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Welcome to Measuring Behavior 2012  

��

We are delighted to welcome you all to the 8th Measuring Behavior conference. Building on 
the format that has emerged from previous meetings, this year we have also endeavored to 
bring together an international audience engaged in the development and validation of 
methods for recording and understanding behavior and actions in their broadest sense. We 
thank all of you for bringing your best and most exciting science.  

This year sees the return of Measuring Behavior to its birth place, Utrecht. It was here, that 
two visionaries, Berry Spruijt and Lucas Noldus, realized their ambition to bring together the 
scientific community interested in the objective recording and interpretation of behavior.  
Both remain actively involved in the further development of this field and play significant 
roles in this meeting, and the scientists present here today owe them a great deal of foresight 
and vision. Utrecht University with its international reputation in behavior and veterinary 
science was the ideal breeding ground for the conference. The measuring of behavior has 
always been an important topic in its research, and is currently reinforced in the University’s 
strategic themes Life Sciences and Youth & Identity.  

Scientifically, this year’s program encapsulates the recent conceptual progress in the 
development of translational tools highly relevant for medical research, combined with 
technical advances in terms of hard- and software for improved recording and as a response to 
the ever increasing challenges of data analyses. Encompassed are Special Sessions dedicated 
to selected topics, Workshops, User Meetings, Tutorials, Demonstrations, General sessions 
and Poster presentations representing the global endeavors to record, quantify and understand 
behavior. Highly recommendable are also the Keynote lectures delivered by three outstanding 
and highly respected speakers. Finally, we trust you will enjoy the scientific tours in the 
Utrecht region and the social events, into which a lot of hard work has gone by the Local 
Organizing Committee. 

We hope this program caters for many of your interests and we look forward to seeing and 
hearing your contributions and trust it will become a productive, exciting and memorable 
conference.  

 

Andrew Spink (Noldus Information Technology, The Netherlands) 

Gernot Riedel (University of Aberdeen, United Kingdom) 

Remco Veltkamp (Utrecht University, The Netherlands) 

Berry Spruijt (Utrecht University, The Netherlands) 

Conference Chairs 
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The Measuring Behavior Conferences 

Measuring Behavior is a unique conference about methods and techniques in behavioral 
research. While most conferences focus on a specific domain, Measuring Behavior creates 
bridges between disciplines by bringing together people who may otherwise be unlikely to 
meet each other. At a Measuring Behavior meeting, you find yourself among ethologists, 
behavioral ecologists, neuroscientists, experimental psychologists, human factors researchers, 
movement scientists, robotics engineers, software designers, electronic engineers, human-
computer interaction specialists… to name but a few. Experience tells us that the focus on 
methodological and technical themes can lead to a very productive cross-fertilization between 
research fields. Crossing the boundaries between disciplines and species (from astronauts to 
zebras) can be extremely inspiring.  

Measuring Behavior started in 1996 as a workshop in the framework of a European research 
project “Automatic Recording and Analysis of Behavior”, aimed at sharing the results of our 
project with colleagues from abroad. Organized by Noldus Information Technology and 
hosted by Utrecht University, Measuring Behavior ’96 attracted over 150 participants. From 
that modest beginning, the conference has grown to a significant international event with 
several hundred delegates from thirty plus countries. We have also grown in terms of the 
scientific quality of the conference, with selection of papers now being determined by a 
process of independent peer-review by many hundreds of reviewers. The scientific program 
committee is very grateful for all that work that many of you reading this have contributed 
towards. In 2012, we return to our ‘birthplace’ and, appropriately, our first conference chair, 
Prof. Berry Spruijt, is honorary chair this year.  

Noldus Information Technology serves as conference organizer and main sponsor. For a small 
company like ours, the conference is a major investment. We gladly do this, because we 
believe that the focused attention on behavior research methods and techniques will 
eventually lead to a higher demand for our solutions. To prevent commercial bias, however, 
the scientific program is put together under auspices of an independent Scientific Program 
Committee, consisting of international experts from a broad variety of disciplines (see the 
Scientific Program Committee on page 520) and many different research groups and 
companies have contributed and participated in this series of conferences. 

Over the years, the conference has been hosted by a variety of universities: 

Year  City  Conference chair 

1996  Utrecht Berry Spruijt 

1998  Groningen Jaap Koolhaas 

2000  Nijmegen Alexander Cools 

2002  Amsterdam Gerrit van der Veer 

2005  Wageningen Louise Vet 

2008  Maastricht Harry Steinbusch 

2010  Eindhoven Boris de Ruyter 

2012  Utrecht Remco Veltkamp & Gernot Riedel 
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In the scientific program, which is well balanced between human and animal research, you 
can find a variety of formats for presentation, interaction and exchange of information. In the 
past years we have seen that the special sessions (with speakers invited by session chairs) 
have become more prominent, and also the Demonstration Showcase has become more 
popular. 

Measuring Behavior is a scientific conference, so special attention is paid to publication of the 
work presented at the meeting. The format of papers in the Proceedings is always a matter of 
debate, due to the different conventions of the many disciplines represented at the conference. 
After trying a variety of formats over the years, we have settled on extended abstracts (1-2 
pages for posters and 2-4 pages for oral presentations), and that seems to be the best 
compromise between a text with enough content for both lasting value and being possible to 
review and short enough so that the effort for the writers is not excessive. An important 
feature of the conference Proceedings is that they are all available as open access from 
measuringbehavior.org. As usual, we will be having post-conference publications as special 
editions of selected journals, and we hope to be able to announce which journals are selected 
during the conference itself. 

Now you find yourself at the 8th Measuring Behavior conference. The organizers have done 
their best to prepare an optimal mix of scientific, technical, and social ingredients. We hope 
that you will find Measuring Behavior 2012 a rewarding and stimulating experience and wish 
you a pleasant stay in Utrecht.  

 

Lucas P.J.J. Noldus 

Managing Director, Noldus Information Technology bv 

l.noldus@noldus.nl 

 

Andrew Spink 

Chair of Scientific Program Committee, Measuring Behavior 2012 

Andrew@measuringbehavior.org 
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Measuring Behavior 2012: 
Highlights of the scientific program 

The eighth edition of Measuring Behavior covers an even wider diversity of scientific topics 
than its predecessors. Within that diversity, some clear trends are visible.  Tracking 
technologies are becoming more important.  A few years ago, video tracking dominated the 
field, and although advances are being made in automatic behavior detection from video 
images, the tracking itself now uses a variety of different techniques as (for instance) GPS 
signals become more accurate and use lighter sensors.  The rule remains that there is not much 
point collecting behavioral data if you cannot analyze and interpret it, and there are papers on 
analyzing both spatial data and other sorts of behavioral data. Indeed, technology and science 
constantly influence each other. 

Another trend over the past few years is for physiological and other sensors to be used more 
and more in combination with traditional behavioral measures. New technologies enable less 
intrusive and more accurate measurements, and as those measurements have become more 
common, so the interpretation of them has become more reliable. As in many areas in the 
field, this is one domain where insights in controlled conditions studying animal behavior 
have spilled over into both studies of human behavior, and studies in less confined contexts.  
As well as physiological data, signals in terms of auditory (and other) communication, the 
measurement of engagement, interactions with touch screens and capturing human behavior 
interacting with computers and other machines has really moved into the mainstream.  Human 
factor research has become such an important domain that a number of different sessions are 
dedicated to it, including control of cars and planes, interaction of (and engagement with) 
games, and measurement and analysis of errors in peoples’ interaction with software.  

The above list of domains indicates that the proportion of behavioral measurement carried out 
in purely artificial environments is increasingly small. Most of the psychological advances 
presented at Measuring Behavior are experiments carried out in realistic environments, and 
especially in the context of animal research, the developments of home cages has allowed for 
the assessment of a much richer and natural range of behaviors (ethogram) than was present a 
few years ago. The importance of the possibility of a subject displaying a natural behavioral 
repertoire has become increasingly clear to researchers, and with it the necessity for good 
welfare conditions (in addition to the ethical imperative). Measuring Behavior has increased 
the welfare requirements for submitted papers this year and there is also a special session 
devoted to this subject. 

Animal research is sometimes carried out because the animals’ behavior is interesting in 
itself, and at other times because it may act as a model for human behaviour or disease.  In a 
few cases that can best be achieved by developing new animal models (see the example of 
zebra fish as they have a better developed visual than olfactory cortex, and are in this respect 
a better model for human cognition than the traditional rodent models) and in some other 
cases by further development of existing models to critically examine their translational value. 
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Technical and methodological development critically relies on ‘hands-on’ experience, that is, 
the knowledge of what each subject is capable of and how training procedures can be 
implemented so that data are gathered unambiguously reporting on the research questions to 
be answered.  This know-how comes to a great extent from MSc or PhD students.  This year, 
we sought an even stronger incorporation of this group of researchers, and so we have 
reduced the student registration fees, increased the number of student travel grants and 
introduced a prize for the best student presentations.  

Measuring Behavior 2012 uses the same presentation formats that have been built up over the 
past seven conferences.  In 2012, most presentations will take place in special sessions 
(previously called symposia and special interest groups), in which the session chair has 
invited speakers.  By contract, the general sessions (full papers) and posters are submitted as 
individual abstracts and clustered together by the conference organization.  Tutorials are 
longer presentations teaching existing techniques, and demonstrations showcase new 
prototypes of software and hardware relevant to our research. The conference program is 
completed by four types of events outside the scientific program; user meetings, scientific 
tours, a commercial exhibition and social events. 

In 2012, Measuring Behavior returns to the city and university where the conference started 
16 years ago. Utrecht University is the oldest university in the country (founded 1636) and in 
the Shanghai ranking comes out as the best in the country.  It has an outstanding record in 
behavioral research and is a very fitting location for us to return to. 

 

Andrew Spink 

Chair of Scientific Program Committee, Measuring Behavior 2012 
Andrew@measuringbehavior.org 
 

Gernot Riedel 

Conference Chair, Measuring Behavior 2012 
G.Riedel@abdn.ac.uk 
 

Remco Veltkamp 

Conference Chair, Measuring Behavior 2012 
R.C.Veltkamp@uu.nl 
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Keynote lecture 

Professor Yadin Dudai 

Weizmann Institute of Science, Rehovot, Israel; New York University 

 

About the speaker 

Yadin Dudai is the Sela Professor in Neurobiology at the Weizmann Institute of Science, Rehovot, Israel, the 
Albert and Balanche Willner Family Global Distinguished Professor of Neuroscience, New York University. He 
studied biochemistry and genetics, with supplements in modern history, at the Hebrew University in Jerusalem, 
received his Ph.D. in Biophysics from the Weizmann Institute of Science, and conducted his postdoctoral 
training at the California Institute of Technology, Pasadena, where he had been on the team that pioneered 
neurogenetic analysis of memory. Over the years he has been a visiting Professor at many academic and 
research institutions in the US and Europe. With research interests that include brain and behavioral 
mechanisms of learning and memory, as well as their interaction with culture, Prof. Dudai has over 190 
professional publications in the field of brain and memory, including key books in the discipline. He has been 
awarded numerous honors, is a member of professional bodies in the fields of science, education, and science-
society interactions, and serves on the boards of scientific journals in the neural- and cognitive sciences. Prof. 
Dudai also has professional experience in administration and R&D planning. He has held multiple posts in 
public and academic life, including Advisor on Science Policy in the Prime Minister's office in Jerusalem, 
member of the Granting and Planning Committee of the Israeli Council for Higher Education, member of the 
Israeli and International Pugawsh group, chair of the life-sciences teaching program and of the postdoctoral 
programs at the Feinberg Graduate School of the Weizmann Institute of Science, Dean of the Faculty of Biology 
and Chair of the Department of Neurobiology and of the Brain Research Centers at the Weizmann Institute. 
Prof. Dudai also serves as the scientific director of the Israeli Center for Research Excellence (I-CORE) in the 
cognitive sciences. 

The Neurobehaviorist Paradox: When Knowing More is Less 

The stunning developments in molecular and cellular methodologies bring behavioral analyses of so called 
“model organisms”, ranging from worms to rodents, into the toolbox of every self-respecting biology 
laboratory. Yet in most cases, a dissonance is apparent between the depth of analyses of the molecular 
mechanisms on the one hand and that of the behavior on the other. To this date it is not rare to encounter 
reliance on a single behavioral measure as if it is a litmus test, evading the complexity underlying the behavior 
in real-life. Paradoxically, however, some major findings linking molecules to behavior found their way into the 
cannon of the scientific literature because the lack of detailed knowledge about the behavioral complexity 
allowed the investigators to reach their conclusions. Had the behavior of model organisms been known at the 
same resolution as that of the experimenter, the authors would have been much more reluctant to link identified 
molecular mechanisms to distinct attributes of normal and pathological behavior. I will discuss the tension 
between knowing too little and knowing too much about behavior, and illustrate how in the neuroscience, one 
might wish to adhere to that level of resolution of behavior that is just useful enough to allow productivity 
without sacrificing realism on the one hand but boldness on the other. 
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Keynote lecture 

Professor Berry M. Spruijt 

Delta Phenomics, Utrecht, the Netherlands and Department of Biology, Utrecht 
University, Utrecht, the Netherlands 

About the speaker 

Prof. Dr. B.M. Spruijt is holds a Chair in Ethology and Welfare, which involves research into the sensitivity of 
reward systems and positive emotions. This research is aimed at the assessment of welfare from the perspective 
of the animal. An important premis is that for the early detection or prevention of welfare problems one should 
measure the animal's appraisal of its environment rather than wait until post hoc pathological symptoms of 
chronic stress have been developed. The need for welfare measurement in, for instance, livestock husbandry 
practices at a large scale, and the need for objective measurements inspired an already long existing interest in 
automation and valorisation of ethological procedures. Furthermore, also in behavioural neuroscience, 
behavioural pharmacology and toxicology an urgent need for less laborious and more reliable and reproducible 
methodology exists, being more animal friendly at the same time. For rodents, a system (PhenoTyper®) has been 
developed that prevents the influence of confounding factors such as the presence of human observers, transport 
before the test, etc. (Spruijt and de Visser, 2006; de Visser et al., 2007, 2006). It also allows the distinct 
assessment of reactions to novelty, anxiety and cognitive performance as the system is equipped with various 
programmable (aversive and rewarding) stimuli to activate various behavioural systems in the home cage. 

The collaboration with Noldus Information Technology (Wageningen, the Netherlands) resulted in the founding 
of a company Delta Phenomics, offering contract research services  for pharma, food companies and other 
research institutes. 

Back to the future II - Validation of paradigms of the past and technology of the future 

The first open field study for rodents was conducted 1934; the issue of what is exactly measured in such an open 
field test has been addressed in the first review written in 1973[1]. In a recent review Haller & Alicki [2] 
mention that the open field is still a frequently used test nowadays, despite innovative alternatives. The open 
field is used for exploratory behaviour, habituation, anxiety depression, schizophrenia, but also for more 
pharmacological questions. The ethogram used has always been a topic of debate.  Technological innovations in 
molecular biology, biochemistry electrophysiology and histochemistry have enormously facilitated the level of 
resolution of independent variables, the acceleration of production of results and yielding new read out 
parameters and new insights. Now, the question emerges: Are there comparable benefits from technological 
innovations for behavioural science in terms of new parameters, results and insights as well? What has changed 
in the course of 80 years?  

The introduction of the Skinner-box with its increasingly automated electro-mechanical devices is 
indistinguishable connected with the behaviouristic approach and has induced a discipline on its own already a 
long time ago. According to a review of Haller and Alicki2 all innovations are mainly used by the innovators 
themselves. In fact, the oldest tests are still most frequently used, almost in the same way for decades. Has it just 
been a mere improvement in efficiency and costs replacing the human hand and eye by a device? This is more 
than a rhetoric question. 

The topic of this paper highlights the necessity to validate novel technologies in behavioural sciences, an attempt 
that is hampered by the fact that the classical behavioural tests are poorly validated.  

The driving force behind the use of well-known tests for studying the proximate causation of behaviour is the 
scientific discipline of comparative or translational research which uses animal models for human health and 
medical care. Of all 2.637.720 behavioural studies (including economics etc.) 775.662 are on human behaviour, 
123.726 are on rat behaviour and 59.320 are on mouse behaviour. So by far, animal behaviour means ’rodent’ 
behaviour studied as model for man in neuroscience and preclinical research. 
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Oversimplified ethological set ups are characteristic for laboratory tests: next to Skinner boxes, various mazes, 
open field, light dark boxes, conditioned fear shock box, defensive behaviour paradigms, attention tasks, all are 
classical tests. While the Skinner box is limited in its underlying assumptions resulting in conceptual constraints, 
ignorance of genetically determined natural behaviours and  focus on a few artificial read out parameters (nose 
pokes, lever presses etc.), most other tests suffer from biased human observations and short test durations. Often, 
the focus is on behaviour of individuals, mostly of the male sex. We may assume that humans may be skilled in 
interpreting primate behaviour, but the nocturnal rodent who is strongly relying on olfactory senses, touch and 
also sound – this is a different story. Furthermore, humans can hardly resist interpreting behaviour while 
observing. For example, when the distance between two animals declines, the human observer easily scores 
‘approach behaviour” as if he/she can recognize the intention of the animal.  

 The subjective influence of the human observer and the large inter-observer and inter-lab differences are 
substantial. The ongoing debate on the fuzzy and hardly reproducible results culminated in papers in the nineties 
and early 2000 when mouse mutants became available in large numbers3. 

Automated methods could solve the reliability issue. But then scientists rightfully demand validation of these 
methods and techniques as there is no a priori ‘intuitive’ knowledge of a specific behaviour defined by a 
computer algorithm.  

To understand why some tests have been successfully automated and others not one has to distinguish two types 
of research question using these tests: 

1. A test for addressing a straightforward question where a few behavioural read-out parameters are used 
to assess dose-response relationship. Example: amphetamine induces locomotor activity. Distance 
moved is then used as a litmus paper indicative for the effective dose. This approach is applied in 
behavioural and safety pharmacology. 

2. The same parameters in the simple test are used for the functional interpretation of a treatment. Let us 
say the same test is used for the efficacy of diazepam in anxiety. Now low activity (immobility or 
freezing) is assumed to be indicative of anxiety and the drug acts anxiolytic by increasing locomotor 
activity.  

Tests used to answer straightforward questions are not necessarily validated for functional interpretations. Thus, 
the validity of a specific set up depends on the scientific question and the interpretation of behaviour depends on 
the scientific context. Nonetheless, we see whole batteries of tests (mainly simple tests previously used for rats) 
being used for describing the effects of a novel drug or the phenotype of unknown mouse mutants in functional 
terms. 

Given the broad array and the huge number of studies conducted over time using those classical tests of open 
field and elevated plus maze, the need for validation seems to have faded away against the background of a 
familiar and extensive mixed set of data. The interpretation of immobility in case of an anxiolytic drug action 
and low activity in case of a stimulant may be acceptable when the treatment effects are well known. 

The question remains: How can behaviour such as immobility be used for a biological relevant functional 
interpretation of behaviour in terms of anxiety when an unknown drug or mutant mouse is studied?  

The validation of innovative technology is difficult to design in a convincing way because of unclear validation 
criteria. Let us consider two aspects:   

First, the aim is to get rid of human (mainly visual) observations. However, there is that desired link with the 
previous intuitive way of scoring and interpretation. We want a new technology to score immobility the same 
way as human observers do, even when inter-observer reliability is low. We have to accept that if new 
technology has to match previous methods, little will be gained. For straight forward questions such as: 
amphetamine induces locomotion, previous results will be confirmed. 
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Second, novel technologies allow extending the time of observation and ethograms. Novel drugs or mutations 
may have all kind of effects on behaviours which have not been measured before, complicating the previously 
assumed and simplified specificity. 

The caveat of a more automated comprehensive approach, detecting a wider spectrum of behaviours over a 
longer period of time is that it yields a complex set of data. Those numbers representing movements, velocity, 
(changes in) contour of animals etc. do not have a direct intuitive representation in terms of behaviours as one is 
familiar with by using classical studies. Thus, at first sight the data set might be apparently without any meaning. 
This may be business as usual in other scientific disciplines where math is more generally used and accepted, but 
cumbersome for behavioural scientists, who like to rely on their own way of observing animal behaviour which 
leads us back to the first item.  

How to get out of this vicious circle? 

It requires special tools for exploring the data. Descriptive studies require special data mining tools. Hypothesis 
driven studies have a priori defined parameters and those which appeared to have changed without a priori 
prediction need to be explained. Since the number of parameters may be very large, an appropriate analysis and 
interpretation is intriguing and challenging. Behaviour as human observers see it, always elicits associations in 
terms of meaning or differences. Scepticism and doubt emerge about the meaning of those newly generated 
abstract numbers. One is tempted to fall back on familiar and ‘simple’ tasks. 

The user – not the observer in case of automated observations – has to rely on numbers, not knowing exactly 
how these numbers are generated. Therefore, the need for proper validation is justified. But this requires an 
appropriate test paradigm which allows the detection of the parameters generated by the technology. It is the 
tradition and the apparent need for simplicity which have restricted the validation and use of automation and 
technological innovation.  

Now, automation of the measurement of parameters in classical tests focusing on individual animals in a 
relatively simple environment lent itself for automation and it is there where technology found its entrance. 

The advantage is mainly a matter of saving time, more precision etc. but hardly any new parameters.  Distance 
moved and time spent in certain areas are probably the most commonly used parameters. 

For the progress of behavioural sciences in methods and paradigms we need the two available kinds of technical 
innovations: 

1. Statistical and methodological procedures to go beyond the mere counting of frequencies and 
durations. 

2. Data collection instruments by use of sensors connected to a computer. 

ad1 )  That behaviour is more than a sum of frequencies and/or duration had been noticed before: behaviour is a 
stream of events organized in time and space: temporal organization or sequential organization of behaviour as is 
explained in various ethological text books. Both time and space had been neglected in the most frequently used 
tests. The elegant studies of Golani and Benjamini [4] show that exploration is a gradually extending patterning 
of behaviours in the available space, which has to be bigger than anything regularly used in laboratories. The 
analysis of the temporal organization by using transition matrices or t-patterns had also been used decades ago, 
but did not evolve into a general tool. The rapid access to computer power eased the use of these methods but 
even that did not yield a breakthrough of such methods. However, mainstream users sticking to classical 
methods slow down the progress in this field.  

ad 2) Infra-red beam devices are a simple way of monitoring activity; a kind of grid and the interruption of a 
beam could allocate the animal to certain area in an open field-like apparatus. Later on, video- images were 
digitized and then fed into a computer. These methods are activity based thus, quantifying a change in position 
of an animal. Another set of features was added later. The animal was now not reduced to a single point such as 
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for instance the centre of gravity, but the nose tail points of the animal and the contour of its periphery was used 
to include more form related characteristics. The dynamic changes of the contour allowed the distinction of some 
behaviours such as grooming, rearing exploration, immobility etc. The need for high throughput phenotyping 
tried to take advantage of automated devices. However, well known classical tests were often just combined in a 
battery of tests and therefore counteracting the initial approach. 

The full potential of using technology which could bring the whole discipline of behavioural science to a higher 
level requires a paradigm shift as the animals have to be provoked to display the whole potential of behaviours. 
Though, technology now allows a shift in paradigms as the laborious and complex human observations can be 
avoided and new parameters can be added, it requires validation of the paradigm and the technology. This is one 
of the reasons for the lack of progress in using new paradigms in behavioural neuroscience.  

Pharmacological validation asks for the use of reference drugs. Thus, if a new system with the capacity to 
measure anxiety related behaviour is tested, the antagonistic effect of e.g., diazepam has to be demonstrated 
first. In contrast, effects of diazepam are based on the limited technology one wants to improve. A new 
technology might show that anxiety is more than immobility and that diazepam has more effects than 
counteracting immobility. It is not easy to break through this circular reasoning, unless it’s accepted that 
diazepam has more effects than previously assumed and that it is not the ultimate reference drug. For testing 
anxiety, consensus on what anxiety is under certain conditions is required. Therefore, we may have to return to 
and upgrade ethological concepts. 

Advanced analyses have been developed and novel measuring techniques have been introduced. There is a huge 
opportunity for improvement in the main stream of behavioural sciences. The strength of automated methods is 
that one has to explicitly formulate the behaviours of interest before they can be translated into a computer 
algorithm. A machine has the ability to perform with sustained attention and, thus, the factor time can now 
really be involved in the stream of behaviours. Rhythmicity can be revealed and behaviour of nocturnal animals 
can easily be monitored during the dark phase of the circadian rhythm. Surprisingly and to our disappointment, 
extending the duration of testing is not really extensively used yet.  

Another issue is the reproducibility. Whereas inter-observer reliability is low, a machine scores the same stream 
of events almost identically to the advantage of reliability. 

We have to demonstrate that new methods of observation and analysis tools catalyse the use of new paradigms 
yielding more and biologically relevant information, stimulating cross fertilization between innovative 
technology and expertise in behavioural sciences, an acceleration of its development is the near future.  Studies 
will be conducted under biologically-relevant conditions. This will yield animal models with enhanced 
translational value in preclinical research, new main effects and unwanted side effects of drugs can be detected 
within the same paradigm.  If we accept the limitations of existing paradigms and accept that behaviour is more 
complicated than previously assumed then technology may help to explore and understand behaviour in depth 
and stimulate for instance drug discovery to contribute to human health. 
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Keynote lecture 

Professor Maja Pantic 

Intelligent Behaviour Understanding Group (iBUG), Imperial College London, London, UK 

 

About the speaker 

Maja Pantic received M.S. and PhD degrees in computer science from Delft University of Technology, the 
Netherlands, in 1997 and 2001. From 2001 to 2005, she was an Assistant and then an Associate professor at 
Delft University of Technology, Computer Science Department. In April 2006, she joined the Imperial College 
London, Department of Computing, UK, and continued working on machine analysis of human non-verbal 
behaviour and its applications to Human-Computer Interaction (HCI). In October 2010, she became Professor of 
Affective & Behavioural Computing and the leader of the Intelligent Behaviour Understanding Group (iBUG) at 
Imperial College London. From November 2006, she also holds an appointment as the Professor of Affective & 
Behavioural Computing at the University of Twente, Computer Science Department, the Netherlands. In 2002, 
for her research on Facial Information for Advanced Interface (FIFAI), she received Innovational Research 
Award of Dutch Research Council as one of the 7 best young scientists in exact sciences in the Netherlands. 
In 2007, for her research on Machine Analysis of Human Naturalistic Behavior (MAHNOB), she received a 
European Research Council Starting Grant (ERC StG) as one of 2% best junior scientists in any research field in 
Europe. She is also the Scientific Director of the large European project on Social Signal Processing. 
In 2011, Prof. Pantic receivedthe BCS Roger Needham Award, awarded annually to a UK based researcher for a 
distinguished research contribution in computer science within ten years of their PhD. 

She is the Editor in Chief of the Image and Vision Computing Journal (IVCJ/ IMAVIS), Associate Editor of the 
IEEE Transactions on Systems, Man, and Cybernetics - Part B: Cybernetics (IEEE TSMC-B), Associate Editor 
of the IEEE Transactions on Pattern Analysis and Machine Intelligenve (IEEE TPAMI), and a member of the 
Steering Committee of the IEEE Transactions on Affective Computing. She is a Fellow of the IEEE. 

Prof. Pantic is one of the world's leading experts in the research on machine understanding of human behavior 
including vision-based detection, tracking, and analysis of human behavioral cues like facial expressions and 
body gestures, and multimodal analysis of human behaviors like laughter, social signals, and affective states. She 
is also one of the pioneers in design and development of fully automatic, affect-sensitive human-centered 
anticipatory interfaces, built for humans based on human models. She has published more than 150 technical 
papers in the areas of machine analysis of facial expressions and emotions, machine analysis of human body 
gestures, and human-computer interaction. Her work is widely cited and has more than 25 popular press 
coverage (including New Scientist, BBC Radio, and NL TV 1 and 3). See also: http://ibug.doc.ic.ac.uk/~maja/ 

Machine Analysis of Facial Behaviour 

Facial behaviour is our preeminent means to communicating affective and social signals. There is evidence now 
that patterns of facial behaviour can also be used to identify people. This talk discusses a number of components 
of human facial behavior, how they can be automatically sensed and analysed by computer, what is the past 
research in the field conducted by the iBUG group at Imperial College London, and how far we are from 
enabling computers to understand human facial behaviour.  
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On Road Observational Survey of Seat Belt Use Among Young Drivers in Qatar 
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Abstract 

Traffic accidents are one of the main cause of death in modern societies. Next to circulatory diseases and cancer, 
road accidents are probably the third major cause of death in the developed world [1]. Traffic accidents kill 1.2 
million people every year and injure or disable as many as 50 million more. They are the second leading cause of 
death globally among young people aged 5 to 29 years and the third leading cause of death among people aged 
30 to 44 years [2]. In 2010, road traffic accidents were the cause of 228 people deaths and 568 major injuries in 
Qatar. In October 2007, a new traffic law was implemented in the State of Qatar in order to reduce the growing 
number of accidents and reckless driving in Qatar. The new law forced seat belt usage for all drivers and front-
seat passengers. The objective of the paper was to investigate the seat belt use among university students drivers 
in Qatar after the implementation of the new traffic law using observational survey. Two higher educational 
facilities in Qatar were selected to conduct the research. Four students pursuing an engineering degree were 
trained in general traffic data collection methods and procedures and specifically on how to observe the vehicles 
approaching and how to collect data in sheets prepared in a specific coded way to gather the information needed. 
The trained observers stationed at four different entrances of the studied universities. The results of this study 
suggest that a significant percentage of university students do not wear their seat belts and is a clear indication 
that driving habits in Qatar have not improved since the implementation of the 2007 traffic law. 

Introduction 

Traffic accidents, one of the most important challenges of modern societies, are the third leading cause of death 
in most countries. There is no doubt that traffic accidents cause social and economic problems and leave a direct 
impact on people. With respect to economic problems, traffic accidents constitute a big burden on the society as 
a result of loss of life, injury and disability and increase in the amount of insurance and compensations. 
Although, in recent years, significant developments have been made in road safety in Qatar, and national traffic 
low was implemented, traffic statistics indicate that there is increasing in accidents in Qatar. In October 2007, a 
new traffic law was implemented in the State of Qatar. This law contained a package of rules and regulations in 
traffic system in addition to the awareness and preventive campaigns. The new law forced seat belt usage for all 
drivers and front-seat passengers. However, young drivers often do not wear seat belts. After more than four 
years of the implementation of the traffic law, it was necessary to investigate the seat belt use among young 
drivers. Better understanding of the behavior of young drivers is important since it will shed more light on 
developing plans or strategies to improve the traffic safety of this vulnerable group in society. 

Studies show that seat belts can save lives and significantly decrease motorists’ injury severity in crashes [1,8]. 
In 2008, 25,351 passenger vehicle occupants were killed in traffic accidents in the USA. Among these fatalities, 
more than 55 percent of the occupants were unrestrained [3]. The National Highway Traffic Safety 
Administration (NHTSA) estimates that an 80 percent safety belt use rate saves more than 15,000 lives per year 
and an overall societal cost of 50 billion dollars in the country each year [4]. NHTSA estimated that 13,250 lives 
were saved in 2008 due to the use of safety belts [5] among passenger vehicle occupants over age 4. Finally, 
according to the NHTSA, seat belts are approximately 50 percent effective at preventing fatalities in car crashes 
and save about 15,000 lives each year in the U.S. [6].  

In order to reduce the growing number of accidents and reckless driving in Qatar, the government has introduced 
new traffic laws stipulating severe penalties in October 2007. This law contained a package of rules and 
regulations in traffic system in addition to the awareness and preventive campaigns. The new law forced seat belt 
usage for all drivers and front-seat passengers. Children under age of 10 have also been banned from sitting in 
the front seat of the car. However, young drivers often do not wear seat belts. Young drivers and students are 
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known to be a problem age group for road traffic safety in several countries. Motor vehicle crashes are the 
leading cause of death for US teenagers, accounting for 40% of fatalities. In a study in Colorado, a higher 
proportion of young drivers were found to be involved in over-speeding, reckless driving, charged with traffic 
violations, and safety belt non-use [7]. Young drivers in New Zealand contribute disproportionately to traffic 
accident injuries and deaths. In 1999, the 15-24 year age group accounted for 25% of road deaths and 31% of 
reported injuries [8]. The objective of the paper was to determine the seat belt use among university students 
drivers using observational survey.  

Survey Design and Implementation 

Two higher educational facilities in Qatar; Qatar University (QU) and College of the North Atlantic (CNA) were 
selected to conduct the research. These two high educational facilities were chosen due to the high number of 
students (approximately 8,200 and 4,600 students respectively) compared to other higher educational facilities 
such as Texas A&M University at Qatar (approximately 390 students) and Carnegie Mellon University in Qatar 
(approximately 320 students). 

Four students pursuing an engineering degree were trained in general traffic data collection methods and 
procedures and specifically on how to observe the vehicles approaching and how to collect data in sheets 
prepared in a specific coded way to gather the information needed. Each student received a day-long training 
explaining the procedure and practicing on how to conduct the field data collection. Prior to conducting the 
actual survey, a pilot survey was administered. The four field observers were used to conduct the survey at one 
site. During the pilot survey, it was difficult to observe if drivers are wearing seat belt or not in some of vehicles 
(approximately 20%) due to the vehicles speeding. Therefore, it was decided to choose new locations where 
vehicles are forced to slow down. During the final survey, the trained observers stationed at four different 
entrances of the studied universities. The four locations were selected carefully where vehicles had to slow down 
at the speed humps located at the different entrances. This strategy allowed for easy capturing of all data needed 
from all vehicles approaching as shown in Figure 1.  

The data was collected for 701 student vehicles between 7:00 am and 9:00 am, at the beginning of the school day 
and between 14:00 pm and 15:00 pm at the end of the school day. At the studied locations, the observers team 
collected the data while the approaching vehicles slowed down to enter the gate of the university. The surveys 
objective was to collect accurate and reliable data. They made the following observations: 1) whether the 
vehicles is a passenger car or SUV; 2) whether the driver is wearing a seat belt or not; 3) whether front-back seat 
passenger is wearing seat belts or not; 4) whether front-back seat passenger is wearing seat belts or not; 5) 
gender; 6) student or adult; and race. Observations were made during daylight hours to ensure clear visibility. It 
should be noted that gender and race for the driver, front-seat passenger, and back-seat passengers were 
identified as part of the survey. The driver and passenger races were categorized as Arab-Qatari, Arab-Non 
Qatari, Asian, and American/European. The data collected were recorded manually on paper survey forms to 

Figure 1. Inspection place showing visibility of seat belt usage. 
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avoid any issues related to the visibility of the screen of electronic data collection equipment under sunlight 
conditions. According the observes, the manual method was effective, accurate, and allowed them to verify and 
easily fix any issue at the time of data entry. 

Analysis of Data 

After conducting the survey, data was transferred from the field sheets to a main Excel spreadsheet by two team 
members and verified for accuracy by the other two team members. The verification for accuracy was achieved 
by comparing the results obtained by comparing the survey forms against the Excel spreadsheet. Three separate 
worksheets were established: 1) data dictionary; 2) survey data; and 3) survey data analyzed. 

Conclusions 

After collecting and analyzing the survey data, it was concluded that the method used in the collection was 
effective and adequate. The results of this survey provide a snapshot of seat belt use in Qatar among young 
drivers. Findings of this survey indicated that nearly 57.3% of the young drivers were not wearing seat belts. The 
number of male and female drivers in the random sample were 467 and 234 respectively. The paired t test, a 
parametric test, was conducted to identify if there were significant differences between male and female drivers. 
Using the two-tail t test, the null hypotheses was rejected at the 5% significance level, as the p value was 0.000. 
The results show that male drivers have a lower seat belt use rate with 71.5% of male drivers found not wearing 
seat belts compared to 29.1% of female drivers not wearing seat belts. In addition, it was found that Qatari 
students have a lower seat belt use rate than other non-Qatari categories. 76.1% of Qatari drivers were found not 
wearing seat belts compared to 32.9 non-Qatari not wearing seat belts (p = 0.000). Finally, vehicle type seems to 
show a significant gap between unbelted and belted students. Students in SUV’s have a higher non-seat belt use 
rate (65.9%) than those in other vehicle types (46.6%). 

The results of this study suggest that a significant percentage of university students do not wear their seat belts 
and is a clear indication that driving habits in Qatar have not improved since the implementation of the 2007 
traffic law. There are no simple remedies for drivers not wearing seat belts, however, there are a variety of 
countermeasures. These countermeasures include children education, driver education and awareness, legislation 
and enforcement. Not using the safety belt is a behavioral issue, so educational programs targeting the change of 
the all driver’s behavior will also lead to an increase in the safety use rate in the driving population. Previous 
research indicated that programs designed to encourage seat belt use in young children can increase seat belt use 
by the children and their parents, particularly in low income neighborhoods [9]. In addition, implementation of 
more restrict regulations will be necessary. Another study showed that an increase in fine level from $25 to $60 
was associated with a three to four percent increase in observed seat belt use [10].  
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Abstract 

The goal of this paper was to develop a method to study the driver’s lane changing behavior occurring on arterial 
streets under heavy traffic volumes. This work focus on studying roadway segments with short spacing between 
signalized intersections suffering from delay problems due to the lane changing behavior. The heavy delay 
problems result from the through vehicles changing lanes to turn right at the downstream intersection conflicting 
with side street vehicles entering from an upstream intersection and changing lanes to turn left or go through at 
the downstream intersection. The method utilized video cameras and road tubes to collect the data. It was found 
that this method was effective, accurate, and allowed for collecting accurate information regarding the driver’s 
lane changing behavior. 

Introduction 

Two sites were selected for the analysis. These two sites suffer from a delay problem due to the lane changing 
behavior. The first site was on State Road 421 between the I-95 Off-Ramp and Airport Road in Port Orange, 
Florida and the second site was on State Road 50 between State Road 408 Off-Ramp and Bonneville Drive in 
Orlando, Florida. The two sites exist at the exit ramp of a diamond interchanges where the side street vehicles 
enter the arterial street through a free right turn lane. These two sites have the following criteria: relatively short 
spacing between two signalized intersections that are running in coordination; moderate to heavy road volumes; 
and no driveways or median openings between the two signalized intersections. The arterial segment had two 
through lanes. The downstream intersection had a left turn lane and a right turn lane. Figure 1 shows the studied 
movements occurring on the two arterial segments. These movements caused heavy delay along the two 
segments as shown in Figure 2.  

 

Figure 1. Aerial maps showing the studied movements at the two studied sites. 
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Figure 2. Breakdown conditions on the two arterials. 

Data Collection 

Video cameras were used to collect the data. The cameras were used for two purposes. First, the cameras were 
used to record the driver’s behavior. Second, the cameras were used to obtain volume counts and turning 
percentages along the arterials. To be able to achieve these two goals, the cameras were positioned on a high 
position (the I-95 bridge and the SR 408 bridge) to cover the studied segments (see Figure 3). The lane changing 
area was defined as the area between the end of the gore area at the first intersection to the stop bar at the second 
intersection. The cameras were zoomed in to capture the movement of each vehicle within the lane changing 
section. In order to determine the location where the vehicle performed the lane changing, road tubes were 
placed at a 100 feet spacing starting at the gore area as shown in Figure 3. The tubes acted as distance meters. In 
addition to the video, aerial photographs and detailed sketches of the two sites were obtained. These sketches 
included the geometry of each site including the number of lanes, channelization, auxiliary lanes, and the 
distance between the two signalized intersections. At each site, eight hours of data were collected on a normal 
weekday using the video recording equipment.  The time periods were selected so that two hours in the morning 
period (7:00 a.m. to 9:00 p.m.), two hours in the midday period (11:00 a.m. to 1:00 p.m.), and four hours in the 
evening period (2:00 p.m. to 6:00 p.m.) were observed.  

The reduction of the field data involved observing the videotapes of each site. The videotapes were used to 
observe the lane changing movements and also to obtain accurate counts and turning percentages along the 
arterial. This method was used since it was hard to observe the lane changing and to count the vehicles in real 
time at high volumes. Accuracy in video data is due mainly to the fact that the viewer is able to view the 
videotape more than one time. Therefore, the viewer can concentrate on a single movement and then when 
finished rewind the tape and observe a different movement. Data reduction sheets were created for each site so 

Figure 3. Video camera positioned on the bridge and road tubes placed every 100 feet along the arterial.  
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that the lane changing distance and the origin-destination patterns of individual vehicles could be recorded. The 
lane changing distance is defined as the distance from the gore area to the location where the vehicle crossed to 
the desired lane. Videos were then watched in slow motion to verify the lane changing distance, the origin-
destination information, and the number of lane changes required to complete the movement. The origin-
destination volumes, the lane changing distances, and number of lane changes were recorded in one-minute 
increments.  

Analysis of Data 

It was also found that there are five types of lane changing movements occurred. Type 1 and Type 2 were 
originated from the mainline and attempted to reach the right turn lane at the second signalized intersection. 
Type 1 vehicles had to perform one lane change in order to complete the desired lane changing maneuver. Type 
2 vehicles had to perform two lane changes in order to complete the desired maneuver (change one lane to the 
second through lane then a second lane change to the right turn lane). Types 3, 4, and 5 were lane changing 
movements originated from the side street free right turn lane to go through or turn left at the second signalized 
intersection. Type 3 vehicles had to perform one lane change in order to complete the desired lane changing 
maneuver (move to the through lane). Type 4 vehicles had to perform two lane changes in order to complete the 
desired lane changing maneuver (change one lane to the first through lane then a second lane change to move to 
the second through lane). Type 5 vehicles had to perform three lane changes in order to complete the desired 
lane changing maneuver; the first land change to move to the first through lane, the second lane change to move 
to the second through lane, and the third lane change to the left turn lane. 

It was found that 64% of the lane changing movements were originated from the side street and 34% was 
originated from the main street. The majority of lane changing volume occurred between Type 1 (35%) and 
Type 3 (40%), which accounted for 75 % of the total lane changing volume. Type 2 was the lowest lane 
changing volume (1%), which indicated that most vehicles that wanted to perform the lane changing movement 
from the main street preferred to change lanes to be in the outside through lane before entering the lane changing 
area to minimize the number of lane changes to only one lane change. The percentage of Type 4 was 13%, which 
indicated that some of the vehicles preferred to change two lanes to be in the inside through lane on the main 
street. This is probably due to the impression that the inside through lane will be faster than the outside through 
lane due to less distraction after the intersection.  Type 5 (11%) is mainly based on the number of vehicles that 
had to perform a left turn at the second intersection. 

The average lane changing distance for the 4,443 vehicles tracked for each type of lane changing were 
calculated. The average lane changing distance (D1) is the average of the lane changing distances required to 
perform the first lane change measured from the end of the gore area (applicable to all types). The average lane 
changing distance (D2) is the average of the lane changing distances required to perform the second lane change 
measured from the end of D1 (applicable only to types 2, 4 and 5). The average lane changing distance (D3) is 
the average lane changing distances required to perform the third lane change measured from the end of D2 
(applicable only to type 5). 

It was found that Type 5 has the minimum value of D1. These vehicles had to perform three lane changes and 
they had to start the lane changing movement as soon as they enter from the side street to the main street. D1 for 
Type 1 was also low because some of the vehicles in this type started the lane changing movement before the 
end of the gore area (driving on the gore area striping). The maximum value of D1 was for Type 3 where 
vehicles had to perform only one lane change. D1 for Type 2 and Type 4 were very close (157 feet and 143 feet 
respectively). These two types had to perform the same number of lane changes (two) in order to complete the 
desired lane changing maneuver. 

A comparison of D1, D2, and D3 was done for the two studied sites. The main difference between the two sites 
was the distance between the end of the gore area to the stop line at the second intersection (LG). LG for the first 
site was 532 feet and for the second site was 730 feet. It was found that D1, D2, and D3 decreased dramatically 
when LG decreased which indicates the great effect of the distance between the two intersections on the average 
lane changing distance for the different lane changing types. 
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Conclusions 

This paper has examined the different lane changing movements occurring between two close-spaced 
intersections for two sites in Florida. The two sites have a heavy right turn volume entering from the side street 
and close-spaced intersections. The paper has also studied the breakdown conditions occurring on the two 
arterial segments and caused by the lane changing movements. It was found that the breakdown conditions occur 
in two cases. The first case occurred when the main street through volume was heavy with moving queues 
observed extending onto the first intersection. In this case, vehicles entering from the side street could not find 
adequate gaps on the main street and had to reach a complete stop waiting for a gap on the main street. In the 
second case, the left turning volume at the second intersection was heavy and blocking the whole left turn lane. 
Although the main street volumes were moderate and adequate gaps were available, vehicles entering from the 
side street and willing to perform a left turn at the second intersection had to stop blocking the free right turn 
lane and waiting for the left turning vehicles to clear. 

The analysis also revealed that the lane changing distances were also affected by the distance between the two 
intersections. As the spacing between the two intersections increased, the lane changing distances for all 
movements increased. By increasing the distance between the two intersections, drivers will have more space 
and time to adjust and to perform the lane changing movement. In addition, the lane changing distances within 
the same site were affected by the number of lanes changed. If a driver wants to change three lanes, he/she will 
perform the first lane change at a much shorter distance than a vehicle that wants to change only one lane. Based 
on the analysis introduced in this paper, it was concluded that lane changing movements on arterial streets can 
cause major delay problems streets unless adequate spacing between intersections is provided. It was found that 
the data collection method utilized was effective, accurate, and allowed for collecting accurate information 
regarding the driver’s lane changing behavior. 
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The challenge 

Is measurement of operator performance behaviour in serious games different from measurement in other 
environments? A serious game can be seen as an environment in which subjects are allowed and encouraged to 
play and experiment. The aim is that, by doing so, the subjects learn in an environment that changes, which is 
safe, and which elicits to play again. As such the serious game can be seen as a mixture of a training 
environment, a simulation and a game. For each of these domains different ways of measuring behaviour of the 
human operator exist. The question is to what extent the measurement methodologies that are common for those 
different domains are also applicable to the measurement of behaviour in a serious game. 

Human behaviour assessment in simulator experiments 

Normally when assessing operator performance or behaviour in a simulator experiment, the experiment 
compares a baseline with one or more experimental conditions. From these conditions one or more hypotheses 
are drawn and compared. These hypotheses may comprise aspects like improved situational awareness, decrease 
of mental workload, better operator performance, increased trust or operator acceptance, etc. In order to measure 
those, a number of tools exist. From that toolset a measurement battery for that particular experiment is selected. 
This is approach is applicable in all kinds of simulation environments ranging from civil or military cockpit to 
air traffic control environments [3, 7, 8]. 

Methodological Triangulation 

The method “methodological triangulation” is also known as “converging evidence”. The method can be 
summarised by stating that when behaviour of an operator is assessed at least one measure per main category 
needs to be applied. There are three main categories (see Error! Reference source not found.), namely: 

�x Bio-behavioural or (objective) data (for example psychophysiological or eye tracking data); 

�x Performance data (for example simulator output like reaction(time) or errors made by the operator); 

�x Perception or subjective data (for example questionnaires, interviews or workshop outcomes). 

The reason why these three main categories are used is that each of these provides information about what has 
happened during the experiments. However they do that each from their own perspective. A more complete 
overview of what has truly happened develops when data from the different main categories are compared. 

  

Figure 1. The three main categories that need to be compared and synchronised for methodological triangulation. 
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Relevant information may be missed when just one or two of the main categories are used. Hence, after 
participation in an experiment a subject may say that s/he has worked hard and performed well, but are both 
indeed true? The only way to be certain of that, is by checking other sources of information. Methodological 
triangulation underlines that: the whole is more than the sum of its individual components.  

Serious games 

Serious games have an explicit and carefully thought-out educational purpose and are not intended to be played 
primarily for amusement [1]. They are games that aim to teach the players competencies that are important and 
relevant for their professional development. Serious games are often used in parallel with other learning tools 
and environments, such as lectures, e-learning forums, and simulators. They enable a student to ‘play’ with 
course material and to see for him/herself how actions that s/he takes may work out without resulting in the 
consequences that may result from experimenting in real life. They range from very detailed, for part-task 
training, to very global, to provide students with a good understanding of the coursework. Serious games can 
even be used as an ‘umbrella’ for a complete course. 

The advantage of using serious games over other learning tools is that when serious games are well-developed, 
they enhance students’ motivation [4] for example because a game is fun to play as well. This increased 
motivation can lead to students spending more time on the training-task and therefore to better results [6]. In fact 
the game elicits them to play, and therefore learn, over and over again. A serious game is considered well-
developed when the correct balance between entertainment and education was found. Therefore, the 
development of a serious game is a flexible process with many interactions between developers and potential 
users to ensure the correct balance. In other words, a game that is both entertaining and ensures real impact (i.e. 
transfer of learning back into the work-place). 

Case studies 

Two serious games are currently under development. One within the ADAHR1 [5] project. This project focuses 
at the foreseen increase in level of automation in future air traffic control and airport environments. Different 
roles, or professions, that were identified might be influenced by increased levels of automation in 2035 and 
2050. Currently games are being developed in which these new concept can be played with, and tested. There 
will be two hardware based games in which simulation in realistic environments plays an important role. For a 
number of relevant aspects that can not be simulated in those environments paper based games will be developed 
as well. The aim of these games is to acquire better insight in the effect that these higher levels of automation 
may have on human operators. 

The other game is part of the MASCA2 [2] project. MASCA supports management of airlines and airports in the 
process of being better able to quickly and swiftly adapt to change. This change can either be induced by 
authorities but also by market developments or customer requirements. MASCA will create a board, or paper 
based, game. The game will support the so called collaborative decision making at airports. The players will 
learn that collaboration between different stakeholders at the airport supports better and faster handing of 
aircraft. Therefore it will teach them to adjust their behaviour accordingly in the future. 

������������������������������������������������������������������������������������������������������������������������

1 ADAHR = Assessment of Degree of Automation on Human Roles (http://www.adahr.eu/ADAHR/).  This project is 
sponsored by the EU and EUROCONTROL in the context of SESAR. The project partners in are: National Aerospace 
Laboratory of the Netherlands (NLR), Ingenieria de Sistemas para la Defensa de España (Isdefe), Centro de Referencia de 
Investigación, Desarrollo e Innovación ATM in Spain (CRIDA), Deutschen Zentrums für Luft- und Raumfahrt (DLR). 

2 MASCA = MAnaging System Change in Aviation (http://www.masca-project.eu/). This project is sponsored by the EU. 
The project partners are: National Aerospace Laboratory of the Netherlands (NLR), Trinity College Dublin (TCD), Kungliga 
Tekniska Högskolan (KTH), Scandinavian Airlines System (SAS), Swedavia, Aeroporto d'Abruzzo – Pescara, Thales, KITE. 
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At the moment that this abstract is written the games and as such also the methodology for measurement of the 
behaviour of the human operators who will be playing the game is under development. Therefore the results and 
conclusions can not be provided here.  

During the presentation 

Since a serious game can be seen as kind of hybrid between simulation, game and training, aspects like: operator 
state (situational awareness, workload, stress, trust, acceptance), operator performance, training competencies 
that are mastered, feedback, but also relevance for the domain and to what extend the game is fun and elicits to 
play it more often may need to be assessed. The tools and technologies that were considered, and the set that was 
eventually selected for this measurement will be presented at Measuring Behavior 2012. 
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The last decades, the concern for the impact of our mobility system on safety, environment and congestion, has 
resulted in many innovations in vehicles and infrastructure. It is absolutely clear that the driver plays a crucial 
role in this. Pushing the throttle, not taking sufficient distance, taking risks on the road by aggressive driving 
behaviour are all factors being controlled by the driver. For that reason, engineers have tried to find innovative 
solutions by giving better support to the driver. Regarding safety, still over 80 % of all accidents are caused by 
human error, being primarily a result of poor recognition and inappropriate decision making. It is therefore 
remarkable that the type of driver and the driver state are hardly taken into account in these systems. We may 
distinguish between young drivers (responsible for 20 – 30 % of all driver deaths), elderly drivers (one out of 
five being older than 65 in Japan), truck drivers (combining logistic and driving tasks), etc. The driver state 
refers to mental workload experience (individual judgment of driving performance under possibly critical 
conditions), driver fatigue, alertness, drowsiness, driving skills, etc. It seems obvious that better (more effective) 
driver support may be obtained by adding driver state information to vehicle state data and information about 
traffic and road conditions, as input to the support system. This is referred to as DSE (Driver State Estimation) 
where we will emphasize on workload estimation. 

The project ADVICE will take up the challenge to derive improved driver support systems, by taking driver 
workload into account. In more general terms (research question), ADVICE will explore the added value of 
workload estimation to interpret the actual driver ability to recognise traffic conditions and to make decisions, in 
order to contribute to a more effective driver support. The Workload is estimated from the context (such as 
various road characteristics, close by departure/destination etc.), from direct or indirect driver behaviour, e.g. the 
steering intensity and frequency, the observed use of throttle and brakes in relationship to traffic conditions, but 
also from physiological information (e.g. heart rate) and parameters describing the gain and delay of the driver 
response on changes in traffic and road conditions. The required workload estimation algorithm on the basis of 
driver observation can also be used to validate driver support systems in general with reference to workload, i.e. 
as part of a first generation standardized validation tool. Finally, by being able to derive workload data under 
varying traffic conditions, we can add information to a geographical map, to indicate locations with high 
workload expectation. These correspond to potential critical spots in the road network.  

ADVICE will result in the following deliverables: 

�x A Driver Support System (a ‘proof of principle’ for a personalised user interface, on the basis of the 
monitored state (emphasis on workload, furthermore alertness, skills, …) of the driver. Extended with 
geographical information on high workload locations. 

�x A Driver State Validator, a first generation standardized research tool to validate Driver Support 
Systems in instrumented vehicle (field-) tests and naturalistic driving studies. 
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Figure 1. ADVICE system layout. 

 

See figure 1 for a schematic layout of the proposed system. A consortium of organisations, with partners which 
are well recognised authorities in their specific field, has been formed to execute this project: TomTom, Noldus 
Information Technology, TNO, Delft University of Technology and the HAN University of Applied Sciences 
(project- and research management). In addition, specific associated SME partners have joined the ADVICE 
team, bringing in valuable knowledge and tools related to driver observation and data acquisition. Within the 
consortium, the industrial partners will focus on producing feasible and practical results, whereas TNO, HAN 
and Delft University will support this work through their in-depth knowledge, identification algorithms, and 
validation through experiments in-door (driving simulation), out-door (instrumented vehicle, under naturalistic 
conditions), software-in-the-loop and hardware-in-the-loop. ADVICE will use results of related previous projects 
such as the DRIVOBS project (methods for driver observation in car simulators) and the Dutch SPITS project, 
with a focus on affordable and open solutions for an Intelligent Transport System.  

The presentation will focus on the need to adapt in vehicle information systems to driver state, and on foreseen 
affordable methods to estimate driver state. 
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Introduction 

Traffic accidents are a major public health concern with 1.2 million fatalities occurring every year and with 
millions more individuals getting injured [1]. More than 90% of the accidents are, at least partially, caused by the 
driver [2]. Figure 1 shows the overrepresentation of younger and older drivers among these crashes. The 
overrepresentation of younger drivers [1] can be explained by an increased willingness to take risk, poor 
anticipation of hazards, and insufficiently learned lateral and longitudinal vehicle control [3]. Figure 1 also 
shows the overrepresentation of elderly drivers which is caused by decline of cognitive and physical abilities [4] 
such as visual impairment (e.g., glaucoma). 

Generic predictors of crash risk exist (e.g., age, gender). However, detailed knowledge about how drivers control 
their vehicle and combine various subtasks related to driving does not exist. Combining the visual scanning, 
vehicle control and decision making tasks makes the driving task complex. Drivers not only control the vehicle 
but also anticipate oncoming events (e.g., hazards, traffic) and combine the driving task with other tasks 
(navigating, cell phone use). Driving is predominantly a visual task [6] and individual differences in visual 
scanning behavior are found as a function of increasing driving experience [7], visual impairment [8] and 
environmental complexities [9]. For example, novice drivers have less visual attention to latent hazards 
compared to experienced drivers [10] and show visual scanning strategies that rely less on top down mechanisms 
of visual attention [11].  

In our research, we aim to distinguish safe from unsafe drivers based on their visual scanning behavior. In this 
paper we will demonstrate two examples of visual scanning behaviors: (a) when using an in-vehicle system and 
(b) when performing a highway driving task, both in a driving simulator. Using these results the differences of 
drivers visual scanning in (multitask) driving and the applicability of non-intrusive eye tracker hardware in 
driver behavior research will be demonstrated.  

 

Figure 1. Fatal accident involvement per driver 100,000 miles as a function of age [5]. 
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Methods 

The driving simulator used in these studies is the Green Dino [12] driving simulator which is used for initial 
driver training in the Netherlands. This medium fidelity, fixed-base driving simulator provides a 180 degree 
horizontal field of view. A high field of view increases perceptual fidelity and is assumed to result in more 
realistic scanning behavior. The simulator controls were based on controls from a real car and steering feel was 
passively calibrated with respect to on-road vehicles [13]. This driving simulator has previously been used for 
research of training and assessment of student drivers [14]. Head motion and gaze direction was measured in 
both studies with a remote mounted eye-tracker system using infrared illumination. Cameras were mounted 
outside of the visual scenery in the driving simulator and calibration took place for each individual participant.  

Results 

The visual scanning of novice drivers using a concurrent lane position feedback system [15] is shown in figure 2. 
This feedback system allowed learner drivers to improve their lane keeping performance by using the feedback 
on their momentary lateral position error presented on their vehicle dashboard. The figure shows how drivers 
directed their gaze at the feedback area for longer periods of time. 

In figure 3 the difference in visual scanning patterns are shown for two inexperienced drivers during a traffic-
free highway driving task. One driver showed a small variance in horizontal fixations, with most fixations aimed 
at the roadway. A second driver showed large horizontal variance in fixations and shorter fixation times 
indicative of increased visual scanning of the roadway and its surroundings. 

  

Figure 2. Raw gaze data for a rural road driving task. Gaze is mainly directed to the road ahead and the swirls left and right 
indicate looking into corners. Gaze pattern of a novice driver showing extensive use of an in-vehicle system (right).  

 

     

Figure 3. Visualization of fixations during a highway driving task, fixation duration is indicated by the dot size. Fixation 
pattern of two inexperienced drivers showing differences in visual scanning. 
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