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1 Introduction

One of the main goals of LIREC is to develop ground research that will help and promote the
building of artificial companions. To do that, the communication between the user and the
artificial companion needs to be considered and deeply researched. In general we will
consider that this communication involves the generation of expressive behaviour of the
companion as well as the perception of the expressive behaviour from the user. Indeed, we
believe that social robots and virtual characters must have the ability of perceiving the user,
respond, react and express the appropriate behaviour, so that interactions with humans can
be more believable, natural and enjoyable, and lead to long-term relations.

The aim in WP3 is to value the social behaviour of the companion avoiding the shallow,
often pre-canned or reactive approaches that have been taken quite often. Furthermore, we
will look at the communication by focusing on the speech, facial and body interactions. As
such, a set of research questions drive the development in this workpackage:

1. Visual human affect analysis by combining face and body gestures and analysis of
speech

2. Selecting appropriate expressive behaviour for the current embodiment and the
current interaction with the current users

3. Integration of non-verbal behaviour with domain-specific language and speech
capabilities

4. Integration of expressive behaviour with task-related behaviour

Further, as a companion may take different forms, e.g. it may present itself as a robot, a
mobile handheld device, a graphical virtual character etc, these different forms, will
determine the modalities, forms and semantics of such communication. Furthermore, aware
of the large dimension of the problem at hand, in this workpackage we will focus primarily on
the communication functions that are associated with long term relations, and thus will
support the development of such relationships.

However, to address these goals we needed to understand and explore some basic aspects
of the communication with real and artificial companions, in order to focus the research
during the rest of the project. Thus, to set up the scene, we have conducted a set of
experiments with real and some preliminary artificial companions, in order to understand
some specificities of the communication with them.

This deliverable reports those preliminary experiments, describing some of the main issues
and findings. We expect that the results we obtained will impact forthcoming research in
LIREC.

This deliverable is organised as follows. In the next Chapter we will make an overview of the
different types of modalities for communication with companions and look at it from two
perspectives: perceiving the user and expressions in the companion. This overview allows
us to understand the techniques and issues related to the perception and expression in our
companions. In Chapter three we present two experiments conducted with people and “real”
companions (dogs and humans). These experiments were conducted to find out
particularities of the relations established between humans and their “real” companions.
Chapter four goes a bit further and presents some very preliminary experiments with
“artificial” companions (in this case we have explored only robotic companions with the
“Pleo”, AIBO, iCAT and the Robot-house experiments). Although different in the research
questions addressed, these experiments focus on trying to find out some particularities of
the communication between users and artificial “companions” and extract some elements
important to drive the research on companions. Finally, in Chapter five some conclusions
and drawn taking into account the experiments performed.
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2 Communication with Social Robots and Social Virtual
Agents
Communication with our artificial companions will involve two different aspects:

e Perceiving the user’s expressions and trying to understand them in the context of the
task at hand,;

e Generating expressive behaviour by the companion.

These two facets lead to a communication loop that we aim at achieving with our
companions. In both of these two aspects, different modalities can be used. In LIREC we will
focus on speech, natural language; facial expressions and body expression.

This Section reviews some fundamental work in these areas focusing primarily in works that
may impact directly or indirectly our development of the artificial companions.

2.1 Perceiving the user

Affect sensitivity refers to the ability of analysing the verbal and non-verbal behaviour of
users in order to understand their affective states.

Most previous studies focused primarily on the design of systems able to recognise basic
emotions (e.g., joy, sadness, disgust, surprise, fear and anger), and were largely based on
acted affective expressions (Zheng et al., to appear). While few studies have so far
addressed the problem of finding methods for inferring more complex states, the design of
artificial companions requires an affect sensitivity which goes beyond the ability to recognise
prototypical emotions, and is able to capture spontaneous and more variegated affective
signals conveying more subtle states such as, for example, boredom, interest, frustration,
agreement, willingness to interact, etc.

Affective expressions are multimodal. An important issue in relation to affect sensitivity is the
need for multimodal systems that are able to analyse different modalities of expression, as
well as to fuse different channels of information in order to achieve a better understanding of
the affective message communicated by the user. In the next Sections an overview about
the state of the art in affect recognition from face, body gesture and speech is provided, and
some examples of multimodal systems are reported.

The specifications of the verbal and non-verbal behaviours that our companions will be
sensitive to, as well as of the systems to analyse such behaviours, will depend on the design
of the specific scenarios for user-companion interaction and will be defined step by step
along with the test of technical issues and requirements in such scenarios.

2.1.1 Facial Affect Recognition

Research in psychology extensively investigated the type of messages conveyed by the face
and many researchers share the belief that facial expressions communicate emotions and
affective states (see, for example, Ekman & Friesen, 1969; Ambady & Rosenthal, 1992).
Given the relevance of affective communication through facial expressions during everyday
life, the potential applications of automatic analysis of facial expressions are, not
surprisingly, numerous. In the research on artificial companions, the ability for a robot or a
virtual agent to be able to detect affective signals conveyed by the face is of extreme
importance.

Automatic analysis of facial expressions can be used to detect human affect at different
levels. Affect can be either detected directly from changes in the facial expressions or can be
inferred after recognition of facial muscle actions (or action units) is performed (Pantic &
Bartlett, 2007). Several systems were proposed in the literature for the recognition of facial
actions units and for the detection of facial affect (see, for example, surveys by Pantic, 2006;
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Pantic & Rothkrantz, 2000). These systems use either geometric facial features or
appearance-based facial features. Geometric features are used for the detection and
tracking of facial characteristic points. Vukadinovic and Pantic (Vukadinovic & Pantic, 2005),
for example, developed a fully automatic facial point detector using Gabor wavelets and
GentleBoost-based point detectors. Gabor filters, Haar-like filters and learned image filters
(e.g., from principal component analysis) are examples of appearance-based features. Many
systems were developed for facial affect recognition based on appearance features (see, for
example, Anderson & McOwan, 2006; Littlewort et al., 2006). Anderson and McOwan
developed an automatic system for real-time recognition of facial expression which can
operate effectively in dynamic scenes and is robust to head motion. The system extracts
facial motion from frontal views of facial expressions and is capable of recognising six basic
emotions.

2.1.1.1 FACS - Facial Action Coding System

Facial Action Coding System (FACS) (Eckman & Friesen, 1975; Eckman & Friesen, 2002) is
a common standard to systematically categorise the physical expression of emotions. The
FACS model of emotions provides a description of human emotions on the basis of Action
Units (AUs) which represent the deformations of selected regions of the face caused by
shrinking or relaxing of particular muscles. Image processing techniques have been
proposed for extraction of some selected features of the human face in order to
automatically recognise AUs and thus the human facial expression of emotions.

The FACS system is frequently used in many projects dealing with facial expression
recognition (Kapoor et al., 2003; Kanade & Cohn) and face animation (Filmakademie;
Valve). It has been used in many socially interactive robots as a model for facial expression
of emotions (Head; Fredslund; Orlov) FACS defines 32 AUs (Action Units), which are a
contraction or relaxation of one or more muscles. Several examples, particularly useful for
the basic emotions coding:

o AUL Inner Brow Raiser — Frontalis (pars medialis)

e AU2 Outer Brow Raiser — Frontalis (pars lateralis)

e AUS5 Upper Lid Raiser — Levator palpebrae superioris

e AUG6 Cheek Raiser — Orbicularis oculi (pars orbitalis)

e AU7 Lid Tightener — Orbicularis oculi (pars palpebralis)

e AU10 Upper Lip Raiser — Levator labii superioris

e AUI12 Lip Corner Puller — Zygomaticus major

e AUZ20 Lip stretcher — Risorius / platysma

e AU25 Lips part — Depressor labii inferioris or relaxation of Mentalis, or Orbicularis oris
o AU26 Jaw Drop — Masseter, relaxed Temporalis and internal pterygoid

Facial expression is coded by assigning several AUs as its label. In general, the labelling of
expressions requires trained experts. Some efforts have been taken to design a vision
system for specific face features extraction (Namysl, 2008a; Namysl|, 2008b). It will be used
to automatically identify FACS codes, and thus quickly identify emotions.

The basic emotions can be described by the following combinations of AUs (Filmakademie;
Vanger et al.):

e Happiness 6 + 12 + 25
e Sadness1+4+15
e Disgust4 + 10+ 17
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e Anger4d+5+7+24
e Surprisel+2+5+26
e Fearl+2+4+5+20+25

For example, surprise is labelled by the following Action Units: Inner Brow Raiser (AU1) +
Outer Brow Raiser (AU2) + Upper Lid Raiser (AU5) + Jaw Drop (AU26), which is reflected in
the following features of the face image (see Figure 2.1):

e widely open eyes (AU5)
e raised eyebrows (AU1+AU2)
e open mouth (AU26)

e horizontal wrinkles on the forehead (AU1+AU2)

\ -
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Figure 2.1 Action Units in case of surprise expression (Namysl, 2008a)

2.1.1.2 Selection of the face features

The comparison of different descriptions of facial expression of emotions (Darwin, 1872;
Devon, 2006; Givens; Filmakademie; Valve) resulted in the observation that several face
features are commonly used in most of them (Namysl, 2008a). The proposed vision system
makes use of the following features:

¢ wrinkles on the forehead
e opening of the eyes
e position and shape of the eyebrows
¢ shape of the lips
The features are described by the following numerical parameters:
¢ number of horizontal wrinkles in the centre of the forehead
e eyebrows bend and declination angles
¢ relative distance between the eyelids

¢ relative distance between pupils and eyebrows
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e aspect ratio of the lips
e relative positions of the lips corners

e relative area of the visible teeth

2.1.1.3 Implementation issues of the vision system

The vision system (Namysl, 2008a) has been implemented with OpenCV library (Intel) in
linux environment. The main processing stages are as follows:

e image acquisition

o face detection (main ROI)

o face sub-regions extraction (eyes, mouth, nose, forehead)
o face features parameterization

The image acquisition stage should allow to detect the face on a wide image of the robot
neighbourhood. The resolution of the face ROl must be reasonably good for the further
processing. The envisioned (not implemented yet) solution is using a PTZ camera and
implementing an active face tracking system.

Face detection based on Haar classifier (Reimondo) resulted in very precise (but time-
consuming) ROI definition. A small trade-off in the precision allows for a considerable
increase of the processing speed. The method based on skin colour detection (Huang &
Chiang, 2006) is much faster, but requires that there are no objects of the skin-like colour in
the field of view in order to avoid erroneous hits.

Detection of the face sub-regions have been implemented both with Haar classifiers and a
simple, but effective method of horizontal and vertical projections (Chen et al., 2005). The
examples are presented in Figure 2.2.

Figure 2.2 ROI detection of the face and its sub-regions (Namysl, 2008a)
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In the last processing stage the face features are extracted in appropriate sub-regions and
the numerical parameters are computed. Several image segmentation methods have been
used:

o dual thresholding (eyebrows, teeth)

e pattern matching (eyes)

¢ morphological opening and propagation (eyebrows, lips)
e Hough transform (eyebrows, pupils)

o Haar classifier (eyes, lips)

The results of this stage are presented in Figure 2.3.

Figure 2.3 The face features detection (Namysl, 2008a)

2.1.2 Body Gesture and Posture recognition

Humans, while interacting with each other, continually communicate their feelings, thoughts,
intentions and ideas through body movements. Different body movements can be associated
with different purposes. Body movements, for example, can be used, consciously or
unconsciously, to communicate feelings and emotions and may accompany important points
in social interaction. Gestures of this type can be called expressive or emotional gestures
(Cowie, 2007). Facial expressions, postures, hand gestures, and full-body movements
characterising an affective, emotional state belong in this category. This Section provides an
overview of the role of gestures in affective, emotional human-human and human-machine
interaction. Psychological studies on emotional gestures are reported, as well as
computational models and approaches adopted in computer vision aiming to recognise
affect from body gesture and movement.

2.1.2.1 Psychological studies on movement and emotion

Several studies from psychology focus on the relationship between emotion and movement
qualities, and investigate expressive body movements (see, for example, Boone &
Cunningham, 1998; Boone & Cunningham, 2001; De Meijer, 1989; Pollick et al., 2001;
Wallbott, 1998). While some studies have found evidence for characteristic body movements
accompanying specific emotions (e.g., Wallbott, 1998), others argue that movements may
be only indicative of the intensity of emotion, but not of its quality (Ekman and Friesen,
1974).
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Wallbott (Wallbott, 1998) analysed body movements and postures of actors portraying
different emotions, elicited via a scenario approach. Results showed some distinctive
patterns of movement and postural behaviour associated with some of the emotions studied.
When specific patterns did not emerge, few distinctive features that allow for reliable
distinction between emotion categories were found. For example, lifting the shoulders seems
to be typical for joy and hot anger while moving the shoulders forward is frequent for disgust,
as well as for despair and fear. Further, anger and joy appeared to be characterised by high
movement activity and dynamics and expansive movements.

Other researchers have mainly investigated the relationship between emotions and
movement qualities. De Meijer (De Meijer, 1989) found relationships between emotion
categories and amount, type and weight of movement features in a rating study where a
group of subjects evaluated videos with body movements performed by three actors. Boone
and Cunningham (Boone & Cunningham, 1998) identified six expressive cues involved in the
recognition of four basic emotions (anger, fear, grief, and happiness) and further tested the
ability of children in recognising emotions in expressive body movement through these cues.
These six cues were “frequency of upward arm movement, the duration of time arms were
kept close to the body, the amount of muscle tension, the duration of time an individual
leaned forward, the number of directional changes in face and torso, and the number of
tempo changes an individual made in a given action sequence”. Based on previous findings
(Boone & Cunningham, 1998; De Meijer, 1989), Boone and Cunningham (Boone &
Cunningham, 2001) demonstrated children’s ability to encode the emotional meaning of an
underlying music excerpt by moving a teddy bear to indicate one of four emotions
(happiness, sadness, anger, fear). Results showed that children characterised their
expressive movements with respect to force, rotation, shifts in movement pattern, tempo,
and upward movement: children used more force, rotation and shifts in movement patterns
and faster, more upward movement to encode happiness and anger more than fear and
sadness.

While these studies show that it is possible to associate characteristic movement qualities
with specific emotions, another area of research focuses on whether it is possible to
discriminate affect observing the same movement performed in different ways depending on
the underlying emotion. Pollick et al. (Pollick et al., 2001), for example, investigated
perception of affect from point-light animations of arm movement in everyday actions (e.g.,
drinking, knocking, etc.) and found a significant correlation between the movement
kinematics (arm velocity) and the activation axis in the two-dimensional space characterising
affect with respect to the dimensions of activation and valence as proposed by Russel
(Russel, 1980). In particular, greater arm velocities appeared to be associated with higher
activation levels.

2.1.2.2 Machine analysis of movement and gesture expressivity

Machine analysis of expressive movement can be useful for recognising affective, emotional
state of users.

Camurri et al. (Camurri et al., 2005) proposed a layered conceptual framework to model the
analysis and interpretation of human movement expressivity. This framework is based on a
layered approach ranging from low-level physical measures (e.g., position, speed,
acceleration of body parts, etc.) toward descriptors of overall gesture features (e.g., motion
fluency, impulsiveness, etc.) and high-level information describing semantic properties of
gestures (meaning, affect, emotion, expressiveness, etc.). Camurri et al. also developed the
EyesWeb Expressive Gesture Processing Library (Camurri et al., 2004), which contains a
collection of software modules running in EyesWeb XMI (Camurri et al., 2007) for the
automated analysis of human movement and extraction of expressive motion cues.

Other studies focus on analysis of hand and arm gestures expressivity. Zhao (Zhao, 2001)
used an approach based on “Laban Movement Analayis” to acquire motion qualities of

10
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communicative gestures. Motion features were extracted from live performances using
motion capture and video-based techniques and neural networks were trained to estimate
the relationships with the four dimensions of Laban’'s Theory of Effort (Laban & Lawrence,
1947). Caridakis et al. (Caridakis et al.,, 2006) proposed a framework for video-based
tracking and automated extraction of expressivity parameters of hand gestures. This
approach includes the parameters Overall activation, Spatial Extent, Temporal, Fluidity,
Power/Energy and Repetitivity, inspired from the expressive behaviour module implemented
by Hartmann et al. (Hartmann et al., 2005) to synthesise expressive gestures in the Greta
Embodied Conversational Agent.

2.1.2.3 Affect recognition by body movement and gesture analysis

While psychologists have stressed the importance of the visual channel carrying information
about body movement and gesture for people to successfully recognise human affect, most
of the studies on affective computers have focused on automated affect recognition based
on facial expressions and audio data. Nevertheless, some attempts in the research
community were made towards the design of systems capable of analysing expressive body
movement and using this information to recognise affect.

Studies on automated emotion recognition from body movement and gesture analysis can
be distinguished into a number of separate categories. First of all, some studies investigated
emotions conveyed by gestures, while others have focused on emotions communicated by
postures. As it will be shown in more detail in the following text, they differ in terms of
gesture acquisition (some of them use video-based analysis, others motion-captured data,
and others data collected from different types of sensors), features used (e.g., low-level
indicators such as points’ coordinates or high-level dynamic features), number of gesture
and posture classes analysed (i.e., one or more different classes used to express different
emotions), and the presence of gesture recognition before prediction of emotions.

Camurri et al. (Camurri et al., 2003) classified expressive gestures in dance performances
using motion cues extracted using video analysis techniques. They found relationships
between emotions communicated by the full-body movement of dancers and motion cues
such as quantity of motion and contraction/expansion of the body.

In further studies, Volpe (Volpe, 2003) used decision trees to automatically recognise
emotions in dance fragments using statistical measures (e.g., average, standard deviation,
etc.) applied to the temporal profile of several motion cues (e.g., quantity of motion,
contraction/expansion of the body, kinematical indicators, etc.).

Castellano et al. (Castellano et al., 2007; Castellano, 2008) proposed a computational
approach for affect recognition based on the expressivity of human movement. In this
approach expressive motion cues (e.g., movement qualities such as the quantity of motion,
fluidity, etc.) are considered as a source of affective information. They proposed a model that
defines features retaining information about the temporal dynamics of expressive motion
cues is proposed. The approach was tested on two corpora of affective expressions
portrayals and results showed how features describing temporal aspects of the expressivity
of human movement are successful in the discrimination of affect.

Bernhardt and Robinson (Bernhardt & Robinson, 2007) proposed a framework for the
recognition of affect in knocking motions from a motion-captured database. They computed
motion cues (e.g., velocity and acceleration of the hand, etc.) over motion primitives
obtained using an approach based on segmentation by motion energy and clustering of
motion segments. Support Vector Machines were then trained for each motion primitive
using statistical measures of the extracted motion cues as features.

Kapur et al. (Kapoor et al., 2005) used full-body skeletal movements’ data obtained with a
technology based on the Vicon motion capture system to automatically classify four
emotional states. They acquired different gestures for each of the emotions considered and

11



LIREC D3.1 Grant 215554

3D positions of fourteen reference points were recorded. Further, they trained different
classifiers using statistical measures of kinematical indicators (e.g., velocity and
acceleration) computed for each reference point.

Other studies show that the integration of body movement with other modalities (e.g., facial
expressions) increases the performances of automated emotion recognition systems.

Balomenos et al. (Balomenos et al., 2005) used gestures to support the output of the facial
expression analysis in a bimodal emotion recognition system. Their approach is based on
Hidden Markov Models, and uses the position of the centroid of the head and hands,
computed using video-based techniques, to recognise gesture classes. Recognised
gestures are then associated a posteriori with specific emotions based on predefined
mappings.

El Kaliouby and Robinson (El Kaliouby & Robinson, 2005) proposed a vision-based
computational model to infer mental states from head movements and facial expressions.
Their approach is based on Hidden Markov Models for the real-time recognition of head and
facial actions and on Dynamic Bayesian Networks to model mental states over time.

Gunes and Piccardi (Gunes & Piccardi, 2007) fused facial expression and expressive body
gesture information at different levels for bimodal emotion recognition. They found that using
expressive body information improves the accuracy of the emotion recognition based on
face only. As for recognition based on body gesture, several types of gestures associated
with different emotions were classified using image features (e.g., the centroid and area of
the upper body, the centroid and orientation of the hand, etc.) computed with video analysis.

Valstar et al. (Valstar et al., 2007) combined multimodal information conveyed by facial
expressions, head and shoulders movement to discriminate between posed and
spontaneous smiles.

Castellano et al. (Castellano et al., 2008) proposed a framework for multimodal emotion
recognition in which facial expressions, body gesture and speech data is fused at the feature
and decision level to predict eight emotional states in a speech-based interaction.

Other researchers investigated the relationships between posture and affective dimensions.

Mota and Picard (Mota & Picard, 2003) for example showed how sequences of postures can
be used to predict affective states related to a child’s interest level during a learning task
performed with the computer. They collected postures’ data through pressure sensors
mounted on a chair and they used Hidden Markov Models to predict the affective state
related to sequences of postural behaviour.

Bianchi-Berthouze and Kleinsmith (Bianchi-Berthouze & Kleinsmith, 2003) proposed a model
that can selforganise postural features into affective categories to provide robots with the
ability to incrementally learn to recognise affective human postures through interaction with
human partners.

Other studies have used Mixed Discriminant Analysis to identify nuances of affective states
(De Silva et al., 2005) and affective dimensions (Kleinsmith & Bianchi-Berthouze) starting
from low-level descriptors of human postures.

2.1.3 Speech Recognition and understanding

Spoken language understanding has two basic components: the automatic speech
recognition (ASR) module and the natural language understanding (NLU) module. These
modules may be highly integrated or quite separate, if an off-the-shelf recognition system is
adopted. The next Section covers the state-of-the-art in NLU systems. The current Section
addresses the ASR module. See Rabiner (Rabiner, 1989) and Young (Young, 2002) for
excellent overviews on this topic.

12
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ASR is the task of finding the most likely set of words for a given acoustic signal (Gilbert,
2008). This probabilistic model can be represented as computing arg maxw P (W | a), where
W is a string of words and a is a set of features that are extracted from the acoustic signal.
Most often, these features encode the spectral characteristics of the signal, the most typical
being the cepstrum and energy along with their first- and second-order time derivatives.

The basic approach to speech recognition is to apply Bayes' rule to convert the problem into
computing arg maxw P (a | W) P (W), where P (a | W) corresponds to the acoustic model,
representing the probability of the acoustics given the word string, and P (W) is the language
model, representing the probability of the string of words that are under consideration.

P (W) is typically modeled as a Markov process. For a string of N words, the joint probability
can be expressedas P (W) =P (wlw2eeewN)=P (wl) P (W2 |wl)eeeP (WN [wWl,e,
wN-1), which may be simplified as an n-gram model by truncating the history to n - 1 words.

One can distinguish two basic approaches: the recognition of isolated words, with a small
vocabulary, and the recognition of continuous speech, with a large vocabulary. In the first
scenario, a different acoustic model is built for every word in the vocabulary (typically less
than 200 words). The most frequent approach for training the acoustic models is hidden
Markov models (HMM). When a large vocabulary is needed, however, it becomes much
more efficient to train models for each sub-word unit (very frequently context-dependent
phones), and to model each word as a sequence of sub-word units. This lexical model can
also admit multiple pronunciations (sub-word sequences) for each word.

Competitive acoustic models can also be built using hybrid models which combine the
temporal modelling capabilities of HMMs with the pattern matching capabilities of artificial
neural networks (ANN).

For relatively simple command and control (C&C) applications, isolated word recognizers
(IWR) of limited vocabulary may seem like the most adequate solution. This solution,
however, has a major limitation. It needs a specific database for training, with several
examples of each word to be recognized, typically recorded in the same environment, and
therefore limits the expansion to new words. For dictation or broadcast news subtitling
systems, on the other hand, the use of large vocabularies continuous speech recognizers
(LVCSR) with sub-word acoustic models is obviously the most adequate solution. An
intermediate solution is keyword spotting (KWS), which aims at recognizing a keyword in the
middle of a continuous audio stream. KWS approaches are broadly classified into two
categories (Szoke, 2005): one based on the acoustic match of the audio data with keyword
models in contrast to a background model, and the other one based on LVCSR. The
acoustic solution can be based on either word or sub-word models. The LVCSR solution
typically takes advantage of the lattice of recognized words, containing several hypothesis in
parallel, thus allowing improved performances compared to searching in the raw output
result.

The last component of the ASR system, besides the feature extraction stage, and the
acoustic, lexical and language models, is the decoder, which searches through all possible
recognition choices. The Viterbi algorithm is one of the most common approaches for
decoding.

ASR systems can be trained for a specific user (speaker-dependent) or a large variety of
users (speaker-independent). One can also start with a speaker-independent recognizer and
adapt its acoustic models to a specific speaker. The performance of ASR systems is much
better for speaker-dependent or adapted systems than for speaker-independent systems.

The performance is also strongly dependent on the type of input. For read speech,
nowadays, one can obtain a very satisfactory performance for a number of applications. For
spontaneous speech, however, the performance seriously degrades. This may be attributed
to the frequent presence of hesitations, repetitions, filled pauses, fragments and other
disfluences that characterize spontaneous speech and which are not present in the large

13
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quantities of text that are typically used for training n-gram language models, and also to the
articulation style and pronunciation variability, which bring additional challenges in terms of
acoustic and phonological modelling.

A final consideration in this necessarily brief review is the performance of recognizers under
noisy environments. This performance can be critically dependent on the presence of noise,
especially if the system has not been trained for these conditions.

Several scenarios for ASR can be envisaged in the LIREC project. For some scenarios such
as the robot house, the C&C isolated-word recognizer may be appropriate. Even in the
simplest scenario, however, one must take into account that the recognition system must be
activated in order to recognize keywords. This activation may be done by pronouncing a
specific activation keyword (such as the robot name) which is spotted in the continuous input
stream. Alternatively, the user may adopt a push-to-talk strategy. This strategy is very
effective for PDA interactions, where the user may use the pen to signal beginning and end
of speech. Better performances can be expected with the use of this type of interaction, than
with the use of activation by specific keywords.

Much more sophisticated scenarios can be contemplated in this project, especially if one
allows combined recognition and understanding modules. The combination of multiple
knowledge sources may be done at different levels. In this context, the use of the confidence
scores produced by the recognition module may be quite effective.

2.1.4 Natural Language Understanding

Natural Language Understanding (NLU) is the process of converting natural language
samples into a data structure the computer can deal with. Typically, this structure is a logical
form or a frame, but it can also be an utterance in natural language that the computer
already understands. Although some systems implement hybrid approaches, involved
techniques may classify NLU as:

e Basic NLU;
e Linguistically Motivated NLU;
e Statistical NLU.

Basic NLU include keyword detection, pattern matching and the use of simple algorithms
capable of associating new input to already understood utterances. The classical example of
a system based on pattern matching is ELIZA (Weisenbaum, 1966), invented by Joseph
Weizenbaum in the early 1960's, aiming at emulating a psychologist. Although the obvious
limitations of this approach, when ELIZA was released many people believe it to be human.
Some psychologists even thought that ELIZA could be used in place of a real psychologist,
proving that in some particular situations a pattern matching approach should not be
neglected.

Linguistically Motivated NLU uses some level of linguistic information. Typically, systems
implementing this paradigm base their performance on a syntax/semantics interface, where
each syntactic rule is associated with a semantic rule and logical forms are generated in a
bottom-up, compaositional process. Variations of this approach are described in (Allen, 1995)
and (Jurafsky & Martin, 2008) and implemented, for instance, in systems such as Edite (Reis
et al., 1997). This was a conventional natural language interface, developed in the mid 95's
in order to be integrated in a multimedia kiosk and answer questions about touristic
resources. Like most of the systems following this approach, besides the need of linguistic
information, Edite had the following problems:

¢ new syntactic rules could easily lead to unexpected semantic values;

e syntactic elements, significant for semantic analysis, could be spread in different
syntactic rules;
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e rules causing over-generation or errors were difficult to identify due to the recursive
character of the whole process.

In what concerns Statistical NLU, there are many techniques being explored (see, for
instance, [Bhagat et al., 2005] or [Leuski et al., 2006]). Some of these techniques came from
the Machine Learning framework. In order to illustrate the approach, consider (Bhagat et al.,
2005), where four of these techniques are applied to a small training set constituted by 477
sentence/frame pairs, and compared. Considering that each frame is a set of attribute/value
pairs, the first technique computes a model that represents the probability of producing a
certain attribute/value pair being given a particular n-gram as input; both second and third
techniques cast NLU as a classification task. Maximum Entropy is used in one experiment
and Support Vector Machines in the other. Finally, in the last technique a language model for
the attribute/value pairs is estimated allowing to build the frame for a given utterance as the
set of the most likely pairs. Results from this evaluation run from a 0.75 F-score to a 0.83 F-
score. It should be noticed that these results derived from the fact that the domain was
limited and that it was possible to develop a kind of named entity recognizer, that replaced
each entity of the domain by its correspondent class name.

Considering LIREC scenarios, in order to choose the NLU approach to implement, it will be
taken into account:

a) the type of the recognizer output;
b) the linguistic variation of the domain utterances.

If the recognizer returns keywords, the only possibility is to perform keyword detection. If the
recognizer returns utterances involving a larger vocabulary, several approaches can be
adequate. Nevertheless, the fact that the NLU module will have to deal with the error-prone
output from the speech recognition module, adds a new complexity to the already hard task
of NLU, and narrows the hypothesis. For instance, the pattern matching approach is no
longer a good choice, as many unexpected utterances can be returned by the recognizer.

Our first experiments regarding interaction with companions used the Basic NLU approach.
The experiments were conducted using “Duarte Digital”, a conversational agent that answers
guestions about Custddia de Belém, a famous work of Portuguese jewellery. When “Duarte
Digital” receives a question, it searches for the most similar question in the knowledge base.
This search is based on the Levenshtein distance algorithm applied to words. First results
show that Duarte is able to correctly understand around 45% of the input received, although
in an extrinsic evaluation 65% of the utterances result in a possible answer (for instance, ‘I
don't know” or “Could you please repeat what you have just said?”). Even if several
improvements can be done to this technique, the fact is that Duarte operates in a very
limited domain, which leads us to conclude that systems operating in a larger domain should
invest in a different approach.

Being so, statistical methods like the ones presented above, are a good solution. However,
one should also have in mind that these solutions involve the creation of a training corpus
and that the linguistic variation of the domain utterances will decrease the capacity of
producing good results.

2.2 Expressions in Social Robots and Virtual Agents

While perceiving the user is extremely important for attaining some degree of
responsiveness in our companions, the generation of expressive behaviour is also
fundamental for the communication loop between user and companion to be established. In
this Section we will focus now on the expression of companions.
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2.2.1 Facial Expressions

Human face is the most important channel for non-verbal communication. There are
approximately 600 muscles in the human body (it is difficult to say the exact number
because different anatomists group muscles differently), and about 50 of them are located in
the face (Standring, 2004), which makes this part of our body extremely expressive. The
face therefore plays a central role in our social lives by providing an efficient, and frequently
honest, way of communication (Ekman, 1997). Among other things, it serves to coordinate
social interactions and to express emotions.

Regarding social interaction, our facial expressions can, for instance, give out cues that let
the other interlocutor know that we are waiting for a reply or that we did not understand what
s/he said (Keltner, D. & Kring, 1998). From facial expressions we can infer motivations and
what action someone is about to carry out. The range of information we convey with our face
is so vast that the brain developed dedicated mechanisms for its recognition during
mankind’s evolution. Since an early age, infants can recognize familiar faces.

As for emotions, our face can show the world what we are feeling. But this ability can also
betray us when we try to lie: facial expression of emotions involve involuntary muscle actions
that people cannot produce when they are not really experiencing that emotion (Oatley et al.,
2006). The human brain is so well trained in the task of facial expression recognition that we
are able to tell even the subtlest of changes in a face. Research shows that some basic
emotions (happiness, sadness, surprise, anger, disgust and fear) can be universally
distinguished through facial expressions, even when they are being expressed by people
from a different culture (Ekman & Friesen, 1971).

Given the relevance of facial expression in human expressivity, it is no surprise that
researchers devote so much attention to it when developing embodied characters. However,
due to its complexity and the brain’s natural ability to detect false expressions, creating
convincing artificial expressions is not an easy task. Nonetheless, over the years many
techniques and systems have been created to not only enhance the final result but also to
facilitate the process of achieving it. The remaining of this Section presents some relevant
work in this field, both for virtual agents and social robots.

2.2.1.1 Facial expression in virtual agents

Pandzic & Forchheimer (2003) argue that the field of computer facial animation is “inhabited
by two kinds of people: the researchers and the artists”. While artists aim at producing high
quality animations for specific films or games, researchers are more interested in technical
aspects, studying mechanisms that can be applied widely rather than to produce good
effects in a particular case.

Given the recent advances in computer graphics, facial animations in movies are close of
achieving photo-realism (see for example the facial animations produced by Image Metrics?),
and highly believable characters (Pixar movies are a good example). In movies, the end
result is not subject to real-time constraints, and therefore 3D animators can make use of
complex graphical techniques that yield a high-quality outcome. However, this focus on the
outcome usually leads to an ad hoc solution for the particular facial animation of a given
character. This one time solution means that none or little work from that developed solution
can be reused in the future.

The gaming industry tends to follow a similar approach to the movie industry except that it is
bound to real-time restrictions. Each character usually has a library of fixed animations which
can be played efficiently within the game. Therefore, interactions between the character and

! http:/www.image-metrics.com/
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the user tend to be restricted, being limited to a combination of previously determined
behaviours.

As we depart from scripted environments to more emergent scenarios with embodied
agents, higher demands are set upon facial animation systems. The increased autonomy in
agents is generally no longer satisfied by predetermined and fixed animations. Here, the
animation controls are as important as, or in some cases more important than, the final
graphic result.

To overcome this challenge, over the years deformation techniques were developed to
model facial expressions. These techniques can be broadly separated in two categories:
image manipulation, which usually consists of changing texture images (cf. Pighin, 1998)
and geometry manipulation, which tries to model the anatomical nature of facial muscles and
the human skin (cf. Parke & Waters, 1996). At the same time, many researchers have been
focused on creating parameterization standards that allow developers to generate facial
expressions by manipulating certain parts of the face independently. Parke (1974) was the
first to introduce parameterization models, but many others followed him. Paul Ekman’s
FACS (described earlier in Section 2.1.1.1) and MPEG-4 (Pandzic & Forchheimer, 2003) are
the most common parameterizations used nowadays in virtual characters.

Embodied Conversational Agents (ECAs) provide a good case of non-scripted interactions.
ECAs try to mimic the communication channels used by humans when engaged in a
conversation, being one of them facial expression. Due to the rich and complex nature of
such task it is required that the ECA possess a structured control over its face. This must not
only provide precise and accurate control of the face but also grant a meaningful interface
for the processes that manipulate it.

Figure 2.4 GRETA displaying different facial expressions

GRETA (Pasquariello & C. Pelachaud, 2001) is an ECA that follows MPEG4 animation
standard. It is a 3D animated character that can talk to users while displaying facial
expressions and body movements (see Figure 2.4). Many experiments have been performed
using this agent. Recently GRETA was used to evaluate user’'s perception of expressivity of
complex facial expressions, gaze movements and gestures (Bevacqua et al., 2007), to study
strategies of the politeness theory by analyzing if subjects can infer social context from
GRETA'S facial expressions (Niewiadomski & Pelachaud, 2007) and to evaluate facial
expressions in terms of empathy (Niewiadomski et al., 2008).

As one can see from the diversity of studies using GRETA there are benefits in having a
standard parameterization. For instance, one of the advantages is the variety of facial
expressions that developers can produce in short periods of time. Nevertheless, some ECAs
still use predefined animations. This happens mostly in agents more focused in dialogue,
such as REA, a “Real Estate Agent” (Cassel, 2000) that plays the role of a real estate
salesperson that interacts with users (potential buyers) to determine their needs and
attempts to sell them a house. REA is capable of speech with intonation, facial display and
hand gestures (synchronized with the speech acts). Its behaviours, a mix of facial
expressions, body gestures and speech are employed to coordinate social interaction. For
example, in the beginning of the interaction REA looks at the user and smiles, when she
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wants to give turn in the conversation she raises her eyebrows, and nods her head to give
feedback to the user.

2.2.1.2 Facial expression in social robots

There is still much more to explore in facial expressions of social robots than in virtual
agents perhaps due to the difficulty in obtaining good hardware platforms that will allow for
facial expressions. Indeed, robots with some expressivity in its “face” only started to appear
about a decade ago and they are usually very expensive. Consequently, there are no
standards in this field yet, and it is difficult to control and manipulate those “faces”. This
means that little work can be extensible to other robots. Moreover, whereas in virtual agents
we can already simulate almost all the muscles of the human face in a very realistic manner,
in robots this is still a difficult task.

Due to the reasons mentioned above, the first robotic faces that appeared were very
simplistic and contained few degrees of freedom. One of the first ones was Feelix (Figure
2.5), a robot built from commercial LEGO Mindstorms (Cafiamero & Fredslund, 2000). The
robot was developed to explore believable emotional exchanges and credibility in human-
robot interaction. Feelix reacts to tactile stimulations expressing emotions through its face.
Its degrees of freedom are very limited: there is only one degree on the eyebrows and three
on the lips. Feelix’s facial expressions are based on approximations (due to the restrictions
in degrees of freedom) of Action Units from FACS. Despite its simplicity, in a study
performed to evaluate how well humans recognize the facial expressions displayed by the
robot, good results were obtained, especially on recognizing expressions such as anger,
happiness and sadness. The study also revealed that humans tend to empathize with Feelix
in a natural way on spontaneous interactions.

Figure 2.5 Feelix, the LEGO robot.

One landmark in expressive and engaging robots with the ability of displaying facial
expressions is Kismet (Breazeal, 2002). Kismet was developed with the purpose of engaging
people in face-to-face interactions. Its face contains 15 degrees of freedom, which allows it
to display social signals such as emotional expressions and gaze. Each ear has two degrees
of freedom, each eyebrow can lower and furrow, elevate or slant, and its eyelids can open
and close independently. Kismet also has four lip actuators, one at each corner of the
mouth, and a single degree of freedom jaw. Kismet's facial expressions are generated using
an interpolation-based technigue over a three dimensional space (arousal, valence and
stance). Figure 2.6 shows different emotive expressions that Kismet can display to users
through its face.
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Figure 2.6 Kismet displaying different emotive expressions.

More recently Philips released the iCat Research Platform, a platform for researchers to
study human-robot interaction. It includes a user-interface robot called iCat and a software
platform called Open Platform for Personal Robotics (OPPR) which enables the rapid
development of new applications for the iCat. The cat appearance was chosen because it is
familiar to humans. The robot is 38 cm tall and is equipped with eleven RC servos and two
DC motors that control different parts of the face such as the eyebrows, eyes, eyelids, mouth
and head position. With this setup the iCat can generate several facial expressions such as
happiness, sadness, surprise or disgust (Figure 2.7).

The iCat is one of the robots that will be used in the LIREC scenarios. In fact, several studies
were already performed by a LIREC partner using this robot. One of the studies (Leite et al.,
2008) was performed to evaluate the effects of the robot's affective behaviour (which was
displayed to the user using facial expressions) in the user’s perception of the chess game.
The results indicated that, when displaying the emotional reactions in agreement to a
developed emotion model, user’'s perception of the game increased. Also a long-term
experiment (described in Section 4.3 of this document) was recently conducted by INESC-ID
using the iCat robot.

=

Figure 2.7 iCat exhibiting several facial expressions.
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Until now we have presented robots with faces that reassemble some aspects of the human
face. However, robotic faces with higher levels of anthropomorphism have already been
constructed. Impressive work in such robots (usually named androids) comes from Hanson
Robotics® and Osaka University’s Intelligent Robotics Laboratory lead by Hiroshi Ishiguro.
The latter developed the android face depicted in Figure 2.8.

Figure 2.8 One of the android faces developed by Hiroshi Ishiguro.

Several researchers support the idea that emotional expressions of social robots are
abstractions of human expressions and therefore robots must be as human-like as possible
(Duffy, 2003). On the other hand, as we may see from the studies with Feelix, Kismet or the
iCat, total anthropomorphism is not always necessary. In fact, it might have negative
consequences such as users’ frustrated expectations and lack of credibility towards the
robot. Mori's theory of uncanny value (Mori, 1970) explores this issue. He argues that
people’s acceptance of robots gradually increases as realism increases, but only up to a
certain limit. When crossing this limit, even the smallest imperfections frighten people and
elicit sensations of strangeness.

Then why many researchers devote their attention into building androids? Some argue that
“if androids are more likely to fall in the uncanny valley than mechanical-looking robots, the
reason may be that our brains are processing androids as human” (MacDorman & Ishiguro,
2006), and therefore androids are the only type of artificial character capable of eliciting in
humans the exactly same kind of social responses that human-human interaction does.
Therefore, this type of robots will play an important role in cognitive science research.

From the studies presented so far, it is clear that facial expression does impact human-robot
interaction, even with low degrees of naturalism. In LIREC, we will extend this work into
longer term interactions and investigate the role of companion expressive behaviour in
creating a long-life relationship.

2.2.2 Body Expression

2.2.2.1 Body expression in virtual agents

Several computational models of gesture synthesis have been described in the literature for
the design of human-like virtual agents (see, for example, Cassell et al., 1994; Cassell et al.,
2001; Chi et al., 2000). Nevertheless, generating “natural” movements remains a difficult
task. Gestures in virtual agents, in fact, often appear awkward and synthetic and do not
provide realistic behaviour.

Kipp et al. (Kipp et al.,, 2007) proposed a data-driven approach to gesture synthesis for
virtual agents focusing on gesture units (i.e., the excursions starting from the rest position
and lasting until the release of movement (Kendon, 2004)). They show that using gesture

2 http://www.hansonrobotics.com/robots.html
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units increases the naturalness of the virtual agent, since it allows for the production of
smooth and fluid streams of gestures. A key problem in gesture generation is making agents
express themselves in order to demonstrate emotional behaviour. The synthesis of gesture
expressivity is of great importance for the design of affective virtual agents, that is, agents
endowed with emotional behaviour.

Synthesis of gesture expressivity

Adding expressivity to the performance of gestures of an agent implies both the generation
of expressive movements and the attachment of coherent motion qualities. Techniques for
the generation of expressive movements can be divided into four categories (for a survey of
the approaches taken in literature, see Zhao, 2001). One approach consists of adding
expressivity to neutral motions, using methods such as Fourier function models or signal
processing. Bruderlin and Williams (Bruderlin & Williams, 1995), for example, manipulated
neutral motions, applying multiresolution filtering techniques used in the signal processing
domain. In this approach, motion parameters are treated like sampled signals: by using
filters with different settings, movement can be exaggerated or constrained. Other
approaches consist of making the motion fit some constraints, adding secondary movements
to the original movement of virtual agents and generating and controlling behaviours. A
different problem is to explore which motion qualities must be added to movement to make it
convey emotional, expressive information.

The same gesture performed with different motion qualities can convey different expressive
content and be perceived in different ways. Some researchers have started to put efforts into
the design of computational models of gesture expressivity based on the synthesis of motion
qualities. Chi et al. (Chi et al., 2000) built the EMOTE (Expressive MOTion Engine) system,
a computational model to generate movements for the torso and the limbs of a virtual agent
to create communicative gestures that convey expressivity. The EMOTE system allows one
to synthesise gestures based on Effort and Shape components from LMA. Specifically,
EMOTE is “a 3D character animation system that allows for the specification of Effort and
Shape parameters to modify independently defined arm and torso movements” (Chi et al.,
2001). Zhao (zZhao, 2001) designed a computational framework for gesture acquisition and
representation to be used with the EMOTE system. Gesture representation is conducted
based not only on motion forms, but also on Effort and Shape elements, and it is used to
generate gestures by manipulating its motion qualities.

Hartmann et al. (Hartmann et al., 2005) implemented a module for the animation of
expressive arm gestures based on six expressivity parameters: Overall Activation (i.e., the
quantity of movement during a conversational turn), Spatial Extent (i.e., the amplitude of
movement), Temporal Extent (i.e., the duration of movement), Fluidity (i.e., the degree of
smoothness of movement), Power (i.e., the energy of movement) and Repetition (i.e., the
degree of rhythmic repeats of movement). These parameters act on the gesture stroke and
can vary along a scale ranging from 0 to 1 (where O corresponds to the absence of
movement) for the Overall Activation and from -1 to +1 for the others (where zero
corresponds to the movement performed in absence of expressivity modulation). Caridakis
et al. (Caridakis et al., 2006) proposed a framework to synthesise gesture expressivity using
expressivity parameters automatically extracted from real video sequences and inspired
from the model proposed by Hartmann et al. (Hartmann et al., 2005).

Martin et al. (Martin et al., 2005) proposed a copy-synthesis approach for the creation of
affective Embodied Conversational Agents (ECAs). This approach can be summarised in
two steps. First, a real-life non-acted emotional corpus is manually annotated at different
levels. Multimodal behaviour and displayed emotions as well as their temporal evolutions are
encoded. At this stage, the animation of the ECA is performed at the face and body levels
using the annotation performed during the first step as input.

Castellano and Mancini (Castellano & Mancini, In press) modelled a bidirectional
communication between an ECA and a user based on movement and gesture. They
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designed a real-time system for analysis and synthesis of emotional gesture expressivity.
The system is capable of acquiring input from a video camera, processing information
related to the expressivity of human movement and generating expressive copying
behaviour: for each gesture performed by the user, the agent responds with a gesture that
exhibits the same quality, i.e., the same movement expressivity. The system is formed by
the integration of two different software platforms: EyesWeb XMI (Camurri et al., 2007) for
video tracking and analysis of human movement, and the Greta ECA for behaviour
generation (Pelachaud, 2005). A mapping between the expressive motion cues analysed in
humans and the correspondent expressive parameters of the agent is defined, so that the
agent is capable of generating gestures with the same expressivity as those performed by
the user.

2.2.2.2 Body expression in robots

Body expression in robots is still an under-explored research topic. Nevertheless, note that
the methodology for synthesis of gesture expressivity described in the previous Section may
be applied to robots as well.

Some attempts towards the design of robots capable of performing expressive movements
are reported in the literature.

Kismet (Breazeal et al.,, 2001) is a sociable robot endowed with expressive behaviour.
Expressive features displayed by the robot include facial expressions and neck and eye
orientation. The latter is important for displaying expressive postures and directing the
robot’'s cameras towards external, relevant stimuli.

Mertz is an active-vision head robot which can display expressive behaviour by using facial
expressions and head and neck movements (Aryananda & Weber, 2004).

Shibata et al. (Shibata et al., 2003) proposed an approach for avoidance planning of robots
sensitive to human emotions. Shinozaki and colleagues (Shinozaki et al., 2007) built a robot
system in which a humanoid robot is capable of performing dance based on the
concatenation of short dance motions. Maeda and Tanabe (Maeda & Tanabe, 2006)
proposed a method based on Laban’s Theory for evaluating emotional behaviour in a pet-
type robot endowed with bodily motion. Nakata et al. (Nakata et al., 2001) proposed a set of
features based on Laban Movement Analysis to explain impression produced by a robot’s
bodily expressions.

Robotic companion hand gestures

Due to the abilities of the human hand, the hand gesture is the most numerous category of
body expressions. Regarding their semiotic function, one can give the gestures classification
distinguishing command gestures, co-verbal gestures, and sign language gestures (S.
Marcel, 2002). Within first two categories symbolic, emblematic, and illustrator gestures can
be associated to verbal communication channel. Looking for a compact collection of
revealing, cross-cultural hand gestures, representing the verbal channel associated
gestures, one can end up with the following gestures set suitable for a robotic companion:

e greeting (rising the opened right hand with the palm directed toward a person)
o farewell (waving up and down the opened right hand placed horizontally)

e warm greeting, disapproval (moving the opened hands sideways with the palms
directed up)

e stop (moving the flat right hand ahead with the palm directed toward a person)

e come (waving the fingers of the right hand placed ahead with the back directed
toward a person)
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e go away (waving the opened right hand placed ahead with the back directed toward
a person)

e pointing to objects, directions (with index finger or all fingers)

o silence (rising the right index finger to the mouth)

¢ thinking, listening (placing the closed right hand with the thumb up in front of the jaw)
¢ OK (moving the closed right hand ahead with the thumb up)

e taping forehead (with index finger)

e rejecting, prohibiting (the right index finger up moving left and right)

e shaping of simple imagined objects (hands tracing out simple curves — a circle, a
rectangle.)

Contemporary robotic hands and arms constructions are extremely expensive and difficult to
control, thus they are no suitable for fast prototyping experiments. Moreover, they
outperform gesticulation task requirements creating a need for designing a simple robotic
tool aimed to gesticulation. Hence, to experiment with robot hand gestures perception and
their temporal synchronisation with the co-expressive part, and the rhythm of speech, a
unique hand design has been elaborated (Tchon et al., 2008.)

The construction (see Figure 2.9a) is characterised by the following parameters:
¢ complete arm with hand,
e bearing joints,
¢ 5 high torque and high speed digital servos (Dynamixel), 3 lightweight micro servos,
e trajectory tracking, predefined gestures,
e Physical parameters: total length 60cm, weight 1kg,
e DOF:arm 5, hand 3,
e Carrying components: carbon fibre tubes, aluminium elements,
e Control system: distributed, PC/104 based, with limited force control,
e Communication: internal RS485, external Ethernet powered by YARP,

The designed arm consists of 2 links connected via a single 1DOF joint (Figure 2.9b). The
arm is to be screwed to a robot body via 3DOF joint (Figure 2.9c) and is endowed with
another 1DOF joint, to which a hand can be mounted. The hand (Figure 2.9d) is formed of
four 1DOF fingers. The thumb and the index finger are driven by two separate microservos.
The other two fingers are driven by one, shared microservo.
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a) b)

Figure 2.9 Design of robotic hand and arm for gesticulation

2.2.3 Speech and Natural Language Generation

Natural language generation (NLG) is the process of producing natural language from, in
general, non-linguistic information. Generation can be defined according to the complexity
associated with the processes underlying the production of the final output. These systems
may go, in shallow approaches, from simple “canned” text, suitable for simple interactions, to
template-based generation, which allows for some sophistication. Shallow approaches,
nevertheless, may be unsuitable for general language production, where more fluent
communication is required: these situations may warrant the cost of the so-called deep
generation, which involves issues ranging from content determination, to referring
expression generation, to grammar-based language production. It should be noted that
some template-based approaches may also be used as stages in deep generation.

There have been engineering efforts in order to define a general/common architecture for
NLG systems (Reiter, 2000; Mellish, 2004). These architectures define a three-stage
pipelined architecture which handles the following tasks: document planning (content and
structure), text/sentence planning (micro-structure), and surface realization (format and
presentation). Actual implementations may vary, depending on the approach being followed
at each step in the pipeline (e.g., deep vs. shallow approaches), and on the breakdown of
each component in the architecture (depending on the specific task, there may be more to
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do at some points). For instance, StoryBook (Callaway, 2001), while mostly following the
base architecture, features components for handling application-specific matters (narrative
generation).

Considering NLG and speech synthesis, the first task corresponds roughly to deciding what
to say and the second to how to say it. Regarding the possible LIREC platforms, and
considering that some of them may exhibit restrictive hardware features (memory,
processing power), the NLG task may have to be scaled down, so that the machine is able
to produce speech in reasonable time (a few seconds). Deep approaches to NLG may take
several minutes to produce output, although, of course, this depends on the complexity of
the planning behind what is being said. Thus, for LIREC, and as a first approach, either pre-
defined “canned” text (or even pre-recorded speech), or template-based approaches are
appropriate. The speech synthesiser may further process the output of the NLG component,
in order to satisfy its own requirements.

Depending on the specific platforms, on the available information, and on the specific
interaction requirements, the NLG part of the interaction could be extended to, included in, or
replaced by, a dialog system. Current examples include systems used in projects involving
human-robot interaction, such as COMPANIONS (Hakulinen, 2008) or JAST (Foster, 2008),
or general dialog/interaction frameworks, such as CMU’s Olympus (Bohus, 2007) or
Collagen (Rich, 2001; Sidner, 2005).

Regarding speech output, several approaches can be taken. The simplest one is to use a
standard text-to-speech (TTS) system with an available software development kit like the
ones provided by CereProc (Andersson, 2008) or by Loquendo (Balestri, 1999), for example.
However, the limitations of general-purpose TTS for human-computer dialogs are now clear.
Much subtlety and complexity of meaning in natural language dialogs is conveyed by
prosody; how something is said is often as important as what words are spoken. Current
TTS systems cannot handle the specific prosodic and expressive features required to
convey the most common speech acts required in dialogues (Syrdal, 2008):

e Imperative: directive, request, wait, repeat, warning
¢ Interrogative: question-why, question-yes/no, question-multiple choice
e Assertive: informative-general, informative-detail

o Affective: apology, exclamation-positive, exclamation-negative, greeting, good-bye,
thanks

e Others: confirmation, disconfirmation, back-channel, cue phrase

This is mostly due to the technology behind the systems: the concatenative based systems
require that the inventory includes examples of utterances conveying the required speech
acts (Strom, 2006) and the HMM based speech synthesis systems require examples of such
utterances in the training databases (Krstulovic, 2007). Another difficulty common to both
approaches is in how to encode the information regarding the speech acts so that it can be
used during the voice building and speech synthesis processes.

Given that the focus of the Lirec project is not on developing a full fledge expressive text-to-
speech synthesizer we will mostly rely on the use of currently available synthesis systems. In
previous projects we have addressed the issue of expressiveness in synthesized speech by
using a limited domain speech synthesizer, that is, a synthesizer with a restricted vocabulary
(Weiss, 2007). In this case that approach is unfeasible given the requirement of a more
flexible system. For this reason a hybrid approach is being followed: a limited-domain
approach for common utterances associated with speech acts and an unrestricted domain
synthesizer for the remaining sentences. In order to have the same voice for both
approaches, the limited domain voice is in fact produced using the unrestricted domain
system together with an acoustic transformation to modify its prosodic and expressive
features (Kawahara, 2008).

25



LIREC D3.1 Grant 215554

3 Experiments with real companions

In this Section we will describe some experiments conducted with real companions focusing
on understanding the types of modalities used in the communication between companions,
and what are the specific characteristics that constrain and support that communication.

3.1 Human-dog experiments

Most dogs and dog owners do not need special training in order to develop and maintain
communicative interaction. Many experience this as an effortless, automatic process that
just “happens”. This often encourages writers for the general public to overstate the dog-
human relationship and argue for a co-evolution between the two species. The reality is less
exciting because the communicative interaction is based on utilising homologue (similarity
because of common ancestry) and analogue (similarity because of common selective
factors) signals. The additional difference in comparison to other inter-specific
communication between humans and another species is that during domestication dogs
acquired skills that helps them to express human-like communicative pattern, and that dogs
have a great flexibility in both decoding and emitting various types of signals. In dogs (and in
humans) mutual learning about the other's communicative abilities plays a very important
role. We think that this mutual learning process is a key to the development of idiosynchronic
communication between human and dog and it gives the feeling to the human of having a
unique relationship with that companion. Thus the design of robotic companion could draw
many inferences from the communicative interaction between humans and dogs.

3.1.1 Human-initiated communication

Social understanding is defined as a complex cognitive process in which the subject is able
to integrate contextual and social information, and modify his/her behaviour accordingly. In
case of dogs, the owners' verbal commands accompanying gestural and contextual cues
could operate as information which facilitates the understanding process.

3.1.1.1 Verbal communication

In humans talk is a dominant way of establishing social contact, thus it is not surprising to
find that humans also talk to dogs (see Figure 3.1).

How often do you talk to your dog?

60

0
I I I I \

never rarely often very often always

Figure 3.1 The graph represents the answers of 126 pet dog owners’ to a questionnaire on
human-dog communication (Mirké et al., 2008. in prep)
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The role of attention

Humans’ preference to think in term of language (our preferred but not only system used for
communication) makes the analyses of our communication with non-human animals rather
complex. Visual attention is an especially important feature of even verbal communication
because it seems that dogs use visual cues (eye-contact and directed talk) provided by
humans to infer whether they are "addressed" in a particular situation. Dogs rely on
behavioural cues of humans to discriminate between attention and inattention, and are
particularly sensitive to behavioural signals in commanding situations (Viranyi et al., 2004).
We have found that dogs learn much better in some social learning context if the human
uses eye contact and verbal signals to get the attention of the dog (Pongracz et al., 2004).

When do owners talk to their dogs?

Owners communicate verbally with their dogs in many different cases, even if they believe
that their dogs do not (entirely) understand what they are talking about (see Figure 3.2).

In what cases do owners talk to their dog?

70
60 -
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2 30 -
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R 20 -
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0 T — T 1
| do not talk Only Certain Sometimes |
to him commands sentences talk to him
also for
longer

Figure 3.2 The answers of 140 owners provide convincing data that most dog owners talk to
their pets as with human companions

How much do dogs understand?

We asked Hungarian pet dog owners to fill out a questionnaire about their verbal
communication toward their dogs (Pongracz et al., 2001). The 37 owners listed 430 different
utterances (30 on average), which they thought their dogs knew. Utterances could be ranged
into categories of actions: Invitation, Posture, Permission, Disallowance, Referring to
object/person, Information giving, Question, and Unique. The age of the owners or dogs,
breed of dogs, and the educational status of owners did not strongly affect the utterance
structure. According to the owners the verbal communication an average dog understands
consists of one-word (69.73 %), two-word (20.73 %), three-word (6.37 %), and four or more
word (3.16 %) utterances. Many actions were believed to be executed only in adequate
situations, supporting our idea that the communication between dogs and owners could be
described as a form of social understanding. According to the owners' opinion, most actions
of the dogs were executed only in contextually adequate situations, but around one third of
the actions were reported to be performed by the dogs on command independent of the
context.
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Figure 3.3 In an investigation of 500 dog-owner pairs we found that from the reactions of their
companion many owners believe that dogs understand what is told to them

The style of speech

Investigations, based on the experience and views of dog owners, have found that in most
families dogs are regarded as members with child-like rights. Affiliative aspects of dog-
human relationship have been most often interpreted as a form of social attachment.
Humans even seem to use a modified speech for verbal communication with the dog
described as “doggerel” (Hirsch-Pasek & Treiman, 1981). Several similarities were observed
to the so called “baby talk” which is used by mothers toward infants (using the speech
register at higher frequencies, they talk slower and in simpler sentences, rely on a smaller
vocabulary, express affection and talk also from the perspective of the infant). Most of these
observations were supported in detailed comparison of “doggerel” and “baby talk” (Mitchell,
2001).

3.1.1.2 Visual (gestural) communication

From the behavioural point of view communicative interaction of visual signals can be
divided into four stages. First, the sender produces signals for initializing the interaction, next
it recognizes that the receiver is in the state to observe the signalling. This state, which often
referred to as “attention”, offers the sender to send further signals, and finally the sender
might receive a response from the receiver.
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How often do humans use gestural commands
towards their dog?
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Figure 3.4 Represents the answers of 126 pet dog owners to a questionnaire on human-dog
communication (Mirko et al., 2008 in prep)

The role of attention

One general point in the case of dog-human interaction is that dogs seem “to live” in the
visual field of the human. This means that the direction which is in the focus of the human
becomes also significant for the dog.

In the case of visual signals attention can be recognized by the sensitivity to certain cues
which reliable predict gaze direction and visual awareness (body and head orientation, open
eyes etc). In a series of experiments we have found that dogs are sensitive to such
behavioural cues signalling attentiveness (Gacsi et al., 2004). Dogs are able to discriminate
humans’ face orientation (forward or backward) because they approached the person mostly
from the direction of the face when retrieving an object on command. Importantly, this
sensitivity is context dependent since dogs show no such discrimination in the context of
play but only if they are asked to perform a retrieving task.

Comprehension of human gestures

Dogs proved to be surprisingly skilful in the utilisation of directed human bodily signals. Even
very young puppies can follow a variety of human communicative cues (Géacsi et al., 2008).
This ability has been extensively investigated using a two-way object choice paradigm in
which a human gives a social cue (such as pointing or gazing) to indicate the correct location
of the target object. (Soproni et al., 2001; Soproni et al., 2002). Dogs are able to use most of
these cues successfully, and their success appears to be based purely on the use of the
social cues, as several controls have ruled out alternative explanations, including using
odour as a cue (Szetei et al., 2003). They are also able to generalize to a certain degree
from familiar pointing gestures to unfamiliar ones, and thereby they perform well on the basis
of partially novel or “strange” pointing gestures (Lakatos, Soproni, Déka, & Mikl6si, 2008)

3.1.2 Dog-initiated communication

There are some indications that dogs have a strong propensity to initialise communicative
interactions with humans by using visual and sometimes acoustic signals functionally similar
to ones used by humans.
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3.1.2.1 Visual signals

When facing an insoluble problem dogs often use such attention-getting behaviours. For
example, after looking at the owner, dogs display gaze alternation between the location of a
target object and the owner (Miklési et al., 2000). A similar phenomenon was observed in a
separate experiment (Miklosi et al., 2003), in which dogs, after having learnt how to solve a
task, were prevented to get the target object the same way. Characteristically, after a few
attempts most dogs stopped trying and looked at their owner.

3.1.2.2 Vocalisation

In contrast to wolves, dogs seem to bark invariably in a wide range of contexts. Barking has
been often observed in dogs living with humans and relatively rarely in stray and feral dogs.
Thus some researchers assumed that dogs use barking as a means for communicating with
humans. It seems that dogs can vary at least three parameters of their bark (frequency,
tonality = noise/harmony, pulsing) (Pongracz et al., 2005). Humans need relative little
experience for decoding the meaning of barking. Children from the age of 6 are able to
report correctly the two basic emotions (aggressive versus fearful) involved in some
situations (attacking versus left alone) (Molnar et al., 2008). In many respects human non-
linguistic signalling is also in accord with the motivation-structural rules, thus we might be
able to rely on this ability in decoding vocalisations of non-human communicational partners,
like dogs.

3.2 Human-human experiments

3.2.1 Research-Intention

This pilot-study provides a basis for the further work on the concept of long-term-
relationships between humans und artificial companions. It focuses on the beginning and
maintaining of human-human-friendships in the context of university students in order to find
(success-/ risk-) factors which might be applicable to human-companion-relationships.

The small scale study was primary based on the showcase “myFriend” (see showcases
workpackage), where the companion myFriend was going to help students to cope with
stress during their first weeks and months at the university.

3.2.2 Research Question
Following research-issues have been examined:

1.Motives: Which motives do the subjects report for getting involved in social relationships to
other students at the beginning of their studies

2. Success-/ and risk-factors for building-up & maintaining a friendship
3. Identification of personality-factors influencing the friendship

4. Attitudes towards artificial companions: Identification of general attitudes towards human-
companion-relationship

3.2.3 Study Design

With a questionnaire developed for the purposes of this study (= FRIENDQ) 15 subjects
were explored regarding the above mentioned research questions. The theory-based
questionnaire contains 68 items (e.g. “We got to know each other by a mutual friend of us” —
Yes or No) and 19 open questions (e.g. “What aroused your interest in getting closer to this
person?”).
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Furthermore the subjects judged both their own and the student-friend’s personality on the
dimensions of extraversion, agreeableness, conscientiousness, emotional stability and
openness (German version of the TIPI; Muck et al., 2007).

The sample consisted of students of several disciplines. In order to get as precise answers
as possible, the students were asked to focus on just one of their close student-friends while
responding the FRIENDQ.

For the data-analysis have been used as well quantitative and qualitative methods (Mayring,
2000).

3.2.4 Results

3.2.4.1 Quantitative data-analysis
Descriptive analysis of the subjects

The age of the 15 subjects ranged between 21 and 26 years (M = 23.5; SD = 1.6), nine of
them were female, five male, one person gave no information. They were studying 6.4
semesters on average in different disciplines like e.g. psychology, computer sciences,
sinology, and chemistry.

Descriptive analysis of the student-friendships

The subjects are in closer relationships to 4 — 10 fellow students (M = 6.9; SD = 2.2) of each
gender (7 male and 8 female friends, respectively). The friendships are existent for an
average of 26.3 month, thus showing a wide range (between 1 and 60 month; SD = 18.7).
The students meet as well in university context (8.6 meetings a week on average; SD = 8.0)
as in private context (7.4 meetings a week on average; SD = 6.1).

The beginning of the student — friendship The most friendships were initialized by the
subject’s attendance to the same classes at university (92.9%3), 28.6% got to know each
other on a party. 14.3% of the subjects got to know their future friend due to common
friends, and also 14.3 % come from the same region. The vast majority reported similar
interests (71.4%), similar attitudes (78.6%), related study-interests (92.9%) and comparable
attitudes towards their tutors.

According to the student’'s statements, most of the time both of the friends initiated the
friendship (78.6%); furthermore they mainly characterised the friendship as balanced
(71.4%).

The maintaining of the student — friendship As important success-factor for the maintaining
of the friendship was again the similarity of the student’s attitudes and values (92.9%), and
analogue interests and hobbies (76.9%). Similar to the friendship’s beginning, the student’s
majority still attends the same lectures (76.9%). 84.6% of the subjects share the same circle
of friends. All subjects like working together with their friend in the university context, and
they also all like to spend their leisure-time with his/her friend.

92.3% estimate their friend as popular and clever, and for the majority (84.6%)
conversations with him/ her are very important. 92.3% are content with the friend’s help.

® multiple answers have been permitted
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Personality-factors

Self / FRIEND Extraversion Agreeableness Conscientiousness Emotional Openness
Stability

Extraversion TTr*

Agreeableness - 77

Conscientiousness | _ - n.s.

Emotional Stability | _ - - .63*

Openness — - — — 81**

Figure 3.5 Correlations among personality traits self-assessment and the assessment of the
traits of the friend

Significant correlations between a person’s self-assessment of his/her traits and the
assessment of the friend’s personality were found: Except for conscientiousness, the ratings
for the self- and friend are associated in all dimensions (see Figure 3.5).

The relationships are indirectly influenced by a person’'s personality; the subjective
interpretation of being similar, as far as personality traits are concerned, seems to be crucial.

3.2.4.2 Qualitative data-analysis
Motives for getting involved in a college-friendship

Why did the subjects become friends with a fellow-student? 11 of 15 subjects expected to
“have a good time” with his/her friend or actually enjoyed the time they spent together. The
second-most mentioned motive for getting involved in a college-friendship is the finding of a
new friend (e.g. “not being alone”; mentioned 8 times). Further 8 subjects said they liked
their potential friend very much and found him/ her likeable (e.g. “charisma”), another 7
persons mentioned the similarity between themselves and the other one (“e.g. “similar
experiences”).

Shared activities

What are the students doing when they spend time together? Most of the participants of this
study mentioned social activities (e.g. “party”, “clubbing”; mentioned 16 times) and collective
sport activities (e.g. “climbing”, “sailing”; “soccer”; mentioned 10 times). Furthermore the
mutual cultural interest (e.g. “theatre”; “cinema”, music”; mentioned 7 times) seems to be an
important shared activity.

Success-factors for a friendship

According to the subjects statements the friendship’s success-factors are changing: While in
the starting-time the above mentioned similarity (e.g. "affinity of nature”) seems to be most
important, mutual interests and investments into the friendship (e.g. “caring for the
friendship”, “trust”) are getting more important the longer the friendship lasts (see Figure
3.6).
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Success-factors/ | Numbers of | Success-factors/ Numbers of
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similarity 18 mutual interest & | 5,
investment
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Figure 3.6 Success-factors for the beginning & maintaining of a friendship

Furthermore likeability and social competences like “reliability” and “open-mindedness” are
helpful for the beginning friendship. Later, basic conditions like frequent encounter, and
proximity become important factors.

Risk-factors

What are the risk factors for the maintenance of a student- friendship? The reason that was
mentioned most frequently for the end of a student-friendship is the growing-apart of the
friends (e.g. “to lose sight of the other”; mentioned 11 times). Furthermore, basic conditions
(e.g. “too less time”, “too great distance”; mentioned 8 times) and an increasing one-
sidedness (e.g. “missing-engagement”, mentioned 8 times) causes problems and the fading
of the friendship.

Attitudes towards artificial companions

At the end of the questionnaire, subjects were asked whether they could imagine to use an
artificial companion or even to get familiar with it.

Only two of the 15 participants could imagine developing a relationship to an artificial
companion, the majority refused to interact with it at all (e.g. because ,| have enough human
friends®, and ,the robot is unable to identify the user's emotions”).

While this could be the attitude of an average person that never had contact to a robot or
artificial companion before, it seems quite harsh. A possible explanation might be that the
items on the human-robot-interaction should have been introduced more properly: maybe
the subjects were answering the question while still focusing on human-human-relationships
which is an inappropriate metaphor for the relationship to an artificial companion: The main
argument of our participants against the robot is it's disability of being human and
respectively it’s “missing of a soul”.

3.2.5 Summary and future prospects:

The main motive for getting involved in a friendship among students seems to be the joy
while spending time with the friend. Furthermore, likeability and the “need” for a new friend
seem to be important.

In all phases of a friendship similarity seems to be the main success-factor. In later phases,
mutual interest is getting more important, but still the persons’ affinity — even in their
personalities - plays an important role. Well-balanced investments are crucial for the further
development of a relation among students and nevertheless simple basic conditions (like the
frequent encounter) can determine on success and failure of a friendship.
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The mostly-mentioned risk-factor is the growing apart of the former friends, therefore
permanent input into the friendship seems to be necessary.

The subjects, to a large extent, refused the notion to interact with an artificial companion. For
further (questionnaire- or interview-based) studies, questions on human-robot-interaction
should be introduced by a background-story, in which the robot does not compete with a
human being, but stands for its own. This probably makes it easier for the subjects (or
interview-partners) to see the potential benefit of a human-robot-interaction.
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4 Experiments with artificial social agents and robots

4.1 Robot-house experiments

Exploratory experiments performed by the University of Hertfordshire team, mainly as work
for WPs 6 and 8, have been aimed at informing the Robot House Showcase and associated
scenarios. Therefore they have primarily examined users’ perceptions of companions
relating to migration and non-verbal behaviours. They have not specifically addressed issues
of communication with companions, although some aspects have touched on verbal
communication. There have been two experimental studies carried out to date aimed at
informing the Robot House showcase:

The first exploratory experiment ran from the 5th to the7th May, 2008, and used 160
participants from a school event “Take Part in the Future” held at UH for visiting
schoolchildren (Figure 4.1). The study included the first set of HRI trials investigating
perceptions of migration of companions and embodiment (WP4, 6 and 8). Results and data
are currently being analysed, and full findings will be presented in the respective deliverable
reports, D6.1 and D8.1.

Figure 4.1 Explaining the companion migration experiment to the participant schoolchildren

The second study on 22nd of July, 2008, was an initial exploratory Video-based HRI (VHRI)
study which was designed for WP8 with the aim of studying issues related to the migration of
companions. The VHRI study videos shown to participants illustrated three different visual
indications of the companion migration process by using LED displays mounted on each of
two robot embodiments (Pioneer and PeopleBot, see Figure 4.2). The aim was to explore
participants’ thoughts and feelings on the migration of robotic companions. Specifically, our
objective was to understand participants’ mental models of the migration process and
determine what the key components are that help companions express (communicate)
convincingly the migration process through non-verbal cues. The data is currently being
analysed, and full details will be presented in WP8 deliverable report (D8.1)

A third study is currently under development. It is planned that this study will be a VHRI user
trial, and the scenario is that of a user and guest interacting with a small mechanoid
(Pioneer) robot. The robot will exhibit non-verbal behaviour inspired by dogs, and will be
informed by a short pilot trial by EOTETO which will use real dogs. It is planned that the
actual study will take place early in the 2009, after findings from the EOTETO pilot are
assimilated and the trial video finished. More details will be presented in the WP6 deliverable
(D6.1)
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Figure 4.2 The LED displays indicate to the user that the companion is migrating between
different embodiments (Pioneer and PeopleBot)

Although UH does have a customised PeopleBot robot which is capable of gestures (cf.
Walter et al., 2008), robot gesture has not yet been specifically addressed in the
experiments performed for LIREC to date. However, it will be feasible at some point in the
future, when the new robot CHARLY development is sufficiently advanced, and experiments
may be performed which include aspects addressing peoples perceptions of robot gesture.

A design of a light robotic hand capable of executing a collection of gestures has been
proposed by WRUT, see subsection 2.2.2 of this report.

It is anticipated more complete details will be presented in the forthcoming WP6 deliverable
D6.1.

The studies to date have only included a necessary minimum of robot speech (synthesis) to
set the scene and progress the experimental scenarios. The speech sythesiser used in
these studies is a run-time cut-down version of the Festival open source speech synthesis
program, Festival Lite (flite). This is very light on computing resources, but only includes a
single, rather course, obviously artificial voice. It is anticipated that the improved speech
recognition and synthesis systems developed and implemented under WP3, will also be able
to be implemented on the UH robots for use in future experiments.

Regarding the capability of analysing the user’s non-verbal behaviour, scenario-dependent
experimental tests will be carried out by QMUL to endow robots with an active vision system
which can perform reasonably well on mobile platforms under noisy conditions and which is
sensitive to different face orientations. Issues related to the use of a pan-tilt-zoom camera
will be also considered (see subsection 2.1 of this report).
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4.2 Pleo experiments

This study was conducted in order to investigate a situation where subjects meet Pleo (as a
representative for an artificial companion) for the first time.

4.2.1 Research Question
¢ What characteristics of the robot are critical for the first impression?

¢ How do age, gender and personality of the user affect the way of interaction with the
robot?

e Is it possible to generate deep sympathy with an artificial ,life form” by short-time
interaction?

e Does direct interaction with pleo cause emotions?

4.2.2 Study Design

In the “Pleo — First Contact” study, we used a combination of questionnaires, interviews and
behavioural analysis. First of all we gave the subjects some basic information on the study
(task: get known to Pleo, duration: 60 min., information on data security, etc.). The number
of participants was 20 (10 male, 10 female).

Then subjects completed the first questionnaire, comprising questions on demographical
issues, a short “Big Five” personality assessment (TIPI; Muck et al., 2007), questions on
their relation towards technical equipment and gadgets, their feelings towards animals and
some questions on robots.

After that, the subjects were allocated to one of two experimental groups: Group ‘A’ watched
a video clip of 2:30 minutes duration in which a Pleo was destroyed by a “war-bot” in an
arena surrounded by cheering people. After the video, the subjects were interviewed about
their feeling while watching and whether they had sympathy with the robot dinosaur. After
that, the subject “met” Pleo. Group ‘B’ first met Pleo and then watched the “war-bot"-video.

Before the subjects met Pleo, they were told that now they have some time to get known
Pleo while the investigator would leave the room, and that they couldn’t do anything wrong
and they could call at any time, if they had any questions. The Pleo was switched on in the
other room, brought to the table in sleeping position and put in front of the subjects, facing
them. After the investigator had left the room, Pleo “woke up”. After 5 minutes of free
interaction, the investigator reentered the room and handed the subject 3 tasks on paper
cards that they were meant to perform with Pleo during another 5 minutes of interaction
(“Allure Pleo”, “Feed Pleo” and “Make Pleo sleep”). After these 5 minutes, Pleo was removed
from the subject, brought to the other room and then switched off.

The next part of the study was the video reconstruction: The whole interaction between Pleo
and the subject was recorded on video. The subjects were asked to comment on their
actions and feelings while watching this video. Topics that were not mentioned by the
subjects themselves were mentioned by the investigator in order to organize the
reconstruction along a semi-structured interview guide (e.g., what was surprising, what was
pleasant / awkward when interacting with Pleo).

Finally, a second questionnaire was handed out containing similar questions as the first one
on robots and Pleo.

4.2.3 Results

Analysis of the video material of the interaction, e.g. regarding communication between Pleo
and the subjects, is currently ongoing.
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4.3 iCat experiments

4.3.1 Research-Intention

This study was conducted to evaluate if user's perceived social presence towards a social
robot changes over time. We argue that by analyzing social presence over time, some
indicators and features about what artificial companions should have to engage users in
long-term interactions can be retrieved. We conducted a long-term experiment using “iCat,
the Affective Chess Player”, a system in which a social robot plays chess against a human
opponent on an electronic chessboard. The robot's affective behaviour is influenced by the
moves played by the human.

4.3.2 Research Questions
¢ Evaluate if the user’s perceived social presence changes over time.

¢ Identify, if any, the aspects of social presence that are most affected over time.

¢ Analyze the user’s general interaction with the system over the weeks.

4.3.3 Study Design
Participants

The experiment took place in a local chess club where every Saturday morning children
between 5 and 16 years old take chess lessons from an instructor and play with each other.
The class is composed of 7 children. Although the evaluations were always performed with
every child who attended the sessions, for the analysis of the quantitative results we only
considered the ones who did not miss any session and thus played every consecutive week
with the iCat. So the total number of subjects is 4, three males and one female.

None of the participants had interacted with the iCat or with any social robot before. Most of
them already had some contact with chess software or computerized chess games, where
sometimes their opponent is represented as a graphical avatar. Some of the younger
participants had limited reading comprehension.

Procedure

The system including the robot, the electronic chessboard and the laptop was placed in a
table in the room of the chess club where participants were attending the lessons. The
subjects were seated in front of the iCat and the chessboard like in a regular chess game, as
Figure 4.3 shows.

Figure 4.3 User playing with the iCat
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A set of chess exercises was previously proposed to the chess instructor. He analyzed the
exercises and suggested some modifications so that the difficulty of the exercises was
adequate for each participant. In each session participants played a different chess exercise
against the iCat. The exercises for a particular session were chosen randomly, but none of
the participants played the same exercise twice.

While iCat was playing with one subject, the others could be watching the game or playing
against each other, continuing their lessons. The idea was to integrate the robot in the group
as one of their own. In this way, users were directly interacting with iCat during their game
and indirectly during the remaining time, by having the robot in the room as one of their
colleagues.

The experiment was performed over five consecutive weeks. All the sessions were video
recorded for further analysis. At the end of both the first and the last sessions children were
asked to fill a questionnaire that measures social presence. Some of the younger
participants needed help in filling the questionnaire.

Measures

We measured social presence in two ways: using a questionnaire and by video observation.
Given the reduced number of subjects, the results of the questionnaire alone would not be
enough to generate statistical significant results, so the recorded videos of the sessions
were also analysed.

The social presence questionnaire was based on the Harms and Biocca (2004)
guestionnaire, which conceptualizes social presence in six dimensions:

e Co-presence refers to “the degree to which the observer believes s/he is not alone”.

¢ Attentional allocation addresses “the amount of attention the user allocates to and receives
from an interactant”.

¢ Perceived message understanding is “the ability of the user to understand the message
from the interactant”.

e Perceived affective understanding refers to “the user's ability to understand the
interactant’s emotional and attitudinal states”.

e Perceived affective interdependence refers to “the extent to which the user's emotional
and attitudinal state affects and is affected by the interactant’s emotional and attitudinal
states”.

¢ Perceived behavioural interdependence is “the extent to which a user’s behaviour affects
and is affected by the interactant’s behaviour”.

We translated the social presence questionnaire to the subjects’ native language, and
selected two items for each dimension that would be adequate for children (see Table 4.1).
Subjects were asked to express their agreement or disagreement regarding each item in a
five-point Likert scale, where zero meant “totally disagree” and five stood for “totally agree”.

The videos from both the first and last sessions of the four users who played all the
exercises were analyzed using ANVIL, a free video annotation tool for adding structured
human annotations to digital video material (Kipp, 2008). ANVIL allows coders to annotate
regions in the video on multiple layers called tracks. Each track can hold a number of
attribute-value pairs. For this particular experiment, we defined the following tracks:

”ou

e User looking at iCat, in which we also defined the attributes “after user's own move”, “after
playing iCat's move” and “during the game”. The attributes were chosen to distinguish the
motivations of user’s attention towards the robot during the game, considering that: (1)
after user's own move, the iCat performs an emotional reaction; (2) after playing iCat'’s
move, the user receives feedback from the robot to confirm or disapprove that move, and
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(3) during the game, which covers the remaining moments, iCat is blinking and looking to
sides and its “face” reflects the mood.

¢ User looking sideways.
¢ User talking to iCat, with an attribute to save the utterance.

e Facial expressions of the user, containing two attributes: one to indicate the type of facial
expression (e.g., sad, happy...) and the other to explain the reason of such expression.

4.3.4 Results

4.3.4.1 Social Presence Questionnaire

The means of the Likert scale responses for each questionnaire item in both the first and fifth
weeks are presented in Table 4.1. In general, perceived social presence decreased after five
weeks of interaction.

1st 5th

Co-Presence week | week

Q1 |I noticed iCat. 4,00 | 3,75

Q2 |iCat noticed me. 3,75 | 3,75
Attentional Allocation

Q3 |l remained focused on iCat. 3,50 | 2,75

Q4 |iCat remained focused on me. 3,75 | 3,25
Perceived Message Understanding

Q5 | My thoughts were clear to iCat. 3,25 | 2,75

Q6 |iCat's thoughts were clear to me. 3,00 | 3,25
Perceived Affective Understanding

Q7 |1 could tell how iCat felt during the game. 3,00 | 3,00

Q8 |iCat could tell how I felt during the game. 2,25 | 2,50
Perceived Emotional Interdependence

Q9 |1 was sometimes influenced by iCat's moods. 3,75 ] 3,00
Q10 |iCat was sometimes influenced by my moods. 3,50 | 2,75
Perceived Behavioural interdependence

Q11 | My behaviour was closely tied to iCat's behaviour. | 3,50 | 2,25
Q12 |iCat's behaviour was closely tied to my behaviour. | 3,50 | 2,00

Table 4.1 Social presence questionnaire items and Likert scale means for each item in the first
and fifth week

In the co-presence dimension, considering the Q1 means, users seem to notice iCat less on
the last week. This could actually be asserted by video observation. The number of times
that children looked at iCat on the last interactions is lower than in the first ones, as we will
discuss on the next Section. This may happen due to the novelty effect mentioned earlier, as
none of the children had interacted with a social robot before. In spite of that, when asking if
iCat notice them (Q2), their opinion did not change significantly. The turn-taking nature of the
chess game may be the main cause for this result. Since iCat reacts to children’s moves and
after that asks them to play its move, children probably interpreted that “reactive” behaviour
as the robot noticing their presence.
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Both the items regarding attentional allocation (Q3 and Q4) decreased after five weeks.
From our observations within the chess club, when kids are playing with each other, they
refer to previous games they played together, explain to each other some theory behind a
certain move and sometimes they even make fun of each other. Some of these behaviours
could be implemented in iCat to increase the user’s attention to the robot, especially the
ones related with memory.

In the perceived message understanding category, it is interesting to see that although
user’'s perception of how clear their thoughts were to iCat (Q5) decreased, the opposite
increased, i.e., after several weeks kids claimed to know better what iCat was thinking. This
also happens for the perceived affective understanding dimension (Q7 and Q8). For
instance, on the last weeks of interaction, when iCat reacted sadly to a good move from the
user, some of them talked to the robot: “| know you don't like that”.

The last two dimensions (perceived emational interdependence and perceived behavioural
interdependence, from Q9 to Q12) were the ones whose means decreased the most after
the long-term experiment. After a few weeks, iCat seems to be perceived much more as an
automaton, behaving independently of how the users feel or act, only reacting to their
moves.

4.3.4.2 Video Observation

The sample of the data from the questionnaires is too small to apply more sophisticated
statistical tests. Still, those results combined with the data collected through video
observation already gave us some clues on the most relevant social presence dimensions
for long-term interaction.

We exported the data resulting from ANVIL track annotations and attributes for quantitative
analyses. Since all the exercises had different durations (from 5 to 15 minutes), we present
the values as percentages of the total duration of the exercise, to be able to compare them
between sessions.

30
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Figure 4.4 Total percentage of time that each user spent looking at iCat in the first and fifth
weeks

From the four tracks defined for annotation, “looking at iCat” was the one with the largest
number of annotations and also the one with more different results between the two
sessions for each user. Figure 4.4 shows the percentages of the “looking at iCat” track for
each user in the first and last week of interaction. As one can see in the chart, the total time
that children spent looking at iCat on the last session is, on average, half the time that they
looked in the first week. These results are aligned with the ones obtained in the social
presence questionnaire, especially for the co-presence and the attentional allocation
dimensions.

Another relevant issue may be age: the first user (ul) was fourteen years old, u2 was five,
u3 was thirteen and u4 was nine. If we consider age when analysing the time users spent
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looking at iCat, the data suggest that younger users feel much more engaged to this kind of
robots. Even so, the decay of attention after five weeks was also verified in this case.

30

25

20 A

15

BDG

1: ___?22 Fi- ZZ W AIM
Ao 1] 5

1st 5th 1st ‘ 5th 1st
weeklweek week|week week

5th 1st
week | week

5th
week

ul u2 u3 ud

Figure 4.5 Percentages of the “looking at iCat” track for the first and fifth week of interaction
broken down by its attributes: during the game (DG), after playing iCat’s move (AIM) and after
user’s own move (AOM)

A more detailed analysis of the “looking at iCat” attribute values is shown in Figure 4.5 and
Figure 4.6. Here we can see that both the attributes “during the game” (DG) and “after iCat’'s
move” (AIM) were the ones that decreased the most between the two sessions. The sum for
all the users of the DG attribute in the first week is 27%, whereas in the last is 6%, and the
sum of the AIM is 6% in the first session and 2% in the last. The accentuated decrease in
these two attributes may be explained by the novelty effect of the first sessions.

In the “after own move” (AOM) stage of the game, the fall was not so pronounced: in the first
week is 27% and in the last week is 18%. These results were quite expected, as after the
user's own move iCat performs an affective reaction that can help the users in the game.
Again, these results strengthen the ones obtained in the perceived message and affective
understanding dimensions of the social presence questionnaire, which also remained similar
over the weeks.
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Figure 4.6 Total percentage of each attribute of the “looking at iCat” track for all users

The annotations of the remaining tracks were considerably more sporadic than the “looking
at iCat” track, so instead of analysing the quantitative results obtained from ANVIL we will
discuss the most relevant findings on each topic.

In the “looking sideways” track we did not find very significant differences between the
annotations of the first and the last week of interaction. Most of the time users looked away
from iCat or the chessboard was due to some external event at the chess club (e.g.
someone arriving at the club). Still, in the last weeks some participants expressed signals of
boredom after playing their move, while waiting for iCat’s affective reaction and consequent
move. Some of them looked away, but it was only for short periods of time.
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Regarding the “user talking to iCat” track, it changed significantly among users and not so
much over the weeks. The older subjects barely talked to the robot, but the younger
participants did. Within younger participants, this track did not change over the weeks, which
may be because in the first weeks users were not so comfortable interacting with the robot.
Over the weeks, some participants started talking to iCat even when it was not their turn to
play. It remains to be validated if this behaviour would continue over subsequent
interactions.

As for the “user’'s facial expressions” track, we basically indentified two types of facial
expressions: the ones users displayed when they did not understand an iCat's affective
reaction and the ones performed in the end of the game. The expressions users displayed to
show misunderstanding about iCat's reactions decreased over the weeks, which again
indicates that over time the perceived message and affective understanding dimensions of
social presence tend to improve (or at least remain the same). There were no substantial
variations on the user's expressions in the end game though. Usually, when winning the
game, users showed happy faces and when loosing they made a sad expression or showed
no expression at all.

4.3.5 Summary and future prospects

The outcomes of the evaluation indicate that the user’'s perception of social presence
towards the iCat decreased after five weeks. We are aware that the results were obtained in
a specific domain (a social robot in a chess game) and as such more experiments should be
performed to see if the results can be generalized to other domains.

Our main contribution was the identification of the dimensions of social presence that
decreased the most after five weeks of interaction, which were co-presence, attentional
allocation, perceived emotional interdependence and perceived behavioural
interdependence. These dimensions are mainly related to agent’s believability and user’s
attention to the system. We observed that the attention users dedicated to the robot
decreased significantly over the weeks, which suggests that new mechanisms and
behaviours must be developed in the agent to maintain the engagement.

In summary, we concluded that the robot’s current behaviour is not enough to maintain the
perception of social presence after several interactions. Although it might appear believable
and intelligent on the first impressions, as time goes by, users need more.
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4.4 Mozart experiments

The global idea is to create a friend tutor that can improve the learner process of melodic
composition of music. To do so, we will use the work already done with “Pequeno Mozart”
(Little Mozart) but we will try to integrate an emotion model that will be influenced by some
personality characteristics that we will call for now on “personality”. To implement this idea
we will base our research in FLAME model that is based in OCC model. In order to achieve
our goals we will extend the FLAME model by introducing some personality characteristics.

In a general way, the event process will occur in the following way:

Event Evaluation — evaluation based on the goals and the desirability of the event

Event Appraisal — Initiation of the emotional state, in rough, where we only take in
account the desirability and the expectation (originated by the Learning Component).

Emotional Filtering — Taking in account the personality and the mood we will filter the
emotions, increasing and decreasing some of them according to the personality.

Behaviour Selection — In this, we will select the behaviours that the agent will
externalize, taking into account the personality, the state of emotions, the mood and
the learning obtained in previous experiences. From this component will result three
types of feedbacks: verbal, facial and body motion.

Complementary Ideas:

The mood will be considered a feeling because is constant along the time and a
result of emotional past experiences.

The Learning Component will evaluate the previous events statistically and will define
the expectation of each event

The “personality” will be limited to aspects that interfere with emotions

The memory will contain, in this phase, only short-term registry.

4.4.1 Target-Group

We expect to act in two schools of Coimbra, three classes of 7 year old students with
proximally 10/15 students each. We predict an hour, twice a week of interaction with the

agent.

4.4.2 Main Phases

First contact with schools

Formal project presentation

Involving the class with the agent

Periodic observations — short, medium and long period

Final evaluation

4.4.3 Objectives

Analyze the interaction dynamic of the class with the synthetic agent

Identify the factors involved in relation and learning process
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4.4.4 Hypothesis/Research Questions

Can students establish long-term relationships with these agents? Why does it
happen?

Which agent established a longer and more useful relation with? Why? What factors
were involved?

In what way the level of control of the student towards de agent influences their
relation?

Does the agent facilitates or potencies the learning process? How so?

4.4.5 Observation/ Evaluation Criteria

Usability of the interface for interaction with the companion
User experience - video recording of facial expressions
Levels of comfort of the interaction

Levels of learning and how do they relate with emotions and “personality” mood of
the agent
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4.5 AIBO experiments
Comparison dog-human and robot-human interactions

The data of Study 1 is originated from Kerepesi et al., 2006. Study 2 and 3 presents new
data on (partly) the same samples.

4.5.1 Introduction

The companion toy robots are designed specially to interact with people and to provide
some kind of "entertainment" for humans. They have the characteristics to induce an
emotional relationship ("attachment") (Donath, 2004; Kaplan, 2001). One of the most popular
companion toy robot was Sony’s AIBO (Pransky, 2001) which is to some extent reminiscent

to a dog-puppy.

Two different approaches have been used to investigate humans’ interaction with companion
toy robots. Some researchers use questionnaires to find out whether humans perceive AIBO
similar to a dog and what kind of emotions they attribute to the robot. Such investigations
carried out at online AIBO discussion forums focused on describing owners’ perceived
relationship with their AIBOs (Kahn et al., 2003). About 42% of the participants spoke of
AIBO having feelings, while 26% of them spoke of AIBO as a companion. Kahn et al. (2003)
suggested that the relationship between people and their AIBO could be similar to the
human-dog relationship.

It is also interesting how people speak about the robot. Do they refer to AIBO as a non-living
object, or as a living creature? When comparing children’s attitudes towards AIBO and other
robots Bartlett et al. (2004) found that children referred to AIBO as if it were a living dog,
labelled it as "robotic dog" and used rather ‘he’ or ‘she’ than ‘it' when talked about AIBO.
Interviewing children Melson et al. (2004) found that although they distinguished AIBO from
a living dog, they attributed psychological, companionship and moral stance to the robot.
Interviewing older adults Beck et al. (2004) found that elderly people regarded AIBO much
like as a family member and they attributed animal features to the robot.

The second line of studies use ethological methods for describing robot-human interactions
by the means of behaviour analysis. In a comparative study Kahn et al. (2004) found that
children distinguished between AIBO and a stuffed dog toy in their interactions. Although
they engaged in an imaginary play with both of them, they showed more exploratory
behaviour and attempts for reciprocity when playing with AIBO. Turner et al. (2004) found
that children touched a live dog over a longer period than the robot but ball game was more
frequent with AIBO than with the dog puppy.

In our study we investigated children’s and adults’ behaviour during a play session with
AIBO and compared it to playing with a live dog puppy. The aim of this study was (1) to
analyse spontaneous play between the human and the dog/robot, including the comparison
of the temporal structure of the interactions in both children and adults and (2) to analyse the
verbal communication of adult subjects towards the partners. In addition, we measured (3)
the attitude towards the partners and animals in general of those adult participants, who
were engaged in playing with both AIBO and dog. Some ethical issues were also covered.

4.5.2 Method

Study 1. Analysis of spontaneous interaction with AIBO and dog

Subjects

28 and 28 children participated in the test and were divided into four experimental groups.
1. Adults with AIBO: 7 men and 7 women (Mean age: 21.1 years, SD= 2.0 years)

2. Children with AIBO: 7 boys and 7 girls (Mean age: 8.2 years, SD= 0.7 years)
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3. Adults with dog: 7 men and 7 women (Mean age: 21.4 years, SD= 0.8 years)
4. Children with dog: 7 boys and 7 girls (Mean age: 8.8 years, SD= 0.8 years)

Procedure

The test took place in a 3m x 3m separated area of a room. Children were recruited from
elementary schools, adults were university students. The robot was Sony’'s AIBO ERS-210,
(dimension: 154 mm x 266 mm X 274 mm; mass: 1.4 kg; colour: silver) that is able to
recognise and approach pink objects. To generate a constant behaviour, the robot was used
only in its after-booting period for the testing.

The dog puppy was a 5-month-old female Cairn terrier, similar size to the robot. It was
friendly and playful, and its behaviour was not controlled in a rigid manner during the playing
session. The toy for AIBO was its pink ball, and a ball and a tug for the dog-puppy.

The participants played for 5 minutes either with AIBO or the dog puppy in a spontaneous
situation (Figure 4.7). None of the participants met the test partners before. During the
interactions participants were not controlled in any way. Those who played with the AIBO
knew that it liked being stroked, that there was a camera in its head enabling it to see and
that it liked to play with the pink ball.

The video recorded play sessions were coded by ThemeCoder. Transcribed records were
analysed using Theme 5.0 (www.patternvision.com). Play behaviour (human moves the toy
in front of the partner) and interest in the partner (stroking behaviour and orientation to the
dog/AIBO) were analysed. Additionally we investigated the temporal structure of the actions.
Temporal patterns (T-patterns) are composed of simpler directly distinguishable event-types,
which are coded in terms of their beginning and end points (such as “dog begins walking” or
“dog ends orienting to the toy”). In short, within a given observation period, if two actions, A
and B, occur repeatedly in that order or concurrently, are said to form a minimal T-pattern
(AB) if found more often than expected by chance (Magnusson, 2000).

Figure 4.7 Adult interacting with the dog (a) with AIBO (b) and child interacting with AIBO (c)

Study 2. Analysis of verbal communication of adults during interaction with AIBO/dog

Subjects

1. Adults with AIBO: 7 men and 7 women (same as in Study 1; Mean age: 21.1 years, SD=
2.0 years)

2. Adults with dog: 7 men and 7 women (same as in Study 1; Mean age: 21.4 years, SD=
0.8 years)

Procedure

See Study 1. Latencies, frequencies, duration and length of utterances and speech-breaks
were measured.
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Study 3. Attitudes towards the partners and ethical issues (questionnaire study)

Subjects

Twenty one university students (11 men, 10 women; Mean age= 21.2, SD=2.0 years)
interacted with both partners (dog and AIBO). Out of 21, 14 play sessions with AIBO were
included in Study 1. 52% of the students had a dog at home, 71% knew at least 1
programming language, and 57% heard about AIBO before.

Procedure

Subjects interacted with both partners as described in Study 1. Half of the subjects played
with the AIBO first, while the other half has begun with the dog puppy (8-weeks-old
Hungarian vizsla puppy). Afterwards they were asked to fill in a questionnaire about their
attitudes towards robots, and were asked to compare the two play partners.

4.5.3 Results

Study 1. Behavioural analysis of the interaction with AIBO and dog

BEHAVIOURAL VARIABLE SIGNIFICANT DIFFERENCE AMONG GROUPS
Latency of the first touch of the No
dog/AIBO
Duration and frequency of stroking (s) No
Frequency of stroking (s) No
Duration and frequency of looking at No

the dog/AIBO (s)

Frequency of looking at the dog/AIBO No
(s)
Duration of moving the toy in front of Both children and adults spent more time moving the toy
dog/AIBO in front of the AIBO.
Frequency of moving the toy No
Ratio of T-patterns initialized by Adults initialized T-patterns more frequently when playing
humans with dog than participants of the other groups (Figure 4.8)
Ratio of T-patterns terminated by Both children and adults terminated the T-patterns more
humans frequently when they played with AIBO than when they

played with the dog puppy (Figure 4.8).
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Figure 4.8 Mean ratio of interactive T-patterns initiated and terminated by humans. Different
letters mean significant differences among the groups

Study 2. Analysis of verbal communication of adults during interaction with AIBO/dog

We have not found significant differences between neither the latency, nor the duration and
frequency of utterances towards the dog and the AIBO. However, people talked 3.5 times
more to the dog than to the AIBO (Mean s + SE=10.443.3 vs 35.4+9.2 respectively); started
to talk to the dog 4.5 times sooner than to the AIBO (Mean s + SE = 42.8 + 11.8 vs 10.04 +
2.5). The frequency of utterances were almost the same (Mean s + SE = 8.14 + 2.18 vs
10.04 + 1.4; Figure 4.9)
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Figure 4.9 Duration, latency and frequency of verbal communication of adults during dog/AIBO

interactions

Both length of speech-breaks and utterances differed significantly between the two groups.
People’s utterances were longer (t = 2.294, df = 23, p = 0.03; (Mean s + SE = 1.12 £ 0.39 vs
4.79 % 5.26), and the length of speech-breaks were shorter (t = 2.434, df = 24, p = 0.02;
(Mean s £ SE = 20.58 + 17.9 vs 8.37 *+ 5.4) when they spoke to the dog (Figure 4.10).
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Figure 4.10 Length of speech-breaks (a) and utterances (b)

Study 3. Attitudes towards the partners and ethical issues (questionnaire study)

Attitudes toward AIBO and animals

What do you think is the price of the
robot?

Which would be the preferred colour if
you could own an AIBO?

How would you name your own AIBO?

Would you like an AIBO without a “switch
off* button?

How much time would you devote for
interacting with an AIBO per day?

How much time would you devote/do you
devote for a/lyour dog per day?

Would you buy an AIBO for your child?

What kind of animal would you buy for
your child? (not exclusive)

Why do you keep animals? (not
exclusive)

Which partner did you prefer to interact
with?

68% appraised the price less, 16% more, 10,5% knew
the exact price, 5% did not know

29% silver, 0% golden, 52% black, 19% does not care

11% would not give a name, 28% name of a boy, did not
specify, 28% dog name, 33% specific robot name (like
‘Robo’)

5% yes, 95% no

5% nothing, 24% 10 min, 14% 30 min, 10% 1-2 h, 48%
would not use it every day

0% nothing, 14% 10 min, 29% 30 min, 38%1-2 h, 14%
2-3 h, 5% more than 4 h per day

19% yes, 81% no

78% dog, 39% cat, 33% small rodent

41% like having animals around, 35%: friend and
company, 35%: simply like them, 12%: useful

92% puppy (because it is a living being, warm, hairy,
pay attention at me, curious, moves subtilely?, has
feelings, trainable, communicating, backfeed?, not

computable), 8% AIBO (because it moved interestingly)
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Communication with dogs

How would you/do you talk to your dog? 10% command, 33% complete sentences, 57%
continuous speaking

What is the level of understanding human | 0% nothing, 43% only feelings, 38% understands some
speech in dogs? words, 14% understands some sentences, 5%
understands human speech well

Ethical issues

Do you have bad feelings in connection with the coming of robotic pets? 38% yes, 62% no

Can it be advantageous having a robotic pet? 48% yes, 52% no

Is it possible that children will not be able to distinguish robots from living 19% yes, 81% no
beings?

Is it possible that robots will be used for cruel purposes in the future? 81% yes, 19% no

Is it possible that robots will be smarter than their creators? 19% yes, 81% no

4.5.4 Discussion

Previous questionnaire studies on human-robot interaction showed, that people describe
their relationship with AIBO similar to a relationship with dog puppy (Kahn et al., 2003),
attribute animal characteristics to the robot and view it as a family member (Beck et al.,
2004). However, the analysis of their behaviour tended to show that in parallel they behave
differently toward the AIBO and a living dog puppy (Turner et al., 2004).

Considering the behavioural pattern of the humans, our results show that neither the latency
of the first tactile contact between humans and the dog/AIBO nor the duration of stroking the
dog/AIBO nor the verbal communication differed significantly among the groups. This
suggests that under the present conditions the robot was as an affective playing partner for
both children and adults as the dog puppy.

To investigate whether humans interact with AIBO as a non-living toy rather than a living
dog, we have analyzed the temporal patterns of these interactions. We have found that
similarly to human interactions (Borrie et al., 2002; Magnusson, 2000; Grammer et al., 1998)
and human-animal interactions (Kerepesi et al., 2005), human-robot interactions also consist
of complex temporal patterns. In addition the numbers of these temporal patterns are
comparable to those T-patterns detected in dog-human interactions in similar contexts.

One important finding of the present study was that the type of the play partner affected the
initialization and termination of T-patterns. Adults initialized T-patterns more frequently when
playing with dog while T-patterns terminated by a human behaviour unit were more frequent
when humans were playing with AIBO than when playing with the dog puppy. In principle
this finding has two non-exclusive interpretations. In the case of humans the complexity of T-
patterns can be affected by whether the participants liked their partner with whom they were
interacting or not (Grammer et al., 1998; Sakaguchi et al., 2005). This line of arguments
would suggest that the distinction is based on the differential attitude of humans toward the
AIBO and the dog. Although, we cannot exclude this possibility, it seems more likely that the
difference has its origin in the play partner. The observation that the AIBO interrupted the
interaction more frequently than the dog suggests that the robot's actions were less likely to
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become part of the already established interactive temporal pattern. This observation can be
explained by the robot’s limited ability to recognize objects and humans in its environment.

Although the results of the traditional ethological analysis both in our and other studies (e.g.
Kahn et al., 2004, Bartlett et al., 2004) suggest that people interacting with AIBO in same
ways as if it were a living dog puppy, and that playing with AIBO can provide a more
complex interaction than a simple toy or remote controlled robot, the analysis of temporal
patterns revealed some differences. The differences in initialisation and termination of the
interactions could have a significant effect on the human's attitude toward their partner, that
is, in the long term humans could get "bored" or "frustrated" when interacting with a partner
that has a limited capacity to being engaged in temporally structured interactions. This
hypothesis is strengthened by the questionnaire study, where 92% of the participants
indicated that they preferred playing with the puppy in contrast to the AIBO.

In summary, contrary to the findings of previous studies, it seems that at a more complex
level of behavioural organisation human-AIBO interaction is still different from the
interactions displayed while playing with a real puppy, and in the future more attention
should be paid to the temporal aspects of behavioural pattern when comparing human-
animal versus human-robot interaction.
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5 Concluding remarks and future work

Although the experiments so far are limited, and many new experiments are planned for the
near future, we can draw some preliminary implications and recommendations from them.

- Humans talk to their companions although they somehow know that there is limited
capability in the understanding of the companion;

- The interaction with companions is usually based on full sentences rather than just words
and orders;

- There is a lot of gestual and visual communication with pet companions;
- Friendship is initiated by both parts and is usually related with common interests;
- Companions (even pet companions) do initiate the communication;

- Humans are willing to interact with robotic pets, use similar types of communication, but
prefer real ones;

- The interaction with a robotic playmate becomes less “social” with long term interaction;

- There is a clear lack of responsiveness of the existing systems and robotic companions in
terms of behaviour and expression;

- Personality factors affect the communication and the degree of attachment between the
companions (similarity seems to be crucial).

Taking into account these findings, in this WP we will investigate further the techniques for
the perception of users by creating a framework for the perception of the user actions using
several modalities when interacting with companions. In this we will work on:

o Markerless vision systems aware of user body pose and facial expression;

e Limited language and speech recognition and synthesis using off the shelf developed
systems for human/companion communication;

¢ Facial and body expression of the robots and embodied graphic characters;

e Integration of non-verbal communication expression in companions relevant for
developing long term relations and tests in the application scenarios.

Aware that such a development is too large, we believe that the findings reported in this

deliverable will restrict the problem at hands by allowing us to consider more specific
scenarios of companionship.
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7 Appendices

This Section contains additional information on some of the experiments presented in this
deliverable.

7.1 “Pleo - first contact” experiment

7.1.1 Manual

Set-up
Group 1 Dauer | Group 2 Dauer
Introduction
Q1 10Min | Q1 10
Watching Videos (Pleo Fight) 10 Interaction with Pleo 10
Short Interview: What did you feel 0 5 minutes: free interaction
while watching the video? (experimenter leaves room)
0 5 minutes: s structured
interaction - subject tries to fulfil
tasks with Pleo (tasks are
specified on paper in front of
them on the table)
Interaction with Pleo 10 Watching Videos (Pleo Fight) 10
0 5 minutes: free interaction Short Interview: What did you feel
(experimenter leaves room) while watching the video?
0 5 minutes: structured interaction -
subject tries to fulfil tasks with Pleo
(tasks are specified on paper in
front of them on the table)
Joint video analysis of interaction, | 20 Joint video analysis of interaction, | 20
semi-structured interview on the semi-structured interview on the
interaction with PLEO interaction with PLEO
Q2 10 Q2 10
Time: 60Min Time: 60 Min

Introduction Experimenter

e We want to know how you like Pleo. It is you personal opinion we are interested in, not any
wrong or right answers or behaviours...

e Duration: 60 mins.

e Videotaping for scientific purpose...

62




LIREC D3.1 Grant 215554

e Data security issues

e (Questions?

Q-

e Experimenter goes to the next room but offers to answer questions if there are any.

Video ,,Fight*
e Questions: What did you think during the video? What did you feel?

Interaction 1: free

e Experimenter explains that subjects now have five minutes to get to know PLEO while she is in
the next room.

e Inthe next room, experimenter takes the time and goes back in the room after 5 mins

interaction

Interaction 2: structured

o Experimenter hands subject paper with 3 tasks:
1. Try to get PLEO to move towards you.
2. Tryto feed PLEO.
3. Try to make PLEO fall asleep.

e Experimenter explains that subjects now have five minutes for the tasks while she is in the

next room.
e Inthe next room, experimenter takes the time and goes back in the room after 5 mins.

After time is over, experimenter takes PLEO out of the room and turns it off outside the
room.

Joint video analysis — semi-structured interview
e Experimenter asks subject to remember what he/she felt when interacting with PLEO
and explain it, while the two of them watch the video of the interaction.
e Questions:
0 What was your first impression of PLEO?
o0 How did you feel when PLEO first started to move and make noises? Were
you surprised? What was surprising to you? Did you feel uncomfortable?
o0 How did you feel during feeding it, luring it, putting it down (tasks)? Did it go
well? How?
o Did PLEO meet you expectations? What do you like / dislike with PLEO?
What should it be able to do (in order to be more interesting)? Do you think /
feel differently about PLEO after the interaction? Why?
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Time / Date Participant

Demographic Data

Age: yrs.

O female O male

Questionnaire

In the following we will ask you some questions. Please try to answer openly and truthfully,
there are no wrong or right answers, only your personal opinion. Thank you very much!

1. What do you use your computer for
most of the time?

(e.g. e-mail, internet, games, music)

I 1don’t have a computer

2. Do you enjoy exploring technical
devices?

] yes 1 no

3. | see myself as extraverted,
enthusiastic

not true at all absolutely true

1—2—3—4—5—6—7—8—9—10

4. | see myself as critical, quarrelsome

not true at all absolutely true

1—2—3—4—5—6—7—8—9—10

5. | see myself as dependable, self-
disciplined

not true at all absolutely true

123 b5 —uf—eT7—8—9—10
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6. | see myself as anxious, easily upset

not true at all absolutely true

1—-2-—-3—4-—5-—6-—7—8—9—10

7. | see myself as open to new
experiences, complex

not true at all absolutely true

1—2—3—4—"5-—f—7—8—9—10

8. | see myself as reserved, quiet

not true at all absolutely true

1T—2—3—4—5—6—7—8—9—10

9. | see myself as sympathetic, warm

not true at all absolutely true

1—2—3—4—"5-—f—7—8—9—10

10. | see myself as disorganized, careless

not true at all absolutely true

1—-2-—-3—4-—5-—6-—7—8—9—10

11. | see myself as calm, emotionally
stable

not true at all absolutely true

1—-2-—-3—4-—5-—6-—7—8—9—10

12. | see myself as conventional,
uncreative

not true at all absolutely true

65




LIREC D3.1

Grant 215554

123 bbb —T7—8—9—10

13. Do you like animals?

not true at all absolutely true

1—2—3—4—5—6—7—8—9—10

14. Do you own pets?

0 yes I no

If ,yes“, which pets?

15. Did you have contact to robots
before?

] yes 1 no

If ,yes“, please describe the kind of contact:

16. Are you able to program your car
stereo?

] yes 1 no

17. What is you first thought when you
hear the word “robots”?
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18. Please rate the following statement:

,,1 would use a robot*

not true at all absolutely true

1—2—3—4—5—6—7—8—9—10

19. Waht do you know about PLEO?

20. What are your expectations regarding
PLEO?

21. Look at the picture of PLEO:
Do you think PLEO has personality?

] yes ] no

If ,yes“, please tick the traits that characterise PLEO.
This PLEO is ...

O ... trusting

.. demanding
.. playful

.. stubborn

.. curious

.. cheerful

.. intelligent

o o o o o o o

.. self-contained
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O ... likeable
22. Can you imagine having PLEO at your 0 yes [ no
home?
23. What would you pay for PLEO? EUR
7.1.3 Questionnaire No. 2
Date / Time Participant

Questionnaire

Please try to answer the question as open and truthful as possible. Thank you very much!

1. In your opinion, what is PLEO?

(e.g. machine? toy? pet? artificial
companion?...)

2. did you have fun interacting with
PLEO? 0 yes [ no

. o
3. Do you think PLEO has personality? O yes O no

If ,yes“, please tick the traits that characterise PLEO.
This PLEO is ...

I ... trusting

I ... demanding
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O ... playful
O ... stubborn
I ... curious
O ... cheerful
I ... intelligent
I ... self-contained
O ... likeable
4. Would you like to take PLEO home and O ves [0 no
keep it? y
5. How long do you think your interest in
PLEO would persist if you had it all the
time?
6. How much would you pay for PLEO? EUR
7. In general, do you think robots are | not true at all absolutely true

useful?

1—2—3—4—"5-—f—7—8—9—10

8. Do you think your general opinion
about robots has changed due to your
interaction with PLEO?

not true at all absolutely true

123 bbb —7—8—9—10
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