




Most common theories are the dimensional PAD model [16], the ba-
sic emotions [6] and the primary emotions [22]. The PAD model
spans a 3-dimensional space with the independent and bipolar axes
valence, arousal and dominance. The current emotion of each indi-
vidual can be described as a state within this space. The basic emo-
tions are anger, disgust, fear, joy, sadness, and surprise. They are de-
rived from facial expressions common among all cultures. In contrast
to the basic emotions, the primary emotions can be blent together, so
that each emotion consists to a certain part of the primaries which are
acceptance, anger, anticipation, disgust, joy, fear, sadness and sur-
prise.
In this work, we combine the dimensions arousal and valence with
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
elicit one discrete emotion more than others. Based on their work,
the discrete state sad represents the area in the arousal-valence space
with which participants most associated the state sad in Mikels et
al.’s study.
Descriptive emotional categories as awe, content, and amusement are
mixed for pictures in the upper plane of the arousal-valence space
[17]. We choose the area where arousal values range from 4 to 6 and
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 data
set shows a V-structure with its peak at medium pleasure and low
arousal. In Morris studies, adjectives like quiet and solemn corre-
spond to this area. We defined this area as the discrete state quiet.
The discrete state neutral represents the area between sad and joyous.
For equality of the states, each region spans a two times two square in
the arousal-valence state space. Furthermore, the states sad, neutral
and joyous have the same range of arousal, so that state transitions
depending only on pleasure can be investigated.

Figure 1. Thefour discrete emotional states quiet, sad, joyous and neutral
are arranged in the two-dimensional arousal-valence subspace of the PAD

model. The markers display the affective states of the IAPS pictures used for
induction of a specific affect.

3.2 System-theoretic Model

There exists a large variety of system-theoretic models. In general,
they can be divided in stochastic and deterministic models. This
study uses a Markov Chain as a representative for a stochastic ap-
proach and a Piecewise Linear System for deterministic modeling.
A data-driven concept is chosen to determine the properties for each
model, as there is no physical law applicable to emotions in order to
derive state equations. A psychological experiment is conducted for
this purpose. The experiment is repeated over a number of partici-
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Figure 2. A stochastic as well as a deterministic model are designed based
on knowledge about the affective stimulusu(t − 1) and the actual affective

statex(t) of a person. The previous affective statex(t − 1) is estimated
based on ratings in the IAPS manual.

pants, so that a model can be formulated which describes the mean
affective behavior. This model specifies the average affective reaction
of a human. The analysis of this model concentrates on the effect of
the previous affective state on the current affect in comparison to the
affective stimulus. Furthermore, it investigates if in general more sta-
ble or instable affective regions exist.
However, emotional reactions vary within subjects and in-between
subjects. This leads to a Markov Chain which estimates the probabil-
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 stimulusu(t − 1).

4 PSYCHOLOGICAL EXPERIMENT

A psychological experiment is contucted in order to identify param-
eters of the Piecewise Linear System and the Markov Chain. It is
essential to set the scene for interpretation and system-theoretic anal-
ysis of each model.

4.1 Preparation of Emotion Induction

IAPS was choosen for emotion induction because it is continously
updated and evaluated. The IAPS pictures are sorted by their va-
lence, arousal and dominance values. 18 pictures for each emotional
state were selected from the IAPS database. Each picture was shown
only once. Criterion for selection was the standard deviation of
arousal, valence and dominance, which ranges between 1 and 3 in
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
valence is 2.14.
The pictures were aligned in a presentation so that each transition
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.



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 seconds
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 for
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

• Initial hellos
• Supervisor explains the experiment procedure and reads out the

manual for the SAM
• Time for questions
• 1 test cycle (IAPS picture + SAM evaluation)
• 1 IAPS pictures of each state to identify a participant’s peculiar

response to emotion induction
• 3*3*4 test sequences (3 transitions for each state, 3 repetitions, 4

states)
• EPI personality questionaire.

One procedure took about 30 minutes.

Figure 3. Thisgraph shows a single cylce to investigate the transition from
one emotional state to another. First the start slide with the number of the

cycle was shown. After 5 seconds the first IAPS picture was presented. The
second emotion induction followed 5 seconds later and the picture was also
shown for 5 seconds. Then the SAM questionaire was filled out. This cycle

was repeated 36 times.

4.3 Discussion of Experimental Data

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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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.

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.
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Figure 5. Thisplot shows the mean ratings of valence depending on the
previous affective state. In average, participants rated valence higher if the

previous affective state was neutral or quiet.
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5 MODELING THE MEAN TRANSITION OF
AFFECT: STATE MODEL

A time-discrete, time-invariant, Piecewise Linear System (PL) with
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
are complex, dynamical and nonlinear, a set of linear dynamic equa-
tions are chosen for approximation.
The state vectorXk 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 components ofXk also range
continuously between 1 and 9.

Xk = {valence, arousal}T (1)

The influence of emotion induction is modeled by the input vector
uk. It reflects the difference of the expected PAD values of 2 con-
secutive IAPS pictures. Furthermore, the influence of the emotion
inductionuk is delayed and affects the stateXk−1.

uk = ∆u = {∆valence, ∆arousal}T (2)

The output vector Yk is a unit vector eq of SY =
{ejoy, eneutral, esad, equiet}. Each unit vector eq 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:

Xk+1 = AqXk + Bquk + Xq (3)

Yk = CXk + Y0 + wk (4)

q ∈ {sad, joyous, neutral, quiet}

The probability matrixAq describes internal fluctuations in human
emotions. Even if no external stimuli is present, the emotion will
drift. The impact of the external stimuliuk is defined by the matrix
Bq.
The mapping between the continuous stateXk and the discrete af-
fective outputYk is realized by the matrixC. This mapping can be
derived from our definition of the discrete outputs. The martingale
wk is required so thatYK reaches the most probable output calcu-
lated byCXk (4). The value of the martingale increment is adapted
for each time step k. The sample rate is 0.2 Hz.
If the present stateXk would not influence the next emotional state
and if the input underlies no damping or amplification, the state equa-
tion would look as follows:

Xk+1 =

(

1 0
0 1

)

Xk +

(

1 0
0 1

)

uk +

(

0
0

)

(5)

The matricesAq and Bq are identity matrices for allq. If mean
emotional behavior is completely covered by Equ. (5), affective
reactions are barely a reaction to affective stimuli and the previous
affective state does not influence the current affective state.
If this hypothesis does not hold, the conclusion can be drawn that
complex dynamics underlie emotional reactions.

5.1 Estimation of the Output

The output describes the mapping between the continuous states va-
lence and arousal to the four discrete states joyous, neutral, sad and
quiet. The matrixC and the offsetY0 need to be estimated.

Yk = CXk + Y0 + wk (6)

The switching boundaries between the states are defined in Fig.6.
Their mathematic description is as follows:

f1 = (1 0)Xk − 3, 2

f2 = (1 0)Xk − 5, 2 (7)

f3 = (0 1)Kk − 2, 2
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Figure 6. Thisgraph shows the switching boundaries between the regions.
The most probable discrete stateYk is estimated by superposition of the

functionsf1, f2 andf3 .

The signs off1, f2 andf3 differ depending on the discrete states,
e.g. for a specific state in the region for neutral,f1 andf3 are positive
andf2 is negative.
The first element of the vector calculated byCXk + Y0 is asso-

[htbp]

Table 1. Values of functions in discrete regions

region f1 f2 f3

joy + + +
neutral + - +

sad - - +
quiet + - -

ciated with the discrete state joy, the second with neutral, the third
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
resulting function is maximum if the state is in the region of joy oth-
erwise less (according to table 1). This procedure is analog for the
following three rows ofYk. The following equation combines the
superposition of the decision functions for the four discrete states.

Yk =







2 1
0 1
−2 1
0 −1






Xk +







−10, 6
−0, 2
6, 2
4, 2






+ wk (8)

Usually, probabilities range between 0 and 1. The above equations
are shift to positive values for valence ranging between0 and9, and
arousal ranging between0 and 9, so that the result is positive for
all possible SAM ratings. Also, they are normalized to guarantee a
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maximum value of 1 and a minimum value of 0.
Themartingalewk is required so thatYk reaches the most probable
state and can be represented by unit vectors.

Yk =
1

28, 2







2 1
0 1
−2 1
0 −1






Xk +







0.0426
0.4113
0.6383
0.5674






+ wk (9)

5.2 Estimation of State Equation

Actually, one state equation was considered. However, it is not pos-
sible to reflect complex behavior within one linear equation. So the
state equation were extended to a PL system.Aq, Bq, andXq are
adapted separately for each state.
The average arousal and valence values over all participants were cal-
culated for each experimental cycle. They are the values forXk+1

and represent the emotional state of a participant after the second
stimulus. The emotional state after the first stimuli was not measured
and is derived from the values in the IAPS manual. BesidesXk+1

andXk, uk is known. It is the difference in arousal and valence be-
tween the first and the second stimulus.
Least Square was used for estimation of the parameters. Exemplar-
ily, the calculation ofa11, a12, b11, b12 andX0,v is shown for the
discrete state joyous. These parameters are required to estimate the
valence component ofXk+1.

Xk+1,v = a11Xk,v + a12Xk,a

+b11uk,v + b12uk,a + +X0,v (10)

The unknown parameters are combined in the vectorx =
[a11, a12, b11, b12, X0,v]T . Each transition was repeated three times.
Also, if the first emotional state is joyous, the next state can be sad,
neutral or quiet. In total, we have nine times measured state variables
and input variables for the above equation. So that a data matrixD is
introduced, whose rows j contain the input and state values for each
of the nine transitions.

Dj = [Xk,v,j Xk,a,j uk,v,j uk,a,j 1] (11)

with j ∈ 1...9

d = [Xk+1,v,1...Xk+1,v,9]
T (12)

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

d = Cx. (13)

This procedure was repeated for arousal, which is the second com-
ponent ofX and for each region. This results in the following state
equations.
State equation for the region joy:

Xk+1 =

(

0.4 −0.6
0.7 −0.4

)

Xk +

+

(

0.9 −0.4
−0.3 0.8

)

uk +

(

5.2
0.2

)

(14)

State equation for the region neutral :

Xk+1 =

(

1.0 −1.2
0 1.0

)

Xk +

+

(

1.3 −0.3
−0.3 1.0

)

uk +

(

3.6
0.4

)

(15)

State equation for the region sad:

Xk+1 =

(

1.6 −0.8
−0.6 1.3

)

Xk +

+

(

1.0 −0.3
−0.1 0.8

)

uk +

(

0.5
0.7

)

(16)

State equation for the region quiet:

Xk+1 =

(

1.3 1.1
−0.8 0.8

)

Xk +

+

(

1.1 0.0
−0.2 0.6

)

uk +

(

−2.4
4.8

)

(17)

There are large variations in the parameters ofAq for each region.
This proofs that an individual model for each region is required. The
elements ofBq are similar. As expected, the elements on the diag-
onal are larger than the elements on the secondary diagonal so that
the component arousal of the stimulus influences arousal more than
valence of the state and vice versa.
So far, this model covers only the average emotional behavior of hu-
mans.

5.3 Evaluation

5.3.1 Evaluation of Ai, Bi

The root mean-squared errorej is calculated between the measured
valuesXj,l over all participants for each transitionl and the sim-
ulated valueX. The errorej is calculated for each discrete statej
separately.
It is averaged over the three repetitions of each transition and over all
transition from one discrete state.

ej =

√

√

√

√

n
∑

l=1

(Xj,l − Xj,l)2/(n − 1)

=

√

√

√

√

3
∑

l=1

(∆Xj,l)2 · 0.5 (18)

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

Table 2. Root mean-squared error of simulation

2.state
v/a sad joy neutral quiet overall

1.state
sad v \ 0.9 0.1 0.3 0.5

a \ 0.5 0.4 0.3 0.4
joy v 0.5 \ 0.2 0.2 0.3

a 0.5 \ 0.5 0.6 0.4
neutral v 0.1 0.3 \ 0.2 0.2

a 0.3 0.1 \ 0.2 0.2
quiet v 0.4 0.4 0.4 \ 0.3

a 0.3 0.4 0.6 \ 0.4

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

5.3.2 Evaluation of State Order

Fig. 5 shows that participants felt more valence, if the previous state
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
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

In average, all participants reached the induced emotional states for
all transitions. The same holds for simulation of all transitions.

5.4 Systemtheoretic Analysis

Methods from control and system theory are applied to the obtained
state equations, so that conclusions can be drawn about stability, ob-
servabilty and detectability for each affective region. This analysis
interprets the mean affective behavior over all participants. The ex-
ternal stimulusuk is set to zero. This means that the external stimulus
stays constant, e.g. in case of our experiment showing the same joy-
ous or sad IAPS picture for a longer time period and try to induce
the same affective state for a longer time period. The reaction differs
depending on the affective state at the beginning.

5.4.1 Stability

First, the fixed point for each affective region is calculated using the
corresponding linear dynamic equation. The fixed points of the dy-
namic equations for joyous and sad lie within their regions, the others
outside. Table 3 lists the coordinates for each fixed point.

Table 3. Fixed points

region q valence arousal
sad 2.6 2.7
joy 5.4 2.9

neutral 12.3 2.9
quiet 5.8 0.5

As the system is time-discrete, the absolute value of the eigenvalues
must be lower than one for a stable fixed point. Applying Lyapunov’s
Indirect Method to each fixed point, yields that the system has one
stable fixed point, one instable fixed point and two saddle points (see
Table 4).
The phase diagram of the PL system is plotted in Fig.7. However, this
diagram is plotted foruk = 0. This case, repeating the same stim-
ulus, was not included in the experiment, so that the state equations
are only approximated by data for alternating stimuli. Interpreting the
phase plot leads to assumptions which need to be checked in a sec-
ond experiment which includes repeating the same stimulus. For this
model, the following interpretations are drawn. If a joyous picture

Table 4. Eigenvalues of the state matrixAq

region q 1.Eigenvalue 2.Eigenvalue
sad 2.1 0.8 saddle point
joy 0.5i −0.5i stable fixpoint

neutral 0.8 1.2 saddle point
quiet 1.0 + 0.9i 1.0 − 0.9i instable fixpoint
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Figure 7. Thisgraph shows the phase diagramm for each region for
uk = 0

is shown repetitively, the mean reaction over all participants would
be, that a stable joyous affect is reached. However, a sad stimulus
with less pleasure and medium arousal would lead to more sadness
and eventually anger. Starting with a quiet or neutral affect, arousal
increases over time.

5.4.2 Controllability

Kalman method is used to analyze controllability of the PL system
for each region. For all regions, the rank of the controllability matrix
QB,q = [Bq, AqBq] was equal the number of states, so that each
region is controllable.

5.4.3 Observability

In analogy, observability is studied for each region. The observabil-
ity matrix QO,q = [CT , AT

q CT ] is calculated. As the rank for all
observability matricesQO,q is equal the number of states, all regions
are observable.

6 MODEL OF AFFECTIVE TRANSITIONS FOR
ONE INDIVIDUAL: MARKOV CHAIN

A Finite Markov Chain is considered to model individual fluctuations
from mean affective behavior [12]. This model calculates the prob-
ability that a specific person feels a specific affect influenced by an
external stimulus. The affective state and the stimulus can take four
discrete values joyous, neutral, quiet and sad. The probability vector
pk at a specific time stepk contains the probability for each affective
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state.

pk = (pjoy, pneutral, psad, pquiet) (19)

The parameters of the probability matrixΩstimulus depend on the
external stimulus.

Ωstimulus ∈ {Ωjoyous, Ωneutral, Ωsad, Ωquiet} (20)

The probability that a specific person feels a specific affect depends
only on the external stimulus and on the previous affective state.

pk+1 = pkΩstimulus (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-
rately. As the same stimulus was not repeated in this experiment, the
according row is filled with equally distributed probabilities. These
probabilities need to be estimated in a continuative experiment. The

Table 5. Probability matrix for joyous stimulus

predicted state
joyous neutral sad quiet

previous state
joyous 0.25 0.25 0.25 0.25
neutral 0.68 0.12 0 0.2

sad 0.36 0.16 0.14 0.34
quiet 0.74 0.02 0.04 0.2

Table 6. Probability matrix for neutral stimulus

predicted state
joyous neutral sad quiet

previous state
joyous 0.2 0.14 0.44 0.14
neutral 0.25 0.25 0.25 0.25

sad 0.06 0.16 0.52 0.26
quiet 0.5 0.08 0.14 0.28

Table 7. Probability matrix for sad stimulus

predicted state
joyous neutral sad quiet

previous state
joyous 0.02 0.04 0.88 0.06
neutral 0.1 0.06 0.64 0.2

sad 0.25 0.25 0.25 0.25
quiet 0 0.02 0.94 0.04

interpretationof the tables is as follows. If the previous state is quiet
and the external stimulus is joyous, see Table 5, the probability that
a person feels joyous is 74%. However if the previous state is sad,
the probability is only 36% that a person reacts to a joyous stimulus
with joy. This model can be used to simulate the effect of a sequence
of stimuli. Alternating a sad and a joyous stimulus leads to a higher
probability that a person feels sad. So it can be concluded that the
sad stimulus has a stronger effect.

Table 8. Probability matrix for quiet stimulus

predicted state
joyous neutral sad quiet

previous state
joyous 0.3 0.06 0.12 0.52
neutral 0.12 0.1 0.08 0.7

sad 0.04 0.12 0.44 0.4
quiet 0.25 0.25 0.25 0.25

7 DISCUSSION

The first model based on a piecewise linear system analyzes aver-
age affective transitions of a human. The linear approximations in
each region joyous, neutral, quiet and sad differ from equation 5.
This concludes that superposition of external stimulus and affective
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
complete PL system is considered in future works. Within the joyous
region lies a stable fixpoint. It is assumed that repetition of joyous
stimuli maintains joy. However, reactions to a repetition of sad stim-
uli depends on the initial value of arousal and valence. It can drift to
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
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-
tral and quiet stimuli, the previous state influences the next stronger
comparing to sad or joyous stimuli. This model can be used to calcu-
late the probabilities for each affective state for a sequence of stim-
uli. For HRI interaction scenarios, this model offers the benefit, that
combinations of different stimuli can be simulated with this model
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
are neglected within this study.

8 CONCLUSION AND FUTURE WORK

This study shows that system-theoretic approach is applicable to
model transitions of affect. Two models are proposed. One models
the average affective reaction of a human and gives insights on the
dynamics of affect. Simple superposition of external stimulus and
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-
tem. System-theoretic analysis revealed that a stable fixed point ex-
ists within the joyous region. This suggests that joyous is a stable
condition over time. However, a continuative study is required which
considers repeating the same stimulus in the experiment. A second
model based on a Markov Chain estimates the probability how a per-
son reacts to an external affective stimulus. This model is capable to
predict the affective reaction to a sequence of affective stimuli.
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

Mónica Sara Santos and Jeremy Pitt1

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

1 Department of Electrical and Electronic Engineering, Imperial College Lon-
don, UK, SW7 2BT, email: {monica.santos, j.pitt}@imperial.ac.uk

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.

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:

• Who are the offenders (who has ever broken a social norm),
• How often each offender breaks the social norms,
• How many of the victims signal each of the offences (the breaking

of the norms),
• 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, ...),

• 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:

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

• Interviews with workplace elements.
• 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.

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.

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 Karanika1

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 

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 απτό, which means 
something that can be touched or grasp-ed. Sense, translated as 
aesthesi / αίσθηση, 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 αίσθηµα / aesthema, 
shares the shame root with aesthesi, as both derive from the word 
αισθάνοµαι / 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.  

 
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.  
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Affect in Autonomous Artificial Systems: Interfacing 
Technology and Philosophy 

 
Chryssa Sdrolia1 

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, Cañamero 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’ 

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, I 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 I 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 selfhood 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, Műller 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.1 The persistent differánce he 

                                                
1 Deconstruction's central concern is a radical critique of the 
Enlightenment project and of metaphysics. It identifies in the Western 

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 

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 TO AFFECTIVE 

ARTIFICIAL SYSTEMS 
 
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’ (Velásquez 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 AI research. Instead, they propose 
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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, Cañamero outlines a number of different approaches 
regarding models, applications and theory (Cañamero 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 Cañamero 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:  PROBLEMATICS AND 

QUESTIONS 
 
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 

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]echnology 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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