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1 Introduction 
Among the deliverables for WP3 are two reports, one on Design Guidelines and one on 
Reference Architecture. The design guidelines and reference architecture documents are 
concerned with questions related to three aspects of social agents or robots: functionality, 
appearance and components. 

• Functionality: what should they be able to do, and related questions 
• Appearance: what should they look like, and related questions 
• Components: how should they be build, and related questions 

A discussion of the first two aspects is presented in this deliverable: D3.1. The third aspect is 
dealt with in Deliverable D3.2 (Reference Architecture). We will probe these aspects by looking 
at the recommendations and experience laid down in the literature. Rather than presenting a full 
survey of the literature, we will discuss what we believe to be a relevant sample that is sufficient 
for current purposes to identify the range of dimensions to consider in designing social agents or 
robots. Besides identifying these dimensions, we will highlight the diversity of grounds on which 
recommendations have been made as the research on these issues is still very much work in 
progress. Some recommendations are based on conjectures whereas others derive from 
smaller or larger scale empirical studies. Although empirical studies may seem to provide a 
firmer basis for guidance, the findings may apply specifically to the domain, application, system 
or user group from the study. This should be taken into account in the use of the guidelines in 
other work packages. The purpose of this document is to identify the major factors to guide the 
design of a social agent or robot based, primarily, on the experience and recommendations 
found in the literature. 

This document is intended to be of use in three work packages. First, it may provide dimensions 
for WP1 (Theory and Analysis) to consider in analysing the data obtained in the various 
iterations. Second, it provides insights from the evaluation of systems that resemble the ones 
that are being developed in WP2 (Field Studies) and WP4 (Showcase) which might be used to 
improve these systems, or guide their design. Third, it provides motivation for central 
components to consider in the reference architecture. 

We have sampled from the literature a number of studies regarding social agents and robots 
and looked for statements about what such a system “should look like”, what it “should be able 
to do”, what users “prefer”, or what “works best”. As we will discuss below, this does result 
neither in a predefined design nor in a golden standard of guidelines that social agents and 
robots should adhere to but rather it gives us a list of recurrent concerns, along with some 
methods and examples that can guide the design process. 

In the next section we discuss the nature of the studies that we have sampled and analysed. 
Section 3 presents the requirements that have been considered in the sample literature. The 
concluding Section 4 provides a first confrontation of guidelines and the data from the first field 
study iteration (WP2). 

2 The Literature Sample 
The past decade has shown a clear growth in interest to study long-term relationships between 
humans and artificial companions such as agents and robots, witness the current surge in 
projects such as Companions, LIREC, and SERA. Tim Bickmore’s PhD study on the agent 
Laura (Bickmore, 2002), was one of the first longitudinal studies in which users interacted with 
an agent for longer periods of time in their homes, rather than the one-off short laboratory 
session. These kinds of longitudinal studies are still exceptional. Most empirical studies on 
human-robot interaction describe experiments that were performed in controlled laboratory 
settings. 
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Besides the longitudinal environmental and the shorter laboratory experiments, there are also 
more general studies on human-computer or human-human interaction from which guidelines 
can be derived. The extrapolation of findings from human-human studies to human-agent 
interactions can be based on the idea that humans have a particular way of interacting that 
comes natural to them so that a system that exploits this type of interaction is also easier to 
learn and experienced as more pleasant. It can also be based on the goal of building agents or 
robots that are as much human-like as possible. The validity of extrapolating guidelines for the 
design of naturally interacting artificial systems from what we know of human-human 
interactions is often argued for by the Media Equation, which was demonstrated in a series of 
studies by Reeves and Nass and students (Reeves and Nass, 1996). Many of these first studies 
just used “old-fashioned” text-based interfaces, but since then evidence has been steadily 
extended in support of the broader claim that in interaction with computers, humans show the 
same relational stance towards the computer as they show towards humans. For instance, 
studies on this so-called CASA (“Computers Are Social Actors”) paradigm have shown that 
computers that use flattery, or which praise rather than criticize their users are liked better (see 
also Fogg and Nass, 1997; Johnson et al., 2004). Also, users prefer computers that match them 
in personality (Nass and Lee, 2001, Johnson and Gardner, 2007), a phenomenon known as the 
“similarity attraction” principle in social psychology (Byrne et al., 1986). In the deliverable D1.2a, 
which mainly reviewed social psychological theories on human-human interaction, several 
guidelines for human-computer interaction were extrapolated in this way from the psychological 
literature. The deliverable at hand can be seen as complementing D1.2a, by focusing on 
systems rather than theory. 

As mentioned above, this deliverable is based on the analysis of a sample of the literature on 
social agents and robots. The selection is biased towards studies on systems that are used for 
healthcare or health promoting actions, though also studies that are more general or that focus 
on robots as companions are taken into consideration. The following roles for agents and robots 
are found in the literature considered: social companion, exercise counselor, chess player, 
health adviser (weight loss, diet, exercise), reminder service. Many studies were concerned with 
either older adults or children. 

3 Guidelines from the Literature 
Several concerns appear over and over again in the literature. Fong et al. (2003) listed the 
following six types of requirements which are often cited. Social robots and agents should be 
able to: 

1. Express and/or perceive emotions  

2. Communicate with high-level dialogue  

3. Learn/recognize models of other agents 

4. Use natural cues (gaze, gestures, etc.) 

5. Exhibit distinctive personality and character 

6. If possible, learn/develop social competencies 

We refine the guidelines from the literature into the nine classes below, splitting up some items 
of the above list and adding others found in the literature. The first class that we will cover deals 
with appearance. The other classes deal with behaviours and skills, i.e. the functional level. 
Classes 2 to 5 deal with the more basic behavioural, communicative skills. Classes 6 to 9 are 
actions on a higher level related to the social skills that an agent or robot should have.   

1. Appearance and embodiment 

2. Range of conversational behaviours  

3. Use of natural or non-natural cues to use in interaction 
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4. Display of cognitive and affective signals   

5. Need to recognize affect 

6. Relational social skills involved in communication such as meta-relational 
communication, politeness, facework, relationship repair, or the ability to draw users into 
repeated interactions 

7. Outcome of the relational skills on social psychological variables such as empathy, 
working alliance, trust, liking, engagement 

8. Need for personalisation, adaptation, and tailoring to user or task 

9. Notion of an autonomous, character with memory and personality 

Section 3.1 will look at appearance (1), Section 3.2 at communicative skills (2-5) and Section 
3.3 at social skills and personality, or the higher level skills (6-9). This division thus more or 
less corresponds to a distinction of hierarchical levels: social skills and personality are 
implemented using the communicative skills and in order to communicate and be expressive the 
robot or agent should be embodied in specific ways. 

3.1 Appearance 

While in Deliverable 1.1 appearance was already mentioned to be an important aspect, the 
question that remains to be answered is what exactly the robot/agent should look like. Generally 
it is argued that it is desirable to design “life-like” agents. Several reasons may be given. First, it 
is often argued that agents should resemble people because they perform roles and fulfil tasks 
that are normally performed by humans. Second, users are used to and prefer to interact with 
other humans. On the other hand, it has been claimed that social robots should not resemble 
humans too much. When robots look like humans this may elicit strong expectations about the 
robot’s social and cognitive competence. If such expectations are not met, then the user is likely 
to experience confusion, frustration and disappointment (Dautenhahn, 2002). Dautenhahn 
(2002) argues that this effect is highly context dependent, though. In some situations it is more 
acceptable that expectations are not met than in other situations. For example, when a robot 
serves as a servant for elderly people it is less acceptable when expectations are not met than 
in situations where robots serve as a kind of toy (e.g. AIBO). 

In this section we first consider some studies that deal with the question of embodiment: should 
the system be embodied as a robot, as an agent, or does it suffice to have something like a 
disembodied text-based interface? Next, we consider some studies that look at the appearance 
of robots and agents, e.g., whether female-looking robots are preferred over male-looking 
robots. After that we present some studies dealing with the factor “task” and how this influences 
the preference for appearance, and we conclude with a note on the “uncanny valley”.  

Types of Embodiment  

Several studies were conducted to determine whether a robot or agent interface would be 
preferred over other types of interfaces such as a simple text interface, for instance. Looije et al. 
(2006) and Looije et al. (to appear) showed that both children and older adults preferred to 
interact with an animated iCat robot over a simple text interface in studies on support of diabetes 
treatment. A pilot study by Tapus et al. (2009) with a socially assistive robot for elderly people 
with cognitive impairments showed that the robot’s physical embodiment played a key role in its 
effectiveness. They compared an embodied system with a computer interface in the context of a 
music-based cognitive game. Not only did users prefer the embodied system, but the embodied 
system also had an overall effect on sustaining and improving the performance on the task. 

A comparison between a robot and a virtual agent helping with the Tower of Hanoi puzzle was 
carried out by Wainer et al. (2006). In this work, it was shown that physical embodiment has a 
measurable effect on performance and perception of social interactions. They also compared 
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the condition of a robot which was physically present to one that was tele-present. The co-
located physical robot was perceived to be more watchful. It was also more enjoyable than 
either the virtual agent or the remote robot. 

These results seem to suggest that robots are generally preferred above agents and agents are 
preferred above text interfaces. But the novelty effect may be an important factor in these 
studies and it is not clear how soon it would wear off. Kidd (2008) points out that the appearance 
of a robot seems to be a factor for a minority of people only, both in the case of initial attraction 
and in longer-term engagements. More important for people is what the robot has to offer and 
whether it is useful. 

Guidelines:  

• Prefer robots over agents and agents over non-embodied interfaces. 
However, take into account the novelty effect when designing your 
robot/agent. 

• Overall, functionality is more important than appearance. 

 

Appearance of Robots 

An important theme of research regarding humanoid robots is appearance (Goetz et al. 2003; 
Robins et al. 2004; Koay et al. 2007; 2009; Nomura et al. 2007; Walters et al. 2008). Walters et 
al. (2008, p.164) introduce the following terminology for robot appearances: a mechanoid robot 
is relatively machine-like; a humanoid robot is not realistically human-like and readily perceived 
as a robot by human interactants (e.g. wheels for locomotion), but possesses some human-like 
features which are often stylised (e.g., facial features); an android robot exhibits appearance 
(and behaviour) as close to human as technically possible.  

Goetz et al. (2003) tested two hypotheses, the positivity hypothesis and the matching hypothesis 
using the robot Pearl. It was concluded that a robot’s appearance and behaviour influences 
people’s perceptions on the robot and their willingness to listen to the robot’s instructions. 
Robins et al. (2004) tested two versions of Robota (a 45cm high robotic doll) with four autistic 
children (age 5-10): one dressed, “pretty girl” version and one undressed, mechanoid version. 
The experiments were long-term, 13 trials on average per child over a period of several months. 
The results showed that the autistic children preferred interaction with the robot in its plain 
robotic appearance over the 'pretty girl' appearance, but over time they became familiar with 
both appearances of the robot. There was also an indication that the plain appearance was a 
salient feature in causing the children to use the robot as a mediator to interact with adults 
around them (investigators and carers): "In some cases the children started to use the robot as 
a mediator, an object of shared attention. They opened themselves up to include the investigator 
in their world, actively seeking to share their experience with him as well as with their carer." 
(Robins et al. (2004) p280). Koay et al. (2007; 2009) tested four different robot appearances 
(short and tall, humanoid and mechanoid) over five weeks. The results showed that participants’ 
preferences changed over time as the participants tended to habituate to the robot. This trend 
was significant in terms of appearance and approach direction. The results seemed to indicate 
that participants who were accustomed to the robot preferred the more ‘in control’ situation. 
When unexpected events occurred, participants appreciated reduced robot autonomy. Walters 
et al. (2008) studied robot appearances as well. They did an experiment with three different 
kinds of robots: a mechanoid robot, a basic (humanoid) robot and a humanoid robot1 – android 
robots were deliberately excluded given results from previous surveys (Khan, 1998; Scopelliti et 

                                                
1 In contrast to the humanoid robot equipped with two seven-degrees of freedom arms capable of human-
like gestures (e.g. waving), the basic robot was equipped with just one single-degree of freedom arm 
which enabled it to make pointing gestures. The mechanoid robot was equipped with a simple single-
degree of freedom gripper that could only be moved up or down. 
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al, 2004; Dautenhahn et al., 2005; see also the introduction to the present subsection). Students 
did not interact with the robots themselves, but expressed their opinions about the robots in a 
video-based human-robot interaction trail. The results showed that overall participants tended to 
prefer robots with more human-like appearances and attributes; however it was also found that 
these preferences seemed to differ with the students’ personalities: introverts and participants 
with lower emotional stability tended to prefer the mechanical appearance to a greater degree 
than other participants. 

Guidelines 

• No absolute preference can be given to the appearance of robots in 
terms of humanoid vs. mechanoid. Make the choice dependent at 
least on preferences in the user group, as personality and other user 
characteristics play a role. 

• Take into account habituation processes in piloting appearance. 

 

Appearance matched to task 

Goetz et al. (2003) tested two contrasting social psychology hypotheses using the humanoid 
Nursebot robot Pearl2: The “positivity hypothesis” asserts that attractiveness, extraversion and 
cheerfulness correlate generally with acceptance and compliance by human peers, while the 
“matching hypothesis” states that appearance and social behaviour of a robot should be 
matched to the seriousness of the task and situation. In the study people were presented with 
pictures of robots that differed along three dimensions: age, sex, and human versus mechanic 
looking. Participants were asked which robot appearance they would prefer for different tasks. 
For female-looking robots, participants preferred the humanlike robots to the machine-like robots 
for most jobs: actress and drawing instructor (artistic jobs), retail clerk and sales representative 
(enterprise jobs), office clerk and hospital message and food carrier (conventional jobs), 
aerobics instructor and museum tour guide (social jobs). Machinelike robots were preferred over 
the humanlike robots for jobs including lab assistant and customs inspector (Investigative) and 
for soldier and security guard (realistic). The patterns for the masculine looking robots were not 
as strong but went generally in the same direction. In this case participants slightly preferred 
humanlike robots for artistic and social job types, but preferred machinelike robots for realistic 
and conventional jobs. It was concluded that a robot’s appearance and behaviour indeed do 
influence people’s perceptions of the robot’s capabilities and social behaviour skills and their 
willingness to listen to the robot’s instructions. Furthermore, elicited responses were framed by 
people’s expectations of the robot’s role in the situation. Thus, it was the more differentiated 
matching hypothesis that found support, e.g. in terms of more humanlike, attractive, or playful 
robots not necessarily being considered to be more compelling, in particular when such 
appearance did not match the given task context. 

A similar experiment was carried out by Hegel et al. (2009). They looked at the influence of 
visual appearance of social robots on judgments about their potential applications. They chose 
videos of twelve robots, Barthoc Jr., iCat, AIBO, BIRON, KeepOn, Kismet, Leonardo, Robovie, 
Repliee Q2, ASIMO, Paro, and Pearl and thirteen “jobs”: security, research, healthcare, 
personal assistant, toy, business, pet, entertainment, teaching, transport, companion, caregiver, 
public assistant. Among the results of the study was that the application fields entertainment, 
pet, toy, and companion strongly correlate with an animal-like appearance, while the others 
strongly correlate with human-like and functional-like appearances. The visual appearance of 
robots was shown to be a significant predictor for the estimation of applications. Additionally, the 
ratings showed an attractiveness bias, in that robots that were judged as more attractive were 
also evaluated more positively on a liking scale. 

                                                
2 http://www.cs.cmu.edu/~nursebot/ (visited: 2010-02-11) 
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Guidelines  

• Consider whether appearance and role/task should be matched. 
(Note that the studies mentioned did not involve actual interactions 
with robots or agents, so novelty effects and habituation may 
influence the importance of this guideline over time)  

• Pay attention to making the robot/agent attractive. 

 

The Uncanny Valley 
Masahiro Mori tried to predict the psychological effects that different robotic designs and other 
human-like artefacts have on humans (Dautenhahn, 2002). Mori proposed the uncanny valley 
theory, in which he predicted that the more life-like we make robots, the more believable they 
become, with a maximum believability being reached in the case of full similarity with human 
beings. However, the transition towards full human appearance incurs a local minimum, 
characterised by a sharp drop in familiarity when robots start to appear so life-like they might be 
taken for “ ‘real’ ” (Dautenhahn, 2002). In this case, robots can cause a sudden uncanny and 
unpleasant feeling, because still existing differences suddenly make us realise that the robots 
are not human after all and fail to match our expectations. In addition, Mori distinguished two 
separate graphs, reflecting two different components of similarity to human beings, namely 
movement and appearance. The movement curve is considered to be more dominant than the 
appearance curve. Thus, people feel more uncanny when there is something unfamiliar about 
the way a robot moves than about the way the robot is looking. Duffy (2003) concludes that with 
respect to appearance, mechanic, more iconic heads would be preferred above those that 
attempt to resemble human heads.  

Studies that tested the uncanny valley hypothesis concerning robots include the following: 

• The results of the study by Groom (2009) support the uncanny valley hypothesis: the agent 
in the mixed-realism condition received the most positive ratings, the most realistic agent 
was rated the lowest. Overall, participants' negative response to the most realistic agent was 
as clear as their preference for agents that demonstrated inconsistent, moderately realistic 
behaviour. 

• The results of MacDorman (2006) do not indicate a single uncanny valley for a particular 
range of human likeness. Along the lines of Mori’s more detailed analysis, the results 
suggest that human likeness is only one of perhaps many factors influencing the extent to 
which a robot is perceived as being strange, familiar, or eerie.  

• The results of Oyedele (2007) support the hypotheses that individual responses to the 
images shown would resemble a pattern similar to the uncanny valley and that both the 
context within which humans and robots interact and the extent to which robots resemble 
human beings influence the experienced affect towards the robot. 

• The results of Walters et al. (2008) show that participants tended to prefer robots with more 
human-like appearances and attributes. However, introvert participants and participants with 
lower emotional stability tended to prefer the mechanical looking appearance to a greater 
degree than other participants. The results also show that it is possible to rate individual 
elements of a particular robot’s behaviour and then assess the contribution (or lack thereof) 
of that element to the overall perception of the robot by people. Relating participant’s ratings 
of individual robots to independent static appearance ratings provided evidence that 
supports Mori’s theory of the uncanny valley. 

• Kanda et al. (2008) compared two humanoid robots, ASIMO and Robovie, and a human 
according to appearance in simple interactions at first meeting. We summarise their findings: 
1. Subjective impressions: ASIMO received better subjective impressions than Robovie or 
the human; 2. Verbal responses: participants gave the same amount of information with 
identical politeness to ASIMO, Robovie, and the human; 3. Distance at first conversation: 
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participants tended to stand closer to ASIMO than to Robovie or the human; 4. Degree of 
participant waist angles when bowing as a greeting: participants bowed more deeply to the 
human than to Robovie; 5. Delay time of vocal response to greetings: participants replied 
more rapidly to humans than to the robots, and they replied more rapidly to ASIMO than to 
Robovie; 6. Extent of each arm's movements during talking: no significant difference was 
found; 7. Participant delay time of gaze response to pointing: participants looked most 
rapidly at a poster when Robovie pointed to it; 8. Distance while walking: participants tended 
to walk closer to ASIMO than to Robovie or the human; 9. Speed during walking: 
participants walked faster with the human, but this largely reflected the relative speeds of the 
robots and the human. 

Guideline 

• To test different robot/agents designs with respect to uncanny valley 
effects, consider at least the following factors: (1) the variables 
related to the location of the different designs along the scale ranging 
from unequivocal artefact appearance to human resemblance and (2) 
the effect is dependent on the type of user. 

 

Summary 

From this short overview one can draw a few conclusions. First, studies that compared 
anthropomorphic interfaces with simple text-based interfaces found that users had a preference 
for the former kinds. Second, there are several variables that should influence the design or 
choice of robot appearance: in addition the task at hand, personal preferences are also of 
importance.  

In general, one can conclude that carefully set-up empirical (pilot) studies can inform the 
definition of the appearance of an agent or robot so that it is matched with the task and the user 
group. Habituation processes may still make up for less than optimal choices. Kidd (2008) 
provides an important point: functionality is more important than appearance. 

3.2 Communicative skills 

The ability to communicate, verbally and/or non-verbally, is a common-sense requirement for 
artificial companions or social robots. Deliverable 1.1 already refers to the fact that theories 
about verbal and nonverbal behaviour might be of relevance. 

Conversational behaviours 

Some form of communication is needed as a basis to establish a social relation (Castellano et 
al. (2008); Duffy (2003), Fong et al. (2003); Green et al. (2004), Kidd (2008); Li et al. (2006)). In 
embodied conversational agents this is often interpreted as a requirement for social robots and 
agents to possess conversational skills similar to humans, including ways to open and close 
conversations and showing engagement (Sidner et al. 2004); turn-taking; providing feedback 
(Kidd, 2008), contrast, and emphasis; showing attention; addressing (Bruce 2002); formulating 
sentences, and constructing multimodal communicative actions (see Cassell et al. 1999 for an 
overview). On the basis of such communication skills, further social interaction skills can be 
built. For instance, providing feedback can be important to motivate users or to express empathy 
(Blanson-Henkemans et al. 2009; see also below). Skills like these are often assumed to be 
important in human-robot interaction just because they are fundamental in human-human 
interaction. However, they apply in particular to humanoid robots and agents with dialogue 
abilities. For the case of zoomorphic agents/robots the case might be different (consider, for 
instance, the examples of Paro or AIBO). A tentative conclusion is given in the following 
guideline: 
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Guideline 

• If one equips robots and agents with conversational skills, one needs 
to take into account the many levels on which conversation works 
and consider how to contribute to verifying, establishing and 
maintaining required preconditions and context, accounting for 
procedures such as of engagement, feedback, and information 
structuring. 

 
Use of natural cues 

Several authors focus on the importance of using “natural” cues in interaction – the verbal and 
nonverbal cues humans use effortlessly in interaction. They have studied the use of particular 
mainly nonverbal behaviours and their effects on the interaction and the social relationship: eye 
contact, look-at behaviours, head, arm, and hand gestures (see e.g. the references in the 
previous paragraph). Subtle gestures were found to have a positive effect on understanding 
what a robot was doing (Breazeal et al. 2005). One of the factors that Kidd (2008, p. 162) 
mentions as contributing significantly to the creation of a successful system is the appearance of 
eye contact and the movement of the eyes: “Numerous participants who had the robot (and 
countless others who have seen or interacted with it for short durations) noted during the final 
interview that the eyes of the robot and the fact that it looked at them drew them into interactions 
with the system and made it feel more lifelike. Users were clearly more engaged with a system 
that looked at them […].” Also Kozima et al. (2003) point out the role of eye contact on joint 
attention as a prerequisite for social interaction. Bruce et al. (2002) indicate attention of the robot 
by having the robot turn to a person when it wants to address that person (see also the work by 
Sidner et al.(2004, 2005) on engagement mentioned above). 

Interestingly, some conversational functions can also be expressed by cues that are less 
natural. Kobayashi et al. (2008) used a blinking LED to notify a user about the robot’s internal 
state such as processing or being busy. The use of such a visual device made conversations go 
smoother, human users would not repeat themselves as often (see also Sengers 1999). 

Guidelines 

• As humans will interpret the (nonverbal and other) behaviours of a 
robot/agent similarly to the behaviours of humans, the behaviours 
should be carefully designed and work in similar ways as in the 
human case (e.g., provide non-functional clues) to avoid 
misinterpretation and to benefit from the inferences made.  

• On the other hand, robots and agents are accepted to be different 
from humans and can have non-human-like interfaces that can be 
exploited in the interaction to take care of important communicative 
functionalities. 

 

Affective and social behaviours 

Kobyashi et al. (2008)’s blinking LED highlights the importance for robots and agents to express 
internal state. Many authors emphasize the importance of the capability and ability to express 
social, affective behaviour (Sengers 1999, Bartneck 2003; Bickmore 2003; Blanson-Henkemans 
et al. 2009; Bruce et al. 2002; Cassell et al. 1999; Duffy 2003; Fong et al. 2003; Kessens et al. 
2009, Kidd 2008, Castellano 2008 and 2009; Looije et al. 2009). According to Kidd (2008) 
expressing the internal state to the user is a most critical factor for a robot to be accepted and 
used. Castellano et al. (2009) claim that companion robots should be able to display and 
recognize affective behaviour in order to sustain long-term interactions with users. No further 
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motivation is given, however. In another paper (Castellano et al 2008) this assertion is 
generalized to other mental states. 

With respect to expressivity, the behaviours displayed by humans in the human-human setting 
are often taken as the primary model. Bickmore (2002) noticed in his study on human-human 
interactions (between trainer and client) that the trainer mainly used three expressions that were 
important to mark affective state or context: a neutral face (majority of cases and in particular 
during information exchanges), a concerned face (during empathy exchanges) and a 
happy/smiling face during ritual actions (greetings and farewells), social dialogue and humour. 
That different task contexts may require different expressions was also pointed out by Kessens 
et al. (2009) who looked at the role of emotional expressions (face and voice) for different roles 
of a health-promoting robot (the iCat was used). The iCat would act as a companion, educator 
or motivator. Although the effects of using an emotional expressions were minimal (which the 
authors explain by a ceiling effect), the emotional motivator performed better. Emotional speech 
is in general less intelligible and this was less of a problem for the motivator agent than for the 
educator role.   

Summarising experiences gathered with their Roboceptionist system (Kirby et al., 2005), Kirby 
et al (2010) emphasise the importance of robots’ adherence to human social norms for human-
robot interaction to proceed smoothly, as exemplified by the use of expressive moods and 
emotions as integral part of social interaction. The importance of modelling long-term aspects of, 
and interactions between, emotions, moods, and attitudes results from the frequency with which 
human emotional reactions are caused by social interactions, influenced by societal and cultural 
norms, or used to communicate desires to other people (generating expectations). Emotions 
provide key contributions to forming common ground (Klein et al., 2004) and enabling effective 
communication; e.g., expression of the specific state of sadness may invite the specific desire to 
be comforted (cf. Feltovich et al.’s (2007) discussion of regulation devices in joint activity). Kirby 
et al. stress the importance of complete generative models of the interplay of different affective 
phenomena and the influence of interactions with people on them to be able to sustain long-term 
interactions. They propose a minimal generic design based on (discrete) emotions, moods, and 
attitudes and they mutual influences. Here, a basic distinction is made between affect as 
generalised state characterised by valence (positive or negative, or of approaching/engaging vs. 
distancing/disengaging (McNaughton, 2004)) from emotion as immediate response to some 
event as being of major significance. Moods are defined as more “diffuse” affective states of low 
variance (at least over a single day) and lower intensity than emotions and lacking in specific 
single antecedents. Finally, attitudes, acquired amalgamations of emotions experienced with a 
particular reference (person or object) over time, predispose to certain behaviours and imply 
evaluations on an affective scale (cf. the discussion of learning capabilities, below). First 
empirical tests of this model indicate the intelligibility of the robot’s expressions, and how slight 
changes in them influence the evolution of interactions in terms of induced expectations and 
related coping strategies (avoidance of a negative robot, feeling of more common ground with a 
positive robot). Also, different levels of familiarity with the robot correlated with different 
reactions to robot’s current mood. The proposed model was thus found capable of supporting 
rich and consistent long-term interactions with different human peers. 

Guidelines 

• A (companion) robot/agent should express elements of its internal 
state (affective or otherwise). To find out which internal states are 
important and how they are expressed in a given situation, one can 
turn to studies of human-human expressions in similar situations, as 
expressivity is task/role/situation dependent. 

• Principled generative models can provide important contributions by 
ensuring coherence while sustaining variability in long-term 
interactions. 
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Situational Awareness 

Most of the skills mentioned so far were concerned with the expressive elements of the robot or 
agent. For a conversation to work properly, one also has to be able to perceive and understand 
what the partner is saying, doing and expressing in general. For effective communication, the 
agent or robot needs to build up a model of the user’s state for effective communication and of 
the situation. The motivation given by Castellano et al. (2008) is that companion robots should 
know when it is appropriate for the robot to engage in interaction with the user. For instance, 
when it is appropriate to interrupt the activity the user is engaged in. Situational awareness also 
includes recognition of affective and cognitive states (Castellano et al. 2008; Fong et al. 2003; 
Kidd 2008). The affect sensitivity should be robust and based on multimodal cues; it should not 
just include the prototypical emotions (Tomkins 1962, 1963; Ekman 1973, 1992) but also other, 
complex, social ones (as described by social constructivist or componential models of emotion, 
cf. e.g. Scherer 2000). It should also capture the dynamics of emotions (see also Kirby et al., 
2010) in an interaction- and peer-dependent manner (see also previous paragraph). At the same 
time, the significant limitations of the current state-of-the-art in recognition “in the wild” (in 
particular of affect, but also of the very interaction peers) need to be considered. 

Guidelines 

• Robots/agents should be designed so as to take into account the 
context of use (context-awareness, situation-awareness, user-
awareness, affect-sensitiveness). 

• If adequate, robust interpretation capabilities (for e.g. identification of 
the interacting peer, recognition of affective tone) are not available, 
then the actions of the robot/agent should be carefully designed to 
either match generic situations or carefully restricted contexts of use 
where the context can be validated. 

 

Summary 

The premise that robots and agents should be human-like seems to be the dominant opinion of 
the field. However, as Kobyashi et al. (2008)’s successful example shows, this should not be 
mistaken for an immutable principle. When human-likeness is the goal, analysing human-human 
interactions in the selected domain and trying to copy the relevant behaviours on the system is a 
good way to proceed (see Bickmore’s example for instance), but care must be taken to identify 
the full scope of the related required capabilities and to assess the viability of their technical 
realisation. 

3.3 Social Skills 

The dialogue and interaction skills presented above are needed to establish the desired 
interpersonal relation with the user. This relation, in turn, should be optimal to get closer to the 
overall goal of the agent: persuade the user to stop unhealthy habits, or advise on a healthier 
lifestyle, for instance. We list here some of the more important relational skills for companion or 
counselling agents as found in the literature.  

Relational Communication Skills 

Robots or agents that function as companions or health-advisors need to be able to 
communicate in ways that are particular to their role. Besides requirements that follow from the 
task (advise, persuade, counsel), many of the skills in the interaction can be modelled to relate 
to controlling interpersonal variables. These are important, precisely because of the particular 



FP7-231868  SERA   deliverable 3.1 

Version 4/05/2010  page 14 of 22 

task which affects people’s self-image. Before we present some of these variables in the next 
paragraph, we point out some of the communication skills and interaction strategies that can 
support social interaction. 

Bickmore et al (2009) argue that voluntary-use interfaces for long-term use require special 
consideration regarding user engagement to sustain possibly thousands of interactions. 
Engagement for a longitudinal application could be provided by having the agent tell personal 
stories that are entertaining and self-disclosing. Focussing on health-care agents, Bickmore 
(2002) points out that empathy and trust in particular are important relations between therapist 
and patient for the therapy to be effective. A similar focus on these interpersonal variables may 
be required for a coach-type agent or robot. He proposes, amongst others, the following set of 
strategies that should be varied over time for building the right rapport. 

• Increasing breadth and depth of topics (mostly during social dialogue)  
• Increasing amount of small talk  
• Increasing amount of information the agent knows about the user (telling the agent 

things is a type of "investment" made in the relationship) 
• Increasing use of empathy, agreement with the user, and humour  
• References to past interactions and mutual knowledge should increase over time 
• References to future interactions, inclusive pronouns, expressing happiness to see the 

user, nonverbal immediacy behaviours, and the use of greeting routines, forms of 
address. 

Some of these strategies can be used to implement personalisation and adaption to the user, 
which are important elements in longer relationships (see below).  

According to Bickmore, the most important strategies to use in this type of interaction are: 
• Meta-relational communication: “being very clear up front about the roles and 

expectations of each of the parties in the relationship, and checking in from time to time 
to see how everything is going and making adjustments as needed” 

• Appropriate use of politeness and facework 
• Appropriate use of empathy: this “can go a long way towards making them feel 

understood and alleviating negative emotional states such as frustration” (p.198, with 
reference to (Klein et al, 2002)) 

Blanson-Henkemans et al. (2009) emphasise the need for feedback for a persuasive computer 
assistant. In their experiment they had the iCat follow principles of motivational interviewing, 
focusing on social functioning: discussing problems and giving feedback in the form of advice 
and direction. They implement strategies such as the following: 

• Express empathy:  “You did not achieve your goal, perhaps you were busy.” 
• Cheering and Complementing: “Well done!” 
• Support self-efficacy and optimism: “You did not achieve your goal. Don’t worry. It will go 

step by step.” 
The strategies chosen clearly depend on the framework for intervention that is chosen. 

Interpersonal variables 

Rapport and empathy were two interpersonal variables mentioned in the previous paragraph 
that the relational skills are intended to ensure. One could say that a general requirement for 
social companions is the ability to engage in the actions and strategies of the previous 
paragraph to set, maintain, or increase the value of these and several other similar variables 
mentioned in the literature mentions. Kidd (2008), for instance, stresses engagement, motivation 
to use the system (providing encouragement), and trust. Looije et al. (2006) state that a 
personal assistant promoting health should be able to: 

• have users like it (so that they will engage with it): involving relational strategies such as 
giving advice in a positive manner; giving emotional support (empathy and compassion);  

• have users trust it.  



FP7-231868  SERA   deliverable 3.1 

Version 4/05/2010  page 15 of 22 

In Bickmore’s work on FitTrack (Bickmore 2002), the main dimension of the relationship is the 
“working alliance” which is based “on the trust and belief that the therapist and patient have in 
each other as team-members in achieving a desired outcome”. Crucial in forming and 
maintaining the working alliance is the patient’s perception of empathy. 

Guideline 

• Use the appropriate conversational strategies to establish the right 
settings for important relational variables. 

 
Personalisation and Adaptation / Memory and Learning 

Strategies to maintain a relationship and produce the desired effect – be it companionship or the 
promotion of a healthier life style – may need to be varied depending on the person (Green et al. 
2004, for instance) and on the particular moment. Several authors point out that the ability to 
adapt to a specific user over time – personalisation – is an important prerequisite. It will – as 
was pointed out above – require of an agent that it can build up a model of the user (personality, 
desires, preferences, attitudes, beliefs, etc.) and update it dynamically (Bickmore (2002), 
Castellano et al. (2008), Kidd (2008)). The reverse side of this is that also agents themselves 
need to be consistent (though they can also change over time) and have some kind of 
personality that is consistent with their role (cf. the generative model in (Kirby et al., 2010), 
discussed above). Bickmore et al. (2009) investigated the use of autobiographical stories for 
agents as a form of self-disclosure. 

Another aspect closely related to time awareness is the capability for intelligent social 
Companions to remember and forget, as has been claimed by some authors. A companion 
should be able to remember past experiences to personalise the interaction and maintain a 
long-term relationship. On the other hand, the companion should also be able to forget 
(situational forgetting). One motivation behind this involves the ability to protect the user’s 
privacy by not disclosing sensitive data. In general it is claimed that memory is an important 
aspect of social life. Memory is important for consistent action and thereby defining a personality 
(Lim et al., 2009). Castellano et al. (2008) point out that a memory model is needed to retrieve 
memories that are relevant to the current situation. The memory should help in ranking the 
significance of events and provide a basis for learning. Believability and richness of the 
interactive experience are claimed to benefit from this, in accord with current theorising in 
personality research (Mischel, 2004). 

Guideline 

• Work on memory systems – in particular forgetting – in long-term 
interactions is fairly new ground for the research community. 
Incorporating the adequate strategies for user modelling is an 
important requirement for continuous engagement and attachment. 

 

Summary 
For companion, health advising, therapist and other such agents and robots, the interpersonal 
variables between system and user have to be “right”; just as they have to be in real-life human-
human interaction. This requires special interactive skills.  
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4 Summary and Conclusions 
The studies on human-robot and human-agent interactions have interesting insights to offer that 
may be useful for the design of a socially engaged robot. However, the literature does not offer 
concrete, ready-to-use solutions to apply in every case. Rather, it articulates concerns, 
stipulates requirements or wish lists, reports on detailed experiments that may not be 
transferable to other situations, offers some insights gained in designing, implementing and 
evaluating an artificial social system, and provides suggestions for the design process. The table 
below summarises the main types of findings from this overview. 

 

Appearance 1. Physical robots are preferred 
over virtual agents 

2. Agents are preferred over text 

3. Appearance is not as 
important as function 

4. Appearance should match task 

The literature on appearance 
consists mainly of laboratory 
experiments in which different 
appearances are compared. 

Most relevant for SERA are findings 
3 and 4. 

Basic 
Communicative 
Skills 

1. Robots and agents should to a 
large extent communicate 
multi-modally just as humans 
can. 

2. Robots and agents can use 
other means to communicate. 

There is ample literature on how 
conversational skills that humans 
employ could be modelled in 
embodied dialogue systems and 
what the effects are on the quality of 
conversation and on the social 
impact (see, e.g. the Intelligent 
Virtual Agent and AAMAS 
conference series). In general, users 
will read and expect similar 
messages from the verbal and 
nonverbal behaviours of robots and 
agents as they do from humans; and 
ascribe personalities and social 
identities. 

High level Skills 1. Goals for social agents on a 
higher level can be defined as 
engaging in behaviours that 
promote the right setting of the 
proper interpersonal variables. 

2. Recurrent interpersonal 
variables are trust and 
empathy. 

3. The intervention method 
chosen determines the task 
domain and the strategies that 
are important; as well as the 
interpersonal variables that 
matter.  

The literature offers some good 
examples of how a specific 
intervention not only leads to a 
choice of dialogue strategies, 
dialogues acts and important 
expressive behaviours (e.g. by 
analysing the human-human 
interventions) but also the effects, 
variables and higher level skills that 
are important to model. 

 

One final aspect to consider with respect to the literature and these guidelines is how they relate 
to the goals of the SERA project. As our aim is to make progress towards social robots, also by 
providing guidelines for improving sociability of this and the next generation of robots, the 



FP7-231868  SERA   deliverable 3.1 

Version 4/05/2010  page 17 of 22 

suggestions made in the literature on how to keep users engaged for longer time are central. In 
particular for the purposes of the in situ studies of human-robot interaction in WP2, they may 
facilitate the capturing of sufficient quantities of relevant data.  

As mentioned in the opening, this deliverable complements D1.2a from the theory workpackge 
WP1. D1.2a mainly reviewed social psychological theories on human-human interaction and 
concluded with general guidelines for human-agent/robot interaction that were extrapolated to 
this case. In contrast, the current deliverable (D 3.1) starts from the description and evaluation of 
agents and robots that have been built and evaluated. The focus thus is less on what should be 
achieved but how this can be achieved, i.e., sociability through appearance and specific kinds of 
communicative and other behaviours. There are several points where the two deliverables meet, 
directly or indirectly. It is clear that many of the systems that have been created consider similar 
issues of social psychology and provide ideas on how to realise communication and create 
social bonds for which Theory-of-Mind like skills and the need-to-belong concepts of the theory 
framework are a prerequisite. Deliverable 3.2 on the Reference Architecture will take a step 
further by looking at the implementation details of the robots and agents that have been created. 

With respect to the construction and evolution of the set-up with the Nabaztag that will be used 
in the data collection iterations, the present analysis of existing systems can make three kinds of 
contributions: The first are insights into issues that need to be considered in the design of the 
set-up. The second is the presentation of a number of methods for the design. The third are 
suggestions for appearance and behaviours. Given the limited state-of-the-art in human-
robot/agent interaction, the fact that the research is still very much ongoing, and because of the 
overall complexity of the task, it is of little surprise that the insights gained from the literature are 
often not of an immediate prescriptive kind. Results may not generalize, and substantial 
empirical evidence is still missing for a number of ideas. All the more important are also the 
lessons taught by explicitly reported negative results and by the stumbling blocks encountered 
during the evolution of systems. The aim of the empirical work in SERA set-ups is not to build 
the ultimate social robot companion, but to validate existing knowledge and to gather empirical 
evidence that is currently missing. Importantly, this also includes making explicit implementation-
time decisions that are all too often glossed over in scientific publications3.  

                                                
3 See the benefit of “Clarity and completeness” of computational cognitive modelling discussed 
in (Cooper et al., 1996) and (Fum et al., 2007)) 
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