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Abstract

Despite fatigue being an important topic in many areas of aviation, little is known
about its occurrence and effects amongst student pilots. The purpose of this study is
to examine cognitive fatigue in the flight training environment with the goal of
setting a baseline for fatigue accumulation over the course of a one hour training
flight.

The study was divided into three sections. Firstly, information was gathered on the
numbers and distribution of student pilots across New Zealand, and this resulted in a
decision that research would proceed with students at a single large flight training
organisation. Next, a search was undertaken for pre-existing tools that could be
modified and refined to be made suitable for use in the flight training environment. A
questionnaire and reaction time test were then created and successfully validated in a
pilot study. Finally the main body of the study comprised using the two tools to test a
non-probability sample of 21 student pilots, split between a main group and a control
group. The data were then collated and analysed to determine the level of fatigue
which accumulated, assess correlations between variables, and evaluate the

significance of the results.

Results were overall satisfactory, with the questionnaire returning some of the most
useful and significant data. Significant levels of fatigue were detected amongst
participants, but it could not be exactly determined how this would affect
performance. Several significant correlations were discovered between different
variables, which served to both reinforce existing knowledge on the topic, and further
confirm the validity and reliability of the tools. While the study was somewhat
limited in its approach and scope, it is relatively ground-breaking, and creates the

potential for further research in this area.

ii



Acknowledgements

I would like to acknowledge the contribution of my supervisor Dr Jose
Pérezgonzalez, his knowledge and guidance has been invaluable to the process of

completing this study.

iii



Contents

Abstract
Acknowledgements
List of tables

List of figures

List of appendices

Introduction

Chapter one - Literature review

1.1. Defining fatigue

1.2. Causes of fatigue and complicating factors
1.2.1. Lack of sleep

1.2.2. Illness and medication

1.2.3. Nutrition

1.2.4. Mental activity

1.2.5. Physical activity

1.2.6. Stress

1.2.7. Causes of fatigue in different flight operations
1.3. Effects and symptoms of fatigue

1.3.1. Motivation and attitudes

1.3.2. Proficiency and skills

1.3.3. Cognitive impairment

1.3.4. Human information processing

1.3.5. Human error

1.3.6. Fatigue in aviation safety

1.4. Measuring fatigue

1.5. Research overview

Chapter two — Population

2.1. Introduction
2.2, Methodology
2.3. Results

2.4. Discussion and conclusions

iv

Page number
ii

iii

vii

viii

ix

1

@ 0 & & N

10
10
10
11
12
13
14
15
15
18
18
21

22

24
27
28
29



Chapter three - Design and validation of tools

3.1. Introduction

3.2. Methodology

3.2.1. Questionnaire

3.2.2. Reaction time testing
3.3. Results

3.4. Discussion and conclusions

Chapter four — Main study

4.1. Introduction
4.2. Methodology
4.2.1. Sample
4.2.2. Tools
4.2.3. Procedure
4.2.4 Analysis
4.2.4.1. Questionnaire reliability
4.2.4.2. Variable distribution
4.3. Results
4.3.1. Main measures of fatigue
4.3.1.1. Subjective fatigue [QFS]
4.3.1.2. Objective fatigue [PPVT]
4.3.1.3. Correlations between QFS and PPVT
4.3.1.4. Correlations between main variables and demographics
4.3.2. Auxiliary questionnaire items [AQI]
4.3.2.1. Training flight content
4.3.2.2. Workload
4.3.2.3. Preparation level
4.3.2.4. Future flights
4.3.2.5. General performance measures
4.3.2.6. Specific performance measures
4.3.2.7. AQI Correlations
4.3.2.8. Correlations between main variables and AQI

4.3.2.9. Correlations between AQI and demographics

31
32
32
33
34
34

37
38
38
40
42
43
43
44
46
46
46
49
52
52
54
55
55
56
57
57
58
59
61
62



Chapter five - Discussion

5.1. Study goals 66
5.2. Research questions 66
5.2.1. Do student pilots demonstrate any fatigue as measured by a subjective tool? 66

5.2.2. Do student pilots demonstrate any fatigue as measured by an objective tool? 69

5.2.3. Do the results of the subjective and objective tools correlate? 70
5.2.4. Are the results practically significant? 70
5.2.5. Are the results statistically significant? 72
5.2.6. Can the results be used to set a baseline for cognitive fatigue? 72
5.3. Limitations of the study 73
5.4. Potential for generalisation 73
5.5. Other considerations 73

Chapter six - Conclusion

6.1. Overview 75
6.2. Key outcomes 77
6.3. Areas for future research 78
References 80

Appendices 87

vi



List of tables

Table 1: Number of ATO students

Table 2: Demographic overview of participants
Table 3: Pre-flight core items

Table 4: Post-flight core items

Table 5: Inter-reliability analysis of QFS
Table 6: Initial distribution analysis of results
Table 7: Main group QFS results

Table 8: Control group QFS results

Table 9: Summary of QFS scores

Table 10: Main group PPVT results

Table 11: Control group PPVT results

Table 12: Summary of PPVT scores

Table 13: Main group correlations: QFS vs PPVT

Table 14: Control group correlations: QFS vs PPVT

Table 15: Main group correlations: QFS and PPVT vs Demographics
Table 16: Control group correlations: QFS and PPVT vs Demographics

Table 17: Overview of PRE02 and PRE0S8
Table 18: Overview of POST08
Table 19: Overview of PRE01 and POSTo2

Table 20: Overview of POSTo1, POST19, and POST20
Table 21: Overview of POST10, POST11, POST12, and POST13

Page number
29
40
41
41
44
45
47
48
49
50
51
52
52
52
54
54
55
56
56
57
58

Table 22: Overview of POSTo9, POST14, POST15, POST16, POST17, and POST18 59

Table 23: Correlation matrix for AQI, part 1: PREo1 to POST10
Table 24: Correlation matrix for AQI, part 2: POST11 to POST19

Table 25: Correlations: QFS and PPVT vs AQI

Table 26: Correlation matrix part 1: Demographics vs AQI

Table 27: Correlation matrix part 2: Demographics vs AQI

Table 28: Comparing QFS and preparedness

60
61
62
64
65
68



List of figures

Page number

Figure 1: Main group QFS scores 47
Figure 2: Control group QFS scores 48
Figure 3: Main and control group QFS changes 49
Figure 4: Main group PPVT scores 50
Figure 5: Control group PPVT scores 50

Figure 6: Main and control group PPVT changes 51

viii



List of appendices

Page number
Appendix A: Sample questionnaire 84

Appendix B: Questionnaire items 01

X



