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INTRODUCTION

An understanding of human mental states and emotions can have
a strong impact on the design and creation of computational
systems. This can be through simulations that model mental
states; the automated recognition of mental states, or an
understanding of the affective aspects of human computer
interaction.

The study of affect in humans is a very diverse field. Emotions
and mental states can be studied through cognitive or
neuroscientific models or through their bodily expression. They
can be studied in fields as diverse as the arts, psychology,
neuroscience, computing and cultural studies.

This symposium demonstrates the interdisciplinarity and breadth
of this field. It will focus on models of emotion and their bodily
expression. Participants come from a wide range of disciplines
including computing, psychology, fine arts, cultural studies and
film.

The papers submitted also cover a wide range of topics ranging
from cognitive models to embodied behaviour. Karg, Kiihnlenz
and Buss present a computation model of emotion. Beck,
Stevens and Bard and Halovic and Kroos study different aspects
of peoples perception of affective behaviour. Pan, Gillies and
Slater, on the other hand use affective behaviour as an
experimental measure for studying people’s interaction with
virtual reality. That perceptural studies can lead to computational
models is demonstrated by Fridin et al. The study of affective
behaviour is greatly facilitated by movement tracking
technologies, Karanika presents a novel fabric for motion
tracking and explores its artistic possibilities. Finally, the study
of affect has many practical applications, and the symposium
will include two novel and interesting one. lgareda and Maiche
explore the difficult topic of describing affect in audio
description of films, while Santos and Pitt discuss how
ubiquitous computing can be used to embed social norms in the
design of a workplace. This range of papers demonstrates how
vibrant and exciting the field of affective computing can be and
promising interesting research for years to come. Truly good
research in any field relies on practical work but also a thorough
exploration of the fundamentals of the field and a critical
appraisal of the assumptions made. Sdrolia provides in her
philosophical critique of the research area.
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Facilitating the Perception of Anger and Fear in
Male and Female Walkers

Shaun Halovic?, Christian Kroos?

Abstract. Previous evidence has indicated that the
perception of emotions in others is confounded by the
gender of the person displaying the emotion. This
confound may be conceptually based or
structurally/kinematically based. Male and female full-
light (conceptual and kinematic information) and
point-light walkers (kinematic information) displaying
either anger or fear were shown to perceivers.
Perceiver identification times were recorded. Results
indicate the perception of fear is facilitated if the
walker displaying fear is female due to similar
kinematics for fearful gait and female-specific gait.

1 INTRODUCTION

There is good evidence that specific emotions can
be perceived through walking gait [1, 2, 3].
Furthermore, past studies have inferred that the speed
in which perceivers can identify each emotion
indicates the relative ease in identifying those
emotions [4, 5, 6]. However, the gender of the walker
likely influences the perception of different emotions
due to gender-emotion stereotypic beliefs [7, 8] or due
to overlapping kinematics between specific emotion
expression and gender-specific gait [9, 10].

The relationship between emotionality and
gender is inherent in our culture and represented in the
majority of theories on emotional development [11,
12, 13]. In the classic study by Condry and Condry
[14], an emotional display by an infant labelled ‘girl’
was rated by perceivers as less angry and more afraid
than the same display labelled ‘boy’. In addition to the
stereotypic beliefs of each gender expressing specific
emotions there is the belief that females experience
and express emotions more frequently and with more
intensity than males [7, 8]. The perception of emotions
and the gender of the person displaying the emotion
appear to be confounded on a conceptual level.

In contrast, this confounded relationship may be
due to structural or kinematic similarities between
specific emotion expression and the display of gender.
The structural architecture of a gender-specific face
has been shown to influence the speed in which
specific emotions can be identified. Vaughn Becker, et
al. [6] found that anger was identified faster and more
accurately on male faces than female faces. Also,
happiness was identified faster and more accurately on
female faces. Male faces have several architectural

IMARCS Auditory Laboratories, Univ. of
Western Sydney, Australia. Email: {s.halovic,
c.kroost@uws.edu.au
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structures that are different to female faces. Male faces
tend to have a lower brow and a squarer jaw whilst
female faces retain some of the neonatal features of
children [15]. The structural architecture of a male
face is similar to the facial expression of anger in
which the lowered brow and squarer jaw mimics the
furrowing eyebrows and clenching jaw of angry
expressions. In contrast, the neonatal structure of a
female face is similar to the facial expression of
happiness in which the finer jaw line, less prominent
brow and rounder cheeks mimic the upturned facial
characteristics of the expression of happiness [16, 17,
18, 19]. It is therefore not surprising that perceivers
are biased towards perceiving anger in male faces and
happiness in female faces.

However, walking is clearly different to facial
expressions and the perception of different emotions
from facial expressions uses a different brain system
to that used for the perception of emotions through
bodily movement [20]. Thus previous findings may
not generalise to cover the expression and perception
of emotions through walking style. However, the
gender of a walker is likely to still influence the
perception of different emotions through walking style
because males and females have distinct walking
styles [10].

Any specific emotion that is expressed through
gait movements that are similar to a gender specific
walking style are likely to bias the perception of that
emotion towards the gender of the walker. Troje [10]
found that male-specific gait increased the walker’s
perceptual size (i.e. greater lateral sway of the body
and with outward pointing elbows) whilst female-
specific gait incorporated size reducing kinematics
(i.e. smaller steps with backward pointing elbows).
The size enhancing kinematics of male gait appears to
make the walker look more dangerous therefore more
likely to be perceived as displaying anger [9]. On the
other hand the size reducing kinematics of female gait
is similar to the cowering movements of fear [9] thus
this is likely a bias towards perceiving fear when the
walker is female. Therefore there is a likely confound
between gender-specific gait and the perception of
emotions.

The aim of this research is to investigate the
influence of walker gender on the perceiver reaction
time for identifying the emotions anger and fear. We
therefore hypothesise: 1) Perceivers will identify anger
faster when the walker is male compared to female. 2)
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Perceivers will identify fear faster when the walker is
female compared to male.

2 Stimulus Construction
2.1 Method
2.1.1 Participants

The walkers were 17 female and 19 male actors
(Age: M = 32.5, SD = 9.8; years of acting training: M
= 2.46, SD = 5.08; years of acting experience: M =
4.18, SD = 6.99). The recording of gait movements
with real felt emotions (i.e. induced) using motion
capture methods is methodologically difficult to
impossible. However, actors are trained to reproduce a
displayed emotion instantly on demand without the
need of an external emotion inducing event. The
actors were recruited from various acting agencies in
the Sydney area and through recruitment flyers and
were paid $50AUS for travel costs.

2.1.2 Apparatus

Walkers wore black spandex body suits (ankle to wrist
length) to ensure that perceivers could adequately see
the walker’s gait movements. All walkers wore a
black balaclava, leaving only the walker’s eyes and
lips visible to the camera. To create point-light (PL)
displays of the walkers, 17 visible Vicon infrared
reflective markers were attached with double sided
tape to both sides of the walker’s body on the ears,
shoulders, elbows, wrists, hips, knees, ankles, insteps
of the feet and a single marker on the manubrium
(Figure 1). The reflective markers were tracked within
a 3-dimensional space with a Vicon (Oxford Metrics
Limited) motion capture system with 10 cameras. PL
displays of the walkers were created by importing the
motion capture data into Matlab (The Math Works,
Inc.). Full-light (FL) displays of walkers were

simultaneously recorded with a digital camera
(Panasonic NV-MX300EN/A) from a frontal
perspective.

Figure 1. A FL walker shown with the corresponding
Vicon markers used to create PL walkers.
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2.1.3 Procedure

Prior to recordings the walkers were informed
that they were to walk whilst displaying different
emotions (i.e. anger and fear?) and were given time to
think about how to express each emotion. For each
emotion, the actors were asked to walk from one side
of the room to the other. Both emotions were recorded
at three levels of emotional intensity, starting with
low, progressing to moderate and then high to assist in
the expression of each emotion. At least two complete
gait cycles was recorded for each emotion/intensity
combination of each walker.

3 Experiment 1: The Influence of Walker
Gender on the Reaction Time for
Identifying Specific Emotions in FL

Walkers
3.1 Method
3.1.1 Participants

The sample of ‘perceivers’ comprised 38 (34
female) first year psychology students from the
University of Western Sydney. The sample had a
mean age of 22.61 years (SD = 8.88). All perceivers
had normal or corrected to normal vision and were
given course credit for their participation in the
experiment.

3.1.2 Materials

Due to technical faults during stimulus
construction, some walkers failed to be recorded thus
were not shown to perceivers. Perceivers were shown
the remaining 187 FL walker stimulus items (anger =
93, fear = 94) with a minimum 30 examples of each
emotion/intensity combination.

The experiment-control software Alvin (version
1.19, [21]) was used to show perceivers the FL
walkers with an inter-stimulus interval of two seconds
between walkers. The program displayed video clips
of a walker walking towards the perceiver. It required
the perceiver to click on 1 of 5 categorical buttons
corresponding to the five displayed emotions (happy,
sad, anger, fear, and neutral®’) and automatically
measured the time between the initial display of the
FL walker and the mouse click on one of the
categorical buttons.

3.1.3 Procedure

Perceivers were told they would view a series of
walkers shown in full video display format. It was
explained that the walkers would be walking with one
of five emotional states: happiness, sadness, anger,

2Five different emotions (i.e. happy, sad, anger, fear
and neutral) were collected and tested in these
experiments for other research purposes which are
irrelevant to this paper. We will thus only report the
details for the emotions anger and fear due to their
relevance for the research questions investigated here.
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fear or neutral and that they were required to identify
which emotion the walker was feeling by clicking the
button on the computer screen that corresponded to the
emotion they perceived. Perceivers were also told to
make their judgments as quickly and as accurately as
possible and they need not wait until the end of the
video clip to make their judgement.

3.2 Results

Only correctly identified emotions were included in
these analyses thus ensuring any emotion/gender gait
similarities, whether stereotyped or not, were valid
displays of that individual emotion. Paired-sample t-
tests were conducted comparing the perceiver reaction
times of correctly identified emotions between both
genders. The mean reaction times for each perceiver
were used as the data scores for this analysis in order
to reduce the high degrees of freedom. A Bonferroni
corrected alpha of .025 was used for both t-tests. Fear
was identified significantly faster in female walkers
compared to male walkers, #(37) = 4.6, p = .000. There
was no significant difference in the reaction time for
identifying anger between male and female walkers,
#(37) = 2.02, p = .050. Descriptive statistics are shown
in figure 2.

Gender

. Male
. Female

Mean ReactionTime

Anger Fear
Emotion

Figure 2. Fear was identified significantly faster in
female FL walkers than male FL walkers. Anger was
identified in equivalent time in both female and male
FL walkers.

3.3 Discussion

We found that perceivers identified fear faster in
female walkers than in male walkers. There are two
possible explanations for this finding. The first of
which is that the size reducing kinematics of female-
specific gait [10] is similar to the expression of fear
[9] in walkers. The similarity between female-specific
gait and the expression of fear likely facilitated the
perception of fear in female walkers leading to faster
reaction times for female walkers but not male
walkers.

The second possible explanation for this finding
is that the concept of a fearful individual is
confounded with the perception of females. Females,
due to their reduced stature, are physically less able to
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defend themselves from assault than males, possibly
explaining why females are more susceptible to
experiencing fear than men [22, 8]. The perception of
fear is therefore likely facilitated when the perceiver
can identify the walker as female.

To distinguish between these two possible
explanations we replicated this first experiment with
point-light (PL) walkers. The gender of FL walkers is
easily apparent to the perceivers. PL walkers, on the
other hand, deny perceivers of most structural
information thus making the gender of the walker
increasingly difficult to perceive [23, 24]. The gender-
specific kinematics of the walker however, are left
undiminished [10]. If the concept of fear is
confounded with the concept of female, then the
findings of this experiment would not be reproduced
in the next experiment with PL walkers. However, if
the kinematics of fearful gait is confounded with the
kinematics of female-specific gait then we would find
similar results with PL walker stimuli.

4 Experiment 2: The Influence of Walker
Gender on the Reaction Time for
Identifying Specific Emotions in PL

Walkers
4.1 Method
4.1.1 Participants

The participant requirements were the same as in
experiment 1. The sample comprised of 34 perceivers
(19 female) first year and postgraduate psychology
students and had a mean age of 26.71 years (SD =
5.61).

4.1.2 Materials

Due to technical faults during stimulus
construction, some walkers failed to be completely
recorded (i.e. missing markers) thus were not shown to
perceivers. Perceivers were shown the remaining 184
PL walker stimuli (anger = 100, fear = 84) with a
minimum 27 examples of each emotion/intensity
combination. For every walker the common
translatory component of each marker was subtracted
by performing a principal components analysis [25] in
Matlab. The first principal component always
represented the translation of the walker across the
designated movement space. Therefore this
component was excluded from a reconstruction of the
remaining data based on all remaining components
thus creating stationary walkers with the ecologically
valid kinematics of a locomotive walker.

The procedure was identical to that used in the
FL walker experiment.

4.2 Results

Two paired-sample t-tests were conducted in the
same way as in the previous experiment. The mean
reaction times for each perceiver were again used as
the data scores for this analysis. A Bonferroni

The Society for the Study of Atrtificial Intelligence and Simulation of Behaviour Convention 6th - 9th April 2009, Edinburgh, Scotland



corrected alpha of .025 was used for both t-tests. Both
fear, #32) = 4.7, p = .000, and anger, #33) =3.0, p =
.005, were identified significantly faster in female
walkers compared to male walkers. Descriptive
statistics are shown in figure 3.

4.3 Discussion

Our finding that fear was identified faster in
female walkers than in male walkers is congruent with
the results of the previous experiment with FL
walkers. This lends support to the argument that the
kinematics of fearful gait is similar to the kinematics
of female-specific gait thus facilitating the perception
of fear in female walkers. The perception of fear in
walkers is therefore confounded with the gender of the
walker.

6,000 Gender
W Male
5,000 [ Female

2,000

Mean ReactionTime
s
T

Anger Fear
Emotion

Figure 3. Fear and anger were both identified
significantly faster in female PL walkers than in male
PL walkers.

However, our additional finding that anger was
also identified faster in female PL walkers is
surprising. There is no kinematic similarity between
anger-specific gait and female-specific gait [3, 9, 10].
One possible explanation for this finding is that the
female walkers were more skilled at displaying both
anger and fear through gait. Females experience and
express their emotions more frequently and with more
intensity than males [22] thus are likely to be more
skilled at expressing their emotions through gait
movements. The greater expressive skill of female
walkers likely compounded the kinematic similarities
between female-specific gait and fearful gait, further
facilitating the perception of fear in female walkers in
both FL and PL conditions. However, this argument
does not explain why anger was identified faster in
female walkers in the PL condition but equivalently
the FL condition.

Conceivably, our initial argument for the
confound between the perception of anger and male
walkers had merit but was counteracted in the FL
condition by the additional skill that female walkers
had at expressing their emotions. However, unlike the
kinematic similarities between fearful gait and female-
specific gait, the influence of male gender on the

6

Proceedings of the Symposium on Mental States, Emotions and their Embodiment

perception of anger in walkers appears to be
conceptually based. That is, when perceivers could
easily identify the gender of a male walker in the FL
condition, they interpreted the emotion displayed by
the walker in a stereotype-congruent manner [8]. This
stereotype-congruent  information facilitated the
perception of anger in male walkers but this advantage
was counteracted in the FL condition by the increased
expressive skill of the female walkers.

However, when the gender of the walker was no
longer so apparent in the PL condition, perceivers
were denied the additional cue of stereotype-congruent
information. The perception of anger in male PL
walkers was therefore not facilitated. However, the
greater expressive skill of female walkers did facilitate
the identification of anger in the PL condition.
Consequently, anger was identified faster in female
walkers than male walkers in the PL condition but not
in the FL condition.

5 Conclusion

We have provided support that the kinematics of
fearful gait is similar to the kinematics of female-
specific gait thereby facilitating the perception of fear
in female walkers. We have also argued that male
gender and anger are confounded on a conceptual
level therefore when the gender of the walker is easily
perceived as male then the perception of anger is
facilitated. However, stronger conclusions could be
made if these experiments were replicated with walker
stimuli that was normalised for the level of expression.
These findings have important implications for the
development of anti-victimisation programs whereby
women may be taught how to walk in a way that may
discourage potential attackers.
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Male Bodily Responses towards a Virtual Woman

Xueni Pan ! and Marco Gillies? and Mel Slater® 3

Abstract.

Current research measure participants’ responses in a Virtual Envi-
ronment through questionnaires, physiological responses, and post-
experiment interviews. However, questionnaires and interview re-
sults are subjective. Physiological data, although objective, provide
only evidence of a person’s autonomic system responses rather than
higher level behavioural responses. Different from the above meth-
ods, bodily movement is a gross overall indicator of a person’s state,
and is relatively easily observable. It therefore could offer us an ad-
ditional method to assess the realism of people’s responses within
a virtual environment. This work presents the analysis of the bodily
movement displayed by male participants, while talking with a life-
size virtual woman in a virtual social encounter within a CAVE-like
system. People tend to respond realistically to virtually generated
data, both emotionally and physically. While interacting with a vir-
tual character, their responses should be similar to how they would
respond to a real person. Here we concentrate on their body move-
ments as the virtual character speaks to and approaches them.

This is part of an ongoing study of whether people with social
phobia react with appropriate anxiety to virtual reality depictions of
social encounters. People who suffer from social phobia experience
strong fear in one or more social situations, where they are afraid
of acting in a way which is humiliating or embarrassing that other
people would judge them in a negative way. Although they have the
knowledge that the anxiety was irrational, they seek to avoid social
encounters whenever possible [1]. Therefore this research studies the
extent to which the participant responds towards the virtual character
with appropriate affect.

We have carried out an experimental study in an immersive (Cave)
system, where shy and confident males interacted with a forward vir-
tual woman, in a virtual bar [2]. We are interested in the extend to
which the participants’ responses are similar to real life. We have
invited both shy and confident participants, which is determined by
the SPAI (Social Phobia and Anxiety Inventory) questionnaire [3].
There were 24 male participants who took part in the experiment, 12
of whom are shy, 12 confident.

The scenario was a virtual bar which is populated by 5 virtual
characters, 4 of whom are talking to one another, except for one lone
female, ’Christina’. Once the participant enters the scenario Christina
begins to stare at him for a few seconds, then makes her way towards
him (Fig. 1(a)), and then initiates a conversation (Fig. 1(b)). It is im-
portant to note (as shown in Fig. 1(b)) that from the point of view of
the participant Christina is life-sized and that the projection is active
stereo. The participant stood approximately in the centre of the room
and head tracking was used so that Christina could look at him in the
eyes, and also the other characters in the room would occasionally

1 University College London, London, UK
2 Goldsmiths, University of London, UK
3 University of Barcelona, Spain,
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(b)

Figure 1. The virtual female first looks at the participant and then (a)
approaches him and (b) a conversation ensues while the other characters
continue their conversations.

look towards him.

Christina is modelled to be an attractive female, speaking English
with a slight Portuguese accent (the accent of the real actress who
recorded the script). She started the conversation with the participant
by introducing herself and asking the participant questions. When he
spoke, she appeared to listen carefully and showed her interest by
nodding and smiling. She also showed her interest by leaning for-
ward to him, smiling, looking at him, and also by breaking the norms
of social distance (of the country in which the study was conducted)
by approaching within 0.5m. If the participant asked where she was
from, she told him that she is an air hostess and had just arrived in
London. Finally she suggested they should meet up again.

Christina’s behaviour consisted of a number of multi-modal
utterances, containing recorded speech, body and facial animation,
which were triggered from a control panel by an experimenter,
who was listening to the experiment out of view of the participant.
There were around 60 utterances prepared and pre-recorded; half
of these are the core of the conversation and the rest of them are
backups for unexpected situations. Each utterance is a synchronised
combination of speech (audio file) and movements (animation).
Our animation engine distinguishes between foreground behaviour,
the multi-modal utterances, and background behaviour including
gaze and proxemics. We use a model of proxemics that ensures that
Christina mostly orients towards the participant and maintains an
appropriate conversational distance, but breaking this as time goes
on as she gets closer. The following is an extract from a typical
conversation: (Christina - C; Participant - P)

C: This shirt looks great on you, how much was it?

P: Thank you! It is a gift.

C: Ah, I really want to find a pair of trousers something like those
for my brother [glancing down at the man’s trousers]. Where did
you get those?

P: Haha, I cannot remember; but there are a lot of nice shops alone
the Oxford Street if you are interested.
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C: [Turns her face to the other virtual characters around] So, Do
you know anyone here?
P: Well, not really anyone else, no.

C: I feel a bit shy about talking with the other people, do you mind if

[ talk with you for a bit longer?
P: Sure, no problem.

During the interaction, the participants’ behaviour were recorded
with a camera from behind. The video recording of the experiment
(See Fig.2 ), together with a assessment form, were then passed
on to a body movement expert who otherwise has no involvement
with this research and had no knowledge of the purpose of our
research. The Form consists of 3 questions each associated with
particular events: first, when the virtual female asks about the
participant’s clothes; second, when the virtual female asks if the
participant knows anyone there; third, some participants asked the
virtual female to repeat what she has said. In real life these events
would trigger the following reactions respectively: first, look down
at their clothes (Fig.2(c)); second, look around at other people in the
social environment(Fig.2(b)); third, lean forward in order to hear the
question more clearly. Therefore the 3 questions we asked on the
form were:

e When the virtual lady mentioned the participant’s clothes (shirts
and trousers), did he look down at his shirts/trousers?

e How many the participant ask the virtual lady to repeat; and when
asking, how many times of these he leaned forward to the virtual
lady?

e When the virtual lady asked if the participant knew anyone here,
did he look around at the other virtual characters?

The answers to those questions would provide us with evidence if
the participants have responded towards the virtual characters as if
they were real.

(a) (b)

Figure 2. (a), (b) and (c) shows a participant with normal head position,

looking around, and looking down.

The body movement expert then filled in the assessment form for
each participant by screening the video data from the experiment.
The result is presented in Table 1, where for looked down and looked
around we present the number of shy and confident participants
who did the movement at the time over all participant observed; for
learned forward, we present the number of times the participants has
learned forward (when asking the virtual character to repeat) against
the number of times they asked her to repeat. It can be seen that the
majority of participants leaned forward when asking the avatar to re-
peat a question, and looked around when being asked about other
“people”. Note that the leaning forward made no sense from an ob-
jective point of view since the sound was not spatialised and there-
fore was not actually coming from the location of the virtual woman.
These results suggest that the participants’ bodily responses towards
the female were similar to how they would respond to a real person.

9

Table 1. Event triggered body movement: 1, The number of participants
who looked down when asked about their clothes / all participants observed.
2. The number of participants who looked around when asked about other
“people” /all participants observed; 3. The times participants leaned forward
when asking the virtual lady to repeat / times asked the virtual lady to repeat.

1,Looked 2,Looked 3,Leaned
Down Around Forward
Shy 6/12 11/12 9/9
Participant
Confident | 7/12 10/12 13/15
Participant

The results support the notion that participants tend to act towards
the virtual character with appropriate interpersonal behaviour. Bodily
movement is a gross overall indicator of a person’s state, and there-
fore could offer us an additional method to measure the responses of
people in VEs, especially when the participant interacts with a virtual
character. In our previous report [2] we have evaluated the reactions
of participants and the results showed that the participants tended
to respond to the situation at the subjective and physiological level
as if it were real. In the previous study we have also evaluated their
verbal responses to assess their behaviour, yet one can argue that ver-
bal responses can be playfully delivered by the participants without
being serious. This new evaluation of bodily responses, however, un-
derlines the findings of our previous study, since it is unlikely that
people deliberately and consciously choose their bodily responses -
they are an automatic action.
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Comparing Perception of Affective Body Movements
displayed by Actors and Animated Characters

Ariel Beckl’z, Dr. Brett Stevens' and Dr. Kim A. Bard®

Abstract. This paper reports on a comparative study, which
investigated how emotional body language, from animated
characters and real actors, are perceived. The results are
discussed in relation to the uncanny valley [1], which is a drop in
believability as animated characters become more realistic [2].
The results showed that, videos of the actor were found to be
more emotional, more believable and more natural than the
animated characters whilst displaying the same emotional body
language (recorded simultaneously by Motion Capture
technology). Moreover, there was a significant difference in the
number of correctly interpreted negative emotions displayed.
Although, not for positive emotions. This could be due to the
physical appearance of the animated character or to the loss of
micro-gestures inherent to Motion Capture technology.

1 INTRODUCTION

Virtual environments (VE) for training have been shown to be
efficient for skill learning [3, 4] by immersing the trainee in
simulated situations. VEs allow participants to interact in a risk
free environment. For example, in a medical scenario, a real
patient is not required, reducing ethical and practical issues.
Moreover, once developed, a VE can provide continuity across
assessment contexts, which are then not subject to unpredictable
variations arising from human intervention, as could be the case
for training using actors. VEs also have many advantages when
compared to traditional methods, such as video training, as they
are responsive and flexible, adapting to instructions from the
trainee in real time, whereas video training is always limited to a
pre-recorded set of answers. However, it has been suggested
that the key advantage of VE training is that it induces a feeling
of presence (i.e. the feeling of being there), providing trainees
with experience of situations that are more comparable to those
evident in real life [5].

However, research on Animated characters populating the VEs
used for the training of medical students has mostly focused on
mechanical/surgical tasks. Nevertheless, work is beginning on
simulating a wider set of patient interactions as well. This
requires a full range of participant behaviours and actions,
including speech, lip synchronisation, realistic looking anatomy
and appearance, and animated facial expressions, all of which
have started to be researched from a functional perspective [6].
However, recent results show the importance of body language
as a medium for expressing emotions [7]. Hence, the animated
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character also requires more subtle behaviours such as non-
verbal cues, or body language which would also be essential for
training medical personnel in assessing a patient’s inner
emotional state.

To date, it is not known how users would interact with highly
realistic characters and whether they would be considered as
social partners. However, it has been shown that the way
humans interact with technology is ‘mindlessly’ social [8]. It
was found that technology can trigger social scripts, which
typically apply to human-human interaction but are inappropriate
for human-computer interaction, as they ignore the essential
nature of the technology [8]. Moreover, consistent with this
early result, recent studies support the fact that animated
characters are indeed perceived as social agents, which trigger
natural and social protocols in human users, such as gaze [9] or
different acceptance levels based on ethnicity [10].
Nevertheless, these experiments considered mindless social rules
and it is not evident that it will hold true at a conscious level.

The aim of the study presented, was to explore if an animated
character would be consciously perceived as a social partner.
This is done by testing the implicit assumption that viewers
would perceive and interpret humans and animated characters in
a similar way. Moreover, a similar approach as [8] can be
adapted by testing the ability to perceive (i.e. see) and interpret
(i.e. attribute meaning to) emotional expressions when displayed
through the body [11]. This emotional body language is an ideal
start to an investigation as it is known that people can accurately
distinguish among emotions when displayed through human
body language [12].

2 THE EXPERIMENT

2.1 Design

The main aim of the experiment was to compare emotional
interpretation (accurate labelling and perceived strength) of a
recorded person and an animation, which were both displaying
the same emotional body language (Actor Vs Animated).
However, in order to avoid the believability paradox, or
Uncanny Valley [1], which is a drop in believability as
characters acquire greater similarity with humans [2], traditional
animation, such as Disney [13], usually uses stylised display of
emotion, which are adapted to the physical appearance of the
character. This could effect the perception of the animated
display (Participants on seeing an animated character, could
expect stylised and exaggerated display of emotions). Therefore
the experiment also investigated whether there is an ‘uncanny
effect’ in the display, by comparing the perceived believability
and naturalness, of Stylised and Natural displays of emotion
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(Stylised vs. Natural). Studies on emotional body language
recognition [7, 14, 15], consider only small sets of prototypical
emotions, which could have resulted in discrimination between
emotions (a process of elimination) rather than true recognition.
This point is supported by Kramer (2008) who argues that
nonverbal behaviours rarely carry specific intrinsic meanings but
are interpreted within context [16]. Therefore, this study also
investigates the effect of body language in two different
situations, one with contextual verbal support and one
unsupported (Voice vs. No Voice) on the interpretation of the
Actor and Animated display.

Due to the believability paradox, which models a drop in
believability as characters become highly realistic, the study
investigates whether there is a relationship between perceived
physical realism of the characters presented and the believability
of the display.

For this study, it was necessary to consider the participants’
ability to accurately interpret emotional behaviour, displayed by
the actor and the animated character, and how this may affect the
results. One of the main components of Emotional Intelligence
is the perception of emotions [17]. Therefore its effects,
including whether it correlates with the viewer’s ability to
classify emotion in either the video or the animated display, were
investigated. Moreover, previous experience in video games and
animated characters could also affect the perception of the
animated character. Therefore, the experiments investigated
possible correlations between previous experience and the
results, including the number of good interpretations, perceived
believability and naturalness.

2.2 Participants

25 Participants were recruited, mostly members of staff of the
University of Portsmouth (16 females and 9 males) ranging in
age from 24 to 61. Participants were randomly allocated to one
of the two groups (Voice vs. No Voice). The thirteen

participants in the Voice condition ranged in age from 24 to 61
(M=39.30, SD=13.70). The twelve participants in the no voice
condition ranged in age from 31 to 60 (M=44.90, SD=9.66).
raffle

Participants were entered in a

participation.

in exchange for

2.3 Apparatus
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Figure 1. Screen shots of video condition (A) and animated
condition (B).

A professional actor and a professional director were hired to
build the material. The actor performed the following emotions:
Anger, disgust, shame, fear, sadness, surprise, relief, happiness,
pride and excitement. Each emotion was performed in two
different ways, a natural version and an exaggerated stylised one
closer to the one that can be seen in traditional animation. To
ensure equivalency across conditions, the actor was video
recorded (Figure 1 A) and motion captured simultaneously. The
videos were recorded using a Sony PD170P. Motion capture
data was recorded using a VICON motion capture system. The
motion capture data was then used to animate a character (Figure
1 B) so that it displayed the same body language. The faces of
the actor and the animated character were pixelated, so that this
source of information was removed along with the possible
uncanny effect that may come from facial animations.
Moreover, to remove possible effects, such as differences in
dress of the actor and animated character, both appeared in a
motion capture suit (Figure 1), were physically similar (skin and
face are not visible) and were put in the same context (Figure 1).
Forty videos were created: 10 emotions x 2 versions x 2 types of
display (see table 2).

These videos and animations were displayed on a 5m x 2.5m
rear projection screen at life size. To record participants’
answers, the material was embedded into custom made software,
which was used for displaying the video clip as well as recording
participants’ answers.

2.4 Materials

The Emotional Intelligence (EI) was measured using the
Emotional Intelligence Test-2"! Revision [18].

The physical realism of the actor and animated character were
rated on a seven points Lickert scale using pictures showing
them in the same ‘neutral’ position.

In order to record participants’ interpretations of the emotional
body language displayed, an existing questionnaire has been
modified. It is based on the Geneva Emotional Wheel' that
places twenty emotional labels on a two dimensional axis:
valence and control. The Geneva Emotional Wheel is usually

! GEW; see [19], downloaded from http://www.unige.ch/fapse/emotion/
on the 01/07/2008

The Society for the Study of Atrtificial Intelligence and Simulation of Behaviour Convention 6th - 9th April 2009, Edinburgh, Scotland



Proceedings of the Symposium on Mental States, Emotions and their Embodiment

used for self-report (i.e. participants reporting their own
emotional state). However, in this study, it has been used to
report on participants’ interpretations of the clips. The wheel’s
centre includes two additional options, “no emotion at all” and
“none of the above”, in case a different emotion is perceived by
a participant. Each participant was also asked to indicate the
strength for every emotional clip (five point Lickert scale
radiating out from the centre).

For each emotional clip, participants were asked to rate the
believability and naturalness on a seven point Lickert scale.

The Post-study questionnaire gathered personal information
including gender, age, experience of video games and familiarity
with animated characters. Finally participants were asked
whether they noticed the presence of an animated character and
if they found it disturbing.

2.5 Procedure

Participants were tested by the same experimenter in individual
sessions. Each session began by obtaining consent, followed by
an emotional intelligence questionnaire.

After completion of the questionnaire participants rated the
realism of the actor and the animated character. It was necessary
to rate realism before interpreting the video clips as if they
watched the movements before, it would bias the rating.
However, the fact that participants rated static pictures of the
actor and animated character before interpreting the video clips
may have affected the results. It can be argued that participants
were made aware that it was a comparative study before
watching the video clips and that this awareness could have
biased their answers. However the experiment was advertised as
a study on the recognition of emotional body language and the
aim only explained during debrief. Moreover, several
participants thought that they had been asked to interpret the
exact same video clips more than once. This suggests that they
were not aware of the comparative hypothesis during the test.

After rating the static pictures, participants started watching and
assessing the video clips, which were played only one time.
Once all video clips were interpreted, the post-study
questionnaire automatically started. The whole procedure took
one hour.

2.6 Results

Participants’ mean score at the FEmotional Intelligence
Questionnaire was 111.92 out of 150 (SD=10.65). An average
of 2.4 out of 7 (SD=1.47) was reported on Experience in Video
Games and 3.8 out of 7 (SD=1.82) on Familiarity with Animated
Characters. The mean rate of physical realism was 5.52 out of 7
(SD=1.83) for the actor and 2.76 out of 7 (SD=1.56) for the
animated character.

Prior to any analysis, one-way ANOVAs have been computed to
check if differences confounded the results between the two
groups. There was no difference between groups in EJ
(F(1,23)=0.61, p=0.44), Experience in Games (F(1,18)=1.53,

p=0.23) nor in Familiarity with Animated Characters
(F(1,18)=1.53, p=0.47)

Presentation Condition
antext:tal Acted Animated
uppo Videos Videos
Believability M=4.99 M=4.38
SD=1.01 SD=1.05
Naturalness M=5.31 M=4.51
SD=0.99 SD=1.03
Perceived M=3.62 M=3.33
Strength SD=0.63 SD=0.68
Number of Voice M=38.54 M=38.08
Good max=20 SD=1.94 SD=2.1
Interpretations No Voice M=5.83 M=5.50
max=20 SD=2.85 SD=2.15
Number of Voice M=6.08 M=5.08
Good max=10 SD=1.32 SD=1.66
Interpretations No Voice M=3.25 M=2.17
(Negative) max=10 SD=1.215 SD=1.115
Number of Voice M=2.46 M=3
Good max=10 SD=1.39 SD=1
Interpretations No Voice M=2.58 M=3.33
(Positive) max=10 SD=1.78 SD=1.67

12

Table 1. Means and Standart deviations of the results.

Repeated-measures ANOVA were carried out on the data.
Assumptions of normality, homogeneity of variance and
sphericity were met. Results showed that differences between
conditions were unlikely to have arisen by sampling error.
There was a significant difference in Physical Realism
(F(1,23)=49.37, p<0.01), Believability (F(1,23)=12.4, p<0.01),
Naturalness (F(1,23)=25.4, p<0.01) and Strength
(F(1,23)=41.785, p<0.01). Repeated measures ANOVA did not
show a significant difference in the Number of Good
Interpretations (F(1,23)=0.9, p=0.4) for the acted and the
animated condition, but there was a significant between subjects’
effect for voice (F(1,23)=10.7, p<0.01). However, grouping the
displays by valence revealed a significant difference for the
negative ones (F(1,23)=14.5, p<0.01) for which participants
were more accurate in interpreting the actor. There was no
difference for the positive displays (F(1,23)=0.9, p=0.4).

To assess the correlation of Emotional Intelligence with the
Number of Good Interpretations, Pearson correlations were
computed. There was no correlation between Emotional
Intelligence and the Number of Good Interpretations for the
actor (r(23)=-0.3, p=0.09) nor for the animated character
(r(23)=-0.2, p=0.1).

Similarly Pearson correlations were computed for Emotional
Intelligence and Believability. There was no relation between
Emotional Intelligence and the Believability of the actor
(r(23)=0.27, p=0.10). However, Emotional Intelligence was
positively correlated with the Believability of the animated
character (r(23)=0.48, p<0.01). The results are similar with the
perceived Naturalness, as there was no correlation between
Emotional Intelligence and the Naturalness (r(23)=0.2, p=0.3) of
the actor. However, Emotional Intelligence was positively
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correlated with the Naturalness of the animated character
(r(23)=0.5, p=0.01).

Pearson’s test showed a positive correlation between Experience
in Video Games and the Number of Good Interpretations for the
actor (r(18)=0.37, p=0.05) but not for the animated character
(r(18)=0.17, p=0.24). However, Familiarity with Animated
Characters was positively correlated with the Number of Good
Interpretations for the actor (r(18)=0.64, p<0.01) as well as for
the animation (r(18)=0.38, p=0.05).

There was a positive correlation between Physical Realism of the
Actor with Believability of the actor (r(23)=0.49, p<0.01) and
Naturalness of the actor (r(23)=0.60, p<0.01). However, there
was no such correlation between Physical Realism of the
Animated Character and Believability of the animated character
(r(23)=0.04, p=0.42) nor with naturalness of the animated
character (r(23)=0.245, p=0.12).

Finally, there was a positive correlation between Experience in
Games and Physical Realism of the Actor (r(23)=0.39, p=0.04)
as well as with Physical Realism of the Animated Character
(r(23)=0.75, p<0.01). Similarly Familiarity with Animated
Characters was positively correlated to Physical Realism of the
Actor (r(23)=045, p=0.02) and to Physical Realism of the
Animated Character (r(23)=0.54, p<0.01).

Emotion Condition | Good Answers | Good answers
Displayed in the Acted in the animated
Condition condition
Anger Voice Natural: 13/13 | Natural: 12/13
Stylised:  10/13 | Stylised:  9/13
No Voice Natural: 3/12 | Natural: 1/12
Stylised:  10/12 | Stylised:  9/12
Disgust Voice Natural: 12/13 | Natural: 13/13
Stylised: 11/13 | Stylised:  9/13
No Voice Natural: 0 | Natural: 2/12
Stylised:  2/12 | Stylised: 1/12
Shame Voice Natural: 0 | Natural: 1/13
Stylised:  1/13 | Stylised:  3/13
No Voice Natural: 0 | Natural: 0
Stylised:  3/12 | Stylised: 0
Fear Voice Natural: ~ 7/13 | Natural:  6/13
Stylised:  3/13 | Stylised: 2/13
No Voice Natural: ~ 7/12 | Natural:  4/12
Stylised:  3/12 | Stylised: 1/12
Sadness Voice Natural: 11/13 | Natural:  4/13
Stylised:  9/13 | Stylised:  7/13
No Voice Natural:  4/12 | Natural:  3/12
Stylised:  7/12 | Stylised: 5/12
Surprise Voice Natural: ~ 4/13 | Natural:  3/13
Stylised:  4/13 | Stylised: 0
No Voice Natural: ~ 3/12 | Natural:  2/12
Stylised:  2/12 | Stylised: 1/12
Relief Voice Natural: ~ 5/13 | Natural:  6/13
Stylised:  5/13 | Stylised: 9/13
No Voice Natural: ~ 2/12 | Natural:  5/12
Stylised:  5/12 | Stylised:  6/12

Happiness | Voice Natural:  1/13 | Natural:  4/13
Stylised:  2/13 | Stylised: 2/13

No Voice Natural: 1/12 | Natural:  0/12

Stylised:  4/12 | Stylised:  7/12

Pride Voice Natural: ~ 0/13 | Natural:  0/13
Stylised:  3/13 | Stylised: 7/13

No Voice Natural: ~ 0/12 | Natural: 1/12

Stylised:  4/12 | Stylised: 6/12

Excitement | Voice Natural: ~ 2/13 | Natural:  0/13
Stylised:  6/13 | Stylised:  8/13

No Voice Natural: ~ 4/12 | Natural: 5/12

Stylised:  6/12 | Stylised:  7/12

13

Table 2. Proportion of good answers per emotions and
conditions (13 participants in the Voice condition and 12 in the
no voice condition). Chance level would be 1/22.

As shown in Table 2, recognition rates depended on emotion and
condition, although most of the clips were recognised above
chance level.

3DISCUSSIONS

The results showed no difference in the number of video clips
that were correctly interpreted between the actor and the
animated character. However, it cannot be concluded that the
interpretation of an actor and an animated character is similar, as
the animated character has been perceived as less natural, less
believable and less emotional. Moreover, grouping the displays
by valence shows that for the negative emotions, participants
were better at interpreting the actor. There was no difference for
the positive emotions. It is important to emphasize, that these
differences occurred with animated movements that were
captured from the acted performance. However, four
participants out of twenty-five reported not noticing the presence
of animations, whilst only one participant reported being
disturbed by the presence of animation.

The fact that no difference was found on the number of good
interpretation may be due to a floor effect on the positive
displays (i.e. Excitement, Happiness, Pride, Surprise, Relief):
The recognition rate of these videos was very low in both
conditions (See table 1). This may be due to the fact that it was
impossible for participants to distinguish between so many
positive emotional states watching emotional body language
even with voice as well. However, this low recognition rate is
consistent with Ekman’s basic theory of emotion [20], which
considers that happiness is at the core of all positive emotions.
The basic theory of emotion suggests that the positive displays
are very hard to accurately distinguish because of their
similarities.

Motion Capture is not perfect; it fails to capture secondary
animations such as skin deformation. This could explain why
participants’ interpreted more accurately the actor displaying a
negative emotion than the animated character. This is shown by
the significant difference for the video clips where a negative
emotion (i.e. Anger, Fear, Disgust, Sadness, Shame) was
expressed. Similar differences were found in the strength of the
emotion, in believability and in naturalness where it was found
that the actor was more emotional, more believable and more
natural than the animated character. It can be suggested that
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these differences are due to the gestures that were not recreated
by the Motion Capture Technology.

However, the differences in the physical appearance of the actor
and the animated character could also explain the significant
drop in believability and naturalness (Figure 1). The highly
significant difference between the realism of the actor and the
realism of the animated character (which were rated using
pictures) revealed that the animated character failed to reach the
right side of the Uncanny Valley. Nevertheless, it can be argued
that the animated character used for this study is at least as
realistic as the one that would be used for medical interview
training. These characters have to be animated in real time and
thus would also be susceptible to the same drop in believability
and naturalness.

Participants who scored high on the Emotional Intelligence
questionnaire were less affected by the missing micro-gestures
and the lack of realism of the animated character. This was
shown by the positive correlation between emotional
intelligence, believability and naturalness of the animation.
However, the lack of a correlation between Emotional
Intelligence and the number of good interpretation could indicate
that either the questionnaire failed to assess participants’ ability
to accurately interpret emotional body language or that the
videos presented lacked the appropriate emotional cues. The
second possibility can be dismissed by the fact that for almost all
emotional clips the recognition rate is above chance level (Table
2).

The positive correlation between familiarity with animated
character and the number of good answers in both conditions is
very encouraging for medical interview training. It shows that
participants who reported being familiar with animated
characters were more accurate in interpreting the video clips
including the acted ones. However, it is not possible to conclude
that these participants learned from previous experience how to
interpret emotional body language. The positive correlations
between experience in video games and familiarity with
animated character with the physical realism of the actor and
animated character could simply imply that participants’ familiar
with animated character were less affected by the appearance of
the actor and the animated character which was different from
every day displays: they wore the motion capture suit and their
faces were pixelated. This could also explain why participants
familiar with animation were more accurate. Therefore, it will
be necessary to determine whether it is linked to the appearance
and whether it is related to specific types of experience with
animated characters (different type of animations, interaction...).

Nevertheless, these differences were not unexpected and it can
be argued that animated characters cannot be, in terms of
believability and naturalness, as good as videos of a real person.
However, the results show that participants were able to
accurately interpret many emotions displayed by the animated
characters.

4 CONCLUSION

The results clearly established that emotional body language
animated with motion capture is significantly different when
compared to the video motion. It was not possible to clearly
establish if this loss was due to the micro-gestures that Motion
Capture failed to recreate or if it was due to the physical
appearance of the animated character, which was poorly rated
when directly compared to the actor.

The next research step will investigate the effect of changing the
level of physical realism as well as the effect of reintroducing the
secondary animations that were missing. It is expected that
increasing the level of realism will affect the difference in
believability, naturalness and will explore the real shape of the
Uncanny Valley.  Whereas, secondary animations should
minimize the difference in the number of good interpretations as
they should give complementary cues necessary to accurately
interpret the display.

This line of research is important because the feeling of presence
is crucial for medical training to be efficient. Therefore, in order
to be useable animated characters need to overcome the
believability paradox.
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Computational model and the human perception of
emotional body language (EBL)

Marina Fridin', Avi Barliya', Edna Schechtman®, Beatrice de Gelder?, Tamar Flash'

Abstract. Emotions are undeniably a central component of
human existence. In recent years, the importance of developing
systems which incorporate emotions into human-computer
interaction (HCI) has been widely acknowledged. However,
research on emotion recognition has been dominated by studies
of facial expression of emotion. In comparison, the study of EBL
has received relatively little attention.

Here we study the phenomena of EBL, specifically of static
body postures expressing emotions, from two different
perspectives. First, we have built a computational model for the
recognition of four basic emotions which achieves a relatively
high recognition rate (70 %). Secondly, to study perception of
EBL, we examined what body parts attract the observer's

attention during the perception of EBL. This is done by tracking
eye movements of human subjects during the observation of
static postures expressing emotions. Although invaluable
information can be inferred from motion, this study will show
that information about static body posture is rich enough for both
automatic recognition and human perception.

The present study contributes in an applicative way both to the
development of automatic recognition systems of EBL and
provides insight into the nature of human recognition of EBL.

1 INTRODUCTION

Research on EBL is rapidly emerging as a new field in
Human-Computer Interaction (HCI) and affective computing.
Darwin in his groundbreaking work on the evolutionary
significance of emotion stressed the importance of bodily
movement [4]. Nonetheless, the dominant theory of Ekman [8]
denied that specific gestures, body movements, or postures could
indicate emotions. Contrary to the above claims, Wallbott a
pioneering researcher in the field study of EBL [16] , has
demonstrated that specific body movements, postures and
gestures, generally allow to differentiate among different
emotions.

Studies of EBL are still rare but it has been already repeatedly
shown that distinct expressions of at least the basic emotions are
readily recognized even in the absence of facial and vocal cues,
when emotions are portrayed by static body postures and by
whole body movements, as was described in [1], [7] and [16] .
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In recent years, Pollick and colleagues [14] have investigated the
perception of EBL through movement and have shown that the
speed of movement plays a major role in the perception of EBL.
In the study by Cammuri [4] of emotional dance performance,
hand configurations and locations with respect to the body were
also indicated as important features for emotion discrimination.
The neural mechanisms underlying perception of EBL were
examined by de Gelder et al. [7] , where in a fMRI study they
have shown that the amygdala is a key structure in the
processing of static, fearful body expressions, along with the
fusiform cortex.

In this study we propose a novel computational approach
towards the understanding of EBL. The strength of the proposed
model is that it is highly modular, that is, it is independent of the
database being examined and the feature extraction processes.

We have also studied of the perception of EBL by
investigating gaze patterns of human subjects when perceiving
EBL of other individuals. In this study, the first to describe such
gaze patterns, we examined whether fixation behavior is
emotion-specific. Fixation behavior was described in terms of
which body parts receive most visual attention. We also
examined whether fixation behaviour remains stable under
different task conditions, such as observation vs. recognition, for
images which were correctly vs. incorrectly recognized, and as a
function of the familiarity with the stimuli, which may result in
perceptual learning

As it is impossible to cover a large spectrum of human
emotions, in this study we have strived to characterize and model
the four basic emotions: JOY, SADNESS, ANGER, and FEAR.

The paper is organized as follows. First, we describe the
database of EBL that was used for both parts of the research
(Section 2). Next, in Section 3 we discuss how EBL is perceived
and recognized. In Section 4, we present the computational
model of EBL. Section 5 presents our conclusions and contrasts
this paper with related works. Section 6 provides directions for
future work.

2 EBL DATABASE

The input material in both studies consisted of still images
derived from video films in which 80 semi-professional actors
and 47 ordinary subjects freely portrayed body postures
expressing four basic emotions. The subjects were of different
genders, cultures, ages and socioeconomic status. The images
from both groups were randomly mixed together. Therefore the
entire database consists of 508 images (127x4). In the eye
tracking study the faces on the photographs were blurred.
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3 GAZE AND THE PERCEPTION OF EBL, AN
EYE TRACKING STUDY

In this study we examined eye fixation patterns during the
perception and recognition of EBL. Participants were asked to
perform two tasks while wearing an eye-tracking system. In the
first task (observation task), subjects were asked just to look at
photographs and in the second (recognition task) to tell verbally
which emotion they have recognized.

PROJECTOR
GLOBAL-VIEW
CAMERA —. PROJECTION SCREEN
e ey ROJEC ’ SCR.
TRACKING < 7%

HEAD- ® l b L n
TRACKING S o
gy |
Figure 1. Schematic representation of the experimental set up.

An “ISCAN” eye-tracking apparatus was mounted on the
participant's head (Figure 1) and was connected to the eye-
tracking computer. To estimate global gaze direction, the eye-
tracking apparatus was coupled with a Polhemus Liberty head-
tracker. A separate computer projected the stimuli on the screen
and captured the presentation data. A global view camera
captured the scene observed by the subject and produced a video
showing the scene and the estimated gaze directions
FEAR

JOY SADNESS

=
[

Anger

5
=
]

SUBJECTS GUESSES
Figure 2. The recognition score (RS) for each emotion shown in
static postures presented to the subjects. Subjects' errors in the
recognition task are also shown. RS of all emotions were clearly
well above the 25% chance level (black line).

We first evaluated subjects' recognition rate of EBL in the
recognition task. Figure 2 shows the recognition accuracy for
each emotion (when the emotion is actually shown) and the
respective confusion rate. Choices were not made randomly: the
emotions shown were very frequently recognized, with sadness
being the most easily recognizable emotion, with a recognition

rate of 94.83% T 1.19%. The other emotions were also well
recognized, when the most confused emotion being fear, which
was confused with sadness (11.54% & 1.77%), and joy, which
was confused with anger (17.11% * 2.13%).

Response times (RT) for emotions that were incorrectly
recognized were significantly longer than the response times for
correctly recognized emotions (means 385431 29329 msec

(n=134) and 27004 + 22720 msec (n=586), respectively).

We then quantified and performed a statistical analysis of
body regions on which the eyes fixated. There were significant
differences among the eye fixation patterns observed for the
different emotions (Figure 3). Most attention during the

perception of images showing anger was paid to the hands

(7.321+1.64) and the arms (4.2810.83), with similar
observations for fear. For images showing joy most of the time

was spent gazing at the head (3.55i 0.89), while the hands and
the arms also attracted significant attention. The fixation times
for images showing sadness were distributed equally between
the head, the arms and the hands. The trunk and the legs never
attracted significant attention. There was no change in the
fixation behavior in the observation versus the recognition task,
and while viewing correctly vs. incorrectly recognized images.

= [ 3' 8
.II lI \ If L I[ \ l
io;

Figure 3. Distribution of fixation behavior on body segments
for each emotion during the recognition task. Fixation behavior
is represented by color: from blue (marked by 0) to red (3.8 and

more).

These fixation patterns were not influenced by the task and
were not correlated with recognition performance nor with RT.
Our results suggest that fixation behavior is emotion-specific and
is automatically triggered by the stimuli. The observed
differences in recognition accuracies and RTs could not be
explained by the observed fixation behavior. Finally, by
analyzing changes in recognition accuracy, RT, and fixation
patterns over task repetition we concluded that no perceptual
learning could be detected.

Fear T oy Sodness

Anger

4 ACOMPUTATIONAL MODEL

We applied a heuristic approach for the modeling of EBL. To
that end, we assumed that a set of well defined features with the
aid of some combinatorial syntax would be sufficient to
represent any EBL. We identified the major feature types, which
we then extracted from the pictures as follows.

Figure 4. Extracted features: a: Body Joint Angles; b: Gesture;
c: Body Silhouette

The photographs were treated with different image processing
algorithms, which included body segmentation from the
background, labeling body parts, building a multi-joint human
body model, estimating head position and hand gestures. Since
some of these image processing steps are very complicated to be
automatically performed, part of the analysis was performed
manually. The feature types that were extracted are: head pose
characterized by the direction of the normal vector to the plane
of the head, using an idea suggested by Gee&Cipolla [10],
upper arms and trunk joint angles, (as illustrated on the Figure
4a) legs joint angles, right/left hand gestures (Figure 4b) body
silhouette (Figure 4c), defined by a polygon and body space. On
the whole, there were seven different feature types. These
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feature types are commonly used in the literature dealing with
recognizing emotions [16] , imitation [11] and affective
computing [4]

Then, an algorithm that computes the maximum mutual
information between the different features and the various
emotions (Equation 1) was developed [15] . Mutual Information
(M) between class C and feature f; is defined as:

I(C;f,(6)) =-2_P(C)Log(PC))+ X P(f,) X _P(C| f,)Log(P(CI f,))

By measuring frequencies of detecting f; for images within
different classes C, we could evaluate the mutual information of
the feature with respect to the class. Examples of the most
informative features of type "Body Silhouette™ for the class Joy
are shown on Figure 5.

Figure 5. Examples of the most informative features of type
"Body Silhouette" for the class of emotion Joy.

Then we re-arranged the lists of most informative features so
that each feature added to the list would supply the maximum
possible additional MI concerning the emotional class (Equation
2). The selection process was initialized by selecting a feature
that provided maximum MI: f, =argmax 1(C; f,)

Therefore, each of the following selected features was
determined by:

® First, to make sure that information contributed by any
candidate feature fy.; is not already represented by any
previously selected feature f; , for each fy., feature we found the
most similar feature f; (min stage), by computing the conditional
MI between the new feature fi,; and the class given the most

similar feature f; : HC; fi);
® Then, from all candidate features fi,; the feature with the

maximum contribution (i.e. maximum conditional MI) was
selected (max stage) as follows:

fa=arg m;';\xm_in 1C; fal )

Then, different feature types were combined into one list,
based on calculating the additional MI. The result of the training
process consisted of sets of lists which included all possible
combinations of the feature types, for each class of emotion. In
each list, features were arranged according to their additional
MI. The results of this stage are illustrated in Figure 6: the six
most informative features of type Body Joint Angles are shown
for the class Joy (the first row) in a descending order, whereas
the order is changed (Max-Min, second row) when considering
the highest additional information score for each of the features.

To recognize a new image |, we first measured the function
S,, indicating whether the features from a currently examined list
were found in the image or not. Then, to check to which class the
image | belongs, we need to know the distribution of the
functions S of images from the training set and compare it with
the computed function S;. Therefore, for each of four classes of
emotions, and for each image in the training set the distribution
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of S given C; class of emotion p(S|C;) was estimated in advance
by using the EM algorithm. A mixture of Gaussian model was
chosen as an appropriate model for representing the distribution
of S Finally, the image | was assigned to a specific class of
emotion, j, according to the class for which p(S)|C;) is maximal.

Index of
Feature ina 1 2 3 4 5 &

01053 | T 04675

Addition MI

b.2042 [RLL2] TR 84467 D.OEDG o0

Figure 6. An example showing the first two steps of the
algorithm, MI and Max-Min. The six most informative Body
Joint Angles are shown for the joy emotion on the first row in a
descending order of MI, whereas the sequence of the features is
changed (Max-Min, second row) when considering the most
additional information provided by each of the features.

We evaluated the recognition rate for the different lists
consisting of different feature combinations, and for different
sets of features, a few examples of which are presented in Table
1. For each list, we present the average recognition rate
(RecRate), taken across all the different classes of emotion, and
the required number of features in the combination that
maximizes the recognition rate. Using only BODY
SILHOUETTE achieves a recognition rate of 46.83% averaged
over all emotions. However, using a combination of BODY
SILHOUETTE, BODY SPACE, LEFT HAND, and HEAD the
best recognition rates: a 70.25% averaged across all emotions
was achieved. It should be emphasized that this is a relatively
high recognition rate, considerably above chance levels, using
only static images as input.

(%]
Feature Types Combinations g Ug) § 5 %
iy
Body Silhouette (BS) 46.83 12
Left Hand 4365 96
BS, Body Space, Left Hand, Head Norm 70.25 396
BS, Body Joint Angles, Left Hand, Head Norm  69.45 285
BS, Body Space, Body Joint Angles, Right 68.25 196

Hand

Table 1: Examples of lists with mixed feature types. For each
list, we present the average recognition score and the number of
features in the list (over all possible number of features) that
maximizes the recognition rate.

This work resulted in a model for the recognition of EBL in
static images. For a given new image, even if some features
cannot be extracted, the model defines the combination of
feature sets that has the highest probability of predicting the
expressed emotion in the picture.

5 CONCLUSIONS & RELATED WORK

The results of both parts of the presented study, e.g. the
computational model and the analyse of fixation behaviour, are
consistent with each other. First we have compared the
recognition rates achieved by the computational model with the
recognition rates of human observers using the same data set.
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We have found, on the average that human observers can
recognize emotions with an accuracy of 82%, while the
recognition scores of the algorithm were around 70%. That is,
human performance is not extremely better than the performance
by the algorithm. . Similar recognition scores were reported by a
number of EBL studies for both human perception [5] and
computational models [4, 1]. Nevertheless, human observers
may use more information than is available to our model and the
ability to extend and improve the model will be discussed below.

Here for the first time eye tracking has been used to examine
fixation behavior during perception of EBL When perceiving
pictures associated with joy, people tend to fixate on the head,
whereas for pictures associated with anger and fear, most
attention is devoted to the hands and arms. The feature involving
the hands in the eye tracking study encoded information
regarding both hand position and configuration. For pictures
associated with sadness, people fixate on all body parts: heads,
arms, and hands. The legs almost never drew the observers'
attention. Also, the effects of hands’ and arms’ locations were
statistically analyzed and it was found that the fixation behavior
is emotion rather than location dependent (e.g. the location
within the picture: at the center vs. on the sides of the body). For
instance, the location of the hands at the center is a feature that is
common for both fear and sadness; however, the amount of time
that subjects gazed at the hand was considerably longer for fear
versus sadness. These results are consistent with features that
were found important for the recognition of EBL, both by our
computational model and in a number of related studies [1, 4]. It
was shown that hand position and configuration, and the
orientation of the head are important features for the recognition
of EBL.

Finally, it is important to mention perceptuo-motor primitives
[9] [11] and their relation to our study. Perceptuo-motor
primitives can be defined as a basic set of body segments and
postures that can be learned from perceptional behavior
(including fixation behavior) and mapped onto the elements of a
recognition system (both human and automatic). Therefore, the
sets of emotion-specific body segments and postures, identified
in our eye-tracking study, were also identified as important
features by the computational model. Hence these body
segments and the different features characterizing the location
and configuration of the body parts which are associated with the
different emotions could be defined as emotion-specific
perceptuo-motor primitives of EBL.

6 POSSIBLE APPLICATIONS AND FUTURE
WORK

The possible applications of the presented computational
model to the automatic recognition of EBL are numerous,
ranging from the development of robotic systems capable of
mimicking and expressing emotions, through having more
natural looking characters in computer games (virtual worlds)
and animated movies.

In addition, our data suggest that many more experiments are
needed in order to further clarify the mechanisms sub-serving the
perception of EBL. For example, to unravel the processes
involved in the recognition of EBL, the influence of face versus
the body on the eye fixation and recognition behavior could be
studied by using stimuli which combine incongruent face and
body EBL stimuli. Employing this approach in a recent fMRI
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study, conducted by de Gelder's group [11], it was found that the
ability to correctly recognize different facial expressions is
strongly influenced by EBL. Another avenue for future research
is to investigate the fixation and recognition behavior during
perception of dynamic stimuli where information about the
expressed emotion may be gathered by focusing on movement
kinematics.

We also suggest that several of the widely used paradigms
should be reevaluated with respect to EBL, e.g., the influence of
affective priming on fixation and recognition behavior [13]; the
influence of gender [2] and of the symmetry of different body
parts [3] and their effects on the perception and fixation
behavior during the observation of EBL.
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Audio Description of Emotions in Films using Eye
tracking

Paula Igareda and Alejandro Maiche

Abstract. Dealing with the Audio description (AD) and
taking into account the many works and studies carried out in the
field, the aim of this paper focuses on the moment when
emotions and gestures must be described —avoiding any
personal interpretation by the one who describes the audiovisual
material. In this sense, we will carry out an experiment
evaluating the eye movement from two groups of people: one
watching a film excerpt with AD and another one watching the
same film excerpt without AD. The aim of this paper is to
present the on-going research on the eye-tracking technology
applied to the media accessibility.

1 INTRODUCTION

AD is a recent field within Translation Studies, though we
already have access to many guidelines for doing it properly. AD
is defined as a feature that makes performing arts, audiovisual
products, countries’ natural, historic and cultural heritage, and all
kinds of socio-cultural events accessible to everyone. AD
consists of “a set of techniques and abilities, whose main
objective is to compensate for the lack of perception of the visual
component in any audiovisual message, by providing suitable
sound information which translates or explains, in such a way
that the visually impaired perceive the message as a harmonious
work which is as similar as possible to that which is perceived
by the sighted” [1].

Taking some existing studies and guidelines as ITC [2],
Benecke [3], Remael [4], Ofcom [5], Orero [6], Puigdoménech,
Matamala and Orero [7], Remael and Vercauteren [8],
Vercauteren [9] into consideration, it seems that there are some
recommendations and ideas on what, when and how to audio
describe.

When analyzing a given piece of work we have to take into
account both the non-verbal visual elements and the written
visual elements. When we study the verbal visual elements we
have to deal with the where (places and spaces, dimension of the
places, location of the characters, lighting, relation between the
characters and the places); when (the time/period when
everything happens); who (the characters in general, describing
who talks, their clothing, their physical appearance, their facial
expressions, body language, age, attitudes); and whar (action,
colours, music and other noises). In relation to the written visual
elements, important items are the closing credits, the possible
subtitles appearing on the screen, the written elements belonging
to the piece of work, etc. [7]. The above studies also focus on
how to audio describe, dealing with the objectivity and
subjectivity during the process of AD, the elements of motion
and the filmic imagery (such as symbols, associative images,
etc.).

The issue that is common to all countries and guidelines
developed for AD is the lack of any scientific research for its
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practice; hence, there is not any agreement on how to produce
good quality and meaningful AD. On one side, there is not
enough research on this topic and that affects the quality of ADs.
On the other side, we still find that one of the biggest challenges
when doing any AD emerges when emotions and gestures must
be described and the it would be desirable to avoid any personal
interpretation by the one who describes the audiovisual material.

2 CULTURAL AND TRANSLATION STUDIES

For this study, we have considered Cultural Studies,
especially in relation to Translation Studies and Studies in
Psychology.

Many studies confirm that there is a series of elemental
obstacles in order to have a successful intercultural perception
and understanding in translation. According to Samovar and
Porter [10], these factors are:

- attitudes, which include religion, politics, customs,
food, dress, or art; the world view perspectives that may use
different frames of reference; the absolute values regarding good
and bad, ugly and beautiful, true or false, etc.; or the stereotypes
and prejudices;

- social organization, as regards government, family,
law, etc.

- patterns of thought, mainly between the Western and
the Oriental worlds, but also between Anglo-Saxon and Latin
ways of thinking about the family ties, moral values, dating, etc.;
which cause so much confusion;

- role expectations obviously derived from patterns of
thought;

- conceptualization of time;

- handling space;

- language barrier; which does not arise only with
respect to correct or incorrect translation;

- and non-verbal communication, nonverbal stimuli in a
communication setting that are generated by both the source
[speaker] and his or her use of the environment and that have
potential message value for the source or receiver [listener].

In this way, we can see that apart from verbal communication,
physical appearance, and the use of things and the environment,
among many other issues, it is possible to find other cultural
signs with a communicative value. This communicative non-
verbal activity within a conversation’s verbal behaviour
comprises a system of signs, gestures, manners, postures, ways
of behaving, attitudes, etc. Some studies say that not every
culture has the same way of expressing its feelings and emotions,
and that not every human being uses the same gestures:
Everyone experiences emotions in a particular way, depending
on his/her previous experiences, learning, character, culture and
situation [11, 12].
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2. 1 Non-verbal Communication

Non-verbal communication can facilitate a large amount of
information in a given situation or context. Cestero [13]
classifies the non-linguistic elements into the following
categories: the basic systems (paralinguistic and kinesics); the
cultural systems (cronemic and proxemic); and the physical and
cultural signs systems.

According to Poyatos [14], the paralinguistic system will be
determined by the non-verbal communicative activities
accompanying verbal behaviour during a conversation. This
system is composed of non-verbal vocal signs that work towards
communication and are part of the communicative interaction.
On the other hand, the kinesic system refers to the study of the
significant body movements, including facial expressions. This
system embraces the analysis of gestures, manners and postures:
Gestures are movements with communicative value which cover
facial expressions (including glances) and body movements;
manners are the ways in which movements are expressed and
they show how people do certain gestures or postures according
to their culture, age, sex, emotional state, socioeconomic level,
etc.; and postures refer to the static body positions that are able
to communicate in a conscious or unconscious way. These three
categories are related to each other and yet they are independent.

Poyatos also distinguishes the following cultural signs with
communicative value: physical appearance, the use of artifacts
and the environment. The cronemic and proxemic systems are
part of the cultural signs with the ability to modify or add
significance to the rest of the non-verbal systems or to act alone.
These systems have, as a main objective, to study human beings’
use and perception from space and time, respectively [13, 11].

2.2 Emotions and Gestures

At the beginning, we mentioned that in a conversation
between at least two persons the communicative non-verbal
activity comprises a system of signs, gestures, manners,
postures, ways of behaving, attitudes, etc. We base our
conclusion on the assumption that non-verbal communication
has the ability to express a wide range of feelings, emotions and
thoughts; and that there are certain emotions associated with
certain gestures. In this way, we will deal with the relations
between emotions and gestures in this section.

Studying works on emotions we can observe that some of the
physiological and behavioural reactions derived from emotions
are innate and some of them can be acquired. It appears that
every emotion has its functions for different reasons, and has its
consequences on the nervous system and on body expression.
According to the study of Hager [15], the component that can be
the core of common sense approaches to emotion is the feeling
component. But this author also mentions other descriptive
components of emotions such as the set of behaviours that may
be performed and observed in conjunction with an emotion like
the gross behaviours of the body affected by the skeletal muscles
and emotion expression; the set of internal bodily changes
caused by the smooth muscles and glands; the ideation, imagery,
and thoughts that occur along with emotion; the circumstances
that give rise to emotions; and the neural processes that underlie
much of the preceding activities.

Focusing on facial expressions, Hager, between many others,
shares his opinion saying that these expressions are associated
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with particular human emotions and that they can provide
accurate information about emotions. Hager and Ekman [16]
work on how emotions and faces relate to each other, if they
relate to each other at all, if the facial expressions are culturally
bound or universal, etc.

Regarding the cultural relationship between emotions and
facial expressions, we found works by many researchers
showing the emotions on people’s faces in a similar way around
the world. Ekman, Sorenson and Friesen [17] and Izard [18]
maintain the idea that “there are constants across cultures in the
emotional meanings of certain facial expressions”. On the other
hand, others say that “the fact that universal connections
between expressions and emotions could arise from learning
which has a high probability of occurring in all cultures or from
a functional role of the movements in the emotional situation”
[16].

Although it is quite clear that there are universals in emotions
and gestures, it is also important to bear in mind when dealing
with AD that emotions and gestures have their own cultural
associations and, therefore, we cannot stereotype; they are an
integral part of individual and collective culture-transmitting
values. If we want to fully understand the meaning of an
expression, we have to be able to interpret facial expressions,
gestures and body language.

In order to successfully interpreting this non-verbal
communication, we focus on the possible problems we can find
because of these cultural differences in body expression.
According to Poyatos [14], we find out that:

- the way people make their gestures can vary between
cultures;

- one gesture can be characteristic of one culture and it
is possible that this gesture does not exist in the other culture;
that is: it has no gesture equivalent;

- the gesture or facial expression is the same in two
cultures but the meaning of this gesture is different;

- the gesture exists in two countries but it has different
variants or its use is more extensive in one country than in the
other one.

These are some of the problems we can find interpreting the
gestures and facial expressions of people from different cultures
or countries. Since we are aware that every gesture, manner or
facial expression communicates an emotion, the other problem
that we observe is the classification of these emotions and, even
more difficult: the direct relation between one emotion and the
gesture to express it.

There are studies classifying every possible human facial
expression as the Facial Action Coding System (FACS)of Ekman
and Friesen [19], that measures all visible facial movements and
it estimates that there are several hundred thousand possible
visibly distinguishable facial expressions, most of which are
never seen on people’s faces in everyday life. This system has
been used to score pictures of faces that researchers have seen to
express emotions and to score faces of people in emotionally
arousing situations. Between their conclusions, we can find that
many emotional expressions are synonyms or convey different
connotations of particular emotions and that the number of
expressions conveying emotional meanings is much greater than
researchers thought, but it is smaller than the number of possible
expressions.

Researchers continuously argue about classifications of
emotions, the existence of primary and secondary emotions, that
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there are studies, which say there is a series of basic emotions
from which the rest of the secondary emotions originate, etc.
After many readings and secondary literature, we will take for
our analysis the classification of the basic emotions and all the
possible “secondary” emotions that Goleman [12] facilitates.
This author divides emotions into eight groups or basic families:

- Anger: fury, outrage, resentment, wrath, exasperation,
indignation, vexation, acrimony, annoyance, irritability, hostility,
and, perhaps at the extreme, pathological hatred and violence.

- Sadness:  grief, sorrow, cheerlessness, gloom,
melancholy, self-pity, loneliness, dejection, despair, and, when
pathological, severe depression.

- Fear: anxiety, apprehension, nervousness, concern,
consternation, misgiving, wariness, qualm, edginess, dread,
fright, terror; as a psychopathology, phobia and panic.

- Enjoyment: happiness, joy, relief, contentment, bliss,
delight, amusement, pride, sensual pleasure, thrill, rapture,
gratification, satisfaction, euphoria, whimsy, ecstasy, and at its
farthest point, mania.

- Love: acceptance, friendliness, trust, kindness, affinity,
devotion, adoration, infatuation, and agape.

- Surprise:  shock, astonishment, amazement, and
wonder.

- Disgust:  contempt, distain, scorn, abhorrence,
aversion, distaste, and revulsion.

- Shame: guilt, embarrassment, chagrin, remorse,

humiliation, regret, mortification, and contrition.

The question now is how to identify these emotions in a
facial expression, in a gesture and which is the most efficient
method to describe them to the target audience. Hager and the
extensive research mentioned in his work say, “The expression
of a given face at a specific time is conveyed by a composite of
signals from several sources of facial appearance. All these
sources include the general shape, orientation (pose), and
position of the head, the shapes and positions of facial features
(e.g., eyes, mouth), coloration and condition of the skin, shapes
of wrinkles, folds, lines, and so forth. Some of these sources are
relatively fixed; others, more changeable. The most important
source of change in facial expression is the set of muscular
movements produced by facial muscles, which provide the most
substantial changes in facial appearance over short time
durations and contribute most to nonverbal communication by
the face”.

Cortese and Butterfield [21] stated that there is a big problem
in decoding facial-emotional expressions. Considering many
studies, they carried out a code for every basic facial expression.
As said by these authors, this code constitutes a system of
psychological interpretation of the messages people show in
their faces. This code is divided in three zones on the face:
eyebrows-forehead zone, eyes-eyelids-nose zone and cheeks-
mouth-jaw zone. This would be the association between facial
expressions and emotions:

- Happiness: Eyebrows are raised up; mouth is opened
and can express different kinds of smiles, the body moves, and
the eyes move and have a fixed look.

- Anger: Staring at the offence, eyes and eyebrows have
a peculiar, fixed, stiff incline, teeth may be clenched.

- Sadness: Lack of expression, look falls, corner of
one’s mouth falls, eyebrows move, and general depression of the
features.
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- Surprise: Increase in muscle tone, interrupted
breathing, dilated pupils, eyes and mouth open wide, internal and
external part of eyebrows and eyelids lift up, jaw goes down,
knees bend and body lends forwards.

- Fear: Shudder, startle, immobility for a while,
possibility of falling silent or screaming, eyes and mouth open
wide, corner of one’s mouth moves backward.

- Disgust: Eyebrows fall and come close together;
cheeks, chin and upper lip go up, puckered nose, corner of one’s
mouth and lower lip fall, eyes become smaller.

2.3 Audio description of emotions and gestures

We have to refer to the studies carried out by Salway and
Graham [20] Extracting Information about Emotions in Films
where they developed a method to extract information about
characters’ emotions in films. These authors say that “the
language of AD is rich in information concerning the characters
and their external appearance, but information about their
cognitive states, including their emotions, is not described
directly. However some insight into a character’s emotional state
is given by AD when the emotion is being depicted visually in
the film”.

Other works associated can be the one carried out by Orero
and Vercauteren [22] concerning the AD of facial expressions in
animated movies and the difficulties derived from this work.
They detected that facial expressions are complex especially for
three reasons: the type of message that can express no emotion at
all or just a mood; the fact that the face can combine more than
one emotion which will make it even more difficult to come to
the right conclusion; and the fact that emotions can be expressed
in a more or less intense way.

Apart from these studies, we have to think about all the
guidelines for AD we mentioned at the beginning of this paper:
the difficulties in AD, the lack of time between dialogues,
sounds, and many other elements for doing it properly. Where
are the limits? At what point is it too much information when we
audio describe emotions in films? When is it too obvious? How
can we find a balance between these problems? How important
is to describe the emotion one person has at a certain moment?

3 ANALYSIS

One of the biggest problems is whether AD has the ability to
avoid incorporating personal interpretations or not. In this sense,
a good and objective AD could be one that does not significantly
alter the film-watcher’s eye movements compared to a person
watching a clip without AD.

In order to obtain some objective and usable results in relation
to AD of emotions and gestures we are carrying out an
experiment using the eye-tracking technology with 10
participants. We will follow a similar methodology as the one
developed by Masuda et al. [23], but instead of working with
static pictures, we will use film excerpts, that is, pictures in
movement; which will bring to light new and innovative results.

The procedure is as follows: these participants watch an
excerpt of a film without AD and the eye movements are
recorded at the same time. The main objective of our analysis is
to detect the points where the majority of the group, coincides
focusing their attention in the gestures and emotions.
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We consider these points the places where the person resorts
by the film’s own dynamic: without intervention of the AD.

After that, we will take a group of people with similar
characteristics and they will watch the same film excerpt but this
time audio described. This excerpt contains Audio descriptions
of emotions such as “she is sad” or “he feels alone”. Once again,
we will extract the points with a high level of coincidence.

The first hypothesis would be that there will be differences
between the eye movements of the people watching the film with
AD and the people watching the same film without AD: The eye
movement patron will be influenced by the AD, falling on the
points that the person in charge of the AD previously selects.

In relation to this, the participants watching the film excerpt
with AD will have a higher number of eye movements and
saccades and the other participants will have longer eye gazes.

4 CONCLUSIONS & FUTURE WORK

Once the analysis is done, we will analyze the achieved
results, considering the mentioned studies, in order to obtain
some guidelines, and when possible, to objectively audio
describe the gestures and emotions in these films. We also take
as starting point the fact that the facial expressions, gestures and
all the non-verbal communication are essential in the
understanding of the film.

If we observe the film excerpts chosen we find many
obstacles, apart from the obvious of the AD, which can make the
work more difficult dealing with non-verbal communication and
emotions, such as the lack of time and the confusion with other
sounds, the simultaneity of gestures and their corresponding
emotions, or the fast change of gestures and, therefore, emotions,
between many others.

Other problem is the description of these gestures and
emotions: How should audio describers use words in this case?
In an attempt of not raising once again the subjectivity or
objectivity problem in AD, how should be the vocabulary, which
words describe better and easily the emotions and feelings? This
issue has its importance since “by only describing what we see,
we are depriving the Audio description of its meaning and not
creating a holistic and comprehensive Audio description” (Orero
and Vercauteren, 2008).

Besides the mentioned questions, many more are appearing
during the research:

- Where is the limit of the objectivity dealing with
emotions in AD?

- What about the importance of the silence? Where do
we have to stop and let the film/the sound goes on?

- Would it be possible to translate directly the AD of a
Spanish spoken language film into English, German, or any
other language different from Spanish and from another culture?
- Do we all have the same way to audio describe facial
expressions and emotions of people in films, and therefore, their
basic emotions? The same interest?

After this first part of our study, we want to extend our study
in the future with participants from other countries — including
subtitles when necessary in the film excerpt — in order to prove if
there are cultural differences in the perception of the emotions.
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Towards a System-Theoretic Model for Transition of
Affect

Michelle Karg and Kolja K thnlenz and Martin Buss'

Abstract. This study investigates the dynamic properties of affectaverage behavior with system-theoretic tools. A second model gives
from a system-theoretic point of view. A psychological study wasestimates of how an individual would react to a specific stimulus in
conducted, in which affect was induced sequentially using picturesespect to the current affective state.

of the International Affective Picture System. Based on this experi-This paper is structured as follows. Section 2 gives a brief overview
mental data, a piecewise linear model is formulated which describesf related work. Then discrete affective states are defined for our pur-
average affective reactions of a human. System-theoretic analysis pbse in section 3. Section 4 describes the psychological experiment
this model reveals that the system shows complex dynamic characonducted to estimate the parameters for each model. Section 5 in-
teristics, which can not only be explained by an additive influence otroduces a model based on a piecewise linear system (PL), which
the stimulus on the current affective state. It suggests that there exigtodels average affective reactions. The parameters of the model are
internal fluctuations. Furthermore, the joyous region contains a steadapted to the experimental data, followed by a system-theoretic
ble attractor. A second model concentrates on individual differenceanalysis. It is concluded that internal fluctuations in affective reac-
of affective reactions between humans. A Markov Chain estimatesions exist. Section 6 uses a Markov Chain to estimate the next affec-
the probability that a person feels a specific affect depending on ative state of a person depending on the previous affective state and an
external stimulus and the previous affective state. Using this modetxternal stimulus. The paper concludes with plans for future work.
estimates on how a sequence of different affective stimuli influences

the affective state can be calculated.

The study proves that a system-theoretic approach is suitable fc@ RELATED WORK

modeling emotions, in particular affective states, and can give ad- I . .
I~ ge NP . . ' 9 Probabilistic models are currently investigated to model HCI for pre-
ditional insights on the dynamics of emotions.

diction the next emotional state of a human, analysis of the interac-

tion and design of the affective reaction of virtual avatars or robots.

1 INTRODUCTION Gockley at al. propose a model which is capable to calcluate syn-
thesized social reactions based on mood, emotion and attitude for a

Emotions influence cognitive processes, like decision making, learnyopoceptionist [9]. Their main goal is to model long-term effects to

ing, recognition and motivation. Studies analyze the source of emOsnhance long-term relationships beteen human and robots.

tions, classification of emotions and how emotions relate to cognicattinelli et al. [4] consider an interaction model based on a proba-

tive processes[23, 19, 7]. Recent research investigates the integratiglistic finite state automaton. The automaton contains a finite set of

of emotions in Human-Computer Interaction (HCI). It is presumedsgates for the robot and the user. They conclude that the interaction is

that recognition of human emotions, modeling emotional reactiongtaple if both agents have similar personalities. If personalities differ

as well as interactions, and also expressing synthesized emotiong, quick convergence of emotional state is exprected.

on a virtual avatar or robotic head enhances HCI [21, 20]. This reyjiggden Markov Models (HMM) can be used to connect actual

quires emotion recognition, expression and dynamic modelling ofe|t emotion with emotion expression. In [11], a HMM is proposed

emotions. A dynamic emotion model offers the possibility to pre-55 5 emotional core for a robot. Blewitt et al. present a computa-

dict emotional behavior, to enhance recognition systems by previougonal model for defining the emotional state of an agent based on

knowledge about temporal development of emotions and gives iny fzzy logic system [3, 2]. Further approaches regarding model-

sights in complex emotional reactions. Furthermore, implementatiofy,q emotional behavior of virtual agents or robots can be found in

of such a model on an emotion-expressive virtual avatar or roboti¢y ‘24 14, g, 5]

head has the benefit of compact programming compared to state M this study, we focus on a model for transition of affect itself and

chines for showing complex and versatile behavior. analyze it with system-theoretic tools.

This study focuses on the temporal characteristics of affect. From a

system-theoretic point of view, it analyzes how the previous affec-

tive state and an affective stimulus, corresponding to external event§ ASPECTS OF MODELING AFFECT

effect the current affective state. A time-discrete model is developed .

based on experimental data. As there usually exists a large variatios-1 ~ Affective States

of responses to emotional stimuli between humans, one model con-

siders the average affective reaction of a human and analyzes tﬁ’@”ous theories exist to categorize emotions apd aff_ect. According
to Lazarus, an emotion itself contains physiological disturbance, ac-

1 Technighe Universiit Miinchen, Germany, email{mkarg, koku, tiontendencies that are not necessarily acted out, and affect, whereas
mb}@tum.de affect is the subjective experience of a person during an emotion [13].
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Most common theories are the dimensional PAD model [16], the ba3,2 System-theoretic Model

sic emotions [6] and the primary emotions [22]. The PAD model . . .
spans a 3-dimensional space with the independent and bipolar axéS€re exists a large variety of system-theoretic models. In general,
they can be divided in stochastic and deterministic models. This

valence, arousal and dominance. The current emotion of each indi- - h .
vidual can be described as a state within this space. The basic empi!dy uses a Markov Chain as a representative for a stochastic ap-

tions are anger, disgust, fear, joy, sadness, and surprise. They are dﬂggach ar_ld a Piecewi;e Linear System fqr deterministic_ modeling.
rived from facial expressions common among all cultures. In contrasf* data-driven concept is chosen to determine the properties for each
to the basic emotions, the primary emotions can be blent together, $9°d€l, as there is no physical law applicable to emotions in order to
that each emotion consists to a certain part of the primaries which afd€rive state equations. A psychological experiment is conducted for
acceptance, anger, anticipation, disgust, joy, fear, sadness and sifliS Purpose. The experiment is repeated over a number of partici-
prise.
In thi_s work, we cpmbine thg dimensions arousal gnd va!ence With |nduce Affect —»
the discrete emotions sad, joyous, neutral and quiet, which are de
rived from the basic emotions, see Fig. 1 . Mikels et al. collected
descriptive emotional categories for IAPS to identify images which u(t-1)
elicit one discrete emotion more than others. Based on their work, : ; (
the discrete state sad represents the area in the arousal-valence space Estimate next emotional state
with which participants most associated the state sad in Mikels et
al.’s study.
Descriptive emotional categories as awe, content, and amusement drigure 2. A stochastic as well as a deterministic model are designed based
mixed for pictures in the upper plane of the arousal-valence spac@” knowledge about the affective stimulu§ — 1) and the actual affective
[17]. We choose the area where arousal values range from 4 to 6 and’ tatez(t) of a person. The previous affective stai@ — 1) is estimated

’ ; g based on ratings in the IAPS manual.
valence values range from 6 to 8 for the state joy.
Morris scored advertisements and emotion adjectives using SAM

in his study. The number of pictures available in the IAPS datapants, so that a model can be formulated which describes the mean
set shows a V-structure with its peak at medium pleasure and lowfective behavior. This model specifies the average affective reaction
arousal. In Morris studies, adjectives like quiet and solemn correpf 5 human. The analysis of this model concentrates on the effect of
spond to this area. We defined this area as the discrete state quiet.the previous affective state on the current affect in comparison to the
The discrete state neutral represents the area between sad and joyofective stimulus. Furthermore, it investigates if in general more sta-
For equality of the states, each region spans a two times two square jjje or instable affective regions exist.
the arousal-valence state space. Furthermore, the states sad, neuffalvever, emotional reactions vary within subjects and in-between
and joyous have the same range of arousal, so that state transitioggnjects. This leads to a Markov Chain which estimates the probabil-
depending only on pleasure can be investigated. ity that an individual person feels a specific affect. This model gives
estimates for each affective state considering the previous emotional
statex(t — 1) and the stimulus(t — 1).

Transition of Affect — Measure Affect

Model emotional reaction

8 - ——————
7 AAA}’Q 4 PSYCHOLOGICAL EXPERIMENT
1 Al
| A psychological experiment is contucted in order to identify param-
61 | i - eters of the Piecewise Linear System and the Markov Chain. It is
o 8 ,’“\. f e essential to set the scene for interpretation and system-theoretic anal-
E | o " s ysis of each model.
o ]
@ | o x X . . .
B g o ¥ 4.1 Preparation of Emotion Induction
(e OUIET | P X E o i - .
5 | * QUIET Lo K IAPS was choosen for emotion induction because it is continously
= NEUTRAL updated and evaluated. The IAPS pictures are sorted by their va-
1 4 x SAD lence, arousal and dominance values. 18 pictures for each emotional
0 A JOY state were selected from the IAPS database. Each picture was shown
0 2‘ “1 5 E; only once. Criterion for selection was the standard deviation of

arousal, valence and dominance, which ranges between 1 and 3 in
Arousal the data base. In the three subsets for sad, quiet and neutral, pictures
- were selected with a standard deviation lower than 2 for arousal and
valence. Pictures which induce joyous vary more in their standard
) . ) . . deviation so that the maximum standard deviation for arousal and
Figure 1. Thefour discrete emotional states quiet, sad, joyous and neutral .
are arranged in the two-dimensional arousal-valence subspace of the PADvalence is 2.14.
model. The markers display the affective states of the IAPS pictures used fofhe pictures were aligned in a presentation so that each transition
induction of a specific affect. between the four states is repeated three times. It was achieved
to keep arousal almost constant for transition between the states
sad, neutral and joyous. This allows independent investigation of
transitions along the pleasure axis.
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Due to different reactions of humans to erotic pictures, they were
excluded.

4.2 Test Procedure

The presentation which includes the IAPS pictures was shown with$
a video projector. The slide transitions were determined by a timer.
Each picture was shown 5 seconds. The participants had 15 secon
time to fill out the Self Assessment Mannequin (SAM) questionaire.
After that a start slide was shown with the number of the next transi-
tion for 5 seconds.

A maximum of 8 persons completed the experiment at the same time
Overall 50 persons participated at the experiment.

The handout for the participants contained a how-to-do manual fo
SAM, test questionaires, the SAM questionaires for the transitions
and an EPI personality test at the end.

The general procedure of the experiment was as follows

o Initial hellos
e Supervisor explains the experiment procedure and reads out th _
manual for the SAM

8 e Experiment e Experiment
e |APS - ° |APS
° o
36 ® €6
£ o e 2
] ° ° o
e 4 g 4
<@ ° g
IS
L w2
y . ° s
sad quietneutral joy sad quietneutral joy
state state
® Experiment 8 ® Experiment
e |APS c ® |APS
il
§ 6 ° B6
>
E . o o 3
34 ° T4
g E
(] L3
2 ° . E 2 . [] : °

sad quietneutral joy
state

sad quietneutral joy
state

e Time for questions
e 1testcycle (IAPS picture + SAM evaluation)

e 1 IAPS pictures of each state to identify a participant’s peculiar

response to emotion induction

Figure 4. Theratings for valence and arousal are lower in our experiment
comparing to the lists in the IAPS manual. The standard deviation is almost
equal.

3*3*4 test sequences (3 transitions for each state, 3 repetitions, 4

states)
EPI personality questionaire.

One procedure took about 30 minutes.

Start Slide

1. Emotion Induction
(IAPS)

2. Emotion Induction

mean valence values over all participants are plotted separately for
each affective state in Fig. 5.The degree of valence is usually higher
for the second affective state if the previous state was quiet or neu-
tral. If the first affective state was sad, participants rated in average
their next emotional state with less valence. In average, the discrete
induced affect for the second state was always reached, netherthe-
less what the previous affective state was. The averaged arousal val-
ues were also within the expected discrete states. It is aimed that the
following state model is capable to model slight differences in emo-
tional reaction to a stimulus depending on the previous state.

(IAPS)
1.state : * neutral ® sad joyous * quiet
F—t——F+—+—"— SAM 7,00 7 = :
0 10 20 30 t/s N
6,00
§ 5,00 R .
Figure 3. Thisgraph shows a single cylce to investigate the transition from % 4,00
one emotional state to another. First the start slide with the number of the > LN =
cycle was shown. After 5 seconds the first IAPS picture was presented. The ‘G 3,00
second emotion induction followed 5 seconds later and the picture was also 2
shown for 5 seconds. Then the SAM questionaire was filled out. This cycle $ 2,00
was repeated 36 times. s
1,00
neutral sad joyous quiet

4.3 Discussion of Experimental Data

2.state

Figure 5. Thisplot shows the mean ratings of valence depending on the

The averaged ratings of our participants over all pictures differ from

the ratings listed in the IAPS manual. The mean arousal value is 1.8
lower in average to IAPS. The mean valence value is 0.8 lower in av-
erage to IAPS. This results in a shift of the discrete regions for quiet,

joyous, neutral and sad in the valence-arousal space (see Fig. 6) . The
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5 MODELING THE MEAN TRANSITION OF The switching boundaries between the states are defined in Fig.6.
AFFECT: STATE MODEL Their mathematic description is as follows:
A time-discrete, time-invariant, Piecewise Linear System (PL) with fi=(10)X; —3,2

state-depented switching is proposed to model transition from one
affective state to another [15, 10]. This model covers the average be-
havior over all participants. As it is supposed that affective reactions f3
are complex, dynamical and nonlinear, a set of linear dynamic equa-
tions are chosen for approximation.

The state vectoX, consists of two dimensions arousal and valence.
It is measured with the SAM rating during the experiment. As the
SAM test ranges between 1 and 9, the componenis;oélso range
continuously between 1 and 9. joyous

f2=(10)X; —5,2 @)
(0 1)Ky — 2,2

valence

X}, = {valence, arousal}” 1) 59

The influence of emotion induction is modeled by the input vector
ug. It reflects the difference of the expected PAD values of 2 con- quiet neutral
secutive IAPS pictures. Furthermore, the influence of the emotion 32 o
inductionuy, is delayed and affects the statg. ;. T

ur = Au = {Avalence, Aarousal}” 2 sad

The output vectorY, is a unit vector e, of Sy =
{€joy, €ncutral, €sad, €quict }- EACh unit vector e, represents
one discrete affective state sad, neutral, quiet or joyous.

The state space for arousal and valence is divided in four regions
according to Fig. 6. The behavior in each region is approximated by

the following linear dynamic equations: Figure 6. Thisgraph shows the switching boundaries between the regions.
The most probable discrete staftg is estimated by superposition of the
Xir1 = AgXi + Bouk + X, (3) functionsf, f2 andfs .

Y = CXi+ Yo+ ws (4)
q € {sad,joyous,neutral,quiet}

>
»

2,2 4,2 arousal

The signs off1, f2 and f5 differ depending on the discrete states,
The probability matrix4, describes internal fluctuations in human e.g. for a specific state in the region for neutfaland f5 are positive
emotions. Even if no external stimuli is present, the emotion willand f» is negative.

drift. The impact of the external stimuliy, is defined by the matrix ~ The first element of the vector calculated 6y + Yo is asso-
B,.

The mapping between the continuous staeand the discrete af-
fective outputY, is realized by the matrixX’. This mapping can be
derived from our definition of the discrete outputs. The martingale Table 1. Values of functions in discrete regions
wy, is required so that’x reaches the most probable output calcu-
lated byC X, (4). The value of the martingale increment is adapted

[htbp]

regon fi  fa fs
¥

. . joy + +
for each time step k. The sample rate is 0.2 Hz. neutral  + -
If the present stat&(;, would not influence the next emotional state sad - - +
and if the input underlies no damping or amplification, the state equa- quet  + - -

tion would look as follows:

_ (10 10 0 ciated with the discrete state joy, the second with neutral, the third

Xk+1 = Xk + Uk + (5) . . . .
0 1 0 1 0 with sad and the last with quiet. So that the first row represents the
superposition of the functions for the state joy in that way, that the

emotional behavior is completely covered by Equ. (5), aﬁectiveresumng function is maximum if the state is in the region of joy oth-

reactions are barely a reaction to affective stimuli and the previou§™iS€ less (according to table 1). This procedure is analog for the
affective state does not influence the current affective state. following three rows ofYy. The following equation combines the

If this hypothesis does not hold, the conclusion can be drawn tha§uperposition of the decision functions for the four discrete states.
complex dynamics underlie emotional reactions.

The matricesA, and B, are identity matrices for alf. If mean

2 1 —-10,6
Y = ?2 i Xi + _60722 + wg (8)
5.1 Estimation of the Output 0 -1 4:2

The output describes the mapping between the continuous states s

lence and arousal to the four discrete states joyous, neutral, sad angually, probabilities range between 0 and 1. The above equations
. ) ! ! hif iti | for valence rangin we ,an
quiet. The matrixC' and the offsel; need to be estimated. are shift to positive values for valence ranging betweando), and

arousal ranging betweeh and9, so that the result is positive for
Y. = CXp + Yo + wy (6) all possible SAM ratings. Also, they are normalized to guarantee a

27
The Society for the Study of Atrtificial Intelligence and Simulation of Behaviour Convention 6th - 9th April 2009, Edinburgh, Scotland



Proceedings of the Symposium on Mental States, Emotions and their Embodiment

maximum value of 1 and a minimum value of 0. State equation for the region sad:
The martingalewy, is required so thaY, reaches the most probable
state and can be represented by unit vectors. Xpsr = ( 1(.)66 —10:.))8 ) Xi +
2 1 0.0426 o o 3 ' .
1 0 1 0.4113 +( 0 0. )uk+( : ) (16)
Yemgsz| 2 1 || oesss | T O —01 08 0.7
0 1 0-5674 State equation for the region quiet:
5.2 Estimation of State Equation Xps1 = < 1(.)38 (1).; >Xk N

Actually, one state equation was considered. However, it is not pos-

sible to reflect complex behavior within one linear equation. So the L1 00 —24 17
- + 9 Uk + 4 @17)

state equation were extended to a PL systdp). B,, and X, are 02 06 8

adapted separately for each state. There are large variations in the parametersigffor each region.

The average arousal aqd valence values over all participants were Cqjhis proofs that an individual model for each region is required. The
culated for each experimental cycle. They are the valuestior eéements ofB, are similar. As expected, the elements on the diag-

and represent the emotional state of a participant after the secon hal are larger than the elements on the secondary diagonal so that

stimulus. The emotional state after the first stimuli was not measure . .
: . . e component arousal of the stimulus influences arousal more than
and is derived from the values in the IAPS manual. Besitlgs: .
valence of the state and vice versa.

and Xy, uy is known. It is the difference in arousal and valence be- . . .

: ) So far, this model covers only the average emotional behavior of hu-
tween the first and the second stimulus. mans
Least Square was used for estimation of the parameters. Exemplar-—
ily, the calculation ofai1, a12,b11,b12 and Xy, is shown for the ]
discrete state joyous. These parameters are required to estimate tae3 Evaluation

valence component ofx1. ;
P k1 5.3.1 Evaluationof A;, B;
X410 = a1 Xpo + 012Xk 0 The root mean-squared errey is calculated between the measured
+b11Uk,» + bi2uk,e + +Xo,v (20) values X ;; over all participants for each transitidnand the sim-
ulated valueX. The errorg is calculated for each discrete state

The unknown parameters are combined in the vector =
T o .
,[Aalm a.fhbl}.’ bz, Xo,0]". IEach transition W?ls repeated three gmes. tis averaged over the three repetitions of each transition and over all
so, if the |_rst emotional state is joyous, the next state can € S2q;5sition from one discrete state.
neutral or quiet. In total, we have nine times measured state variables
and input variables for the above equation. So that a data niatisx

separately.

introduced, whose rows j contain the input and state values for each n
of the nine transitions. ej = Z (Xjp = X;0)%/(n—1)
Dj = [Xk.vj Xkaj Uk Uka; 1] (11) !
withj € 1...9 3
— )2 .
d= [Xk+1,v,1---Xk+1,u,9]T (12) - Z (AX;)?- 0.5 (18)
=1

The next stateX1.+1,,,; are combined in the vector d. Least Square
is used to solve the overdetermined system

d=Cuz. (13)

The following table shows the mean quadratic error for valence
(v) and arousal (a) for each transition:

This procedure was repeated for arousal, which is the second com- Table 2. Root mean-squared error of simulation

ponent of X and for each region. This results in the following state

equations.
State equation for the region joy: 2.state
A vla sad joy neutral quiet overall
. 0. —-0.6 1.state
K1 = ( 0.7 —04 )Xk + sad v\ 0.9 0.1 03 05
a 0.5 0.4 0.3 0.4
09 -04 5.2 joy v 05 \ 0.2 0.2 0.3
+ < —03 08 > ur 1 9 ) (14) a 05 \ 05 06 04
neutral v 0.1 0.3 \ 0.2 0.2
State equation for the region neutral : ) a 03 01 0.2 0.2
quiet v 04 0.4 0.4 \ 0.3
a 0.4 \

3.6 (15) The error alternates between 0.2 and 0.5. However, emotion in-
0.4 duction has a large variation (standard deviation between 1 and 2), so

1.0 —1.2 03 0 0.6 0.4
Xpy1 = ( 0 0 )Xk +

13 —03
+( 03 1.0 )“““
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that the simulation errors are minor comparing to variations caused
by individual emotional responses or reactions.
The total root mean-squared error is 0.32 for valence and 0.35 for

Table 4. Eigenvalues of the state matrik,

arousal.
regionqg 1l.Eigenvalue 2.Eigenvalue
. sad 2.1 0.8 saddle point

5.3.2 Evaluation of State Order joy 0.5i —0.5i stable fixpoint

. . . . neutral 0.8 1.2 saddle point
Fig. 5 shows that participants felt more valence, if the previous state quiet 1.0 + 0.9 1.0—0.9; instable fixpoint
was neutral or quiet. The same plot was generated by the PL system.
Comparison of both plots showed that the model predicts the same
behavior for joyous, neutral and sad as the second state. If the second A
state is quiet, the mean values for a neutral and joyous previous state §
lie close to each other. In the simulation, their order is vice versa. %
Same results are gathered for analyzing the mean values of arousal. >
5.3.3 Reachability of the Discrete States 5,2

all transitions. The same holds for simulation of all transitions.

N,
In average, all participants reached the induced emotional states for \_/
\/

3,2 fomemm L LN
5.4 Systemtheoretic Analysis
Methods from control and system theory are applied to the obtained Q\
state equations, so that conclusions can be drawn about stability, ob-
servabilty and detectability for each affective region. This analysis B
interprets the mean affective behavior over all participants. The ex- 2,2 4,2 arousal

ternal stimulusyy, is set to zero. This means that the external stimulus

stays constant, e.g_. in case of our eXp?rimem _showing the same joy- Figure 7. Thisgraph shows the phase diagramm for each region for

ous or sad IAPS picture for a longer time period and try to induce up, = 0

the same affective state for a longer time period. The reaction differs

depending on the affective state at the beginning.

is shown repetitively, the mean reaction over all participants would
- be, that a stable joyous affect is reached. However, a sad stimulus
54.1 Sability with less pleasure and medium arousal would lead to more sadness
First, the fixed point for each affective region is calculated using theand eventually anger. Starting with a quiet or neutral affect, arousal
corresponding linear dynamic equation. The fixed points of the dyincreases over time.

namic equations for joyous and sad lie within their regions, the others

outside. Table 3 lists the coordinates for each fixed point. 542 Controllability

Table 3. Fixed points Kalman method is used to analyze controllability of the PL system
for each region. For all regions, the rank of the controllability matrix
@B, = [Bq, AqBg) was equal the number of states, so that each
region is controllable.

regionq valence arousal

sad 2.6 2.7

joy 5.4 2.9 -
neutral 12.3 2.9 5.4.3 Observahility
quiet 5.8 0.5

In analogy, observability is studied for each region. The observabil-
ity matrix Qo,q = [CT, ATC"] is calculated. As the rank for all

As the system is time-discrete, the absolute value of the eigenvalué%’sert\)’ab'l'%lmatr'cesgoﬂ is equal the number of states, all regions
must be lower than one for a stable fixed point. Applying Lyapunov’sare observable.

Indirect Method to each fixed point, yields that the system has one

stable fixed point, one instable fixed point and two saddle points (seg  MODEL OF AFFECTIVE TRANSITIONS FOR

Table 4). _ o ~ ONE INDIVIDUAL: MARKOV CHAIN
The phase diagram of the PL system is plotted in Fig.7. However, this

diagram is plotted for, = 0. This case, repeating the same stim- A Finite Markov Chain is considered to model individual fluctuations
ulus, was not included in the experiment, so that the state equatiorfsom mean affective behavior [12]. This model calculates the prob-
are only approximated by data for alternating stimuli. Interpreting theability that a specific person feels a specific affect influenced by an
phase plot leads to assumptions which need to be checked in a seexternal stimulus. The affective state and the stimulus can take four
ond experiment which includes repeating the same stimulus. For thidiscrete values joyous, neutral, quiet and sad. The probability vector
model, the following interpretations are drawn. If a joyous picturep;, at a specific time step contains the probability for each affective
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state. . ) o
Table 8. Probability matrix for quiet stimulus
Pk = (pjoy7pneutral7psadapquiet) (19)
The parameters of the probability matfiX. ;... depend on the
external stimulus. predicted state
joyous neutral sad quiet
Qstimulus € {QjoyouS: Qneutral: Qsad7 Qquiet} (20) pra/ious state
- - . j 0.3 0.06 0.12 0.52
The probability that a specific person feels a specific affect depends Jnoeyl?tlrj; 0.12 01 008 07
only on the external stimulus and on the previous affective state. sad 0.04 0.12 0.44 0.4
quiet 0.25 0.25 0.25 0.25

Pr+1 = kastimulus (21)

The probability matrices differ for each type of stimulus. Table 5 to
8 lists the matrices for joyous, neutral, sad and quiet stimuli sepa-7 DISCUSSION

rately. As the same stimulus was not repeated in this experiment, thene first model based on a piecewise linear system analyzes aver-
according row is filled with equally distributed probabilities. These age affective transitions of a human. The linear approximations in
probabilities need to be estimated in a continuative experiment. Theach region joyous, neutral, quiet and sad differ from equation 5.
This concludes that superposition of external stimulus and affective
Table 5. Probability matrix for joyous stimulus state is not sufficient to explain affective transitions. Furthermore, the
states valence and arousal are controllable and observable in each re-
gion of the state space. As properties of nonlinear systems are only
locally valid, in this case in each region, a reachability analysis of the

predicted state . . . L .
joyous neutral sad  quiet complete PL system is considered in future works. Within the joyous
previous state region lies a stable fixpoint. It is assumed that repetition of joyous
joyous 0.25 0.25 025 025 stimuli maintains joy. However, reactions to a repetition of sad stim-
neutral 0.68 0.12 0 02 uli depends on the initial value of arousal and valence. It can drift to
sad 0.36 0.16 0.14 0.34 . - . .
quiet 074 002 004 02 anger or neutral. As the underlying experimental data did not contain

repetition of the same stimulus, these are assumptions. A continu-

aitive experiment is ongoing.

A second model predicts the probability for the next affective state
Table 6. Probability matrix for neutral stimulus depending on the current and an external stimulus. A Markov Chain
ist proposed with a separate probability matrix for each stimulus joy-
ous, neutral, quiet and sad. Mostly, the probability for the next state is
highest for affective state intended by the external stimulus. For neu-

_ predicted state ‘ tral and quiet stimuli, the previous state influences the next stronger
previous state Joyous neutral sad  quiet comparing to sad or joyous stimuli. This model can be used to calcu-
joyous 02 014 044 014 Ia_te the propabilities_, for each ,_';lffecti\_/e state for a sequence (_)f stim-
neutral 0.25 0.25 0.25 0.25 uli. For HRI interaction scenarios, this model offers the benefit, that
sad 0.06 0.16 052 0.26 combinations of different stimuli can be simulated with this model
quiet 0.5 0.08 0.14 0.28 beforehand.

The Markov property holds for both models. For simplification, we
assume that the future affective state depends only on the present
emotional state and is independent of its history. Long-term effects

Table 7. Probability matrix for sad stimulus are neglected within this study.

8 CONCLUSION AND FUTURE WORK

predicted state
joyous neutral sad  quiet This study shows that system-theoretic approach is applicable to
previous state model transitions of affect. Two models are proposed. One models
Jnoeyl?tlrjzl %012 8'82 8'22 %026 the average affective reaction of a human and gives insights on the
sad 0.25 0.25 025 0025 dynamics of affect. Simple superposition of external stimulus and
quiet 0 0.02 0.94 0.04 current affective state is not sufficient to predict the next affective

state. It is concluded that affect underlies more complex dynam-

ics. These dynamics are approximated by a piecewise linear sys-
interpretatiorof the tables is as follows. If the previous state is quiettem. System-theoretic analysis revealed that a stable fixed point ex-
and the external stimulus is joyous, see Table 5, the probability thasts within the joyous region. This suggests that joyous is a stable
a person feels joyous is 74%. However if the previous state is sad;ondition over time. However, a continuative study is required which
the probability is only 36% that a person reacts to a joyous stimulugonsiders repeating the same stimulus in the experiment. A second
with joy. This model can be used to simulate the effect of a sequencemodel based on a Markov Chain estimates the probability how a per-
of stimuli. Alternating a sad and a joyous stimulus leads to a higheson reacts to an external affective stimulus. This model is capable to
probability that a person feels sad. So it can be concluded that theredict the affective reaction to a sequence of affective stimuli.
sad stimulus has a stronger effect. Up to this point, only transitions of affect have been considered. The
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models need to be extended to cover also repetition of the same ex-
ternalstimulus. Furthermore, personal traits, like extrovert/introvert,
degree of anxiety, gender or mood, can have an influence on the af-
fective reaction. For both reasons, a similar psychological experi-
ment is planned. The long-term target is to test its validity in a real-
world HRI setting.
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Ubiquitous Computing and Pervasive Adaptation of
Social Norms in Workplace Design

Mbobnica Sara Santos and Jeremy Pitt!

Abstract. The design of workplaces, namely the physical arrange-
ment of people and machines, has an active influence on work-related
issues, such as productivity and efficiency.

However, even an ideal physical arrangement of machines is sub-
ject to the social and emotional intelligence of the people. It is possi-
ble to formalise the former using rules of social order, and to capture
the latter using the ideas from Affective Computing.

Our intention, then, is to demonstrate that by integrating affective
states and participatory/pervasive adaptation of social norms in work-
place design, the quality of experience in a working environment can
be improved.

1 INTRODUCTION

The design of workplaces, namely the physical arrangement of peo-
ple and machines, has an active influence on work-related issues,
such as productivity and efficiency. This arrangement can be an in-
hibitor or a facilitator to more social interactions [19]. It is a goal of
today’s organisations to find ways to effectively use office work envi-
ronments as means to improve worker performance. Moreover, group
performance has become a main question for businesses that rely on
collaborative work to achieve the organisational goals [6, 14]. Thus,
it is essential that office environments are designed with the purpose
of providing dynamic, user-friendly space [22].

It has been argued that social and emotional intelligence are the
parts of human intelligence that most influence aspects of success in
life, especially in social interactions, learning, and adapting to what
is important [20]. Emotions play a critical role in cognitive processes
in humans, such as focus and attention [10], organisation of memory
and perception [3], motivation and performance [7], planning [17],
learning [11], goals generation, evaluation and decision-making [9],
and communication [2, 12]. Therefore to study an office environment
we should leverage the emotions of each of the individuals that are
part of the workplace with technology, to improve the interaction.

Besides the psychological and neurological documentation sug-
gesting the influence of emotions in human interactions, there is
evidence to justify that more specifically, emotions influence hu-
man interaction with computers. It has been shown that providing
positive affective interventions to people who are having difficul-
ties solving a problem with a computer, increases their performance
[21]. This conclusion was gathered in an experiment that studied the
psycho-physiological effects of positive and negative affective inter-
ventions in human-computer interactions. Subjects were exposed to
pre-programmed mouse delays, while trying to solve an interactive
puzzle. After that, positive or negative interventions were provided

! Department of Electrical and Electronic Engineering, Imperial College Lon-
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via a speech synthesiser and the subjects’ responses were recorded
and analysed. Another experiment was conducted by Kapoor et al.
with the aim of assessing user frustration. A set of children were
asked to solve a computer version of the Towers of Hanoi puzzle.
The subjects’ non-verbal multimodal data was analysed, with the ob-
jective of trying to predict when the children were feeling frustrated
[16]. Branco et al. observed the spontaneous facial expressions sub-
jects portray while trying to format a document in Microsoft Word,
with the objective of identifying adverse event occurrences in the
user interface [4]. It has also been proven that while working with
computers, people display emotions that are caused by the interac-
tion with the computer. [26]. To assess this, an experiment where
some people were continuously recorded while working in their ev-
ery tasks with the computer, was conducted. Sequences where people
were showing emotions that were caused by the interaction with the
computer were extracted. Some of these video sequences were pre-
sented to 75 people on an online questionnaire, who clearly agreed in
the labelling of affective states such as frustration, fatigue and con-
centration.

In any experimental study it is necessary to consider cultural vari-
ations. Cultural personal characteristics influence the way people in-
teract and view each other [5]. For instance, certain behaviours can
be seen as natural in a culture and as offensive in another. Also, peo-
ple from different cultural backgrounds display emotions in different
ways. Cultural differences have always influenced the way users in-
teract with computers [23]. Even though cultural issues should not
be ignored, “there seems to be a gap between notions of technology
and culture, and a lack of appropriate and valid approaches to their
synchronisation [27]”. A reason for this lack of synchronisation can
be explained by the conclusions Kamppuri et al. [15] gathered after
examining literature from the main HCI-related journals and confer-
ence proceedings published from 1990 to 2005. They concluded that
from the 3286 published papers only 28 referred cultural issues in
HCI, which represents about 0.85% of all the publications. There are
still only a few studies of the ways cultural diversity may influence
the users’ interaction with computers, so it “has become a new chal-
lenge for HCI [15]”.

2 RESEARCH QUESTIONS

Ubiquitous Computing (ubicomp) aims at creating digital environ-
ments that are sensitive to human needs, and adapt and respond ac-
cordingly [25]. In these environments, pervasive applications become
ideally invisible, which is made possible by their degree of integra-
tion and need for minimal human input. For all this to be achievable,
systems and devices that are part of the digital environment need to
be context-aware and use this context-awareness smartly. Ubicomp
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requires systems and devices that perceive context in an accurate
way, followed by intelligent control or action between machines and
humans [25].

We believe group interactions in workplaces could be improved
by using ubicomp techniques to detect affective states, followed by a
participatory definition and pervasive adaptation of social norms.

We intend to study how social norms in workplaces can be created
and adapted taking into account the emotional states of each person
that is part of that workplace. After that we want to study in what
way all elements of the workplace comply with the created social
norms - whether or not there are elements that break the norms, the
motivations for breaking the norms and procedures to rehabilitate
trust. We also want to know in what way cultural factors affect the
behaviour and display of emotions in the workplace.

The first step of the study is to analyse the workplace as a whole
and also each of its human elements individually. Visual cues are
expected to provide valuable information about the way people re-
act to situations that might be distracting, break concentration, or in
any case upset the work stream. Therefore video cameras and web-
cameras should be placed around the workplace so that both the in-
teraction between people and each person’s reactions are filmed.

The web-cameras should be used to individually record each per-
son, storing personal reactions and displays of emotions that hap-
pen when any of the previously referred situations happens. Since
cultural differences influence the way people from distinct cultural
backgrounds behave, the web-cameras might not be sufficient to pro-
vide full information about emotions being felt at a certain moment.
Therefore, as an additional experiment we might use brain sensors to
analyse different cultural behaviours and displays of emotions.

The video cameras should be strategically placed in the workplace
so they capture the interactions and general actions that might be the
cause of some group reaction.

We only need to keep the recordings of the minutes immediately
before, during and after the moment when some situation affects sev-
eral elements of the workplace. For those moments the recordings
need to be synchronised so they can be analysed as a global event
where all reactions and displays of emotions might have been caused
by the same situation.

Evidence from several areas of research, such as, for instance,
medical studies and social support groups, suggest that people reveal
more socially undesirable information about themselves in Com-
puter Mediated Communications (CMC) than when compared to the
equivalent face-to-face interaction [13]. It is therefore expected that
when people break the social norms of the workplace, their col-
leagues won’t confront them. If this situation persists it might lead
to a bad work environment, since it represents a break in the gen-
eral trust that everyone will follow the norms. By not confronting the
breaker of the norms, who might not even be aware s/he has broken
them, the remaining elements of the workplace don’t give her/him
a chance to apologise and/or explain her/himself. And as Vasalou et
al. argue, when an offender has the opportunity to repair the action
(in this case, whatever broke a social norm), the victim’s trust can be
restored [29].

Since we want to understand the whole social norms’ interaction
process, i.e. the way people comply with the norms and how they re-
act when something breaks them, it is important that people express
their opinions freely without the social barriers a confrontational sit-
uation might impose. So, to help achieve real results, some mecha-
nisms to facilitate the resolution of these conflicts will be developed,
in a CMC way.

Some initial formulation of research questions has been made.
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Though there are already some tentative answers to some of the ques-
tions, only the research conducted throughout this study will provide
full understanding of the problem.

2.1 What data will be used?

To define the social norms we will need input from everyone that is
part of the workplace. This input is composed of descriptions and
requests from people, and also of conclusions gathered from obser-
vations of people’s behaviours. The latter is perhaps the most im-
portant input. Often people don’t know what they need, especially
when it comes to future interactions, which they’re not used to deal-
ing with [18]. As stated before, this observation will be made indi-
rectly, by placing video cameras and web-cameras in the workplace,
and eventually by measuring additional inputs, such as brain signals,
for instance.

2.2 What are the characteristics of the system to be
created?

The system to be created is one that provides a computer-mediated
interaction between everyone in the workplace, especially between
people that are affected by someone else’s behaviour (the victims),
and the person or persons that behave in a way that upsets other ele-
ments of the workplace (the offenders).

The set of social norms will be mapped in the system through a
policy-based language. The system will also comprehend decision-
making tools, which control all feedback provided, such as, for in-
stance, emails warning the offender of his/her inadequate behaviour.
These decision-making tools will receive as inputs the social norms
policies and historical data about previous offences and everyone’s
reactions to those offences. Inputs from brain sensors will eventually
be added at a later stage. The brain sensors should provide real-time
information about affective states and facial expressions of each per-
son of the workplace.

The envisioned system needs to provide a solution for victims who
are too introvert to let the offenders know they’re upsetting them, to
indirectly do so. This interaction might be anonymous so that people
who might feel inhibited by direct confrontations, do not feel con-
strained in signaling offences.

All violations of norms will be reported by individuals, usually by
the elements of the workplace. In order to have have an automatic
detection of these offences, there would have to be automatic video
analyses, which are not part of the scope of this study.

The system should also collect and relate data, such as:

e Who are the offenders (who has ever broken a social norm),

e How often each offender breaks the social norms,

e How many of the victims signal each of the offences (the breaking
of the norms),

e How the offenders react to negative feedback from the system
(whether or not they try to change their behaviour, whether or not
they provide an explanation for it, ...),

e How the victims react to the redeeming behaviour from the of-
fender.

Additionally, the system should keep every element of the work-
place informed about the social norms and their personal level of
compliance with them. For instance, an element that has never bro-
ken the social norms has a higher level of compliance than someone
who has been an offender before.
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Given the system’s automated reasoning and decision-making on
what is signalled as a violation of the norms, classification errors
might occur occasionally. Since the offences are always flagged by
the human elements of the workplace, and the system then decides
whether or not to signal flagged events as violations, if classification
errors happen, they are expected to happen because the system was
too conservative in considering something as an offence, rather than
classifying an innocuous action as a violation.

2.3 What techniques will be used?
The techniques to be used comprehend, among others:

e Analyses of inputs from the web-cameras and video cameras
placed around the workplace.

e Interviews with workplace elements.

e Analyses of data generated by the usage of the system.

2.4 What interfaces will be created?

The full set of interfaces to be created in the system will be defined in
a later stage of this study, as some of the interfaces will be a reflection
of the needs of the workplace.

The system will be installed in each computer of the workplace,
so everyone has access to the same tools and information. There is
information about the social norms and the self- and other people’s
behaviour towards them.

This information might be presented in a map of the workplace.
Here each of its human elements might be represented by an avatar
that is colour-coded, according to the person’s level of compliance
with the social norms. This colour codification is based on the rea-
soning made by the system about each element’s compliance with
the norms and should vary throughout time.

When someone breaks the norms, every element of the workplace
that feels upset by that behaviour can (and should) click on the of-
fenders’ avatars and send feedback about their behaviour. This feed-
back should also indicate what kind of action caused the person to
feel upset, either the breaking of an established social norm, or a dif-
ferent action that is not (yet) contemplated by the norms. Also, the
offenders should know how many people are disturbed by their be-
haviours and exactly what action caused the disturbance.

An offender can redeem her/himself by sending feedback to the
people who complained, explaining why s/he broke the social norms.
After this interaction the victim(s) should decide whether or not to
change the rating they initially gave to the offender.

2.5 How will the social norms be expressed and
adapted?

The social norms will be expressed in the system through a policy-
based language, probably ALP [1]. Policies are used to dynamically
control the behaviour of system components without the need to
change the code. They provide the flexibility of implementing varia-
tions in the system that reflect externally imposed constraints or en-
vironmental conditions [28].

The social norms will be initially defined after observation of the
work group and the individuals, and by interviewing everyone who is
part of the workplace. At least the majority of the workplace elements
have to agree on a rule for it to be established as a social norm for
that workplace.
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The policies will then be set to define the rules of behaviour in the
workplace. They will be one of the inputs for the system’s decision
making module.

After the system is implemented, the data collected from all the in-
teractions will be periodically analysed. This new information might
point towards the need to create new social norms, based on indica-
tions from victims of behaviours considered to be disturbing to the
workplace harmony. Once again, whenever a new social norm or a
change in an already existing social norm is proposed, there has to
be a high level of agreement between the elements of the workplace,
for it to be implemented.

2.6 How are emotions going to be related and
mapped with the social norms?

Although there are various descriptions for affect, we are going to
use the one proposed by Russell [24], as it is simple and capable of
capturing a wide range of emotions and shades of emotions [8]. Rus-
sell defines a multidimensional emotional space where a horizontal
and a vertical axis define positive and negative values of valence and
arousal, respectively. Each emotion or affective state falls within one
of the quadrants defined by these two axes.

Surprise—

Fear

tense

ACTIVATION
aleri

excited

Anger nervous

elated
stressed
3

/ \
Disgust i
g upset happy HHQPIEESS
Ji UNPLEASANT ——PLEASANT §
\ sad contented ]
Sadness r /
serene

\ depressed b

relaxed
lethargic calm

fatigued |
DEACTIVATION

—_—

Figure 1. Russell’s circumplex model of affect
The four distinct quadrants represent combinations of
activation/deactivation and positive/negative affective states.

Valence ranges from unpleasant to pleasant affective states. Arousal
defines a level of emotional activation that ranges from low (i.e.
fatigue) to high (i.e. alertness).

As we want to analyse what happens when some event upsets the
regular work pace, the most relevant quadrant is the upper left one, as
it represents unpleasant and active emotions. Hence, the main atten-
tion in the analysis of individual emotions should be given to cases
where people are feeling upset, frustrated, distracted and annoyed,
amongst others, when these affective states are caused by the ac-
tions of someone else in the workplace. If certain actions cause some
kind of emotional reactions (with special focus on the ones from the
up/left quadrant) in a continuous way, those actions might be pro-
posed as a “what not to do” in the workplace, and originate new
social norms.
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2.7 How is the system going to be evaluated?

The overall objective of the system is to facilitate communication, so
that group interaction in the workplace is improved. The evaluation
of the system has to be done in two ways: assessing in which manner
the group interaction is affected by the system; and evaluating the
system’s performance.

Immediate indicators to assess in what way the workplace environ-
ment has been improved, are the amount of offences reported in the
system and the individual ranking of each element of the workplace.
For the system to be successful these rankings should be improved
and the total number of reports should decrease. Interviewing the
workplace elements should also provide information about the way
the workplace environment has changed by the introduction of the
system.

When it comes to the system’s performance, there should be addi-
tional filming that captures people’s reactions to triggered breaking
of the norms. These reactions should then be compared to the sys-
tem’s assumptions for those same situations, in establishing which
of those actions were breaking the norms, and the consequent pro-
vided feedback.

3 CONCLUSIONS

One of the goals of today’s organisations is to find ways of effectively
using office work environments as a means to improve worker per-
formance [19]. We believe one way of doing so is by improving the
quality of experience in a working environment, by integrating affec-
tive states and participatory/pervasive adaptation of social norms in
the workplace design.

We will start this study by analysing the workplace structure both
collectively and individually. For this purpose, video cameras and
web cameras will be placed in the workplace to be studied. The video
cameras will capture global actions in the workplace, including the
actions that might upset the work pace. The web cameras are ex-
pected to show individual displays of emotions by each of the human
elements of the workplace, and will, therefore, be placed in front of
each of those elements. With the outputs of these recordings and in-
formation gathered in interviews with the people of the wokplace,
social norms will be defined.

There is evidence that suggests people reveal more socially unde-
sirable information about themselves in CMC than when compared
to equivalend face-to-face interaction [13]. We propose to build a sys-
tem that will include the previously defined social norms, expressed
by a policy language. This system will work as a mediator between
the people in the workplace, and will help them to provide feedback
about their satisfaction with the workplace environment. This feed-
back includes especially the cases where people feel harmed by the
breaking of the norms by another element of the workplace. It has
been shown that often when an offender has the opportunity to apol-
ogise and repair the damage s/he has caused, the victim’s trust can be
restored [29]. Hence it is another objective of the system to serve as
a means of enabling trust recovery actions.
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Haptic Space and Bodily Expressions:
A Bi-directional Relation of Affect

Myrto Karanika'

Abstract.  Extensive research on bodily and emotional
expression has followed the increased interest in virtual reality as
well as the recent developments of motion tracking technologies.
However, most of these technologies are vision-based,
consequently lacking the physicality of bodily expression itself.
Moreover, such technologies tend to isolate the expressive body
from its surroundings, thus interfering in the relationship
between the body’s expressions and the environment that
engenders it. This position paper presents an attempt to explore
bodily expressions in a tactile manner through the tangible
properties of physical space itself.

1 INTRODUCTION

Investigating the bi-directional relation that we share with our
surroundings, my work is narrowing down the focus on the
relationship between spatial experience and bodily expression.
Historically, spatiality has been addressed as a matter of
measures and distances, with little room left for its tangible,
affective dimension. As a result, the variable array of bodily
senses has been greatly disregarded in an attempt to emphasise
on a distant, idealized visuality. However, spatial experience is
always embodied and multisensory, equally dependant on vision,
hearing, smell and touch.

In this paper, I will be briefly discussing the fundamental
relation of the sensuous body with spatial experience, and I will
be presenting my current work, which is an attempt to create a
responsive haptic environment that shares a bi-directional
relationship of affect with the body. I am proposing such an
environment to be entirely constructed of a multi-textured fabric
interface that not only evokes bodily expressions but also
captures them in a tactile manner without use of sensors or
vision-based tracking systems. Designed as a dense conductive
grid, this textile spatial element can accurately translate bodily
gestures into arrays of coordinates which are in turn fed into
MAX/MSP to be translated into sound. Therefore, user
engagement with the interface not only depends on their bodily
gestures but also requires a close interrelation of their senses of
vision, touch and hearing.

The following section will start with a short introduction to
basic concepts of haptic space and its relation with embodied
experience and emotional response. From there, I will continue
with an overview of my work and how it is placed within the
fore mentioned theoretical platform. The last section will be
concerned with the technical details of the textile haptic interface
I have designed and the gesture tracking method it employs. For
the purposes of the AISB 2009 Symposium on Mental States,
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Emotions and their Embodiment, I am proposing a live
demonstration of gesture tracking, using a sample of the fabric
prototype.

2 HAPTIC SPACE: A CONTINUUM OF
BODILY AND EMOTIONAL RESPONSE

Spatial experience is a synthesis of all of our senses; within this
synthesis all senses are interrelated and co-dependent and that
constitutes their distinctness or separation purposeless when it
comes to spatial perception [1]. In their famous A Thousand
Plateaus, Deleuze and Guattari [2] argue that haptic space ‘may
be as much visual or auditory as tactile’, acknowledging that
haptic embraces the sensory interrelation of the eye, the ear and
the limbs. From this point of view, haptic is extended to address
the essence of our embodied spatial perception; a perception that
is simultaneously orchestrated by our vision, hearing and touch,
and that therefore reflects our bodily experience of space’s
textural qualities: weight, mass, density, pressure, humidity,
temperature, presences, and resonances.

However, haptic can also be extended to involve emotional
connotations and to reflect affective response. Translating the
words haptic, sense and emotion in Greek, my mother language,
the interconnection of the three concepts becomes obvious at
once. Haptic originates in the Greek word omtd, which means
something that can be touched or grasp-ed. Sense, translated as
aesthesi / aioOnom, in Greek involves notions of feeling, grasp-
ing and understanding. Consequently, the concept of ‘grasp’, in
other words perceive, is core in both sense and haptic. Emotion
on the other hand, translated in Greek as aicOnupo / aesthema,
shares the shame root with aesthesi, as both derive from the word
acOdvopon / aesthanome, whose ambiguous meaning can be
equally translated as ‘I sense’ or ‘I feel’. Among these three
words -haptic, sense, and emotion- there is an underlying relation
that, if examined closely, reveals the very nature of haptic as a
sense that is ultimately bounded with emotional grasping.

The idea of ‘haptic’ embodying notions of emotional
experience / attachment has been repeatedly used by theoreticians
like Merleau-Ponty [3], Kant [4] and Paterson [5]. Berenson [6]
notes that our bodily response to the ‘tactile properties’ of our
surroundings —and space- highly depends on our understanding of
their ability to affect and ‘touch’ us, while Fisher [7] addresses
haptic as the merging of the bodily senses and the affective aspect
of what creates them.

Drawing on the above, my study on the relation of bodily and
emotional response with the space that encompasses them starts
with the design of a responsive haptic environment that addresses
all sensory data as an inseparable narrative pathway upon which
our spatial experience is unfolded. That is an environment whose
qualities can trigger our senses, affect our bodily expressions and
can be affected by them. Such an environment should be able to
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not only evoke bodily expressions but also to capture them and
‘feed’ them back to its ‘organism’. Of course, similar approaches
have repeatedly taken place since the advance of computational
systems that can provide interactive modes of communication
between a space and its users. In most of the cases though,
communication is established through distant modes of
interaction such as sensors and vision-based tracking systems.

It is my intention to engender a bi-directional relation of affect
between the body and its surrounding environment that is entirely
based on the two agents of the interaction: the space and the
body, without having to embed ‘external’ systems into their
channel of communication. This mode of interaction springs, like
Palasmaa [8] puts it, from the tactile sensibility of ‘enhanced
materiality, nearness and intimacy’. To model such a form of
intimate, tangible interaction, my focus has been on the design of
a spatial interface that is capable of ‘perceiving’ bodily
expressions itself, and which also presents a range of textural
qualities that challenge bodily responses. My approach is greatly
influenced by the work of Finnish architect Juhani Pallasmaa [9]
who notes that space should be re-sensualised ‘through a
strengthened sense of materiality, hapticity, [and] texture’; also
by the work of Bloomer and Moore [9] which propose textural
change as a generator of sensations that link the haptic materiality
of a space with the bodies that inhabit it.

3 AN AUDIO-HAPTIC INTERFACE

To meet these goals, I have designed a custom-made fabric to
be used as an enveloping interface for an installation space. This
fabric prototype is knitted with non-conductive thread (PA,
diameter of 0.20mm), and has conductive wire (tin copper,
diameter of 0.10 mm) embedded on both its outer sides,
horizontally on the one and vertically on the other, thus forming a
conductive grid.

Figure 1. Example of Vertically Embedded Conductive Bands

The conductive bands are wired to a complex of keypad
encoders, which is in turn connected to an Arduino
microcontroller. That allows for the physical textile nodes to be
perceived within the Arduino programming environment as
elements of a matrix whose rows and columns are accordingly
equivalent to the parallel and vertical conductive bands of the
fabric. Eventually, that enables the prototype to simulate a tactile,
numerical interface whose resolution depends on the density of
the conductive grid. The conductive elements do not make
contact within the same plane unless they are compressed by
touch. When the fabric is being touched, the encoders detect
which conductive elements make a connection.
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Figure 1. Interaction Design System

This way, the gestures of the users upon the interface are captured
as arrays of compressed grid nodes, and are ‘transduced’ into
arrays of integers that respond to the matrix elements. These
integers are then passed to MAX/MSP to generate sound
accordingly to the users bodily gestures.

Before, explaining in more detail how sound is produced from
the gestural movements of the users upon the fabric prototype, it
is important to refer to the physical qualities of the interface when
exhibited in space as well as to the reasons for which I have
decided to relate the interface with sound generation. Both sides
of the prototype are layered with a translucent tulle surface upon
which I am embroidering a variety of different stitches using
yarns that vary in colour and weight. Apart from embroidery, I
am also using a number of different techniques to process the
tulle such as printmaking and collage. These processes result into
a highly textured surface that acts as the skin of the prototype
interface.

Figure 3. Details of the Embroidered Surface

With the conductive grid acting as the ‘nerves’ of the interface
and the processed tulle acting as its skin, a quite abstract
representation of the textile spatial element as a living organism
evolves; a representation that sets the ground for a bi-directional
relation of affect between the interface-enveloped space and the
bodies it encloses. The textured surface of the envelope attempts
to intrigue the users senses of vision and touch, aiming to evoke
bodily engagement. As soon as the users engage with the
interface through the medium of touch, their gestures are
translated into sound. That enables a straightforward relation
between the visual / haptic qualities of the interface and the
generated sound, allowing for gestural patterns to be
‘choreographed’ and perceived both by the haptic qualities that
engender them and by the audio output they generate.

A number of different audio samples map the different textural
/ chromatic qualities of the processed prototype skin, with
‘warmer® sounds mapping the interface areas that are dominated
by warm colours and/or smooth materials and vice versa. Within
each textural area, a central grid node is assigned a given sound,
and acts as the ‘command centre’ for its peripheral nodes. That
means that within a certain radius —defined by the size of each
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distinct textural area- the sound of all neighbouring nodes is
interpolating with respect to their distance from the central node.

{

Figure 4. Example of Audio Interpolation Mapping

When more than one person is engaging with the interface the
sound is being produced as the merged outcome of their
embodied engagement with the interface and with each other. The
envelope can be approached from both its inner and outer side; as
its weaving allows a certain level of translucency, the users’
figures become part of the interface patterns. Thus, apart from an
auditory-oriented collaboration of the users’ gestures, a visual
level of interaction among them holds also an important role in
the orchestration of their bodily expressions.

4 CONCLUSION

In this paper I have presented my attempt to design a
responsive haptic environment that explores bi-directional
relations of affect between space and its users by addressing the
close collaboration of the senses of vision, hearing and touch as a
medium for a fully embodied spatial experience. Within this
relation both space and body are considered as living organisms
that can equally affect and be affected by each other. The mode of
affection between the two agents is immanent in their interaction
without the need for ‘external’ systems, such as sensors or camera
tracking methods, into their channel of communication.

Such an environment consists of a space that is being
enveloped by a highly-textured conductive fabric prototype,
which can ‘perceive’ the users gestures as arrays of matrix
elements. These elements are then being translated into sound,
thus merging vision and touch (input) with hearing (output / and
input) into a sensuous loop that ‘orchestrates’ the users bodily
expressions and changes the space’s audio qualities.

The work presented in this paper is still in a very early stage of
development. The description I have provided so far is strictly
based on small scale sample testing I have practiced myself. I am
expecting improvements considering the accuracy of gestural
tracking and sound generation as soon as I have user testings in
larger scale pieces of the prototype. I therefore consider the
AISB 2009 Symposium on Mental States, Emotions and their
Embodiment to be an exceptional opportunity to present and
perform the application live to a wider audience, and I am looking
forward to their feedback.

AKNOWLEDGEMENTS

The work presented in this paper is being developed as part of
my MFA Computational Studio Arts degree. I would like to thank

38

my tutors Janis Jefferies, Jane Prophet and Andrew Shoben as
well as AHRC for supporting my studies. Also Olly Farshi and
Jeremy Keenan for their contribution to the sound design.

REFERENCES

[1] M. Paterson, The Senses of Touch: Haptics, Affects and Technologies.
Oxford: Berg (2007).

[2] G. Deleuze and F. Guattari. A Thousand Plateaus: Capitalism and

Schizophrenia. London: Athlone (1988).

[3] M. Mereau-Ponty. The Primacy of Perception and other Essays on
Phenomenological Psychology, the Philosophy of Art, History and Politics.
Evanston IL: Northwestern University Press (1964).

[4] L. Kant. Critique of Pure Reason. London: Macmillan (1990).

[5] M. Paterson. The Senses of Touch: Haptics, Affects and
Technologies. Oxford: Berg (2007).

[6] B. Berenson. The Florentine Painters of The Renaissance. London: G.P.
Putnam’s Sons (1906).

[7]1 J. Fisher. Relational Sense: Towards a Haptic Aesthetics. Parachute
87, 1:4-11 (1997).

[8] J. Pallasmaa. Hapticity and Time. Notes on fragile architecture:
Architectural Review, 207:78-84 (2000).

[9] J. Pallasmaa. The eyes of the skin: Architecture and the senses. London:

Academy Editions (2005).

[10] K. Bloomer and C. Moore. Body, Memory and Architecture. New Haven, CT,

Yale University Press (1978).

The Society for the Study of Artificial Intelligence and Simulation of Behaviour Convention 6th - 9th April 2009, Edinburgh, Scotland



Proceedings of the Symposium on Mental States, Emotions and their Embodiment

Affect in Autonomous Artificial Systems: Interfacing
Technology and Philosophy

Chryssa Sdrolia'

Abstract. Inspired by the latest developments in affective
artificial systems, this paper is concerned with investigating the
insertion of emotion in artificial intelligent systems and mapping
its implications on a philosophical, political, and cultural level.
This goal is primarily pursued by drawing multiple parallels
between the philosophies of representation and expression that
have problematized the concept of ‘emotion’ as well as between
the technological and philosophical uses of the loaded concepts
of ‘emotion’ and ‘affect.” What is argued is that the affective
turn in artificial systems necessitates and at the same time
creates an interface between technology and philosophy, which
is vital for the articulation of a viable ethics within the larger
framework of late post-industrial capitalism.

1. INTRODUCTION: THE CONTEXT

With networked systems having already infiltrated the patterns
of everyday life and technology manifesting an ever-increasing
ability to overcome its technical constraints, scientists are
focusing their attention on the value of emotive expression as the
condition and strategy par excellence for the success of human-
machine interaction (Duffy 177). Efforts for the seamless
insertion of machines into human ecologies are thus drawing
upon an understanding of the body as an affective entity. Within
the field of affective systems, this interest is especially manifest
in evolutionary robotics for which the coupling of control
software with the (machinic) body as a physical event of
expression is vital for the creation of fully operational
autonomous agents. It is known that since the late 1990s, at least,
research has been revolving around the creation of emotionally
grounded robotic architectures also capable of displaying real-
time/real-world perception, mobile and multi-modal interaction
competence (Breazeal 2003, Canamero 2005, Picard 2003).
Posing a number of practical and theoretical challenges, the
affective turn in robotics and artificial intelligence, in general, is
as challenging as it is vexed. The technical difficulty in
synthesising emotion and emotional expression as well as the
conceptual indeterminacy of ‘emotion’ vis-a-vis ‘affect’ has
created the urgent and rather felicitous need for trans-
disciplinarity. Cognitive psychology, neuroscience, ethology,
and philosophy have been marshaled to aid the development of a
computational framework that captures emotional processing
and integrates it with other models of perception, behaviour, and
motor control. Taking as a point of departure this productive
tension, my interest in the area is thus primarily informed by the
problematics posed by philosophy and cultural theory.

While scientists face their own problems in attempting
to integrate emotional expression into intelligent robotic and
computational models, in humanities the debates concerning the
validity and implications of the concepts ‘emotion’ and ‘affect’
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respectively are part of a long tradition and still raging. Yet
before sketching out the philosophical theoretical approaches to
the subject, it makes sense to mention in passing the historically
troublesome relationship between the two fields. With the
exception of a few schools to which I will shortly return,
thinking alongside scientific developments and knowledge is a
relatively recent trend in the humanities and one that is
complicated enough in itself. As Rosi Braidotti notes, it ‘runs
against a well-established tradition of criticism, if not of actual
rejection of the ‘hard’ sciences in social theory’ (Braidotti, 2002
230). The mistrust has been primarily directed against the
supposed ‘objectivity’ of modern human and hard sciences
(physical, biological, psychological, and social). The main
argument has been that these purport to offer universal scientific
truths about human nature that are, in fact, often mere
expressions of ethical and political commitments of a particular
society. Notable currents of critical philosophy, including
poststructuralism, feminism, social constructionism, and
postcolonialism have undermined such claims by exhibiting how
they are more often than not the outcome of contingent historical
forces and not scientifically grounded truths. In Foucault’s
theorizations, for instance, as systems of representation the
various sciences actually produce the rules and practices they
need thus engendering meaningful statements and regulating
discourses in different historical periods (Foucault 196-215).
Whereas I would not like to ignore or invalidate the important
implications mentioned above, I would nevertheless like to turn
to the fruitful convergence of current technologies with the
interests of contemporary philosophy, also keeping in mind the
equally dubious part many a strand of philosophical thought has
played in the shaping of political reality. After all, the mutually
perceived gap between the sciences and philosophy and their
respective responsibilities has not nearly been that clear-cut and
is rather ‘a symptom of the anxiety of contamination’ (Huyssen
ix) of each other’s presumed purity.

2. EMOTION AND AFFECT IN THE
PHILOSOPHIES OF REPRESENTATION
AND EXPRESSION

Being pro-contamination, 1 thus endorse Gilles
Deleuze’s opinion that ‘[a]rt, science, and philosophy...are
caught up in mobile relations in which each is obliged to respond
to each other, but by its own means’ (Deleuze xiv ). My
endeavour is not to criticise engineering techniques or scientific
knowledge as unscientific but to pick up from that ‘beyond the
scope’ point that many scientific papers naturally leave open
when faced with the ethical and socio-cultural implications of
their technological artifacts. The affective paradigm shift in
intelligent systems and the sheer complexity of ‘affect’ can thus
been seen as clearing up a promising plane of interaction, an
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interface between technology and philosophy. To resume from
where 1 left it, the import of affective systems seems to be
paralleled by a quite old interest within the humanities in the
conceptual grounding of emotion. A first observation that could
be made at this point is the different use both disciplines make of
the concepts ‘emotion’ and ‘affect’ themselves. In scientific
writings these two terms usually figure interchangeably or are
subcategorised with emotion overriding affect. In a number of
papers, the second is presented as an aspect that connotes
‘moods’ or ‘drives’ and hence is not considered to be a fully-
fledged emotion which is more properly connected to distinctive
self-conscious cognitive states (Khulood & Raed 696). What is
important here is that this clarity-based categorisation is
contested in philosophy which locates a fundamental disparity
between the two. Different schools have drawn attention to the
sociopolitical uses of ‘emotion’ as a representational construct.
The argument is that as a concept and discursive practice it
actually presupposes and propagates dominant notions of
subjectivity and selthood in the interests of hegemonic ideology
and power structures. Deconstruction and transcendental
empiricism have, each from a different perspective, countered
the classical folding of emotion into unitary accounts of the
mind. Yet while deconstruction retains the term ‘emotion,’
transcendental empiricism with which my own sympathies lie
drops it in favour of ‘affect.” The conflict between emotion and
affect is thus caught between philosophies of representation and
philosophies of immanence/ expression, a fact which could be
fruitfully connected to the debates within the scientific
community as to the efficiency of representation in the
construction of artificial systems and their future with or without
it (Brooks 1991b, Miller 2007).

As emotion is entangled in the mysteries of
consciousness, its history has been locked inside the classical
histories of mind and will, and hence, to subjectivity conceived
through representation. Emotion is thus seen as the territory that
remains to subjects after the realisation that even not strictly
‘proper’ subjects have affects. Through the exposure of the
supposed  transparency, universality and presence of
representation as a ‘white mythology,” deconstructionists have
pointed to the fact that ‘[t]he classical picture of emotion already
contraindicates the idea of the subject’ (Terada 7). Approaching
a theory of emotion without however stating it as such, Jacques
Derrida shows how emotion is embedded within and calls forth
the textual structures that belong to what is known within the
humanities as the ‘death of the subject’ — a pattern that emotion
actually surpasses. He does this by challenging Plato, Rousseau
and mainly Husserl’s conception of ‘auto-affection’ which
conceives subjectivity on the basis of representational
translucence (Derrida 1973 48-70). According to the Husserlian
phenomenological schema, the mode of intentional, conscious
self-reflexivity guides the route from affects, namely mere
corporeal sensations, to meaningfully interpreted emotions that
can be ascribed to cognizant subjects only. In this sense, and as
an outcome of higher cognition, emotion is what happens when
the subject practically represents itself to itself. Against the
classical metaphysics of presence, Derrida thus undertakes the
task of revealing the non-coincidence of represented meaning
with a supposed fixed content.' The persistent differance he

Deconstruction's central concern is a radical critique of the
Enlightenment project and of metaphysics. It identifies in the Western
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traces within representation actually paves the way for a textual
schema of emotional yet non-subjective experience. This entails
the idea that because mental representations are never quite
properly faithful re-presentations of a supposed unified
subjectivity, they are also never quite equal to themselves. As
such, subjectivity remains a fictional crossroads that is always
deferred and never really crossed. Contrary to what Husserl and
classical phenomenology would perceive as the complete
effacement of emotion, this productive impossibility of the
subject thus preserves emotional experience minus a central self-
conscious subjectivity. To cut a long story short, emotion in
poststructuralist theory ‘does not demand a subject, unless an
infinite abysm of transpersonal perspectives is your idea of a
subject’ (Terada 46).

The deconstructionist debunking of subjectivity in
favour of emotive experience beyond intentionality is not very
far from Daniel Dennett’s theoretical formulations that non-
subjective interpretation alone explains experience. Not unlike
Derrida, his suggestions are concerned with the issue of
experience that underlies most theories of emotion. In his
formulation of ‘heterophenomenology’ and debate about
‘qualia,” the notion of the self-generating, self-conscious subject
is vividly undercut as the ‘persuasive imagery of the Cartesian
Theatre [that] keeps coming back to haunt us — laypeople and
scientists alike — even after its ghostly dualism has been
denounced and exorcised’ (Dennett 1991 107). With this move
Dennett challenges the content approach to emotion as a
representation that requires a subject-overseer. Revealing the
subject to be the personified correlative of qualia, he actually
problematises the deeply rooted common intuition of a ‘central
Witness[’s]” intentional stance. In his own words:

These raw materials, whether they are called

‘sense data’ or ‘sensations’ or ‘raw feels’ or

‘phenomenal properties of experience,” are

props without which a witness makes no sense.

These props, held in place by various illusions,

surround the ideas of a central Witness with a

nearly impenetrable barrier of intuitions

(Dennett 1991 322).
Dennett offers an account in which qualitative states become
hostages of the human subject but which nevertheless manage to
live on (Terada 110). Besides the serious debates this model has
generated among engineers and computer scientists as to
whether it is possible or not to construct feeling machines, his
‘sub-personal’ (Dennett 1981 228-229) materialist philosophy
most importantly points to the fact that ‘self-differential selves
are dead only as [unified] subjects’ (Terada 156).

The abovementioned idea is stretched even further by
the school of transcendental empiricism which is closer to that
materialist framework than deconstruction. Notwithstanding the
valuable  conceptual and  political  implications  of
deconstructionist theory, the criticism against Derrida is that he
never really breaks from the endless circle of representational
iterability and remains more confined in the boundaries of
philosophy ‘proper.” As such, emotion is caught in the state of
causing only a momentary setback to the supremacy of the
representing subject since it cannot but constantly repeat it. By

philosophical tradition a ‘logocentrism’ or ‘metaphysics of presence’
(sometimes known as phallogocentrism) which holds that speech-
thought (the logos) is a privileged, ideal, and self-present entity, through
which all discourse and meaning are derived (Derrida 1976 141-143).
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contrast, and resting on Spinoza on whom he heavily draws,
Deleuze offers a way out of the impasse by mobilising the
concept of ‘affect’ and making of his philosophy one of
expression or immanence. His theory begins with a strong
critique of representation as being part and parcel of the same
‘state philosophy’ that has haunted Western metaphysics since
classical times (Deleuze 164-213). Representational thinking,
Deleuze argues, constructs monstrous discursive monuments by
forcing an analog of ‘symmetrically structured domains’ that
stifle difference in favour of a slavish adherence to the ideality of
transcendental Forms. As Massumi sums it up, ‘[t]he subject, its
concepts, and also the objects in the world to which the concepts
are applied have a shared, internal essence: the self-resemblance
at the basis of identity’ (Deleuze and Guattari 2004a xi).
Contrary to the policing intentions of representational thought,
the philosophy of immanence argues for affective expression by
emphasising the importance of material bodily experience. In
this framework, expression is not confused with the traditional
subjective expressive hypothesis which is just another symptom
of representation but taken to enact the material actualization of
virtuality.

Bearing the flavour of theories of emergence by which
it is influenced, Deleuzean theory is based on the dynamic bond
between form and matter, thus tying expression to the body and
engaging the two in a process of ‘becoming’ rather than ‘being.’
The force of this formulation lies precisely in the fact that it
interrupts the ontological transcendental with the empirical. As
Braidotti puts it, ‘[the] affective stratum makes it possible for
Deleuze to speak of a pre-discursive moment of thinking’
(Braidotti 2002 74). With a single stroke, he short-circuits
interpretive subjective thought as much as he surpasses emotion.
This, nevertheless, does not mean that the subject is completely
done away with as common criticism against Deleuze has it;
rather than discarding the subject, the focus is on its functioning
as a virtual threshold through which transversal flows are
constantly combined and dismantled not unlike the turbulent
involutions and foldings of form and matter. The Deleuzian self
is not bogged down to self-assuring ideality but is ‘fascinated,
always stretching to its breaking point, to the continuation of
another multiplicity that works it and strains it from the inside’
(Deleuze and Guattari 2004b 275). The state that becomes such a
self is therefore not an emotional but an affective one. In this
sense, it bears a remarkable affinity to Francisco Varela’s
description of auto-affection as the chiasmus of organic forces,
the result of which is ‘a nonsubstantial self that acts as if it were
present, like a virtual interface.” ‘“The more we see the selfless
nature of ourselves in various regions of the organism” Varela
continues, “the more we become suspicious of our feelings of “I”
as a true center” (Varela 61, original emphasis). In a similar
vein, Deleuzian affect attempts to account for the multivalence
and ubiquity of affective states in connection to the
phenomenality of experience in a way that is surprisingly close
to current developments in evolutionary affective systems:
feeling-affects as the responses of affected bodies occupy the
interval between affection and action. As he says, ‘[t]he pure self
of the ‘I think’...appears to be a beginning [of philosophy and
thought] only because it has referred all its presuppositions back
to the sensible, concrete empirical being’ (Deleuze 164). Freeing
the empirical being from the pretentions of the intentional
subject, Deleuze thus restores thought from the status of mere

41

reflection to an intensive process, the self as a threshold of flows,
and the body as a plane of intensive affective states.

3. FROM AFFECT
ARTIFICIAL SYSTEMS

TO AFFECTIVE

For a number of reasons, including its openness to
scientific knowledge, the Deleuzian framework proves to be
particularly efficient in conversing with the late progress in
affective computing and robotic autonomous systems. Recasting
thought and the subject in an intensive loop with materiality and
emphasising the body as a highly expressive medium, ‘affect’
serves to interface philosophy and technology. On a
methodological level, it puts to the test the philosopher’s
universal self-indulging stance of assuming a bird’s eye view of
the developments of a supposedly mundane world. As such, it
rids the interaction of the two fields of supremacist fantasies. As
Deleuze puts it:

Philosophy obviously cannot claim the least

superiority, but....creates and expounds its

own concepts in relation to what it can grasp

of  scientific  function and  artistic

constructions. A philosophical concept can

never be confused with a scientific function or

an artistic construction, but finds itself in

affinity with these in this or that domain of

science or style of art. Philosophy cannot be

taken independently of science or art

(Deleuze xiv).

On a practical level, the regime of affect takes us full circle to
the developments that are specific to current scientific debates
over the ‘[synthesis] of emotions as the primary means to create
believable autonomous synthetic agents’ (Velasquez 70).
Outside philosophy, engineers and computer scientists are
equally troubled by the efficacy and uses of representation in
the construction of artificial models, including the legitimacy of
the concepts ‘agent,” ‘emotion’ and ‘affect’ in themselves. In
line with modern cognitive science that suggests we should
dispose of the image of intelligent agents as central
representation processors, roboticist Rodney Brooks for
instance argues for artificial cognition without representation
and without agents. In one of his papers, he claims that ‘in the
very simple level intelligence...explicit representations and
models of the world simply get in the way’ (Brooks 1991b
139). Stating that central representation is the ‘wrong unit of
abstraction,” he is in favour of intelligent systems that interface
directly to the world through perception and action. Apart from
their apparent practicality, these questions become increasingly
philosophical when he criticises the von Neumann model of
computation and the categories of thought and reason that have
dominated artificial intelligence as a field (Brooks 1991a 569).
Dreyfus moves to a similar direction when he questions
representational models of intelligence using Merleau-Ponty’s
Phenomenology of Perception (Dreyfus 2002).

Needless to say, the implications of such claims for
the construction of affective intelligent machines are not nearly
resolved, as the voices in favour of the representational
approach are equally strong. Some scientists support the view
that physical embodiment is neither necessary nor sufficient as
a basis for affective or any Al research. Instead, they propose



the synthesis of emotion through the traditional approach,
utilising symbolic rule-based agent systems in software
environments (Etzioni 1993). As expected in any productive
domain of research, these are countered by scientists, especially
from the field of robotics, who argue in favour of a joint
approach, evoking the implementation of emotional-based
control architectures with physically embodied agents. In her
paper on emotion understanding in autonomous robotic
research, Cafiamero outlines a number of different approaches
regarding models, applications and theory (Caflamero 448-9.
The latter include a wide range of emotion-based systems, from
rule-based ones to ‘emergent emotion’ approaches influenced
by evolutionary artificial life models and biologically-inspired
emotion architectures (Braitenberg qtd. in Cafiamero 448).
Acknowledging a complex fit between an agent and its
environment interactionist AI and robotics attempt to
circumvent the Cartesian split precisely by assuming that
material embeddedness is crucial for all let alone emotive/
affective intelligence (Maes 136). Obviously, what is at issue is
the tortuous relationship between emotion, affect, mind, and
embodiment. Having reached the ‘beyond the scope’ point and
limitations of this paper, however, I would like to return to the
productive problematic raised by the convergence between
these areas of technological and philosophical knowledge.

4. CONCLUSION:
QUESTIONS

PROBLEMATICS AND

Often said to be ‘last and impassable frontier of
computationalist theories of mind,” emotion, affect and the
necessity or not of their embodiment complicate the picture
both in the humanities and hard sciences (de Sousa 70). Despite
the common interest in the expressive body, the apparent
concern that arises here is the difference in the use of
conceptual tools. Thus, whereas for a certain number of
scientists emotion is a means to enhance human-like robotic or
artificial subjectivity and personality, for philosophers affect
seems to dismantle subjectivity be it human or robotic. The
paradox of the situation becomes even more complicated if we
take into account the endo-disciplinary scientific and
philosophical differentiations and the fact that the very concept
of ‘human/ agent’ itself is under serious questioning by
philosophers. At a time that robots tend to become humanoid
and humans mechanoid through prostheses and their splicing
with software environments, ethics have become more tentative
than ever. In her account of the passage from the classical
conception of human to the cybernetics-informed posthuman,
Hayles draws attention to such issues; against a reading of the
rising technologies as symptoms and harbingers of nihilism, she
argues that the emergent discourses of distributed cognition
may actually prove very helpful in shaking the solid ontological
and teleological foundation of the liberal humanist subject
(Hayles 281-7). Thus, from a cultural theorist point of view, the
question would be whether it is possible to avoid the cliché,
dangerously humanist discourses of anthropomorphism that
affective systems could possibly bring along with them. If the
discourse of ‘emotion,” and ‘autonomy’ propagates the good
old grand narratives, will the affective turn in robotics and
artificial intelligence help us reconsider our sense of aliveness
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and corporeality in ways that will avoid falling back to social
constructionism, essentialism, and neo-liberal relativism?

Given the complexity of the situation and the multiply-
informed interaction among so many disciplines, such vexed
questions should be approached with caution for catastrophist
morality is even more dangerous than the fantasised or real
harms of technology. After all, ‘[t]lechnology is not just the
expression of the desire for mastery, but also the object of desire,
curiosity and affective involvement (Braidotti 2002 215). Yet I
would also like to suggest that they cannot be considered apart
from the centrality of affective systems in the late capitalist
culture either. In many respects, and far from being just another
humanist fantasy projected on metal, the recent advances in
evolutionary robotics and computer science are partly a response
to the demands of an aggressive capitalism that profits on the
exchange of emotions/affects at a deeper level. Among other
theorists, in his analysis of the political economy of post-
industrial advanced capitalism, Massumi points to the
commodification and management of anxieties, affective states
and ambient fears (Massumi 187). After the transition from the
personal computer era to the ubiquitous computing era, the
‘social robot’ seems to be the latest taste in the global market for
the so-called ‘personal robot.” This trend is a curiously apt
example of the schizophrenic double-bind of capitalism that
Deleuze and Guattari identify within contemporary culture
(Deleuze & Guattari 2004a 242-260). Within this ‘seamless’
consumerist context that the paradox of ‘user-controlled’ robotic
‘autonomy’ becomes even more obvious: to meet the perceived
desires of the market, robots must be autonomous/self-
organising and emotionally limited/user-controlled at the same
time. As such, they are part of a post-industrial complex that
reasserts individualism and personalised commodities as the
unquestionable standard while feeding off the breaching of
individual sanctity by pushing commercial profit-making to the
innermost boundaries of subjectivity (Braidotti 2006 11). In the
end, it is not only a matter of whether computers and robots will
be capable of bodily affective expression but of how users invest
them emotionally, as well. If the possibility of constructing an
emotionally intelligent (or affective?) agent that will throw up
metaphysical punchlines is an elusive goal for many years to
come, these areas are of crucial importance and certainly
preclude any attempts to think technology outside the cultural
and philosophical terrain and vice versa. As Bishop puts it, ‘[i]t
is clear that the purpose of...computations is contingent on their
social use. In Heideggerian terms, computing machinery doesn’t
exist in the world until it is put to some use’ (Bishop 7).
Reconsidering the symbiotic relation between the human and the
technological is therefore vital and an ethics of mutual
interrelation can be best achieved through the interfacing of
technology and philosophy.
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