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E-mall
Abstract

This paper addesses different possble social
relationships between robas and humans, drawing o
animal-human relationships. | will argue that humans
have been living in (generally peaceful) co-exstence with
a number of potentially dangerous gedes, such as ome
canines. Interestingly dogs are not born ‘ pet dogs , it’s not
completely ‘predefined’ in their genes whether they will
become friendly or dangerous. A critical period in a
pupp/' s early life significantly shapes its socialization ard
behavioral conformation. | will suggest that such a
devdopmental model of socialization could be an
interesting viewpoint on the design d future generations
of robds that need to co-exist with humans, and that
humans like to live with. | will propcse the dchallenge of
devdoping ‘persondized robot companions, machines
that can serve as life-long companions. | will argue that
such individudized robds are necessary due to human
nature: people have individual nedds, likes and dislikes,
preferences and persondities that a companion would
have to adapt to: one and the same roba will not fit all
people. Cogritive robot companions above all need to be
socialized ard persondized in order to med the social,
emotiond and cognitive needs of people they are ‘living
with'.

1 Introduction: Socializing Robots

Applicaion areas for robas that heavily involve
human contad are aparticularly challenging domain. The
European Integrated Projed Cogniron
(www.cogniron.org) is a recent example of an endeavor to
develop a cognitive roba companion. Interadion and
communicaion of emboded physicd robas with humans
is multimodal, and involves deg isaes of socia
intelligence ad interadion that have traditionally been
studied e.g. in psychology. The design of a robd's
behavior, appeaance, and cognitive and socia skills is
scientifically  highly  challenging, and requires
interdisciplinary collaborations aaoss the traditional
boundaries of established dsciplines. Initial contad often
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relies on anthropomorphic atribution and the novelty
effect, which has problematic consequences for long-term
and/or repeaed interadion with robas. the novelty effea
weas out quickly [1,2], and anthropomorphism might
raise false expedations regarding the cognitive and social
abiliti es that the roba cannot fulfill. Likewise, robds that
mimic as closely as possible human appeaance ad
behavior are not necessrily the optimal path towards
social robas [4,56], (cf. the LikeLike Agents
Hypothesis, [3]).

It is at present not quite dea what roles robas will
adopt [7]. Will they be effedive machines performing
tasks on aur behaf, assstants, companions, or even
friends? What socia skills are desirable and necessary for
such robas to be believable and acceptable to humans?
People have often used techndogy very differently from
what the designers originally envisaged, so the
development of robas designed to interad with people
regquires a caeful analysis and study of the requirements.

In this paper | will argue that rather than relying on an
inbuilt fixed repertoire of social behaviors, a roba should
be ale to lean and adapt to the social manners, routines
and personal preferences of the people it is living with.
Many developmental approaches towards robotics have
focused on models inspired by human psychology, e.g.
models proposed by Piaget or Vygotsky that have grealy
influenced the field of developmental and epigenetic
robaics [8,9]. However, in the domain of socia
development, humans are not the only suitable model.
While many robaics approaches aim to achieve human-
like cognitive abiliti es in robots, there is one mammal that
can serve as an interesting model of a ‘companion’: the
dog. Dogs can't read, can't write, can't play chess and
generaly are not able to perform tasks involving complex
language skills, manipulation, or problem-solving.
However, dogs have proven to be ided life-long
companions for many people dl over the globe. They give
company, provide emotional suppart, and even perform a
variety of tasks, e.g. as guard dags, as guides for the blind,
some even serve & <izure dert dogs (the mechanisms
employed in the latter are ill widely unknown). Not
surprisingly, reseachers have remgnized the potential of



dogs as models for interactive charaders or pet robas that
can be trained similar to a dog [10,11]. In this paper, |
propose to consider in more depth the developmental
trajectory that can transform a dog puppy into a valued
member of our household, a processthat | argue can be
beneficial to ‘growing up robots [12].

A puppy that grows up in a family quickly leans the
‘rules of the house', it leans about its paosition in the
family hierarchy, it leans to distinguish and reaognize
individual family members, and it will respond with grea
sengitivity to any emotional and social cues. When
suitably trained and exposed to the right (socia)
environment it will lean to ‘fit in". However, a dog's
socidlizaion does not unfold automaticadly due to a
geneticdly fixed schedule: the period d socidlization is
criticd and will determine the social abiliti es of the alult
dog. This criticd period will determine the dogs
behavioral conformation, its social personality which is
vital for its position in the house, and the extent to which
its behavior can be @ntrolled by its human companions.
In the next sedion | discussthe issue of predictability and
control in human-machine interadion. Next | present some
work on dog socializaion and outline implicaions for
robatics reseach. | then discuss the need to develop
personalized robds, in order to achieve the goal of life-
long robatiic companions that we would like to live with.

2 Growing up Robots

21 Control and predictability

In human-computer interaction issues of predictabili ty
and control have been widely discussed. Pattie Maes
advocaes drongly the aitonomous agents - or indirect
management approacd, agents that on our behaf do their
jobs with little human intervention and thus free us from
workload [13]: “The metapha used is that of a personal
asgstant... who bemmes gradualy more dfedive & it
leans the user’s interests, habits, and preferences (as well
as those of his or her community).” (p. 145). Ben
Shneiderman on the other hand strongly argues against
agents as a human-machine paradigm, since they take
control away from the human, and makes the computer
unpredictable. He alvocaes the interface metaphor of
direct manipulation, rather than delegation [14], his vision
are predictable and controllable user interfaces that users
can manipulate with ease. In light of the discussions
above, let us reformulate the Maes versus Shneiderman
debate into: Do we want robas that are under our total
dired control with interfaces that can diredly manipulate
the roba? Or should they be widely autonomous, with
their own agendas, robas that are not under our total
control but that can be trained, robas that get to know us,
that we can live with and that can live with us? A
continuum of design choices, with different choices

appropriate for different applicaions can be wnsidered
[15].

For thousands of yeas human culture has developed
different types of inter-spedes relationships, relationships
with other animals, animals that can potentially be
dangerous for humans to live with but that bemme
welcome alditions to our household. Such relationships
provide ahuge source of inspiration as to how madine-
human relationships and the role of machines in our
society might develop, advocaing a future where robas
can be ‘domedticaed’” and exist as members of our
famili es*. The next sedion provides a littl e excursion into
the world of dog evolution, breading, and socializaion,
based on[16]. | will point out why dog sociali zaion might
provide agood model for developing personalized robat
companions.

2.2 Socialization of dogs

Raymond and Lorna Coppinger have provided a
fascinating discussion of how dogs have evolved and how
they have become working dagys and companions to
humans [16]. Interestingy, from an evolutionary point of
view, dogs are by far the most successful member of the
genus Canis which aso includes jadkals, coyotes and
wolves, they outnumber their relatives by fadors of 10
(compared to jadkals) or even 1000 (compared to wolves).
Thus, dogs have found a successful ‘niche’ by sharing
their lives with humans (Figure 1). And humans have
plenty of benefits from thisinter-spedes relationship: dogs
guide the blind, search for explosives, rescue people, pull
deds, and can even serve atherapeutic role.

Flgure 1. Two members of different species living
together in harmony. For many people dogs are truly their
best friends. Photo supplied by FreeFoto.com.

A huge variety of different breeds exist, through selective
breeding the physical conformation of dogs has been
adapted to suit certain tasks. The behavioral conformation
of a dog is shaped by a series of developmental
environments and events. Here, an important element that

1 Interestingly, this view is in sharp contrast to the scenarios put
forward by some prominent Western Artificial Intelligence
researchers who predict that robots will one day take over the
world, avision that causes fear and resentment towards robots.



influences a dog s future behavior is a critical period of
social development. During this period a puppy has the
gredest cgpadty to lean socia skills. During the criticd
period daminance hierarchies are formed and puppies
pradice avariety of dominant and submissive behaviors,
e.g. they lean to beg for food whom to beg from, and
they learn how to transform begging behavior into social
gredings. At about 16 weeks this ‘window of oppatunity’
for social leaning closes. Interestingly, the aitica period
coincides with most of the growth of a dog's brain. Thus,
experiences during that critica period will significantly
shape the development of behavior patterns that will
‘imprint’ how adog will behave in a socia situation, what
kind of ‘socia persondlity’ it will have. Later training
might modify the dog's persondlity, but the basic
behavioral patterns are ‘set for life'. Interestingly, adog's
ontogeny (development of an individual) makes it
uniquely suited to beacome asocial being, if growing wp in
an appropriate social environment.
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Figure 2. a) Onset of fea (hazad avoidance) behavior in
wolves and dags. b) Onset of foraging (predatory)
behavior in border collies and livestock-guardian dogs.
Predatory behaviors in guardians only occur after the
criticd period d socia development, predatory behaviors
are therefore not included in their socia play. The
situation is very different for border collies where
predatory motor patterns become an inherent part of social
play. Bold lines represent the aiticd periods of social
development. Redrawn and modified after [16], pages 107,
117.

Figure 2a depicts the onset of fea motor patterns in
dogs and wolves. It occurs at about 19 days in wolves and
49 days in dogs. Thus, the ‘window’ for taming a wolf is

very small, and if not introduced to people by then he will
be difficult to tame. The window of oppatunity is much
larger for dogs. When a livestock-guardian dog is raised
among sheep for the first 16 weeks after birth, then for the
rest of his life he will trea sheep as his primary social
companions and he will show a variety of interspedfic
social motor patterns towards them; he will follow sheep,
gred them, show dominance and submissive behaviors
towards them. The guardian dog will li ve anong the sheep
and proted them from predators snce during the aiticd
period, when the dog leant what spedes he belongs to, he
was aurrounded by shee. Thus, from the dog's
perspedive, he is a shegp among sheep. Similarly, when
properly exposed to people during the aiticd period dags
will grow up as ocia beings that people like to be with.
Dogs tend not to kill other animals if they know them
individually (even prey animals), but they also dorit kill
animals that they grow up with. Breeders use such
knowledge of a dog's criticd period to shape their
behavior, e.g. if foxhounds are exposed to farm livestock
during their critica period then they won't hunt them.

Also, individual breeds sow different timing in the
onset of eg. predator behavior. As Figure 2b shows
predatory motor patterns occur in border colli es during the
critica period, so e.g. chasing becomes part of their social
personality. In livestock-guarding dogs predator behaviors
shows only after the aiticd window of socid
development has closed, so it won't be part of how they
behave socially.

Let us have a doser look at predatory behaviors and
how different dog breeds are being tailored (by nature and
nurture) to fill particular niches. The ‘wild type' of basic
predatory motor patterns that e.g. many members of the
Canis genus show can be presented as follows (>> are
conneded motor patterns):

Ori ent >>eye>>st al k>>chase>>gr ab-
bi t e>>kil | - bi t e>>di ssect

It doesn't mean that eadr individual will shows this
behavior, eg. as a result of taming during the aiticd
period d sociali zaion awolf might not show this behavior.
But he has genetic predispositions for these predatory
behaviors © that if he grows up among wolves, i.e. in his
‘natural’ (social) environment, he will develop the &ove
mentioned predatory behaviorsin a particular sequence, i.e.
the individual motor patterns are conneded in a particular
order. In different breeds of dogs people influenced the
sequencing of the éove mentioned motor patterns  that
that the dogs can be better suited for particular tasks.
Emphasizing and rearanging the motor patterns leals to
breed-typicd motor patterns that make a bred
behaviorally unique, i.e. the breed has its own behavioral
confirmation [16]. For example, for a hound the sequence
looks like:



ori ent >>mar k>>chase>>grab-bite>>kil | -
bite

Pointers typicdly do not exhibit the stalk, chase, kill-
bite and dissea motor patterns. The best lifestock guarding
dogs, when properly raised, will not show any of these
predatory behavior patterns. Most will weakly display one
or two predatory motor patterns sich as chase and grab-
bite. These examples $ow that variations of the wild type
sequence of predatory motor patterns (see Figure 2 above)
can gverise to avariety of different ‘social personaliti es
of dogs.

2.3  Socialization of Robots

What are the implications of the previous sction for
social robas? How can robas be socialized? Note, that
while dogs are living, breahing animals that develop from
a fertilized egg and are nurtured by their mothers as
puppies, robas to date ae not made of living material.
Reseachers working in evolutionary and developmental
robatics are trying to bridge this gap, but we ae still far
from having robas around which in a nontrivial sense
show a process of ontogeny shaped by ‘nature’ and
‘nurture’. It is even not very clea what should constitute
these two aspeds. Similarly, in terms of socidizaion,
what could a‘criticd period mean, why should the period
that allows behavioral modificaion be limited at all? In
the following | try to answer some of these questions.

What is nature, what is nurture for robas? Let us
assume (hypothetically) that a ‘wild type' exists, a robat
with a huge behavioral repertoire, a repertoire of motor
patterns that can be dicited by certain environmental
stimuli, by reclledions from memory, by the output of
learning algorithms, etc. This wild type shows the ‘ genetic
predispositions’, the range of basic behaviors the roba is
cgpable of but that might be modified and added to by
learning and adaptation. If such aroba is supposed to live
around humans then it needs to know ‘how to behave
appropriately’. This appropriate behavior could be pre-
programmed, but this could na acount for the potentially
huge design spaceof socia behavior. Also, the designer /
programmer would require in-depth knowledge of e.g. of
the habits, preferences and ‘traditions’ within a human
family that the robat is supposed to live with. | suggest
that shaping the behavioral conformation of aroba to suit
its social environment could produce robotic machines that
people might like to live with. This would leal to robas
with very distinct ‘social persondlities. An interesting
‘side-effed’ of this strategy would also be that humans
probably find such robas more desirable, in the same way
as many people prefer to buy a puppy that they can shape
rather than an old day with an dready quite firmly
establi shed behavior repertoire.

Is it difficult to teach an old roba new tricks? Not
necessarily would we want to restrict al leaning

processes to a aiticd period. In order to cope with a
dynamicdly changing environment robds neal to have
life-long learning cgpadties. Social beings such as dogs or
humans, oncethey exhibit distinct personalities, usually do
not change dramaticdly. A teader can become a kill er,
and a guard dag can transform into a loving pet, but more
often than not persondities are mnsistent over an
extended period d time. We ‘know’ what ‘kind of person’
a friend is, while moods and emotions can change
dynamicdly. Judgments on personality help usto generate
cetain expedations and make predictions that help
guiding and planning our own behavior. Predictions and
expedations are powerful means which help us to manage
relationships with other people by reducing the need to
‘re-establish’ the personality type of a person at every
single encounter. Similarly, it is very likely that robds
with personality will be eaier to interad with for human
beings.

From a Cognitive Science or Artificial Intelligence
perspedive designing agents with personality is a big
challenge [17]. However, so far personality has usually
been built-in, spedfic for a particular applicaion domain
and part of the behavioral or cognitive achitecture that
drives the agent. But socialization of robas as discussed
above oould provide more, namely persondlities that are
suited to their social environment, and that might evento a
certain degreerefled / mirror the environment they have
grow up. It is not difficult to predict the socia
environment which an angry and very aggressive dog was
exposed to ealy in hislife. Similarly, aroba growing up
in a caingloving environment is likely to show later in its
life rather benign behaviors and interadion styles.

3 Personalized Life-Long Robot
Companions

Although the design of ‘natura interfaces between
humans and machines has been intensively studied,
human-machine interfaces often still rely on the aility of
humans to adapt to the particular interfaces and interadion
styles of machines. For example, compared to human-
human interadion, there is not much ‘naturalness in how
we operate our computers, cars or microwaves. | propose
the challenge to develop personaized robas, madines
that can serve as companions, and that can adapt to the
needs and interadion styles of people they are interading
with, cf. first steps towards this goa in [1819]. Such
robas will be individualized, i.e. no two robas will the
same. They will aso be personalized, i.e. their
individuality refleds the needs and requirements of the
(social) environment where the robot is operating in.
Individuali zation and personalization are necessary due to
human reture: people have individua needs, likes and
dislikes, preferences and personalities that a companion
would have to adapt to: one and the same roba will not fit



al people. Similarly, it would be urredistic to assume
that one culd design a perfed ca model or creae a
perfed dog hreed that will satisfy all people. Robots wil |
have to be individuals, as we are.

The design space of robas in terms of possible
behavior repertoires and appearances is vast. It is unlikey
that a roba will be &le to lean efficiently and in red-
time aout its social environment ‘f rom scratch’. How we
scafold a roba’s social development, how can the life
history of a personalized roba look like? | propcse the
following framework (see Figure 3) that consists of
different phases:

Phase |I: Acquiring background knowledge. Extensive user
studies neal to reved how different roba behaviors, as
well as appeaances influence peopl€e’s attitudes, opinions
and preferences towards robats. The tasks that the roba is
supposed to perform, the physicd environment that the
roba is operating in, as well as the social environment
(including expeded personality profiles of users) arelikely
to play an important role. Quantitative as well as
gualitative data can leal to a growing body of knowledge
that enables us to suggest designs for robas in particular
‘niches’ [4]. Note, this phase of exploring the design space
of social robas, which covers the whole aeaof human-
robat interadion (HRI), islikely never to be completed.
Phase I1: Socialization in the laboratory. Based on the
generic knowledge aquired in phase | a first prototype of
a roba can be tested and refined under laboratory
conditions in order to determine the default settings in its
behavioral repertoire (see Figures 3, 4). As described in
sedion 2 for dogs, it is here that the robd’s ‘socid
personality’ will be formed. Later experiences will modify
the robad’s personality, but the basic behavioral patterns
are ‘imprinted’. Thus, different ‘breeds of robas can be
socialized by ‘roba trainers in controlled environmental
conditions. Here, information on the user group (e.g.
expeded personality profiles) as well as requirements and
constraints derived from the particular tasks that the robat
is supposed to perform, and the particular type of
environment involved, can inform the default settings that
need to be determined before the roba is exposed to its
naturalistic environment, i.e. placal in a family home.
Note, | assume that it is unlikely that people want to spend
as much time and effort in socializing a roba as they are
willing to invest in a dog. Thus, | assume that customers
will prefer if the robd’s basic personality traits are being
shaped before the roba is being seleded. In this way
people muld seled different personality types of robds as
they seled different dog breeds, acording to their
preferences and neels.

Phase | 11: Personalization. Onceindividual userg/families
have chosen a particular roba breed, personality profiles
and cother information that can be aquired about the
people and the new home apriori can help to identify the
range of likely necessary adjustments of the roba’s

behavior repertoire. Once the roba is placed in the home,
it will interad with the target person or family that it is
suppaosed to live with. It neals to be able to identify and
recognize different people, and to know about
relationships in the family. In order to beoome
personalized the roba neals to adjust its ‘ default settings’,
namely to lean from (life-long) experience Figure 3
summarizes the proposed model. As a result of this
process even two robas of the same ‘breed’ that leave the
laboratory with identicd behavioral default settings, will
over time develop into individualized machines, machines
with a unique personality. Note, such a roba will have to
be ale to cope with changes, e.g. changesin the tasksit is
suppaosed to perform, changes in relationships to family
members (e.g. if children grow up), etc.

HRI Studies across a wide user spectrum
(monitored experimental settings)

Phase |

HRI Studies
{monitored experimental settings)

Phase II:
Socialization
in the Laboratory

Confirmed by Expected Task/Environment/

User Profiles

l informs

4‘ Default behavioural settings for individualized robot
Predictions 1

Life-long interactions in “naturalistic”
e.g. home setting

Phase llI:
Personalization
in the Home

Adaptation,

Changing Task/Environment/User
Social learning

Profiles,
Interaction Histories

Figure 3: Proposed model of socializing robds: towards
personalized roba companions.
Interaction

Seeking attention  Proactivenessiautonomy  Expression of intentionality

distance
A
Default setting
Informed by
HRI studies

Etc.

Salient social behaviours
Figure 4: Examples of sdlient socia behaviors that

influence human-roba interadion. Various parameters,
e.g. regarding the roba’s expresson of intentionality or
autonomy/control, need to be identified in HRI studies.

4 Conclusion: The Domesticated Robot

| sketched a framework for roba socidization where in
addition to individual and social leaning skills that eat
roba might possess behavioral conformations are



achieved by growing u robds in a socia environment
and using the aoncept of a criticd period to shape robot
personaliti es.

Note, a robot’s behavioral and physicd confirmations
(behavior and appeaance) are not independent from each
other and need to match the particular ‘niche’ that the
roba has been developed for [4]. Similarly, a Chihuahua
or a Pekingese will never become asled day due to their
physicd conformation which does not suit this task.

The ideas on robat socialization that we discussed in
this paper can be seen as the developmental dimension of
interadion-aware robas [20]: socia personaliti es that are
shaped by ealy experiences in a aiticd period. Such an
approach might affed whether robats can be ‘tamed’, and
whether they will become our best friends or worst
enemies. It will be up to us to make these choices. Thus,
athough we can ot diredly control the behavior of
robas, we can show social control, similar to how we
influence and shape the behavior of our children, although
we @n never completely control them. Socialized robads
of this kind could ‘naturally’ be social; we would not need
any artificially impaosed rules such aslsaacAsimov’s laws.
The robats | envisage would ‘voluntarily’ try to get along
with us, because we ae part of their social environment.
They might ultimately even begin to like us.
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