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The BioMimetic Approach to Studying the Control and Coordination of Behavior 
in Robots, Octopuses and other Marine Invertebrates 

Frank Grasso 

BioMimetic and Cognitive Robotics Laboratory, Brooklyn College, City University of New York.  

 

Soft-bodied animals such as cephalopods (Octopuses, Cuttlefishes, Squids and Nautiluses) are of considerable 

interests to biomechanicians, neuroscientists and roboticists because our understanding of the motor control in 

such systems is just in its infancy and offers the possibility of new technologies and understandings of brain 

function.  Their soft bodies mean that they lack the endo-skeletons of vertebrates (e.g., birds, reptiles, mammals) 

or the exoskeletons of arthropods (e.g., crustaceans like crabs and lobsters or insects) yet cephalopods animals, 

particularly octopuses are capable of both fine dexterous manipulation and forceful manipulation with the same 

appendages. Therefore, for roboticists, octopuses provide existence proofs that dexterous and forceful object 

manipulation are possible in systems lacking hard parts. For neuroscientists, interests lie in uncovering strategies 

that octopuses must use to make control of hyper-redundant systems manageable.  One challenge of studying 

such high degree of freedom systems involves the quantification of the kinematics of motor behavior. In this 

talk, I will discuss video methods we have developed for the quantification of fine and forceful manipulation by 

octopuses. I will discuss the biomimetic approach to understanding control and coordination of behavior with 

parallel studies in robots. 
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Classification of Para swimmers with physical impairments - what should we 
measure and how? 

Carl Payton 

Department of Sports Science, Manchester Metropolitan University, Crewe, UK 

 

World Para Sport is the global governing body of the Paralympic movement and Paralympic Games.  One of the 

biggest challenges it faces is to provide a fair classification system for each of the Paralympic sports.  

Classification is essential to the very existence of sports for athletes with a disability.  An effective classification 

system should provide athletes with a disability with an equitable starting point for competition by minimising 

the impact that their impairment has on the outcome of the event. The process of classification involves grouping 

athletes into different classes, using sport-specific assessments designed to evaluate the impact of their 

impairment on performance. 

World Para Sport has decided that the current system used to classify physically impaired swimmers for 

international competition needs revising.  In conjunction with UK Sport, World Para Sport is funding an 

international research project that will generate a scientific evidence base from which a new system for 

classifying Para swimmers can be developed. This project will provide World Para Sport with clear 

recommendations on what biomechanical measures should be taken on swimmers during the classification 

process and how these should be obtained.  This presentation will focus on the measurement techniques 

employed in the research and on those that might form part of the new classification system.   
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Can Research Software Engineers help measuring behaviour? 

R. Silva1, 2 and C. Jay3 

¹ eScience Lab, School of Computer Science, University of Manchester, Manchester, United Kingdom. 
raniere.silva@manchester.ac.uk 

² Software Sustainability Institute, Edinburgh, United Kingdom. raniere.silva@software.ac.uk 
³ School of Computer Science, University of Manchester, Manchester, United Kingdom. 

Caroline.Jay@manchester.ac.uk 

Research Software Engineer (RSE) is a term that started to be used in the United Kingdom around 2012 to describe 
people in a variety of roles who understand and care about both good software and good research. It is an inclusive 
definition that covers a wide spectrum of people, from a researcher who is primarily focused on getting results for 
papers but does a lot of programming, to a software engineer who happens to work for a research organisation. 
Somewhere in the middle lies the RSE who may actually have that as their job title and/or might work for one of 
the fast-growing Research Software Groups. 

The purpose of this discussion is to: examine and discuss the contribution of research software engineers to 
behavioural science studies; determine the impact of research software engineers in a behavioural researcher 
group; and to make recommendations for the inclusion of research software engineering positions in grant 
proposals. 

We will start the discussion with a short lecture on the growth of the United Kingdom Research Software Engineer 
Association and some examples of work done by RSEs that might be interesting to behavioural researchers, and 
follow this with an interactive discussion on the topic. We will use the information that emerges during the 
discussion to produce a short paper with our recommendations. 

The discussion will cover some or all of the following questions: 

1. What research software did you use in your last paper? Make a list. 

2. How many of the software applications on your list are open source? 

3. How many of the software applications on your list have some documentation? 

4. How many of the software applications on your list have any kind of support forum? This can be a email 
address, a mailing list, web forum, a Q&A website or something else that you can turn for support. 

5. Does the software you use do exactly what you want, or could it be better? 

6. Do you, or members of your group, develop your own software? This might include anything from scripts 
for analysing data (e.g. R or Python scripts) to websites. 
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The challenges and opportunities running a behavioral core facility offers 

Lior Bikovski 

Myers Neuro-Behavioral Core Facility Israel liorbik o@gmail.com 

An increasing number of universities, research institutes and companies invest in behavioral core facilities in 
order to concentrate specific knowledge, assure a high standard of work and provide these specific services to 
the largest group of people possible. However, running a core facility on a day-to-day basis comes with its own 
set of challenges and unique opportunities. The quality of research done at these facilities relies on the ability of 
the facility managers to engage specific challenges, and to bridge the gap between communal and specific needs, 
as well as the need to identify novel trends and foresee future directions that may be relevant to the core users. 

  

mailto:liorbiko@gmail.com
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Symposia: Fish as model organisms in behavioural research 

The study of fish behaviour has long traditions and goes back to Tinbergen´s studies of stickleback behaviour, 
and the origin of ethology as a scientific discipline. More than half of all vertebrates are teleost fish, making 
teleosts the without competition largest vertebrate group. It is also a group displaying enormous diversity in 
behavioural and physiological adaptations, giving unsurpassed possibilities to find model species to address any 
biological question. During the last decades zebrafish (Danio rerio) has become an increasingly important model 
species for behavioural research and neuroscience. The symposium will congregate researchers tackling different 
neurobehavioral questions using fish as models. 

Erika Roman and Svante Winberg, Uppsala University  
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Results 

Larval locomotor behaviour 

As previously shown by several researches in the field, zebrafish larvae DS models exhibit a strong hyperactivity, 
most likely due to seizures occurring during the video-recordings [9,13]. We could reproduce these results with 
our zebrafish line and therefore validate it (see Figure 2A). 

Moreover, we made advantage of this feature by assessing the possible anticonvulsant effect of several 
antiepileptic drug candidates and could identify 6 compounds displaying this outcome (see Figure 2B). 

 

Figure 2. Spontaneous locomotor activity of 5 dpf larvae from control group (Control) or Dravet syndrome group (scn1a -/-) 
without drugs in panel A and after incubation with several antiepileptic drug candidates in panel B. The activity depicted in 

the graphs are a ratio to the control group incubated with vehicle (Veh). 

Field potential recordings 

We validated the results obtained in the locomotor behaviour assay by performing field potential recordings in 
order to investigate brain activity (and therefore seizures) in these larvae. We could observe a strong seizure 
phenotype in the mutant larvae compared to controls (see Figure 3A) and a drastic reduction in this brain activity 
when incubated with our compounds (see Figure 3B as representative example). 
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Figure 3. Brain activity analysis using local field potential recordings. (A) Comparison between control larvae and mutant 
larvae at 5dpf. Each spike represents a seizure. (B) Representation of the number and the cumulative duration of the seizures 

occurring during the recording after incubation with vehicle (Veh) or compound 1. 

Anxiety analysis 

Besides the discovery of new molecules for the treatment of Dravet syndrome, our main interest is the 
establishment of a new platform for behaviour analysis in larvae zebrafish in order to compare it to the human 
patient phenotype. We therefore investigated the anxiety profile of our mutant larvae since the patients exhibit 
more stress than normal. We could determine that our Dravet syndrome zebrafish model is significantly more 
anxious than controls as they were moving less and were staying closer to the wall when placed in a new 
environment (see Figure 4A and 4B). Unfortunately, so far, we were not able to reverse the phenotype when 
incubating the fish with our candidate drugs (data not shown). 

 

Figure 4. Virtual representation of the locomotor activity of control fish (A) or DS mutant fish (B) when placed in a new 
environment. 
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Habituation assay 

Finally, the second aspect of Dravet syndrome comorbidities that we wanted to evaluate in zebrafish is the impaired 
memory formation that patients exhibit. For that matter, we exposed our fish to a continuous stimuli protocol 
described in the Material and Methods section and could determine that our DS zebrafish model poorly habituate 
to those stimuli compared to controls (see Figure 5A). Even more, their profile resembles the one of control fish 
incubated with a known amnesia-inducer compound, MK-801 (see Figure 5A). Interestingly, we were able to 
reverse this phenotype using one of our compounds (see Figure 5B). 

 

Figure 5. Locomotor activity analysis during the habituation phases of the protocol described above. In (A), we compared the 
phenotype of control without or with amnesia-inducer drug incubation and in (B), we added an incubation with one of our 

candidate drug. 

Discussion 

The results of the present study show that our Dravet syndrome zebrafish mutant line phenocopies human patients 
and mouse models in terms of locomotor hyperactivity, seizure occurrence and behavioural aspects as anxiety and 
memory formation. Importantly, the use of zebrafish larvae for these assays had not been extensively tested in the 
past. 

Furthermore, we were able to take advantage of this model for high-throughput screening of anticonvulsant drug 
candidates in a small amount of time with some possible hits, which would have been difficult to perform in more 
evolved models as rodents for example. 

Ethical statement 

The study was conducted in accordance to national and international guidelines (directive 2007/526/EC of the 
European Commission) for the protection of animal welfare. The Ethical Committee of the University of 
Luxembourg approved all experimental protocols and animals used in this research. 
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Spiegeldanio: A bold and aggressive fish but what if it loses a fight? 

Arshi Mustafa1, 2, Dicle Cetinkaya1, Xi Cheng1, Per Ove Thörnqvist1, Svante Winberg1 

  1 Department of Neuroscience, Uppsala University, Uppsala, Sweden. arshi.mustafa@neuro.uu.se; 
svante.winberg@neuro.uu.se ;  2 Department of Organismal Biology, Uppsala University, Uppsala, Sweden. 

arshi.mustafa@ebc.uu.se  
 

Introduction  

Aggression is a competition based survival strategy. The spiegeldanio (spd) strain of zebrafish (Danio rerio), 
which has a mutation in the fibroblast growth factor receptor 1a, is bolder and more aggressive than the wild type 
fish [1]. Usually a socially dominant fish has preferential access to food, mate and shelter, and shows very 
characteristic postures like erection of the fins. It is also aggressive frequently biting, striking and chasing the 
subordinate fish as well as threatening its own mirror image in mirror tests [2]. However, what happens when an 
already known bold and dominant fish like spiegeldanio loses a dyadic fight. Spd fish are more aggressive in 
mirror tests, attacking their mirror image more frequently than wild type conspecifics. However, are they more 
aggressive in dyadic fights? Do they show an inhibition of aggressive behaviour when losing fights, the typical 
loser effect? The behavioural inhibition observed in animals losing fights for dominance is at least in part believed 
to be mediated by an activation of the brain serotonin (5-hydroxytryptamine, 5-HT) system. Do spd fish show a 
typical increase in brain 5-HT activity in response to social subordination? Dopamine (DA), on the other hand, is 
associated with aggression and social dominance. What are the effects of winning and losing fights for social 
dominance in spd fish? In the present study these questions were addressed in an attempt to increase or 
understanding of the control of agonistic behaviour and social stress. 

Animals and Methods 

The Spd strain of zebrafish were raised and reared at 27°C in an Aquaneering Zebrafish system at Uppsala 
University Biomedical Center. The animals were kept at a 14:10 h of light-dark photoperiod. The water used in 
the fish tanks was Uppsala municipal tap water (pH 7.2-7.6) of which 10% was exchanged daily. Fish were fed 
twice daily with Tropical energy food (Aquatic Nature, Belgium) and Artemia (Platinum Grade 0, Argentemia, 
Argent, Aquaculture, Redmond, USA). The use of animals was approved by the Uppsala Animal Ethical 
Committee (permit Dnr 55/13) and followed the guidelines of the Swedish Legislation on Animal Experimentation 
(Animal Welfare Act SFS1998:56), and the European Union Directive on the Protection of Animals Used for 
Scientific Purposes (Directive 2010/63/EU). The fish were transferred to the individual compartments of 
dimension 29 x 7.5 x 20 cm (length x breadth x height) in experimental tanks used for dyadic interaction and 
allowed to recover in isolation overnight. These experimental tanks were made from poly methyl methacrylate 
plastic and each tank was equipped with a submerged pump with filter (Eheim, typ 2006020, pumping capacity 
1/h180, made in China), a heater (Sera aquarium, 25W, made in EU) and an air stone, all of which were placed at 
the back of the tank separated from the fish by a white perforated PVC screen (Figure 1). The setup of the arena 
was such that the two fish (1 dyadic pair) had an olfactory but not any visual cue of each other before the dyadic 
interaction. In the mirror test the fish were made to fight against the mirror image that was displayed in the mirror 
which was pasted on the wall of the arena. Prior to the beginning of the dyadic contest the mirror was covered with 
a black plexiglas slide cover. The experiment was carried out in the following sequence: The fishes were netted 
out and placed in the arena in the compartments A and B (Figure 1) and separated from each other by a partition. 
The cover of the mirror (opaque black PVC partition, Figure 1) was then removed and fish were made to interact 
with their own mirror image for 10 minutes. Then the slide covering the mirror was pulled down and the middle 
separating partition was pulled out and the fish were given an opportunity to fight. Dyadic fight was recorded two 
times, morning and evening on day one with the help of a video filming camera. Then next day in the morning the 
dyadic fight was again recorded. During the dyadic interaction the two fishes indulged in mutual display of 
aggressive behaviour which was followed by chasing and biting attacks performed by the dominant fish over the 
subordinate fish. Then middle partition was introduced again. Fish were given 6 minutes to habituate and the cover 
from the mirror was removed and fishes were again allowed to interact with their mirror image. Again the mirror 
was covered and the fish was allowed to get involved in the dyadic fight.  Then each fish was taken out from the 
compartment at the same time and sacrificed for sampling of brain tissue. 

mailto:arshi.mustafa@neuro.uu.se
mailto:svante.winberg@neuro.uu.se
mailto:arshi.mustafa@ebc.uu.se
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Figure 1 Arena used for Mirror Test and the Dyadic fight 

The three dimensional model of tank used in the behavioural tests I) Tank used for mirror test and for dyadic fight 
later on. It consists of two compartments, A and B. The movable partition separating the two compartments would 
be removed during the dyadic fight test. Compartment C is located at the back and is separated from the 
compartment A and B with the help of white coloured opaque perforated partition. It contains an air stone (for 
diffusion of air bubbles), heater (27°C), water pump (for circulation of water) and a drainage tube to exchange the 
water. II) Diagram of the settings used for dyadic interactions. The mirrors are covered with the help of a black 
PVC slide and the middle partition is pulled out. This allows the fish to interact. 

Brain dissection and analysis of monaoamines and monoamine metabolites 

Brains were divided into forebrain (telencephalon and diencephalon), optic tectum and the rest (here denoted brain 
stem). The frozen brains were homogenised in 4% (w/v) ice-cold perchloric acid containing 100 ng/ml 3, 4-
dihydroxybenzylamine (DHBA, the internal standard) using a Sonifier cell disruptor B-30 (Branson Ultrasonics, 
Danbury, CT, USA) and were immediately put on dry ice. Subsequently, the homogenised samples were thawed 
and centrifuged at 15,000 rpm for 10 min at 4o C. The supernatant was used for high performance liquid 
chromatography with electrochemical detection (HPLC-EC), analysing the monoamines dopamine (DA) and 
serotonin (5-hydroxytryptamine, 5-HT) as well as the DA metabolite 3, 4-dihydroxyphenylacetic acid (DOPAC) 
and the 5-HT metabolite 5-hydroxyindoleacetic acid (5-HIAA), as described by Øverli et al. [3]. In short, the 
HPLC-EC system consisted of a solvent delivery system model 582 (ESA, Bedford, MA, USA), an autoinjector 
Midas type 830 (Spark Holland, Emmen, the Netherlands), a reverse phase column (Reprosil-Pur C18-AQ 3 µm, 
100 mm × 4 mm column, Dr. Maisch HPLC GmbH, Ammerbuch-Entringen, Germany) kept at 40° C and an ESA 
5200 Coulochem II EC detector (ESA, Bedford, MA, USA) with two electrodes at reducing and oxidizing 
potentials of -40 mV and +320 mV. A guarding electrode with a potential of +450 mV was employed before the 
analytical electrodes to oxidize any contaminants. The mobile phase consisted of 75 mM sodium phosphate, 1.4 
mM sodium octyl sulphate and 10 µM EDTA in deionised water containing 7 % acetonitrile brought to pH 3.1 
with phosphoric acid. The quantification of samples was done by comparing it with standard solutions of known 
concentrations. DHBA was used as an internal standard to correct for recovery with the help of HPLC software 
ClarityTM (Data Apex Ltd, Czech Republic). The serotonergic and dopaminergic activity was measured as the 
ratio of 5-HIAA/5-HT and DOPAC/DA respectively. The brain monoamines were normalized with respect to 
brain protein weights which were determined with Bicinchoninic acid protein determination kit (Sigma Aldrich, 
Sweden). The assay was read at a wavelength of 570 nm with the help of a plate reader (Labsystems multiskan 
352, Labsystems Thermo Fisher Scientific). 
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Results  

A clear dominant subordinate hierarchy was established within 30 minutes of dyadic interaction. The number of 
aggressive acts (bites, strikes and chases) performed by the looser fish decreased significantly from the first dyadic 
fight to the last (i.e. the fourth) dyadic fight. For the winner fish the number of aggressive acts performed against 
a mirror during the second mirror test increased or remained same as before after winning a dyadic fight, whereas 
for the looser fish it decreased significantly. The results from the present study indicate that subordinate fish have 
higher 5-HIAA/5-HT ratio in the optic tectum as compared to the dominants. More results from this study would 
be presented at the conference. 
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Larval zebrafish allows high throughput behavioural analysis: Replacing adults 
in the study of nociception and drug testing 

Lynne U. Sneddon 

University of Liverp ool, Institute of Integrative Biology. The BioScience Building, Liverpool, L69 7ZB, UK. 
lsneddon@liverpool.ac.uk 

Testing of pharmaceutical drugs and their efficacy is necessary to determine the utility of novel compounds. 
Zebrafish have many advantages over traditional rodent models in biomedical and fundamental science due to 
their ease of breeding, short time to maturation (3 months), small size so can be kept in high numbers, rapid 
development of transparent embryos, ease of genetic modification and visualisation of in internal processes using 
albino strains. Therefore, the use of experimental fish models and particularly zebrafish is growing on a global 
scale. Under EU law, zebrafish from first feed are considered protected and thus their use requires licensing since 
their welfare may be compromised. Zebrafish are not protected in Europe until 5 days post fertilisation (dpf) since 
they are not fully developed. Therefore, under the principles of the 3Rs larval 5dpf zebrafish are considered as a 
replacement for using adults making them a more ethical choice and their use is widespread. However, analgesics 
have never been tested previously nor responses to a variety of noxious thermal and chemical stimuli. 

In this project, the value of using 5dpf zebrafish in studies exploring a range of noxious stimuli was tested alongside 
drugs with pain-relieving properties to determine if 5dpf larval fish could replace adults. A behavioural monitoring 
system using novel software was developed to monitor the behaviour of 25 larvae at one time exposed to a range 
of chemical and thermal stimuli that could be potentially painful. Further, analgesic drugs were tested at two doses 
to determine if these were effective in reducing the behavioural changes. Data files generated by the tracking 
software were processed with a bespoke algorithm in MATLAB, which can detect various behavioural larvae 
patterns larvae based upon standard motion features including average velocity (mm s-1), average acceleration or 
increase in speed (mm s-2), time active (% of total time) and total distance moved (mm). For the analysis of 
thigmotaxis (the avoidance of a stimulus by moving towards the edge of a well), this was determined as the 
percentage (%) of time spent active in the outer zone divided by the time spent in both outer and inner zones and 
as the percentage (%) of the distance swam in the outer zone divided by the distance swam in both the outer and 
inner zones [1,2]. The advantages of this system is that it was less expensive than commercial systems and allows 
more detailed behavioural analysis by providing larvae with a larger arena (16.5 x 16.5mm, volume 2191µl) 
compared with 96 wells (~7mm diameter, volume 320µl)  in other systems. 

When exposed to noxious stimuli zebrafish larvae significantly reduced their behaviour and this was prevented by 
the use of an appropriate dose of analgesic drug dissolved in the tank water. A further experiment investigated the 
impact of stress and fear on the responses to noxious stimuli. The 5dpf larvae were exposed to either a stressor (air 
emersion), a predatory fear cue (alarm substance) or an anxiogenic (caffeine) alone or prior to noxious stimulation. 
Both velocity and activity decreased after exposure to the stress and predator cues which were attenuated using 
etomidate and diazepam, respectively. Noxious stimulation decreased velocity and activity as well, whereas air 
emersion and alarm substance inhibited these responses consistent with an antinociceptive system seen in other 
animals [3-6]. We showed there was no effect of time of day on the recordings, therefore, a minimum of eight 
plates or 200 larvae could be assessed per day which is much higher throughput on studies using adults which in 
our laboratory would only allow 2 individuals per day. Therefore, this novel tracking system has validated the use 
of 5dpf zebrafish as replacement for adults. This research was conducted after ethical approval and under Home 
Office Licensing (UK). 
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How to Make Use of Individual Variation? 

Svante Winberg, Arshi Mustafa, Per-Ove Thörnqvist and Erika Roman 

Uppsala University, Sweden; Erika.roman@farmbio.uu.se; svante.winberg@neuro.uu.se 

Individuals can be classified in distinct behavioural phenotypes, often referred to as divergent stress coping 
styles, proactive versus reactive. Proactive animals are bold and aggressive whereas reactive animals show the 
opposite behavioural profile. Moreover, different populations differ in behaviour, and in sexually mature fish 
gender differences occur even in non-reproductive behaviour. Individual variation has been seen as a problem 
since it is a source of variance. However, interspecific divergence in behaviour and physiology may also be used 
to address questions related to gene-environment interaction, phenotypic plasticity and variable life history traits. 
Fish displaying divergent behavioural profiles may provide interesting models for studies on affective disorders 
and drug abuse. We will present the results showing that divergent stress coping styles exists in zebrafish and 
that these are associated with specific neuroendocrine functions. 
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Symposia: New tools to analyse motor activity and movement 

Increasing age and related neurodegenerative diseases are becoming a significant burden to society.  Intrinsic to 
these are difficulties in movement and injuries related to imbalance and failure of motor programming. Diseases 
like Parkinsonism, motor neurone disease or amyotrophic latera sclerosis (ALS), but also spinal cord injury or 
ageing-induced frailties pose a severe risk for the patient and a greater understanding for the underlying 
mechanisms is needed if we are to develop novel therapies. Multiple experimental models have emerged in 
which some disease relevant features occur, but our means of testing more detailed anomalies in movement have 
been lagging behind.  In this symposium, we seek to concentrate on the generation of novel analysis tools to 
extract more and refined data from rodent models of disease. These analysis tools are often based on well-
established tests of grabbing, walking or other patterns of movement, but offer a novel approach to detecting and 
understanding the core principles of behaviour. 

Wiktor Niewiadomski and Grazyna Niewiadomska (Polish Academy of Sciences) and Gernot Riedel, 
Aberdeen University) 
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position during a grip, the algorithm detects the nose and therefore auto-identifies between fore and hind paws, 
and left/right. The current algorithm needs 30 seconds to analyse 30 seconds record of Inverted Grid Test. 
However, the correctness of algorithm results has to be validated manually and corrections introduced when 
needed. This amounts to an extra time requirement of 5 minutes for each rater. Of note is that the algorithm has a 
built-in mechanisms to improve during continuing use. Furthermore, additional rules of inference may improve 
robustness of paws position detection and paw identification. 

Keywords: Inverted Horizontal Grid Test, TracMouse movement analysis, parkinsonian MPTP mouse model, 
automatization of movement detection  

Ethical statement  

All efforts were made to minimize the number of subjects and their suffering. Experimental procedures were 
conducted in strict accordance with the European Communities Council Directive (2010/63/EU) and with the 
permission of the First Warsaw Local Ethics Committee for Animal Experimentation (Permission No. 347/2012). 
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The heat map analysis of an example parameter shown in Figure 2 is explained as follows: The color blue in the 
first column informs us that at baseline the WT mice have a higher parameter value as compared to the KO mice. 
The color red in the second column informs us that the KO mice with treatment show improvement. The third and 
the fourth columns explain that there is no improvement in the mice without treatment. The color red in the fifth 
column informs us that after 4 weeks the with-treatment KO mice perform differently from the without-treatment 
KO mice. The sixth column explains that after 4 weeks the with-treatment KO mice perform similar with the 
without-treatment WT mice. The last column informs us that the difference between the KO and WT mice is still 
noticeable after 4 weeks without any treatment. 

The rows in the heat map are ordered according to the parameter similarity. Here the parameters are first clustered 
according to their importance in differentiating WT and KO using the color code. The parameters, which show 
differences and higher values for WTs, have negative signed f-values and are clustered together. Conversely, the 
parameters, which show differences and higher values for KOs, have a positive signed f-values. Next, the 
parameters are organized according to the between-cohort differences shown at the fourth week without having 
any treatment (WN and KN). The parameters are afterward organized according to the differences expressed by 
the treated KO mice (KE) compared with the other cohorts at the fourth week. Subsequently, the parameters are 
arranged according to their changes before and after 4 weeks of treatment.  

The resulted cluster heat map for the 189 parameters of this example is shown in Figure 3 and was generated using 
R 3.3.0. To make the information in a cluster heat map assessable, it should be accompanied with a table of the 
important parameter names. In this example, it is listed in Table 1. 

Data Analysis 

The resulted cluster heat map from the example (Figure 3) suggests the following: 
1. According to the results shown in the first column, there are 64 gait parameters that might be important in 

characterizing KO from the WT. 17 parameters show lower values from the WTs (negative signed f-values), 
and 47 parameters show higher values compare with the WTs (positive signed f-values). These parameters 
are highlighted in Figure 2 and are the base for the next analysis. 

2. The results in the seventh column present the comparison after 4 weeks without any treatment. From the 64 
gait parameters, 13 parameters show differences between the groups without treatment (KN and WN). These 
13 parameters are listed in Table 1. These results show that the other 51 parameters have enough improvement 
even without any treatment.  

3. The fifth column shows that from the 64 gait parameters, only two parameters show differences between the 
KO mice with and without treatment (KE and KN). These two parameters are shown in Table 1. These two 
parameters are possibly the main advantage of the treatment. However, a further formal statistical analysis is 
needed to confirm this. 

4. The sixth column shows that from the 64 gait parameters, only one parameter, i.e. run maximum speed 
variation in % (parameter number 54), indicates a difference between KO with treatment and WT without 
treatment (KE and WN) with a not very high f-value (5.9). Since this parameter indicates a difference between 
KE and WN, but not between KN and WN, and with the knowledge that WN should have a low-speed 
variation (%), the speed variation (%) in KE is possibly higher than in KN. However, a deeper analysis is 
required to certify this.   

5. The results shown in the second column through the fourth column indicate that from the 64 gait parameters, 
some parameters have considerable changes in both cohorts. The parameter changes are observable more in 
the KO with treatment (KE) compare with in the KO without treatment (KN). 
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Figure 1. Scatter plot for the correlation of front stride length and body length/weight in (a & c) wild-type rats, 
body silhouette length and body weight are correlated with p < 0.00001 r2 = 0.81, r = 0.90 (b & c) wild-type 

mice, correlation between body silhouette length and body weight is p < 0.00001 r2 = 0.57, r = 0.75 
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Measuring and influencing behavior using biological and neural measures in 
humans 

Modern technology have enabled psychologists to enhance our understanding of and predictive power 
for human behavior in health and disease, by allowing us to closely link observable behaviors to neural 
activations (fMRI and EEG), brain structure (MRI) and biological markers (e.g. sweat and heart-rate 
as a measure of stress). Furthermore, recent developments have enabled techniques of brain 
stimulation (e.g., tDCS) to be combined with behavioral measures to enhance behaviors such as 
learning. In this symposium, we will introduce how fNRI, fMRI, EEG, tDCS and biological measures 
of stress, have been used in our research to measure, understand, and influence human behavior in 
healthy adults and in patients. 

Yale Benn, Manchester Metroplitan University 
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Discussion 

Our study provided clear evidence that the ability to aim ahead when catching, that is, to move directly to the 
catching position, arises downstream of SPOC. However, I will highlight one of the limitations of TMS to show 
that these non-predictive nature of the effects does not exclude predictive control of interception altogether. 
Moreover, I will discuss ways in which TMS research designs can be strengthened further in the future. 
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Measuring the Effects of Visual Cues on Eating Behaviour through a Combined 
Methodological Platform: Pilot Study 
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Nutrition (CIBERobn), Institute of Health Carlos III, Madrid, Spain  
 

The size and design of tableware have been proposed as a potentially effective strategy to modulate how much is 
eaten at a meal. The mechanisms by which such tools work however are not known, in particular the cognitive 
processes associated with visual stimuli. To address this gap, 94 lean, overweight and obese men and women will 
complete a laboratory study where they will self-serve and consume food from a buffet, using a portion control 
plate with visual stimuli for appropriate amounts of main food groups, or a conventional plate, on two different 
days in random order. On both sessions participants will complete behavioural and cognitive tests using a novel 
combined methodological platform that will assess visual attention during the meal, meal microstructure, episodic 
memory on portion sizes, subjective appetite and, in a sub-sample of subjects, intestinal satiety hormones. In this 
paper we discuss the setting up and testing of this platform in a pilot sample of 20 participants.  

Introduction  

Obesity is a recognised global health problem for which effective interventions are needed which can be delivered at 
a scale for public health impact [1]. There is currently good evidence that people tend to eat more and gain weight 
when exposed to large portion sizes [2,3] meaning that individuals may need to develop personal strategies to 
avoid overeating in such environments. In this context, the size and design of tableware have been proposed as a 
potential practical and effective staratgey to modulate how much is eaten [4] and so appropriately designed tools 
may help with portion control [5-7]. The particular mechanisms by which portion control tools may work are not 
known though, in particular the cognitive processes involved and how the effects differ across individuals of 
different gender and BMI.   

To address this research gap we have designed an intervention where 94 lean, overweight and obese men and 
women will self-serve and consume food from a laboratory buffet, using a portion control (calibrated) plate with 
visual stimuli for appropriate amounts of main food groups, or a control (conventional) plate in random order, and 
will complete behavioural and cognitive tests using a novel combined methodological platform. The platform 
includes an eye tracking device to analyse visual attention, an eating monitor that records eating speed in real time, 
and a memory reconstruction software to test for memory formation related to portion sizes previously chosen 
with each plate. At various time points particpants will also complete electronic visual scale (VAS) questionnaires 
for meal liking, expected satiety and appetite. Portion sizes for all foods chosen and consumed will be covertly 
measured. In addition, in a sub-sample of participants, the cephalic satiety response will be measured from blood 
samples drawn at 6 points during the first 90 min after starting the meal. All volunteers will complete three paper-
based portion perception questionnaires and a food diary for the remaining of the day from which energy 
compensation for the energy consumed at lunch will be calculated.  

Due to the many variables involved and the tendency for behavioural measures to naturally act as confounding factors 
amongst themselves [8], collecting accurate data from this study is particularly challenging. In particular, effectively 
combining and synchronizing visual attention, eating speed and hormonal measures can be complex however this step 
is cornerstone to relate behavioural, cognitive and physiological responses in real time. In this paper we discuss the 
setting up and testing of the combined methodological platform for this study in a pilot sample of 20 participants. 

Methods 

Study design 
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Mobile eye tracker.  The wearable eye tracking equipment (Tobii Pro Glasses 2) is designed to measure visual 
attention and pupil dilation during exposure to 3D stimuli. It consists of a head unit (glasses), a recording unit and 
controller software (Figure 5). The head unit detect eye movement and point of gaze at a frequency of 50 MHz, 
directed to any 3D space using near-infrared illumination. The glasses are connected to a portable recording unit 
from which video output can be retrieved and downloaded to calculate dwell times on AOIs. The recording unit is 
connected to the head unit via an HDMI cable and stores the recorded data on an SD memory card. It is controlled 
from a tablet or computer running the controller software on a Windows operating system, allowing for managing 
participants, controlling the eye tracker and viewing both real-time and recorded eye tracking data.  

Memory reconstruction  software. This software measures episodic memory for portion sizes chosen/consumed 
in a previous eating occasion. It has been designed by the Nutrition Behaviour Unit at the University of Bristol 
(UK) using an image batch processing software (XnConvert version 0.84) that allows combining food images from 
different platforms to generate sequences of increasing or decreasing portions of specific foods 
(http://www.xnview.com/en/). For this study, the images for the starch, protein and vegetable foods come from a 
digital photographic atlas generated at the University of Navarra and featuring 110 images of the study foods in 
increasing portion size (5-20 kcal increments), all taken at 90 degrees angle. The software allows the user to select 
adjustable portions of each meal component to generate a personalized virtual plate, based on a method of 
adjustment [19] (Figure 6).  

Subjects 
The subjects for this pilot study were the first 20 volunteers (16 F, 4 M) completing the study. Subjects were 
recruited from Pamplona, Navarra, Spain, and had a mean ± SD age of 37.4 ± 12.7 years and body mass index of 
27.8 ± 4.2 kg/m2 (overweight), were healthy, with good visual and gastrointestinal (GI) function; absence of eating 
disorders, regular food habits and liking the study foods. To be eligible for the study all subjects had to pass a 
screening and familiarization session prior to the study where they consumed 125 g of yogurt on the UEM, while 
wearing the eye tracker, and completed electronic questionnaires on the UEM. Participants also tasted and rated 
the rice, meatballs and vegetables. Those assigning a score of 40 or more on a 100 mm VAS for the rice, meatballs 
and at least one of the vegetables, plus producing valid video and UEM outputs were enrolled. Six of the 20 
subjects provided blood measures. Seven subjects used the calibrated plate first and 13 used the control plate first. 
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Procedures 
The daily procedure for the volunteers is shown in Figure 7, and highlights the use of the different technologies 
(colour-coded by type of measure). This protocol was developed to minimize conflicting measuring times from 
the various techniques, based on previous research [20]. To decrease confounding due to protocol demands, 
participants were instructed to look away from the plate while the nurse carried out the drawings and the duration 
of blood extractions was extracted from the overall meal time for each participant providing blood samples. Video 
data during extraction were also excluded from analyses. 
 

 
 
For the setting up of the combined methodological platform the following steps were carried out: 

1. UEM set up. After initial programming of the SIPM software, two internal tests were carried out with 
two members of our staff using 125 g of yogurt which they had to consume from a bowl following the 
UEM standard protocol [15, 20]. This protocol specifies sitting in an upright position without applying 
any strength on the table from either above or beneath the surface, not moving the container, placing the 
cutlery on a side dish after finishing or during pauses, not using mobile phones, tablets or other electronic 
devices except when instructed by the investigator and alerting the investigator using a bell when finished. 
The same instructions were applied for the screening and intervention sessions. Programming of the UEM 
software was carried out as separate experiments for the screening and intervention sessions, with 
particular attention to being able to synchronize the UEM measures with the eye tracker (i.e. being able 
to start and stop the video recording alongside UEM measures during the food intake task).  

2. Eye tracker set up. The Tobii eye tracker was set up in the same environment-controlled room as the 
UEM. The Pro Glasses controller software was installed on the same PC after resolving initial IT 
incompatibilities. Calibration and gaze recording tests were carried out on the same internal volunteers 
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while they ate at the UEM station to verify functionality and adjustments to the UEM software were made 
as necessary. Video data were recorded in MP4 format at 25 fps. 

3. Portion size memory reconstruction test trial. Two dry run tests were conducted on an internal volunteer 
by comparing the recalled and actual portion sizes after food consumption using each plate. To verify that 
the task was well comprehended by the volunteer, the recalled portions were matched to the actual 
portions and then checked against the volunteer´s real intentions.   

4. Blood extraction protocol feasibility trial. To explore if the set timings for blood extractions were 
compatible with the UEM and eye tracking measures, we recorded real extraction times against target 
times for all extractions for the first 6 volunteers who provided blood samples. 

 
Data analysis 
To evaluate the feasibility and efficiency of using the combined methodological platform described above the 
following analyses were carried out in the data arising from the 20 participants: 

a) Probability of invalid UEM output (n=40 outputs).  
b) Probability of invalid memory test output (n=19, excluding missing data for 1 volunteer) 
c) Average time required for blood extractions while participants were eating, computed as absolute and 

proportional time vs. total meal time (n=12, or 6 subjects x 2 sessions).  
d) Average difference between target and real times for blood extractions across all times and conditions 

(n=60, or 6 subjects x 5 times x 2 sessions), using an independent samples t-test. 
e) Quality of video data and identification of AOIs from a sub-sample of videos (n=6). Further video data 

exploration and the development and piloting of the coding protocol will follow.  
Statistical analyses were conducted using STATA v.12. Significance was set at the 0.05 level. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Daily procedure for participants and components of our combined methodological platform. 
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Results 

UEM performance 
A total of 40 UEM data outputs were collected for the first 20 volunteers. Of the 40 outputs, only 7 (17.5%) were 
invalid, including outputs for sessions where participants moved or slid the plate (n=2 outputs); the SIPM software 
failed due to incompatibility with other equipment (n= 3); the balance had been wrongly tarred by mistake (n=1); 
and the participant sat incorrectly at the UEM table (with their legs pressed against the table from underneath and 
so creating negative pressure on the balance) (n=1). Despite that occasional vibration caused by participants 
unconsciously applying pressure on the table was detected in all the meals, this was not a factor to invalidate the 
UEM measures since it did not affect the weight recordings. 
 
Memory reconstruction test performance 
The memory algorithm showed 100% efficiency across the 20 participants. No participants reported any difficulty 
with using or understanding the task. Comparison of recalled vs. actual and vs. intended portion size selection by 
our internal volunteer revealed that all measures were close but larger differences between recalled and selected 
portion size at the buffet were present for particular foods. This was confirmed in preliminary analyses of 
differences between eaten vs. recalled portions across the 20 pilot volunteers (Figure 8).  
 
 

 

Figure 8. Preliminary results from the memory reconstruction task (n=19-20 subjects after excluding missing data for 1 
visit). Comparison of eaten vs. recalled portion sizes after using the calibrated (left) or control plate (right). 

 

Feasibility of blood extraction protocol  
Overall the integration of the blood extraction protocol with the other measurements proved feasible however it 
required tight attention to measurement timings. It also required good coordination in the team as processing of 
blood samples for ghrelin analyses requires of the addition of a protease inhibitor immediately after drawing the 
sample (therefore requiring at least 2 investigators at that point in time).  
 

1.1. Time required for blood extractions while participants were eating  
Across the 6 participants who provided blood samples, the mean ± SD time required using the calibrated plate for 
blood extraction was 201 ± 67 sec and for the control plate it was 272 ± 70 sec. These times represent 23.3 ± 3.1 
% and 29.2 ± 8.2 % of the total meal time in each condition. To avoid erroneous calculations in UEM and visual 
attention parameters, these periods of time will be excluded from the respective analyses. Valid UEM outputs were 
obtained for all volunteers who provided blood samples in both visit days, except for one volunteer on one visit 
day (probably due to an IT incompatibility). 
 

1.2. Blood extraction target times 
Across the 6 participants providing blood samples, for both sessions and 5 extraction times beyond baseline (5, 
10, 30, 60 and 90 min), the average time difference between the target and actual extraction time was 37.0 ± 47.0 
seconds when considering absolute differences, and 3.0 ± 59.9 seconds when considering negative and positive 
differences (which effectively compensated each other). These times did not differ much by plate condition 
although in absolute terms they were slightly larger for the control plate (Table 1), suggesting that while the overall 
time diversion from the target times was nearly null (3 seconds), some samples were taken slightly before and 
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some slightly after the target time on average by 1.16 min (Figure 9). Much of the deviation was driven by one 
outlier measure taken 240 sec away from the target time, while for all other measures the absolute differences 
ranged from 0 to 0.8 minutes. Excluding this outlier from the analysis did not change the results (absolute 
differences 33.6 ± 39.0 sec). 

 
Figure 9. Frequency distribution of the differences between target and actual extraction times for extraction times at 5, 10, 

30, 60 and 90 min for 6 volunteers (n=30 measures for each plate). Values on the X axis are seconds. 
 

Table 1. Mean ± SD and 95% confidence interval (C.I.) for the differences between target and actual extraction times (in 
seconds), for extractions carried out in 6 volunteers at 5, 10, 30, 60 and 90 min after starting the meal, when eating with the 
calibrated and control plate. Significant differences from zero (zero considered as null deviation) are indicated with an (*). 
 

 Using actual value (>0 or <0) Using absolute value 
 Mean ± SD 95% C.I. Mean ± SD 95% C.I. 
Average of both plates  
(n=60 measures) 

3.0 ± 59.9  (-12.5, 18.5) 37.0 ± 47.0 * (24.9, 49.1) 

Calibrated plate  
(n=30 measures) 

4.0 ± 49.7 (-14.5, 22.5) 32.0 ± 37.7 * (17.9, 46.1) 

Control plate  
(n=30 measures) 

2.0 ± 69.6 (-24.0, 28.0) 42.0 ± 54.9 * (21.5, 62.5) 

* differs from 0 with p<0.001. 
 

Eye tracking data 

Initially, the eye tracking data collected appear of sufficient quality and value to allow for a detailed analysis of 
the main AOIs of interest for this study (Figure 2). We are currently developing a coding protocol for manual 
coding of gaze times using the open access software Lightworks. For the gaze analyses, the main challenge is the 
presence of gazes on mixed food zones that do not fall under any of the pre-defined AOIs. An initial exploration 
of the magnitude of fixation time on such mixed food zones across 3 representative participants when they ate with 
the calibrated plate, indicated that these zones account on average, for less than 5% of the overall fixation time for 
the meal. Further analyses are under way to confirm these data using 3 additional videos of the same participants 
when eating with the control plate. This will be followed by protocol finalization and piloting across two trained 
coders. 

Discussion 

Taken together, our preliminary observations demonstrate the feasibility of combining eye-tracking, an optimized 
UEM, and a memory test, to explore underlying processes by which portion-control plates impact energy intake.  

Our improved UEM design has resulted in a much lower proportion of erroneous outputs compared with the 
traditional version, where the balance is directly attached to the surface of the table, therefore allowing vibrations 
from the participant to directly transfer to the balance. Our previous study using the traditional UEM reported an 
error rate of 33% due to equipment faults and participants unconsciously unsettling the equipment [20]. This is 
almost double the error rate observed in this preliminary exploration with an optimized UEM. Another advantage 
of our methodological platform is that it allows detailed observation of participant´s actual behavior on the UEM 
thanks to the eye tracker. Often researchers cannot identify the exact cause of erroneous UEM outputs, with these 
typically being assigned to incorrect seating at the table or moving the food container [20]. With the simultaneous 
use of the eye tracker we can identify potential failures related to not just the UEM but also other procedures. This 
can help improving the design of future studies involving combined methodological platforms. 
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Symposium: Sequence Analysis Approaches to Discovering Hidden Temporal 
Patterns in Behaviour 

Studying behaviour outside of the laboratory is often difficult as information may be incomplete, idiosyncratic, 
fragmented, partly qualitative, and rapidly changing. Developing methods to detect and analyse the non-random, 
syntactic structure of behaviour allows researchers to understand and predict future behaviours.  This symposium 
will provide a series of talks centred around Sequence Analysis methods, which allow the progression of real-
world, complex behaviours (both animal and human) to be mapped and understood. The symposium will begin 
with a brief outline of the basic approach of Lag-Sequence Analysis (LSA), aimed at those with no prior 
experience or knowledge of Sequence Analysis research. This talk will also focus on Indicator Waves, a novel 
method of sequencing multiple, concurrent behaviours across time. The second talk will explain the use of 
proximity coefficients to analyse the interrelationships among sequences of behaviours within and between 
cases. Using examples from law enforcement interactions, the talk will show how this approach opens up 
conventional inference testing across variables that distinguish different sequences. The final talks will outline 
the T-System Approach in Sequence Analysis. The T-System is a formally defined set of probabilistic patterns of 
relations between behaviours or events on a discrete time scale. This may seem quite similar to LSA; however, 
the T-System approach allows for much more sophisticated, hierarchical analyses of sequential and concurrent 
behaviour over time. These complex T-System analyses will be clearly explained to show how hidden 
behavioural relationships can be detected, which would be impossible with traditional LSA methods. The T-
Systems talks will include novel, extended analysis of T-Pattern sets for the new T-prediction and T-retrodiction. 
In addition, the newly updated THEME software, with increased speed of large dataset analysis, will be outlined, 
with applications to big data. Finally, drawing from the literature, examples will be provided on how the T-
System approach can be applied to research in human and non-human samples. The symposium will end with a 
discussion and evaluation of which method is best for particular research questions or approaches, and the future 
of all these methods will be discussed. 

David Keatley, University of Lincoln, UK 
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Indicator Waves 
Chi-square analysis of the Indicator Waves frequency matrix shows standardised residuals (SR), 

which are the preferred analysis approach in Indicator Waves, for the same reasons as given in BSA research [3]. 
Standardised residuals show which indicators are occurring more times, or fewer times than expected by chance 
at each time point. A higher SR means that an indicator is occurring more than would be expected by chance, at 
a particular time point. In contrast, a negative SR shows than an indicator is occurring fewer times than would be 
expected by chance, at a time point. A table can be developed of SRs to show indicators x time points, which is 
similar to the transition frequency matrix produced in BSA research [3] 

Table 1. Standardised Residual Matrix (segment from a larger database).  Values are standardised residuals (SRs). 
Positive values show each indicator event occurs more likely than would be expected by chance, at a particular 
time point. Negative values that the indicator event occurs less likely than would be expected by chance, at that 

time point. The final column indicates this timeline continued across many more previous time points. 

The table provides the complete results for all indicators, at each time point. However, for larger 
tables, interpreting the table and understanding the combined presence or absence of a number of indicators, 
across different time points would be extremely difficult. Therefore, the next stage of Indicator Waves is to 
produce a diagram of the waves, which can be more easily interpreted. The diagram (see Figure 2) shows how 
different indicators are present or absent at different time points. 
 

The Indicator Waves diagram can be very simply read and understood by individuals without 
advanced statistical training, making it ideal for applied use. The lines show which indicators (Felt depressed; 
Felt angry etc.) occur at different points in time. Depression, for instance, is likely to occur throughout each time 
point; however, peaks at around a month prior to the predicted outcome event. Anger (Felt angry) peaks an hour 

before the outcome; but, dips and is absent a week and a month prior to the outcome event. Each plot along  
the x-axis indicates a specific point in time, and shows how indicators may be present or absent at 

different times in the build-up to an outcome.  
Figure 1. Indicator Waves diagram. Timeline order has been switched from Table 1, to represent passage of time. 

This is a segment of a longer timeline dataset (spanning many months). 
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An overview of recent research involving the T-pattern model 

G.K.Jonsson1 

1Human Behavior Laboratory, University of Iceland, Reykjavik, Iceland. gjonsson@hi.is 

The discovery of hidden patterns in behavior is a task frequently faced by numerous researchers across many 
investigation areas, such as biology, psychology, psychiatry, sport science, robotics, finance etc. Nevertheless, 
discovering such patterns has proven to be a difficult task due to a lack of three important issues: first of all, 
adequate formalized models of the kinds of patterns to look for; second, corresponding detection algorithms and, 
last but not least, their implementation in available software. Over the last decades, these difficulties have been 
gradually overcome with the mathematical T-pattern model and the continued improvement of a technique known 
as T-pattern detection and analysis (TPA). Such a technique has been implemented in a software specifically 
developed for this purpose known as Theme. Using such an approach, recurring synchronic and sequential patterns 
of behavioral events, otherwise usually hard (or, more often, impossible) to detect, can be discovered and analyzed. 
TPA has been advantageously used to describe human and animal behavior in various contexts and experimental 
approaches. Demonstrating this approach we will examine results from several different research projects: 
temporal patterns in attacking rugby sessions (analyzing play events, location and heart rate of players); temporal 
pattern detected in data obtained with smart watches; temporal patterns in online gambling records; temporal 
patterns in financial transactions; temporal patterns in teaching practices, studying if reading instructions are 
evidenced based; and temporal patterns in behavior of children identified as victims of bullying. 
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T-Pattern Detection and Analysis (TPA) with THEMETM : New Features 

Magnus S Magnusson 

University of Iceland, Reykjavik, Iceland 

The T-pattern is a multi-categorical hierarchical self-similar (pseudo-fractal) recurrent pattern type occurring on a 
single real-scale, proposed for the description and detection of (sequential and synchronic) intra- and inter-
individual patterns in behavior and other biological phenomena. It is accompanied by an evolution detection 
algorithm implemented as the THEMETM software dedicated to T-pattern detection and analysis, TPA. Derived 
and related pattern types have since been gradually defined and added to make up the T-system with corresponding 
detection and analysis algorithms also implemented in Theme (Casarrubea et al 2015; Magnusson, 2016; 
Magnusson et al. Eds. 2016). From around 1980 Theme has evolved from a 3000-line Fortran IV program for PDP 
computers to a 300.000-line Delphi Windows program, while data size and speed of processing have increased by 
orders of magnitude and now the first version using parallel processing will be introduced. An educational (free) 
and a full version can be obtained from www.patternvision.com. See also http://hbl.hi.is. 

 

Figure 1. Capture of the screen when studying with Theme the static and diachronic functional structure of T-patterns within 
a T-pattern set detected within a set of Theme raw data (T-data) files. 

Behavioral analysis with Theme results primarily in a set of T-patterns usually with varying frequency and 
duration, but most importantly, often complex behavioral content and structure. Theme therefore includes many 
tools for quantitative and structural selection and analysis of individual patterns and pattern subsets, the latter 
especially useful for the detection of efeccts of independent variables. The most recent tools, already mentioned 
elsewhere (Magnusson, 2017) allow new kinds of both retro- and prediction, T-prediction & T-retrodiction, based 
on automatic analysis of relations between pattern all nodes (branches, i.e., terminal and nonterminal nodes) in 
sets of T-patterns detected in the same data. Corresponding interactive analysis and graphical presentation tools 
essential for interpretation have also been developed and implemented in Theme and will be presented, see 
example figure 1.  

 

 

http://hbl.hi.is/
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Using Skinner boxes to study circadian rhythms in honey bees 

Michel B.C. Sokolowski1 and Coralie Allain 

Department of Psychology, INSERM 24 (ERI 24), Université de Picardie 

Circadian rhythms have been demonstrated in a great number of animal species including insects and honey bees. 
To study rhythmic activity in invertebrates, most often, researchers use a locomotion test with an animal inside a 
small tube with one IR sensor at each end of the tube. We propose an alternative way to measure cyclic activity in 
bees. Recently, we developed lab Skinner boxes for bees and we suggest here to use conditioning protocols with 
food reinforcement. With fully automatized protocols, bees can stay in their conditioning chamber during several 
consecutive days without intervention. Syrup consumption can then be easily measured. In light/darkness 
alternation, we observe a strong cyclic feeding pattern highly correlated with light alternation. Such pattern is 
preserved in darkness only, but disappears in light only. We also show that some neonicotinoid pesticides 
selectively affect circadian rhythms at very low concentrations. 
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Use of a precision-livestock-farming technology coupled with time series methods 
to identify abnormal circadian pattern of activity .  

 N. Wagner1,2, V. Antoine1, J. Koko1, M.M. Richard2, R. Lardy2 and I. Veissier2 

1Limos, Université Clermont Auvergne, Aubière, France. nicolas.wagner@uca.fr 2 INRA, VetAgro Sup, UMR 
Herbivores F-63122, Université Clermont Auvergne, Saint-Genès-Champanelle, France 

The time-budget of animals and the circadian rhythm of activity are disrupted under stress, disease, or specific 
physiological states like estrus. Today precision livestock farming technologies (PLF) can automatically monitor 
several characteristics, including the activity of animals. For instance, with a Real-Time Locating Systems (RTLS) 
it is possible to infer the behavior of a cow from its location in a barn, and this can be done on a large scale, i.e. 
many animals for extended periods with a virtually continuous sampling. This opens the way to the use of 
behavioral indices to finely manage animals. Indeed, [1] designed a model of circadian rhythm of activity of cows 
using RTLS data. They show that average level of activity of a cow on a given day and its variations during that 
day differs with specific states (estrus, lameness, mastitis). Moreover, the circadian rhythm fluctuation in activity 
appear to be particularly sensitive and vary from 1 to 2 days before the disorder is observed by the farmer.  

We studied positioning data coming from a UWB-RTLS system (CowView, GEA) installed at INRA 
experimental unit Herbipole (UE 1414, approved by the French Ministry for Agriculture). From the position and 
movement of the animal, its gross activity is inferred: resting if in cubicles, feeding if near the trough, ad standing 
or moving in alleys. The dataset corresponds to the information from cows for two months. It provides for each 
cow the time spent to rest, to feed, to walk and to stand up per hour. The four values are merged into an activity 
level by applying a weighted average calculated according to the method proposed in [1]. The weights are rest, -
0.34; feed, +0.52; walk, +0.29; stand up, +0.29. We considered the circadian activity of a cow as a time series in 
order to identify patterns specific to diseases or estrus and to identify the onset of such states. Time series analysis 
includes powerful tools such as clustering and classification methods. It enables to detect anomalies as well as 
forecast the future [2].  

We split our dataset in two parts. The first part was composed of usual activities and is called the training-
set. Here the cows had never been observed by the caretakers as sick or in estrus. The training-set was used to 
learn the parameters of a regression model that describes the normal activity of a cow. We tested several statistical 
models (ARIMA) [2] and machine learning models (neural networks e.g. MultiLayer Perceptron (MLP) [3], 
Support Vector Regression, decision tree for regression, lazy models, etc.). 

The second set is called the test-set and contains usual and unusual activities (e.g. days where cows had 
been noticed as sick or unusual events occurred). The learnt regression model employs the test-set to predict the 
next hour of a cow's activity as if it was usual. To detect anomalies, we computed the difference between the 
predicted values and the observed ones (prediction error). If it was significant, we consider this period as abnormal.  

We compared the models according to several criteria such as the prediction error and the quality of 
detection for a particular disorder. We introduced other criteria that are required in practice such as the training 
time, the robustness of the model to noisy labels and the ability to be deployed on various farms. 

Some results are illustrated on Figure 1 for one cow and 8 days. Here an anomaly was detected that 
coincided with a test of the fire alarm in the barn, which apparently disrupted the activity of the cow. 

The first tested methods, such as the MLP, show promising results concerning detection of irregularities. 
We can obtain a real-time detection for each hour or for each day. At present, the method is linked to the data we 
collected. In the future, we will extend our work by testing larger datasets and other farms, in order to check the 
adaptability of the regression methods can be deployed in other settings. If this is successful, we will propose ways 
to automatize the detection of irregularities and possibly relate the type of irregularity to a specific disorder. 
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New technologies and software to advance the 3Rs and behavioural 
measurements in animal research 

The 3Rs (Replacement, Reduction, Refinement) have long been established as an ethical framework for the use 
of animals in scientific research, but they are increasingly being recognised for their scientific benefits. This shift 
in understanding is driving methodological and technological developments that have the potential to 
significantly impact upon animal welfare and support better science through improved experimental design and 
outcomes. This symposium will bring together researchers who have developed new technologies and software 
that not only automate and maximise behavioural measurements across a range of species (zebrafish, mice and 
macaques), but also demonstrate how implementing the 3Rs can further the progress of scientific research. 

Kamar Ameen-Ali, NC3R, UK 
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Monitoring Social Relationships in Group-housed Monkeys using Automated 
Face Recognition and Tracking 

C. L Witham1,2 

1 Institute of Neuroscience, Newcastle University, Newcastle-upon-Tyne, UK. c.l.witham@ncl.ac.uk, 2 Centre for 
Macaques, MRC Harwell, Salisbury, UK. 

Background 

Many laboratory species including mice, rats and monkeys are highly social animals. As social housing becomes 
more common there is an increasing need to monitor the social relationships between the animals in each group. 
In species such as Rhesus macaques fight injuries are a major concern; in breeding colonies they are the major 
cause of veterinary intervention [1]. Understanding the social relationships within a group can help with colony 
management, may help identify ill or injured animals (especially if they become socially isolated) and could help 
identify the causes of outbreaks of aggression. However to do these observations in person is time consuming and 
requires significant training of care-staff. Recent advances have shown it is possible to use automated face 
recognition to identify individual macaques in real time with high accuracy [2]. We extend these methods to 
include tracking, which allows more continuous monitoring of groups. This is then used to look at the social 
relationships within a group (based on proximity between individuals). 

Face Recognition and Tracking Framework 

Face recognition only works when individuals are facing towards the camera and in combination with face 
detection is relatively slow. Object tracking methods such as the Kanade-Lucas-Tomasi point tracker can be much 
quicker and can be used to locate monkeys when they are no longer facing the camera but they cannot be used to 
identify individuals. Therefore, for the best performance the two methods need to be integrated. We present a 
framework (in Python) for integrating face detection and recognition with tracking. Face detection and recognition 
are run every 10 frames to detect and identify individuals. These are then used to start or update a tracker model 
(kernalized correlation filter; KCF [3]), which is run on every frame. KCF trackers provide good accuracy and 
speed and are also good at reporting tracking failure. Where face recognition has been used multiple times on a 
single track the name that appears most frequently is used as the identity for that track. We tested the framework 
on 16 five-minute video clips filmed from six different groups (each clip contained between 2 and 10 different 
monkeys). These clips were manually labelled frame by frame for the location of each monkey and the manually 
scored locations compared to the tracking results.  

Social Analysis 

To assess the social relationships within the group we use a proximity based association measure based on the 
number of times two monkeys appear together in the video. These measures are used to form an association matrix 
for every pair of monkeys within the group. Monte Carlo shuffling is used to find which pairs associate with each 
other more frequently than by chance alone (preferred associations).  

To test the application of these methods we applied the framework to look at the social relationships in one group 
of 26 monkeys (1 adult male, 10 adult females, 6 juveniles and 9 infants) taken before, during and after a potentially 
stressful event (annual health screen of group). The results showed an increase in the number of significant 
preferred associations during the health screen with a specific increase in the number of preferred associations 
with high ranked animals. This decreased again after the health screen.  

We will finish by discussing ongoing work to develop methods for detecting grooming, dominance and aggresson 
related behaviours. 
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Ethical statement 

The study was conducted at a Home Office licensed UK Rhesus macaque breeding centre and involved non-
invasive techniques only. The project proposal was approved by the local Animal Welfare and Ethical Review 
Board. The housing and husbandry of the animals in the colony complies with the Home Office Code of Practice. 
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Rodent and human studies of social behaviour and its dysfunctions 

 
For the majority of mammalian species, the social environment includes some of the most salient rewarding and 
aversive stimuli. This is certainly the case in humans, and therefore the psychopathologies of social behaviour 
that are common in a number of psychiatric disorders are particularly detrimental to daily functioning and life 
quality. These include excessive or reduced social motivation, reduced reward valuation of social stimuli, 
heightened motivation to avoid and withdraw from social stimuli, and fear of social stimuli. These can occur in 
various psychiatric disorders, including autism, social anxiety disorder, depression, schizophrenia, impulse-
control disorder and dementia. In all species, the possibility to measure these translational dimensions of social 
behaviour accurately and unambiguously is dependent on sophisticated automated hardware and software. 
Examples of the challenges include continuous monitoring of individuals living in social groups, sensitive 
operant measurement of motivation for social reward in absolute terms and relative to other potential reward 
stimuli, and responses to social exclusion. The development and availability of automated systems for the 
measurement of these social dimensions, as presented in this symposium, is allowing for the study and increased 
understanding of their underlying neurobiology, as well as of the genetic and environmental factors that lead to 
pathophysiological changes in this neurobiology.    
 
Christopher Pryce, University of Zurich  
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Tracking social hierarchy and interactions of mice in Eco-HAB - a fully 
automated and ecologically relevant environment for assessment of social 

behavior  

Ewelina Knapskas 

Laboratory of Neurobiology of Emotions, The Nencki Institute at Warsaw 

Although social interactions between individuals are central to most animals, including humans, we are only 
beginning to understand the underlying neural processes. The search for the ultimate neural correlates of social 
behaviors is important not only because it advances our fundamental knowledge but also because it helps to 
understand the nature of deficits in social interactions, such as impaired social interest or shared affect, observed 
in autism spectrum disorder. Mouse genetic and idiopathic models of autism spectrum disorder offer the possibility 
of testing both neural mechanisms underlying specific impairments and therapeutic intervention. However, 
conventional tests of social phenotyping have repeatedly proven inefficient in differentiating certain genotypes 
and replicating these differences across laboratories and protocol conditions. In such tests behavior is often studied 
in pairs under artificial conditions, which ignores the natural tendency of rodents to live in larger groups. The size 
of the experimental group most likely affects the behavioral outcome of the test. For instance, both affect contagion 
and social interest can be modulated by social hierarchy. Further, in most studies of sociability in mice, behavioral 
effects related to anxiety and susceptibility to stress have been overlooked. To overcome irreproducibility and high 
manpower costs of manual testing as well as confounding effects of anxiety we have developed automated, 
ethologically relevant behavioral test, which measures spontaneous sociability in group-housed, familiar mice 
without the presence of a human experimenter. 

Eco-HAB is a fully automated system based on RFID technology and inspired by the results of ethological 
field studies in mice. Group-housed animals equipped with RFID tags live in a spacious, four-compartment 
apparatus with shadowed areas and narrow tunnels resembling natural burrows. Tube-shaped inter-territorial 
passages are equipped in radio-frequency identification antennas and two of four housing compartments have 
impassable, perforated partitions behind which different olfactory stimuli may be presented. Food and water is 
available in other two housing compartments. Eco-HAB reduces stress by tracking the tendency of animals to 
voluntarily spend time together in an environment to which they have already been accustomed and utilizes novel 
sociability measures for group-housed mice. The system is equipped with software for automated data extraction 
and analysis, enabling quick evaluation of social activity [Fig. 1A, 1]. 

Social interactions, both in humans and rodents, are modulated by many factors, including the social status of 
interacting individuals. To study the relationship between social hierarchy and social interactions in the Eco-HAB 
we have recently developed an add-on to the main system that allows for assessment of social status. The 
measurement is based on limited access to sweetened water (Fig. 1B). The results of the test correlate well with 
the commonly used U-tube test of social dominance. The position in social hierarchy is then correlated with in-
cohort sociability and following patterns. In-cohort sociability is defined as time spent by each mouse with every 
other animal within a tested cohort (the time expected to spend together by pairs of mice (based on the random 
dispersal throughout the system) is subtracted from the actual time that each pair of mice spent together to obtain 
amount of time related to non-accidental social interactions, Fig. 1C). For analysis of the following patterns we 
use the data analysis algorhitms to describe the relative positions of mice taking part in the experiment. For each 
pair of mice, in each experiment phase we can detect following episodes and evasion episodes (Fig. 1D). The data 
are collected for a mouse model of autism spectrum disorder with impaired social interactions (Fmr1 KO and WT) 
and C57BL/6J mice. 
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The newly developed social arena is a promising tool for translational studies of social behavior in groups to 
identify and validate clinically relevant biological substrates of social withdrawal for the development of new 
therapeutic concepts. 

The experiments reported on were conducted under a permit for animal experimentation issued by the 
Regierungspräsidium Tübingen, Germany. 

 

 

Figure1 A) Social arena with localization of the RFID sensors indicated by numbers 1-25; A-D depict position of 
four small nests and E of the large nest. B) position and body shape vector of the four mice in the arena C) 

example of automated behavior analysis 
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Operant tests for the study of stress effects on gustatory and social reward 
processing in mice 

C.R. Pryce1, G. Bergamini1, H. Sigrist1, F. Odermatt1 and B. Hengerer2 

1 Department of Psychiatry, Psychotherapy and Psychosomatics, University of Zurich, Zurich, Switzerland. 
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Biberach, Germany 
 

The Research Domain Criteria (RDoC) project (NIMH, www.nimh.nih.gov/research-priorities/rdoc/index.shtml) 
provides a framework for translational research into psychological processes that are dysfunctional in mental 
disorders. Two of the domains are Positive valence systems and Systems for social processes: the former concerns 
processes that underlie reward-directed behaviour, and the latter processes that underlie social interactions. Of 
course, social stimuli are also rewarding in many contexts, and impaired social processing is a major pathology in 
various neuropsychiatric disorders. One major advantage of RDoC is that it promotes animal modelling of specific 
human psychopathologies, and therefore the detailed, causal study of their underlying neurobiology and 
pathophysiology. 

In adult male C57BL/6 mice we are studying the inhibitory effects on subsequent reward processing of chronic 
social stress (CSS). CSS comprises 15 days of exposure to aggressive, dominant CD-1 mice, including proximate 
interaction (somatosensory, attack) for 10 min/day and otherwise separation by a divider through which there is 
distal interaction (olfactory, visual, auditory), and with a different CD-1 mouse each day [1]. Control mice are 
maintained in littermate pairs and separated during the light period by a cage divider identical to that used to 
separate CSS and CD-1 mice. CSS mice exhibit submissive behaviour but are nonetheless attacked and thereby 
experience a lack of social control; this has analogy with the loss of control, or helplessness, often reported in 
depression [2]. The overall aim is to increase understanding of CSS-induced cellular and molecular changes in the 
neurocircuitry that underlies reward processing. Within the RDoC positive valence systems, we focus on reward 
valuation, i.e. how salient a prospective reward is, and effort valuation, i.e. how much effort will be exerted to 
obtain a reward. Deficits in either or both of these dimensions could contribute to the core depression symptom of 
loss of interest as well as to negative symptoms in schizophrenia. 

As with the majority of tests of reward processing in rodents, we use sweet-tasting sucrose pellets as a reinforcer 
i.e. gustatory reward [3, 4]. In a test of gustatory reward valuation using modified operant chambers, a 30-s tone 
constitutes the conditioned stimulus (CS) during which approaching and responding at a feeder aperture results in 
delivery of a sucrose pellet and termination of the CS. Successive CSs are separated by inter-trial intervals of 
50±30 s. Relative to control mice, CSS mice make fewer aperture responses and acquire the CS-reward association 
to a lesser extent. In a test of gustatory effort valuation in operant chambers, mice are required to make nosepoke 
responses to activate delivery of a sucrose pellet, with the number of responses required for each reinforcer 
increasing on a progressive ratio schedule. Relative to control mice, CSS mice make fewer responses and attain a 
lower final ratio [3] (Fig. 1A). Interestingly, a similar deficit is observed following pharmacological depletion of 
dopamine in the nucleus accumbens [5].Therefore, stress results in gustatory reward being less salient under low 
effort conditions, and such reward becomes even less of an incentive under high effort conditions. 

Recently, we have started to investigate CSS effects on interest in mice of the same, C57BL/6 strain. Our CSS 
experiments are conducted with young-adult males, and females at the oestrous stage of the ovarian cycle are used 
as socio-sexual stimuli. In a 3-chamber operant apparatus (Fig. 1B), a central chamber is connected by transfer 
tubes to two side cages. Each side cage contains a divider that is transparent and perforated. A female is placed 
behind this divider in one side cage whilst the other one remains empty. The central chamber is equipped with 2 
operant levers, one on each side wall, pressing of which opens the adjacent vertical door to the transfer tube. To 
measure social reward valuation, the doors remain open and the proportion of time spent in the female cage is 
scored: the proportion of total time spent in the two side cages that is spent in the female chamber provides a 
measure of the salience of the female stimulus, similar to the three-chamber social approach test [6]. To measure 
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social effort valuation, the doors are closed and the amount of time required to reach a fixed-ratio criterion on the 
lever controlling access to the female cage is scored; the time required to attain criterion is inversely proportional 
to the effort valuation of the female. It is hypothesized that CSS will lead to a reduced preference to spend time in 
the female cage and to increased time to attain the operant criterion. The current test apparatus does not allow for 
detailed analysis of the activity of the mice in the apparatus, and video tracking would provide a very informative 
addition. 

The demonstration that chronic social stress in mice results in motivational deficits with respect to both gustatory 
and social stimulus modalities would provide a robust and novel model for the trans-diagnostic psychopathologies 
of low reward interest and apathy. This model could then be applied to increase understanding of the stress-induced 
pathophysiology in the underlying neurocircuitry and thereby identify novel therapeutic targets.  

The experiments reported on were conducted under a permit for animal experimentation issued by the Veterinary 
Office, Zurich, Switzerland. 

 

Figure 1. (A) Example of stress-induced reduced effortful motivation on a progressive ratio schedule for sucrose 
reinforcement in mice. Also shown is the partial reversal of the stress effect by subchronic administration of the 

antidepressant agomelatine. Taken from ref. 3. (B) Operant apparatus for the study of effortful social motivation in mice. 
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Autism Spectrum Disorders in Females 

David Skuse1 

1. Behavioural and Brain Sciences, Great Ormond Street Institute of Child Health, University College London. 

For many years, our conceptualization of autism was based on a male stereotype. There was a 
widespread consensus that the sex ratio was at least 4-to-1, males predominating, and epidemiological 
evidence appeared to support that assumption. An influential theory of autism susceptibility - that it 
represents an 'extreme male brain' - has subsequently been promulgated with great success. 

This 4-to-1 ratio is not consistent across the full range of intelligence quotients (IQ), however, which 
makes the observation hard to understand in terms of most parameters of genetic risk. No evidence for 
X-linked susceptibility has been proven. Females with autism and high IQ are rarely clinically 
identified, yet in those with the lowest intellectual functioning, the sex ratio is no more than 2-to-1. 
One possible explanation is that our current ascertainment methods for autism are biased toward 
males. A corollary of this biased ascertainment hypothesis is that so-called 'high-functioning' females 
with autism are harder to diagnose. 

The are several plausible reasons for this biased identification. First, our standardized measures of 
autism are derived from historical conventions based on the stereotypical symptom profile of boys. 
Second, boys with autism tend to have co-occurring symptoms and conditions that prompt clinical 
attention (including attention deficit hyperactivity disorder and disruptive behavior). Girls with autism, 
on the other hand, tend to have subtler related symptoms (such as social withdrawal, depression and 
anxiety), so their underlying social communication problems are often overlooked. Third, there is 
increasing evidence that females with autism show a greater capacity to 'mask' or compensate for their 
difficulties, and this leads to the development of compensatory behaviors in those who are 
intellectually able. 

This presentation will review empirical evidence to support these hypotheses and will describe the 
unique qualities of the female phenotype of autism spectrum disorders. 
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From behavioral measurements to models that behave 

Measuring behavior is not enough to understand it. For instance, the behavior of a fan controls its output, while a 
thermostat controls its input using its behavior. This distinction is crucial, since one must then acknowledge that 
behavior in humans, animals and robots, to be adaptive, has to be a closed-loop process. One can then discover 
the perceptual variables that the organism controls, which is different from how it responds to certain stimuli. To 
some extent, building is more challenging than intervening or fixing: grounded in (but not restricted to) 
behavioral measurements, a model that behaves can be more insightful than a model of behavior. 
Complementary to classification and extrapolation, we seek to discuss relevant methods and techniques to build 
and test generative models of behavior whose parameters are derived from empirical data. 

Warren Mansell, School of Health Sciences, University of Manchester, Manchester, UK and Alex Gomez-
Marin, Institute of Neuroscience, CSIC-UMH, Alicante, Spain 
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Acquisition of Control in a Complex Dynamic System Task: Computational 
Modelling of Spontaneous Improvements in Performance 

Vyv Huddy 

Div of Psychology & Lang Sciences, UCL 

 
Trial and error behaviour is crucial to the survival of even the most basic forms of life; Koshland (1980) [1] 
suggested that it is the means by which E.coli navigates nutrient gradients. Marken & Powers (1989) [2] 
formalised a generative model of E.coli behaviour where periodic random changes in direction - or 'tumbles' - 
allow the rate of nutrient absorption to be controlled. Humans acquire control of apparently much more complex 
environmental variables. Nonetheless, without prior knowledge of underlying rules, trial and error principles are 
still crucial for learning. Indeed, they may not only be necessary, but could actually be sufficient to explain 
performance on some tasks without the need for higher-level strategies. The E.Coli algorithm implements 
arguably the simplest possible form of trial and error behaviour - our first research question investigated whether 
simulating the operation of this alone could approximate human performance on a complex dynamic control 
(CDC) task. This class of tasks are designed so they resemble problem solving in real-world contexts. 
The second research question concerned the measurement of behaviour. In the Marken and Powers (1989) 
simulations, nutrient control emerged abruptly and unpredictably. This is because the algorithm stabilises 
behaviour as goal achievement occurs and in the absence of contingent environment cues. Similar sudden 
spontaneous changes in animal behaviour have been observed in conditioning research (see Gallistel, Fairhurst 
and Balsham, 2004) [3] but have yet to be demonstrated in studies of CDC tasks.  
 
Procedure  
We used the classic Broadbent and Berry (1984) [4] 'sugar factory' CDC task to investigate the emergence of 
control in human and simulated performance. In the task, participants are instructed to control the rate of 
production of sugar in a simulated factory by changing the size of the work force on each trial. The well-
established finding is that participants are able to maintain the sugar production level at a target level. 
We built a generative model of performance based on the principle that workforce selections vary in a manner 
proportional to the current deviation from the goal state. Thus, more stable workforce selections occurred 
whenever the goal state was closer to being achieved. Twenty-one participants completed the task for 
comparison with model performance.  
 
Analysis  
We implemented two independent algorithms for detecting change points in trial-by-trial time series for both 
simulated and experimental data. The top panel of the Figure below depicts a single participant's performance, 
indicated by their error score, on each of the 60 trials of the task. 
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classification. Even with this standard method, they reached a classification accuracy of up to 78% accuracy in 
horses. Experiences with the performance improvement in human pain expression recognition with the 
introduction of Deep Neural Networks, e.g. [42], lead us to hope for massive improvements in automatic 
recognition of equine pain expressions using these kinds of methods. We are exploring two different traits, one 
where we focus on the face and register facial images using keypoint detection [44] and capsule networks [48, 49] 
and another where the method learns more holistic cues about the entire horse pose, weight distribution, and spatial 
behaviour.  
Moreover, the current methods for horse pain detection are based on still images. This means that temporal 
information has been ignored. As shown with both humans [42] and horses [21], temporal information is important 
when a human interprets signs of pain. We therefore focus the holistic behaviour study on temporal information, 
using a combination of Long-Short Term Memory (LSTM), a temporal Deep Neural Network, and CNN. 

Concluding comments 
The work described in this paper is part of a larger effort aimed at improving standards for recognizing and 
assessing pain in horses and other mammals. Also, we wanted to investigate the potential development of 
technology platforms that can monitor and detect pain automatically in real-time. During this process, we have 
learned that an interdisciplinary approach is needed from the outset, for example, to avoid differences in 
descriptions of AUs or collection of data that inadvertently teaches the machine inaccurate categories. The clinical 
implications of valid and reliable pain recognition, assessment and monitoring are critically significant for both 
animal welfare as well as human health and wellbeing. The technology platforms could eventually also support a 
productive research agenda to further our understanding of pain and related states such as fear, fatigue and stress. 
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What should I annotate? An automatic tool for finding video segments for 
EquiFACS annotation  
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Facial Action Coding System (FACS) is a system to define and name facial movements by their appearance on 
the face. Originally developed for humans, various mammal specific FACS have been developed (1-3), including 
Equine FACS (4) for describing horse facial action movements.  
FACS coding of videos is a laborious but necessary process for the scientifically robust description and 
identification of facial expressions in mammals. Additionally, datasets with FACS labels are a necessary 
prerequisite for training machine learning methods for the automatic identification of action units as well as 
expressions, and have been successfully developed for human beings (6-8). While it is relatively easy to ensure 
that each frame in a human video dataset is easy to annotate with FACS coding - human subjects can be asked to 
face the camera during filming - the same is not easy, or in most settings, possible, to ensure for horses. 
Therefore, EquiFACS annotators face an added challenge when annotating: finding video segments that are most 
suitable for annotation. The process of finding these segments is cumbersome, and presents extra time overhead 
to actual FACS coding and verification. We present a solution to this challenge by introducing a tool that can 
automatically find and mark segments in videos where horse faces are visible and in a pose ideal for annotation. 
The tool can reduce time spent on finding annotatable segments from half a day to 10 minutes for a 24 hour long 
video after frame extraction. Furthermore, it has a high recall rate of 94.92%. 
In horses, video segments with the full horse face visible from a side or 45o angle are ideal for EquiFACS 
annotation since the movement of facial muscles is clearly observable. Experienced annotators can identify such 
video segments while viewing a video at four times its real-time speed, with additional time spent to verify 
candidate segments. Overall, the process of finding video segments suitable for annotation can take an annotator 
the same amount of time as a quarter to half the length of a recorded video. This time overhead limits the number 
and length of footage that is collected as well as annotated. 
Our proposed annotation tool can suggest candidate segments automatically. The software takes as input a video, 
and outputs a continuous confidence value between 0 and 1 for each time step in the video; 0 indicates that the 
time step is not usable at all, and 1 indicates high confidence in its usability. This confidence value allows users to 
prioritize their annotation efforts and improve productivity by going from most usable to least usable video 
segments. In addition, the tool also finds and localizes the horse head in each frame. The tool is extremely fast, 
and takes less than 13 seconds on a 25 minute video after frame extraction. See Figure 1 for an example output.  
The tool works by first extracting a video frame every n seconds and running a deep convolutional neural network 
(CNN) that is trained to find front and side view horse faces on each extracted frame. The frequency of frame 
extraction, or n, can be set by the user and is set to one frame every 5 seconds for experiments in this paper. The 
confidence value of detections in each frame are recorded. Finally, detections with confidence less than 0.2 are 
ignored, averaged for every minute window, and plotted against video time. 
The backbone of our tool is YOLO v.2 (9). YOLO is a CNN-based real-time object detection system (10). We 
adapt YOLO to detect two types of 'objects' - horse faces in side view, and horse faces in front view. Figure 2 
shows an example of each of these categories. Training the detector to distinguish and identify these two types of 
horse faces correctly requires annotated training data: images of horses with front and side view faces marked. We 
used the dataset from (11) that had horse face bounding box annotation. We further marked each annotated horse 
face as either side view, front view, or neither if the face was mostly self-occluded. In addition we manually 
annotated and added frames from two twenty minute surveillance videos of horses. The addition of these frames 
was important to correct the domain difference between the dataset from (11), which comprised of images collected 
from the internet, and surveillance footage used by our collaborators for EquiFACS annotation. The addition of 
video frames improved performance from 87.01% recall to 94.92% recall.   
While the tool has been developed for EquiFACS annotations, it can be easily used by researchers in other areas 
to find and label parts of videos most suitable for further analysis. It is currently freely available for EquiFACS 

http://www.noldus.com/observer
mailto:mhnrashid@ucdavis.edu


 

165 
R.A Grant et al. (Eds.): Measuring Behavior 2018, ISBN 978-1-910029-39-8 
Manchester, UK, 5th-8th June 2018 
 

annotators on our GitHub page (https://github.com/menorashid/darknet). Future plans include integrating the tool 
with previous work (11) to find and zoom in on parts of the face that are important for the identification of action 
units (eg. eyes) so that users can more easily observe and annotate action units. 

 
Figure 2 The output of our tool over a 30 minute video with sample frames with no, side and front view horse 

head detections. 

 
Figure 3 Examples of front and side view images used for training the horse head detector. 
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Increasing evidence shows that people with dementia display impairments in the recognition and production of 
facial expressions of emotion. There have been a number of studies regarding the recognition of facial expressions 
in people with dementia, findings show that people with dementia display deficits in recognising facial expression 
of emotions. However, these results are inconsistent and conflicting. Research concerning production of facial 
expressions is limited, employing a range of data collection methods, such as separate stimulus display and 
recording equipment, resulting in limited accuracy and consistency and making it difficult to compare results 
across studies. In addition, research is often constrained to laboratory-based experiments and research in the 
community is restricted to nursing homes, limiting the types of participants involved. 

This study combines methods from experimental psychology and computer science in order to investigate the 
ability of people with dementia to recognise emotional facial expression and to accurately characterise facial 
expressions of emotion in people with dementia in community settings. Three groups of participants were 
recruited for this study: (1) people with dementia (n=17), (2) cognitively healthy controls over the age of 65 
(n=22), (3) cognitively healthy controls under the age of 35 (n=20). All participants provided written informed 
consent prior to taking part in the study, which was approved by the Manchester Metropolitan University 
Research Ethics Committee. The present study is the first to simultaneously assess facial expression production 
in relation to cognitively healthy controls and people with dementia, and thus these data offer a unique point of 
comparison. For the expression recognition task, participants viewed short video clips of the six basic emotions 
(happiness, sadness, anger, disgust, fear and surprise) performed by a trained Facial Action Coding System 
(FACS) [1] coder. These emotions represent universal innate human responses that are independent of culture 
and learning. Participants then viewed the same expressions for a second time, after each expression was 
displayed the participant was presented with a choice of six different emotions on the screen and were asked to 
respond by pressing the button corresponding to the emotion they thought was being expressed in each case. 

The results showed people with dementia were less able to recognise five out of six emotional expressions: 
happy, sad, fear, anger and surprise compared to healthy controls under and over the age of 65. There was no 
difference between healthy controls and people with dementia in the recognition of disgust. Findings from 
previous research support but also contrast with these results. Support comes from [2] who found a deficit in the 
recognition of happy, sad, anger, fear and surprise but a preservation of the recognition of disgust, suggesting 
this might be attributable to the relative sparing of the basal ganglia in AD. The findings are also somewhat 
supporting by Maki et al. [3] who found deficits in people with AD in the recognition of sadness and anger. 
However, they also found that recognition of happy facial expressions was relatively preserved in AD patients, 
which contrasts with the findings of the present study. 
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Measuring Zoo Animal Welfare 

 
Understanding how wild animals housed in zoos and aquariums are faring is one of the responsibilities of zoo 
professionals today. Are animals having a good quality of life? Do they seem happy, engaged, curious, or are 
they fearful or anxious? Do they have extensive behavioural repertoires usually found for this species, or does it 
seem to be a reduced range? And how does this vary between individuals? Measuring different aspects can aid to 
gauge what an animal might be experiencing. Considering behavioural categories as well as how, reflecting not 
only physical behaviour recorded in classic ethograms, but also the expressive qualities emerging from the many 
different kinds of physical behaviours. Research is necessary to make evidence-based decisions regarding animal 
welfare efforts, with the aim to promote, as much as possible, positive animal welfare. This symposium brings 
together zoo animal welfare experts offering their perspectives on measuring wild animal welfare.  
 
Sabrina Brando, World Association of Zoos and Aquariums, Switzerland  
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under their care.  Involving the keepers in health assessments, decision making around euthanasia and post mortem 
examinations also improved teamwork and understanding.  Overall, this approach led to the implementation of a 
positive and proactive programme for assessing the welfare of ageing animals on a regular basis. 
 
Ethical statement 
Individual animal assessments were either observation or distance assessment and when intervention was required, 
this was discussed with the senior animal management team and planned appropriately to reduce risks. The 
programme was reviewed and supported by the zoo's ethics committees. 
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Abnormal Repetitive Behaviours as Indicators of Zoo Animal Welfare: Why, 
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Many zoo animals of different taxa perform abnormal repetitive behaviours (ARBs) - repetitive, invariant 
behaviours in either pattern or goal that either appear to serve no function, or are maladaptive, self-injurious or 
inappropriate [1] - are prevalent among zoo animals. ARBs are widely used as a welfare indicator across species. 
This is because, when comparing different settings, they typically occur in settings that are conducive to decreased 
welfare as assessed by other welfare indicators [2]. However, their validity as welfare indicators within the same 
setting is far less clear [2], with recent evidence suggesting non-stereotypic animals' welfare might be equal or 
worse than that of stereotypic individuals [e.g. 3, 4]. Because conspicuous, these behaviours appear deceptively 
'simple' to record. However, in practice, defining what constitutes a bout of ARB can be problematic: what makes 
it abnormal? how repetitive or invariant should it be?. Furthermore, different measurable aspects of the behaviour 
(e.g. frequency, prevalence, severity, timing, etc.), and even different forms of it [4] might relate to current welfare 
state differently, and should therefore be taken into account when recording zoo ARBs as a means to assess welfare. 
Two additional practical aspects need to be considered. First, as with all behavioural recording, is whether to use 
live observations or video cameras to record ARBs. While live observations provide context and data is (typically) 
quickly available for analysis, observer influence on behaviour can be an issue. Live observations are also typically 
not validated against video recordings. In contrast, while video recording avoids observer effects on behaviour and 
can yield important measurable aspects of ARBs, it tends to be more time consuming to analyse and prone to 
technical glitches that can lead to subsequent loss of data, not to mention the great variety of video recording 
equipment that exists in the market (e.g. cctv systems, go-pro cameras, camera traps). Finally, a common issue 
when recording ARBs (and other behaviours) of zoo animals is the reliance on several scorers (e.g. keepers, 
students, volunteers) to obtain data, which makes testing for inter-observer reliability and avoiding unconscious 
biases a fundamental aspect to ensure data quality. This contribution will therefore review fundamental and 
practical aspects of recording ARB for use as zoo animal welfare indicators, as well as provide best practice 
guidelines for recording ARBs and discuss some ways to tackle them in practice. 
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Application of sensor technologies in animal breeding 

 
 
Farm animals are often kept in large groups. However, in animal breeding, individually collected data is used to 
improve health, welfare and performance of animals. Keeping animals in large groups makes it difficult to 
collect individual data. Furthermore, collecting data on changes in health and behavior is a challenge when 
animals are kept in groups. With the upcoming use of sensor technologies and video imaging, automatic 
identification and monitoring of animals is possible, which provides opportunities for animal breeding. 
Breed4Food (B4F) is a consortium established by Wageningen University & Research and four international 
animal breeding companies. One of the projects of B4F is to develop methods to track and monitor individual 
animals kept in groups using sensor technologies. A second aim is to use this information to measure traits 
related to animal behavior, health and nutrient use efficiency. In this symposium, we will bring together animal 
breeders and researchers using state-of-the art technologies to track and monitor animals in groups. This 
symposium highlights research that can be implemented in the lab and commercial situations and to different 
taxa. The presentations will be followed by a plenary discussion to place the presented research in a broader 
perspective and identify future research directions.  
 
Esther Ellen & Bas Rodenburg, Wageningen University & Research 
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Figure 1.  Scheme showing how behaviours of animals can be continuously monitored (Aerts et al, 2003). 

Possibility 1: Pig behaviour monitoring at group level 
Real-time monitoring of the activity level of animals continuously at group level using video cameras has great 
potential. One technology called eYenamic (Fancom, BV) was developed and improved during the EU-PLF 
project (ww.euplf.eu; Project No 311825; [3]) to measure the activity level of pigs in real time and in practical 
farming conditions. The activity level could be localised by measuring it for different pre-defined zones separately. 
An arbitrary number of zones could be defined interactively by the user as rectangular boxes in the camera image, 
defined by their upper-left and lower-right corners. For the experiments, the two pens visible in the camera images 
were each divided in two zones, covering the left and right hand side, respectively (Figure 2). 
Every second, the algorithm logged the camera image and the activity index for each zone, defined as the fraction 
of the floor space in the pen that was covered or uncovered by pigs in the camera image during a one second 
period, i.e. the activity index is the fraction of floor space that has  'moving' animal pixels. The activity index for 
the four defined zones that was measured on-line during a 32 hour testing period. The difference between day- and 
night activity level can clearly be noticed (Figure 3). 
 

 
Figure 2. the eYenamic setup interface, showing the 2 x 2 zones that cover the left and right hand side of each of 

the two pens visible in the camera image. 
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Figure 3. the activity index for 2 of the 4 defined zones during a 24 hour testing period 

Possibility 2: Pig growth monitoring and water usage at group or individual level  
Individual weight measurement is an important process output and breeding variable that nonetheless suffers from 
a number of drawbacks when performed manually. Gathering weight data using a manual scale is therefore done 
sparingly, generally only at the beginning and end of a production period and most often only for a representative 
subset of animals [8]. Machine vision-based weighing of pigs is a non-intrusive, fast and accurate approach, which 
could reduce stress for both the animal and the farmer during the weighing process. Since slow weight gain can 
happen for some of the pigs in a pen, it is important to monitor weight for each pig individually. This helps the 
farmer or breeding company to identify slow-growing and fat-growing pigs. 
Building further upon the idea of Schofield, an algorithm was developed to monitor weight using machine vision 
techniques [4]. First, the pig image was segmented and the corpus image was separated from the head by using the 
same ellipse fitting algorithm (Figure 4).  
 

 
Figure 4. Individual weight monitoring of pigs in farm conditions 

 
The objective of the next step was to quantify the dynamics of body area and to relate it to the gold standard body 
weight (BW). The relationship between known image features and BW is fixed and known. Figure 5 shows the 
measured actual weights versus the predicted weights over six days of measurements for all four pens and ten pigs 
per pen (240 data points). The ideal case was that all of the data points align with the identity line (R2 of 100% 
which means for every data point, predicted weight would equal the measured weight). This means the more erratic 
the points are, the lower R2 and accuracy of weight prediction will be. 
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of 89% on an experiment farm (Figure 7b). Further effort is needed to determine their robustness under more 
realistic production conditions. For example, if commercial breeders wish to incorporate automated behavioural 
phenotyping on farm, systems must be able to work with large areas and groups of pigs, low or uneven lighting, 
varying backgrounds, and obstacles (e.g., feeders and drinkers).  

 

 
Figure 7. (a) the labelling requirements and tool used, (b) the results of the classification of non- and aggressive 

interactions (Viazzi et al, 2014). 

Conclusions 
Sensor-based animal monitoring technologies are finding more widespread use across commercial farms, and can 
create value for the breeder companies to improve their genetic lines. From there we have to discover how they 
can create value for the animals and the farmers in the first place. The fundamental advantage is that these Precision 
Livestock Farming systems  can monitor continuously, for example the frame-rate of a typical video is 25 images 
per second. While a human eye can observe up to 3 times this rate it is not possible to expect an observer to do 
this 24 hours a day, 7 days a week, 365 days a year. From the examples available today, it is clear that monitoring 
technologies can create value for the farmer, breeder as well as other stakeholders. Opportunities abound to share 
data-streams between these stakeholders to ensure a future for sustainable and resilient livestock production. 
Nevertheless, it is fair to say that more work is required to develop these technologies so they can be implemented 
in the commercial livestock production facilities of today. 
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Finding hens in a haystack: Consistency of movement patterns within and across 
individual laying hens maintained in large groups 
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1. University of Bern, Switzerland; 2. National Centre for Animal and Plant Health, Cuba; 3. Newcastle University, 
UK;  christina.rufener@vetsuisse.unibe.ch 

Animals of various species, including poultry, have structured behavioural routines with variations relating to 
individuality. Efforts focusing on poultry have been largely limited to small (< 25 hens), non-commercial groups 
or the presence on exterior ranges rather than inside the house. Given existing knowledge of hen behavioural 
patterns and a growing need for animal monitoring within ever larger commercial flocks, we sought to investigate 
methodological tools that could objectively quantify the recorded movement and location patterns and allow 
comparison across and within hens. All experimental animal work was approved by the Bern Kantonal authority 
(BE-31/15) and all methodologies were performed in accordance with the relevant national and kantonal guidelines 
and regulations. For the effort, we used a custom designed tracking system to monitor the location within five pen 
zones (Figure 1) of a commercial aviary for 13 hens (Lohmann Selected Leghorn or Lohmann Brown) within a 
flock of 225 animals for a contiguous period of 11 days. Most hens manifested a hen-specific pattern that was 
(visually) highly consistent across days, though, within that consistency, manifested stark differences between 
hens (Figure 2). Some visual features that stood out between hens were: patterns of specific, repeating transitions 
at a relatively similar rate/time; extended duration of time within a single specific zone; lack of entry into an area; 
and isolated periods of activity within extended periods of inactivity. To test the hypothesis that daily movement 
patterns were more similar within hens than between hens and evaluate methodological tools capable of such 
comparisons, three different methods were used to classify individual daily datasets into groups based on their 
similarity. The three methods were: i) Linear Discriminant Analysis  based on six summary variables (transitions 
into each zone) and total transitions; ii) naïve clustering analysis, Hierarchical Clustering, applied to summary 
variables and iii) Hierarchical Clustering applied to dissimilarity matrices produced by Dynamic Time Warping. 
The three methods were highly successful in correctly classifying hens with each method correctly classifying 
more than 85% of the hen days. In summary, our methods provide a unique means to assess behavior of a system 
that was previously not accessible but indicates the presence of an enormous degree of complexity and structure. 
We believe the current effort is the first to document these behaviors within a large, complex commercial system 
and thus has enormous potential to influence the assessment of animal welfare, health, and productivity. Future 
work will need to re-evaluate these methods over extended periods of time and in relation to variables of interest, 
e.g., egg production and hen mortality. 

 

Figure 1. Representation of the aviary system and the five coverage zones showing available resources in each 
zone as well as emitter positioning (boxes). 
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Figure 2. Location graphs of four focal hens over 11 consecutive days. Each panel represents a single hen (1, 3, 9, 37). 
Within each graph, each line (top to bottom) represents location data for a single day where lights were on between 

approximately 0200 and 1700. The Y-axis represents the zone in which the animal was present and the X-axis represents the 
time of day. 
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To track and monitor individual animals in groups, it is possible to use radiofrequency identification (RFID) 
systems. RFID encompasses all wireless communication systems that use radiofrequency fields [1]. RFID systems 
consist of tags and readers [2]. The tags contain unique identification data and can be attached to the item or, in 
the proposed application, to the animal that needs to be tracked [2]. The readers are used to read and identify the 
tags via radiofrequency fields [2]. The development of RFID technology started in the late 1960s and RFID 
systems are currently used for a large range of applications, including electronic door locking systems, contactless 
smart cards, and animal identification [2,3,4]. Further progress in the technology of chip manufacturing now makes 
RFID suitable for novel applications and available at a lower cost [4,5]. Therefore, the existing RFID technology 
may be applicable for animal tracking and monitoring as well. Here, different types of RFID systems will first be 
discussed for their applicability in individual animal tracking and monitoring, after which future work using RFID 
to track individual animals will be presented. 

Many different types of RFID systems exist. The main characteristics by which RFID systems can be categorized 
are 1) power supply of the tags and; 2) operating frequency and associated reading ranges. Tags can be classified 
as active or passive, depending on their power supply. Passive tags obtain their power from the field of the reader 
and therefore do not have their own power supply in the form of a battery [6]. Active tags contain a battery that 
powers their signalling and allows them to initiate communication, and often have larger potential reading ranges 
than passive tags [4,6]. As a consequence, active tags can signal their location in real-time, while passive tags are 
only registered when they are near a reader. This results in active tags often providing more precise locational 
information than passive tags. Generally, active tags are heavier and more expensive than passive tags. Different 
operating frequency classes of RFID systems are distinguished: low frequency (± 134.2 kHz), high frequency (± 
13.56 MHz), ultra-high frequency (866-868 MHz (EU) and ± 915 MHz (US)), microwave (> 3GHz) and ultra-
wideband (wide range of frequencies, using low-power signals) [2,7]. Microwave and ultra-wideband systems are 
mainly limited to active tags, and low frequency systems to passive tags [2,4,8]. The operating frequencies differ 
in their sensitivity to metals and water in the environment, and have different data reading rates and ranges (Figure 
1). When assessing the value of different RFID systems for tracking and monitoring of individual animals, several 
requirements need to be considered. For example, multiple animals have to be tracked and monitored at the same 
time, while housed in groups on site, i.e. on farms. Also, the animals should not be affected by the RFID tag, either 
physically or in terms of behaviour, and the systems should be able to function with little or no interventions or 
adjustments after implementation, to measure undisturbed behaviour and to be of value for larger scale 
applications. Therefore, we need a system that 1) can read a large number of tags in a short time frame; 2) is not 
strongly affected by interference from water or metal; 3) has small, lightweight tags (especially of importance for 
smaller animals), and; 4) does not require frequent replacement of batteries. It is concluded that passive high-
frequency (HF) RFID systems appear to be best applicable for monitoring individual animals housed in large 
groups, based on the characteristics described in Figure 1. However, what type of RFID system is preferable 
strongly depends on the desired traits to be measured and the characteristics of the animals under study.  

mailto:Malou.vandersluis@wur.nl
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Figure 1: Overview of the different possible RFID systems, based on [2,4,7,8]. 

 
Animals in livestock production systems are kept in increasingly large groups, which makes identifying individuals 
difficult and monitoring their health and behaviour time-consuming [9]. However, information on individual traits 
is crucial for adequate monitoring of health and welfare of the animals, and is essential for breeders as input for 
breeding programmes and for evaluation of animals in group-housing. Therefore, in our proposed study, we aim 
to monitor health, production, and behavioural traits of individual animals of different livestock species that are 
housed in large groups, using radiofrequency identification systems. We will focus on two main areas: 1) activity 
in poultry, and; 2) proximity in pigs. For the activity studies in poultry, we will apply passive HF RFID to track 
and monitor individual poultry in small groups, possibly in combination with other systems (e.g. accelerometers). 
To this end, we will construct a grid of HF RFID antennas under the flooring of the pen in which the animals are 
housed and all animals will be fitted with a passive HF RFID tag on their leg rings. By looking at the number of 
antennas visited or the time in between registrations at different antennas, the level of activity of individual animals 
can be determined. After applying the system in small groups in a controlled setting, we will apply the system in 
a commercial breeding setting, to investigate the on-farm application of RFID. Using the proposed passive HF 
RFID system, differences in activity between genetic lines will be studied, as well as links between activity and 
gait score of the animals. To study proximity (i.e. interactions between individuals) in pigs, ultra-wideband (UWB) 
tracking methods will be applied. The reasoning behind this is that pigs are larger animals and are thus able to 
carry the weight of active tags. Also, using UWB tracking, a more exact location of individual animals can be 
determined, which is of importance in assessing the distance between individuals. By looking at the distances 
between different dyads of animals over time, a social network can be constructed. UWB tracking can also be 
combined with video tracking to study problem behaviours, by looking at the type or direction of interaction (e.g. 
head-to-tail interaction may indicate tail biting in pigs). Overall, the data obtained with these RFID systems can 
help to detect problem behaviour and/or gait problems early on and can aid in precision phenotyping. In this way, 
we hope to contribute to breeding healthy animals with good welfare that perform well in group-housing systems.  

References:  
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Measuring behaviour in elite sport 

 
Measuring behavior is essential in sport for improving performance, reducing injury risks and establishing 
appropriate regulations. Behavioural measurements are used to guide athlete preparation, training interventions 
and inform strategy going into a competition; as well as to assess the impact of changes to equipment. Other 
aspects of athlete behavior, inside and outside the performance arena, are important for athlete health and injury 
risk reduction. The design of effective safety equipment and procedures is also reliant on accurate measurement 
of athlete behavior. Traditionally, measurements were constrained to laboratories and expensive motion capture 
systems, but the emergence of low-cost wearable sensors and camera systems has helped to facilitate in-field 
testing. 
 
This symposium presents research from a range of sports and considers the impact that measuring behavior has 
had on elite sport. 
 
Tom Allen, Manchester Metropolitan University  
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Measuring Performance at the Great Britain Cycling Team: A Case Study of 
Optimizing Bicycle Setup Parameters 

P.R.Barratt 

Performance Support Team, Great Britain Cycling Team, UK 

Introduction  

Cycling speed is governed by power output, and so interventions that act to increase cycling power are highly 
relevant in the support of elite cyclists. Bicycle setup parameters, such as saddle height, crank length and cleat 
position, have the potential to influence overall cycling power output by altering the region of the length-tension 
and force-velocity relationships used by the major power-producing muscle groups. The optimization of bicycle 
setup parameters therefore represents a valuable area of research with the applied goal of increasing overall cycling 
power. At the Great Britain Cycling Team, laboratory-based experimental methods and field-based observational 
methods are combined to investigate how changes in bicycle setup parameters influence cycling power output. 
The purpose of this abstract and presentation is to describe these two measurement paradigms, together with a 
discussion on the benefits of addressing research questions by combining two complimentary measurement 
paradigms. 

Methods 

Experimental data are collected on a static laboratory ergometer that provides an isokinetic resistance. Two-
dimensional kinematic and kinetic analyses are used to describe joint-level mechanics. Using this approach, 
adjustments in bicycle setup parameters can be assessed in terms of the performance outcome of overall power 
output, together with a detailed description of the joint-level contributions. Observational field data are collected 
by instrumenting a bicycle to record one-dimensional crank-level kinetics data. These instrumented cranks are 
permanently installed on the bicycle to allow data collection at every training session. 

Discussion 

The experimental laboratory environment offers a highly repeatable and controlled measurement paradigm, which 
is clearly desirable for measurement precision as well as allowing for a more detailed analysis of the pedalling 
movement. The extent to which we can assume that data from this environment are representative of the actual 
performance environment however, is questionable. Specifically, there is a requirement for a cyclist to balance a 
moving bicycle when cycling on a velodrome, together with a wealth of additional visual, auditory and other 
contextual infomation. These altered constraints may result in the emergence of different movement co-ordination 
patterns which may in turn result in different optimal values of bicycle setup parameters. In comparison to the 
experimental laboratory environment, the observational field environment has a high level of representativeness. 
Indeed the minor level of athlete interference resulting from the observational field instrumentation means that 
information can be collected in competition and well as in training. However, the considerable additional 
variabililty in this measurement environment results in a relatively poor level of repeatability and precision. The 
experimental laboratory environment and observational field environment are clearly complimentary measurement 
paradigms. The strength of one is the weakness of the other, and vice versa. Rather than choosing one method to 
address our research question of optimizing bicycle setup parameters therefore, we adopt a mixed approach by 
using both paradigms to address our problem of optimizing bicycle setup parameters. In building a weight of 
evidence in this way we believe we are able to have a greater confidence in our results, and ultimately deliver a 
better support service to our elite athletes and coaches.  
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Conclusions 

The results of this paper agree with the literature and confirm the possibility to use wearable inertial system both 
for the assessment of infringements and performance in field condition. The proposed method allows to individuate 
when the race pace becomes critical for correct execution of the gesture. For the analysis of the performance, the 
polar diagram allows to understand the strong and critical point that characterized the technique of the single 
athlete. The synthetic index (in combination with an acceptable level of infringement parameters) could allow to 
individuate the best quality of gesture with the possible optimal race pace speed. Further developments will be 
centred on: (i) testing with a greater number of athletes with different anthropometric characteristics and also in 
race conditions; (ii) including a smoothness rotation index in the evaluation parameters; (iii) deriving customized 
strategies diversified for the main type of race competition (men's and women's 20 and 50 km).  
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Introduction  
Knowledge of wrist kinematics during the impact phase of punching in boxing is required considering injuries at 
hand-wrist account for the highest incidence in both training and competition [1]. To date, studies in boxing have 
investigated shoulder and elbow joint kinematics, but not the wrist [2]. These studies used reflective surface 
markers, which we considered unfeasible for wrist investigation due to protective equipment covering these areas. 
We therefore assessed the validity and reliability of a new method for quantifying wrist motion during boxing 
activities using an electromagnetic tracking system (Polhemus).  
 
Methods 
This study included three components; a) a mechanical jig based investigation, using a polyamide hand and 
forearm shape surrogate, b) an in-vivo quasi-static measurement of the wrist, and c) an in-vivo measurement of the 
wrist during boxing punching activities. Three receivers were fixed to either the jig or participants of this study. 
Participants were 29 Great Britain Boxers (23 men and 6 women). All participants were orthodox stance boxers 
(left hand leading). The relative orientation of the left upper limb segments (upper arm, forearm, hand) were 
defined using Cardan angles [3]. For the jig and quasi-static testing, multiple positions of wrist angle were 
determined during repeat sessions, analysed using the Polhemus. and video footage processed through a computer-
based software (Kinoveo). For the punch testing, two types of boxing shots were thrown repetitively against a 
training bag with their left leading hand; Jab (straight shot) and Hook (bent arm shot). Wrist motion for the punch 
testing was analysed with the Polhemus.  
 

 
Figure 1. Field testing showing the Polhemus system set-up with one of the participants during the punch testing 

component of this study 
 

Results and Discussion 
The Polhemus provided valid estimates of wrist kinematics, demonstrating excellent correlation with the marker 
based video analysis in both the jig and quasi static testing by <0.2° (p = <0.001) and 2-6° (p = <0.001) respectively 
(Paired t-tests). Both systems showed high intraclass coefficient of reliability (ICC), with the quasi-static data also 
meeting the assumptions of Bland-Altman graphs. For the punch testing, the Polhemus testing showed an almost 
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Newell's constraints-led model [1] suggests that boundaries or instructions (constraints) placed on the task, 
performer and environment affect the affordances (opportunities for action) of movement production.  Therefore, 
when measuring movement behaviour, the data recorded represents the interaction between the imposed 
constraints in those experimental conditions. Here, using the theoretical framework of ecological dynamics (i.e., 
constraints-led model and representative design) we propose the idea of 'gold standard data', meaning data 
collected in an everyday sport environment with no interference to the typical constraints of the performer, 
environment or competitive/training task. We propose that a continuum exists between 'gold standard data' and 
'gold standard measurements' (i.e. highly accurate systems that can measure kinematics with precision which are 
often used to validate other technologies [2, 3]); suggesting this continuum as a method to help movement 
scientists reflect on the measurement techniques used in research and applied practice (see Figure 1). Finally, we 
suggest the term 'co-operative data' to describe data collected during experiments that negotiate a balance between 
measurement precision and representative design (see Figure 1).  

This continuum has been informed by a systematic survey of human movement literature, where the most common 
method identified for measuring movement behaviour during sporting tasks was marker-based motion-tracking 
(19% of sample). Researchers may consider this type of system as the 'gold standard', based on its ability to 
measure kinematics with precision and reliability [2, 3]. However, to enable marker-based motion-tracking 
systems to achieve high accuracy and resolution, invasive measurement techniques that are impracticable within 
everyday sports performance environments are likely to be implemented. To measure athlete movement in 
everyday performance conditions, investigators may use methods that are not 'gold standard' but impose little or 
no impedance to the athlete, task or environment. This was evidenced in our survey by global positioning systems 
(GPS; 16% of sample) and notational analyses (8% of sample) being the subsequent most popular techniques used 
to measure human movement behaviour during sporting tasks.  

Depending on the resources available and the performance constraints of the sport, some experiments may be able 
to collect 'gold standard data' using 'gold standard measurement' systems (see [4]). However, the current literature 
demonstrates a prevalence of experiments that use methods (for example, marker-based motion-tracking) likely 
to introduce less representative constraints; and compromise action fidelity (that experimental situations 
adequately simulate a performance system) and functionality of task design (maintenance of the coupling of 
cognitive, perceptual and action processes) [5], making experimental data inappropriate for practitioners or 
researchers to generalize to everyday sport conditions. Hence, representative but less precise data may be more 
informative than data collected using gold standard measurement techniques; because it represents the constraints 
experienced by athletes as they perform training or competitive tasks in typical conditions. Careful consideration 
is therefore required concerning the prescribed task, experimental environment and measurement techniques 
employed during data collection [5, 6]. We suggest that the use of the terms 'gold standard measurement', 'co-
operative data' and 'gold standard data' might help researchers to contextualize experiments and help practitioners 
to appropriately generalise data in relation to typical sports performance constraints.  
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Examining continued participation in Parkrun  
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The proportion of the UK, adult population that meets official activity guidelines is low. Health interventions 
have been implemented to try to increase activity in the general public but evidence of success is limited -- high 
proportions of participants return to relative inactivity soon after starting. 

As a weekly, free, 5 kilometre run, Parkrun may contribute to increasing physical activity among its community 
members. Parkrun provides a relaxed setting in which to exercise which mixes elements of social-support and 
perceived accessibility with the opportunity to set goals and self-monitor progress (the runs are timed and 
recorded for participants) -- both have shown to be effective in maintaining behaviour change with regards to 
physical activity. 

This study examines the participatory behaviour of 1.33 million registrants to the Parkrun event. This includes 
the effects of demographics, what level of engagement is likely to result in continued participation and the 
physical effect (through run time) on continued participation. 

While a large proportion of registrants to Parkrun will only run once, those that do continue to participate for 
three years or more demonstrate an increase in physical fitness through improved run-times. The age, level of 
deprivation and activity levels of registrants all affect the likelihood of continuing to participate in the event. 
Given the positive benefits of participation in Parkrun, ways should be explored to increase the appeal to less 
active and more deprived registrants. 

  





















https://sounds.bl.uk/Accents-and-dialects/The-Listening-Project


 

227 
R.A Grant et al. (Eds.): Measuring Behavior 2018, ISBN 978-1-910029-39-8 
Manchester, UK, 5th-8th June 2018 
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Understanding human behavior in rich natural contexts is best explained by the humans doing the actual behaving.  
Ethnographic techniques such as auto-confrontation are employed to establish what elements and factors influence 
driver behavior in natural complex driving situations.  This technique explicitly exposes how drivers make 
meaning of their behavior and especially of outlier behavior.  We used these data on natural driving behavior to 
design an autonomous controller that has the same sensitivities to road environment factors as drivers do.  These 
autonomous controllers were then evaluated using the same auto-confrontation technique.  The approach offers a 
richness of understanding that goes well beyond that of typical automotive designers and engineers and finds 
parallel in many areas of where human behavior can/should be augmented, complemented or automated to enhance 
safety and enjoyment.   

Experiments with human being are generally constrained in three ways: i) a limited number of stimuli or constraints 
are presented in a sparse world, ii) the possible behaviors in response to the stimuli and constraints are limited, 
and iii) the instructions to the participants are highly detailed so as to elicit specific behavior.  While such 
experiments are highly suitable to quantify human ability they are less suitable for understanding human behavior 
in the wild.  When observing humans in a natural environment we project our own experience in trying to 
understand their behavior.  However, because everybody has a unique natural make up as well as a unique life 
experience, their understanding of their own behavior may not match our interpretation of their behavior.  These 
discrepancies are especially relevant when technologies are involved that may require some understanding of the 
technological capabilities and limitations such as in driver support systems.  The question is: how do we capture 
how different people make meaning of their own behavior.   

Ethnography offers a suite of behavior assessment techniques that are highly suitable to let human operators make 
meaning of their own behavior.  One such approach is auto-confrontation where human operators are confronted 
with re-experiencing a previously exhibited behavior generally grounded in video replay but often enriched with 
other modalities such as sound or even motion.  By exposing human operators to multi-modal traces of their own 
behavior one can through non-biasing interview techniques gain deep insights into how they organized their 
behavior and why they behaved the way they did.   

In a UK project with the aim to create an autonomous vehicle that drives like a human, we were faced with the 
question what it means to drive like a human.  The operational hypothesis is that when a human is driven 
autonomously with a car that adopts their own driving style that acceptance will be higher than when they are 
driven in a fashion that is purely designed from an engineering perspective.  We collect data of naturalistic driving 
in complex driving environments in driving simulators as well as in instrumented vehicles.  The question was how 
we can establish what it is in the driving environment that causes drivers to adapt their speed, lateral position as 
well as level of attention.   

To capture how drivers behave in natural environments we employed three different triggers for what portions we 
used for the auto-confrontations: i) around their own button presses during their driving which they press when 
they feel that something out of the ordinary occurred, ii) around stronger and/or faster than normal control 
responses which we automatically identify and iii) where observed behavior deviates significantly from predictions 
created by a computational model that is based on pilot data.  The data obtained from these auto-confrontations 
provided not only a set of common factors that influence behavior and that specifically cause difficulty but more 
interestingly also factors that are unique to specific sub-sets of participants.  These data provided the necessary 
detail to know what elements in the environment autonomous vehicle need to be sensitive to and what additional 
elements may be needed to achieve a highly personalized autonomous driving.  We did identify groups with 
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Observing the Fine-Scale Behaviour of Cleaner Fish in Commercial Salmon Net 
Pens Using Passive-Acoustic Telemetry 
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Introduction  
In recent years, cleaner fish have been implemented at a large scale in the North Atlantic salmon industry as a 
strategic component to the sustainable control of the potentially devastating salmon louse Lepeophtheirus 
salmonis. The key to the continual improvement of husbandry practices in any farming system is the observation 
of the livestock and the ability to rapidly identify deviations from normal behaviour and natural rhythms. However, 
the monitoring of cleaner fish deployed at low densities within commercial Atlantic salmon net pens is difficult 
and remains largely anecdotal. We used passive-acoustic telemetry to observe the fine-scale swimming behaviour 
of cleaner fish in commercial salmon net pens in response to changes in husbandry and environmental conditions. 

Methods 
We used a passive-acoustic telemetry system (HTI-Vemco Inc., Seattle, WA, USA) to record the positions of 
acoustic-tagged ballan wrasse (Labrus bergylta) and lumpfish (Cyclopterus lumpus) over periods of several 
months. An array of eight underwater hydrophones was deployed by divers around the perimeter of two 24 × 24 
× 15 m net pens, comprising four surface hydrophones suspended at 1 m depth and four deep hydrophones fixed 
at 20m depth. The hydrophones were hardwired to an acoustic tag receiver housed on the cage structure, time 
synced via GPS satellite and with wireless connectivity to a shore-based PC for system control and raw data 
storage. The acoustic tags (6.8 × 20.0 mm; 0.55 g in water) emit at a single frequency (307.2 kHz), and each one 
is programmed with a unique pulse rate interval (PRI) to allow tag identification. The tags were surgically 
implanted into the abdominal cavity of experimental fish under anaesthetic, and all experiments were approved by 
the University of Stirling Animal Welfare Ethical Review Board. Control tags were fitted to cleaner fish hides 
located in the pen corners to measure system performance. Using proprietary software (HTI-Vemco Inc.), raw 
acoustic data were filtered and processed to identify tags, and the 3D position of each tag pulse to sub-metre 
resolution was calculated by measuring its time delay to at least four hydrophones and triangulating its position. 
Fish position data were then analysed using R to derive swimming parameters (speed, heading, turn angle, turn 
rate), calculate preferred locations, and identify changes in behaviour in response to time of day, tide, season, 
salmon feeding times and farm activities. 

Results and Discussion 
Despite regular underwater farm noise (e.g. the predator acoustic deterrent device and workboats) and a multitude 
of physical barriers (e.g. farm structure, nets, salmon, etc.) that may block or attenuate acoustic tag signals, the 
system performance was not significantly compromised, as confirmed by validating control tag data. Using this 
setup, we have characterised the different behaviours of ballan wrasse and lumpfish in terms of (a) spatial patterns, 
e.g. pen location preferences and home ranges based on kernel utilisation distributions, and (b) temporal patterns, 
e.g. behaviour periodicity based on continuous wavelet transforms. Furthermore, we have defined behaviour states 
in individual fish based on changes in behaviour patterns over time and identified individual cleaner fish 
personality types. Using this information to predict the incidence of different personalities within a given cleaner 
fish population, we are exploring how to adapt husbandry practices (e.g. by acclimating fish before deployment) 
to shift this range towards more desirable personalities where delousing is a prominent behaviour. The further 
development and application of behavioural monitoring through this research programme will inform farm 
management practices to improve the welfare of cleaner fish populations and the predictability of biological 
delousing in salmon aquaculture. 
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cluster in the same area as the testing data, suggesting some participants may be exploring, previewing or reviewing 
the experience. A similar trend is found in Figure 1(b), which shows a strong clustering of testing data, and the 
sessions when considered in this way, are highly linear with most session time being idle (no events captured). 
This makes sense as in both study formats the participants spend the most of their time watching videos which 
require no interaction. Figure 1(c) further demonstrates a difference in behaviours between testing and live 
sessions, with the testing data points being considerably more tightly clustered when compared to Figure 1(a). 

The plots in Figure 1 are indicative of differences in the behaviours exhibited in testing data when compared to 
live data. While this may make intuitive sense, the critical aspect is that live data points are clustered in the same 
space as the testing data, potentially suggesting that participants are exhibiting similar behaviour. 

 
Figure 2. (a) Result of applying PCA to the extracted behavioural features and (b) Result of applying K-Means 

clustering to the PCA data. 
 

To reduce dimensionality of the behavioural features, PCA is applied to the data. PCA provides a summarization 
of features, can help to identify clusters within the data and hence helps to build hypotheses. In this case, it reduces 
the data into two principal components. The results, shown in Figure 2(a), demonstrate a strong clustering of the 
reduced testing data in a single point. This is like Figures 1(a), 1(b), and 1(c), suggesting that all testing features 
exhibit similar behaviour, whereas the live data are more spread out but show a tendency to cluster to the same 
point as the testing data. K-Means is then applied to the PCA-transformed data. The result is shown in Figure 2(b): 
one cluster is densely clustered at a single point while the other is more spread out. As previously discussed in the 
Methodology section, the live data are split into two subsets: one containing participants with a single session and 
the other containing participants with multiple sessions. The classifier analyses multi-session participants and 
predicts whether they exhibit behaviour like that of testing or live data points. Of the participants, 13 recorded 
multiple sessions with a mean of 2.76 sessions each (standard deviation = 1.16).  

 

(a) (b) 

(a) (b) 
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The LocoWhisk Arena: A novel behavioural set-up that quantifies rodent 
exploration and locomotion behaviours 

Robyn A Grant 

Division of Biology & Conservation Ecology, Manchester Metropolitan University, robyn.grant@mmu.ac.uk 

Quantitatively assessing behaviour to measure animal health is challenging because there is a lack of unobtrusive 
behavioural models to refine animal testing procedures. Our novel arena and software solution (the LocoWhisk 
arena) simultaneously measures locomotion behaviours and whisker movements, providing robust and quantitative 
measures of rodent behaviour for basic research or drug discovery. The LocoWhisk system is a new, portable 
behavioural set-up that incorporates both gait analysis (using a pedobarograph) and whisker movements (using 
high-speed video camera and infrared light source).  

In this presentation, we will demonstrate the highly-quantitative, quick and automated nature of the LocoWhisk 
arena. We will show that using the LocoWhisk arena provides robust measures of motor control, and can give 
insights in to small mammal behavior that have never been documented and quantified before. Indeed, we will 
demonstrate that small quadrupedal mammals appear to use their whiskers to tactually guide safe foot positioning. 
We show that forepaw placement always falls within the whisker field of small mammals, and that forepaw width 
is always smaller than whisker span. Insights from the LocoWhisk arena has allowed us to propose that guiding 
locomotion might be a common function in whisker touch sensing in all small, quadrupedal mammals. We suggest 
that simultaneosly measuring both whisker movements and locomotion can provide robust measures of motor 
control.  

All experiments were conducted with approval of the local ethics committee at Manchester Metropolitan 
University. 
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A Novel Behavioural Test For Detecting Concealed Face Recognition 

A.E. Millen and P.J.B. Hancock 

Psychology, University of Stirling, Stirling, UK. ailsa.millen@stir.ac.uk 

Introduction  

Imagine you are being interviewed by police in connection with a serious crime. They wish to connect you with 
other suspects and show you a picture of one of your accomplices. You deny knowing them but can you avoid 
giving the game away? The aim of our research is to use a novel behavioural test to detect such concealed 
recognition using blurred faces. Our approach is based on knowledge that humans are experts in familiar face 
recognition, thus are less dependent on image quality for familiar faces than genuinely unfamiliar faces [1, 2]. 

We present images for recognition in a sequence, gradually making them less blurred. Figure 1 shows two example 
sequences. Working from left to right, it should be easier to decide that you do know the first face, than to decide 
that you (probably) do not know the second one. The idea, then, is that when presented with such a sequence a 
suspect will recognize, and then deny knowing, a familiar face more quickly than they should, had the face been 
genuinely unfamiliar. 

 

      

      
Figure 1. Photographs of faces are systematically de-blurred from very blurred (Gaussian blur level 30 on the 

left) to clearer resolutions (blur level 20 on the far right). To illustrate the effect, here we show differences in 2 
levels of blur between each image. In the experiment, the difference between each subsequent blur level was 1. 

Each blur level remained on the screen for 500ms ±500. Photo credits: (Top) President Donald J Trump by 
White House is licensed under CC BY 2.0. (Bottom) Unfamiliar face image sourced from Psychological Image 
Collection at Stirling (PICS: http://pics.stir.ac.uk/) with full permission for research purposes, reports, journals 

and conferences. 
 

Method 

In a concealed recognition test, 26 participants responded to photographs of familiar and unfamiliar faces 
according to three task instructions: deny knowledge of one familiar face, honestly identify a second person, and 
correctly reject genuinely unknown faces (known as the Concealed Information Test 3-Stimulus Protocol [3]) 
while we systematically reduced the blur level of each face from extremely blurred to full quality until a yes/no 
response was made. Button presses marked the degree of image blur at response. All participants completed two 
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Results & Discussion 
We found that experimental male:female sex-ratio during demonstrations did not affect mate-copying indices, but 
positively affected the proportion of both males courting the female during mate-choice tests, as well as male 
courtship duration. Thus, as predicted, the sex-ratio affected female choosiness positively, and drosophila females 
seem to have evolved a mate-copying ability independently of sex-ratio, and a capacity to adapt their choosiness 
to male availability. 

Conclusion & Outlook 
Addressing the effect of sex-ratio and group size on mate-copying is only one example for the range of application 
of the Hexagon. Our device can be used to study many questions related to mate-copying or more generally visual-
based social learning in fruit flies. For instance, it has been used in a mate-copying context to demonstrate 
conformism, i.e., that flies show an exaggerated tendency to copy the majority [6]. We were able to show that flies 
can detect majorities as subtle as 60% and learned to prefer males of the most commonly chosen colour as 
efficiently whatever the majority during the demonstrations (range from 100% down to only 60%). The Hexagon 
can also be used to detect the ability to count (or to estimate numeric values), to study the behavioural response to 
the commonness of a phenotype (by using two male phenotypes which proportions differ from 50% each) or of a 
specific situation such as the presence of stressors, in a mate-copying context. Finally, this device can be used for 
a diversity of behavioural experiments involving observers and demonstrators (i.e. situations of social learning) as 
long as vision only is needed, like mate choice or laying site preference. 
With its multiple usage options the Hexagon can greatly help in gaining insight into cognition and social learning. 

Ethical statement 
Our study involved a population of Drosophila melanogaster that have been maintained exclusively under 
laboratory conditions for hundreds of generations. The experiments contained behavioural observations of D. 
melanogaster, which required no ethical approval and complied with French laws regarding animal welfare. We 
kept the number of flies used in this study as small as possible. We handled flies by gentle aspiration without 
anaesthesia to minimize damage and discomfort. After the experiments individuals were euthanized in a freezer. 
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Introduction  
Recent advances in automatic image-based tracking of individually behaving animals have enabled the collection 
of rich datasets underpinning breakthroughs in biological and medical research [1]. Driven by parallel advances in  
imaging technology, computational power and computer vision algorithms, tracking systems have been 
implemented for behaviour analysis of organisms ranging from tiny insects (e.g. Drosophila melanogaster) to 
larger vertebrates (e.g. mice) [2]. Yet, such systems have been largely developed for controlled laboratory 
conditions and struggle to generalise to real-world situations [3] preventing tracking of animals in their natural 
environments [1]. The importance of in-field behavioural analysis has been highlighted by a variety of studies, 
ranging from the influence of fertilisers on navigation capabilities [4] over the impact of factorised farming on 
animals regulating greenhouse gas emissions [5] to the threats of light pollution on biodiversity in general [6]. 
Most behavioural quantifications for these animals are still done manually so that the need for novel automatic 
methodologies is emphasised in multiple publications [1], [7]-[9].  
Challenges of in-field tracking include but are not limited to potentially small and varying animal sizes; changing 
animal appearances; clutter and occlusions; limited number of recordings; varying illumination and shadows; and 
an unknown and theoretically huge region of interest [1]. To account for this challenges a robust detection and 
tracking algorithm is required which relies on as few constraints as possible. For example, a freely moving camera 
is required to capture animal paths in arbitrarily sized environments. Also machine learning-based detection 
mechanisms limit the applicability since they require a significant amount of training data and the animal has to 
feature a reasonable resolution to allow discriminative correlation [11]. Generating training data is however very 
time consuming and might be unavailable given a limited number of recordings. Finally, long trajectories extracted 
from a moving camera will inevitably suffer from drift and thus error accumulation [12].  
An ideal image-based tracking system for biologists should be applicable to a diversity of unmarked species, 
function within diverse complex environments and experimental conditions. Furthermore, it should be mostly 
automated, simple to use, and inexpensive [1]. From an end-users point of view it would be desirable if only a 
monocular freely moving hand-held or done-operated camera would be required to record the movement of the 
animal. Based on the resultant recordings the tracking system should output behavioural features without the need 
of any other information like inertial measurement unit readings (e.g. accelerometers). Moreover, camera 
calibration should not be a requirement to enable processing of already existing videos.  
In this work we will discuss some of our steps towards such a desired visual tracking system for animals in natural 
environments. For our real world experiments we chose ants (Cataglyphis velox) as a model organism for mainly 
three reasons: (1) These desert ants are highly researched to understand navigational capabilities of insects; (2) a 
freely moving camera is required to cope for their potentially huge foraging distances; and (3) this scenario cannot 
be solved using state-of-the-art methods (mainly due to the small and rapidly changing appearance of the target in 
combination with the cluttered background [10]). 

Methods  
We addressed the above listed challenges using a novel tracking strategy posing only four constraints: (1) The 
animal has to move in more than 50% of the frames and the motion has to be roughly equally distributed over the 
video sequence; (2) the frame rate has to be fast enough to ensure relatively small displacements between 
consecutive frames; (3) the background has to have enough distinctive texture to allow feature-based image 
warping; and (4) the imaging plane of the camera should be roughly parallel to the ground (i.e. birds eye view) 
and the distance to the ground should not vary strongly. Note constraint (3) and (4) are only required given a 
moving camera. Furthermore, a violation of the last constrain will not prevent our algorithm from tracking but will 
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We used the DGPS track and the calculated animal track to identify major flaws and to evaluate the temporal 
warping accuracy. In Figure 3 left three trajectories are given: in the top the DGPS track of the camera is shown 
in blue (unit: meters). The middle trajectory (red) shows the animal trajectory generated by warping all positions 
relative to the first camera position (i.e. first frame used). The bottom-most trajectory is generated by stitching 
shorter tracklets as described above. The tracklets are colour coded (200 frames per tracklet). Note that both, the 
non-stitched and stitched animal trajectory is given in pixels and that the GPS and video tracks are not spatially or 
temporally registered. For comparison we manually rotated the the GPS track by 30°.   
Obviously the stitched trajectory shares more similarity with the DGPS path than the non-stitched track. The 
difference in appearance is mainly caused by the spatial collapsing. As indicated by the axes scaling the non-
stitched animal track is one order of magnitude shorter than stitched track. The first 200 positions in the non-
stitched track are however identical to the stitched positional estimates since exactly the same transformations are 
applied to these points in both cases (highlighted in yellow in Figure 3 left). However, in the subsequent frames 
scaling drift results in constantly decreasing distances between consecutive position estimates. Therefore, the 
entire trajectory collapses into an x-axis length of approximately 1200 pixel (from x-axis coordinates 2500 to 3700 
in Figure 3 mid; highlighted in violet). In contrast, Euclidean transformations of short tracklets does not change 
the scaling so that the stitched trajectory does not collapse: Each of the 200 frames tracklets have a comparable 
length (cf. coloured tracklets in Figure 3 bottom).  
To compare the DGPS and the stitched trajectory directly, we scaled the dimensions of the animal track according 
to the camera trajectory. As shown in Figure 3 right the blue DGPS camera path and the stitched animal path are 
oriented in the same direction throughout the entire sequence indicating no rotational stitching errors. Furthermore, 
the overall shape appears meaningful and reflects the difference between camera and animal motion. However, 
the DGPS track appears smother which is partially caused by the lower sampling rate (2Hz vs. 60 fps) but also due 
to jitter within the animal detections. We note that no spatial or temporal calibration / synchronisation was used so 
that the results shown here can only reveal a correct tendency and cannot be used for in-depth quantitative 
evaluations.  
 

 
Figure 3: Preliminary trajectory evaluation. Left: The DGPS track of the camera (top) compared to the non-stitched animal 
trajectory (mid) and the stitched animal trajectory (bottom; 200 frame tracklets coloured). Corresponding segments of the 

non-stitched and stitched trajectory are highlighted in yellow and the collapsed segment in the non-stitched track is indicated 
in violet. Note that DGPS measurements are given in meters whereas the animal trajectories are given in pixel. Right: Direct 

comparison of the DGPS camera trajectory (blue) and the scaled stitched animal trajectory (green). 

Discussion 
Image-based tracking of animals in their natural environment is a challenging and as yet unsolved problem [1]. In 
particular, the complex appearance of the fore- and background as well as frequent disturbances prevent the usage 
of classical techniques developed for pre-defined laboratory situations. In order to gain insights into almost 
unconstrained and thus flexible in-field animal tracking we designed a tracking prototype capable of extraction 
positional quantities given moving or stationary camera. Our algorithm utilises only four basic constraints, is not 
limited by the appearance or resolution of the target and does not require any training. As a consequence, the 
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methodology and how we put it into practice. The paper ends with our main learnings and some recommendations 
for future research.  

Context in measuring behavior 
Studying human behavior and its interaction within an urban environment requires a tailored approach that takes 
into account different contextual factors due to the many influences in a city. Hence, a framework for behavior 
analysis in a city context should capture a range of internal mechanisms (psychological and physical) and the 
external environment (physical and social environment). To this end, the Modular Behavioral Analysis Approach 
(MBAA), allows to conceptualize, implement and evaluate behavior change interventions in a smart city (see 
Figure 1) [7, 23]. Michie et al. [16] mention insufficient attention is generally given to the analysis and the 
understanding of behavior as a starting point of behavior change interventions. The MBAA, however, recognizes 
the importance of understanding (current) behavior in the broader context and foresees a specific step for mapping 
the current behavior and an identification of behavioral determinants, i.e. factors that influence the behavior. In 
this paper, we will focus on this activity of understanding behavior. 

Figure 1. Modular Behavioral Analysis Approach (adapted from [23]). 
 
The importance of context 
To understand current practices of behavior understanding, we conducted a literature review consisting of 17 
scientific studies published between 2014 and 2017. We observed that the majority of these studies rely on  
(semi-)structured interviews, which almost never took place during, or in the context of, the studied behavior. The 
latter might be a potential drawback of these studies because concerns have been raised which call into question 
the validity of this kind of self-reporting outside the context [27]. Research suggests that people are unable to 
accurately reconstruct their behavior and experiences [10]. Li [12] argues that there are two main sources for this 
inability: incomplete knowledge and biases. Additionally, contextual information supports people to become aware 
of factors that influence their behavior [13]. This insight is frequently being used in health research on physical 
activity or eating behaviors [4, 13, 24]. To achieve this contextual enrichment, these studies make use of different 
sensors capturing physiological parameters, often combined into a wearable. The use of these new technologies 
also provides the opportunity to accurately capture the actual behavior and therefore overcome recall bias. This 
approach is supported by literature on design for reflection, which describes different ways technology can support 
people to reflect on their own behavior [3]. First, technology can be used to record the behavior or experience itself 
in order to provide a record of events that can be looked at again. Second, it can augment this information by 
capturing data that otherwise might not be consciously observed. For example, exposing people to their physical 
activity (i.e. step count) helps them to reconstruct their daily activities [13]. Considered the importance of behavior 
to cities, the authors investigated other methodologies, facilitated by technologies in a smart city, that aim to 
improve current behavior understanding methodologies by including context. 
 
Context-aware experience sampling method 
A method that is often used to overcome the lack of context, is contextual inquiry. This is a user-centered design 
method that focuses on observing and interviewing people while they are carrying out a particular task in the 
appropriate context [5]. Due to its design, contextual inquiries are highly reliable and result in more detailed 
information compared to surveys [26]. However, in contrast to the advantage of surveys being scalable and 
relatively cheap, contextual inquiries are highly resource-intensive. A combination of the scalability of surveys 
and the contextual richness of contextual inquiries would provide researchers a method to obtain data with a higher 
external validity [21]. The experience sampling method (ESM) is an established method that combines these two 
advantages. The essence of ESM is studying experiences in the moment and thereby capture the experience in the 
context [29]. Originally, the method was designed to question people about their experience in random occasions 
and has been primarily used for time-use research [8, 10]. This has been implemented by the use of beepers and 
paper diaries, although more recently, technological advancements have made researchers use more often mobile 
devices as they have become a part of daily life [21]. Numerous studies using ESM throughout different domains 
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vasoconstriction/vasodilation system in several species, leading to the prediction that there are species-specific 
threshold values for low and high ambient temperatures that would mask emotion-related effects in ear pinna 
temperature. Another major area in which methodological research is still needed concerns the effects of the 
environment can have on the temperature parameters of interest. Air currents, radiated heat from nearby animals, 
reflected heat from nearby surfaces as well as residual heat from recent touch by other animals or recent direct 
sunlight, are all examples of external factors that often have substantial confounding effects in temperature 
readings recorded by the thermal camera. Systematic, interdisciplinary studies of these effects is therefore one of 
the essential components of developing reliable thermal imaging methods for measuring motivation for behaviour. 

 

 

Fig. 1. An example of extracting temperature data from a thermal image. Data on the left includes the minimum, maximum 
and average temperatures in the regions of interest, and the temperature bar on the right shows which colours correspond to 
which surface temperatures in this visualisation. The compass reading in the lower right-hand corner records the orientation 

of the camera as the deviation from pointing north. From Telkanranta et al., in prep. 
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Figure 2. Screenshots of the video footage. 

 
Results 
The length of the video footage was of ten hours, from 9pm to 7pm. Total grazing and number of bouts are 
presented in Figure 3. The first hour, which corresponds from 9pm to 10pm, had the longest grazing duration (49 
minutes and 54 seconds). Subsequently, grazing duration dropped to 11 minutes and 28 seconds in the second hour 
and zero in the third hour. There was a small peak of 14 minutes 39 seconds of grazing from midnight to 1am, 
followed by 3 minutes of grazing in the next hour. There was not any grazing from 2am to 5am, and a new peak 
of 12 minutes 36 seconds is observed from 6am to 7am, in the hour when the sun rose. Number of bouts followed 
the same pattern as grazing duration, the highest peak being at the first hour.  

 

   

Figure 3. (A) Grazing duration per hour; (B) Number of bouts per hour 
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Table 1: Requirements for occupant tracking within rooms in dwellings.  

 

Evaluation of occupancy sensing techniques 

Occupancy sensing in indoor environments can be achieved by using different sensors such as infrared-detection, 
CO2-concentration measurements, cameras, indoor localisation systems (based on radio signals), although not all 
of them provide complete information about the location within a room. In Table 2, commonly used systems for 
occupant sensing and indoor localisation are showed, including the evaluation of their specifications according to 
the predetermined requirements. 
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Category Techniques 

Sound Ultrasonic Detection mm mm Scalable Distances NA High Low NA High High High [10, 11] 
Audible sound Detection Room Room Scalable Presence NA Med Low NA Med Med Low [10, 11] 

Concentration CO2-
concentration Counting Room Room Scalable Presence NA High Low NA Med Low Med [6, 7, 12] 

Infrastructure 
Pressure-

sensors/computer 
activity 

Detection Zone Zone Scalable Location NA High Low NA High High High [11, 13] 

Image 
detection 

Visual Tracking dm-
mm dm Scalable movie High Low Low NA High Med High [2, 10, 11, 

14, 15] 
Infrared-
detection Detection Zone Zone Scalable Presence NA High Low NA Med Med Low [2, 10, 11] 

Radio 
frequency 

signals 

GPS Tracking 25m X NA Coordinates High Med Med Small Low Low Low [16] 

Wi-Fi Tracking 3-
10m Floor Scalable Coordinates High Med Med Small Med Med Low [4, 10, 17, 

18] 

Bluetooth Tracking 1-3m Floor Scalable Coordinates High Med Med Small Med Med Med/high [10, 19, 
20] 

Ultra-wideband Tracking dm dm Scalable Coordinates Med Med High Med Med/high Med Med/high [1, 3, 8, 
10] 

RFID Tracking 1-3m Floor Scalable Coordinates High Med Med Small Med Med Low [10] 
Table 2: Commonly used techniques for occupant sensing 

If the aim is to investigate spatial use within rooms, the exact location of residents needs to be monitored and, 
therefore, some of the techniques of Table 2 need to be excluded. Ultrasonic sound-detection, audible sound-
detection, infrared-detection and CO2-concentration measurements only provide information on the level of 
occupancy detection or occupancy counting [3, 10]. These techniques can be valuable for other studies in which - 
the exact location of residents within a room is not needed, as they are in general cheaper and less intrusive to the 
residents. Infrastructure-based techniques, such as pressure tiles, can deliver fine-graded information about the 
location, depending on the number of sensors [13]. These techniques are most suitable to situations where occupant 
information is needed for a specific place such as a desk or a conference room [11]. Visual camera-detection can 

CRITERIA  REQUIREMEN TS 
COVERAGE AREA (MEASU REMENT AREA/VOLUME)  Semi-large dwelling (2-3 floors) 
HORIZONTAL ACCURACY (POSITION IN A ROOM)  <1m 
VERTICAL ACCURACY (I NDICATION OF THE FLO OR 
LEVEL)  

<2m 

LEVEL OF OCCUPANCY SENSING (DETECTION, 
COUNTING, TRACKING)  

Tracking 

OUTPUT DATA (SPATIO -TEMPORA L DATA)  Coordinates with timestamp 
NUMBER OF USERS (NUMBER OF TAGS) One family (1-5 tags) 
PRIVACY (NATURE OF G ATHERED DATA)  According to ethical regulations 
INTRUSIVENESS (DISTURBING DAILY ACTIVITI ES) Low/Moderate 
SIZE/WEIGHT (SIZE/ WEIGHT OF MEASUREMEN T UNIT)  Handheld 
INSTALLATION COMPLEX ITY (MAN -HOURS TO INSTALL 
THE SYSTEM) 

<2,5hours 

REQUIRED INFRASTRUCT URE (DEVICES/CABLES)  Moderate 
COST (PRICE OF THE COMPLETE SYSTEM)  Moderate 
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Participants  
Twenty tugboat captains participated in this study. Two groups were created, a low experience group (about 5 
years of experience) containing eight tugboat captains (µ = 37, SD = 9), and a high experience group (about 36 
years of experience) with twelve tugboat captains (µ = 58, SD = 6). They all filled in an informed consent (IC) 
document. The research was approved by the ethical commission of the University of Twente in the Netherlands. 
All tug captains received financial compensation for their participation.  

Materials and methods  
Mental workload was measured using three categories of measurement instruments. Task performance (primary 
& secondary), subjective reports (e.g., surveys), and physiological measures.  

Primary performance. The primary tasks performance criteria are unique in this study. Several parameters were 
selected for primary performance for specific manoeuvres. In the racecourse scenario zigzag manoeuvres in 
between buoys were conducted and an ideal line was calculated. This ideal racing line was calculated based on the 
derived track of the five fastest captains (without hitting the buoys). The cross track error (difference between ideal 
and realized track) served as primary task performance parameter. A lower standard deviation indicated a higher 
performance. For the hoisting scenario the mean distance to the basket with the personnel was calculated and 
served as primary task performance parameter.  

  

 
 
 
 
 
Table 1. Manoeuvre description of the racecourse scenario 
Manoeuvre Description Expected task load 
AB Sailing A to B Low 
B Zigzag Medium 
BC Sailing B to C  Low 
C Moor at the quay frontally, depart backwards. Medium 
CD Sailing C to D Low 
D Pivot around the buoy. Medium 
DE Sailing D to E Low 
E Zigzag backwards High 
EF Sailing E to F Low 
F Zigzag backwards, smaller distance between buoys. High 
FG Sailing F to G Low 
G Navigate backwards into starting position, after the 

notification that starboard engine has failed. 
High 

Table 2. Chronological order of the hoisting scenario 
Manoeuvre Description Expected task load 
 From starting point towards the 

easy manoeuvre  
Low 

Hoisting in calm weather Picking up personnel from the 
basket without any sea or swell 

Medium 

 Navigating back to starting 
position 

Low 

Hoisting in heavy weather Picking up personnel from the 
basket with increased sea and swell 

Hard 

 Navigating back to starting 
position 

Low 





























 

365 
R.A Grant et al. (Eds.): Measuring Behavior 2018, ISBN 978-1-910029-39-8 
Manchester, UK, 5th-8th June 2018 

Spatiotemporal navigation of swimming zebrafish larvae under water flow 
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Rheotaxis is an innate behavior in which animal orients to the direction of water current. Although visual signals 
are the most salient sensory cues, Zebrafish larvae is able to perform this behavior in the absence of visual 
information. We used behavioral data from controlled environment to reveal mechanosensory control of rheotaxis 
in larval zebrafish. Our data suggests that larval zebrafish performs rheotaxis by exploiting inhomogeneities in 
the flow, the most salient of which is radial differences in flow velocity. However, we note that radial velocity 
gradients are insufficient to identify flow direction because the lateral line in the zebrafish larva is a linear sensor-
array that is bilateral-symmetric and whose axis of sensitivity is bidirectional. Our data reveal that during rheotaxis 
larval zebrafish use iterative patterns of yaw movements and discrete swim bouts, during which they capture low-
dimensional snapshots of mechanical cues across the horizontal plane. 
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(18, 284) = 2.194, p =0.05], the right front [F (18, 284) = 2.126, p =0.05], the left hind [F (18, 284) = 2.114, p =0.07], and 
the right hind [F (18, 284) = 2.161, p =0.005]) in the MFB lesioned rats starting 1 week post-lesion until the end of 
the experiment. 
The initial dual stance refers to the period of time during a step cycle when both the contralateral front and hind 
paws are in contact with the walkway and support the animals body weight. It is a regularity measure and 
variability gives the appearance of limping and postural instability. A significant increase in the length of contact 
of the left front [F (18, 284) = 2.483, p =0.001] starting 1 week post-lesion until the end of the experiment.  For the 
other paws no significant interaction of time x treatment was detected, but a significant effect of treatment was 
independently observed for the right front [F (3, 40) = 20.321, p<0.001]; the left hind [F (3, 40) = 4.481, p=0.011] 
and the right hind [F (3, 40) = 4.843, p=0.008]. 
The normalized parameter print position, a further regularity measure, showed an increase in paw position in the 
MFB lesion cohort when compared to other treatments. We observed  a significant effect of treatment for both the 
left paws [F (3, 40) = 4.644, p =0.008] and the right paw [F (3, 40) = 2.894, p =0.049]. 
Step cycle describes the time between two consecutive initial contacts of the same paw with the glass floor of the 
walkway. Our data showed no significant effect of time × treatment for any of the paw for the step cycle parameter 
but a significant effect was observed when treatment was studied independently for the left front [F (3, 40) = 4.843, 
p=0.006], the right front  [F (3, 40) = 2.801, p=0.044] the left hind paw [F (3, 40) = 3.801, p=0.017] and the right 
hind paws [F (3, 40) = 7.239, p=0.01]. 
The step cycle is made up of two stages, the stand phase, which describes the time of contact of a limb with the 
floor of the walkway, and the swing phase, which describes the time of no contact of a limb with the floor. We 
found no effect of lesion over time for the stand parameter for any paw. When we examined the swing phases we 
found, however, a significant effect of treatment for the left front [F (3, 40) = 3.906, p=0.017], the right front [F (3,  

40) = 2.632, p=0.046] and the left hind. 
The speed at which a paw loses contact with the walkway is represented in the parameter stand index. Our data 
showed a significant difference for the left front paw in the MFB lesion group compared to the MFB sham group 
from 1 week post-lesion [F (18, 284)= 2.647, p <0.001]. The right front stand index parameter also showed a 
significant difference in the MFB lesion group compared with the sham MFB group from week 1 post-lesion 
interaction of time × treatment [F (18, 284) = 2.780), p <0.001]. A similar observation was made for the hind paws 
Left hind stand index parameter showed a significant difference in the MFB lesion group compared with the sham 
MFB group from 2 to 5 weeks post lesion [F (18, 284)= 5.108, p =0.035]. The right hind stand index parameter also 
showed a significant difference in the MFB lesion group compared with the sham MFB  group from 3 to 5 weeks 
post lesion [F (18, 284) = 3.257, p =0.001). For all paws, the striatal lesion cohort did not show any significant 
difference when compared to the striatal sham group.  
In order to identify the effect of 6-OHDA lesioning on inter-limb coordination, diagonal phase dispersion as well 
as ipsilateral phase dispersion were compared within treatment groups over time. In a perfectly balanced walking 
pattern it is not expected to find any differences when one side of the body or body axis is compared with the 
opposite side or axis. Any deviation from a coordinated walking pattern should be reflected by changes in one or 
both of these measures. Our data show a significant reduction in the , Left Front-Right Hind axis  when compared 
to the Right Front- Left Hind axis starting at week 1 post lesion in both  the striatal and the MFB  lesion groups 
indicating a deviation on the coordinated walking pattern.  
Finally, the print length and print area parameters were calculated on the base of the sum of all contacts of a paw 
with the glass floor. The more weight an animal puts onto a limb, the greater the contact area or print length value. 
Our data showed a significant increase in the right hind print length of the MFB lesion group when compared with 
the MFB sham group for weeks 2, 3, 4 and 6 post lesion as well as a significant difference when compared to the 
striatal lesion group starting from 2 weeks post lesion of animals in the MFB cohort [F (18, 284) = 1,824), p =0.024]. 
No significant differences were observed for the other paws. 
 
Spontaneous forelimb asymmetry test (cylinder test) and drug induced rotations 
The cylinder test is a measure of sensorimotor forelimb function and was used as a reference to quantify the 
asymmetry of forelimb use in 6-OHDA lesioned animals compared to the sham-operated animals.  Our results 
showed a significant reduction in contralateral forelimb use in the MFB and the striatal group. Drug-induced 
rotational behavior is a robust indicator of unilateral dopaminergic 6-OHDA lesioning. As expected, four weeks 
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Introduction  

Drugs, brain damage and diseases as well as genetic modifications can have an effect on motor coordination and 
motor learning. It is important that this behaviour is measured during the development of new therapeutics or 
transgenic animals. Measurement in rodents is most commonly performed on the RotaRod because of its 
automated features [1]. Animals need to balance on a rotating rod and latency to fall is the analysed parameter. A 
longer latency is taken to index better coordination while a shorter latency can imply a possible impairment. The 
most frequently used protocols are the fixed speed paradigm for studying motor coordination and fatigue, and the 
accelerating paradigm for motor coordination and learning [2]. One problem that can have a significant impact on 
results is the wide variety of RotaRods currently on the market. Different systems can vary with respect to rod 
diameters, surface texture, minimum/maximum speed, and even the possibility to administer shocks when animals 
fall onto a grid floor. This will influence the reproducibility of results and thus both within as well as between 
laboratory reliability. 

In the present study the motor performance of mice was tested on two RotaRod systems. The main aim was to 
determine the effect of small differences on the behavioural readout.  

Methods 

Female NMRI mice from our own breeding programme (Charles River, UK) aged 3 (n=35) and 5-6 (n=24) months 
(mo) were used. Each age cohort was randomly divided into two groups, one for each RotaRod system (see details 
below). The running order for each system was randomised and each day the animals were tested on a different 
lane based on a Latin square design. All animals were group housed with food and water available ad libitum 
under a 12/12 hour dark-light cycle (light on at 07:00 h). Both temperature (20°C± 1°C) and humidity (60�í65%) 
of the holding room were regulated. Experiments were carried out in accordance with the European Communities 
Council Directive (63/2010/EU) and a project license with local ethical approval under the UK Animals (Scientific 
Procedures) Act (1986). 

The animals were tested for motor coordination and motor learning on either a custom-made automated 4-lane 
accelerating Ugo Basile SRL (Italy) rat RotaRod NG (n 3 mo = 20, n 5-6 mo =12) as well as on a 4-lane accelerating 
TSE Systems (Germany) Rat RotaRod (n 3 mo = 15, n 5-6 mo = 12), shown in Figure 1. The only differences between 
both systems consisted of slightly wider grooves (2 mm compared to 1 mm) on the surface of the Ugo Basile SRL 
rod, more noise accompanying the rotating rod on the TSE system and rotating (Ugo Basile SRL) compared to 
fixed (TSE Systems) divisions between the lanes. The same accelerating protocol was used for both RotaRods 
and all tests were performed by the same experimenter, at the same time of day (morning) and in the same 
experimental room.  

Mice were placed on the slowly rotating rod [5 rotations per minute (rpm)] against the direction of the rotation. 
The rod then progressively accelerated up to a speed of 45 rpm over a duration of 5 minutes. Four trials a day 
were performed for three consecutive days with a trial ending when either an animal fell off or the maximum trial 
time of five minutes had elapsed. Inter-trial intervals of 3 to 5 minutes were employed between trials. Latency to 
fall was automatically recorded and group differences between RotaRods for this parameter were analysed using 
two-way ANOVA (alpha = 0.05) and Bonferroni post hoc test in GraphPad Prism version 5.04.  

Results 
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Validation of an automated system for monitoring nocturnal activity in group-
housed monkeys 

J. K. Green1,2 and C. L. Witham1,2 

1 Institute of Neuroscience, Newcastle University, Newcastle-upon-Tyne, UK. j.k.green1@ncl.ac.uk; 2 Centre for 
Macaques, MRC Harwell, Salisbury, UK. 

Background  

Sleep and nocturnal activity are rarely monitored in captive primates, despite accounting for half of their daily 
lives. Studies in humans and other species show that sleep disruption can be related to stress. Recent improvements 
in camera technology and reductions in price have made it easier to record nocturnal behavior, however it is very 
time-consuming to manually analyze video footage. It is essential to have automated methods of analyzing this 
footage for the monitoring of nocturnal activity to become standard. For this project we have developed and 
validated a simple method for measuring movement in group-housed Rhesus macaques, with a particular focus 
on monitoring welfare in laboratory macaques. 

Developing an Automated System 

We used high definition cameras and infra-red lighting at a breeding colony of Rhesus macaques to film the 
monkeys between 19:00 and 07:00 hours. The monkeys were housed in twenty different mixed sex groups in the 
colony (7-22 animal per group; age range 0-22 years). A total of 450 nights of footage was filmed from 20 different 
groups. For the automated analysis we took the absolute difference in pixel intensity between two frames (inter-
frame interval of 0.25s) and calculated the mean, variance, skewness and kurtosis across the image [1]. We then 
applied a baseline correction to the data to allow comparison between different cameras and smoothed the 
corrected data (with a moving average) to improve the signal to noise ratio.  

Validating the Automated System  

From the 450 nights of footage 31 one-hour periods of footage of eight different groups was selected to develop 
and validate the automated scoring method. We manually scored the footage for the start and end of each bout of 
movement. A bout was considered finished when there had been no movement for three seconds. Both manual 
and automated data was converted to 1s intervals. For the manual data each interval was scored either 0 (no 
movement) or 1 (movement). A K nearest neighbor classification model (K=10) was fitted to 5000 data points 
taken from eight of the one-hour periods. We used the other 23 one-hour periods to validate the model, achieving 
a classification accuracy of 94%. Figure 1A shows the correlation between the manual and automated scores; each 
score is presented as the % of the intervals with movement across the individual one-hour periods (the r-square 
value for this data is 0.989). We used a Bland-Altman plot to explore this correlation in more detail (Fig. 1B). 

Application 

To show a potential application of the model we investigated the seasonality of group sleep onset time. This was 
done by applying the model to footage from the 450 nights and calculating the group sleep onset as the first 3 
minute period with no movement. The mean group onset time varied from 20:30 in winter to 22:45 in summer, 
showing a very clear peak in summer corresponding to the later sunset at that time of year (Figure 1C).   





 

399 
R.A Grant et al. (Eds.): Measuring Behavior 2018, ISBN 978-1-910029-39-8 
Manchester, UK, 5th-8th June 2018 

Voluntary wheel running behavior as a measure for severity assessment 

C. Häger1, L.M. Keubler1, S.R. Talbot1, S. Biernot1, N. Weegh1, M. Buettner1, S. Glage1 and A. 
Bleich1 

Institute for Laboratory Animal Science and Central Animal Facility, Hannover Medical School, Hannover, 
Germany. Bleich.andre@mh-hannover.de 

An evidence-based graded severity assessment is pivotal in laboratory animals during scientific procedures, not 
only regarding the legal obligations and the demand for standardized high-quality data, but also with regard to 
ethical justification. However, scales grading severity in laboratory animals that incorporate specific parameters 
of the respective experimental model and that are furthermore scientifically sound and routinely applicable are 
still scarce. Particularly, there is a lack of objective standardized severity assessment parameters that are non- or 
minimally-invasive and easily applicable. 

By inducing a graded intestinal inflammation via application of increasing doses of DSS (dextran sodium sulfate; 
1% and 1.5%) or water only (0% DSS) differentiated manifestations of colitis were analysed in terms of clinical 
signs (general appearence, general activity, body weight), histologies and by monitoring of voluntary wheel 
running (VWR) behaviour using a fully automated home cage based system. 10-13 week old, female C57BL/6J 
(B6) mice were single housed in home cages with free access to a running wheel (Revolyzer® 3TS system, 
software DASY Lab 11.0 preclinics GmbH, Germany) that allowed automatic and undisturbed 20 hour monitoring 
of wheel rotations (WR20) from 12 pm to 8 am daily, leaving a 4 hour interval for general maintenance and 
experimental manipulations. For determination of the steady state running performance an adaption phase of 14 
days was chosen before experiments. For subsequent analysis the mean of the last three days of the respective 
adaption phases was set as baseline to calculate the relative change in %.  

Clinical scoring indicated marginal signs of compromised welfare, whereas reduced running performance was 
directly related to the induced colitis grade. Additionally, VWR-behaviour was influenced by serial blood 
sampling. Moreover, in a mouse model of restraint stress (immobilization for 1 hour on 10 consecutive days) a 
reduction of VWR was observed in restraint-stressed mice and in corresponding control mice undergoing repeated 
faecal sample collection (sampling for 2 hours in a seperately cage). An unsupervised k-means algorithm based 
cluster analysis of body weight and wheel running data from the colitis model enabled the discrimination of cluster 
borders to define distinct levels of severity. Further testing of the cluster model with data from the restraint stress 
model enabled an unbiased individual severity assessment. The integration of VWR-behaviour in a k-means based 
cluster model provides a novel approach suitable for individual severity grading in laboratory mice. Particularily 
with regard to the 3R´s principle, this approach have to be evaluated under group housing conditions. 

 Ethical statement 

This study was conducted in accordance with the German law for animal protection and the European Directive, 
2010/63/EU. All experiments were approved and permitted by the Lower Saxony State Office for Consumer 
Protection and Food Safety (LAVES, license 15/1905). 
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Use of Cortisol Measurement and Novel Tank Testing to Evaluate Stress and 
Anxiety Responses to Exercise Training in Zebrafish 

A.B. Jones 

Department of Health Professions, Northeastern State University, Broken Arrow, OK, USA. Jones70@nsuok.edu 

While it is well known that exercise is generally beneficial, it is becoming increasingly important to understand 
the psychological and physiological consequences (both positive and negative) to individuals who engage in 
exercise. Exercise regimens tailored to the individual serve to provide optimal benefits while reducing the 
potentially stressful effects of exercise (ex: overtraining, burnout, or injury). Personalized, or precision, medicine 
tailors interventions, including exercise prescriptions, to the individual based on their predicted response or risk 
of disease. This idea of precision exercise training to alleviate stress and anxiety is especially important because 
the dose (duration, intensity) of exercise that provides benefits is very individualized. 

Zebrafish (Danio rerio) are becoming increasingly involved in experiments involving stress research as well as 
those studies investigating the benefits of exercise. This may partly be due to the zebrafish stress-integrating 
system: it is organized as a hypothalamic-pituitary-interrenal (HPI) axis compared to the mammalian 
hypothalamic-pituitary-adrenal (HPA) axis, and there are many homologies. Like mammals, zebrafish respond to 
a variety of stressors, such as handling, heavy metals, organic pollutants, rapid temperature changes, predator 
confrontations, confinement/restraint, overcrowding, and novel environments, through increased cortisol levels 
released through the gills into the water. Cortisol is also the main corticosteroid released in humans during times 
of stress. 

The protocol described here uses behavioral testing and physiological measurements to determine stressfulness 
of a given exercise regimen in an individual zebrafish. Adult, wild-type male and female zebrafish were 
individually housed and exercised at a moderate intensity (approximately 300 L/hr current) using a swim tunnel 
(see Figure 1). Prior to exercise training, each fish was evaluated for baseline anxiety-like behaviors using the 
novel tank test (NTT) and stress hormone levels by cortisol excretion. Fish were exercised at 10 minutes, then 20 
minutes, and finally 30 minutes, 3 times per week. NTT and cortisol levels were measured after 2-4 weeks at each 
exercise duration before it was increased. Control fish were placed in the swim tunnel for the corresponding 
amount of time but it was not running. After completion of all exercise training, fish were again measured for 
anxiety-like behaviors and cortisol concentrations to determine the stressfulness of the training regimen. Anxiety-
like behaviors were reported based on the percentage of time spent in the upper part of the novel tank during a 5-
minute protocol. Increased time spent in the upper half of the novel tank compared to baseline indicated reduced 
anxiety-like behaviors while decreased time spent in the upper section indicated increased anxiety-like behaviors. 
Free cortisol concentrations were collected from small holding water samples and analyzed using EIA (Cayman 
Chemical, USA). 

This combination of methodologies allows for evaluation of both behavioral and physiological responses to a 
given bout of exercise training. These behavioral and physiological measurements were analyzed to determine 
whether an individual fish responded positively or negatively to a given exercise protocol and training could then 
be adjusted to reach a beneficial level. 
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The study described here was approved by the Northeastern State University Institutional Animal Care and Use 
Committee and was conducted in conformity with ethical and humane principles of research. 

  

Figure 1. Individualized exercise training in a 
swim tunnel. 
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Agora.  Thus, the experimental design of this test allows evaluation of preference for social novelty in contrast to 
the propensity of time spent with a previously encountered familiar mouse.  

First Results and Conclusion: Using this experimental set up, we validated that there was no bias for any cubicle 
during habituation (not shown) or during the initial encounter, when 5 stranger mice were placed into the cubicles. 
Upon re-exposure and inclusion of a novel stranger, the test protocol produced robust social recognition in 
wildtype mice. Male mice can readily identify a stranger mouse and spent significantly more time in a zone 
adjacent to its cubicle compared to the 4 recently encountered conspecifics (see Fig. 3). This paradigm therefore 
provides a more realistic behavioural scenario and offers the possibility of determination of more complex 
interaction paradigms, for example comparison between recent and remote memory of social partners.  

 

Ethical statement: Mice were housed and tested in accordance with UK Home Office regulations. All 
experimental procedures were subject to the University of Aberdeen's Ethics Board and conducted in accordance 
with the European Directive on the Protection of Animals used for Scientific Purposes (2010/63/EU) and the 
Animal (Scientific Procedures) Act 1986. 
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Optogenetics and stem cell based treatments provide new opportunities for treating retinal dystrophies [1, 2]. The 
development of these treatments largely relies on preclinical studies performed in mice. An important step in 
evaluating treatment effectiveness is represented by behavioural assays of mouse vision. Many commonly used 
tests are based on sub-conscious, reflex responses [3, 4] whose activity is only indirectly related to perceptual 
vision. More relevant tests largely rely upon learned associations between visual stimuli and either positive or 
negative conditioned stimuli [5] and are inherently throughput because they require long training periods and only 
allow association with single visual stimuli. An alternative and more humane approach to assess vision relies on 
measurements of mouse spontaneous behaviour. These tests rely on the hypothesis that when mice detect a change 
in their visual environment they naturally change their behaviour. These tests are currently low throughput as they 
rely on very simplified measures of behaviour such as distance moved within an open arena [1] or the time required 
to move from a light to a dark area [6]. Here we show that, by combining a better experimental design with more 
sophisticated behavioural measures based on changepoint analysis, we can obtain reliable high throughput 
readouts of mouse vision. We designed an open field apparatus to capture mouse behaviour simultaneously with 
multiple cameras while stimulating from the top (Figure1A&B) and to perform reliable tracking by using animal 
silhouette and body markers (Figure 1C-F). We then performed three series of experiments designed to capture a 
large repertoire of innate behavioural responses to different visual stimuli (Figure 2) and we measured contrast 
sensitivity (Figure 2A) as well as visual acuity (Figure 2C). We then analysed behavioural time series by extracting 
the time at which changes in behaviour were detected and by classifying these changes (Figure 3A&B; 
changepoint detection was based on mean changes and performed with PELT algorithm [7]).  Our method, fully 
automated, allows us to detect reliable behavioural responses on a single trial basis and to collect multiple trials 
within a single experimental session (Figure 3C&D).  

Ethical Statement:  
Experiments were conducted in accordance with the Animals, Scientific Procedures Act of 1986 (United 
Kingdom) and approved by the University of Manchester ethical review committee. The work is funded by a 
David Sainsbury Fellowship (NC/P001505/1) from National Centre for Replacement Refinement and Reduction 
of Animals in Research (NC3Rs).  
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Figure 2. Rankings of the functional behavioral categories in the MCSF trend analysis. Data are shown as 

median with upper and lower quartiles, min and max. * p < 0.05, ** p < 0.01, *** p < 0.001 comparing Lister 
hooded and Wistar rats (Mann-Whitney U-test). 

Voluntary alcohol intake 
Alcohol intake (g/kg) and preference (%) for the two strains are shown in Figure 3. All 18 sessions are represented 
in the figure. No significant differences in voluntary alcohol intake was found during the six weeks of access. 
Lister hooded rats displayed a significantly higher preference during six of the sessions. The variance within the 
group was larger for Lister hooded rats, most obvious in alcohol preference on the first drinking sessions of each 
week.  
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Figure 3. Alcohol intake (g/kg) and preference (%) in Lister hooded and Wistar rats during the 18 sessions of 
voluntary alcohol intake during a period of 6 weeks. Data are shown as median with interquartile range. * p < 

0.05, ** p < 0.01, *** p < 0.001 comparing Lister hooded and Wistar rats (Mann-Whitney U-test). 
 

Data representing the average intake and preference on the first, second and third day of access is shown in Figure 
4. No significant difference between the strains was found when considering the alcohol intake. Lister hooded had 
significantly higher preference than Wistar rats on the second and third alcohol session of the week. When 
comparing the difference between alcohol sessions within the respective strains, significant differences were 
found between all alcohol sessions for both strains with significantly higher intake and preference on the first day 
of access. 






















