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Five challenges face the design of lifelike 
humanoid robots – also called androids. Robots 
should live up to social needs – people are 
getting older, lonelier, and look for alternatives to 
face-to-face contact, for instance, in coaching 
and therapy (1). Surrogate partners substantiate 
the imaginative friends that people silently 
cherish and robot designers assume that the 
better they can simulate social and affective 
behavior, the more effective the robotic partner is. 
Yet, what should be regarded as natural behavior 
and does maximal human-likeness equal optimal 
user satisfaction (2)? In addition, multidisciplinary 
design teams prompt transdisciplinary theory to 
create mutual understanding and cover the wide-
ranging facets of robot design. Yet, how to 
combine the diverse theories from various 
domains when confronted with major unification 
problems (3)? Empirical approaches to robot 
design usually miss out on logic consistency of 
the theory. As a mirror image, formalization and 
mathematical modeling often lack external 
validity. Verification before validation is the new 
way to go but not necessarily the easiest one (4). 
Finally, if we do succeed at creating lifelike, 
affective, sociable androids, the cognitive models 
underlying their behavior could be turned into 
spyware and malware (5). Therefore, this paper 
ends on an ethical note. 
 
 
Societal need for android contact 
 
That society becomes older and individuals more 
self-centred are two trends that contribute to the 
experience that emotionally and socially, people 
become more isolated (Killeen, 1998). In 
reaction, scientists develop conversational agents 
that act as friends for geriatric patients – as a 
kind of artificial parrot. The robot generates 
fiction stories in which the characters show 
realistic behavior and the user can influence the 
storyline. Virtual storytelling has become a hot 
topic in academic areas such as artificial 
intelligence, computer-human interaction, and 
cognitive science but the industry shows an 
interest as well with respect to game design and 
screen writing (Romano et al., 2007). 
 Androids telling stories are not only useful to 
make the elderly feel less lonely. Virtual 
storytelling proved to be useful for clinical 

experts in the treatment of behavior problems, 
family counseling, and training (e.g., Painter, 
Cook, & Silverman, 1999), acquisition of 
language and other sign systems (Schlosser & 
Lloyd, 1993), or in persuasive contexts (e.g., Lee 
& Leets, 2002). The motivation for developing 
robots that tell virtual stories may vary from pure 
entertainment (e.g., computer games) to 
educational purposes (e.g., training 
environments, teaching strategies) (Johnson et 
al., 2005), persuasion (e.g., science and health 
communication), or clinical therapy. 
 With regard to mental health, many self-help 
programs are delivered through the Internet 
(Christensen et al., 2004; Clarke et al., 2002; 
Spek et al., 2007). Several studies concluded that 
self-help therapies are useful and efficient in 
reducing mental health problems (e.g., Anderson 
et al., 2005; Adopaca & Miller, 2003; Den Boer 
et al., 2004; Spek et al., 2007). Compared to 
traditional therapy methods, Web-based self-help 
may even be more efficient and less expensive 
(Andrews et al., 2001; Bijl & Ravelli, 2000; 
Griffiths et al., 2006). Self-help therapy may be 
even more successful when the interface is 
enhanced or replaced by a robot therapist. The 
anonymity of robot-supported self-help therapy 
could overcome potential embarrassment of 
undergoing formal treatment (cf. Peck, 2007; 
Rochlen, Zack, & Speyer, 2004; Williams, 
2001). 
 Android contact can accommodate those who 
are lonely, provide health advice to the elderly, 
makes games more interesting and online 
instruction livelier, is useful for coaching, 
counseling, and self-help therapy. In extreme 
circumstances, robots can be the better self of 
human operators in executing dangerous tasks. 
For example, NASA initiated the P2P-HRI 
program to explore the possibility of robots and 
humans collaborating as teammates, while 
perceiving each other as peers (Fong & 
Nourbakhsh, 2004). When regular therapy puts 
up too high a threshold, a robot therapist is less 
threatening, what the patient reveals is 
inconsequential, the patient is in control, and all 
in all, interaction with the robot therapist has a 
“dear diary” effect.  
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Particularly in self-help therapy, robot 
designers face the challenge to make an android 
that can understand and simulate genuine 
affective behavior. Ironically and contrary to 
what designers usually attempt, the fact that the 
robot is not exactly human and thus, is not 
completely natural, makes people probably less 
shy and confide their secrets to their unnatural 
conversation partner. It seems then that imperfect 
representations of reality may have its benefits 
but… 
 
How uncanny can the valley be? 
 
What is natural behavior? People are happier and 
live longer by taking care of a pet or a plant. 
They smile at their pencil, pet their car on the 
back, and give their dish washer a name (cf. 
Brave and Nass, 2002; Reeves & Nass, 1996). 
Technological animism provides great 
opportunities for robots to raise sympathy 
without having to be completely humanlike. Yet, 
the first conversational agents and social robots 
(e.g., ELIZA: Weizenbaum, 1966) were seen as a 
major technical breakthrough but not as 
successful conversation partners. Later, more 
sociable robots such as Kismet featured smiles 
(supposedly expressing happiness) and frowns 
(supposedly expressing sadness) (Breazeal, 
2002). 
 At the China Robot Expo in Beijing in 
October 2006, I ran into Zou Ren Ti, founder of 
the Xi’an Superman Sculpture Research Council, 
or actually, I bumped into Zou Ren Ti, the 
robotic look-alike of its inventor. I was startled. 
Zou the robot talked, moved, and had a skin of 
silica gel that gave him this realistic look-and-
feel (Hamilton et al., 2006).  
 Using the framework of the “uncanny valley” 
(Mori, 2005/1970), ELIZA was still close to an 
industrial robot: not too humanlike and therefore 
making a rather unfamiliar impression. Sociable 
robots such as Kismet are humanlike enough to 
reach a peak in experienced familiarity. But then 
the uncanny valley lies ahead. If you make a 
robot too humanlike but not yet perfect, so Mori 
argued, it comes close to the experience of dead 
people and users will resign from it.  

So where is the optimum? How natural 
should a robot behave emotionally so that it is 
acceptable to a human without becoming so 
realistic that it is threatening again? Zou Ren Ti 
frightened me. If we want to design humanlike 
conversation partners and create a robot that 
behaves emotionally in a natural way, the “dear 
diary” effect for self-help therapy may be gone. 

In our own research (Bosse et al., 2008; 
Hoorn, 2008), we too try to mimic human 
affective behavior as closely as possible. To 
create complex personalities with humanlike 
properties, virtual characters should be capable 
of mixed responses to their human user 
(“Although you try your best, you treat me 
badly”). In our research, embodied 
conversational agents are equipped with an 
integration of the emotion regulation model by 
Gross (1998; 2001) and the I-PEFiC model of 
user engagement with virtual characters by Van 
Vugt et al. (2006; 2007; 2008). We model 
approach and avoidance tendencies and translate 
them to the robot domain. Increasingly, the 
software can recognize and mimic the 
experiential ambiguities that are typical for 
human affect (so called involvement-distance 
trade-offs), which transpire because the robot 
considers a user to be beautiful but at the same 
time unskilled. The affective structure that our 
robots build up feeds into the formal models we 
distilled from theories of emotion regulation so 
that the robot can determine to continue the 
conversation, walk away, or change the situation. 
 
Transdisciplinary theory – misapprehension 
and non-acceptance 
 
Design of an android is not a technical matter 
alone. Apart form artificial intelligence and 
software engineering for multimedia hardware, 
theories and models of human life are as 
important to explain communication rules, social 
interaction and perception, or the appraisal of 
certain social situations. In mediated 
interpersonal communication (Konijn & Van 
Vugt, 2008) and media psychology, emotions 
play a salient role and cover an important area of 
research. Other relevant disciplines are emotion 
psychology, computer-mediated communication, 
and computer-human interaction. The boundaries 
that are crossed are not only within but also 
across schools and this brings about 
misapprehension and non-acceptance of the 
scientific tradition that the researcher is 
unfamiliar with.  
 The combination of diverse theories from 
various disciplines inevitably forces to 
reconsider the theoretical framework and 
methods one is used to. Because there is a 
problem in unifying the different points of view 
and the danger of drowning in terminological 
confusion, a simple integration or adaptation of 
theories is insufficient. Theory that overarches 
the sub disciplines is germane but hard to get 
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accepted because it seems to downplay the 
importance of well-established traditions. 
Authorities suddenly have to admit that they 
oversee but a part of the bigger picture. 

To build emotion regulation into robots, we 
formalized the informal model by Gross (1998) 
as our point of departure. This model describes 
five types of strategies humans use to adapt their 
emotional response levels: (1) situation selection, 
(2) situation modification, (3) attentional 
deployment, (4) cognitive change, and (5) 
response modulation. Because of the high 
abstraction level of formal languages, we were 
capable of linking emotion regulation with the 
involvement-distance trade-offs that the user-
engagement model (I-PEFiC) describes (Van 
Vugt et al., 2006; 2007; Van Vugt, 2008). 
Whereas the model on user engagement focuses 
on the elicitation of emotion, the affect 
regulation model addresses the regulation of 
emotion. On a conceptual level, we could bring 
the two theories together, because the 
satisfaction with the user that is generated as 
output of the involvement-distance trade-off can 
almost directly be used as input for affective 
situation selection. Current satisfaction is 
checked for a certain threshold and if it is too 
low, the robot will evaluate its expected 
satisfaction in alternative situations (e.g., choose 
another user). 
 
Verification before validation 
 
Theories of communication and psychology are 
often well-founded on empirical data but often 
lack internal consistency. As a counterpart, 
formal languages and logic models are internally 
consistent but often lack ecological validity. 
Ideally, informal models that are based on 
empirical data are formalized mathematically so 
that all parameters are explicated. Simulation 
tests verify the internal consistency of the theory 
after which experiments with real people validate 
what the theory predicts. Doing it both ways is 
unusual in the social sciences and in computer 
science but should be common practice – at least 
in robot development. 

Computational models are able to imitate the 
development of cognitive processes over time. 
This process is called simulation, and models 
that can be used to simulate behavior over time 
are called dynamic models. The result of a 
simulation is a sequence of states of the model at 
subsequent time points, which is called a trace. 
Simulation experiments with these models can be 
used to improve the understanding of the 

processes and to make predictions. The behavior 
of the processes is studied by looking at a 
number of simulation traces under different 
circumstances. The modeling and simulation 
cycle consists of four activities: 
 
1. Conceptualization: determining the main 
aspects and their relations 
2. Formalization: specifying the detailed model 
3. Simulation: performing experiments with the 
model to generate traces 
4. Evaluation: verifying whether the model 
behaves as expected and validating the 
applicability of the model in practice 
 

If the evaluation reveals that the model is not 
correct, the process starts again with a new 
conceptualization phase. When the simulation 
experiments show that the robot generates 
realistic communicative behavior, the 
conversational agent is visualized in a graphical 
environment or built in 3D (cf. Zou Ren Ti). 

In a ‘Turing Test’ (Turing, 1964) experiment, 
participants play, for example, a digital game and 
judge the human quality of the behavior of their 
opponent or teammate. In some cases, the virtual 
other will be another human player, whereas in 
other cases, the virtual other will be a robot 
equipped with our cognitive models. If the 
participants cannot distinguish between a human 
and a robot player, the robot has passed the 
Turing Test. If the robot failed the test, redesign 
is needed. In a complementary experiment, the 
Wizard of Oz technique (Landauer, 1987) 
ensures that certain robot functionality such as 
natural language skills is performed by a human 
to make the robot look more autonomous and 
humanlike. If then again users cannot detect 
differences in the quality of behavior with or 
without the human helper, the robot passed its 
android exam. 
 
Robots in disguise – ethical considerations 
 
Androids are robots that act and look like 
humans. What if we make it through the uncanny 
valley (Mori, 1970/2005) and make an electronic 
version of a healthy person? Turing Test 
experiments will show that the android is not 
distinguishable from humans on a range of 
communication variables (e.g., trust, persuasion, 
credibility). The Wizard of Oz technique will 
indicate that the human who mimics the robot is 
taken for an android. So now that we have it – 
the robot cannot be distinguished any more – are 
we in good shape? 
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Androids that communicate affectively with 
the user by showing emotions have the potential 
to mislead people, if programmed that way. 
Androids could lie while perfectly showing fake 
emotions. If robots can adapt to the user’s needs, 
software could be developed that has the purpose 
to frustrate the user. Security is also an issue. 
When androids have the opportunity to monitor 
their user affectively, unauthorized people could 
be interested in this information as well. The 
information the robot keeps about its users 
should be stored in a secure way, so it is 
inaccessible to third parties. When we apply this 
to self-help therapy, android therapists will keep 
the Medical Ethics Review Committee busy for a 
long time. 
 
Conclusions 
 
Contact with androids can support people’s 
wellbeing, for example, as a pet, a toy, as 
teacher, storyteller, coach, or therapist. That 
androids are not identical to humans helps people 
to confide in them because the information 
people disclose about themselves is “safe.” This 
leads to several considerations. How realistic 
should a robot be? Are people willing to talk to a 
tin can or do they prefer an exact copy of a 
human being? People may think that a non-
human counsellor is safe but it is just another 
piece of software so that information can be used 
for good or for ill. Owing to its multidisciplinary 
nature, robot science and design have to 
overcome many communication barriers – in 
theory and jargon – and in accepting the 
importance of unfamiliar points of view. One 
such example is that communication and 
psychology should learn how to model their 
theories mathematically whereas computer 
science should learn how to test their 
mathematical models in real life. Only then will 
robots emerge that can be truly called androids. 
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