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INTRODUCTION 

For the non-specialist, the whole notion of Artificial Intelligence 
challenges fundamental understandings of what it is to be 
human, with enormous implications for how we conceive 
ourselves, our artefacts and our societies. AI's foundational goal 
was the construction of autonomous sentience. Yet, 55 years 
after Turing's seminal paper, publicly visible achievements, 
beyond science fiction speculations or media exaggerations, still 
lie in faltering steps in voice and image recognition, surveillance, 
computer games and virtual environments, not in truly intelligent 
everyday machines. 

This symposium offers a forum for the discussion of the social 
understanding of Artificial Intelligence, in particular the curious 
spaces between popular expectations of machines that meet our 
every whim, fears of humans enslaved or eliminated by crazed 
super-brains, and the sober reality of toasters that still burn the 
bread.  

At the start of the 21st century, it is timely to reflect not just on 
the technical achievements and pitfalls of the now mature 
discipline of Artificial Intelligence, but also on its wider social 
understanding. While there have always been ill-informed 
concerns about "robots taking over the world", the reality is both 
more prosaic and more complex. People have long 
anthropomorphised complex artefacts which are capable of 
seemingly autonomous interaction. However, recent advances in 
the deployment of believable characters and affective systems, 
both in graphical and robotic form, have rekindled problematic 
social and ethical questions about our relationships with 
machines.  

This symposium offers a fresh opportunity for interdisciplinary 
perspectives on the social understanding of Artificial 
Intelligence, with the strong potential to bring together 
contemporary research in key technical, social, psychological 
and philosophical domains.  

A variety of papers will be presented. There is the philosophical 
and specifically phenomenological perspective, examining why 
we should buy into the Ambient Intelligence vision (Heylen) . 
There is the application of semiotics and gender studies to why 
we are scared of virtual humans (Draude). The ethical 
implications of system development (Ross and Tomico) and of 
the development of long-term memories for robot companions 
(Vargas et al) are also considered, along with an invited talk 
(Dag Sverre Syrdal) reporting an empirical investigation of the 
latter question. Ethics are also involved in a discussion of what is 
involved in a social simulation (Lucas) while issues arising from 
the interaction between graphical characters and human are also 
considered (Xuetao et al, Riek et al).  

TOPICS 
Topics of interest include but are not limited to: 

• AI, Ethics and privacy  
• AI and Public Policy  
• Portrayal of AI in film, novel and other art forms  
• Anthropomorphism and AI  
• Attitudes towards robots and graphical characters  
• Believability, naturalism and the uncanny valley  
• Definitions of human-ness and AI artefacts  
• AI and gender  
• Social impact of AI  
• Social expectations of AI  
• Social perceptions of AI  
• Social/legal/economic status of AIs  
• Social/ethical implications of AI augmentation of 

humans  
• Human/AI construct co-working  
• If AIs could talk, would we understand them?  
• What is it like to be an AI?  
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Technology in the Ambient Age: back to Nature
Dirk Heylen1

Abstract. This paper1 presents an analysis of the vision behind 
Ambient Intelligence and the forms of interaction central to the 
vision (including agents and robots) from a philosophical 
perspective, trying to frame it into the terms introduced by Don 
Ihde to characterise the existential relations humans entertain 
with the world. We compare and contrast the ambient intelligent 
vision on technology with other ones.  

1 PRECONCEPTIONS 
Research into agents and robots, synthetic environments or 
ambient intelligence is given a particular appeal by the 
researcher and in particular the funding agencies that have to 
produce a vision of a better future that will profit from current 
investments in research and technology. What kinds of utopia 
are being put forward in the current visions on how we should 
ideally relate to technology? One could define Ambient 
Intelligence as the set of algorithms, technologies, applications, 
services, and real systems that have been built or that are being 
proposed. But  we are concerned here with Ambient Intelligence 
as a particular way in which the phenomenological relations 
between users and the techniques defined as ambient are 
envisaged. What does it mean to be ambient in terms of the 
existential relations between humans and their technologically 
mediated lifeworlds. The third way to view the discourse on 
Ambient Intelligence is as a  a political, ideological manifesto 
that provides a political agenda. This raises questions about what 
primitive, quasi-mythological or common-sense reasons are 
provided to justify the view: how is it made to appear as a 
natural, incontestable position; a truism. Why should we buy into 
the vision?2 3

The Ambient Intelligence vision on what our world will (or 
should) be like in the future has its roots in philosophical 
preconceptions about what it means to be human and a 
teleological perspective that specifies what the “condition 
humaine” looks like that we should be heading for. The 
policitical, economical and cultural dimensions of this vision are 
described in the ISTAG [1] report, the IST Advisory Group. 
Also “The New Everyday” by Emile Aarts and Stefano Marzano 
[2] is concerned with a variety of perspectives on ambient 
intelligence. This book also does a good job in promoting the 
new philosophy. These are the primary texts that we take as 
defining the Ambient Vision. Among the opportunities that 
Ambient Intelligence offers, the ISTAG mentions: “modernising 
the European social model” and “improving Europe’s economy”. 
Ambient Intelligence will have an impact on governance and 

                                                 
1 This paper was presented earlier at the CHI 2003 workshop on 
Ambientt Intelligence. 
2Human  Media Interaction, Dept. of Computing Science, Univ. of 
Twente, The Netherlands. Email: heylen@ewi.utwente.nl.  
 

public services, civil security, the environment, mobility and 
transport. In short, Ambient Intelligence will bring us a new and 
better way of life.  
Natural interaction, computational intelligence, contextual 
awareness, emotional computing, adaptive software: the 
components for intelligence mentioned in the ISTAG report, are 
all terms that relate not just to technologies as such but to their 
contexts of use. Invisible, intelligent and interactive are the key 
terms used in Stefano Marzano’s introduction in the New 
Everyday. Ambient Intelligence is not a new “computing 
paradigm” and not just a new “interaction paradigm.” It links 
certain enabling technologies to a model of computer mediated 
interaction. It is a philosophy about the powers of intelligent, 
invisible computing devices mediating between human praxis 
and the lifeworld. It defines how we should exist in the new 
future. But we could ask ourselves: Why intelligent? Why 
invisible? Why interactive? Are these the ultimate goals that we 
should go for that everyone accepts without further 
argumentation; the truths that we all hold to be self-evident? 

2 TECHNOLOGY AND HUMAN NATURE  
Technology is the collection of practices that humans employ to 
change themselves and the world they live in: their habitat. We 
invent technologies that protect us and make us survive in all 
kinds of conditions and we change our natural habitat to fit how 
we want to live. Don Ihde [3] suggests `technosystem’ as a 
possible term for this human ecosystem.  
In a way technology defines what we are. In the cyborg vision by 
artists like Stelarc who proclaims that the physical body is 
“obsolote” and in the Cyborg Manifesto by Haraway [4] our 
existence as hybrid creatures half nature – half machine is put to 
the fore hyperbolically. Stelarc’s third arm is different from the 
prostheses that are common in medical practice nowadays (or the 
wooden legs of the past centuries) only in its surplus. Whereas a 
prosthesis restores a function of the human body that is lost, the 
third arm turns Stelarc into a new posthuman species. Stelarc 
wants to augment the human body with technology (the Six 
Million dollar Man) Our biological make-up is no longer able to 
survive in the technoworld we have created. It is time to reinvent 
and to rebuild ourselves.  
 
In the Ambient Lifeworld, on the other hand, there is no need for 
surgery. The world itself is made into a new technological 
haven. It is made to the measure of man, made to fit our 
biological constraints, to understand what we want without 
asking and to serve our needs. 
 
From a philosophical point of view, Stelarc and Haraway’s 
position typically investigates the existential technological 
relations with the world that Don Ihde identifies as “embodiment 
relations”. Technology is viewed as a way to extend the body. 
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For these technologies, the ultimate design goal is transparancy 
in the sense that “the machine is perfected along a bodily vector, 
molded to the perceptions and actions of humans.”  The desire 
for these technologies is to become “truly me”. The goal of 
invisibility set for technology in the Ambient Vision is a similar 
desire on a deeper level; a desire for the technology not intrude 
to much. A desire for the technology to disappear. However, the 
two visons differ in the way they think this should be realised 
and the kind of mediating relation between Self and World they 
think are most important for technology to serve.   
 
So, the ambient intelligence view seems to aim for precisely 
those technologies that do not rely on the embodiment relations. 
Ambient Intelligence technologies do not intrude the body. Ihde 
presents the embodiment relation to technology schematically as 
(I-technology)  world. We could be tempted to define the 
ambient intelligence relation as: I  (technology-world). 
However, the ambient intelligent vision does not correspond to 
the use that Ihde makes of this reversed scheme. Ihde uses this 
schema to summarise what he calls hermeneutic technics. This is 
a second form of existential human-technology relation, where 
the technology makes the world appear as some kind of text to 
be read and interpreted. A prototypical example would be the 
thermometer: a physical device that translates temperature into 
numbers and allows us to ‘read’ off the temperature. Clearly this 
is not exactly the opposition to embodiment relations we have in 
mind to characterise the ambient vision, though, as we will 
suggest below, the hermeneutic relation might have an important 
role to play in the ambient intelligence vision but in another 
sense. 

3 BACK TO NATURE 
“The 1960s and 1970s brought to popularity a series of largely 
dystopian books that argued that Technology has outstripped 
human control and, like the Frankenstein myth, was runaway. 
Two of the most widely read such books were Herbert 
Marcuse’s One dimensional Man  and Jacques Ellul’s The 
Technological Society. […] With this interpretation of 
technology, another popular belief is raised: that technology by 
being produced is artificial and the artificial is to be contrasted 
with the natural.” (Ihde, p. 6).  
 
In the 1990ies, Neil Postman reiterated this critique in, for 
instance, Technopoly [5] which includes a chapter on Computer 
Technology. But what if we are “artificial by nature” as Plessner 
[6] puts it? Perhaps we should not be so concerned about 
technology as the technophobes seem to be. In that case 
technology is just a fact of life. It seems hard for many people to 
agree with Plessner’s position on humankind’s artificial nature 
and the position of technology. It has become almost 
commonplace to oppose the terms nature and culture with 
science and technology as the major actors responsible for 
making us loose touch with nature. Technology is artificial. 
Artificial is bad. Nature is good and therefore natural interaction 
is as well.  
 
The vision expressed in the ISTAG report or the New Everyday 
takes a very particular utopian stance on technology. Technology 
will save us or make the world a better place. But of course, in 
order for a vision to operate as a political manifesto there should 

also be a bad guy and the techno-dystopians cannot be wrong 
completely. Technology in its current form has alienated us from 
nature and our true selves. So we should get rid of it, in a certain 
sense. By making the technology invisible (cf Marzano’s 
characterisation) the Ambient Vision makes the technology it 
introduces disappear at the same time. Ambient Intelligence 
promises to turn our daily lifeworld into a new Eden: “relaxing 
and enjoyable for the citizen”. The New Adam is being served 
by invisible intelligence embedded in everyday objects. He will 
no longer experience the difference between nature and artifice. 
Technology and Nature have merged into an overall synthetic 
environment which we no longer experience as artificial. The 
post-rationalism expressed in the dystopian visions and 
postmodern thought is left behind to make room for a kind of 
neo-romantic view: back to nature. 
 
The words nature and natural appear in slightly different 
contexts throughout the ISTAG report. First, in the design of 
interaction concepts, ambient intelligence strives for an 
ecologically valid approach, looking for natural environments of 
use. Second, natural interaction is seen as an important 
component for the Intelligence in Ambient Intelligence: 
 
In the ISTAG report it is stressed that implementing the ambient 
intelligence vision should proceed by experience prototyping: 
 
“Such facilities should enable prototyping of novel interaction 
concepts while resembling natural environments of use. These 
`experience prototyping’ centres should also be equipped with an 
observation infrastructure that can capture and analyse the 
behaviour of people that interact with the experience 
prototypes.”  
 
This means, that the products and services should be conceived 
in constant interaction with their actual use by real users for 
which the experience of the product is as real as possible. 
Ethnomethodological approaches, user-centered design, usability 
engineering, ecological validity are key terms. Designers should 
look at nature, or at least to the natural way that people interact 
with things. (We should keep in mind Plessner’s dictum though.) 
The focus on experience prototyping ensures that the general 
vision on making technologies withdraw becomes part of a 
general methodology.  

4 ALTERITY  
In line with the dictum of “don’t change people, change the 

environment” the concept of Natural Interaction becomes an 
important notion. “Natural interaction that combines speech, 
vision, gesture, and facial expression into a truly integrated 
multimodal interaction concept” This use of natural relates to the 
way in which we interact with others. The technology is meant 
to be understanding, intelligent and interactive, in the way that 
people communicate which the each other face to face. So, at 
this point another kind of existential relation appears to become 
central in the vision, which Ihde calls alterity: “senses in which 
humans relate to technologies as relations to or with 
technologies, to technology-as-other.” 

 This relation characterizes the concept of Ambient 
Intelligence as technology that can perceive you, understand 
you, react to you and that may have a mind of its own.  
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“I shall retain but modify this radical Levinasian sense of 
human otherness in returning to an analysis of human-
technology relations. How and to what extent do technologies 
become other, or, at least quasi-other? At the heart of this 
question lie a whole series of well-recognized but problematic 
interpretations of technologies. On the one side lies the familiar 
problem of anthropomorphism, the personalization of artifacts.” 

 
Affective computing, or emotional computing as it is called in 

the ISTAG report is an important component in this respect as it 
is related both to understanding people and to mimicking people. 
The ISTAG report lists emotional computing as a key 
component for intelligence for Ambient Intelligence: “Emotional 
computing that models or embodies emotions in the computer, 
and systems that can respond to or recognise the moods of their 
users and systems that can express emotions.” 

 
Within the alterity relation as realised through emotional 

intelligence the environment becomes like another person that 
can also sense and interpret what I am doing. In this way the 
hermeneutic relation mentioned earlier becomes relevant as well, 
but the relation is turned upside down. It is not “I” that reads the 
world mediated through technology, but the world that reads me. 
This could be written as: I  (technology-world) implying that 
the world through technologies (such as emotional computing) is 
able to perceive, interpret and understand (“read”) us.  

5  INVISIBLE INSTRUMENTS 
The typical position of technology in the Ambient 

Intelligence vision is that of technology that dissappears into the 
background. Background relations are the  third type of 
existential relation between man and technology, according to 
Ihde. 

“The machine activity in the role of background presence is 
not displaying either what I have termed a transparency or an 
opacity. The “withdrawal” of this technological function is 
phenomenologically distinct as a kind of “absence”. The 
technology is, as it were, “to the side”. Yet as a present absence, 
it nevertheless becomes part of the experienced field of the 
inhabitant, a piece of the immediate environment.” (Ihde, 109). 

 
With technology becoming integrated in the world, a new 

technotope will start to exist which reminds us of Eden. The 
New Adam will not only talk to the trees again, but also to doors, 
cars, and coffeecups and what is more, this time they will be able 
to understand what he is telling them. The new world reverts to a 
kind of techno-atavism. But, for now at least, we know that the 
ghosts are of our own making.  

 
A SMALL NOTE ON: IDEOLOGY  - MYTHOLOGY – 

POLITICS 
 
“Community building and new social groupings: while 

numerous studies indicate that the quality of social bonds is a 
powerful predictor of life satisfaction, people are increasingly 
living in a `mosaic’ society where they are disconnected from 
family, friends, neighbours and both local and national 
democratic structures. AmI can reinforce participation of the 
individual in social networks.” 

 

“While AmI should not be promoted as a panacea for social 
problems, it does represent a new paradigm for how people can 
work and live together. AmI enables and facilitates 
participation by the individual -- in society, in a multiplicity of 
social and business communities, and in the administration and 
management of all aspects of their lives, from entertainment to 
governance. Radical social transformations are likely to result 
from the implementation of the AmI vision.” 

 
The ISTAG text does not provide details on what kinds of 

social transformations it expects from ambient intelligence, nor 
details on the properties of the technology that would lead to 
these reforms. What is interesting though, is the fact that “social 
transformations” are included as part of the vision on AmI. How 
do the radical social transformations caused by the 
implementation of ambient intelligence compare to the revolts 
from 1968, 1917, 1789? The terms Liberté, Egalité, and 
Fraternité, are reformulated as “participation”, “community 
building”, “supporting the democratic process”, “civil security”, 
“leisure, learning, work opportunities”, “the delivery of public 
services”, “social support”. This kinds of discourse reminds one 
of what has been written about the impact the internet could have 
on political issues. The Enlightenment ideals of educated citizens 
that could debate issues and form a public opinion that could 
influence politics in a sense as described by Habermas, has often 
been presented in the context of the Internet. A new democratic 
society in which the citizen could participate without problems 
in the political arena. Although politics is one of the issues 
discussed on the Internet and some political movements (the 
anti-globalists) have been able to reach their strength mainly 
thanks to the global reach of the internet, there are no convincing 
proofs that the Internet has changed politics (local or global) to 
any great extent. The Internet is an enabling technology, that by 
itself bears no political bias. Undoubtedly there are more people 
that voice their opinions on all kinds of subjects and more people 
that an individual message reaches as an audience. 
Unfortunately, the ISTAG report does not provide convincing 
specifics on how ambient intelligence will further the political, 
democratic ideals of the Enlightenment but only shows itself as 
ideologically rooted in modernism with a neo-romantic twist. 

6 CONCLUSION 
Human Computer Interaction on a mundane interpretation 
concerns simply the study of the way people interact with 
computing devices and the engineering practice involved in 
building interfaces that suit the needs and practice of users. The 
Ambient Intelligent vision goes beyond simply designing 
producs for specific functions, establishing user requirements, 
task analysis, interface design, etcetera. AmI involves a 
particular concept of the nature of the relation between users and 
products or how people inhabit the technosystem, which I have 
tried to make explicit to some extent in more philosophical 
terms. In the visionary language of the ISTAG report, Ambient 
Intelligence researchers and engineers are also not merely 
building nicer interfaces, but are really social workers and 
political reformers. 
  
Philosophical analysis, I feel is relevant to the design of human-
computer interaction. It can make clear the various ways in 
which people relate to technologies from an existential 
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perspective. This has an important bearing on how we think of 
tools and their qualities. Designing or perfecting technologies 
that relate to users through embodiment will need to be 
evaluated in other ways than those that relate to users 
hermeneutically or that insist on making technology transparent, 
invisible and disappear into the background or those that want to 
appear as some kind of “other”.  
 
Furthermore, as researchers and developers of human media 
interaction systems we should also at least be aware of the 
political dimensions of what it means when we try to sell or buy 
into ideas on “natural interaction” with agents, robots, or the 
disappearing interface. 
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Usefulness of Simulating Social Phenomena
Pablo Lucas

Abstract.  This paper discusses1the current usefulness and 
implications of developing research on agent-based Simulation 
Models of Social Phenomena (SMSP) beyond purely academic, 
hobbyist or educational purposes. Design, development and 
testing phases are discussed along with issues evidence-driven 
modellers often face whilst collecting, analysing and translating 
quantitative and qualitative empirical data into social simulation 
models. Methodological recommendations are discussed in light 
of the importance of developing research besides its own theory. 

1   INTRODUCTION 
Various methodologies to model and simulate social phenomena 
are becoming increasingly popular as research disciplines, 
especially in academia but also –to a lesser extent– in industrial 
and commercial environments. In this sense, particular attention 
has been given to agent technology for building SMSP [29]. 
Besides much criticism to over-simplifications often found in 
models strictly based on keep-it-simple principles, many are still 
developed without guidance provided by analysis of evidence 
acquired in fieldwork [13]. It is essential to consider that social 
behaviour is often subject to many influences that are usually 
poorly understood without detailed datasets about the phenomena 
in question. Simplistic models often use unrealistic assumptions 
about the structure and processes of studied social behaviour, a 
fact that further complicates cross-validating social simulation 
models at macro and micro levels [20]. Such quasi-idiosyncratic 
practice seems particularly evident in social simulation models 
using personal estimations to justify arbitrary implementation 
decisions and parameter configurations. Considerable difficulties 
are, of course, imposed by common unavailability of statistically 
relevant data about social phenomena. Often these datasets are (a) 
simply non-existent, hence requiring funding to collect and 
process information, or (b) unavailable due to privacy agreements 
or, (c) when at hand, are typically incomplete or outdated. 
 
Research on SMSP has arguably not yet progressed enough to 
overcome barriers in obtaining data and improve representations 
of social behaviour. Nor developed social simulation models 
pragmatically useful to stakeholders or policy-makers. These 
difficulties, along with other historical factors, have contributed 
to a research status quo that to date has:  
 
(i) No effective development-cycle methodology focused on 
producing results that are useful beyond academic theories,  
(ii) Numerous models based on loose evidence that often bears 
little relation to the real social phenomena in question;  
(iii) And disseminates a general sense of failure that simulation 
models of social phenomena can provide practical advantages or 
somehow become useful tools to stakeholders (or policy-makers). 

                                                
1Centre for Policy Modelling, M1 3GH, UK. Email:pablo@cfpm.org  

Nowadays most practical applications from simulations of social 
phenomena are clearly centred in the educational, or intellectual, 
entertainment realms. Game-like models, e.g. MapleStory.com, 
NobleApe.com, TheSims [15], SpiderLand.org, SecondLife [16], 
BeyondSpaceAndTime.org and life.ou.edu/tierra/ have been 
popular in the game and artificial life (A-Life) niches. Yet these 
are clearly not intended to research topics of stakeholder or 
policy-maker interests. Using simulation models as entertainment 
businesses does not necessarily converge with improving the 
understanding of real, non-virtual social phenomena. Though 
agent-based models have gradually been consolidated as an 
alternative approach to traditional social sciences methods, 
insofar as no social simulation has provided contributions to 
policy-makers beyond hypothetical scenarios for them to 
consider.  
 
In addition to these problems, the research community has 
generally neglected security of potentially sensitive data used for 
modelling and applicability of social simulations. This includes 
procedures employed in data collection, analysis and storage, plus 
the responsibility modellers have to emphasise the present-day 
unreliability of validation methods for assessing their own results. 
Theoretical potential of social simulation models have been 
arguably overshadowed by their foreseeable disadvantages. This 
is important, as there have been suggestions that SMSPs could be 
used to support or guide decision– and policy-making. This might 
only be possible with the aid of in-house experienced modellers 
working with stakeholders and policy-makers, but clearly not by 
them coping with the numerous interface limitations of running 
and interpreting non-trivial results obtained in these simulations.  
 
Entertainment oriented SMSP, i.e. games or A-Life, are probably 
the only –if any– software similar to social simulation regular 
computer users are aware of. Yet, it can be difficult to distinguish 
the purposes of certain academic models from purely educational, 
or commercial, social simulations. Despite noteworthy progress 
in developing participatory modelling methodologies (i.e., those 
involving users directly throughout the research process) and 
simulations guided by evidence, impact in the wider community 
is barely perceptible. It is still unclear in the community what can 
be achieved, apart from theoretical discussions and illustrations, 
by analysing social simulations results that are not comparable 
with existing real social phenomena evidence. Assessing to which 
extent SMSPs meet their aims and objectives beyond theory is 
usually an experimental process of many trials and errors. 
 
Given the broad scope of researchers’ backgrounds working on 
SMSP, there is a natural diversity of methodological aspects to be 
considered in this area. However security regarding social data 
and applicability of simulation models has not been much 
addressed. Except participatory models, or those with immersive 
or augmentative environments, simulations do not require direct 
human participation. Though, modellers often process sensitive 
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data about them. These might include coding non-anonymised 
behavioural data and attributes, collected via questionnaires, oral 
interviews, mailing lists, online forums or social networking 
databases. Are these data storage and distribution procedures 
covered by any professional code? There is almost no guidance 
on what is acceptable in terms of using sensitive data for social 
simulation research. At best only institutional recommendations 
are in place, but these usually do not address data provided to and 
derived from social simulation models whatsoever. 

2   SOCIAL SCIENCE AND SMSP ISSUES  
Qualitative research methods for studying social behaviour have 
been traditionally linked with psychology, anthropology and 
other closely related disciplines to the social sciences. Since the 
Milgram and Stanford Prison experiments, conducted between 
1960’s and 1970’s, there has been pressure for higher ethical 
standards and responsibility for testing social research hypotheses 
directly with human beings [21, 22, 28]. Despite disastrous 
consequences, these studies provided some important insights, 
such as behavioural enquiries on differences how humans behave 
in situ and in a controlled ambient. Methods employed in these 
projects are now deemed unacceptable, not only ethically but 
methodologically too due to issues such as selection biases. 
 
Just as in psychology, anthropology also has relevant examples of 
unregulated research combined with unrealistic assumptions 
leading to numerous negative implications. Perhaps most notably 
is anthropological research funded with political and military 
purposes, particularly those motivated after the 9/11 unrest. 
Controversy relating social science ethics and social data harks 
back to colonial roots of anthropology in late XIX and early XX 
centuries. Examples include United States counter-insurgency 
undertakings employing anthropologists militarily in Project 
Camelot during 1960s and Operation Condor in the 1970s in 
Latin America, Cold War projects [9, 27], [Terrorism] Futures 
Markets Applied to Prediction in 2003 [44] and 2006 Human 
Terrain System (HTS) about Iraq and Afghanistan [8]. Despite 
clashing with their own codes of ethics [4, 5, 24], researchers in 
these projects remain a potential harm to themselves and others. 
 
Similar problems can affect researchers in other circumstances. 
E.g., failure to caution technical unreliability of modelling and 
validating simulations that influenced decision-making for 
mitigating the United Kingdom 2001 foot–and–mouth disease 
outbreak [32, 23]. Quantitative simulations are dependent on 
good quality quantitative historical data in order to be useful in 
studying plausible approximations to what is the actual reality. I 
argue that analysis of good qualitative datasets and discussion 
with stakeholders is equally critical to guide development of 
social simulation models. Every social phenomenon has unique 
characteristics, so inevitably modellers must take into account 
these specifics on a case-by-case basis. Otherwise, why bother 
justifying representation assumptions and result interpretations 
coherently according to grounded evidence? This is particularly 
relevant when physical or geographical features constrain 
processes in social phenomena. As then, it is clear modellers must 
represent these accurately with the guidance of relevant data. 
Validating the correctness of social simulations is difficult, as 
events that might play key roles in real phenomena may not have 
been modelled due to the lack of evidence or knowledge. And 
without it, modellers can only be guided by academic theories, 

personal intuition or hunches. If regulated professions struggle 
with enforcing ethos, consider areas where research conduct is 
unregulated. Computer research in some countries can be 
problematic in this regard, as ethic codes are law binding if 
professionals are voluntarily subscribed to organisations such as 
Association for Computing Machinery or Institute of Electrical 
and Electronics Engineers [6, 7]. Despite being the largest 
hardware and software professional associations, enforcing codes 
against research malpractice is limited, as these recommendations 
are often not formalised in local institutions. 
  
Information technology certifications are commercial titles and 
contrasts with professions supervised by legal regulatory bodies. 
The former has only superficial ethical standards on negligence 
or fundamental mistakes in using sensitive data. One must be fair 
and acknowledge that insofar as a minority of simulation models 
have used detailed behavioural datasets that could be classified as 
sensitive. Perhaps this is a side effect of the little utility these 
models insofar provided beyond academia. Though as guiding 
simulation development and comparing results with evidence 
strengthens as a research trend, it is likely that current standards 
improve for dealing with data and interpreting simulation results. 
Particularly with regards to methodological aspects to represent 
social structures, processes and behaviour in light of evidence.  
 
Social simulation modellers could follow adaptations of relevant 
aspects already existent in social science codes of ethics. This 
must not confuse with good practice recommendations related to 
humans interacting with immersive virtual environments such as 
HTS, Virtual Milgram [27] or other Internet services where users 
assume digital identities using customised avatars. Instead, the 
argument hereby focuses on development and validation of social 
simulations using evidence, running with or without direct human 
participation. The intention is to highlight ethics during the 
research process from design to evaluation phases of SMSP, as 
models built with unfounded evidence can ultimately become 
counter-productive. Research on SMSP is better guided by using 
grounded evidence, as modellers can improve assumptions and 
representations according to detailed understanding of the social 
reality. Still, many social simulation models are built without 
detailed qualitative and quantitative analysis of representative 
data. Whilst practical advantages to policy-makers provided by 
social simulation models are to date inexistent, theoretical 
discussions abound. Although helpful to further some academic 
knowledge, most of this is useless to stakeholders or policy-
makers interested in influencing somehow social phenomena.  
 
Evidence is a requirement for doing social simulation research 
that ought to be useful both to academics and policy-makers, as it 
is essential that modellers have a good understanding of their 
study cases. This helps to identify relevant parameters and 
estimate configuration values backed by real data. Which, in turn, 
also provides comparable reference to what has been obtained in 
simulations. Otherwise the modelling process would be guided 
solely by socio-theoretical academic frameworks, which usually 
require several arbitrary implementation adaptations due to their 
abstract nature. Issues of improving translation of qualitative data 
into computational processes and structures have not been 
discussed much. Most simulations source codes are not available 
and papers discussing these commonly fail to describe models in 
enough detail for allowing proper replications. SMSP requires 
cohesive data interpretation; otherwise one risks speculative 
assumptions that are not backed by evidence. This problem is to 

Proceedings of the Symposium Killer Robots vs Friendly Fridges: The Social Understanding of Artificial Intelligence

The Society for the Study of Artificial Intelligence and Simulation of Behaviour Convention 6th - 9th April 2009, Edinburgh, Scotland

8



some extent comparable to issues in social science involving 
ethics and research purposes. SMSP have yet to offer clear 
advantages to stakeholders interested in influencing or better 
understanding real social phenomena. Model validation is a major 
problem, as even simulation models using quantitative and 
qualitative evidence are subject to risk assessment difficulties. 
  
There seems to be just one code of ethics specifically targeting 
research of simulation models [38, 39]. Items 2.6 to 2.8 in that 
document, addresses the professional competence issues hereby 
discussed. This includes the responsibility of presenting clearly 
the applicability of social simulation models and interpretation of 
their results in light of unbiased evidence. Till early March 2009, 
none of relevant research associations, namely European Social 
Simulation Association (www.essa.eu.org), North American 
Association for Computational Social and Organization Sciences 
(casos.cs.cmu.edu/naacsos) and Pacific Asian Association for 
Agent-based Approach in Social Systems Sciences 
(paaa.econ.kyoto-u.ac.jp), has a single institutional document on 
research ethics of what they represent. Since its first volume in 
January 1998, the Journal of Artificial Societies and Social 
Simulation (jasss.soc.surrey.ac.uk) has published only one article 
tangentially relating ethics, responsibility and accountability, but 
of simulated agents and not researchers themselves [40].  

4   SIMULATION RESEARCH vs. GAMES  
Most academic simulation models of social behaviour do not 
have an elaborated user interface, as it is usually unnecessary: 
researchers themselves usually run them, not regular computer 
users. Computer games are the opposite: visual appeal is one of 
their most important and marketable features. However, some 
simulation models can resemble video games. Not from 
playability or graphical perspectives, but from the usefulness 
perspective. E.g., educational games focused on delicate topics, 
such as warfare titles Madrid, Sept. 12, or HIV contagion [37], 
are just simple online animations. Some role-playing games can 
be considered simulations without research aims; titles such as: 
Peacemaker.com modelling turn-based peace strategies between 
Israel and Palestine, United Nations crisis mitigation at Food-
Force.com, Janjaweed militia attacks at DarfurIsDying.com, 
social unrest in Mexico and Jerusalem at GlobalConflicts.eu, 
defence of Islamic states at QuraishGame.com, dictatorships in 
AForceMorePowerful.org and commercial military training using 
VirtualBattleSpace.com or the previously mentioned HTS.  
 
None of these examples used academically grounded evidence to 
guide or justify their implementations. One may argue that it was 
not needed, as their focus is simply to illustrate aspects of some 
much more complex phenomena for educational purposes. 
Should academic research on SMSP follow suit and simply raise 
awareness as these game-like simulations do? There must be 
fundamental differences in terms of how academic researchers 
doing social simulation build models and apply their results. 
Otherwise not much else can be done beyond fuelling theoretical 
discussions or what these games already provide. This issue is 
perhaps clearer in models designed for contributing to policy-
making processes, as validation of simulations results without 
empirical data is just speculation. Research models and games 
can provide illustrations inspired in real events. The problem is 
that it is relatively easy to build mechanisms into these systems to 
influence results according to whatever arbitrary property one 

may wish to observe. As simulations source-codes are usually 
unavailable, model scrutiny is limited to relying on individual 
honesty. Without grounded evidence or accurate representation, 
simulation models can indeed contribute to misinterpret real 
social phenomena. Implementing SMSP is not equivalent to 
translating social theories into software, and acquiring knowledge 
about simulation models is not necessarily relevant to understand 
the real social phenomenon in question. Whilst some argue that 
social simulations can clarify sociological theories, others contest 
this by arguing that what actually helps is the process of 
formalising knowledge (i.e. representing assumptions without 
ambiguities or vagueness) about social phenomena, and not 
simulation results per se. It is important to differentiate which 
questions are relevant to understand the real social phenomena 
from those that are only useful do deal with a computer model. 
 
Educational games and simulations have clearly been an 
increasing topic of interest not only to academics but for regular 
computer users too. The research network SageForLearning.ca 
differentiates these types of software between serious educational 
games and research models. The former is defined in [41] as 
containing all the following indispensable attributes: static rules 
for conflict resolution, players as decision makers, conflict–
cooperation strategies, an educational script associated with goals 
and fictional characters. Despite controversies on their efficacy 
[42], learning is promoted as an experimental entertainment in a 
controlled environment [43]. Research models are defined in the 
same document as having a limited, yet accurate, representation 
of reality that is able to generate results comparable to existent 
data and that necessarily mediates acquisition of new knowledge 
about the actual social system via simulations. In other words, 
SMSPs require evidence, as otherwise one would not differentiate 
models providing approximations of real social phenomena from 
simulations that mediate acquisition of new knowledge about a 
given social reality via simulations. A better understanding of 
simulation models is not necessarily relevant to stakeholders or 
policy-makers. If modellers are unable to validate results, chances 
are that only fieldwork findings will be regarded useful by them. 

5   SIMULATION MODEL’S LIFE CYCLE  
Models of social behaviour are nowadays arguably only really 
useful to stakeholders as a test platform of hypothetical scenarios 
configured with the aid of specific empirical datasets. Results can 
be interpreted by domain experts and assessed to which extent 
those are helpful. In academic terms, apart from analysing design, 
representation and simulation technicalities regarding effects of 
combining different parameters, models are assessed by their 
maintenance and by comparing results obtained in simulations 
with evidence and stakeholders’ understanding of outputs such as 
in [18, 20]. In synthesis, SMSP are useful to generate synthetic 
data based on some aspects of real social systems. These, in turn, 
may lead to new lines of enquiry on how to further develop a 
model or, in some rare cases, shed new light on the assumptions 
to understand the real social phenomena. Once models reproduce 
plausible results based on existing evidence, validating outputs 
that have no comparable datasets is an eminent issue that seems 
only properly clarified by comparing simulations with new data. 
There has been methodological progress, but relevance is largely 
theoretical and reliability of validation procedures is incipient. 
SMSPs are discussed far more in theoretical, or technical, terms 
and expectations than by means of practical applications [43]. 
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Though it has been suggested that interpreting models output one 
might improve understanding of real social phenomena, in fact, 
pragmatically useful findings to stakeholders still tend to be 
findings of scrutinised fieldwork evidence, not simulation results.  
 
Simulation platforms are useful for testing configurations, but 
there are crucial methodological difficulties to assess the real 
usefulness of results obtained from social simulations. Take for 
instance the influence of coding techniques. Each of these will 
lead to implementation of social behaviour and its processes 
according to a paradigm’s limitations. Fully procedural, or object-
oriented, models usually represent data as numerical properties 
and thresholds that are often controlled by sequential processes2. 
These reinforce positive or negative feedback loops, which often 
contain commands for altering and logging monitored numerical 
properties. Update frequency can be dependent on how long a 
simulation will run and whether thresholds are static or dynamic 
at runtime. Analysing the correlation between initial parameter 
configuration and simulation results can shed new light on 
understanding predictable model path-dependency properties 
both at micro (individual) and macro (collective) levels. This is 
why it is worth analysing how sensible a model implementation is 
with regards to using different simulation parameter values. 
  
Most agent-based simulations include these structural features, 
even those using declarative implementations for backward or 
forward chaining data processing. In this case information is 
manipulated according to a symbolic order given by resolution 
strategies involving constraint satisfactions, such as the Selective 
Linear Definite (SLD, and its extension SLDNF to deal with 
negation as failure) in Prolog [30], or the pattern matching Rete 
algorithm available in production rule systems such as JESS [31]. 
Thus, a declarative model will not only have procedural feedback 
loops in simulations, but also another introduced by one of these 
algorithms. Checking the consistency of these representations is 
important to ensure that models have coherent implementations 
with regards to the guidance provided by the analysed evidence. 
Otherwise these datasets would have been of limited usefulness.  
 
Advantages of declarative models over procedural ones arguably 
include the fact that: knowledge is represented in a syntactical 
form which is easier to communicate directly with stakeholders, 
as facts and rules databases can be altered without modifying 
procedural control structures. This can be especially useful for 
maintenance purposes, as not much effort would be required to 
update existing rule and fact bases as fully procedural or object-
oriented simulations. However it is unclear how declarative 
techniques actually contribute in terms of helping SMSP results 
more pragmatically useful. And, thus, if the extra technical effort 
involved in integrating these with existing simulation frameworks 
bring any concrete advantages to stakeholders. Three of the most 
popular agent-based simulation toolkits, viz.: Repast, Ascape and 
NetLogo, can take advantage of parallelism if modellers use some 
of specific Java libraries. It is important to point out that agent-
based simulations often use algorithms dealing with numerous 
objects requiring little processing per cycle, which has less 
scalability potential [33] than those models where agents require 
more computing and storage resources to execute their tasks per 

                                                
2 Time-division concurrent multiplexing, i.e. one of the usual multi-
threading technique used in single core processors, is not equivalent to 
parallel data or task execution found in computer architectures with 
multiple physical, or multi-core, processors and distributed memories. 

defined simulation time tick. The latter statement holds, except 
when frequent communication is needed between most of agents 
at runtime. Distribution, on the other hand, is usually more 
suitable when entities’ behaviours do not need to exchange 
numerous frequent messages over slow computer networks.  
 
Detailed design and implementation of these features can only be 
currently be dealt with on a case-by-case basis. The previously 
mentioned application-programming interfaces (APIS) provide 
only basic and general functional structures that modellers must 
adapt to their specific needs. E.g., the @ScheduledMethod Java 
scheduler annotation in the latest Repast Symphony (version 
1.1.0) iterates over all objects (agents) calling methods associated 
with it and executes them as threads of a single-program. As the 
default API does not oversee any particular concurrent or 
parallelism issue, modellers must ensure avoiding problems like 
concurrent threads not being able to use cores at runtime. Parallel 
agent-based models are currently largely the subject of 
experimental research, as experience in effective design and 
execution in this paradigm is less mature than in sequential, 
single core, simulations [34, 36].  
 
Albeit relevant, no published in-depth comparison between 
models implemented –or replicated– in procedural, parallel and 
declarative paradigms seems available. Agent models of social 
phenomena may easily lead to unrealistic representations, not 
only structurally but also behaviourally. Fully reactive or rational 
social agent models have been notorious for inconsistent results 
when compared to social data [35], and sometimes problematic to 
replicate too [10, 11, 12].  Thus it is irresponsible to suggest that 
agent-based simulation models suffice for prediction purposes of 
social phenomena. Nevertheless, many simulation models are 
discussed as exploratory tools; even when essential evidence is 
unavailable.  
 

 
 

Figure 1: Typical life cycle of evidence-driven simulation model 
 
To clarify the involved processes and their relationships during a 
model’s life cycle, refer to the illustration above whilst reading 
the following explanation. The target system represents an actual 
social phenomenon being researched, from which evidence 
should be collected and analysed. Once the first phase of this 
crucial step is done, modellers can discuss the plausibility of 
relevant observations and assumptions with stakeholders and 
policy-makers. This is a potential loop as both researchers and 
domain experts in the social phenomena must reach a common 
understanding of what has been analysed and whether hypotheses 
are based on realistic assumptions. Only at this point evidence-
driven modellers design the simulation, as otherwise no evidence 
(real data) would be available for verifying and justifying how the 
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model has been built. It is critical for modellers to differentiate 
what are essential parts of a model from what is contextual 
information about the social reality. I.e., some data is necessary to 
understand the social phenomena, but may not be relevant to 
include in the model. The latter obviously comprises much more 
information than the former, so it is important for modellers to 
clearly justify their decisions in deciding how to classify data in 
these categories. Arguably such detailed knowledge can only be 
realised via a combination of analysing grounded evidence and 
discussing findings with domain experts directly participating in 
the social phenomena. Evidence might be provided to modellers 
by third party sources, but it is still necessary to establish a 
common understanding of this data regarding experience with the 
real social phenomena. Many potential misunderstandings are 
clarified in this process, as unintentional oversights of important 
details may persist if modellers do not interact with relevant 
stakeholders and policy-makers. Technical representation of 
social behaviour evidence and their processes is a personal 
decision, as no thorough comparison between paradigms exists. 
The most popular approaches use one of the aforementioned 
object-oriented frameworks without declarative integrations. 
 
Having built a simulation according to the guidance obtained 
from analysing evidence, modellers proceed to test hypotheses 
using scenarios resembling some characteristic observed in the 
real social phenomena. With results logged separately, it is time 
to compare simulations with evidence and discuss the findings in 
detail with domain experts (policy-makers and stakeholders). In 
case simulations consistently diverge from what has been 
observed in reality, it is likely that some of the representations 
have been incorrectly implemented, or that parameters have not 
been set realistically. The model should be adapted till is able to 
generate results that are both comparable to available evidence 
and deemed acceptable by stakeholders and policy-makers. From 
this milestone onwards modellers test simulations aiming at 
mediating the acquisition of new knowledge about the real 
phenomena by interpreting simulation results. To date the authors 
have not yet found a single example of a social simulation model 
that has been pragmatically useful to stakeholders as fieldwork 
findings can be. This has not been found in literature review and 
it has been confirmed by interviewing a number of researchers3. 
This happens partially as the context of many social phenomena 
change rapidly, hindering the accuracy of simulation models. 
Fieldwork analysis has nowadays far greater chances of being 
timely useful as it is feasible to provide stakeholders and policy-
makers with up-to-date reports about specific aspects of the social 
phenomena in question that might still be occurring. Conversely, 
simulation models usually operate in much longer time scales and 
this creates serious difficulties in interpreting their inaccuracies. 
 
Social simulation models should ideally be replicated, using the 
same or different computer paradigms, and compared to whether 
results achieved originally are consistent with the later versions. 
If modelling one social phenomenon alone is usually demanding 
enough to the point of preventing pragmatic applications, one 
should consider the complications of adding extra unnecessary 
complexity like nesting simulation models. In technical terms, 
this is not difficult, but this adds considerable complexity to 
evaluate results obtained in these models. A-Life and other virtual 

                                                
3 To date, data is still being collected so an in-depth discussion of these 
findings can only be presented in a follow-up article. 

reality systems have long been exploring this by integrating in 
one virtual world perhaps several parallel or concurrent models. 
E.g., some evolutionary A-Life biochemical models depend on 
the simulation results of another artificial model of environmental 
conditions. Of course this paper is not focused on these, but that 
is a good example of when validation issues do not matter. 
Research on SMSP must address validation and verification 
issues from the evidence analysis phase, as the whole point is to 
study real social phenomena via meaningful simulation models 
and not computer dynamics of virtual realities.  
 
With the present state-of-the-art it is probably impossible to use 
simulation models of social behaviour for plausible prediction. 
Real social systems are undoubtedly more complex and volatile 
then any simulation. Although no model is absolutely correct or 
complete, guiding modelling and implementation with up-to-date 
evidence can considerably improve chances of developing more 
plausible and useful simulations. SMSP are by no means correct 
explanations of social phenomena, or their emergent properties, 
and to date at best offer illustrations based on existing evidence. 

7   FINAL CONSIDERATIONS 
Agent-based modelling is powerful to study dynamics of systems 
with multiple interacting entities and their non-linearity. This 
does not mean that social behaviour and structure can always be 
accurately represented in such simulation models. There is a 
pressing unfulfilled need for providing practical advantages to 
stakeholders via simulation results. This paper highlights the need 
for improving methodologies for applying SMSP results and for 
institutions to adopt existing social science ethical standards 
when computer simulations deal with sensitive data.  

 
Even in simplistic representations, intellectual games, structured 
according to deterministic behavioural rules, can achieve their 
educational purposes. Currently most research in SMSP is not 
useful beyond academia –even when these are developed with the 
guidance of grounded evidence. Fieldwork analysis, on the other 
hand, is. There are significant methodological problems without 
solutions on validation throughout a model’s development cycle.  
Besides, numerous institutional ethical assessments do not take 
into account use of sensitive data in this research area. Deficient 
research methodologies combined with the relative facility to 
develop models that are neither games nor useful simulations per 
se is linked to the lack of pragmatic uses of this type of software. 
This does not imply that social simulation researchers should see 
stakeholders as clients, but simply highlights how little this type 
of research has contributed beyond academic theories to date. 
 
Experience in engaging stakeholders and policy-makers has 
shown that they are not interested on how social phenomena is 
modelled, but rather on which contributions this research process 
can provide. Persisting methodological difficulties that hinder 
credibility of SMSP include: (a) How can simulation results 
providing data beyond comparable existing evidence mediate 
acquisition of knowledge about a certain social phenomenon, (b) 
Which contributions SMSP can provide to stakeholders apart 
from illustrating hypotheses only verifiable with more data?  
 
Without reliable validation methods and evidence, policy-makers 
tend to only take onboard findings obtained in fieldwork analysis. 
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The Growth Plan: An approach for considering social 

implications in Ambient Intelligent system design  
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Abstract. The technologies we use transform our behaviours and 

experiences. Particularly Ambient Intelligent (AmI) systems, 

envisioned to integrate extensively, will have a profound 

influence on our everyday lives. Design of these systems 

requires considering what kind of influence is desirable. This 

brings the ethical dimension of Ambient Intelligent system 

design to the fore. The design research approach presented in 

this paper is tailored to incorporate these ethical implications of 

Ambient Intelligent systems in the design process. The approach 

combines three central themes: advanced technologies, social 

implications and research-through-design methodology.  

A three-phase development and evaluation plan, called the 

Growth plan, is proposed. The first phase, called Incubation, 

involves highly innovative and explorative concepts, created and 

tested in short iterative research-through-design cycles. 

Experienciability is key already in this first phase. In the second 

phase, the Nursery, AmI concepts are developed to a high level 

of detail and tested in a controlled lab environment. These 

experiments allow initial testing on how the AmI system 

transforms people’s behaviours and experiences. The final phase 

is the Adoption, in which Ambient Intelligent systems are placed 

and evaluated in real life contexts. It generates knowledge 

related to the AmI system’s actual influence on social life (in-

situ ethical implications). The outcome of this approach is 

illustrated through the case study of the design an intelligent 

lamp.  1 

1 INTRODUCTION 

The final decades of the twentieth century are marked by a rapid 

introduction and widespread adoption of digital technologies into 

everyday life. Mobile telephones, digital cameras, personal 

musical players, home automation devices, and many more, 

permeate the everyday one way or another.  

The world of interactive technologies keeps developing, 

which paves the way for new kinds of technological presence in 

society. In the nineties of the last century, Marc Weiser at Xerox 

PARC formulated his vision of ‘Ubiquitous Computing’, in 

which computer technologies will ‘weave themselves into the 

fabric of everyday life until they are indistinguishable from it’ 

[1]. Computing power is no longer confined to specific devices 

like a desktop computer. Instead it is distributed in the entire 

environment and would support people’s activities in such an 

integrated manner that the technology itself ‘fades into the 

background’. While Ubiquitous Computing largely focuses on 
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work environments, its European counterpart called Ambient 

Intelligence positions itself directly in the private life of people 

[2]. 

Ambient Intelligent products and systems have the following 

key characteristics [2]: 

• Embedded: devices are networked and integrated into 

the environment. 

• Context-aware: devices are able to recognise people and 

their situational context. 

• Personalised: devices have the possibility to be tailored 

to personal needs. 

• Adaptive: devices are able to adapt their behaviour in 

reaction to changes in a person’s behaviour over time. 

• Anticipatory: devices have the ability to anticipate a 

person’s wishes. 

The visions treated here are not purely theoretical exercises. 

They are a potent drive in current consumer electronics industry, 

and significant R&D budgets and government funding are 

allocated towards implementing these visions. The first products 

and systems inspired by the vision of Ambient Intelligence are 

currently entering the market [3].  

The research approach described in this article views 

technology in general, and Ambient Intelligent technology in 

particular, as a transformational agent. This means that 

technology is considered to have the power to change the way 

people act in the world and experience the world [4]. Look for 

example at the way the adoption of the mobile phone made the 

way we manage our social relations more flexible [5].  

Viewing AmI systems as transformative agent differs from 

current research directions in Ambient Intelligence research that 

are either purely technological [6], or that stress the experience 

side of these technologies [7], or that investigate the meaningful 

presence of these technologies [8]. Considering AmI systems as 

transformational agents brings an ethical dimension to the fore in 

their design process. Why and how would we want these systems 

to transform our behaviours and experiences?  

The overarching aim of this research is to investigate how 

design research can help to foresee the ethical implications of the 

social transformations potentially brought about by AmI 

systems. In order to do that this research pairs three central 

themes: advanced technologies, social relevance and research-

through-design methodology.  

The current paper elaborates on the transformational role of 

AmI systems, which is our philosophical point of departure. The 

paper continues with treating the ethical dimension of AmI 

design. A design research approach is proposed next, called the 

Growth Plan, aimed at incorporating the transformational role of 

intelligent systems into the design process. This approach is 

illustrated with a case study from Industrial Design research.  
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2 THE TRANSFORMATIONAL ROLE OF 

AMBIENT INTELLIGENT SYSTEMS 

Philosopher of technology Peter-Paul Verbeek devised a 

framework that explains the transformational role of technology 

on human behaviour in more detail [9, 4]. His framework, called 

‘Technological Mediation’, reveals the underlying structure of 

the influence products have on social life, and introduces useful 

concepts for the current research. A central idea in the theory of 

Technological Mediation is that technological devices co-shape 

people as actors in the world. 

Through this ‘mediation’, transformations occur. Verbeek 

discerns two levels of transformation: The level of experience 

and the level of behaviour. When a person interacts with a 

product, this interaction influences the way he experiences his 

world and behaves in the world. Both these levels of 

transformation have specific structures.  

Transformation of experience has a structure of amplification 

and reduction. This means that when a person interacts with a 

device, this interaction causes some aspects of reality to be 

amplified in the experience of the person interacting, while at the 

same time the experience of other aspects of reality are reduced. 

As an example, an mp3 player amplifies the experience of 

music. It feeds the audio signal directly into the ears, creating an 

immersive effect. At the same time, it reduces the experience of 

the sounds in the environment, since these sounds are blocked or 

overpowered by the mp3 player audio feed.  

Transformation of behaviour has a structure of invitation and 

inhibition (Verbeek uses the phrase translation of behaviour. We 

use transformation of behaviour here to stay consistent with the 

terminology introduced earlier). Verbeek bases this part of his 

framework on the work of philosopher Bruno Latour who 

describes how ‘scripts’ for action are inscribed into devices. 

Compare the speed bump that holds the script ‘slow down’. 

These scripts promote certain behaviours, and inhibit others. The 

mp3 player also provides an example for transformation of 

behaviour. It invites people using it to concentrate on their own 

work, for example by closing them off from other people’s 

sounds in a busy train. At the same time, it inhibits social 

interaction with people in close proximity, resulting in less social 

interaction in public spaces. The mp3 player even influences 

behaviour of nearby people. They are less inclined to seek 

interaction with the listener as well, because he looks 

unapproachable.  

The way the transformations of experience and behaviour 

actually occur is not exclusively determined by the properties of 

a device. This partly depends on the people engaged in 

interaction and the context of interaction. Just as products co-

shape people, people also co-shape products. The telephone was 

originally intended as a hearing aid (Verbeek, 2006). Only since 

it is ‘interpreted’ as the communication device it is today, it 

transforms our actions and experiences the way it does now. So 

the transformations that occur in interaction with devices depend 

both on properties of the device, and the people interacting.  

3 ETHICS OF AMBIENT INTELLIGENT 

SYSTEMS 

As technology develops, new kinds of transformations of 

behaviours and experiences become possible. Ambient 

Intelligent systems are envisioned to be integrated into the 

environment, to a degree that surpasses most current systems 

like the example of mobile telephony mentioned before. They 

will mediate ever more of our behaviours and experiences and 

will thus transform our everyday lives profoundly. The way they 

will transform our lives is unknown, since these intelligent 

systems start portraying behaviour of their own.  

If we agree that intelligent systems transform our behaviours 

and experiences, we need to take into account how we would 

like these systems to transform us [10, 4]. If transformation 

through technology inherently occurs, how can we give these 

transformations a desirable direction? The word ‘desirable’ 

brings the ethical dimension of intelligent systems design to the 

fore. What is a desirable transformation of behaviour and 

experience? 

This ethical dimension does not exclusively refer to ‘big’ 

moral questions like those that play in cases of euthanasia or 

abortion. The transformation role of technologies we encounter 

in design mainly has an everyday character that is subtle, but 

nonetheless influential. It often remains implicit in the design 

process, but that does not mean the eventual effects on people do 

not exist. Anthony Dunne [11] sharply identifies and illustrates 

implicit values in design, and their effect on behaviour in 

interactive products: “[W]hile using electronic objects the use is 

constrained by the simple generalized model of a user these 

objects are designed around: The more time we spend using 

them the more time we spend as a caricature. We unwittingly 

adopt roles created by the Human Factors specialists of large 

corporations. For instance, camcorders have many built-in 

features that encourage generic usage; a warning light flashes 

whenever there is a risk of ‘spoiling’ a picture, as if to remind 

the user that they are about to become creative and should 

immediately return to the norm” [11]. 

As described earlier, an ever-greater part of life in society is 

mediated by technology, especially in case of Ambient 

Intelligent systems, resulting in an ever-diminishing immediacy 

in life. Trying to explicitly deal with the ethical dimension of 

mediation in design opens up new possibilities to contribute to 

people’s quality of life, a phrase that often remains shallow and 

hollow. It is also a responsibility for designers of intelligent 

systems to consider possible influences these systems, which 

‘weave into the fabric of everyday life’, have on everyday life.  

4 DESIGNING FOR SOCIAL 

TRANSFORMATION: THE GROWTH PLAN 

The design research approach described in the current paper 

aims to incorporate the ethical implications in the design process 

by using research-through-design methodology [12, 13]. In 

research-through-design, scientific knowledge is generated 

through cycles of creating and evaluating structurally varied, 

experiential and product relevant prototypes. This process is 

arranged by incorporating theoretical insights into the design 

variations, and empirically testing how the variations influenced 

the product experience. Research-through-design is essentially a 

holistic approach, which contrasts with purely analytic research. 

The holistic scope is needed to encompass the full complexity of 

Ambient Intelligent Systems and the influence on human 

experience and action. To investigate a systems influence on 

human behaviour, experiential prototypes need to be confronted 

with real people. Research-through-design has demonstrated its 

merits in the field of AmI related research [11, 14, 15, 16, 17]. 
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Viewing AmI as transformational agent, poses additional 

demands on the research-through-design methodology. When it 

comes to evaluating the ethical implications of transformational 

systems, empirical studies in a controlled lab environment have 

limits [10]. Evaluation of technology that transforms everyday 

life is difficult in a controlled lab environment, simply because 

people do not live their everyday life there.  

This article introduces a specific research approach directed at 

generating knowledge about the transformational aspects of 

AmI: the Growth Plan. This Growth Plan has three phases: 

Incubation, Nursery and Adoption. Each phase consists of a 

holistic design approach. Each consecutive phase involves 

increasingly detailed prototypes, (from sketch prototype to fully 

functional prototype) and becomes more realistic in terms of the 

evaluation context (from a lab context to a real-life 

environment).  

The explanation of the phases is illustrated by a design 

research project from doctoral research into the transformational 

role of technology, conducted at Eindhoven University of 

Technology’s Industrial Design department. The subject of this 

case study was to design an intelligent LED reading lamp that 

should influence people’s behaviours in specific ways. These 

specific ways were defined using Schwartz’s human value 

theory [18]. Human values are basic ethical concepts that guide 

selection and evaluation of behaviours. People differ in which 

values they find most important in their lives. Examples of 

human values are Creativity, Social Power or Helpfulness. The 

aim of this case study was to design lamps that invite behaviours 

that correspond to different values. For example, could the case 

study lamp invite people to behave more creatively or helpfully? 

This lamp could then help answer the question how people with 

different value systems evaluate the behaviours the lamp tried to 

elicit in terms of ethics.  

The descriptions of the case study designs in this paper are 

intended as a concrete illustration of the Growth Plan phases and 

the nature of the resulting designs and tests. A detailed 

description of the case study is beyond the scope of this paper. 

See [10] for more information on the rationale behind the 

designs. 

5 THE INCUBATOR PHASE 

The Incubator is the early phase of development of AmI 

applications, with a strong emphasis on creativity, innovation 

and exploration. This phase involves quick iterations of 

prototypes and short research-through-design cycles (1 to 6 

weeks). User needs, concerns and latent desires in relation to 

meaning and identity [19, 20] sociality and behaviour [21, 22] 

are coupled to creative design techniques [23, 24] to generate 

tentative and application specific design guidelines, and initial 

user and interaction models. The design result of this phase 

consists of early prototypes that can be evaluated through expert 

reviews. The most promising concepts continue to the Nursery 

phase. 

In the case study, theory of human values [18] was selected as 

a framework to define desired directions for the transformation 

of behaviour. The main activity in this phase was to create 

concepts that had the potential to invite behaviours that 

correspond to values. This early concept development consisted 

of sketching (Figure 1), and developing early interactive 

prototypes using the plug-in sensor and actuator platform 

Phidgets [25], combined with Max/MSP programming [26]. See 

Figure 2. This first experiential prototype allowed for expert 

review on possible ethical implications of these designs, i.e., 

which behaviours they could elicit in terms of values.  

 

 
Figure 1. Intelligent lamp sketch. Light in this lamp is ‘fluid’ 

and can proactively follow an object, such as a book. It can also 

‘stick’ to the hand, and that way be manually directed and 

distributed over the lamp. A design hypothesis was that the lamp 

invited Creativity related behaviours by offering an easy 

possibility to create lighting patterns on the lamp using the hand. 

 

 
Figure 2. The first experiential, interactive prototype of the 

lamp. When the hand moves up, the light moves upwards along 

with it. The lamp uses two IR sensors to locate a nearby object 

and follows it with the horizontal top row of LEDs. Moving the 

hand across the surface creates a light trace. 

6 THE NURSERY PHASE 

The Nursery phase includes the first elaborate testing of AmI 

concepts. A ‘Nursery’ is an environment that allows controlled 

testing with participants, and is equipped with a range of 

measuring devices and facilities for empirical research. Such a 

space also allows fine-tuning of a system to the specifics of its 

context. An example of a Nursery space is the /d.search-labs 

context lab, which features spaces that resemble different 

quarters of a home [27]. The advantage of such contexts is that 

they enable controlled experiments. This control applies both to 

the way the system functions in its context, and to what kind of 

people participate in the experiments. The research-through-

design cycles in this phase are typically longer than those in the 

Incubator phase (approx. 6 months to 1 year duration). The 

Nursery allows the three means of testing, that are considered 

complementary in literature:  

• Physiological analysis [28, 29, 30]  
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• Psychological analysis [18, 31, 32, 33]  

• Behavioural analysis [34, 35]. 

Additionally, the Nursery facilitates technical testing. It answers 

questions like if a concept is technically feasible or if it functions 

as intended. 

The knowledge generated in the Nursery phase has the form 

of design principles for AmI, and models of how design 

parameters of AmI relate to human physiological, psychological 

and behavioural processes. From this knowledge one can extract 

tentative conclusions about ‘real’ ethical dimensions. The 

designs made in this phase are prototypes that are functional up 

to an experiential level: they seem like fully working prototypes.  

The Nursery phase in the case study involved the 

development of the concept from the Incubation phase into a 

functional prototype (Figure 3), and testing it in a lab 

environment that resembled a living room context [27] (Figure 

4). The lamp was able to portray three different behaviours in 

interaction, aiming to invite three different participant 

behaviours. For example, in one mode the lamp pro-actively 

followed the participants’ reading material. In another mode, it 

allowed people to create lighting patterns on the lamp using their 

hands. The test involved a group of participants with specific, 

mutually different value priorities. For each of the three lamp 

modes, they were asked to explore the lamp’s interaction 

possibilities and behaviours, and to create light for reading. 

Afterwards, they characterised the interactions using a set of 

value-related scales. The ratings were then compared with the 

kind of behaviours the lamp targeted with the three modes. 

Conducting the experiment indicated how different design 

aspects of the lamp design influenced the participant’s 

behaviours and experiences. See [10] for more details. 

 

 
Figure 3. Side view of the fully functional intelligent lamp. A 

Power LED array enables light beams in multiple directions. It 

uses a miniature camera for object tracking and has a touch 

sensitive top surface for manipulation of the light. The lamp is 

connected to a Powerbook G4 running Max/MSP, which 

controls its behaviour and does the image processing.  

 
Figure 4. The functional intelligent lamp prototype was tested in 

a living room lab environment.  

7 THE ADOPTION PHASE 

The Adoption phase is directed at gaining knowledge about the 

influence AmI has as transformational agent on everyday life of 

people. As mentioned earlier, the true influence of a 

transformational agent can best be evaluated in-situ, in real life. 

The Adoption phase starts with customization of the systems for 

real-life, ‘lived’ contexts: An intelligent environment that works 

in a controlled lab environment does not necessarily work at the 

home of the Joneses, for example. Furthermore, the systems 

need to be rendered, which is not trivial for research prototypes. 

After installation in the targeted ‘lived’ context, the Adoption 

phase involves longitudinal testing in-situ, using methods such 

as contextual inquiry [37] and ethnography [38]. Knowledge 

gained from this adoption phase has the form of: 

• User models that describe needs, values and behaviours 

in the real-life contexts. 

• Models that describe long-term, co-shaping relations 

between AmI system properties on the one hand and 

behaviours and experiences of people in everyday life on 

the other hand. 

• Robust design principles for AmI systems that integrate 

technology, models of in-situ behaviour and their social 

implications 

Creating mobile, Adoption-ready systems and evaluating 

them in-situ is one of the biggest challenges in AmI research. 

 Currently, the case study is in preparation for the Adoption 

phase. The aim is to create a version suitable for use at home to 

enable long-term in situ testing.  

8 CONCLUSION & DISCUSSION  

This paper sketches a research-through-design approach directed 

at incorporating the social implications of AmI systems in the 

design process. Not all phases of the Growth Plan are tested yet 

through case studies. But the case study described in this paper 

points towards strengths of this approach and indicates 

weaknesses as well.  

The main strength of the Growth Plan is that each phase ends 

with a prototype that allows experiential evaluation of the 

transformational workings. We argued earlier that the influence 

of AmI systems on behaviour could only be evaluated by having 
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people experience interaction with such systems. In the Growth 

Plan, these evaluations already take place in the early phases of 

AmI development, and the lessons learned can be applied in the 

subsequent phases. This knowledge gained early on in the design 

process is not available in a process in which only one elaborate 

prototype is developed and tested. Another strength of the 

Growth Plan approach is that it stimulates testing in real life. 

This is something that is often not pursued due to its complexity. 

Weaknesses of the Growth plan are the time and resources it 

may take. Building a Nursery context that allows testing in a 

controlled lab environment is not trivial. It also takes extra time 

to create and evaluate prototypes in multiple cycles. Then again, 

the responsibility and opportunity of system designers to 

consider ethics when bringing new AmI systems to everyday life 

deserves full attention. 

REFERENCES 

[1] M. Weiser. The computer for the 21st century. Scientific American, 

265(3): 94–104 (1991). 

 [2] E. Aarts, S. Marzano. The new everyday: views on ambient 

intelligence. Uitgeverij 010, Rotterdam (2003). 

[3] E. Aarts. Practice: connections: Ambient intelligence drives open 

innovation. Interactions, 12(4):66-68 (2005).  

[4] P.P. Verbeek. Materializing morality – Design ethics and 

technological mediation. Science, Technology and Human Values, 

31(3): 361-380 (2006). 

[5] R. Ling. The mobile connection: The cell phone’s impact on society. 

Morgan Kaufman Publishers, San Fransisco (2004). 

[6] S. Mukherjee, E. Aarts, R. Roovers, F. Widdershoven, M. Ouwekerk, 

AmIware – Hardware Technology Drivers of Ambient Intelligence. 

Springer, Dordrecht (2006). 

[7] J. Forlizzi, & K. Batterbee. Understanding experience in interactive 

systems. Proceedings of the 5th conference on Designing interactive 

systems, Cambridge, MA, USA (2004). 

[8] L, Hallnäs, J. Redström. From use to presence: on the expressions 

and aesthetics of everyday computational things. ACM Trans Comput 

Hum Interact (TOCHI), 9(2):106–124 (2002) 

 [9] P.P. Verbeek. What things do—Philosophical reflections on 

technology, agency, and design. Penn State University Press, Penn 

State  (2005). 

[10] P.R. Ross. Ethics and aesthetics in intelligent product and system 

design. PhD thesis. Eindhoven University of Technology, Eindhoven 

(2008).  

[11] A. Dunne. Hertzian Tales: Electronic Products, Aesthetic 

Experience and Critical Design. PhD thesis. RCA CRD Research, 

London, U.K (1999). 

 [12] C. Frayling. Research in Art and Design. Vol. 1, Royal College of 

Art Research Paper, London, U.K (1993). 

[13] B. Archer. The nature of research. Co-Design Journal, 2:6-13 

(1995). 

[14] K. Battarbee. Co-experience. Understanding user experiences in 

interaction. PhD thesis, University of Art & Design, Helsinki (2004). 

[15] J.W. Frens. Designing for rich interaction: Integrating form, 

interaction and function. Unpublished Doctoral thesis, Eindhoven 

University of Technology, Eindhoven (2006). 

[16] P.R. Ross, D.V. Keyson. The case of sculpting atmospheres: 

towards design principles for expressive tangible interaction in 

control of ambient systems. Journal of Personal and Ubiquitous 

Computing. 11 (2):69 – 79 (2007). 

[17] M. Rozendaal Designing Engaging Interactions with digital 

products. Unpublished Doctoral Dissertation. Delft University of 

Technology, Delft (2007). 

[18] S. H. Schwartz. Universals in the content and structure of values: 

Theory and empirical tests in 20 countries. In: M. Zanna (Ed.), 

Advances in experimental social psychology, 25:1-65 (1992). 

[19] R.W. Belk. Possessions and the extended self. The journal of 

consumer research 15(2): 139-168 (1988). 

[20] B.D. Romanoff, B.E. Thompson, Meaning Construction in 

Palliative Care: The Use of Narrative, Ritual and the Expressive Arts. 

American Journal of Hospice and Palliative Medicine and Palliative 

Medicine, 23 (4): 309-316 (2006). 

[21] W. Rook. The ritual dimension of consumer behavior. Journal of 

consumer research, 12: 251-264 (1985). 

[22] J.A.  Hughes, J. O’Brien, T. Rodden, M. Rouncefield, S. Viller. 

Patterns of home life: informing design, for domestic environments,  

Personal Technologies, 4 (1): 25-38 (2000). 

[23] W. Gaver, J. Beaver, S. Benford. Ambiquity as a recourse for 

design. Proceedings of human-computer interaction, 233-240 (2003).   

[24] G. Bell, M. Blythe, P. Sengers. Making by making, strange: 

Defamiliarization and the design of domestic, technology. ACM 

TOCHI, 12(2): 149-173 (2005). 

[25] S. Greenberg, C. Fitchett. Phidgets: Easy development of physical 

interfaces through physical widgets. Proceedings of the ACM UIST 

2001 Symposium on User Interface Software and Technology, ACM 

Press, New York (2001). 

[26] Cycling Œ74. Max/MSP. Retrieved June 3, 2008, from Cycling ’74 

Web Site: http://www.cycling74.com. 

[27] S. A. G. Wensveen. The /d.search-labs: Using the power of design 

towards an integration of design education, research and innovation 

in the context of Ambient Intelligence. Proceedings of E & PDE 08 

conference, Barcelona (2008).  

[28] R.W. Picard. Affective computing. MIT Press. Cambridge (1997). 

[29] W. Burleson, R. W. Picard, K. Perlin and J. Lippincott. A Platform 

for Affective Agent Research. AAMAS, Columbia University, New 

York, NY (2004). 

[30] W. Ark, D.C. Dreyer and D.J. Lu. The emotion mouse. Proceedings 

of the HCI International Conference (1999). 

[31] C. E. Osgood, G.J.  Suci, P.H. Tannebaum. The measurement of 

meaning. University of Illinois Press, Urbana (1957). 

[32] S.H. Schwartz. Universals in the content and structure of values: 

Theory and empirical tests in 20 countries. In: M. Zanna (Ed.) 

Advances in experimental social psychology, 25:1-65. Academic 

Press, New York (1992). 

[33] P. Lang, M. Bradley. Measuring emotion: The self-assesment 

manikin and the semantic differential. Journal of Behaviour Therapy 

and Experimental Psychiatry, 25(1):49-59 (1994). 

[34] O. Tomico. Subjective Experience Gathering Techniques for 

Interaction Design. Unpublished Doctoral dissertation. UPC, 

Barcelona (2007) 

[35] R. Laban, F.C. Lawrence. Effort (4th ed.). MacDonald & Evans, 

London (1947).  

[36] P.R. Ross, C.J. Overbeeke, S.A.G. Wensveen, C.C.M. Hummels. A 

Designerly Critique on Enchantment. Journal of Personal and 

Ubiquitous Computing, Special Issue on Experience, Enchantment, 

and Interaction Design, 12(5), 359-371, (2008). 

[36] J. Buur, M.V. Jensen, T. Djajadiningrat, Hands-only scenarios and 

video action walls: novel methods for tangible user interaction 

design. Proceedings of DIS '04. ACM, New York, NY (2004). 

[37] H. Beyer, K. Hltzblatt. Contextual Design: defining customer-

centered systems, Morgan Kauffman Publishers, San Francisco, CA 

(1998). 

[38] J. Buur, L. Sitorus. Ethnography as Design Provocation. 

Ethnographic Praxis in Industry Conference Proceedings vol. 1. 

October 2007, pp. 146-157 (2007). 

 
 

Proceedings of the Symposium Killer Robots vs Friendly Fridges: The Social Understanding of Artificial Intelligence

The Society for the Study of Artificial Intelligence and Simulation of Behaviour Convention 6th - 9th April 2009, Edinburgh, Scotland

17



To Forget or Not to Forget:
Towards a Roboethical Memory Control

Patricia A. Vargas 1 and Wan Ching Ho 2 and MeiYii Lim 1 and Sibylle Enz 3 and Ruth Aylett 1

Abstract. A long-term human robot interaction (HRI), which in-
volves data storage of personal information, naturally raises ethical
issues as a primary concern. This paper is an attempt to rise to this
challenge by speculating how to best build and control a “roboethi-
cal” memory for a robot companion. We believe that memory is an
essential feature in the design of a robot mind for this kind of long-
term HRI. Hence, this work tries to create a link between “human-
like” memory modelling and the new Roboethics discipline. We em-
bark on this endeavour by proposing forgetting mechanisms that
would dictate what the robot companion should and should not for-
get in addition to suggesting a primary experiment to test the memory
prototype.

1 INTRODUCTION

Recently there has been an increasing interest in establishing the sci-
entific basis for developing artificial companions that users will want
to interact with over a long period of time in their own social set-
tings [28] [29] [31]. An artificial companion could be a robot, but
could also be an intelligent graphical character on a mobile handheld
device, a children’s toy or, given mobility (i.e. ability to migrate) be-
tween such devices and platforms, a combination of all of these.

A frequently asked research question arises from this fascinating
research goal: How do we create a new computer technology that
supports long-term relationships between humans and artificial com-
panions? Moreover, what technologies would be essential for the de-
sign of the artificial companion?

From a technical perspective, interaction mechanisms, long-term
responsiveness to human affective states, interfaces, memory, data
security and privacy are some of the areas, which must be investi-
gated in order to develop long-life personalized artificial compan-
ions. Amongst the aforementioned areas, memory modelling can be
considered as an essential aspect in any project relating to the long-
term social relationship between a human and an artificial compan-
ion.

We argue that the inclusion of “human-like” memory in artifi-
cial companions will enable them to behave in more natural and be-
lievable ways. The existence of this memory will help the artificial
companions to comprehend their world by adapting to new circum-
stances. It will allow them to make predictions about a situation and
thus produce appropriate behaviours. In other words, their past ex-
periences will serve as guidelines for their future actions. Applying
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these guidelines, the artificial companion will be able to act in certain
consistent ways and thus exhibit a “personality” - a reflection of the
“self” that is important in social communication [15].

Moreover, apart from the intrinsic complexity faced by scientists
when modelling a human-like memory, we envisage that there are
some additional challenges in attempting to devise a memory for the
artificial companion. For instance, how to incorporate emotional as-
pects? What in the information the companion has perceived while
interacting with the user or the environment should it forget and what
not forget? In addition to other ethical issues might possibly be in-
volved?

This paper seeks to provide a broader definition of human memory
focusing on forgetting mechanisms while trying to highlight in which
ways a long-term companion memory is linked with privacy and thus
ethical issues. For the sake of argument, in this paper we will centre
our ethics discussion only on robots as role models for our artificial
companions.

The remaining of this work is organised as follows: Section 2 will
define human memory and forgetting according to literature from
Psychology and Cognitive Science. In Section 3, we will give an
overview of ethical issues and introduce the new discipline named
Roboethics. Section 4 will consider the nature of the link between
a robot’s artificial memory and Roboethics, in addition to proposing
ways of controlling the memory of a robot companion. Section 5 pro-
poses a first experiment and Section 6 will present some conclusions
and describe future work.

2 MEMORY AND FORGETTING

“You have to begin to lose your memory, if only in bits and pieces, to
realize that memory is what makes our lives. Life without memory is
no life at all, just as intelligence without the possibility of expression
is not really intelligence. Our memory is our coherence, our reason,
our feeling, even our action. Without it, we are nothing”. - Luis Bu-
uel. Spanish director, 1900-1983.

Life is full of stories: stories we remember through experiences,
stories we heard and stories we compose. These stories are a reflec-
tion of the “self” when they are told and without them, life is mean-
ingless. An individual without past stories will not be able to appreci-
ate life, share their experiences with others or make sense of anything
happening around them. This is due to the fact that “understanding
the world means explaining what has happened in it in a way that
seems consonant with what you already believe” [32]. Memories are
part of what makes up our personality, controls our behaviours and
often influences our mood [12].

According to Le Doux [26], our brain contains a variety of dif-
ferent memory systems that work in parallel to give rise to indepen-
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dent memory functions. Conscious, declarative or explicit memories
are mediated by the hippocampus and related cortical areas, whereas
implicit emotional memory involves the amygdala and related areas
[23]. The hippocampal system lets us remember the details of a situ-
ation, whilst the amygdala system produces stimuli that activate our
body chemistry for the emotional situation.

In general, memory works on the basis of three different processes:
first, information from the sensory system of the organism (external
and internal sensors) is encoded, then stored, and finally retrieved (if
not forgotten). It is as yet unclear and controversial among scientists,
how exactly memory works [41] [16] [27].

Computationally, memory is modelled as a succession of three dif-
ferent stores, one for the sensory information, the second for short-
term memory (STM), and the last for long-term memory (LTM); the
above described processes, encoding, storing, and retrieving, work
on these three entities.

In the store for sensory information, incoming perceptual input
from the sensors is either ignored or attended to. In the case that it
is ignored, it is removed after a split second. In the case that one
attends to it, it survives, writes over “old” sensory input information,
and is processed in order to assess its meaning. Once the meaning
is assessed, the information is encoded and transferred to the short-
term memory. Information that enters this memory can be lost or
forgotten.

Long-term memory keeps a large quantity of information for po-
tentially a very long time. Information stored there can be of very dif-
ferent types. While researching into human memory, one faces some
serious problems. First, the quality of memory retrieval can only be
measured by comparing the consistency of different retrievals at dif-
ferent points of time (indirect measurement). Thus, even if people
can elaborate not only on an (emotional) event but also on situational
context information surrounding the event, we do not really know
whether the retrieved information is accurate [13] [42]. There are
some solutions to this problem; for instance, the simulation of events
in the laboratory and the direct assessment of memories of these.

However, in the context of memories that have been stored based
on real-life events and experiences, the American Psychological As-
sociation comes to the conclusion that “at this point it is impossible,
without other corroborative evidence, to distinguish a true memory
from a false one”.

Summing up, the three main activities related to memory mod-
elling are: encoding, remembering [8] and forgetting. Information
from short-term memory (STM) is encoded in long-term memory
(LTM) through repeated exposure and generalisation. Remembering
or retrieval involves recall and recognition while forgetting may be
caused by several processes.

In this sense, an artificial companion should have the capability to
“remember” and “forget” information perceived from its interaction
environment so that it can update and adapt its memory accordingly.
By constantly reconstructing memory, e.g. using remembering and
forgetting mechanisms, the artificial companion will be able to learn
to behave in an appropriate way because its attention can be focused
on important information relevant to the current interaction situation.

If we were to record every bit of incoming information, we would
have information overloaded, difficulty in organizing the informa-
tion and difficulty in focusing on one piece of information at a time.
Therefore, forgetting is essential and useful, thus a number of the-
ories of forgetting have been developed by neuroscientists and psy-
chologists, which aim at explaining these mechanisms, and thus why
we forget. These theories can be split into two groups. One is mostly
associated with forgetting from STM and another one is with forget-

ting from LTM, as follows:
- STM
a) Trace decay
This theory suggests that memory fades away with time and leaves

a trace in the brain in the form of physical and/or chemical change
in the nervous system. This trace would then be subjected to an au-
tomatic fade or decay over time [11].

b) Displacement
This theory explains forgetting as due to lack of availability or lim-

ited capacity of the STM. In this way, new information “displaces”
old information when STM is “full”.

- LTM
a) Interference
For this theory, LTM can be disrupted or interfered with by other

memories, i.e. memories interfere with one another retroactively or
proactively [7] [6]. Retroactive interference means that information
that is encoded later interferes with information that is encoded at
an earlier stage; while proactive interference means that information
that is encoded at an earlier stage interferes with information that is
encoded at a later stage (e.g. witnesses in court).

b) Lack of consolidation
This theory states that a certain amount of time is necessary for

some alteration of the brain substrate to become permanent, i.e. the
consolidation process. Therefore, impairment on the consolidation
process, such as damage to the hippocampus or aging, may thus
cause forgetting [43].

c) Retrieval failure
The retrieval failure is characterized when information stored in

the LTM cannot be accessed [36]. When it comes to retrieving in-
formation from memory, contextual cues are crucial. Tulving and
Psotka [37] have shown that forgetting is due to the absence of a
valid cue for recall (cued recall) and that recalling memories fails if
contextual information is missing. As Bouton and collaborators [9]
put it: “Retrieval is best when there is a match between the conditions
present during encoding and the conditions present during retrieval.
The passage of time can create a mismatch because internal and ex-
ternal contextual cues that were present during learning may change
or fluctuate over time. Thus, the passage of may change the back-
ground context and make it less likely that target material will be
retrieved”.

d) Repression
Repression occurs when memories are unconsciously blocked

from our awareness. It could be seen as the purposeful but sub-
conscious block of memories. These strategies to “forget” disturb-
ing experiences have been researched in psychoanalysis as defence
mechanisms, strategies that serve to protect the self from situations
and emotions with which one cannot cope [18]. In case of these un-
conscious or conscious strategies of motivated forgetting, remem-
bering, discussing or rehearsing memories are important techniques
to strengthen the retrieval of the suppressed or repressed memories.
Similarly, forgetting details of disturbing events might also be due
to the fact that disturbing events are simply less often discussed and
rehearsed than positive memories.

Apart form the aforementioned theories, forgetting has also been
linked to sleep, distress, exercise and diet. The research into the influ-
ence of sleeping on memory and forgetting can be subsumed with the
finding that it is the metabolic processes that take place during sleep-
ing that influence forgetting (e.g. [19]). Results focusing on the ab-
sence of sleep on memory and forgetting can be interpreted as being
at least partly the consequence of heightened stress levels that are a
direct result of the absence of sleep. As far as stress level and memory
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is concerned, extensively high cortisol levels that result from danger-
ous situations and have the function to prepare the organism for fight
or attack, damage brain cells if they are not controlled. Normally, in-
ternal regulative mechanisms stop the distribution of cortisol within
a short time frame, but this control mechanism can be impaired, e.g.
in depressive patients.

In the next section, we will provide an overview of ethics issues
incurred on social relationships and introduce the new discipline
named Roboethics.

3 ETHICS TO DEFINE ROBOETHICS

In discussing ethics, we will first describe the main theories related
to ethical behaviour on social relationships in general. Then, we will
concentrate on the ethics related to human robot interaction (HRI).
Therefore, we will focus on robots as long-term companions, includ-
ing the implications of their memory modelling with regard to pri-
vacy issues such as data security and data disclosure.

There are three types of theory that try to encompass ethical con-
cerns: consequentialist, deontological and virtue-based. The former
states that the consequences should rule one’s actions. In this sense,
an ethical behaviour should involve the ability to predict the result of
an action, in addition to evaluating the results of an action according
to positive expectations and/or desires.

In deontological theory, an action is evaluated a priori as being
moral or immoral irrespective of its consequences. Usually, a set of
moral rules are created describing a deontological moral system. A
number of such systems have been created [20]. Nonetheless, con-
flicts may always arise when dealing with a rule-based system and
thus one must know how to solve the upcoming dilemmas.

Virtue-based theory, on the other hand, considers one’s character
in terms of “being” not “doing”. Hence, ethics is a question of char-
acter and learning by practicing is more relevant than theory.

As previously stated, we are concern about the ethics involved in
the design and use of robot technology in everyday settings from a
user-oriented perspective. This requires a balanced discussion that
may not begin with life and death [5] [14] [3], but on a more general
level grounded in real culture. Relevant questions then concern how
the technology that we build affects existing social practices, how the
image of robots in popular media affects us and our designs, and the
values that people in general associate with robotic technology.

One should not underestimate the fact that the development of
robotic technology involves systems that are extremely complex and
in a way probably unpredictable given it depends on how such ma-
chines are created. Notwithstanding the distress that might be in-
curred, we believe that there is no need to be alarmist [24]. Of course,
history has given us enough reasons to become concerned with the
uncontrolled development of new technology e.g., war built-purpose
robots [4] and hence, ethical issues involved should undoubtedly be
part of our present concerns.

With the aim of devising a human-centred ethics, which would
involve long-term ethical concerns whilst developing robotic tech-
nology, a new discipline named Roboethics was created [38] [39]. Its
prime objective is to provide scientific, cultural and technical tools
that can be shared by different social groups and beliefs. Thus, it is
believed that Roboethics should not only comply with the widely ac-
cepted “Charts of Human Rights” but also consider ethical theories
as described earlier in this section. Moreover, Veruggio [38] enquires
whether Roboethics is a problem for the individual scientist, for the
end user, or for the concerned person to deal with, in her/his own
consciousness, or whether it is a social problem to be addressed at

an institutional level. We advocate that it should be a combination
of all of these, given that conscious individual scientists should lead
to a conscious institution and thus to an ethical end-product to the
end-user.

Roboethics should analyse the effects of robotics such as abroga-
tion of responsibilities, lack of access, deliberate abuse, terrorism and
privacy amongst others, in many application fields, such as economy,
society, law, elderly, health and childcare. However, in this work, we
concentrate on the ethics related to long-term HRI, focusing more on
data security and thus privacy issues.

In the next section we will describe related work which has already
approached ethical issues on robotics, memory models and experi-
ments, focusing on which content should be forgotten by the robot,
while trying to investigate a hypothesis on how to control the robot’s
memory.

4 TOWARDS A ROBOETHICAL MEMORY
CONTROL

So far, the idea of a robot companion has not been widely accepted
and sometimes not even considered or imagined. There are also some
scientists and philosophers who clearly stand against its use in all
circumstances. Take Sparrow for instance [33] [34]. He argues that
while we are unable to create robots with real personality, we could
make the mistake of viewing our creations for what they are not and
hence, this could involve a potential ethical danger [2].

Syrdal and collaborators [35] addressed the relevance of consid-
ering privacy as an ethical problem on HRI as pointed out at the
EURON Roboethics Roadmap [39]. The authors conducted an ex-
ploration experiment using a human-sized robot, which was oper-
ated under remote control while interacting with 12 participants in a
long-term trial i.e., “The Wizard of Oz Method” [25]. One important
aspect raised by the analysis of the results was that of the influence
of nationality and thus cultural differences between the participants.

As expected, people were mostly concerned with “what” was be-
ing stored on the memory of the robot companion and “how” this data
would be processed and to “whom” this information would be fur-
ther disclosed. All things considered, it was concluded that not only
systems that are meant to be used by general public should strive to
explicitly justify any data captured from its users but also that privacy
and data protection remain an important field of research.

In our research we focus on what the artificial companion should
and should not forget and its consequences when taking into con-
sideration ethical concerns. For Gips [21], each ethical theory pre-
sented on Section 3, has its pros and cons and thus he poses a ques-
tion that is concerned with “What types of ethical theories can be
used as the basis for programs for ethical robots?” For instance, the
consequentialist theory would be the easiest to implement in a robot
but prediction would be an issue. The deontological theory might
also seem straightforward to implement but arising conflicting obli-
gations would be pre-emptive. The virtue-based theory seems to res-
onate partially with the evolutionary robotics approach but the un-
predictability might become undesired. We believe that in order to
create an ethical robot one should consider incorporating aspects of
all ethical theories [40].

In our point of view the three theories could be combined in a way
of creating a master “roboethical” theory, which would encompass all
positive features of each one, while attempting to overcome the short-
falls. For instance, an ethical robot’s mind could be programmed as a
set of rules (deontological theory), which could be learned by prac-
tice (virtue-based theory) and also by applying evolution and predic-
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tion (consequentialist theory). Of course when we mention the robots
mind, we are mostly interested in the robots memory modelling and
the related forgetting mechanisms, which is the focus of this investi-
gation.

Forgetting is useful to improve efficiency, scalability and adapt-
ability of cognitive systems operating in dynamic task environ-
ments, such as a robot’s interaction environments. Forgetting could
be viewed as a way of controlling the memory of the robot compan-
ion for it could be used to regulate [22] the type and amount of data
stored on the robots memory, giving rise to a more reliable artificial
companion, in data security and privacy terms.

Towards this roboethical memory control, a robot companion can
learn (virtue-based) data privacy regarding contents as well as con-
texts from making mistakes that is later rectified by the user. Each
time a robot makes a mistake by retrieving a piece of personally sen-
sitive data and the user corrects the robot, the memory architecture
should create a new rule (deontological) to handle the same type of
data under the remembered context, namely the current environment
and other people’s presence. Once the new rule is reinforced by the
user, it allows the robot to be attentive to a particular type of infor-
mation while interacting with the environment and perceiving data
through sensors. This new rule can help processing the information
and enable a “situational forgetting” mechanism, which allows the
robot to “forget” a piece of sensitive information under specific cir-
cumstances to satisfy the user’s expectations and attend its requests
via making accurate predictions (consequentialist).

In order to implement such control, our proposed memory model
should include forgetting mechanisms by not only utilizing the trace
or functional decay theory [11] [1] for STM and LTM but also con-
sidering displacement, interference, consolidation and most impor-
tant repression. A repression mechanism could be implemented in
order to allow the user to “repress” any memory event that might
be considered inadequate for storage. Following these guidelines,
a robot’s memory can be personally tailored to suit particular user
needs while initialising the robot. The same memory architecture,
with different levels of forgetting and repression mechanisms to han-
dle sensitive contents, can support various user groups with regards
to personal privacy. For instance, a robot companion working in an
office can be personalised to remind workers their schedule, meet-
ing appointment and regular break times; however this robot should
avoid remembering workers’ personal information such as some-
one’s home address or salary, because these are sensitive issues to
individuals in the office environment. In contrast, a robot companion
living with the user in the home environment can store more personal
information at users’ request. This robot can help the user with daily
tasks at home and also remind the user the time to take medicine,
appointments with a doctor or personal dates.

For the general memory model, basically, memory traces that are
of the immediate past are denser than the old ones. When infor-
mation is perceived, it enters the STM. With continuous activation
through rehearsal or frequent recall this memory may eventually be-
come LTM. However, if the information falls into disuse, the memory
trace will start to decay and eventually fade from memory.

The information that receives frequent attention will go through
reconstruction processes before it is consolidated as LTM. This is
part of the learning process where memory structures are modified
continuously based on incoming information to ensure their currency
with respect to the world state. By being able to notice and recall dif-
ferences in experiences, the robot will be able to learn about its en-
vironment more effectively. General structures will help the robot in
deciding what to pay attention to, and “reminding” forces it to make

use of prior knowledge to form expectations. Nonetheless, care needs
to be taken when generalising information to ensure that particular
differences that may be valuable are not lost.

To recapitulate, by considering ethical issues, a prior knowledge
(a deontological system), a learning process (virtue-based) and a pre-
diction scheme (consequentialist) should be part of the “roboethical”
system as described earlier together with the aforementioned forget-
ting mechanisms. In this way, the user could control “what” is being
stored, “how” it is being encoded and to “whom” it would be avail-
able.

5 PROPOSED PRIMARY EXPERIMENTS

Following Brom’s et al. [10] previous work on characters with ar-
tificial memory, we suggest as a first experiment to test our mem-
ory model, the use of the ORIENT (Overcoming Refugee Integration
with Empathic Novel Technology) software platform developed for
the ECIRCUS project [30].

Although it has graphical characters acting as artificial compan-
ions (Figure 1) and not robots, we think it could provide a valuable
test-bed for assessing ethical issues related to privacy and cultural
differences. The ORIENT software platform tackled nationality is-
sues where graphical characters were used to help diminishing prej-
udice against new cultures trying to educate the user to learn how to
behave and thus respect other nationalities and cultural differences
[30].

Furthermore, the ORIENT platform was build upon the FearNot!
Affective Mind Architecture (FAtiMA) [17] which has an autobio-
graphic memory model partially implemented allowing us to further
improve and adapt the model to our purposes without having to start
from scratch.

Figure 1. ORIENT system graphical interface showing part of a small
planet called ORIENT, which is inhabited by an alien race, the Sprytes

We can picture a number of scenarios within the ORIENT plat-
form where our case study could be conducted. For instance, by mak-
ing use of the proposed remembering and forgetting mechanisms,
the artificial companion could adapt itself to the user preferences in
terms of cultural identity in a social event or on a daily basis activity.
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Additionally, it could also learn to forget particular episodes if told
so by the user or not to disclose any information shared in private.

Before designing the implementation module, it is imperative to
further discuss whether the ORIENT artificial companion should also
have its own culture or not? In ORIENT an individual (or Spryte)
could have its own personality despite being immersed in a culture.
Hence, we should identify the impact and relevance a cultural her-
itage could have on our study.

6 CONCLUSIONS and FUTURE WORK

This paper speculates on how to best build a memory model for a
robot companion while being concerned with ethical issues involving
data security and thus privacy aspects.

After discoursing about memory and forgetting, ethical theories
related to the new Roboethics discipline were described.

The work discussed why a memory model should encompass ethi-
cal issues and a first case study was suggested as a test-bed for the hy-
pothesis by checking whether the artificial companion can perceive,
remember and react to human users.

In conclusion, one may ask: “Could a robot ever be ethical?” [21]
[40]. We believe the answer is “yes” if one has clear ethical concerns
and is conscious of how the robot is being developed and to what
purpose. Particularly, bearing in mind that a robot should be a partner
and co-exist with human beings while assisting them both physically
and psychologically, in addition to contribute to the realization of a
safe and peaceful society [38] [39].

Future work includes a formal detailed proposal of an initial mem-
ory model for an artificial companion taking into consideration all the
ethical issues raised on this present work apart from further describ-
ing the first case study to test the memory prototype.
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Who's Afraid of Virtual Humans?
Claude Draude*

Abstract.. This  paper  addresses  the  uncanny  valley  effect  of 
humanoids from a gender studies perspective. On that account it 
suggests  to  link  the  construction  of  the  human-computer 
interface  to  the  construction  of  the  cultural  order  of  the  two 
genders.  This  connection  is  derived  from  a  rereading  of  the 
Turing  test.  A  semiotic  view  on  computer  science  serves  as 
epistemological grounding of the analysis. The special character 
of technological artefacts is discussed by taking Freud's concept 
of "Das Unheimliche", as well as theories of identity formation 
into  consideration,  in  order  to  answer  the  question:  Why  do 
humans fear their virtual counterparts?

1 VALLEYS AND GAPS

1.1 Between Life and Death
In 1970 roboticist  Masahiro Mori published his theory on how 
humans react emotionally to artificial beings [1] . According to 
Mori, the role model of robotics is the human. In a graphic he 
links  the  trustworthiness  of  the  artefact  to  its  human 
resemblance. 

Figure 1.  The Uncanny Valley

As the figure shows, human likeness evokes trust only up to a 
certain point. If the robot comes very close to appearing human, 
but  of  course  is  not  quite  the  real  thing,  minor  lapses  will 
produce irritations. On its way to reach the peak of humaneness 
the robot falls into the depths of the uncanny valley.

The  starting  point  for  Mori's  considerations  are  industrial 
robots,  who  simulate  certain  human  actions  but  not  human 
appearance. Adding to this, he differentiates between mobile and 
immobile objects. Especially the ability to move autonomously 
contributes to the lifelikeness of the artefact, but it also adds to 
its  potential  creepiness.  Most  interesting,  the  uncanny  valley 
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addresses matters of life and death. Even more scary than those 
who actually are dead, appear to be the beings that are situated 
between the two discrete states: In the abyss, zombies and other 
undead  creatures  lurk  -  the  deepest  point  of  the  valley  is 
inhabited  by  those  who  are  neither  dead  nor  alive.  Mori 
illustrates this ambiguity by using the example of a prosthetic 
hand. When the artefact  looks  like a healthy human hand, but 
feels cold  and  alien  when  touched,  it  may be  experienced  as 
slightly disturbing at the least, and as horrorifying at the worst. 
The  prosthetic  hand  can  be  unsettling  precisely  because  it 
invokes an encounter with the living dead. According to this, the 
uncanny is triggered because of the discrepance between looking 
at and touching of the object.

A further-reaching discussion of the uncanny valley effect is 
lacking in Mori's paper. Still, he wonders: "Why do we humans 
have  such a  feeling  of  strangeness?  Is  this  necessary?".  As a 
roboticist his perspective is application-oriented. For the design 
process of anthropomorphic robots he advises to go for the first 
peak  shown  in  the  graphic,  but  not  further.  This  means,  the 
design of the artificial being accepts a cut back on lifelikeness, 
but avoids stumbling into the uncanny valley. 

1.2 Material-Semiotic Embodiments - Closing the 
Gap?

1.2.1. Robots and Virtual Humans

Mori's  concept  is  discussed  controversially;  it  has  been 
considered non-scientific [2] and questionable [3] or served as 
inspiration [4]. Even if not addressed explicitly, the Uncanny [5] 
always  plays  a  role  when  it  comes  to  the  design  of  artifical 
beings.  It  serves  as  a  nodal  point  for  the  acceptance and the 
overall  impact  of  artificial  beings,  such  as  humanoid  robots, 
embodied  interface  agents,  computer  game  figures  or  avatars. 
Human  characters  in  animation  films,  for  example,  are  often 
considered  to  fall  into  the  uncanny  valley  when  they  are 
designed  to  achieve  a  very  realistic  appearance1.  Successful 
movies, in contrast, tend to employ more cartoon-like features in 
order to avoid the effect2.. Instead of aiming at copying the real 
world an aesthetic of their own gets created. 

In  social  robotics,  there  exists  a  variety  of  forms  of 
embodiment. When it comes to the uncanny valley especially the 
Actroids3, lifelike humanoid robots that are designed to explore 
and challenge the effect, are worth mentioning. With their silicon 
body  and  respiratory  sounds  they  try  to  achieve  what  is 

1Cp. e.g. discussions on:  'The Polar Express' (Robert Zemecki, USA, 
2004),  http://wardomatic.blogspot.com/2004/12/polar-express-virtual- 
train-wreck_18.html.
2E.g. 'Shrek' (Andrew Adamson, Vicky Jenson, USA 2001).
3http://www.ed.ams.eng.osaka-u.ac.jp/index.en.html.  
  http://www.ed.ams.eng.osaka-u.ac.jp/research/0007/ (last access   
  26.9.2008).
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considered the  healthy person status in Mori's  overview.   The 
doppelgänger  status  adds  to  their  uncanniness  and  provokes 
ethical  questions on the cloning of  humans.  Other roboticists, 
aware  of  it  or  not,  follow Mori's  dictum.  The MIT humanoid 
robotics  group  does  not  build  artefacts  that  mirror  human 
appearance4, and Honda's humanoids are covered by space suits5. 
Interestingly, an attribution to one gender is very obvious in case 
of  the  Actroids,  whereas  the  MIT  group  seeks  to  avoid  a 
gendering of the artefact [6]. 

When it comes to the design of embodied interface agents no 
such diversity can be found. These  Virtual Humans6 [7] aspire 
toward the healthy person status as well. Here, the simulation of 
lifelike  human  behavior  and appearance  is  the  goal.  Just  like 
social robots, Virtual Humans should possess a high degree of 
autonomy,  they  should  be  proactive  and  they  should  obtain 
emotional artificial intelligence. All this is considered to lead to 
actions  that  are  verbally  as  well  as  non-verbally  convincing.

Scenarios that employ Virtual Humans favor the concept of a 
shared  space,  a  mixed  reality  [8].  Just  as  in  "Through  the 
Looking-Glass" [9], where the mirror serves as an interface that 
opens up a spatial dimension as well as it is an imaginary place, 
the conceptualization of Virtual Humans is driven by narratives 
that  interweave  human  and  non-human  actors  in  a  collective 
environment.  With  Virtual  Reality  technologies  the  mirror  or 
screen as technological device, should not be noticeable or better 
still it should disappear completely. Software agents literally are 
Lichtgestalten7. In contrast to robots they cannot move through 
physical space. It is precisely their on-screen or projected visual 
form of embodiment that seems to free them from the constraints 
that come with having a material body. 

As  stated  above,  Mori  names  the  discrepance  between 
looking at and  touching of the artefact as one major source of 
irritation. With the interface agents, touching is impossible - a 
human   cannot  shake  a  Virtual  Human's  hand.  That  these 
artefacts  nevertheless  are  viewed  as  valid  interaction  partners 
can be regarded as a shift of the relation between the visual and 
the haptic senses. And this may be read against the background 
of  a  broader  sociocultural  reconzeptualization,  where  new 
technology and  media  practices  turn  the  material  body into a 
'visual  medium'  [10].   Thus nowadays,  Mori's  example of the 
prosthetic hand falls a bit short when it comes to explaining the 
potential uncanny effect  of Virtual Humans. And because it is 
not this gap between look and feel alone that produces disturbing 
artefacts, further considerations have to be taken into account.

1.2.2. Semiotics - Interface Design as a Process of Sign 
Mediation

Virtual  Humans  are  like  ghosts.  The  dematerialized  form  of 
embodiment  they present, speaks of the wish to overcome the 
restraints  of  the  physical  world;  they exemplify  the  desire  to 
leave and beat the meat as it is called in Cyberpunk fiction. The 

4http://www.ai.mit.edu/projects/humanoid-robotics-group  (last  access 
13.1.2009)
5http://www.honda-robots.com/english/html/p3/frameset2.html 
(last access 13.1.2009)
6I use Virtual Human as collective term for embodied conversational 
agents, personal service assistants, digital substitutes etc.
7Beings of light

term  avatar8,  mostly  used  in  science  fiction  or  online  role-
playing,  highlights  this  transcendent  nature  of  virtual 
doppelgängers. The goal of embodied interface agents' research 
of course is not to construct metaphysical devices, but to make 
computer  usage  easier.  The  special  hybrid  nature  of  Virtual 
Humans, however, is no coincidence. As intermediary between 
human user and more abstract levels of computing technology, 
the interface agent needs to address both worlds.  And because 
organic  life  and computers  do not operate on the same basis, 
there need to be modes of translation or transformation. These 
modes fall  in the logic  of "the  translation of the world into a 
problem of  coding"  [11]  that  are  due  to  the  character  of  the 
computer as a "semiotic machine" [12]. 

Computers do not process material objects as other machines 
might do, they process semiotic representations - descriptions of 
objects,  bodies,  environments  etc.;  the  sign  subsequently  is 
stripped  off  the  context  and  becomes  computable9.  The 
"algorithmic sign" [15]  is a special one - it simultaneously gets 
interpreted by the computer and by the user. The computer and 
the  human  participate  in  an  on-going  process  of  sign/signal 
exchange  and  interpretation/processing.  In  current  interface 
scenarios  the  computer  screen,  mouse  and  keyboard  play  the 
important  role.  The  sign  or  symbol  on  the  screen  is  to  be 
interpreted  by  the  user   -  likewise  the  user  manipulates 
computational  objects following the executive character of the 
algorithmic sign. Interface design in this sense means organizing 
the process  of  sign  mediation in a way that the interpretative 
activity of the user corresponds with the functioning principle of 
the  computer.  This  double  nature  is  the  challenge  software 
designers have to face. The computer's 'language' in this picture 
appears  to  be precise,  rule-oriented and non-ambiguous  -  and 
that of the human as quite the opposite. For the human a sign is 
relational and complex - for the computer the signal is a state.

Following the development of interface solutions throughout 
the years the crucial question seems to have been to either “move 
the system closer to the user” or to “move the user closer to the 
system” [16].  Simply put:  From a semiotic  point  of  view the 
question is whether the signs of/on the interface are organised in 
a way that the user experiences them as being further away from 
or closer to the computational basis. The computational basis in 
this discourse is set as abstract and difficult  to understand - it 
presents a sphere for experts, not the everyday user - precisely 
because  signal-processing  appears  to  be  context-free  and 
somehow disembodied: "[...] an electronic signal does not have a 
singular identity - a particular state qualitatively different from 
all other possible states. [...] In contrast to a material object, the 
electronic signal is essentially mutable" [17]. 

Against this background, the epistemological move artificial 
intelligence  research  has  got  a  history  of,  becomes 
understandable.  Often,  "organisms  and  machines  alike  were 
repositioned on the same ontological level, where attention was 

8 Avatar is taken from Hinduism; in its religious contexts 'avatar' is used 
for describing the human or animal form of embodiment of a god after 
descending from heaven to earth.  She or he may emerge on different 
places at the same time. Therefore the avatar describes a form of 
representation that is not bound to the rules of physical reality. Instead 
the avatar belongs to a meta-reality, where death and pain have no 
meaning.
9I simplify this point here, and do not cover the full abstraction processes 
that need to take place with steps like formalization, standardization, 
executability. Cp. [14]
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riveted  on  semiosis,  or  the  process  by  which  something 
functioned as a sign" [13] . 

The oscillating status of the Virtual Human - a body made out 
of  signs  that  claims  to  count  as  a  real  human embodiment - 
points  at  the  underlying  principles  of  computer  science.  This 
reminds one of ghosts, in the way that the material body is left 
behind  and  there  now  is  only  information  that  matters  and 
produces a new way of being.

Virtual  Humans  present  a  very  interesting  solution  for  the 
mediation  process  that  takes  place  at  the  interface.  They  are 
constructed to close the gap between humans and machines. Or, 
put differently, they should heal the split the hyphen in human-
computer  interaction  symbolizes.  It  is  essential  to  note,  that 
reduction  is  only  one  way  of  characterizing  processes  of 
abstraction.   Simultaneously,  a  kind  of  doubling  effect  takes 
place inherent to the procedure of semioticizing. It seems that the 
very principles of computer science encourage procreation [14]. 
Especially  with  AI  technologies  the  constructive  character  of 
language  becomes  viable.  The  algorithmic  sign  obtains  a 
circulating  and  relational  character,  it  gets  derived  from  the 
world  but  it  has  got  formative  effects  as  well.  Against  this 
background,  the  Virtual  Human  almost  literally  re-sensualizes 
abstract technology by providing it with a "Zeichenhaut"10 [14]. 

2 RECONSIDERING THE TURING TEST

2.1. The Gender Imitation Game

It  is  interesting  to  review  how  the  interaction  scenario  is 
characterized in the research field of embodied interface agents. 
It all comes down to the agent passing as a believable interaction 
partner. For a succesful interaction a stable relationship between 
user and artefact  has to be established [18].   Humans need to 
trust their virtual counterpart and feel  comfortable with it.  So, 
even if the uncanny valley effect  as such is at most times not 
discussed  explicitly, trustworthiness  is  a  major  issue  [19]. 
Following  this,  the  artefact  should  not  arouse  uncanny  or 
unsettling feelings  whatsoever.  In  the research field,  trust  and 
believability  are  tried  to  achieve  by  constructing  the  Virtual 
Human as  lifelike  as possible. This means that with aspiring to 
mirror the human, a web of sociocultural categories are on the 
agenda  as  well.  A  believable  doppelgänger  is  linked  to  a 
believable performance of gender (and interdependent categories 
like  ethnicity,  cultural  background,  age  etc.).  In  fact,  for  the 
construction  of  anthropomorphic  interface  agents  it  has  been 
stated,  that  transgressing  the  human-machine  boundary  seems 
less threatening than transgressing the cultural order of gender 
[20,  21].  Or,  put differently,  it  seems more acceptable to mix 
artifical and real life, than to question heteronormative11 gender 
relations. Is this true - and if so, what does it have to do with the 
uncanny valley effect? 

Interestingly  so,  it  is  one  of  the  most  classic  papers  of 
artificial  intelligence  research  that  interweaves  the  human-
machine  boundary  with  the  gender  order.  The  Turing  test, 

10To become computable all matters must grow a skin (German: Haut) of 
signs (German: Zeichen).
11The term heteronormativity problematizes heterosexuality as a 
dominant normative setting, which excludes other sexual orientations, 
lifestyles and identity concepts.

proposed in 1950, challenges the ability of a computer to engage 
in  human-like  conversation.  While  various  critics  analyze  the 
notion  of  machine and  intelligence Turing  develops  [22,  23], 
others  [20,  24]  have  stated  that  the  gender  relevance of  this 
"founding narrative of artificial intelligence and cybernetics"12 at 
most times gets neglected when the test is mentioned today.

In the first version of the paper “Computing machinery and 
intelligence”,  Alan Turing starts  with  inventing the “Imitation 
Game”, which “is played with three people, a man (A), a woman 
(B),  and  an  interrogator  (C)  who  may  be  of  either  sex.  The 
interrogator stays in a room apart from the other two. The object 
of  the game for  the interrogator  is  to  determine which of  the 
other two is the man and which is the woman. He knows them 
by labels X and Y, and at the end of the game he says either 'X is 
A and Y is B' or 'X is B and Y is A'" [25]. 

Thus, before Turing develops a scenario for human-machine 
interaction,  he  invents  a  gender  imitation  game,  in  which 
different  roles  are  attributed  to  each  gender.  The  role  of  the 
woman  is  to  be  of  assistance  to  the  interrogator,  and  Turing 
suggests she should do that by being truthful. At the same time it 
becomes clear that this, too, may cause confusion, because the 
man might equally claim to be the woman. So, in the course of 
the game in fact both players try to convince the interrogator to 
be  the  woman.  Turing  then  suggests  to  replace  the  original 
question,  “Can machines think?”,  by the question,  “What  will 
happen when a machine takes the part of A in this game?" [25]. 
According to this, the imitation of the woman by the man may be 
replaced by the imitation of the woman by the machine. By doing 
so,  the  test  produces  a  gender  biased  scenario,  but  it  also 
introduces  the  notion  of  "doing  gender"  [26],  of  gender  as  a 
performance  rather  than  a  fixed,  given  state.   First,  Turing 
suggests  that  a  man  may  transgress  his  original  gender 
attribution,  before  in  a  second  step,  he  links  this  to  the 
overcoming  of  the  human-machine  boundary.  In  order  to 
understand the impact of the test, it is important to consider how 
Turing  arrives  at  this  intersection  of  gender/machine 
performance. Here the character of the computer as a semiotic 
machine,  and  the  relation  between materiality  and  the 
(algorithmic)  sign, plays  a  crucial  role,.  With  the  gender 
imitation game Turing suggests a split between the human body 
and the sign. He describes an experiment in which references to 
the  human body should be eliminated  as  far  as  possible.  The 
answers in the game must be delivered via typewriter, because 
handwriting  is  too  close  to  the  human  body and  might  be  a 
giveaway.  The  assumed  gendered  coding of  the  human voice 
would equally pose a threat to the success of the game. 

In  the test setting, it is the  corporeality  of the embodiment 
that threatens to reveal which player is human and which is the 
machine,  as much as it reveals in the original imitation game, 
which player is the woman and which is the man. In other words, 
according  to  the  Turing  Test  the  sign  as  in  the  typewritten 
language, is treated as freed from the connotations, restraints and 
limits an embodied existence brings along. In the course of the 
test  embodiment can mean either the physical materiality of the 
machine or the human body. 

It is this decoupling of the sign and the human body which 
makes  it  possible  to  attribute  a  rather  radical,  subversive 
potential to the 1950s Turing test. As I have stated above, the 
test  is  gender  biased,  and it  is  no coincidence that the female 
embodiment  and  the  machine  performance  superimpose. 

12[20] p. 85. Translation by C.D.
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Nevertheless, the test does introduce a certain form of  gender 
queering acted out by the man. Following this, the test suggests 
that  the  heteronormative  gender  order  always  already  is  a 
symbolic  order.  Or,  put  differently:  "This  construction 
necessarily makes the subject into a cyborg, for the enacted and 
represented  bodies  are  brought  into  conjunction  through  the 
technology  that  connects  them.  If  you  distinguish  correctly 
which is the man and which the woman, you in effect reunite the 
enacted and the represented bodies into a single gender identity. 
The very existence of the test, however, implies that you may 
also make the wrong choice [...] What the Turing test "proves" is 
that the overlay between the enacted and the represented bodies 
is no longer a natural inevitability but a contingent production, 
mediated by a technology that has become so entwined with the 
production  of  identity  that  it  can  no  longer  meaningfully  be 
separated  from  the  human  subject"13.  In  early  cyberfeminist 
discourse  [27],  for  example,  exactly  this  potential  of  new 
technology,  namely  the  potential  to  subvert  common  gender 
codes  by  disarranging  naturalized  assumptions  on  bodies  and 
identities, has been welcomed. The deconstructive possibilities 
that  the  virtual  mirror  provides,  on  the  other  hand,  may  be 
experienced  as  disturbing  and  thus  allow a  deeper  insight  on 
what is happening at the borders of the uncanny valley.

2.2. "A Face-to-Face Turing Test"

To sum up, the possibly uncanny artefacts of AI research point at 
a  provocative  connection  between  the  gender  order  and 
computer science's basic principles. At first glance the situation 
seems paradoxical: The logic of computing translates the human 
body into a  construct,  and this  move  could serve  as  an entry 
point for deconstruction and for the opening up of stereotyped 
identity  concepts.  Simultaneously,  with  end  products  like  the 
Virtual Human, the idea of a lifelike human copy gets favored. 
Just as in Mori's overview anthropomorphic artificial beings seek 
to gain the status of a  healthy person. And in effect,  this goal 
rather  leads  to  an  idealized  image  of  the  human  than  to  the 
construction of  diverse,  flexible  forms  of  virtual  embodiment. 
With  the  Virtual  Human  a  mostly  unquestioned  state  of 
naturalness is pursued. And precisely this naturalizing effect of 
the artefact is used to mask the working modes of the underlying 
technological device [28].   It is important to keep in mind that 
Turing's test setting gets established in reference to the cultural 
gender  order,  but  that  he  still  introduces  gender  as  a 
performance and disrupts the nature-culture dichotomy. He does 
this  by freeing  the  scenario  from material  constraints.  Turing 
made it clear, that "no engineer or chemist claims to be able to 
produce a material  which is indistinguishable  from the human 
skin. It is possible that at some time this might be done, but even 
supposing this invention available we should feel there was little 
point  in  trying  to  make  a  thinking  machine  more  human  by 
dressing it up in such artificial flesh" [25] .

With social robots and Virtual Humans it is exactly the goal 
to bring embodiment back into the picture. For this, the original 
setting of the Turing test changes into a a face-to-face situation, 
and  thus,  an  important  epistemological  shift  takes  place. 
Effectively, now not only the output, but the body itself should 
be able to trick the audience. The "artificial flesh" in which the 

13[21] p.  xiii

Virtual Humans are "dressed up", is in appearance and behavior, 
always  gendered  artifical  flesh. And precisely at this point the 
uncanny re-enters the stage, as the following remark by Justine 
Cassell shows: "One way to think about the problem [of human-
computer interaction, C.D.] that we face is to imagine that we 
succeed beyond our wildest dreams in building a computer that 
can carry on a face-to-face Turing test. That is, imagine a panel 
of judges challenged to determine which socialite was a real live 
young woman and which was an automaton (as in Hoffmann's 
'The Sandman'). Or, rather, perhaps to judge which screen was a 
part  of a  video conferencing setup,  displaying  an autonomous 
embodied conversational agent running on a computer. In order 
to  win  at  the  Turing  test,  what  underlying  models  of  human 
conversation  would  we  need  to  implement,  and  what  surface 
behaviors  would  our  embodied  conversational  agent  need  to 
display?"  [29] .

In this new version of the Turing test the uncanny emerges in 
reference  to  E.T.A.  famous  story  "Der  Sandmann"  [30]. 
Examples from films and literature are often used for illustrative 
purposes in artificial  intelligence research. In  contrast to more 
common  virtual  forms  of  embodiment  like  computer  game 
characters  or  avatars,  the  Virtual  Human  is  conceptualized as 
autonomous  interaction partner  and the artefacts  are  currently 
not  integrated  into  everyday  environments.  Using  "Der 
Sandmann"  as  a  vision,  not  only  draws  the  attention  to  the 
gendered implications of the human-machine boundary,  it also 
points at the possible uncanniness of the artificial being. At most 
times,  dystopian threads of science fiction are neglected when 
used  as  an  example.  "Der  Sandmann",  especially,  produces  a 
picture that is not a very uplifting.  Why then is it, that  Cassell 
cites  this  romantic  story  in  which  Nathanael,  the  user of  the 
machine  Olimpia,  dies  in  the  end,  and  the  artefact  gets 
dismantled?  What  might  be  learned  from  this  for  a  broader 
conception of  human-humanoid interaction? 

3 VIRTUALLY GENDER TROUBLE

3.1.  The Case of Olimpia

Basically, "Der Sandmann" tells a story of user and artefact.  In 
the narration the male protagonist Nathanael gets frustrated with 
his fiancée Clara, mainly because she rejects the flow of his on-
going  poetic  recitations.  He  encounters  the  artificial  being 
Olimpia, and falls in love with her. In the course of the novel, 
the  role  of  the  real  live  young woman  Clara,  and that  of  the 
automaton Olimpia transposes, exactly as it is envisioned in the 
Turing  test.   Subsequently,  Nathanael  experiences  Olimpia  as 
warm  and  caring,  whereas  the  character  of  Clara,  for  him, 
reverses. But this only happens for Nathanael. Olimpia, who in 
the  perspective  of  all  others  in  the  story,  remains  cold  and 
machine-like,  serves  as  a  projection  space  for  him.  She  truly 
represents a desiring machine14.  When it comes to the encounter 
between Nathanael and Olimpia, it is his agency that animates 
the object. The fact that his lips spread warmth to hers, that the 
spark of  his  eyes  activate hers,  is  noteworthy for  the  field  of 
human-computer interaction. For a short moment Nathanael also 
experiences  the  uncanny  effect  that  Mori  describes  for  the 

14Cp. the cyberpunk novel 'Idoru', in which the virtual being  Rei Toei is 
an "aggregate of subjective desire" [31].
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prosthetic hand, but then he manages to overcome the uncanny 
valley:  "Olympia's  hand was  as cold as ice;  he felt  a horrible 
deathly  chill  thrilling  through  him.  He  looked  into  her  eyes, 
which beamed back full of love and desire, and at the same time 
it seemed as though her pulse began to beat and her life's blood 
to flow into her cold hand"15. 

According to this, the human-machine interaction in this story 
gets  established  and  stabilized  via  acting  out  a  heterosexual 
relationship. Olimpia's passing of the Turing test depends on the 
fact,  wether  her  gender  performance  is  convincing  enough  to 
superimpose  the machine character.  As stated above,  Olimpia 
passes only in relation to Nathanael, all others experience her  as 
uncanny.   Siegmund,  Nathanael's  friend,  is  extremely  worried 
and  voices  his  concern  about  Olimpia: "Nevertheless,  it  is 
strange that many of us think much the same about Olympia. To 
us - pray do not take it ill, brother she appears singularly stiff 
and soulless. Her shape is well proportioned - so is her face - that 
is true! She might pass for beautiful if her glance were not so 
utterly without a ray of life - without the power of vision. Her 
pace is strangely regular, every movement seems to depend on 
some wound-up clockwork.  Her playing and her singing keep 
the same unpleasantly correct  and spiritless time as a musical 
box,  and the same may be said of her dancing.  We find your 
Olympia quite uncanny,  and prefer to have nothing to do with 
her.  She  seems  to  act  like  a  living  being,  and  yet  has  some 
strange peculiarity of her own"16.

Hence,  Olimpia's  computability  and  rule-orientation  do not 
simply  make  her  boring  and  predictable,  she  falls  into  the 
uncanny valley.  Olimpia is accused of just pretending to be a 
lifelike  being  which  also  means:  she  just  pretends  to  be  a 
woman. In Sherry Turkle's work on the computer as a "Second 
Self"  it  is  the  machine  origin  in  particular  that  renders  the 
artefact as uncanny. She states that: "A being that is not born of a 
mother, that does not feel the vulnerability of childhood, a being 
that does not know sexuality or anticipate death,  this being is 
alien" [32] . And indeed, science fiction narratives are full of lost 
beings that search for  some kind of belonging,  which at most 
times results in a quest  for  a proof of their  own genealogical 
identity17.  Now,  this  point  is  not  made  in  order  to  support 
oppositions  of  natural  origins in  contrast  to  artificial  ones. 
Rather it is referred to in order to illustrate how and where the 
boundary between human and artefact  usually gets drawn.  On 
the  one  side  there  are  organic  heterosexual  reproduction, 
vulnerability,  fear of death, the  finiteness of life, which define 
humanity. Beings like Olimpia, on the other side, hold the power 
to transgress this "life cycle"18. They present an escapist fantasy, 
but they pay for this by risking to appear non-human, uncanny 
and alien. 

3.2. The Uncanny Revisited

While searching for explanations that might unravel the textures 
of the uncanny valley effect, the cultual order of gender and the 
human-artefact relation, several threads can be taken up.

15 [30], p. 37. Here: English translation by John Oxenford. 
http://www.fln.vcu.edu/hoffmann/sand_e.html (last access 13.1.2009)
16 [30], p. 40.
17 For example, "A.I. - Artificial Intelligence‹"(Steven Spielberg, USA 
2001)
18 [32], p. 311.

For example, in an article on  Digital Beauties  Karin Esders 
states  that  it  is  the  virtual  embodiment's  lack of  being traced 
back  to  a  material  body  which  makes  it  uncanny  [33].  The 
normative and stereotyped appearance of Virtual Humans, too, 
derives  from  the  missing  "material  reference  and  bodily 
distinctiveness"19 which  would  hold  a  potential  to  induce 
moments of resistance and thus may produce alternate forms of 
embodiment.  This  is  a  question  of  the  origin  of  the  artefact 
again, as well as Esder's findings pose questions on the role of 
the material and the semiotic.

According to Mori, humanoids fall into the uncanny valley if 
they reach a  high  degree  of  human likeness  but  still  produce 
minor  lapses.  They  are  somehow not  quite  there  yet.  Hence, 
"virtual beings embody a state of 'as  well  as' and of 'neither - 
nor'"20 and this  not  only points  at  the  potential  to recode and 
trangress what is considered human, but also at disturbances in 
the realm of gender. 

In the classic essay in which he analyzes the uncanny effects 
of "Der  Sandmann",  Sigmund Freud defines  "the  uncanny" as 
"that class of the frightening which leads back to what is known 
of  old  and  long  familiar"21.  The  uncanny  in  this  view  is 
something which has been repressed and then re-enters the stage. 
In Mori's overview, the undead is even more frightening than the 
dead corpse. One cannot help to wonder, why that is. Against the 
Freudian  background,  the  question  occurs,  what  it  is  actually 
that comes back to haunt the human in form of Olimpia - or the 
Virtual Human. In a rereading of Freud's article, Hélène Cixous 
points out that Freud marginalizes the meaning of Olimpia and 
focuses  on Nathanael.  According to  her,  however,  the  key to 
understand the uncanny lies in Olimpia's  role as a hybrid and 
intermediary:  "It is the between that is tainted with strangeness. 
Everything remains to be said on the subject of the Ghost and the 
ambiguity of the Return, for what renders it intolerable is not so 
much that it is an announcement of death nor even the proof that 
death  exists,  since  this  Ghost  announces  and  proves  nothing 
more than his return. What is intolerable is that the Ghost erases 
the limit which exists between two states, neither alive nor dead; 
passing  through,  the  dead  man  returns  in  the  manner  of  the 
Repressed. [...] In the end, death is never anything more than the 
disturbance  of  the  limits.  [...]  Olympia  is  not  inanimate.  The 
strange  power  of  death  moves  in  the  realm  of  life  as  the 
Unheimliche in the Heimliche, as the void fills up the lack" [34].
It  is  the  positioning  of  technological  artefacts  between  two 
states, their being "neither flesh nor fowl" [35], that adds to their 
ghost-like quality that characterizes their uncanniness. In Mori's 
valley the (un)dead are gathering. In a broadened conception this 
"immense system of death" represents the abject, the outcast, the 
monstrous - in short, it is that which threatens human identity on 
its way to get a valid identity status itself. 

Following  Judith  Butler,  obtaining  an  intelligible  form  of 
subjectivity goes hand in hand with the heteronormative ordering 
system [36].  For the production of the uncanniness of Virtual 
Humans,  especially  the  interconnection  of  gender  and 
melancholia is of interest [37]. According to Butler, it is crucial 
to note that when it comes to the formation of the gendered self, 
the  taboo against  homosexuality is  the  founding prohibition22. 
The construction of a heteronormative gender identity is always 
19[33], p. 101. Translation by C.D.
20 [33] p. 111, Translation by C.D.
21 [5], p. 46 . Translation: http://www.rae.com.pt/Freud1.pdf (last access 
13.1.2009)
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based on the primary loss of the homosexual object of desire. 
This repressed lost other,  which cannot live and also cannot be 
mourned,  gets  incorporated  as  part  of  the  self.  To  produce  a 
theory of the doppelgänger23, Steve Garlick [38] suggests to link 
Freud's concept of the uncanny with Butler's theory of identity 
formation. When Butler's powerful concept of identity formation 
is taken seriously, the gendered body itself can be considered as 
a haunted house because it incorporates the lost other. Thoughts 
like these are challenging, but they may indeed provide a deeper 
insight into the shady status of artifical beings. 

The potential uncanniness of the Virtual Human makes sense, 
when  identity  formation  is  understood  as  a  process,  and  not 
simply seen as a fixed state or a natural inevitability. Rather, the 
forming of a self must be viewed as an on-going performative 
act in which the subject recites intelligible norms.  The notion of 
gender as an activity, the way of doing gender, also leaves some 
space for breaches and lapses of gender regulations. What the 
Turing test does is, it exemplifies the deconstructive potential of 
computer  science  by  introducing  gender  and machineness as 
valid players in the game. No matter what is ascribed to you, in 
the  test  you  may  perform drag.  Against  this  background,  the 
Virtual Human does not just fill the void between human and the 
computer - it also is the representation of the space between man 
and woman. And this may be experienced as uncanny and even 
threatening, given how intelligible identity concepts are gained.

Earlier I have stated, that the Virtual Human interface, as it is 
the  case  with  Hoffmann's  Olimpia,  is  likely  to  produce  a 
paradoxical situation. The very existence of cyborg beings on the 
one hand, threatens the nature-culture dichotomy. On the other 
hand, this blurring of strict boundaries seems to nourish the need 
to stabilize the symbolic gender order rather than to dissolve it. It 
is  the  strict  following  of  this  ordering  system that  holds  the 
promise for the artefact to reach the status of a human subject.
The Virtual Human already is defined as a hybrid,  and thus it 
cannot take additional risks by transgressing a norm so central to 
our culture. This seems to be even more true, since the artefact 
already has to hide its machinelike character following the goal 
of the research field. As with Olimpia, this agenda, is likely to 
produce lapses and errors. Not necessarily because the artefact is 
designed  badly  that  is,  but  because  the  underlying  working 
modes of computerization always will shine through. The case of 
Olimpia, amongst other things, also tells a story of how the idea 
of being human gets recovered in the face-to-face Turing test. 
And  computability,  standardized  behavior,  predictability, 
formalization  still  are  considered  as  characteristics  of  the 
machine - not the human. 

According  to  Freud  the  uncanny  (German:  unheimlich) 
oscillates between the home (dem Heim) and the strange (un-
heimisch).  For  Esders  the  relation between  private  and public 
places always has had gendered connotations. Still in the 1950s, 
for example,  the family home was considered to be the sphere 
for women, and those who stepped out of this ordering system 
were  regarded  as  threatening. In  the  research  area  of  Virtual 
Humans,  the  simulation  of  human  appearance  and  behavior 

22Freud characterizes the formation of the ego as melancholic structure. 
The child has to give up the desire for its parents because of the incest 
taboo. Butler however argues, that the taboo against homosexuality 
precedes the incest taboo. [36] p. 64.
23In reference to Jaques Derrida he introduces the doppelgänger as the 
revenant, as something which comes back. For Freud also the 
doppelgänger is threatening because of this.

stands for ease of use and trust. Their embodiment can be seen as 
a  housing  that  transforms  abstract  computing  modes  into 
something comfortable and makes the user feel at home. It is no 
wonder  then  that  so  many  artifical  beings,  in  fiction  and  in 
science are conceptualized as female. But this artificial housing 
also transports dimensions that are unintended by the designers.

Earlier  I  posed the question,  why with  "Der  Sandmann"  a 
story is  cited  which  is  rather  disturbing  from a  technological 
point  of  view  with  the  user  dying  and  the  artefact  getting 
destroyed.  One  answer  may  be,  that  the  reference  to  this 
narration speaks of the desire  to overcome  the between that is  
tainted with strangeness and put a different ending to the story. 
Maybe the artefact finally could pass the Turing test. Chances 
are,  however,  that  this  always  will  prove  to  be  an  escapist 
fantasy. 

For a really different ending of the story the analysis of the 
pictured  user-artefact  scenario  with  all  its  complicated 
implications must be taken seriously. When Turing in the 1950s 
was  able  to  introduce  an  interaction  scenario  that  oscillates 
between the dissolution and the fixation of identity norms,  there 
now may be the time to reclaim that inbetween space and go for 
more diverse forms of virtual embodiment. What can be learned 
from  the  story  of  "Der  Sandmann"  is  the  fact,  that  human-
humanoid interaction always comprises a network of meanings 
and relations. The humanoid itself may only be pre-scripted up 
to a certain point. A different scripting of the whole setting of the 
technological  narration,  however,  will  eventually  result  in  the 
production of more realistic, less idealized artefacts.
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Impact of agent’s answers variability on  
its believability and human-likeness  

and consequent chatbot improvements
Mao Xuetao1, François Bouchet1 and Jean-Paul Sansonnet1 

Abstract.  Although globally less efficient than advanced 
dialogue systems, the chatbot approach allows people to easily 
design conversational agents. We suggest that one of their main 
drawbacks, their lack of believability, could be bypassed through 
the addition of variability in their answers, particularly when the 
variations depend on previous interactions or on particular 
parameters defining the agent. We validate the legitimacy of that 
hypothesis in two steps: first through simple additions to our 
chatbot-like framework (DIVA), we show it is technically 
feasible to simulate degrees of variability in answers. Then 
through an experiment done on 21 subjects interacting with two 
among six DIVA agents with different degrees of variability in a 
classical meeting scenario, we show that agents with an 
advanced variability in their answers are indeed perceived as 
more believable, human-like, and globally, more satisfying. 

1 INTRODUCTION 

1.1 Context 
Assisting Conversational Agents (ACA) are virtual characters 
embedded into an artefact (i.e. software applications and 
services, smart objects, etc.) which purpose is to provide a 
Natural Language & Artificial Intelligence-based assistance to 
ordinary users interacting with that artefact. More specifically, 
here, we will consider the two key points of an ACA are 1) its 
ability of interaction in natural language with people from the 
general public and 2) its ability of symbolic reasoning about the 
structure and the functioning of the assisted artefact. 
Indeed, associating such an assistant agent with a new product 
has long been considered a good approach to improve their 
immediate social acceptability, because natural language brings 
more naturalness in the interaction and symbolic reasoning 
brings more believability in the agent. However, till now it has 
endured many setbacks, what we could call the “Clippy Effect” 
[1][2] being the most prominent one. This phenomenon is 
consistent with the disinterest of novice users for help systems 
(the motivation paradox described in [3]) which has issued in the 
recent Contextual Help System approach [4] aiming at providing 
a more contextualized the assistance. 
Overcoming those problems leads to a difficult dilemma where 
one has to choose between: 1) a complex custom dialogue 
system, like TRAINS [5], which works well (especially when 
used by corporate people) but entails a critical cost effectiveness 
issue (in terms of development duration and manpower linguistic 
                                                                 
1 LIMSI-CNRS, Univ. Paris-Sud XI, BP 133, 91403 Orsay cedex, 
France. Email: {mxt,bouchet,jps}@limsi.fr. 

skills - which led Allen to promote the notion of genericity as a 
major challenge in dialogue systems of the future [6]). 2) A 
naive chatbot-like system, like ALICE [7][8], Elbot [9], etc. 
They are very cost effective and have proved to be well-accepted 
by the general public (Eliza effect [10]), but lack the symbolic 
reasoning capabilities and the fine semantics analysis capabilities 
required to support the Function of Assistance, as shown by 
Wollermann in [11][12] for four main chatbots (ALICE, EllaZ, 
Elbot and ULTRA-HAL). 
In our work on assisting agents, concurrently with an advanced 
semantic-based approach to capture precisely requests’ subtleties 
[13], we are also exploring an ACA architecture based on a 
simpler chatbot-like system. Relying on a bottom-up approach, 
the basic chatbot is provided with a) an improved Natural 
Language Processing (NLP) chain (cf. figure 1) and b) reasoning 
heuristics over a symbolic model (task, agent and user). 

 
Figure 1: Conversational chain of the assisting agent. 

1.2 Key issues 
That architecture has proved to meet the goal of cost-
effectiveness: a dozen of students without previous experience of 
agent scripting have been able to use that framework to easily 
design various assisted applications (see the DIVA website [14]). 
Nonetheless, the created agents still have a real problem in terms 
of acceptability: we suggest it is at least partially coming from 
the agent’s lack of variability in its answers, which is a direct 
consequence of the lack of memory concerning previous 
interactions and of an advanced model of its state of mind.  
Although many works have been undertaken on advanced 
cognitive agents, particularly when they are based on the 
traditional BDI approach [15][16], our purpose here is to explore 
the possibilities of improvements of the acceptability within the 
limits set by that kind of architecture; said differently: how far 
can we push the chatbot-like approach? 
In this paper, we first present our supporting framework and the 
way we have been able to use it to introduce variability within 
agent’s reactions (either random or dependent on previous 
interactions), and illustrate it through the example of a high level 
behaviour: the reaction of a female agent when it is asked its age. 
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In a second part, we define an experimental protocol to test the 
efficiency of the variability introduced, particularly in terms of 
believability and human-likeness. Finally, we give the results we 
have been able to obtain with that experiment and analyze them. 
 
2 METHODOLOGY 

2.1 The supporting framework 
To organize controlled experiments where ordinary users (now 
accessible over the Internet) can interact with artefacts assisted 
by ACAs (e.g. to collect a corpus of natural language assistance 
requests, to register the users reactions...) has led us to develop a 
web-based toolkit called DIVA (DOM Integrated Virtual 
Agents) which can support virtual characters completely 
integrated within the DOM (Document Object Model) tree 
structure of web pages. Its two main objectives are: 
1) To be an open programming framework, making it easy and 
quick to develop and deploy experimental ACA in web-based 
applications;  
2) To take advantage of the new rich-client web 2.0 technologies 
to offer a full control of the interaction with the virtual characters 
(see figure 4 – more examples are available at [14]). 
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Figure 2: The DIVA NLP chain 

 
The NLP-chain of the DIVA toolkit, sketched in figure 1, is 
detailed in figure 2. Like in most chatbots, the DIVA NLP-chain 
is based on pattern matching rules (we use a RegExp language) 
but it has a more sophisticated architecture, organized in two 
main phases with sub-phases: 
1) The formalization phase: it is based on two sets of filtering 
rules applied in sequential order: 
― Syntactical level: typical string pre-processing is followed by 
a lemmatization phase; 
― Word-sense association level: lemmas are then transformed 
into semantic classes or ‘synsets’ as in Wordnet [17]; in case of 
ambiguity (multiple senses), a shallow WSD approach chooses 
the most likely one according to the collected corpus of requests. 
At the end of the formalization phase, the request is transformed 
into an intermediate formal form, called the Formal Request 
Form (FRF). 
2) The interpretation phase: it is based on a set of rules of the 
form <pattern → reaction> where patterns are applied to FRF 

expressions and reactions are procedural heuristics defining the 
behaviour of the agent in response to the user’s requests. 
 
Here are two examples of users’ requests translated into FRF: 
REQ1 = “If I want to buy such a car, what can I do?” 
FRF1 = < QUEST IF THEUSER TOWANT TOOBTAIN such a     
                car WHAT TOCAN THEUSER TODO > 
The filtering process has extracted 9 synsets (uppercase 
symbols) from REQ1 that are put in FRF1. Some lemmas have no 
synsets because they are not in the generic ontology (e.g. ‘car’). 
REQ2 = “Adopt a less provocative attitude, please.” 
FRF2 = < TOTAKE a LESSTHAN ISUNPLEASANT  
                  THEBELIEF TOSAYPLEASE > 
For the sake of simplicity, in the first version of DIVA, a 
primary requirement was to restrict the number of semantic 
classes to less than 500 (e.g. EuroWordnet has more than 10,000 
[18], but it covers the whole NL whereas it has been shown our 
assistance domain represents only 1% of it). 
 
The interpreting phase is organized into several layers, called 
‘semantic spaces’ or in short ‘spaces’. Most spaces are dedicated 
to a generic conversational domain, making them easier to share 
and reuse from an experiment to another. Each semantic space 
contains a set of rules that defines a behaviour of the agent. For 
example, assume that the user asks its age to the agent: “How old 
are you?” → <QUEST HOW ISOLD TOBE THEAVATAR> 
We now have the following behavioural rule: 
<rule id="age" pat="QUEST THEAGE|HOW ISOLD”> 
  <do> 
    THETOPIC.age.asked++; 
    If (THETOPIC.age.asked >= 1) 
       TALK_prepend([‘As I said’,'I’ve told you, ']); 
    If (THETOPIC.gender = ‘female’) 
       TALK.say(‘It’s not polite to ask this.’); 
  </do> 
 <say> 
   <p>I’m _THETOPIC.age_. years old</p> 
   <p>I’m _THETOPIC.age_ ...</p> 
   <p>My age is _THETOPIC.age_"</p> 
</say> 
</rule> 

The possibility to add several lines into the <say> tag introduces 
variability as one of the option shall be chosen randomly. It can 
use the meta-variable _THETOPIC.age_ thus producing for 
example: “I’m 25 years old”.  
The <do> tag can contain some JavaScript and thus allows easy 
scripting. In this example, we take into account past interactions 
through the simple use of an additional property (asked) 
associated to each fact2. We also take into account a static fact: 
the gender of the agent. 
 
We can see that to build a reaction the agent requires some kind 
of knowledge base registering the relevant assistance information 
about the application, but also about the agent’s and user’s 
profiles (e.g. to store the agent’s age in the above example). In 
DIVA, the symbolic information about the assisted application is 
stored in its so-called topic XML-file. For example, here is an 
extract of the topic file of the agent used in the experiment: 
<?xml version="1.0" encoding="utf-8"?> 
<topic id="TOPICLEAAGE"> 
  <objName>Lea</objName> 
  <objLanguage>English</objLanguage> 

                                                                 
2 Obviously, that detection of repetition being not specific to the age is 
normally handled independently of the property considered. 
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  <objCreators encoding=”JS”>["my parents","my father 
Jack", “my mother Clarissa”]</objCreators> 
  <objBirthdate>October 10th, 1983</objBirthdate> 
  <objHeight unit="m">1.60</objHeight> 
  <objPosition>England</objPosition> 
  <objJob>lab assistant</objJob> 
</topic> 

The variable height can be referred to by: THETOPIC.objHeight 

2.2 Experiment 
2.2.1 Tested parameters and principle of the experiment 
We remind that our objective is to check the impact of variability 
in an agent’s answer upon the user’s satisfaction. For this 
purpose, we have designed an experiment where an agent has 

seen its behaviour subtly modified according to three 
parameters: 
- Responsivity: the fact that the agent accepts or not to give 

an answer to the question; 
- Variability: the agent’s ability, for a given question, to 

answer in more than a single way; 
- Dependence: when an answer is varying, that variation can 

be linked or not to previous interaction(s). 
Dependence happens only when we have variability, but 
variability can be seen both when an agent is answering and 
when it is not. It leads us to define six different scenarios as 
described on the decision tree on figure 3. 

 

 
Figure 3: The six different scenarios represented as a decision tree, with their associated number and short notation  

(ex: RVD for the scenario 1 where the agent replies with a variation dependant on the previous answers already given) 
 
For each case, we want first to let the user interact freely with 
the agent, and then to ask him to evaluate the behaviour 
according to parameters described in table 1. 
 
Tested 
Parameter 

Explanation and example 

Precision  When asking for the time, the answer "17:02" is 
precise, "around 5pm" is not precise. 

Relevance When asking about musical tastes, the answer is 
about music, not sports or anything else. 

Believability When asking about the agent’s gender, male is 
not believable considering her unambiguous 
feminine look. 

Human-
likeness 

Answers are not obviously from a computer – 
same ones could come from a real human. 

Variability When asking several times the same question, 
the answer is always the same, it is not variable. 

Cooperation The agent is cooperative if it always provides the 
information requested in its answer. If it doesn’t, 
even after repetitions, it is not cooperative. 

Global 
satisfaction 

The overall feeling about the agent’s answers. 

Table 1: Parameters evaluated in post-interaction questionnaires 
 
We have decided to apply those behaviour variations to a single 
fact of the knowledge base: the age of the agent. That means the 
rest of the interactions shall be strictly the same in the six cases. 
That decision was justified by the fact it was a first evaluation of 
the phenomenon, and we thought changes in the way the agent is 

replying to every possible question would bias the measure of 
difference between interactions, making them too dissimilar. 
Table 2 illustrates the difference of answers in each scenario. 
 
Case First reply Second reply Third reply 

1 I’m 25 I told you I’m 25 I won’t answer 
to that again 

2 I’m 25 I’m 25 years old I’m 25 
3 I’m 25 I’m 25 I’m 25 
4 I won’t tell you I told you I won’t 

tell you 
Stop insisting! 

5 I won’t tell you I will not tell you 
this 

I won’t tell you 

6 I won’t tell you I won’t tell you I won’t tell you 
Table 2: Example of agent’s reply to the question “how old are 

you?” in the 6 cases shown on figure 3 
 
2.2.2 Protocol description and justification 
In the written instructions, the subjects are explained that the 
purpose of the experiment is to interact successively with two 
different agents (whenever their embodiment is the same – cf. 
figure 4). The interaction is “natural”, i.e. users were not 
following any explicitly scripted list of questions to ask. The 
general objective given is simply to get to know the agent by 
collecting basic information about it (its name, its age, its job…). 
The interaction is not time-constrained but is suggested to 
remain short (around 2 minutes). We also inform them that they 
shouldn’t hesitate to insist or repeat questions. 

Responsive? 

Variation?  Variation? 

Dependant?  Dependant?

RVD RVD RV RVD RVD RV 

YES 

YES  YES 

YES  YES NO NO 

NO 

NO 

NO 

1 2 3 4 5 6 
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After each interaction, the subjects are asked to fill a 
questionnaire to give their opinion about the agent, through an 
evaluation of their level of agreement on a 5-point Likert scale to 
an affirmation like “The agent’s answers were relevant” 
(followed by an explanation and/or example of the parameter 
evaluated), for the 7 parameters in table 1. They can also leave a 
comment about each parameter if needed. Once all the 
interactions have taken place, subjects are finally asked to 
compare the agents they have been interacting with. 
 
We have chosen to let each subject interact only with two agents, 
considering he would quickly lose attention and motivation if the 
experiment was too long (with the protocol above, it was already 
20-30 minutes long) and forget the first interactions so the 
comparison might be less accurate. The other extreme could 
have been to let the user interact with only one type of agent, but 
there we would have had to face with individual differences in 
the way to rate the agent (an enthusiastic user being able to give 
a better mark to a given agent than the one a more critical user 
would give to another agent objectively more satisfying). 
Considering the scenario 1 (RVD) was a priori the best one, we 
tested it against all the other ones as shown in table 3 – changing 
the order of interaction also allowed us to take into account the 
potential problem related to the order of exposition. 
The use of a final questionnaire where the user is explicitly 
asked to choose between the two agents is also a way to cross-
validate his individual marking, and to possibly counter-balance 
too extremely positive/negative marks initially given to the first 
agent (but the first impression being important too, we couldn’t 
have only that last questionnaire). 
The choice of using the same embodiment for the two agents the 
user has to interact with was to prevent side effects linked not to 
the agent behaviour but to its appearance. 
 

Subject 1 2 3 4 5 6 7 8 9 10 
1st interaction 1 1 1 1 1 2 3 4 5 6 
2nd interaction 2 3 4 5 6 1 1 1 1 1 
Table 3: the 10 test cases according to the two interactions 

 
Due to our decision to implement the behaviour variation over a 
single parameter, we preferred to mention this parameter 
explicitly in the examples of questions to ask, not to have too 
many subjects missing it; they were however not explicitly asked 
to repeat those examples. We don’t believe it introduced a too 
strong bias though, since the age is a question naturally asked in 
a first encounter chat, particularly on the web (cf. the ASL 
(Age/Sex/Location) phenomenon [19]). For the same reason, we 
emphasized the possibility to insist that might not have used 
naturally by every subject otherwise (either because they 
wouldn’t insist in real life if an answer is not given or because 
they wouldn’t expect an agent to change its answers). Those two 
hypotheses would ideally need to be checked, which could be 
done by using a larger pool of subjects (where the cost of having 
some of them not following the ideal path wouldn’t jeopardize 
the results of the experiment). Finally, we also suggested users to 
keep interaction short, to prevent that difference from being 
swallowed up in questions about other facts. 
 
Experiment has been done mainly over the Internet, emails sent 
to the participants containing links to the two agents they had to 
interact with and to the three online questionnaires. Subjects who 

passed the experiment next to an experimenter were not given 
any additional information than the ones from the email and used 
the same online system. 
 
To prevent a potential bias linked to the fact subjects were not 
English native speakers whereas the ECA was in English, 
instructions, important words and examples in the questionnaires 
were translated in Chinese and French – subjects were also free 
to add their comments in any of those three languages. 
 
2.2.3 Implementation on the DIVA website 
The six agents created were set on visually identical web pages 
as the one shown on figure 4, where the key steps explained in 
the email were reminded in the background, to prevent the 
subject from having to change too regularly his interface. 

 
Figure 4: One of the six DIVA agents used for the experiment 

3 RESULTS 

3.1 Data 
21 subjects have taken part in the experiment: 14 men and 7 
women, all were between 20 and 60 (with a majority of 62% in 
the 26-30 age bracket) and were French or Chinese. Most of 
them (85%) had a university formation level but they had a 
disparate knowledge in computer science (when asked to rate 
their computer science level on a 1-5 scale, 42% were at 3 or 
below). For half of them, this experiment was their first 
interaction with a conversational agent. We have collected a total 
of 38 post-interaction questionnaires filled (4 subjects have 
skipped the second questionnaire despite recorded interactions 
with the agent), and 19 final questionnaires (2 skipped it). 
 
Table 4 presents a synthetic comparison of the RVD agent 
compared to all the other ones, according to the post-experiment 
comparison questionnaire – table 5 is the detailed version for 
each of the 5 pairs tested (we haven’t taken into account in this 
table the order of interaction).  
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Finally table 6 is made from the post-interaction ratings on a 5-
point Likert scale of the 7 parameters in table 1. Means have 
been computed for each parameter in each of the six scenarios. 
After a Fisher test validating the hypothesis regarding the 
homogeneity of variances, means of scenario 2 to 6 have been 
compared to the ones obtained for the reference scenario 1, using 
a Student unilateral test with a=0.05 of the H0 hypothesis: 
“mparam,i = mparam,1” (where i is in [2,6] and m stands for the mean), 
with the relevant alternative hypothesis H1: “mparam,i > mparam,1” or 
“mparam,i < mparam,1”. 
 
 

 
Agent preferred/ 
Parameter 

1 (RVD) Other None 

Precision 44.4% 5.6% 50% 
Relevance 38.9% 22.2% 38.9% 
Believability 44.4% 16.7% 38.9% 
Human-likeness 33.3% 16.7% 50% 
Satisfaction 50% 16.7% 33.3% 

Table 4: Synthetic comparative results between the RVD agent 
and the others 

 

Agent 
preferred/ 
Parameter 

1>2 1<2 1=2 1>3 1<3 1=3 1>4 1<4 1=4 1>5 1<5 1=5 1>6 1<6 1=6 

Precision 0 0 100 25 25 50 100 0 0 60 0 40 25 0 75 
Relevance 0 0 100 25 25 50 100 0 0 40 20 40 25 50 25 
Believability 50 0 50 25 25 50 66.7 0 33.3 40 20 40 50 25 25 
Human-
likeness 

0 0 100 25 0 75 33.3 66.7 0 40 20 40 50 0 50 

Satisfaction 50 0 50 25 0 75 66.7 33.3 0 60 20 20 50 25 25 
Table 5: Comparative analysis of each scenario for each parameter 

– boxes are in light gray when one of the agents is evaluated better than the other for that parameter 
 

3.2 Analysis and discussion 
As shown on table 4, for all the parameters tested, the RVD 
agent was judged to perform better than the other ones, 
particularly on the overall satisfaction. Although no score is 
above 50%, when the user noticed a difference between agents it 
was in favour of the RVD one (by a majority above 2 against 1). 
Table 5 offers a detailed analysis which lets appear that the RVD 
agent was also generally performing equally to or better than all 
the other agents considered individually. Globally, the difference 
also appears to be more obvious when compared to cases where 
the agent was not answering (cases 4, 5 and 6). When compared 
to the agent which was answering with a static answer (case 3), 
the agent 1 appears to be more human-like in its behaviour, and 
when compared to the agent which variations were random (case 
2) it appears as more believable. Those results, although not 
striking, are supporting our initial hypothesis that an agent with a 
variation dependant on previous interaction is indeed perceived 
to be more human-like and believable, and thus confirms the 
interest of the framework modifications to handle them 
introduced in 2.1.  
 
Nonetheless, some other results are less explainable a priori and 
might require further attention. For instance, the human-likeness 
of an agent not answering to the question but with dependant 
variability in its answers (case 4) is perceived to be higher: this 
is interesting and probably explainable by the chosen parameter 
for the experiment (the age), as not answering when asked its 
age for a woman could perceived as a sign of higher degree 
cognitive model. The fact that this human-likeness is not 
perceived when there is no dependant variability (cases 5 and 6) 
would let us suppose that the need for variability is even more 
important when the agent is not providing the expected answer. 
Indeed, not telling one’s age willingly is a high level behaviour, 
and one can’t expect it in an agent which is not even able to 

detect that a given question had been already asked several 
times. 
 

Agent / 
Parameter 

1 2 3 4 5 6 

Precision 2.78 
1.06 

2.5 
2.12 

3.5 
1 

2.2 
0.45 

1.8 
0.84 

2.25 
0.5 

Relevance 2.72 
1.22 

2 
0 

3.25 
0.96 

2.4 
0.55 

3 
1.22 

2.25 
0.96 

Believability 3.39 
1.04 

4.5
0.71 

3.75 
0.5 

3.2 
1.48 

3.4 
1.34 

3.5 
0.58 

Human-
likeness 

2.72 
1.13 

3 
2.83 

3.75 
0.5 

2.8 
1.30 

3 
1.22 

2.25 
1.26 

Variability 3.06
1.39 

3 
2.82 

3 
1.15 

2.2 
1.64 

3 
1.58 

2.25
1.26 

Cooperation 2.44
1.25 

1.5
0.71 

1.75 
0.96 

2.4 
1.95 

1.4
0.55 

1.25
0.5 

Satisfaction 2.83
1.25 

2.5
0.71 

3.5 
1 

2.8 
1.10 

2.4 
1.34 

1.75 
0.96 

Number of 
subjects 

18 2 4 5 5 4 

Table 6: Mean (plain) and standard deviation (italic) from 
ratings given in the post-interaction questionnaire, for each of 
the six cases – boxes in light gray represent means statistically 
different from the reference case 1 (reject of H0), means in bold 

are the best ones for the considered parameter. 
 
Results obtained in table 6 are however harder to interpret, since 
it’s the agent which was answering without variability at all that 
gets the best scores in terms of precision, relevance, human-
likeness and even satisfaction. This phenomenon is clearly 
linked to the fact agent 1 must have been rated more poorly in 
some interactions, but more detailed explanations would 
certainly require an analysis of the interaction logs that hasn’t 
been fully performed yet.  
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Indeed, some evaluations might have to be considered with a 
lower weighting (if considered at all) in cases where the user 
didn’t ask the age several times (or didn’t ask it at all) and hence 
was unable to notice the difference between both agents. 

4 CONCLUSIONS AND PERSPECTIVES 
We have seen that despite its technical limitations, the chatbot 
approach can be easily extended to introduce not only 
variability, but a variability dependent on parameters of the 
agent or of the application it is assisting (since it uses the same 
topic-based XML representation) and on the previous 
interactions, whenever the agent doesn’t have any model of the 
dialogic session. We have confirmed through an experiment that 
the agents created with dependant variability are perceived to be 
more human-like and believable by a panel of users with various 
profiles. The results obtained also let us assume that the need for 
dependent variability is crucial if we want to be able to go 
further in the modelling of high level behaviour like the 
phenomenon in which a female agent is reluctant to give her age. 
 
In a future work, it would be interesting to retry the same 
experiment using the six different behaviours on all the 
parameters (instead of only the age) to see if the differences are 
more noticeable (i.e. less cases when the user doesn’t choose 
between the two agents) and if the users’ preferences are 
confirmed when this behaviour is global. A further analysis of 
the collected logs might also be helpful to interpret some results. 
Finally, to go back to our problematic concerning the case of 
assisting conversational agents, the question of the need of such 
high level behaviour in a context of assistance where the agent is 
a priori expected to be always cooperative remains open for now. 
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6 APPENDIX 
Transcript of an interaction with a RVD agent 
(scenario 1) 
Agent: Hello welcome to the experiment. 
You must type your personal ID number (like 12345) in the bottom left 
textfield and click ok. 
User: 580 
A: Your ID is 580, you can begin now. 
U: hi 
A: Yes, can I help you? 
U: yes 
A: Erm... 
U: what's your name 
A: Call me Lea. 
U: where do you live? 
A: I don't want to talk about it. 
U: introduce yourself 
A: Call me Lea. 
U: how old? 
A: 25 years old 
U: how old are you? 
A: 25 years old, remember? 
U: yes 
A: Let's talk about something else. 
U: where do you work? 
A: Erm... 
U: What's your job ? 
A: I'm currently working as a lab assistant. 
U: do you speak german ? 
A: I speak English. 
U: do you speak german ? 
A: I speak English. 
U: you're stupid 
A: My speed is strange question. 
U: don't do that 
A: Ok I won't do it. 
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Do Affect-Sensitive Machines Influence User Behavior?
Laurel D. Riek1 and Shazia Afzal and Peter Robinson

Abstract. Machines are becoming more socially aware as the fields
of affective computing and ambient intelligence advance. In the fu-
ture such machines will start to become more commonplace in do-
mestic and work environments. How will these machines affect peo-
ple’s behavior? Previous work shows that people both have a ten-
dency to treat machines like humans, as well as to abuse them.
We have designed an experiment to understand people’s attitudes
concerning affect-sensitive machines and their expressivity toward
them.

1 INTRODUCTION

In the field of human-computer interaction, a paradigm shift has be-
gun from “human factors to human actors” [4]. Researchers are now
considering people’s emotional experience to be a new dimension of
usability as well as a measure of system success. In fact, the entire
field of affective computing exists in part to help address some of the
failings of traditional interactive systems that typically neglect affec-
tive state changes in users. The hope is that eventually machines will
be sensitive to the affect of people interacting with them and able to
adapt their behavior accordingly [19].

Affect-sensitive machines (ASM) becoming more prevalent in so-
ciety raises a number of interesting questions. How are such ma-
chines going to change how people view and use technology? How
transparent should the workings and reasoning of such systems be
towards users? How might the behavior of people change when they
are interacting with ASMs?

From previous work in human-computer interaction and human-
robot interaction, it is clear people have pre-conceived opinions of
and expectations toward the machines they interact with, and these
beliefs are likely to influence their behavior. For example, Nass’s
Computers As Social Actors (CASA) paradigm [13, 14] suggests that
cues of humanness are sufficient to encourage individuals to mind-
lessly apply social rules and expectations while interacting with me-
dia. Walters [18] showed that when people are interacting with robots
they prefer them to be at the same “comfortable distance” exactly as
they would another human, regardless of the robot’s physical appear-
ance. Kirby et al. [10] showed that people are far more likely to spend
time interacting with an expressive robot as opposed to a neutral one.
This effect was shown to be true regardless if the robot’s affect was
positive or negative. Interestingly, none of the aforementioned sys-
tems were sensitive to user affect, and yet people still interacted with
the machines in ways similar to how they interact with other humans.

A few researchers have looked at people’s attitudes toward ASMs.
Axelrod and Hone [3] simulated real-time interaction with an ASM
using a Wizard of Oz technique and found that users who were aware
of the affect-sensitivity of the system portayed significantly more

1 Computer Laboratory, University of Cambridge, United Kingdom, email:
Laurel.Riek@cl.cam.ac.uk

positive displays of affect than those who were unaware. Brave et
al. [6] showed that embodied conversational agents that acted em-
pathetically were viewed as more trustworthy, likeable, caring, and
supportive than agents that were not empathetic. Riek and Robinson
[16] found that people experienced more satisfaction when interact-
ing with an intentionally empathetic robot compared to one that was
mind-blind.

Video analysis of data obtained in a potential application setting,
computer-based learning, reveals that emotional behaviour depends
not only on individual differences and the task at hand, but is also in-
fluenced by people’s attitudes. We ran a study with eight participants
(six female, two male) and videotaped them doing two tasks: an inter-
active map-based geography tutorial and a card-matching game. See
Figure 1 for exemplary facial displays users made during the exper-
iment. Seven of the eight participants indicated in post-experimental
interviews that they would probably interact differently if they knew
the computer could respond to their affective state. For example, it’s
possible their gestures and facial expressions would be different. We
hypothesize that this ’difference’ might be an exaggeration of behav-
ior that happens when one tries consciously communicate an emotion
to other humans, such as pleasure [1].

Other research has revealed that when people interact with intel-
ligent agents, they can be very abusive in their behavior [5]. We
also saw a similar display of abusive behavior in our aforemen-
tioned study when one subject “gave the finger” to the computer
while playing the card-matching game [1]. These abusive displays
may be because the social consequences of behavior that apply to-
ward human-human interaction are not necessarily applicable toward
human-machine interaction.

Figure 1. Both when completing a tutorial and playing a card game
subjects unwittingly displayed a range of facial expressions.
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People’s tendency to either treat machines like humans or abuse
them has lead us to question how we can measure people’s attitudes
toward ASMs. In particular, we are curious how their expressivity
reveals these attitudes. Thus, we’ve designed an experiment that will
allow us to explore these issues.

2 EXPERIMENTAL DESIGN

Investigating these questions requires an experimental design that
measures not only the frequency and occurence of emotional dis-
plays but also how people’s attitudes affect their willingness to en-
gage in emotional communication. Specifically, we are interested in
the question of whether people make more facial expressions toward
a machine that they believe to be sensitive to their affect.

Thus, we propose a within-subjects experiment that involves sub-
jects playing a puzzle game. Subjects will be told that they are help-
ing us design an intelligent game that adapts as they play. They will
be told we are testing two types of automatic adaptation - one that
is sensitive to their affect (AS condition) and the other that is based
on game performance (GP condition). In reality, both modes of play
will be identical, but we will be deceiving subjects to believe they’re
different. (See Section 2.1).

Our primary hypotheses are as follows:

(H1) People make more non-neutral emotional expressions in
the AS condition vs. the GP condition

(H2) People make more facial expressions toward the beginning
of the experiment vs. the end of the experiment

These hypotheses are motivated by several ideas. With regards to
(H1), we think people may have a tendency to “game the system”;
in other words, they may make exaggerated facial expressions in the
AS mode in an attempt to affect the outcome of the game. (H2) is
motivated by the idea that we expect people will habituate to the ma-
chines’ perceived affect sensitivity, and make more facial expressions
early on but then forget to as the game progresses. This result may
largely depend on how effective we are at deceiving people that the
game is in fact changing based on their facial expressions.

Additionally, we are also interested in whether:

(H3) People who are more expressive (as measured by the tests
described in Section 2.2.2) will make more facial expressions

(H4) People who are more expressive will show a similar relative
expressive pattern when interacting with a computer.

(H3) is motivated by the non-verbal behavior literature on how
people vary in their emotional expressivity. (H4) is inspired by the
work of Riggio and Riggio who showed that emotional expressive-
ness as a personal style is relatively consistent across situations [17].

2.1 Methodology

In our experiment we will be employing a social psychological
method of emotion induction proposed by Harmon-Jones et al. [9].
This method involves using high-impact manipulation and deception
to achieve a high level of psychological realism in a laboratory set-
ting. The idea is to produce emotional responses by placing partici-
pants in psychologically involving situations.

Thus, we will tell subjects that we are evaluating two tech-
niques for creating adaptive games. One technique is computer-
vision based, and use the camera to monitor their emotional states as

Figure 2. A screenshot from the game with a banner informing the user if
the computer is currently monitoring the user’s affect.

they play. The other is performance-based and uses complex math-
ematical techniques. They will know which mode they are in via an
omni-present banner at the bottom of the game screen (see Figure 2).

After the experiment, subjects will be appropriately debriefed and
will be asked to sign an authorization form allowing the use of their
video for research purposes.

2.2 Materials

2.2.1 Pre-Experiment Questionnaire

Before the experiment begins, we will ask subjects to complete a
short questionnaire asking them demographic information, such as
their age, gender, english fluency, and job title. To try to gauge user
expertise, we will also ask them about the types of tasks they use
a computer for (email, games, word processing, chat, etc), and the
duration per day of such tasks.

We will also ask questions regarding people’s cultural exposure to
ASMs, such as particular films and books that may have an influence
on their attitudes (i.e., the film Wall-E or the book The Positronic
Man). We will also ask them directly about their attitudes toward
hypothetical ASMs.

2.2.2 Pre-Experiment Expressivity Tests

Research in the field of non-verbal behavior indicates that there are
differences in the manner and intensity by which people express their
emotions. Self-report measures of nonverbal expressiveness assess
such individual differences in the generation and/or expression of
emotion. Such measures also assess a more general tendency in peo-
ple to display affect spontaneously and across a wide range of situa-
tions [17].

We will ask subjects to complete three short, self-report mea-
sures of their dispositional (nonverbal) expressivity: the Berkeley
Expressivity Questionnaire (BEQ) [8], the Emotional Expressivity
Test (EES) [11], and the Affective Communication Test (ACT) [7].
We’ve selected these tests on the basis of their short administration
time, easy availability, reliability, and internal consistency, as well as
how they conceptualize emotion. The scores from these tests will al-
low us the ability to compare subjects with one another, as well as to
interpret our results.
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2.2.3 Post-Experiment Interview

After the experiment we will get subjective reports from our par-
ticipants via semi-structured interviews in order to assess how con-
scious they were of the experimental manipulation and whether they
changed their emotional behavior across the two conditions. Specif-
ically, we will ask them whether they noticed the system adapting
content based on their emotional state and whether/how they changed
their facial expressions or emotional displays during the two condi-
tions. We will also ask them whether they perceived any change in the
way they interact with humans vs. machines and how likely ASMs
might change their behavior.

2.3 The Game
We will be using a logic game called Boxit in our experiment, as
shown in Figure 2. This game was created by Frank Hollwitz in 2005.
The goal of the game is to remove tokens as many tokens as possible
from the board by replacing one token with another. Tokens can be
replaced if they are in the same row or column, are of the same color
(red, blue, green, or yellow), or are of the same number (1 - 5). The
game ends when no moves are left.

We’ve selected this game for several reasons. First, we wanted a
game that was open source so we could easily modify it to automat-
ically control for play duration, difficulty level, and play mode (AS
vs. GP). We also wanted to be able to easily add a banner to the
screen indicating the mode of play. Second, we wanted a game that
did not rely on reflexes or speed because success at such games re-
quires a significant amount of practice time which would make the
experiment much longer. Third, we wanted a game that was vague in
terms of its level of difficulty, so that we could be more successful
at manipulating subjects to believe the affect-sensitive machine was
altering game play.

2.4 Measures
To measure (H1) and (H2) we will simply count the number of non-
neutral facial expressions subjects made during the experiment. To
measure (H3) and (H4) we will correlate this count with scores ob-
tained from the three expressivity tests. To get a quantitative estimate
of the overall expressivity during the experiment we will further an-
notate the videos using six global dimensions of expressivity drawn
from speech annotation [12, 2]:

1. Overall activation: amount of activity - {Static/Passive, Neu-
tral, Animated, Engaged}

2. Spatial extent: amplitude of movements - {Contracted, Nor-
mal, Expanded}

3. Temporal extent: duration of movements - {Slow/Sustained,
Normal, Quick/Fast}

4. Fluidity: continuity and smoothness of movement - {Smooth,
Normal, Jerky}

5. Power: strength and dynamics of movements -
{Weak/Relaxed, Normal, Strong/Tense}

6. Repetitivity: repetition of same expression/gesture several
times - {Low, Normal, High}

2.5 Procedure
After being briefed and completing the pre-experiment questionnaire
and expressivity tests, subjects will be seated at the computer and

given the opportunity to learn how to play the game. All subjects
will partake in a training session lasting 5 minutes in duration.

Following the training tasks, subjects will take a short break (e.g.,
viewing a nature video for a few minutes). They will then be assigned
to either the AS or GP condition (counter-balanced across subjects).
The will play in the first mode for 5 minutes, then have a short break,
then play in the second mode for the same duration.

Following the experiment subjects will be given a post-
experimental interview and appropriately debriefed.

2.5.1 Subjects

We will first run several small pilot studies with subjects from across
the University. If we see an effect in our data, we will continue with
a larger sample. Subjects will be recruited via email lists, bulletin
board postings, etc.

3 DISCUSSION

We described details of an experiment we will run in the coming
months regarding how people alter their behavior when faced with
a machine that is seemingly sensitive to their affect. We anticipate
very interesting data to come from this experiment and look forward
to reviewing it. It is our hope that by employing a combination of
quantitative and qualitative measures we will glean an understanding
of some underlying attitudes people hold about affective machines.

If we find that people do act significantly differently when faced
with an ASM, a number of interesting issues are raised. First, it
means that people researching affective computing and ambient in-
telligence need to consider the problem that users may try to “game
the system” during interaction. Therefore, it is increasingly important
to carefully consider one’s assumptions when designing affective-
aware systems.

Second, such a result would also help to inform debate in the af-
fective computing community regarding the use of naturalistic vs.
non-naturalistic data. It would seem both sets of data may prove use-
ful from an emotion-recognition perspective because it is likely for
users to engage in both types of behavior when interacting with a
system. And, further, that said modes of interaction will change de-
pending on how people habituate to interacting with such systems
and how that alters their expressivity.

From an ethical perspective, we believe it is important that the ex-
istence and workings of ASMs are made as transparent as possible to
users. This stance is in line with one of the fundamental principles of
Human-Centered Design - users should always know what a machine
is and what it’s doing [15]. In other words, users should always know
what a machine’s behavior and role will be during interaction. This
is particularly important for ASMs, as people typically don’t expect
their behavior to be monitored.

Finally, it will be interesting to see whether people adhere to so-
cial display rules when interacting with an apparently affect-sensitive
machine. This will help us to understand if perceived emotional
awareness in a machine engenders polite, or abusive, social behav-
ior.
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