performance parameter type makes pilots 
rate their risk lower

70

Performance Parameter Safety Parameter

Flight B

z-value Rank sum p-value

-4.4961 8179 6.9 x 10-6



The safety parameter type makes pilots 
provide more changes

71
Flight B

z-value Rank sum p-value

-2.9470 8793 0.0032

Performance Parameter Safety Parameter



The framing language did not impact how 
pilots rated the flights
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Safety-centric Risk-centric

Flight B

z-value Rank sum p-value

-0.0288 9887 0.9770



The framing language did not impact how 
many changes pilots provided
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Safety-centric Risk-centric

Flight B

z-value Rank sum p-value

-0.7254 9626 0.4682



Survey analysis overview

Main effects: one factor and one 
flight at a time

• Representation method; parameter 
type; framing language

• Risk rating; number of changes 
• Observations: 

• histograms; descriptive statistics
• Mann-Whitney U 
• Repeat for each factor

Interaction effects: 
• Scheirer-Ray-Hare (SRH) Test
• ANOVA

Repeat for each flight
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The ANOVA for Flight B showed a slight interaction 
effect between representation method and 
parameter type

Source Sum Sq. d.f. Mean Sq. F Prob>F
Repres 8.456 1 8.4559 6.92 0.0092
Param 28.121 1 28.1212 23.01 0.0000
Lang 0.08 1 0.0805 0.07 0.7978
Repres*Param 4.719 1 4.7194 3.86 0.0509
Repres*Lang 0.047 1 0.0472 0.04 0.8445
Param*Lang 0.045 1 0.0452 0.04 0.8476
Error 229.772 188 1.2222
Total 270.995 194
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Risk rating (5-pt Likert scale)

Number of changes (0-5)
Source Sum Sq. d.f. Mean Sq. F Prob>F
Repres 6.016 1 6.0157 7.86 0.0056
Param 8 1 8.00033 10.45 0.0014
Lang 0.167 1 0.1666 0.22 0.6414
Repres*Param 1.363 1 1.363 1.78 0.1836
Repres*Lang 0.243 1 0.24281 0.32 0.5739
Param*Lang 0.866 1 0.86562 1.13 0.2889
Error 143.882 188 0.76533
Total 160.595 194



The results differed for each flight, but all the 
tests were in agreement
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Flight Rep Par Lang Rep:Par Rep:Lang Param:Lang

A
RR  

# 

B
RR   

#  

C
RR

#



Overall, how we present risk information to 
pilots does matter…

The flight ended up being a 
potential factor

• Flight B vs Flight C
• Different factors more prevalent in 

different flights

Framing language did not change 
the responses as much as risk 
representation and parameter type

Pilots do not like graphical 
representations

• Contrary to health risk communication
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Can we provide pilots with effective risk information 
during their post-flight debrief?
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• What events/behaviors should we be 
trying to avoid and therefore look for 
in flight data?

Accident Analysis

• How do we calculate and detect 
these events?

Flight Data Analysis

• How do we communicate such 
information to pilots so that they can 
improve?

Risk Communication



There are limitations and opportunities for 
future research in these results

How are pilots responding to the 
survey?

• Commitment 
• Survey biases

The flight as a bias

Other cognitive biases

Scenario-based survey

Different sub-populations

Smartphone data is more ambiguous
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Research Contributions

Identified unsafe events during the 
takeoff phase and generated list of 
hazardous states and triggers

Mapped hazardous states to 
measurable parameters and 
developed algorithms to calculate 
and detect them
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Research Contributions

Designed debrief representations 
to communicate information in 
graphical/numerical representation 
methods in terms of safety and 
performance parameters

Created and disseminated a survey 
to pilots to evaluate the 
effectiveness of different risk 
representations

81


