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Abstract

This paper discusses ideas relative to the construction
of emotional artifacts that have to interact in a social
world, and in particular with humans. It first exam-
ines some of the ways in which emotions can enhance
social interactions with artifacts, and some of the chal-
lenges posed to the designer. After considering the de-
bate that opposes “shallow” versus “deep” modeling,
it sketches some ways in which we can anchor emotions
in the architecture of artifacts in order to make emo-
tional interactions meaningful not only to the human,
but also to the artifact itself. It finally outlines some
of the cognitive capabilities that artifacts should incor-
porate for their emotions to be properly grounded and
to give rise to rich social exchanges with humans.

Introduction
The social and the emotional are highly intertwined.
For some researchers, emotions come into play (primar-
ily for some, exclusively for others) as soon as we con-
sider individuals in interaction with their social envi-
ronment. For others, emotions are at the very heart of
what being social means. Some opinions even establish
a relation of “identity” between these notions, some-
what like the two sides of a coin (Dumouchel, 1999). In
humans, emotions influence and shape the development
of sociality as much as sociality influences and shapes
the development of emotions.
This strong interdependence is being increasingly

echoed in AI research. In this sense, the area of so-
cially intelligent agents (Dautenhahn, 1998) has wit-
nessed over the last years a growing interest in the in-
volvement of emotions in social interactions. Likewise,
the emotion modeling community has recently devoted
much effort to the design and implementation of models
of emotions for social interactions.
Artifacts are not humans, though, and one can always

question whether social interactions involving artifacts
need/can benefit from the consideration of emotional
aspects. For artifacts interacting with other artifacts,
my arguments would be very much in the line of those
provided in (Cañamero, 1998) for individual emotional
agents. In this paper, I will only consider interactions
involving a human. Another question that naturally

arises is what aspects of emotions are relevant to so-
cial interactions between artifacts and humans: Are ob-
servable behavioral features enough, or is an underlying
model for emotion synthesis needed? In this latter case,
how can we ground emotions in the architecture of the
artifact so as to give rise to meaningful interactions?
Can we take inspiration from human emotion research
for this? This paper discusses some personal thoughts
on all these questions.

Emotions and Social Artifacts
What can artificial emotions contribute to social inter-
actions between artifacts and humans? What are the
major challenges that their design poses?

Contributions of emotions
Intuitively, we can think of different roles that emotions
can play in social interactions between artifacts and hu-
mans. Let us mention some of them.

• Conveying intentionality. People need to under-
stand the behavior observed in their social partners—
human or artificial—as resulting from causes or in-
tentions that allow them to form coherent explana-
tions of their observations. This coherence is nec-
essary to interpret past or current relations, make
predictions and establish expectations about future
behavior. Emotions and personalities are often pos-
tulated as causes of behavior and as sources of inten-
tions when explaining the behavior of other humans
and animals. One could thus expect that they will be
used in the same way when interacting with artifacts.
Autonomous artifacts can, in addition, use emotions
and their expressions to convey intentions or needs
to humans.

• Eliciting emotions. In the same way as other peo-
ple’s emotions elicit emotional responses from hu-
mans, artifact’s emotions can be used with the same
purpose, seeking responses that either match the arti-
fact’s emotional state (e.g. a pilot assistant that tries
to bring the pilot to an alert state) or are instrumen-
tal to it (e.g. a robot expressing sadness due to its
inability to accomplish a task can receive the help of
a ‘moved’ human).
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• Human comfort. Artifacts able to express emotions
and adapt their interactions to the emotional state
of their partners can make humans feel more com-
fortable during interaction. One obvious reason is
that this interaction is tailored to meet the emo-
tional needs of the human. Another important rea-
son, though, is that emotional behavior and expres-
sions make the artifact more believable, as it in a
sense perceived as “closer” or more similar to our-
selves (or at least to a living being).

• Enhanced communication. Emotional expression be-
ing a key element in non-verbal communication, en-
dowing an artifact with emotional expressions can
make communication cognitively less expensive for
the human partner. If emotional artifacts are to
achieve a sufficient level of sophistication at some
point in the future, we could also dream of communi-
cating with them at a “deeper” level of understand-
ing. For example, provided that one day they could
be able to interpret our subtle expressions and obtain
relevant information from contextual clues, we would
also like that they “understand” what we mean, not
(only) what we say1.

Design challenges
Let us now consider some of the issues that set impor-
tant challenges to the designer of emotional artifacts for
social interactions.

Which emotions? Most projects implementing emo-
tions or emotional expressions in artifacts have opted
for the basic emotions subset, usually the set proposed
by Ekman in (Ekman, 1992). These emotions seem
to be generally better recognized by both humans and
machines, and are also easier to synthesize in artifacts.
Whereas basic emotions can be very adequate for sim-
ple social interactions (e.g. with children), they can
be somewhat restrictive to achieve more complex in-
teractions. Some projects with a basic categories ap-
proach allow artifacts to express emotion blends, such
as (Cañamero & Fredslund, 2001), but in principle di-
mensional or componential approaches (Russell, 1997;
Smith & Scott, 1997) allow to build artifacts with much
more varied expressions, such as in (Breazeal, 2002).
On the positive side, this wider variety makes it pos-
sible to engage humans in more socially rich interac-
tions. The drawback can however be that an artifact
with very rich emotional states and expressions could
be too (cognitively and emotionally) demanding for the
human partner.
Ideally and technology permitting, we could also wish

that artifacts be able to recognize our subtle emotions,
as human adults rarely express clear basic emotional
states, or even to distinguish between “honest” and
“fake” emotional displays in some cases. On the other
hand, going too far on this raises privacy issues such
as to what extent we want (and whether it is ethical)

1I owe this sentence to Jakob Fredslund

that artifacts recognize our subtle or purposefully hid-
den emotions.

Inspiration from nature? To what extent can we
take inspiration from (theories and models of) human
and animal emotions to design emotional artifacts? By
this question I mean, on the one hand, whether this is
possible, and on the other hand, whether it is desirable.
Is it possible? In spite the strong debates and dis-

agreements among researchers of human emotions that
might make one feel overwhelmed when exploring the
literature in search of inspiration, I believe it is not
only possible but also very useful to identify and iso-
late (fragments of) theories addressing problems that
can inspire designs to solve problems in AI and robotics.
Conversely, this practice can also provide feedback to
human emotion researchers, as it offers them tools to
test, analyze, and compare their theories, as argued in
(Cañamero, 2001).
Is it desirable? My answer to this is that whereas

taking nature and theories about natural emotions as
sources of inspiration can be very inspiring and useful,
as argued above, going beyond a certain point can be
useless or even have negative consequences. Extreme
realism is not devoid of dangers such as humans over-
attributing emotional capabilities to artifacts, and mis-
understanding, delusion and frustrated expectations as
possible consequences of this. A robot is a robot, not
a human. We, designers, want humans to connect with
emotional artifacts and feel comfortable in social inter-
actions, but we should avoid fooling them into believing
that they are interacting with another human. Besides
these ethical considerations, other more methodologi-
cal concerns are also at stake. For example, is it sen-
sible to implement in artifacts the same methods that
humans use when perceiving, displaying or recognizing
emotions? In my opinion, only empirical investigation
can provide answers to this.

Human acceptance A fundamental concern is
whether humans are willing to accept and trust emo-
tional artifacts as social partners, and how these ar-
tifacts should be designed to favor acceptance by hu-
mans. Two key factors for this seem to be believabil-
ity, and that the human feels that s/he is (and that
s/he really is) in control of the interaction at criti-
cal points. These two factors depend on many other
variables, such as the personality of the human part-
ner, the application domain where the artifact is put to
work, the cultural and social context, etc. Designing
“generic” emotional artifacts—i.e. artifacts embedding
general emotion models that do not take into account
individual differences—seems thus to have clear limita-
tions. It could be more advisable (although much more
difficult) to model emotions adapting them to types of
“profiles” that take all these factors into account, and
also reflect the evolution of emotional interactions over
time—i.e. their “history”.



Surface or Beyond?

“. . . the concepts discussed in this article charac-
terize the psychological basis of believability. Sto-
rytelling, empathy, historical grounding (autobiog-
raphy), and “ecological grounding” in an environ-
ment are identified as factors relevant to the way
humans understand the (social) world. [. . . ] It is
hoped that approaches to achieving believability
based on these concepts can avoid the “shallow-
ness” and “cheating” of approaches to believability
that merely take advantage of the anthropomor-
phizing tendency in humans.” (Dautenhahn, 1998,
p. 574)

The same division of opinions that Dautenhahn por-
trays in the area of socially intelligent agents can be
seen in the emotion modeling community: Should we
model (only) the observable, surface aspects of emo-
tions, or must we go for a “deep” modeling of a “true”
emotional system beyond surface? Which is possible,
necessary, and/or sufficient?
Whereas emotion modeling (synthesis) for individ-

ual agents has generally focused on the design of archi-
tectures to endow these agents with “true” emotional
systems, the design of emotions for agents interacting
socially has primarily paid attention to the external or
“surface” features of emotional expression and inter-
action. Believability being a major issue as soon as
humans are involved in (social) interactions with arti-
facts, the question can be rephrased as: What makes
an emotional artifact believable for social interactions?
The features that allow humans to perceive the emo-

tional displays of the agent as believable enough to elicit
appropriate responses from them seem to be the most
apparent answer. One would immediately think of gen-
eral expressive features, such as something resembling
a face (human or not) with some typical elements like
(moving) eyes, eyebrows, or a mouth; patterns of move-
ment; posture; timely responses; inflection of speech;
etc. Other expressive features more related to social
interaction include turn-taking during the interactions;
direction of gaze; eye-to-eye contact; joint attention;
etc. In theory, all these features could be modeled tak-
ing a “shallow” approach—which does not make their
implementation more easy or trivial. However, such an
approach makes it very difficult to maintain believabil-
ity over prolonged interactions, as it is unlikely that the
behavior of the artifact will remain coherent over sus-
tained periods of time, given the complexity of these
interactions. Coherence of behavior is an important
issue, as humans want to understand and explain ob-
served (expressive) behavior as the result of some un-
derlying causality or intentionality for the emotional
interaction with the artifact to be believable and ac-
ceptable to them. This can only be properly achieved if
expressive behavior is guided by some underlying sys-
tem of emotion synthesis (and ideally of personality as
well).

I adhere thus to the opinion that the believability
of emotional displays and interactions can be better
achieved, for non trivial social interactions, if it is sus-
tained by a “deeper” emotion system grounded in the
architecture of the artifact. This is not to say, however,
that I consider “shallow” approaches as uninteresting
or “cheating”. The fact that the human tendency to
anthropomorphize is so pervasive and compelling that
makes us treat our TV set and computer like people
(Reeves & Nass, 1996) makes it worth studying it with
the possibilities that emotional artifacts offer. Much
can be learned about human emotions and emotional
interactions from projects that heavily rely on the hu-
man tendency to anthropomorphize, such as the ex-
pressive robots Sparky (Scheeff et al., 2001), Kismet
(Breazeal, 2002) or Feelix (Cañamero & Fredslund,
2001; Cañamero, 2001). On the human side, they can
help us identify key elements that shed light on what
triggers in humans the tendency to anthropomorphize
and what makes emotional behavior and displays be-
lievable to the human eye. On the artifact side, they
can provide very valuable feedback for the design of
artifacts (e.g. their morphology) that can interact so-
cially and emotionally in a way that is better adapted
and more natural to humans.
The choice between one approach and the other will

thus depend on what we are interested in learning about
emotions, and on the application foreseen for the arti-
fact.

Anchoring Emotions in Artifacts
If we want our emotional artifacts to go beyond surface
emotional features and displays to “have” emotions (in
some sense) and deeper emotional interactions, we must
find ways to anchor emotions in them that are suited
to the artifact’s structure and dynamics of interactions,
as well as to the other partners (including humans) in
their social world. This anchorage can be understood
in a weaker or a stronger sense.
In its weaker sense, it can be taken to mean endowing

artifacts with some components or modules that explic-
itly represent some elements of emotions. This set of
components produces, given appropriate inputs, out-
puts (e.g. behavior, textual or graphical displays) ap-
pearing to arise from emotions because they are similar
to emotional behaviors and responses observed in bi-
ological systems under equivalent circumstances. This
corresponds to the “black-box” approach to emotion
modeling in the classification proposed by Wehrle and
Scherer (Wehrle & Scherer, 1995). As pointed out by
Wehrle, “although such models provide little informa-
tion concerning the mechanisms involved, they are very
useful for practical decision-making and for providing a
sound grounding for theoretical and empirical studies.
In particular, they can help to investigate the necessary
and sufficient variables. System performance (e.g. the
quality of classification and computational economy),
as well as cost of data gathering, are important criteria
for assessing the quality of the chosen computational



model” (Wehrle, 2001, p. 565). This form of anchor-
ing emotions can thus be very valuable to solve AI and
robotics problems such as speeding up the system’s re-
sponses to certain stimuli. It can also be of great help to
do a systematic analysis of significant variables. How-
ever, the emotional system of the artifact does not, per
se, shed much light on the underlying emotional mech-
anisms and processes, nor is it fully meaningful to the
artifact itself, as it has been engineered by the designer.
Only in a very restricted or metaphorical sense would
I say that this form of anchorage allows the artifact to
“have” emotions.
In its stronger sense, the anchorage of emotions can

be seen as emotion grounding, in the same sense of
the term “grounding” as it is given when talking about
the grounding problem (Harnad, 1990). In this sense,
emotions must be modeled in such a way as to be
rooted in, and intertwined with, the perception and
action processes of the artifact so that emotions and
their consequences can have an intrinsic meaning for
it. To put it in Wehrle’s words, “grounding some-
how implies that we allow the robot to establish its
own emotional categorization which refers to its own
physical properties, the task, properties of the envi-
ronment, and the ongoing interaction with its envi-
ronment” (Wehrle, 2001, p. 576). Process modeling
(Wehrle & Scherer, 1995), which attempts to simulate
naturally occurring processes using hypothesized under-
lying mechanisms, is a more appropriate approach than
the black-box one in this case. In this stronger sense,
emotions being intrinsically meaningful to the artifact
itself, I would argue that the artifact “has” emotions in
a broad sense that implies the adoption of a functional
view on emotion modeling (Frijda, 1995; Cañamero,
1998). This position is not devoid of methodological
problems, though, as discussed in (Cañamero, 1998;
Wehrle, 2001). For example, if we take inspiration from
models of existing (biological) emotional systems (e.g.
emotion categories, dimensions, action tendencies) to
design the artifact’s emotional system, one can ques-
tion to what extent its emotions are really grounded.
On the contrary, if we let the artifact develop its own
emotions, these might not be understandable to us. As
a partial way out of this dilemma, Wehrle proposes the
use of appraisal dimensions borrowed from psychology
as a basis for the value system of the artifact, in order to
benefit from the possibility of describing the resulting
emotional behavior in known terms.
In the following sections, I will sketch some elements

of an alternative view to grounding emotions in em-
bodied artifacts, in line with the emotion architecture
proposed in (Cañamero, 1997). I will first discuss some
elements necessary to ground emotions in individual ar-
tifacts, to consider later additional elements to ground
emotions in artifacts interacting socially.

Grounding emotions in the individual
“Our interest in emotion in the context of AI is not
an interest in questions such as “Can computers

feel?” or “Can computers have emotions?” [. . . ]
our view is that the subjective experience of emo-
tion is central, and we do not consider it possible
for computers to experience anything until and un-
less they are conscious. Our suspicion is that ma-
chines are simply not the kinds of things that can
be conscious.” (Ortony et al, 1988)

Although the use of terms such as “vision” or “mem-
ory” seems to be generally well accepted when applied
to artifacts, in spite of the fundamental differences be-
tween human and artificial vision or memory systems,
many (artificial and human) emotion researchers re-
main skeptical about the use of the term “emotion”
applied to artifacts and about the possibility for ar-
tifacts to “have” emotions and emotional interactions
with humans and other agents. Arguments commonly
heard stress the impossibility for artifacts to implement
notions such as self, feelings, subjective experience, or
consciousness. These phenomenological aspects of ex-
perience and emotions are most apparent to (healthy)
humans, and we seem to be particularly keen on using
them to define the realm of what is uniquely human.
I share with these criticisms the skepticism about the

possibility for robots and other artifacts to have selves,
feelings, subjective experience, consciousness, and emo-
tions in the same way as humans do. Artifacts are
not biological systems, they are made from a totally
different sort of material, have different bodies, actua-
tors, perceptual and cognitive capabilities, experiences,
and niches, and in a sense they can be regarded as
different, “new” types of species. However, I do be-
lieve that endowing artifacts with some form of (at
least some of) these notions—or rather their functional
counterparts—is necessary for them to interact with hu-
mans in a way that humans can understand and accept,
and can likewise enhance many aspects of their behav-
ior and performance. Rudimentary implementations of
some of these concepts that ground emotions have al-
ready been proposed by practitioners of AI approach
and robotics, as we will see below. We must keep in
mind, however, that these are only the first attempts of
a nascent endeavor, and that at this stage we can only
aim at laying foundations rather than at witnessing ac-
complished results.
As already mentioned in the previous section, this

“strong” view raises the question whether (and why) we
are willing to/should use terms borrowed from models
of human cognition and emotion applied to these arti-
ficial systems. Arguments can be set forth against and
in favor of this practice. The use of these terms rather
than newly invented ones lets us , humans, explain be-
havior and phenomena in terms we already know and
understand. However, I also think that great care has
to be paid to make this fundamental difference between
artificial and human emotions (and the other notions
as well) very clear, in particular when presenting our
work to the general public, to avoid the dangers of over-
attribution and frustrated expectations. These dangers



might make it advisable to avoid the use of these terms
in some contexts. Perhaps with time and habit one
day people will talk about “robotic selves” and “emo-
tions” as naturally as they already do about “computer
vision”.
Below, I will consider the particular case of an

adaptive embodied autonomous artifact—a robot—but
many of the arguments can be easily applied to other
artifacts such as software agents or virtual characters. I
will only sketch some ideas around the notion of “self”,
and deliberately avoid the more slippery grounds of feel-
ings and consciousness. I think that, for these latter no-
tions, it would be too premature to even give an opin-
ion as to whether we will ever be able to implement (a
rudimentary notion of) them in the future, given on the
one hand to the lack of agreement and partial knowl-
edge that the different disciplines have today, and on
the other hand to the current state-of-the-art in AI and
robotics, still at a too early stage for this. I refer the
reader to (Damasio, 1999) for his excellent account of
“the feeling of what happens” (i.e. the notions of feel-
ings and consciousness grounded in the body) from a
neurobiological perspective, also full of insights for the
design of artificial systems.

Embodiment
For the argument’s sake, I will begin by placing myself
within an embodied AI perspective (Brooks, 1991) and
claim that this approach is better suited than symbolic
AI to ground emotions in artifacts. The emphasis of
situated AI on complete creatures in closed-loop bodily
interaction with their (physical and social) environment
allows for a more natural and coherent integration of
emotions (at least the “non-cognitive” or perhaps the
“non-conscious” aspects of them) within the global ar-
chitecture and behavior of the agent. This view has
important implications for emotions grounding:

• Emotion grounding requires that our model of emo-
tions clearly establish a link between emotions, moti-
vation, behavior, and perception, and how they feed
back into each other. This link makes that emo-
tion (as well as motivation, behavior, and perception)
can affect and be affected by the other elements in a
way that can be either beneficial—e.g. energize the
body to allow the individual to escape faster from a
predator—or noxious—e.g. cause perceptual troubles
that lead to inappropriate behavior—for the agent.

• This link must be grounded in the body of the
agent—for instance, by means of a synthetic physiol-
ogy as in (Cañamero, 1997)—since it is through the
body that agents interact with the physical and social
world. I am thus implying that emotions—natural or
artificial—cannot exist without a body2.

• Since we are talking about complete autonomous arti-
facts, emotions must be an integral part of their archi-

2This is not the case in programs or agents that reason
about emotions.

tecture. This means that emotions must be grounded
in an internal value system that is meaningful (adap-
tive) for the robot’s physical and social niche. It is
this internal value system that is at the heart of the
creature’s autonomy and produces the valenced reac-
tions that characterize emotions.

A last remark before proceeding. “Embodiment” in
embodied AI does not only mean that the artifact has
a physical body through which it senses and acts on
the world. As it is apparent to the practitioners of
this field, embodiment has the fundamental implication
that intelligence—cognition and, let’s add, emotion—
can only develop through the interactions of an embod-
ied nervous system (or, for the matter, brain or mind)
with its physical and social world.

Robotic “selves”
Our subjective experience or the notion of “(our-)self”
is the result of many different factors involving higher-
and lower-level mechanisms and processes. Let us con-
sider here two of these elements that have already re-
ceived some attention in robotic research.

Bodily self. The experience of the own body is per-
haps the most primary form of a notion of “self” and
the starting point to endow an embodied artifact with
some rudiments of this notion. Oliver Sacks eloquently
illustrates how the perception of the own body grounds
the experience of the self in his account of the case of
“the disembodied lady” (Sacks, 1986). The sense of the
body is given, following Sacks, by various mechanisms
working together that give rise to different body models
in the brain:

• Vestibular feedback, which provides us with a sense
of balance.

• Exteroceptive feedback such as visual feedback that
gives rise to body-image (the brain’s visual model of
the body), and auditory feedback.

• Proprioception: the perception of the elements of our
body (limbs, facial muscles, etc.) that makes us feel
our body as belonging to us.

If one of them fails, the others can compensate to
some extent. Due to a sensory polyneuritis, Christina,
aged 27, lost the perception of her own body (proprio-
ception), feeling “disembodied” or with a “blind body”.
As a consequence, she initially lost the capacity to walk
or move her limbs; her voice became flat, as vocal tone
and posture are proprioceptively controlled; her face
became also flat and expressionless (although her emo-
tions remained of full and normal intensity), due to
the lack of proprioceptive tone and posture; and she
lost her sense of corporeal identity, leaving her with
the impression that she could not ‘feel’. With strong
self-motivation and rehabilitative support, she devel-
oped compensatory forms of feedback—very artificial-
looking at the beginning, more natural with time and
practice—that allowed her to become operational again;



for example, she used attention and visual feedback to
move her limbs, and learned to talk and move as if she
was on stage. However, she could never recover the
sense of bodily identity.
The elements that inform the sense of the

body—vestibular system, visual feedback and
proprioception—have been implemented in one
form or another in different robotic projects, like for
example in the humanoid robot Cog (Brooks et al.,
1998). Proprioceptive feedback, with applications in
robotics such as detecting self-position or controlling
self-movement (including expression), has for example
being used in the humanoid robot Infanoid (Kozima,
2001) in conjunction with a value system to evaluate
(in a valenced way) the proprioceptive information
that the robot is receiving. Although still at its earliest
stages, robotics research is thus starting to implement
some rudimentary elements involved in the notion of
bodily self. However, how these elements work together
and interact with other subsystems to give rise to the
sense of bodily identity belongs more to the realm of
feelings and subjective experience, and therefore is out
of our possibilities given the current state of the art in
AI and robotics, and the still very partial picture that
the different disciplines can offer about these notions.
Autobiographic self. Another key element defining
the notion of self is the ‘autobiographic self’, which
Damasio (Damasio, 1999) presents as a necessary in-
gredient of the notions of identity and personality. Fol-
lowing Damasio, the autobiographic self is formed by
the reactivation and coherent organization of selected
subsets of autobiographic memories—past experiences
of the individual organism. These memories are not
static, but modified with experience during the indi-
vidual’s lifetime, and are also affected by expectations
about the future. The autobiographic self and autobio-
graphic memories are deeply related to emotions in sev-
eral ways. First, some of these autobiographic memo-
ries are emotionally loaded. Second, emotions facilitate
mood-congruent recall of past memories (Bower, 1981).
Third, as Damasio points out, the existence of an auto-
biographic memory and self allows organisms to provide
generally coherent emotional and intellectual responses
to all sorts of situations.
The area of socially intelligent agents has for some

years acknowledged the importance of autobiographic
memories to found the construction of social identity
and social interaction in artifacts. For example, Daut-
enhahn has proposed a dynamic systems approach to
model autobiographic memories, and the notion of au-
tobiographic agent as the embodied realization of an
agent that dynamically reconstructs its individual his-
tory over its life-time (Dautenhahn, 1996). Nehaniv has
used ideas from algebra (semigroup theory) to propose
a representation of histories as autobiographies of social
agents (Nehaniv, 1997).
The artificial emotion community has also made some

attempts at implementing simple versions of notions

relevant to the autobiographic self. Velásquez, taking
inspiration from (Damasio, 1994), has for example im-
plemented emotional memories in a learning pet robot
(Velásquez, 1998), with the purposes of permitting the
learning of secondary emotions as generalizations of pri-
mary ones, and of providing markers that influence the
robot’s decisions. As another example, Ventura and col-
leagues have applied Damasio’s concept of the “movie-
in-the-brain” (Damasio, 1999) to implement a mecha-
nism that allows an agent to establish and learn causal
relationships between its actions and the responses ob-
tained from the environment, and to decide courses of
action accordingly (Ventura et al., 2001). The “movie-
in-the-brain” mechanism influences decisions on courses
of action as follows: the agent stores chunks of se-
quences of perceptions and actions, together with a
measure of their corresponding desirability. When a
similar situation is encountered in the future, the agent
can make decisions based on its personal experience.

Social Grounding

In addition to the notions previously mentioned (among
many others), stemming from an individual’s point
of view, robots and other artifacts must incorporate
many other mechanisms in order to behave, cognize and
emote socially. Let us consider some of the elements
that researchers have already started to implement in
social artifacts (in particular in robots) which are fun-
damentally related to social emotions.

Social motivation
Although different in nature and roles, motivation and
emotion are highly intertwined and cannot be consid-
ered in isolation from each other. On the one hand,
emotions can be seen as “second order” behavior control
mechanisms that monitor the motivational system in
achieving its goals. On the other hand, emotions mod-
ulate motivation (e.g. its intensity) and provide very
strong motivation for action.
As in the case of “emotion”, the term “motivation”

spans a wide range of phenomena as varied as physio-
logical drives, search for internal (psychological) or ex-
ternal (cultural, social) rewards, or incentives for self-
regulation. The mechanisms underlying these differ-
ent aspects are likely to be very different in funda-
mental ways, as they have to deal with factors of very
diverse nature: biological, psychological, cultural, so-
cial, etc. Whereas physiological motivation (drives) are
generally explained (at least partially) using a home-
ostatic regulation approach, models for motivation in
self-regulation and social interaction and their connec-
tion to emotion are not so well established.
Different models of emotion synthesis for individ-

ual artifacts have integrated motivation as one of
their elements, taking a homeostatic regulation ap-
proach to motivation, for example (Cañamero, 1997;
Velásquez, 1998). Inspired from these to a large extent,
and partly due to the lack of a better model, architec-



tures that have included motivation for social interac-
tions and emotions have also taken a homeostatic regu-
lation approach to model social motivation (Cañamero
& Van de Velde, 2000; Breazeal, 2002). Motivation for
social interactions is thus modeled as a set of drives such
as ‘social interaction’, ‘attachment’, ‘fatigue’, ‘stimu-
lation level’, etc. This simplified model can be very
productive from a pragmatic point of view. At the ar-
chitectural level, it has allowed to use the same type of
mechanisms to couple motivation and emotion as those
used in architectures of non-social agents—a comple-
mentary second-order monitoring mechanism, or an el-
ement of the homeostatic loop itself, depending on the
approach. With respect to social interactions, it has
proved capable of producing behavior that engages hu-
mans in socially rich emotional interactions and that
regulates these interactions (Breazeal, 2002).
However, if we want to reach a deeper understand-

ing of the relationships between social motivations and
emotions, and a more sound and better grounded cou-
pling of these notions in our artifacts, a finer-grained
approach seems to be necessary. The relationships of
social motivations and emotions to concepts like com-
petence (in problem-solving, social, etc.), control (ex-
ternal and self-control), self-esteem, coherence and pre-
dictability of the environment, self-regulation, and dif-
ferent kinds or rewards, to name a few, need to be ex-
plored.

Theory of mind
The term “theory of mind” is used in developmental
psychology to refer to a set of metarrepresentational
abilities that allow an individual to understand the be-
havior of others within an intentional framework—or
as Tomasello puts it, to understand others as mental
agents (Tomasello, 1999). Theory of mind is thus a
theory of other people’s minds. It relies on the abil-
ity to understand oneself as an intentional agent and to
perceive others as being “like me”, to use Tomasello’s
expression. A theory of mind thus allows us to correctly
attribute “internal states”—percepts, beliefs, wishes,
goals, thoughts, etc.—to others.
How would an artifact’s theory of mind affect its so-

cial and emotional interactions? Scassellati draws a
very eloquent picture:

“A robotic system that possessed a theory of mind
would allow for social interactions between the
robot and humans that have previously not been
possible. The robot would be capable of learning
from an observer using normal social signals in the
same way that human infants learn; no specialized
training of the observer would be necessary. The
robot would also be capable of expressing its inter-
nal state (emotions, desires, goals, etc.) through
social interactions without relying upon an arti-
ficial vocabulary. Further, a robot that can rec-
ognize the goals and desires of others will allow
for systems that can more accurately react to the

emotional, attentional, and cognitive states of the
observer, can learn to anticipate the reactions of
the observer, and can modify its own behavior ac-
cordingly.” (Scassellati, 2000)

We are still very far from achieving this full picture
but, recognizing the importance of this notion of so-
cial and emotional interactions with artifacts, various
robotic projects have started to implement some ba-
sic elements. Kozima, for example, is working on a
mechanism for acquisition of intentionality in his hu-
manoid robot Infanoid (Kozima, 2001), to allow the
robot make use of certain methods for obtaining goals.
Beginning with “innate” reflexes, Infanoid explores a
range of advantageous cause-effect associations through
its interactions with the environment, and gradually be-
comes able to use these associations spontaneously as
method-goal associations. Scassellati has been work-
ing for several years on elements of a theory of mind
for a robot in the frameworks of the humanoid robot
Cog (Brooks et al., 1998). Taking inspiration from the
models proposed by Leslie (Leslie, 1994) and Baron-
Cohen (Baron-Cohen, 1995), he has started to specify
the perceptual and cognitive abilities that a robot with
a theory of mind should employ, focusing initially on
the implementation of two abilities: distinguishing be-
tween animate and inanimate motion, and identifying
gaze direction for shared attention (Scassellati, 2000).

Sympathy and empathy

A set of related mechanisms are relevant to the capacity
that humans and other social animals have to “connect”
with the emotional state of others and to “adopt” it to
varying degrees: phenomena like emotional contagion
(related to imitation), sympathy, empathy, perspective
taking, and prosocial behaviors like helping. The lit-
erature has long debated the differences among these
phenomena and whether they belong more to the “cog-
nitive” or to the “emotional” realm, in particular in
the case of empathy. Recently, a framework has been
proposed (Preston & de Waal, 2001) that explains all
these phenomena within a “perception-action model”
applicable to both the cognitive and the emotional do-
mains, and sees empathy as a superordinate category.
The cognitive and emotional mechanisms involved in
these phenomena vary. Whereas in emotional contagion
the observer’s state results “automatically” from the
perception of the other’s state, in sympathy—“feeling
with”—the observer “feels sorry” for the other, focus-
ing more on his situation than on his physical state;
attention is fundamental in empathy—”feeling into”—
, where the observer’s state results from the attended
perception of the other’s state and, in the framework
proposed in (Preston & de Waal, 2001), arises from a
projection on the part of the observer rather than from
a perception of the other’s state. Besides attention, ef-
fects of familiarity/similarity, past experience, learning
and cue salience are all fundamentally involved in em-
pathy.



Again, researchers in the field of social artifacts have
acknowledged the importance of these phenomena for
social understanding and social/emotional interactions
(in humans, animals, and artifacts), in particular of em-
pathy as a form of emotional communication that favors
the perception of social signals, as discussed for exam-
ple in (Dautenhahn, 1997). Some elements involved in
these phenomena are being investigated by different re-
searchers, such as agent architectures to achieve a “sym-
pathetic coupling” (Numaoka, 1997), or underlying per-
ceptual mechanisms such as gaze direction for joint
attention or cue salience (Scassellati, 2000; Breazeal,
2002), but we are a long way from artifacts capable of
showing empathy. For the moment, all that our emo-
tional and expressive artifacts can achieve is to produce
(something resembling to) “empathic” reactions from
humans, as for example reported in (Scheeff et al., 2001;
Cañamero, 2001; Breazeal, 2002).

Conclusion
Starting from the idea that the social and the emotional
are highly intertwined, this paper has discussed issues
around the construction of emotional artifacts that have
to interact in a social world, and in particular with hu-
mans. I have first examined some of the ways in which
emotions can enhance social interactions with artifacts,
and some of the challenges that they pose to the de-
signer. After considering the debate that opposes “shal-
low” modeling of observable emotional features versus
“deep” modeling that includes an underlying emotional
system, I have sketched some ways in which we can an-
chor emotions in the architecture of artifacts in order to
make emotional interactions meaningful not only to the
human, but also to the artifact itself. I have finally dis-
cussed some of the cognitive capabilities that artifacts
should incorporate for their emotions to be properly
grounded and to give rise to rich social exchanges with
humans.
A final comment concerning approaches to design.

Most of the projects mentioned take a developmental
path to the design and construction of artifacts with
social and emotional capabilities. Ontogenetic develop-
ment is no doubt necessary for an (embodied) artifact to
build up its cognitive and emotional abilities through its
interactions with the physical and social environment.
Again, human development is what we know better (or
closer) and it is natural to take it as a model to inspire
the design of an artifact that can develop and learn from
experience. Designers are facing an enormous challenge
here, though, given the complexity of human beings and
their developmental process. Starting the artifact from
scratch is impossible, and the designer has to decide at
what level (or from what “primitives”) and according
to what theory(-ies) s/he will start to work. Each of the
elements discussed in previous sections relies on many
other (physical, perceptual and cognitive) capabilities,
the implementation of which is equally challenging and
not always possible. We thus seem confronted with a
dilemma. On the one hand, a developmental approach

is necessary both to ground emotions in artifacts and
to gain a better understanding of how emotions develop
and interact with other aspects of our cognition and so-
ciality. On the other hand, trying to follow too closely
the steps proposed for human development by psycho-
logical theories, besides being possible only in a very
limited way, can introduce many biases in our model
and lead to deadlocks. Although devoid of the richness
of these models, complementing this endeavor with an
investigation of the development of, and interactions be-
tween emotions, cognition, and sociality using (much)
simpler models (more on the bacteria side than on the
human side, so to say) could also provide very valu-
able insights for the understanding of emotions in social
species.
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Cañamero, L.D. 1998. Issues in the Design of Emo-
tional Agents. In Emotional and Intelligent: The Tan-
gled Knot of Cognition. Papers from the 1998 AAAI
Fall Symposium. Technical Report FS–98–03, pp. 49–
54. Menlo Park, CA: AAAI Press.
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