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Dedication

The editors and contributing authors dedicate this book to Professor K. 
Wolfgang Kallus. Over several decades, Wolfgang’s contributions have 
benchmarked the theoretical and methodological foundation for advance-
ments in the research and application of aviation psychology. Among the 
contributions we would like to highlight: dedicated teaching at the Univer-
sity of Graz; creating and organizing the International Summer School on 
Aviation Psychology (ISAP) from 2003 to 2019; conducting research pro-
jects with EUROCONTROL, Austro Control GmbH, and the aviation indus-
try. At a time when many psychologists focused their research on isolated 
phenomena, Wolfgang fostered an interdisciplinary approach and brought 
together in his projects a diverse bunch of experts such as psychologists, 
psychophysiologists, engineers, pilots, air traffic controllers, and medical 
experts. With the International Summer School on Aviation Psychology, 
Wolfgang gathered together renowned international experts who gave pres-
entations and workshops to a mixed audience consisting of psychologists, 
students, and people involved in aviation operations. Wolfgang fostered pro-
fessional excellence, interdisciplinarity, and connectivity that are core val-
ues of the aviation psychology community and of the European Association 
for Aviation Psychology (EAAP). In 2012 Wolfgang was presented with the 
EAAP Award for his outstanding international commitment and achieve-
ment in aviation psychology and human factors. Many chapters of this 
 volume address areas that have been advanced by the contributions of 
 Wolfgang, his students, and his collaborators. Wolfgang valued a multidi-
mensional approach for accessing information and consequently for under-
standing human behavior. He addressed the individual and organizational 
perspective in order to highlight how individual behavior and performance 
are influenced by the organization. Furthermore, he investigated in paral-
lel subjective and objective data, including psychophysiological measures. 
Wolfgang approached the dynamics of human behavior with particular in-
terest in stress and recovery. He valued the integrative and interdisciplinary 
ways of working, created and facilitated international research networks, 
and inspired new generations of aviation psychologists. While the editors 
aimed to create a volume on current topics in aviation psychology, this book 
also honors Professor K. Wolfgang Kallus.
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Foreword

Peter Jorna

Human Factor(s): What Do You Do With It?
That was the title of my first colloquium presentation at the Netherlands 
Aerospace Laboratory (NLR) around 1990. The audience at that time was 
made up of all kinds of engineers, some scientists, and a couple of engi-
neering pilots. All of them wondering why all these wonderful aircraft were 
crashing due to pilot error. Workload was apparently an issue and several 
attempts had already been made to model the human mathematically as a 
biological part of the aircraft control loop. But pilots did not recognize them-
selves or their personalities in the description of a variable amplification 
factor in complex equations that were meant to simulate the effects of their 
workload. This approach was not accepted as being very useful. It faded 
away …

The presentation explained that humans as test subjects (now called “par-
ticipants”) are indeed an important part of the control loops, but that the 
test procedures that had been used to date were either not including the 
human as a to-be-tested part of the system at all or the tests were way too 
crude to have any predictive value. Test pilots were the main representa-
tives of flight crew, but they were exceptionally well trained. Thus, they did 
not really represent “the minimum pilot” who sometimes has to perform 
under harsh working conditions, being tired, distracted, recently divorced 
etc. A different, more system- and context-oriented testing perspective was 
needed.

Some steps were taken over the following years.

Go Beyond Selection
The Royal Netherlands Navy at that time had an issue with pilots who were 
able to fly the new maritime patrol aircraft but had problems when combin-
ing the flying with fighting. Hunting submarines at low altitude above the 
sea was not only exciting and risky, but also required the use of an addi-
tional computer screen on the flight deck showing tactical information and 
instructions, creating a “dual-task situation” in psychology language. Some 
licensed pilots could not do that and were not able to obtain operational sta-
tus.
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The management response in those days was (most often) to seek the 
problem in the humans (blame culture), and thus improved selection was 
the way to go. Selection research following navy trainees during their career 
confirmed there were individual differences in the capability of (male) pi-
lots to do two things at the same time (either parallel or by fast serial task 
switching), but training was also an important factor. The aviation industry 
had no idea about the existence and relevance of individual differences be-
tween users of new technologies: An illustration of the fact that simply add-
ing a display aimed at improving mission performance by presenting extra 
data to the pilot is not an instant guarantee that it will pay off for everybody. 
On the contrary, the licensed pilots who could not become operational were 
now a major cost factor for the navy.

Perhaps better test and validation should be recommended already during 
the design stage?

Go Beyond Subjective Opinion(s)
Asking for user opinions is an easy and very tempting method to check your 
design. But do the users understand the new design? Are they in favor of it 
or afraid that it will change their jobs? The EUROCONTROL PHARE pro-
gram (Programme for Harmonised Air Traffic Management [ATM] Research 
in Europe) included my so-called ground human machine interface (GHMI) 
project. In this project several human factors specialists and psychologists 
teamed up to develop a detailed specification of the human–machine inter-
face for future ATM. There was no explaining to others how to do it, but just 
do it by ourselves. That task allocation was a really good idea made by Mick 
van Gool who was the PHARE program manager at the time. Part of this 
project allowed for some experimental research. The big discussion at that 
time was whether automation in the form of computer advice to the con-
troller would be a help or a burden.

The reasoning was as follows. If the controller would compare the advice 
with their own idea, it would involve an extra task, thus a burden. In the case 
of high task/traffic load, the task of comparing advice with one’s own idea 
could be simply dropped, meaning that the advice of a software tool would 
be ignored. Alternatively, one could simply follow the advice under high in-
dividual workload conditions, but in that case the controller would be “out 
of the loop.” A clear dilemma to be solved.

A simulation study at NLR by Brian Hilburn made a comparison between 
controllers working with various levels of automation support and the “nor-
mal” manual control mode. The results revealed clear and consistent work-
load benefits as a function of the level of automation and in comparison 
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with manual control as a reference. Benefits were reflected in physiological 
measures (e.g., heart rate, heart rate variability, pupil size) indicating both 
lower mental effort or stress and better performance (response times to da-
talink communication). All these measures indicated the positive effects of 
automation, and thus less burden and not more. Except for one other meas-
urement: the subjective ratings of workload by the controllers. This meas-
ure was the only indicator that went up. A big surprise and a clear dissocia-
tion between measures.

Closer analysis and friendly discussions with controllers revealed that 
their cognitive reasoning was, “I have to do my normal work and deal with 
additional tools,” so “more tools must mean more work.” This lesson learned 
about possible dissociations between measurements has been experienced 
more often in research on workload, and therefore it is always necessary 
and mandatory to measure performance, mental effort, and subjective ap-
preciation in concert. Know your methods and how to apply them!

Validate With Humans in the Loop
These experiences showed us that all technical claims assuming better 
human performance or reduced workload by adding some technology need 
to be validated and proven. Merely adding colors to a computer screen does 
not justify the claim that colors will decrease workload. Evidence is always 
better. Asking pilots and air traffic controllers will provide you with valua-
ble and interesting opinions, but beside the reliability or validity issue there 
is the popular saying: “Ask 10 pilots and you will get 20 different opinions.” 
Who has the right opinion? This is a necessary and informative method, but 
not sufficient.

Take Objective Measures Related to the 
 Human Task
Making a detailed (and agreed upon) task description is the starting point, 
as it already helps to reduce misinterpretations between the various disci-
plines involved. Also measures for various task performance aspects should 
be defined as objectively as possible; for example, in terms of time, the qual-
ity of human performance and its measurable influence on system param-
eters. Task definition (what is allocated to the human) is a good starting 
point, but is only completed if you can define measurements. When is a task 
performed better, and how can I detect and measure this? Note that task 
considerations are now also integrated in the airworthiness regulations of 
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aircraft. Rule 25.1302 addresses the certification of “installed systems for 
use by the flight crew” and it requires a task-based perspective for defining 
the system challenges in terms of information required, controls needed, 
and automation support that is understandable and predictable for the users. 
A real human factors regulation.

But it is even better to also have an idea or hypothesis about the estimated 
and actual level of effort, especially mental effort, because good perfor-
mance should be maintainable for a full mission or working period. In this 
respect, psychophysiological methods came to the rescue. Heart rate and 
heart rate variability (HRV) provided indications of both physical as well as 
mental aspects of work, including emotions.

Hard data always work better, also in certification to convince people, in-
cluding managers and agencies.

Accept the Help of Our Psychophysiology Friends
My first great helper in getting psychophysiology accepted was Glenn Wil-
son from the Wright Patterson Air Force Base in the United States. He man-
aged to get some heart rate data measured from pilots in real jet aircraft fly-
ing missions as well as in the simulators. Not easy to obtain.

What a difference in response between real flying and simulation! The 
data clearly revealed the limits in simulator realism. Pilots know that simu-
lators do not kill.

My second great helper was Wolfgang Kallus, a German gentleman who 
got lost in Austria in the wonderful and beautiful town of Graz. He used psy-
chophysiology in an impressive way and was also involved in the ongoing 
mission to convince people that aviation psychology is absolutely relevant 
and necessary for design, operational performance, and safety. Find the 
problems with human–machine interaction before the accidents!

Do not Just Criticize, but Educate
Wolfgang quickly realized that education is a key factor for progress in the 
field of aviation psychology and human factors in its application and integra-
tion in aviation. There are excellent psychologists who know a lot about the 
human brain and behavior, but many are ignorant about flying machines or 
air traffic control decisions. No one in aviation will take them seriously if they 
do not speak “the language.” So, the psychologists need to be educated about 
systems and operations in order to become aviation psychologists.
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Similarly, there are pilots, controllers, maintainance technicians etc. who 
all have a great interest in the fascinating human factors of their own work 
area but lack detailed education about psychology, let alone understand its 
methodologies. Wolfgang and his excellent team brought such people with 
all their different backgrounds together in Graz. And it worked! Wolfgang 
was the first to organize an International Summer School on Aviation Psy-
chology (ISAP) that provided dedicated familiarization, education, sharing, 
and training in aviation psychology. For everybody.

Wolfgang and his highly appreciated teams were awarded the special tro-
phy of the European Association for Aviation Psychology (EAAP) for their 
contributions to aviation psychology and its applications in human factors.

Now There Is a Book on How to Do It!

The ISAP and EAAP work together in sharing information and experience, 
but Wolfgang went a little further. He did his very best to refine and expand 
all kinds of methods and procedures to improve the impact (a bad word to 
use in the aviation context, but a reminder of why we do this …) of aviation 
psychology on the safety, well-being, and performance of all humans work-
ing in or using aviation.

Many collaborators, former students, and friends of Wolfgang contrib-
uted to this volume. This book presents some of the recent lessons learned 
in applying aviation psychology and human factors, and what methods work 
best for what purpose.

We hope that the tradition of ISAP will continue and that the book may 
have regular updates in the future. Use the book as a source and inspiration 
for others in the future.

Now the task we all have for the continuation of what has been accom-
plished: Tell and help others!

 Professor Peter Jorna
 In tribute to Professor Wolfgang Kallus
 Friends and allies in the “battle” for human factors integration
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Preface

Sonja Biede-Straussberger and Ioana V. Koglbauer

The idea for this book arose from a discussion of the current status of avia-
tion psychology at a professional meeting with key European players in-
volved in professional domains such as universities, institutes, and the Eu-
ropean Association for Aviation Psychology (EAAP). This meeting took place 
in Toulouse, one of the European bases of aviation. Toulouse is an exciting 
place, connecting major aviation contributors, such as a worldwide leading 
aircraft manufacturer and related industries, a civil aviation organization, 
along with schools providing operational and professional education for this 
sector.

Aviation is a field that connects people and countries, to exchange and to 
explore, and as such it is not surprising that the people participating in this 
meeting were former students of Wolfgang Kallus, who, as psychologists, 
pondered ideas to reinforce the role of aviation psychology and human fac-
tors in the industry. One of these questions addressed the ways of working 
that professionals in the field use to make sure that a full integration of avi-
ation psychology is no longer a wish but a reality across the aeronautical sys-
tem. A way to support this is by sharing knowledge and experience, and thus 
the idea for the topic of this book was born.

Practical application of aviation psychology covers the design and assess-
ment of various areas such as human roles, human–machine systems, pro-
cedures, airspaces, and airports. It requires an interdisciplinary approach 
from their initial design through to operational deployment. However, pub-
lished research in aviation psychology reflects only a small part of the ac-
tual work done. A large part of research and development is conducted be-
hind closed doors in the industry. Results of cooperations between industry 
and academia are not published for various reasons, among which are ques-
tions of competitiveness, security, or simply the time available to share les-
sons learnt.

But what are the enablers of successful applications of aviation psychol-
ogy? Several may be listed, starting by ensuring the diversity of competen-
cies that professionals require to flexibly adapt to the continuously evolving 
requirements of the aeronautical landscape. Other enablers include estab-
lishing efficient support to newcomers, or the regular evolution of learning 
curricula while taking on board the evolution of society. One of these ena-
blers is sharing comprehensive views on key topics and lessons learnt re-
garding approaches, methods, and tools.
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Hence, the objective of this book is to provide the reader with a selection 
of views and practices highly relevant in aviation psychology. Aviation 
 psychology is about the application of scientific knowledge on human behav-
ior to the various areas of aviation, ranging from research, design, to opera-
tion. The human is a complex system with plenty of limitations and opportu-
nities to fail due to their inherent characteristics, but the human is also a 
creative and adaptive system. As such it is the leading element that can in-
tervene and rescue a situation when things go wrong, that is able to innovate 
and improve, and that is dynamic and flexible to manage the variability of 
the working environment. One of these situations occurred when Kevin Sul-
livan experienced unexpected aircraft behavior in Qantas Flight 72. The pilot 
shares this experience in his book No Man’s Land. The crew successfully 
landed the aircraft and hence saved the lives of the passengers on board 
thanks to the strengths of the humans in that situation. But more than that, 
it describes the role of psychology, as it relates the strong interplay between 
human and machine, but also between all the people and organizations in-
volved, and the strong association between the time before and after the 
event. Another example of the unique capability of human performance was 
given by the air traffic controller Lou Ella Hollingsworth, who saved a crew’s 
life in November 2012. She detected the incapacitation of the pilot flying a 
Piaggio P180 Avanti at high altitude because his speech on the frequency was 
slurred and incoherent. She thought the crew was suffering from hypoxia, as 
also suggested by another pilot who heard the communication on the fre-
quency. Calmly and firmly, Lou Ella repeatedly advised the pilot to descend 
and put on his oxygen mask, thus finding a solution that was beyond typical 
air traffic control procedures. The pilot put on the oxygen mask, descended, 
recovered, and safely continued his flight. These and many other examples 
show that the human is the core element of the aviation system and, thus, 
human performance deserves special attention.

In the context of continuous changes in society and technology that im-
pact aviation to a large extent, a deeper integration of the knowledge of psy-
chology in organizations and in technical developments is essential. At the 
same time, taking a central view of the role of the human is necessary so as 
to meet the future expectations regarding the operational performance of 
the aeronautical system as a whole while ensuring human wellbeing and 
performance. Over the past few decades, the knowledge base of psychol-
ogy has continued to grow, as it has in neighboring disciplines of psychol-
ogy. Today, psychology can be seen as being increasingly diffused over the 
different areas of society, including aviation. Today, we also have more 
knowledge of neurosciences, anthropometrics, sociology, and anthropol-
ogy, and of how phenomena are connected thanks to largely available and 
promoted data sharing.
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As such, it is a major challenge for any of us professionals to choose the 
appropriate knowledge to guarantee that the human element is receiving 
the right level of attention in the field. To make sure that we are doing avi-
ation psychology right, we need to ensure that we effectively and efficiently 
use the experience and knowledge available. In the Foreword of this book, 
Peter Jorna described the learning of an organization over time with regard 
to how the view on human factors evolved and became increasingly inte-
grated to solve actual problems. Today we have the opportunity to under-
stand how such learning occurred in the past. But we also have the oppor-
tunity to go one step further, by bringing together the knowledge that exists, 
what we have learnt, and how to connect it to anticipate the future. The chal-
lenge is to make sure we can share the lessons learnt. We want to avoid that 
future generations of professionals in the evolving fields of aviation experi-
ence the same situations as Peter reported in the Foreword. Especially in 
the context of increasing economic pressure and changing ways of working, 
human tendencies for regression and repeating the same story as already 
experienced in the past could prevail.

Thus, we want to use this opportunity to report on the experiences learnt 
in the past, to share knowledge that was gathered, and to build on the les-
sons learnt. The authors of this book work in the industry, in research insti-
tutions, public services or operations. They share their experiences with the 
application of different methods, some difficulties encountered, and an out-
look ahead. Therefore, this toolkit of aviation psychology provides the reader 
with know-how that is otherwise not easy to access.

Over the past few decades, the knowledge base on aviation psychology 
has also evolved in international standardization and regulation that set a 
global framework for professionals in the field. For example, for more than 
a decade, aircraft certification has required a human factors demonstration, 
and the role of aviation psychologists has been emphasized in a new rule on 
support. However, aviation psychologists need to assess, to select, and some-
times to develop new methods for addressing practical and theoretical chal-
lenges in their work. This book provides an overview of current themes, 
methods, and tools, and offers complementary views on topics presented 
in journals. These are selected to cover academic and industrial areas of in-
terest, and have different foci such as psychophysiology, people in organi-
zations, and design processes.

This book starts with an introduction of the Human Performance Assess-
ment Process, which is now widely used in aviation ranging from assess-
ment of aircraft to air traffic control. This process was developed to a large 
extent in SESAR 1, the first step of the European Single Sky Aviation Re-
search Program between 2010 and 2016, and is currently the baseline for 
ensuring the study of human performance even beyond SESAR. What is es-
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sential here is that the authors involved in this activity, together with many 
other experts, built on their own past experience to reinforce the integra-
tion of human factors in the industry and in operations. As such the authors 
not only connect countries (Austria, Germany, Italy, France), but also cover 
different organizations (from research to operations, from aircraft manu-
facturers to air traffic management). They overcame the challenge of re-
maining stuck in their own organizational constraints, and devoted them-
selves to building together for a common future based on the lessons they 
learnt. Everyone who wants to mitigate human performance issues – includ-
ing automation issues – in the design phase of a concept and beyond, to-
wards deployment, may find interest in reading this chapter. The chapter 
raises awareness of existing challenges and provides guidance on how to 
optimize human performance integration in system design. Together with 
the second chapter, it shows how aviation psychology builds bridges across 
disciplines and application fields. It takes two perspectives, first by integrat-
ing aviation psychology in engineering and design processes across multi-
ple connected organizations and products, but also by bridging the gap be-
tween research and applications. In this context, professionals are also given 
the opportunity to choose the right methods and tools according to the avail-
able constraints. A dedicated chapter on bridging gaps highlights that the 
currently available criteria for selecting methods and tools are no longer suf-
ficient, as we need to take a global system-of-systems perspective to iden-
tify the areas in which problems have to be addressed. For this purpose, the 
human-oriented approach of interactions with complexity (HOAC) is pre-
sented. One of the challenges the authors have encountered is to develop 
the right set of human factor criteria in an industrial context and make sure 
it is used throughout the design process. Keeping a system-of-systems per-
spective was always a key driver in their reflections.

A special chapter is dedicated to an organization-focused view regarding 
“Essential Tools for Safety Culture Development in Air Traffic Manage-
ment.” Safety culture is a current topic in aviation psychology that is being 
regularly assessed and interpreted in aviation operations (e.g., air naviga-
tion services). The authors of this chapter have experience in airline and air 
traffic control operations, and share practical tips and tricks for a reliable, 
cost- and time-efficient application. This chapter raises awareness about 
scientifically validated tools for assessing, monitoring, and improving safety 
culture in aviation organizations. It provides an opportunity to learn how to 
successfully apply these tools in the operational context and how to make 
results tangible for operational staff. It also explains the derivation of mean-
ingful results and interpretations of safety culture assessments.

Specific cognitive processes and the relationships to physiology are high-
lighted in the chapters on anticipation and spatial disorientation. One chap-
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ter is dedicated to anticipative processes both in flying an aircraft and in air 
traffic control. Pilots and controllers are expected to be “ahead” of a situa-
tion. What are the processes that enable them to see a situation developing 
in the way they want it to, instead of being surprised and reacting to a mul-
titude of constantly changing elements? How can estimations of collisions 
be effectively improved to achieve an accuracy of a fraction of a second? 
How are anticipative processes reflected in human psychophysiology? This 
chapter presents theoretical and practical hands-on applications and an-
swers these questions on anticipative processes. In addition, the reader will 
discover tools and examples for designing aviation systems that assist 
human operators in their anticipative processing. A promising outlook at 
new developments of anticipatory processes for artificial intelligence is 
deemed to inspire the next generation of researchers and practitioners in 
aviation psychology.

Another chapter on cognition is written by an expert in spatial disorien-
tation research. This chapter serves as a practical guide through various re-
search methods, applicable to the field of spatial disorientation. It describes 
examples of studies from the literature, with an emphasis on research meth-
odologies. Furthermore, it contributes to a better understanding of how spa-
tial disorientation can impact pilot performance and flight safety.

Several chapters are dedicated to a deeper reflection on psychophysiol-
ogy in aviation. The chapter on reactivity addresses a basic biophysiologi-
cal paradigm. An understanding of reactivity is essential for predicting 
human performance and error management in high-reliability environments 
such as aviation. Reactivity concepts contribute to elucidating individuals’ 
reactions in social settings and, thus, to better prediction of behavior and 
performance. Key methodological aspects for addressing reactivity are pre-
sented and explained from a joint perspective: medicine, psychology, and 
work safety.

Another key concept in understanding human performance is described 
in the chapter on stress recovery. The importance of stress management for 
safe human performance is recognized and addressed by the European 
Commission and by the European Union Aviation Safety Agency (EASA) in 
recent regulations, guidelines, and standards for pilots and air traffic con-
trollers (e.g., peer support, critical incident stress management, stress man-
agement education). This chapter on psychophysiological regeneration is 
particularly interesting for understanding, predicting, and managing human 
performance in the dynamic and safety-critical aviation domain.

Finally, experience in the application of psychophysiological measures is 
shared by taking a specific focus on the use of cardiac and electrodermal 
activity assessment as well as eye-tracking methods in aviation. A special 
chapter is dedicated to eye-tracking methods used to analyze pilots’ activ-
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ity beyond the laboratory, in ecological settings. For several years, the au-
thors have been dedicated to finding solutions for efficiently integrating ob-
jective measures on human behavior in an industrial environment. This 
chapter explains specific methods for conducting an eye-tracking study in 
the cockpit, such as determining the sample frequency and the algorithms 
for detecting fixations and saccades. In addition, the chapter explains how 
eye-tracking parameters can be used to test research hypotheses related to 
pilot behavior and local areas of interest in the cockpit. Furthermore, the 
synchronization of an eye-tracker with other physiological sensors is ex-
plained for a more comprehensive assessment of human performance in 
the cockpit.

The chapter on applications of cardiac and electrodermal activity assess-
ment in aviation shows what can be achieved when a psychologist and an 
engineer, who are also enthusiastic pilots, put their heads together to con-
quer a cross-domain problem. This chapter addresses aspects such as the 
reliability and sensitivity of cardiac and electrodermal parameters in real 
flight with high acceleration and in spaceflight in conditions of micrograv-
ity. The chapter describes methods and results of cardiac and electroder-
mal data collection and analysis, as well as lessons learnt from various avi-
ation studies. Furthermore, the authors show how applications of cardiac 
and electrodermal parameters can be used to advance the assessment of 
pilot training and for the design of biocybernetics systems (e.g., adaptive 
automation).

The users of aviation psychology knowledge are very diverse, ranging 
from psychologists and human factors specialists to operational experts, 
trainers, etc. What is essential is to share a global understanding within this 
diverse user community. One is often stuck in one’s own work, but opening 
up to different ideas and approaches can bring benefits that one has not con-
sidered before. Even though the knowledge shared in this book may be per-
ceived as applicable only to aviation, it can be used for global awareness and 
open exchanges across domains.

Now it is time to look towards the future. A lot of our experience as pro-
fessionals in the field of aviation psychology is based on ways of working 
that were determined by the key drivers of society in the past decade. They 
may no longer be the determining ones for the future. Our society is cur-
rently undergoing a major transformation due to technical developments 
but also socioeconomic changes. Digitalization, distributed work places, or 
different expectations that people have towards employers continue to set 
the stage for reflecting on future needs. This will also impact our methods 
and tools, which will have to evolve even more to adapt better, used to study 
and demonstrate that future procedures and systems will be aligned with 
the principles of human performance capability. However, we as a profes-
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sional community have our current experience to build upon. It will allow 
us to examine how to anticipate and prepare faster to meet future needs, to 
develop methods and tools for this future context, and to be ready to em-
brace future challenges. A real target for aviation psychologists is to be pro-
active and to remain ahead. We also need to be engaged in the design and 
assessment of aviation systems. Thus, the work of an aviation psychologist 
is more efficient in the prevention than in the investigation of accidents and 
incidents. In the past, aviation psychologists were mainly asked to explain 
what went wrong, as Peter Jorna vividly illustrated in the Foreword of this 
volume. Our aim is to be involved in all phases of system design and oper-
ations. Thus, aviation psychologists with the right knowledge and tools can 
predict human performance and can contribute to a better and safer human 
performance integration.
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Chapter 4
Anticipation-Based Methods 
for Pilot Training and Aviation 
 Systems Engineering
Ioana V. Koglbauer and Reinhard Braunstingl

Abstract

Anticipatory behavioral control is essential for effective human performance 
in aviation settings such as the prediction and avoidance of collisions, and 
the management of normal or critical aircraft states. Anticipatory processes 
allow for proactive action instead of reaction. Anticipation involves a multi-
tude of cognitive processes including learning, cognition, motor control, as 
well as motivational and emotional processes. In the field of air traffic con-
trol, Kallus et al. (1997) modelled anticipative processes involved in critical 
cognitive work aspects. The anticipation–action–comparison unit emerged 
that integrates the concepts of situational awareness (Endsley, 1988) and an-
ticipatory behavioral control (Hoffmann, 1993, 2003). This chapter shows 
how the anticipatory paradigm can be applied to develop pilot training pro-
grams. In addition, this chapter describes how engineered systems can sup-
port the anticipatory behavior of pilots and air traffic controllers. The final 
section addresses Butz’s (2016) computational theory of cognition and ap-
plications to the development of artificial intelligence.

Keywords: anticipatory processes, anticipation–action unit, pilot training, 
systems engineering, predictive automation, artificial intelligence

Introduction
Pilots and air traffic controllers work in a complex and dynamic environ-
ment where safe performance depends on anticipation and timely commu-
nication or performance of actions. For example, they cannot simply sit and 
wait to witness a collision between two aircraft, they must anticipate it and 
act to prevent it. Anticipation or projection of future changes relevant to op-
erational goals of an individual is considered the highest level of situational 
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awareness (SA; Endsley, 1988). SA has as a prerequisite the perception and 
understanding of key situational elements and their goal relevance (Ends-
ley, 1988). Fast information processing and SA are enabled by mental mod-
els that are activated by sensory cues (Endsley, 2000).

Kallus et al. (1997) interviewed over 100 air traffic controllers to explore 
their cognitive strategies in developing and maintaining a mental picture of 
the traffic situation. Interview data were processed using qualitative analy-
ses. The results show that air traffic controllers develop a mental picture of 
a traffic situation based on expectations (e.g., knowledge, mental models) 
and real cues. Based on these data, Kallus and colleagues (1997) developed 
an anticipation–action–comparison model that can predict the maintenance 
or loss of traffic overview of the controllers in both normal and critical sit-
uations (Figure 4.1). The maintenance of the traffic picture requires accu-
rate anticipations of both the system behavior and the effect of control com-
mands. The controllers are continuously checking the match between 
anticipated and real changes. Every match would reinforce their mental 
model, but a perceived mismatch would weaken its predictive value and, 
thus, the use of that particular mental model in a given situation. In a sim-
ilar manner, the operators predict the effects of their actions based on the 
perceived situational elements (mental picture) and stored internal models 
of action. Actual and anticipated action effects are then compared. Every 
match between anticipated and real effects reinforces their internal model 
of action, whereas any perceived mismatch weakens the use of that particu-
lar model of action in a similar situation (Kallus et al., 1997). The anticipa-
tion–action–comparison unit includes elements of both situational aware-
ness (Endsley, 1988, 2000) and anticipatory behavioral control (Hoffmann, 
1993, 2003).

The core element of anticipatory behavioral control (ABC) is the internal 
model of action (Hoffmann, 1993, 2003). Anticipated goal-relevant effects 
trigger actions (Hoffmann, 2003). In the ABC framework, internal models 
of action are developed through anticipatory learning mechanisms. It should 
be noted that anticipatory behavioral control can be initiated by subliminal 
cues that activate internal stimulus–response associations (Kunde et al., 
2003). That is, intentional responses can be linked to stimuli that have never 
been consciously identified (Kunde et al., 2003). Kallus and Tropper (2007) 
showed that anticipatory processing in pilots during flight involves both con-
scious and unconscious mechanisms.

The mismatch between anticipated and actual action effects has been 
studied by Kallus and Tropper (2007) in pilots performing a “black hole” 
approach. The group of pilots who crashed had a significantly higher heart 
rate than the pilots who successfully landed. According to Kallus and Trop-
per (2007), the pilots who crashed continued the approach instead of go-
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ing-around despite mismatches and an aroused physiological state. This was 
explained by the nature of anticipative processes that pilots need not be 
aware of or understand.

Talker and Kallus (2015) also investigated the role of distraction on an-
ticipatory mismatches in pilots with different levels of experience. They 
studied the effect of inducing the Coriolis illusion (a wrongly perceived 
pitch-up or pitch-down motion) in a simulator cabin in constant clockwise 
horizontal rotation. A reaction test was used as a distractor. The participants 
were asked to push a button when hearing a particular sound sequence. This 
study showed that the distraction of attention and the connected movement 
of the head may result in a mismatch between expected and actual sensa-
tions of motion. Thus, if experienced pilots fail to anticipate the effect of 
moving their head while in constant horizontal motion, they are prone to 
the Coriolis effects (e.g., the illusion of pitching up). Experienced pilots that 
kept focusing their attention mainly on the ongoing motion had fewer mis-
matches. Talker and Kallus (2015) concluded that distracting top-down at-

Figure 4.1 The anticipation–action–comparison unit� Reprinted with permission from 
“Model of the Cognitive Aspects of Air Traffic Control” by K� W� Kallus, M� Bar-
barino, & V� van Damme (Report No� HUM�ET1�ST01�1000-REP-02), Figure 5� 
© 1997 EUROCONTROL� 
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tention from flight affects anticipatory processes negatively, thus, enabling 
illusions and misperceptions such as the Coriolis effect. As in the study of 
Kallus and Tropper (2007), mismatches have been found to be accompa-
nied by a specific pattern of physiological activation.

Applications of the Anticipatory Paradigm to 
 Pilot Training
The effect of pilot training on anticipatory processes has been studied ex-
tensively (Kallus, 2012; Kallus & Tropper, 2007; Koglbauer et al., 2011; 
Talker & Kallus, 2015). Applications of the anticipatory processing paradigm 
to pilot training aim to support trainees in developing mental models and 
internal models of action that include action–effect relationships.  Feedback 
fosters the comparison mechanism, and the adjustment of mental models 
and internal models of action.

Collision Avoidance Training
Koglbauer (2015a) developed a method for training student pilots to antic-
ipate the time-to-collision, the relative distance and to select a proper avoid-
ance action during simulated flight including collision and non- collision 
scenarios. As soon as the trainee decided the encountered traffic was on 
collision course, the simulation was frozen. The trainee then verbalized an 
estimation of the time–to–collision and relative distance between their air-
craft and the conflicting traffic, as well as the correct avoidance action in 
accordance with the rules of the air for visual flight rules (VFR) flight. The 
trainee received immediate feedback about the correct parameters. Estima-
tion accuracy was assessed as the ratio of subjective–to–objective time–to–
collision (Koglbauer, 2015b). Thus, a ratio of 1 indicates a match between 
the subjective estimation and objective measurement. The trainees signif-
icantly improved their estimation accuracy: After training the average  ratios 
of subjective–to–objective time-to-collision decreased from 1.97 (SD = 0.28) 
to 0.84 (SD = 0.06). In addition, the average ratios of subjective–to–objec-
tive distance improved from 2.16 (SD = 0.31) to 1.52 (SD = 0.14). Furthermore, 
the ability of trainees to select correct avoidance actions improved after 
training. Koglbauer’s (2015a) results show how the anticipative paradigm 
can be applied to teach anticipatory cognitive skills for collision detection 
and avoidance. Specific feedback enabled the comparison between antici-
pated and real collision parameters and an improvement of trainees’ pre-
dictions and action selection.
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Peer Commentaries
Methods in a broad sense are essential to both research and practice. This 
book offers a comprehensive overview essential to everyone in aviation and 
is an excellent tool box for both practitioners and researchers in aviation. 
Its comprehensive and future-oriented outlook on methods and techniques 
in aviation make it a unique contribution to the field of aviation psychology 
– a must for both researchers and practitioners.

Professor Monica Martinussen, PhD, Faculty of Health Sciences, UiT The Arc-
tic University, Tromsø, Norway

This book takes a practitioner’s approach to aviation psychology and pro-
vides an excellent, concisely written overview on important techniques and 
methods, including the current state of the art regarding the most frequently 
used psychophysiological measurements. All chapters are supplemented by 
a wealth of references for further reading. I particularly liked Eric Groen’s 
brilliant overview on Spatial Disorientation Research, and obtained several 
interesting new insights on the biophysiology underlying stress and stress 
recovery from the chapter written by Thomas and Christiane Uhlig.

I am convinced that much of the material presented in this book is also 
highly relevant for people working in other fields of applied psychology, such 
as the automotive industry.

Christoph Vernaleken, DEng, Expert Human Factors Engineering, Airbus De-
fense & Space GmbH, Manching, Germany

The book reflects the evolution of the field of aviation psychology and 
human factors and presents many examples of contemporary research that 
contribute to enhancing aviation safety. 

The book highlights the critical role of aviation psychology research in 
ensuring our advances in technology anticipate human factors issues and 
fully integrate a human factors perspective into new technologies across all 
aspects of aviation, from the flight deck to air traffic control, engineering, 
maintenance and beyond. The real strength of this book is the focus on 
bringing together aviation psychology with physiology. With chapters ded-
icated to the objective measurement of human performance including eye-
tracking, cardiac, and other forms of physiological monitoring the book sets 
out an agenda for future research with an integrated and holistic perspec-
tive of contemporary human factors.

Matthew Thomas, PhD, Westwood-Thomas Associates and Central Queensland 
University, Australia 




