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Abstract On the day by day humans need to predict and understand others’ behavior in order to efficiently
navigate through our social environment. When making predictions about what others are going to do next,
we refer to their mental states, such as beliefs or intentions. At the dawn of a new era, in which robots will be
among us at homes and offices, one needs to ask whether (or when) we predict and also explain robots’
behavior with reference to mental states. In other words, do we adopt the intentional stance (Dennett, 1987)
[1]) also towards artificial agents—especially those with humanoid shape and human-like behavior? What
plays a role in adopting the intentional stance towards robots? Does adopting an intentional stance affect our
social attunement with artificial agents? In this chapter, we first discuss the general approach that we take
towards examining these questions—using objective methods of cognitive neuroscience to test social
attunement as a function of adopting the intentional stance. Also, we describe our newly developed method
to examine whether participants adopt the intentional stance towards an artificial agent. The chapter
concludes with an outlook to the questions that still need to be addressed, like ethical consequences and
societal impact of robots with which we attune socially, and towards which we adopt the intentional stance.
Keywords: intentional stance, social robotics, human-robot interaction, mental states

Introduction

The ability to comprehend beliefs, desires or intentions of others is characteristic of, and necessary for,
successful human interaction. It enables sharing mental representations, building common goals and acting
in unison. Thanks to cognitive mechanisms specialized in perceiving social signals, humans and other
primates are relatively good in anticipating others’ behavior, inferring mental states and taking others’
perspective. The strategy of referring to others’ mental states in order to predict their behavior has been
termed “adopting the intentional stance” [1]. This strategy is very quick and is adopted spontaneously. It
generates predictions that adapt to different contexts, it is relatively efficient and accurate, and it works
despite a lack of knowledge regarding the physical complexity underlying behavior (for example, neuronal
activity).

Facing the prospect of introduction of robots into society, the question about social dynamics during
interaction with humanoid robots emerge. It is plausible to think that the same social cognitive mechanisms
that allow social attunement in human interactions might be activated during human-robot interaction
(HRI). Currently, robot designers have been focusing on providing the robots with human-like appearance,
behavior, or communication skills. This has generated mixed results.

In this chapter, we argue that adopting the intentional stance might be a pivotal factor facilitating social
attunement with artificial agents. We provide a summary of Dennett’ s idea of the intentional stance, we
review literature related to attribution of intentions and mental states from the developmental and cultural
perspectives, and then provide considerations regarding the foundations of the intentional stance and how
this translates into human-robot interaction. The last part of the chapter is dedicated to the discussion
regarding ethical implications of adopting the intentional stance towards humanoid robots.

The three stances

The brain has evolved to discriminate patterns and regularities in order to predict future states and events.
From predicting a storm to understanding when others are bidding for attention, this “active perception”
allows efficient functioning in complex environments. Humans use different strategies to understand and
predict events. Dennett [1,2] postulated three main strategies, dependent on the observed systems. For some
systems, predictions are based primarily on the laws of physics and on the physical properties of things.
Interactions between celestial bodies is an example. Such approach is very accurate because it relies on the
exhaustive understanding of most of the crucial variables that intervene and interact on the system. When we
make predictions depending on the physical properties of the system, we adopt the physical stance.
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The main drawback of the physical stance is that it is impractical for certain systems. For those systems,
predictions that refer to their intended functionality or design are more efficient. Think of a bicycle. It is not
necessary to know how torque or gyroscopic precession keep the bicycle balanced, to predict its behavior.
However, we know that if we keep on pedaling, it will stay in balance. In this case, when we generate
predictions based on the design characteristics of the system we adopt the design stance. These predictions
rely on additional assumptions or previous conventional knowledge regarding the purpose of the design. In
other words, it depends on non-intuitive information. Nevertheless, the design stance pays off. Once we
know the purpose of an artefact, predictions become highly reliable and very practical because they
circumvent the intricacies of the physical stance. The design stance can be applied to artefacts designed by
humans or to living things designed by evolution. It can describe the behavior of animals, plants, organs or
even a biome.

The behavior of a certain class of complex living systems (humans) is best explained with reference to yet
another stance, the intentional stance. According to Dennett, these are true intentional systems, as for them,
intentional stance works best. It is the most efficient strategy to understand and predict the behavior of true
intentional systems. The intentional stance is the strategy of interpreting the behavior of an entity by treating
it as a rational agent who makes behavioral choices in line with their desires and goals, and ways that s/he
believes will lead to the achievement of the set goals [3]. Similar to the design stance, the intentional stance is
a gamble that pays off in general. Thousand years of evolution designed human beings to be rational, to
believe what they ought to believe and want what they ought to want. The fact that we are products of a long
and demanding evolutionary process guarantees that using the intentional strategy on ourselves is a safe bet.
At its core, adopting the intentional stance is a bet for rationality. It implies that people’s behavior is
ultimately regulated by their decisions and the capacity to execute them. For example, people exercise
because: they want to be healthy, they desire to be in shape and they believe that exercising will lead to being
healthy and in shape.

Dennett borrowed the terms “belief” and “desire” from folk psychology but he gives them a more technical
meaning. For him, beliefs and desires are examples of propositional attitudes - mental states that have the
property of “aboutness”. He claims that the physical instantiation of these intentional states is irrelevant to
the theory’s predictive efficacy. Dennett claims that any system whose behavior can be best predicted by the
intentional stance can be considered an intentional system. Furthermore, he suggests that intentional stance
is a craft, a practice of folk psychology, very useful to predict behavior and used in an intuitive and automatic
fashion.

Attribution of mental states to events and objects

Humans are capable of attributing human-like characteristics to pretty much anything. Oral tradition and
records from earlier civilizations and cultures reveal this tendency to anthropomorphize anything that shows
apparent independent agency: animals, natural events like storms or volcanos, the sun and the stars. Even
today, this predisposition seems to have remained. Human-like motivations, intentions and mental states
might be attributed to electronic or mechanical devices, computers, or in general anything that gives the
impression of an autonomous agency. The level of attribution can involve assumption of mind, such as
conscious experience, metacognition, and intentions [4], emotional states, behavioral characteristics, or
human-like forms to non-human agents and to inanimate objects ([5]; also reviewed in [6]). Psychologically,
anthropomorphism is considered a default and automatic psychological process (see [7]) that is often
employed towards systems whose behavior we do not understand, as it is the most available and familiar
explanatory mode ([6], [8], [9]). Interestingly, studies showed that anthropomorphism relies on the same
cognitive mechanisms that generate attribution of intentions to human behavior ([10];[11]).

Intentional stance and development

Humans are very skilled at interpreting actions in terms of mental states. This skill seems to be acquired
from a very young age. Therefore, developmental psychology is interested in explaining the emergence of this
ability. However, one argument against the idea that already infants adopt intentional stance is that typically,
children pass the explicit verbal false belief test only when they are four years old or older [12-14]. Therefore,
it seems unlikely that children ascribe to others beliefs, desires and rational thought processes in early
childhood. Nonetheless, multiple developmental studies have examined the cognitive mechanisms closely
related to adopting the intentional stance before the robust appearance of the theory of mind (ToM) [12].



For example, five-month-old infants seem to have shown goal-attribution to objects that exhibit cues of
animacy [15]. By six months, infants’ gaze following reveals sensitivity to attentional states [16] —which is
deeply linked to the appearance of affect attunement (sensitivity to others’ emotions) [17]. At the same age,
infants perceive goal-related movements on the part of geometric shapes [18]. Recognition of gaze direction
together with the recognition of animacy of movements, enable developing associations between agents’
behaviors and respective contingent effects in the environment, which leads to an early causal understanding
of the world. Therefore, actions in familiar contexts begin to generate expectations. From 6 months of age,
infants show the development of at least a basic mentalizing ability. They can differentiate pretended versus
intended actions (e.g., [19]), also pretended versus intended but impossible [20], and can identify
individuals’ preferences (e.g., [21]). By 9 months of age, infants understand that others have goals, that they
are committed to achieving them and that different outcomes are linked to particular emotional states (i.e.,
success = happiness, or at least smiles) [22]. Around ten months, they parse streams of behavior into units
that correspond to what adults would see as separate actions [23].

At one year of age, crucial social behavior emerges. Communicative gestures (i.e., pointing) and gaze
following, both necessary for shared attention, become part of the children behavioral repertoire.
Furthermore, detecting these social signals influences children’s course of action ([24]; [25]). This suggests
that the infant is coding the adult’s mental state of attention to, or emotion about, a state of affairs. At this
age, infants reliably follow the gaze of a faceless animal-like object if the object reacts contingently on their
behavior [26]. Also, one-year-olds can differentiate whether a behavior is goal-directed based on the context
in which behavior unfolds. Fourteen- to eighteen-month-old children will imitate a goal that has not been
achieved by another person if the action is marked linguistically as purposeful, but not if it is marked as
accidental [27]. By 14 months of age, infants infer others’ intentions and goals [28] and can set aside their
own desire, recognize the others’ different desires and act accordingly [21]. At the same age, infants start
understanding that behavior unfolds following goal-oriented action plans and that attending to the goal-
related elements of the action sequence is crucial for goal accomplishment. Such understanding builds the
foundation for imitative learning, a powerful form of cultural learning. Intention understanding not only
allows predicting what others will do but also learning from them how to do things conventionally in their
culture [29].

Two-year-old children appear to be capable of drawing pretended consequences from pretended
assumptions. Harris [30] found that two-and-a-half-year-old children can distinguish between a pretend and
a real outcome from a pretend or real assumption (e.g., that chocolate would be wet/dry after having
pretend/real tea poured on it). By 3 years of age, children start to understand the role of beliefs in intentional
action and more accurately grasp the connections among desires, perceptions, and emotions [22]. Some
researchers suggest that children around 4 years of age can predict behavior based on a false belief (in a
novel situation) ([12]; [31]). Shortly after learning to speak, kids use successfully simple mental states terms
like want, pretend, know, and think [32]. However, 4- and 5-year-old children are unable to appreciate that,
in order to pretend, an actor must have the intention to pretend [33], and they struggle to distinguish
between intentions and desires that relate to the same goal [34]. Children’s well-documented success in false-
belief tasks at around 4 years of age (e.g., [31]) is typically taken as evidence of their ability to represent
mental states as such — an ability that applies to intentions just as it does for beliefs [35]. However,
children’s conceptual understanding of intentions —of the motivational, causal, and epistemic components—
begins before this age and continues afterward [36].

In a review of cues that might trigger attribution of intentionality during infancy, Johnson [37] highlights five
main characteristics: (1) features like face and eyes; (2) an asymmetry along one axis, like having a head
smaller than the body; (3) non-rigid transformations such as expansion and contraction, contrary to linear
changes; (4) self-propelled movement; and (5) the capacity for reciprocal and contingent behavior. However,
it remains unclear how the combination of these features and their interactions with the environment
triggers attribution of intentionality, as not all asymmetrical or self-propelled agents evoke such attributions
[38].

In summary, studies reveal that infants are able to use the context, the observed behavior and social signals
to understand that others’ actions are a result of mental states such as intentions. This skill appears by the
end of the first year and gets robust around 18 months. It is clear that probably infants do not adopt the
intentional stance in its fullest sense, as defined by Dennett [1, 39]. Nonetheless, developmental findings
agree that young children are able to understand ‘simple mental states’ such as desires, goals, intentions,



attention, and perception (for a review see [37]). These skills exhibited by children might not be equivalent to
the skills observed in adults. However, Gergely and colleagues (e.g. [18]) suggest that those early skills are
crucial for developing the full-fledged mentalistic intentional stance adopted by older children and adults.

Intentional stance and reproduction of cultural norms

The skills crafted by infants during the first years of life set the foundations of social (and general) cognition.
Interacting with others as intentional agents during this critical period helps children determining how
others interpret their behavior, how others respond to the behavior and what is expected from them in the
future ([5], reviewed by [40]). Furthermore, it enables multiple forms of cultural learning like imitation,
instructional learning, use of tools and symbols, and acquisition of language [41]. The development of these
cultural tools contribute to the reproduction of the norms that structure human sociality because these are
attained through the inter-individual agreement about the statuses of individuals, the entitlements and
obligations they entail [42], [43].

The transfer of human cultural tools from generation to generation relies on the intentional stance as the
main tool to understand and predict others’ behavior. Cognitive development at the early stages of life allows
incorporation of societal norms into the children’s behavioral repertoire. Using the intentional stance
provides the flexibility to interact with others in variable and new social contexts. Importantly, as Michael
[41] describes, this process takes place because adults also adopt the intentional stance towards children. For
instance, adults set up expectations regarding children’s behavior, in acquainting them with culture-specific
elements, narratives, practices, social roles, etc. Adults — during the process of enculturalization of children —
see children as potential rational intentional agents, relying on the intentional stance as the main strategy to
predict behavior. In this way, the reference to mental states is consolidated as the crucial foundation and
force in social interaction. Additionally, it becomes a mechanism of cultural feedback [41]. Michael also
argues that this feedback loop mechanism requires only that young children assume others to have mental
states. Once this occurs, a common channel of communication is established between the infants and their
caregivers, the channel-mediated through mentalistic vocabulary (thanks to adopting the intentional stance).
Furthermore, when infants follow others in adopting the intentional stance, they acquire better
interpretational resources, which increases their incorporation into the adult environment, and this, in turn,
furthers the process of enculturalization. This is how the intentional stance and cultural learning constitute a
feedback loop [41].

Humans are raised immersed in the intentional stance. Extensive training and exposure to the intentional
stance starts from very early childhood, and this makes humans experts in this way of explaining and
predicting the behaviors of others. Therefore, intentional stance becomes the most available explanatory/
predictive strategy, even when other agents are not necessarily intentional systems. This results in a bias
toward viewing agents as having goals, beliefs, and desires and might provide an adaptive heuristic for
understanding the world and the agents within. Despite the ease of adopting the intentional stance, humans
are still able to identify true intentional systems. People understand that a computer is not tired, that a
printer is not reluctant to work or that a volcano is not angry. Rather than assuming that such behavior has
been intentionally motivated [42], it is possible that humans interpret behaviors through the filter of
“intentional states”, as their most familiar, quick and effective way to predict behavior. However, only if this
strategy is the most efficient explanatory/predictive strategy, humans continue using it towards a specific
agent. If another strategy explains a behavior better, or if they are informed about a better/most efficient
strategy, they might change their stance. Intentional stance, however, might be special in that adopting this
strategy might trigger a wider set of social behaviors and social attunement, and might create an emotional
connection with the observed agents. In summary, we argue that adopting intentional stance is a default,
well-trained mechanism, selected by biological and cultural evolution, and a reliable tool in most social
interactions with true intentional systems, allowing social attunement.

Empirical evidence for adopting the intentional stance in adults

Despite the relevance of abilities like mentalizing or attribution of intentionality in daily life, it has proven to
be extremely difficult to evaluate them experimentally. It is clear that while people are able to evaluate the
intentionality of behavior on demand, they also reason about mental states in a spontaneous manner. Since
the early approaches of Heider and Simmel [5], researchers have attempted to understand the factors that
trigger mentalizing. Heider & Simmel [5] presented a series of short animations, each involving two triangles
(one large, one small) and a circle, all moving around an empty rectangle. Observers readily attributed



personality traits to the shapes and described their movements in terms of mental states such as goals and
emotions, a finding replicated by subsequent studies (for a review see [43]). The pattern of the movements,
rather than properties of the physical appearance of the interacting shapes [43], triggers mentalistic
descriptions (i.e. changes in the path, responding to other objects and self-propelled movement). This
seminal study showed how readily people adopt the intentional stance even to abstract shapes. However, a
question arises regarding the validity of the self-report method used to evaluate the spontaneous adoption of
intentional stance. Critics suggest that the design of the experiment and the methods do not allow for ruling
out the mediation of other higher-order cognitive mechanisms [43]. Participants’ descriptions referring to
perceived intentionality might be the result of high order cognitive mechanisms like inference from the
questions or the task, rather than the actual observations.

In order to circumvent this caveat, more recently, researchers have chosen tasks with designs that do not
require explicit judgement: neuroimaging approaches, complemented with questionnaires and semi-
structured interviews. A number of neuroimaging studies have explored the neural systems underlying
mentalising. This mechanism, closely related to adopting intentional stance and attribution of intentionality,
refers to reasoning about others’ mental states, in terms of intentions, beliefs and motivations [44].
Numerous tasks have been used to investigate mentalising. Researchers used tasks such as observing and
understanding intentions and beliefs of characters in stories ([45-47]) and cartoons ([48], [46], [49]);
reporting intentions —or lack thereof— during videos of animated geometrical shapes [10] and predicting
competitor’s next action in a game [46]. Independently of the task, these studies reported activation in the
medial frontal cortex, the superior temporal sulcus (STS) especially around the temporo-parietal junction
(TPJ) and the temporal poles adjacent to the amygdala. All of these areas have been identified as part of the
mentalizing network. Activity in the STS and TPJ have been also linked to detecting and understanding
intended biological motion (e.g. [50], [51], [52]). Moreover, these regions seem to trigger the intentional
stance. Some studies revealed activation in these areas related to static images of features that cue
intentionality, such as eyes, mouths, hands, and faces (for a review see [50]). Gallagher et al. [53] observed
activation in the medial anterior frontal cortex, related to the adoption of the intentional stance. The authors
designed an experimental paradigm in which participants played a stone—paper—scissors game in the MRI
scanner against agents that were believed to differ in terms of intentional nature (a fellow human, an
algorithm using specific rules, or a random number generator). Importantly, participants actually played
against pre-programmed sequences in all three conditions. It was participants’ beliefs about intentionality
that triggered specific activation of the aforementioned brain regions.

In summary, empirical evidence for attribution of intentionality has been a challenge. This is in part due to
the difficulty of examining the emergence of attribution of intentionality using self-report measures. New
objective methods have shown neural correlates of adoption of the intentional stance. Structures involved in
mentalising, such as STS and TPJ, are obviously involved in the general process of adopting the intentional
stance.

Intentional stance in social interaction with robots

In the context of the new societal era, in which robots might soon share our social environments, it is crucial
to ask whether humans are likely to adopt the intentional stance towards embodied artificial agents, such as
robots. In particular, humanoid robots, as those have some human-like characteristics of appearance. One
could speculate that humans would not adopt the intentional stance towards a man-made artefact. In fact,
this was confirmed by several findings: a study using a manipulation of the Prisoner’s Dilemma [54] showed
that areas associated with adopting the intentional stance in the medial prefrontal and left temporoparietal
junction were not activated in response to artificial agents, whether or not they were embodied with a
human-like appearance. Similarly, Chaminade et al. [55] found that the neural correlates of adopting the
intentional stance were not activated in interactions with artificial agents during a relatively simple rock-
paper-scissors game. These findings suggest that robots do not naturally induce intentional stance in the
human interacting partner.

On the other hand, as discussed earlier, humans are quite eager to attribute mental states and intentions to
non-human agents. It is therefore plausible to hypothesize that also in interaction with robots, humans might
adopt the intentional stance. In line with this idea, [56] as well as [57] showed that observing goal-directed
actions performed by robots, such as grasping a wine glass, evoked similar mirror neuron system activity
compared to when observing those actions performed by other humans. This indicates that people interpret



robots, similarly to other humans, as goal-driven agents. More recently, Thellman et al. [58] presented a
series of images and verbal descriptions of different behaviors exhibited either by a person or by a humanoid
robot. Participants were asked to rate the intentionality, controllability and desirability of the behaviors, and
to judge the plausibility of seven different types of explanations derived from a recently proposed
psychological model of lay causal explanation of human behavior. Findings suggest that people adopted the
intentional stance toward the robot to a similar degree as in the case of observing other humans.

Very recently, Marchesi et al. (under review) [59] reported that people have a certain tendency to adopt the
intentional stance towards humanoid robots, under certain contexts. The authors we developed a
questionnaire that explores spontaneous adoption of intentional stance towards a humanoid robot iCub [60].
This instrument was created in order to evaluate whether people prefer to explain the behavior of iCub using
mentalistic or mechanistic terms. The questionnaire consists of 35 fictional scenarios depicting iCub
performing different activities. (See Figure 1)

iCub understood that A iCub tracked the girl's
the girl wants the hand movements.
ball.

Figure 1. Example of one item of Intentional Stance Questionnaire

.In each scenario, a series of three pictures shows a sequence of events. Participants rate (by moving a slider
on a scale) in each scenario if they think iCub’s behavior is motivated by a mechanical cause (referring to the
design stance, such as malfunctioning, calibration, etc.) or by a mentalistic reason (referring to the
intentional stance, such as desire, curiosity, etc.). The slider’s scale has a mentalistic description on one
extreme, and a mechanistic description on the other. First results with the use of this instrument showed that
on average scores had a slight bias toward mechanistic explanations overall, which is not surprising, given
that the depicted agent is a robot. This is in line with previous literature that suggests that people attribute a
lower degree of intentionality to artificial agents’ behavior, compared to other humans ([54], [61], [9]).
However, and interestingly, not all the choices in Marchesi et al.’s questionnaire were favouring mechanistic
descriptions. Some items of the questionnaire scored predominantly mentalistic descriptions. Furthermore,
also individual differences between participants were found, meaning that some participants were more
likely to choose mentalistic explanations, while some other participants preferred mechanistic descriptions.
Taken together, this suggests that factors such as the human-like appearance of the robot, the context in
which the actions unfold, the apparent goal-oriented behavior, as well as individual priors might affect the
likelihood of adoption of the intentional stance towards artificial agents.

Factors influencing the likelihood of adopting the intentional stance

During social interactions, the brain uses highly sensitive mechanisms that are specialized to detect a wide
spectrum of signals (i.e. facial expressions, changes in gaze direction). These social signals are in many cases
taken as behavioral indicators of mental states. For example, when we see a frown, we infer that it indicates a
person’s disapproval. Therefore, the presence —or absence— of these indicators might be a crucial factor in
the likelihood of adopting the intentional stance. Hence, determining the specific parameters of those



indicators that facilitate the adoption of the intentional stance is important and informative with respect to
design and implementation of behavior in artificial agents.

Research in HRI shows that implementing human-like characteristics in artificial agents facilitate social
interaction (see [62] and [63] for review). Robots that show human-like design and behavior are more
accepted ([64-66]), more pleasant [67], are perceived as more usable [68], are easier to get acquainted with
[69], and are more engaging [70], relative to purely functional designs. Furthermore, robots that exhibit
social signals like facial expressions [71], emotions [72] or respect turn taking in a conversation [73] were
more likable and produced more emotional responses in participants. More recently, Willemse at al. [74]
showed, in a gaze-leading paradigm, that participants anthropomorphized and liked more those robots which
followed the participants’ gaze. In one condition of the experiment, a robot avatar looked 80% of the time at
the same object that participants chose, whereas in another condition the robot was more likely (80% of
time) to look at a different object. Participants reported preferring the robot that followed their object
preference and rated it as more human-like and as more likeable, relative to the one that did not follow the
participant’s gaze. Kompatsiari et al. [75] showed that mutual gaze established by a humanoid robot affected
participants’ judgments of human-likeness of the robot. Wykowska et al. [76] showed that variability in
temporal characteristics of gaze behavior was perceived as human-controlled, despite that the behavior was
executed by a robotic agent (the iCub [60]).

In summary, it seems that people might use various behavioral signals of an observed agent as hints that
encourage adopting the intentional stance or ascribing humanness towards the agent.

Consequences of adopting the intentional stance

Understanding the conditions under which humans adopt the intentional stance towards artificial agents is
not only of theoretical significance but might also have implications in terms of social interaction. Adopting
the intentional stance towards an artificial agent might have multi-faceted consequences with respect to
social attunement with the agent. We propose the term “social attunement” as an umbrella concept which
encompasses all mechanisms of social cognition (e.g., mutual gaze, joint attention, or spatial perspective
taking) activated during social interactions.

In line with the idea that adopting intentional stance might impact mechanisms of social cognition, Wiese et
al. [77] showed that people were more inclined to engage in joint attention with a robot when they believed
its behavior represented an intentional system. The authors used a gaze-cueing paradigm with robot and
humans faces. In three experiments, they instructed participants differently regarding the agency of the
observed behavior. In the first experiment, without belief manipulation, human faces evoked larger gaze
cueing effect compared to the robot faces. In the second and third experiment, participants were told that the
observed gaze behavior was the result of either mental operations (gaze behavior controlled by a human) or
was produced by an algorithm. Results showed larger gaze cueing effects when participants believed that they
were observing human-controlled behavior (independent of whether they observed a human or a robot face),
relative to the algorithm-generated behavior. Furthermore, Wykowska et al. [78] examined the
electrophysiological correlates of this modulation of the gaze-cueing effect. Findings revealed larger
amplitude of the P1 component of the EEG signal (time window between 100-140 ms, locked to target
presentation) for validly cued, versus invalidly cued targets when the behavior was believed to be controlled
by a human. This difference in amplitude was absent when participants believed the behavior of the observed
face was generated by an algorithm. Therefore, the P1 effect mirrored behavioral findings observed in Wiese
et al. [77] and showed that the behavioral effects are due to early attention mechanisms. In sum, already
early attention mechanisms are modulated by whether participants adopt an intentional or a design stance
towards an agent.

Collectively, these findings provide support to the notion that adopting intentional stance might influence the
interpretation of basic social signals, and as a consequence, activation of fundamental mechanisms of social
cognition.

Ethical considerations

Social attunement is a crucial factor in social interactions, and therefore it seems to also be indispensable for
smooth and natural HRI. If adopting the intentional stance indeed facilitates social attunement, then it
would be beneficial to design robots and robot behaviors that evoke adoption of intentional stance. However,
this might have some potentially controversial implications. Humans are already attached to a number of



artefacts. Technology has made mobile phones, computers and video games extremely engaging, taking
advantage of human cognitive resources. Attention-capturing colorful blinking apps, ringing tones, frequent
presentation of publicity banners on a webpage and the reward-oriented notifications from social media,
have all been designed to hijack hard-wired psychological mechanisms. This facilitates incorporation of new
technologies in people’s lives, but with a drawback of making those services and products indispensable and
highly addictive. In this context, it is crucial to discuss the societal implications of robots that are highly
attuned to the human cognitive mechanisms. Robots that are engaging, that learn and understand human
behavior and that attune socially with humans could be used in extremely beneficial manner as assistants
and supporters in daily activities. It is very likely that such social robots could generate emotional attachment
or other types of bonds that might not have been yet studied. It is unclear at this point whether this type of
attachment has negative or positive consequences for humans. Therefore, it is crucial to discuss and define
what type of social bonding with a robot is desired and perhaps use the very same technology to avoid any
negative consequences. For example, robots could be designed to detect when patterns of addictive behavior
arise and mitigate its possible escalation.

In general, the societal implications of introducing social robots that are very well attuned to humans is a
very delicate topic which requires being addressed with a serious and rigorous approach from philosophy,
psychology, anthropology and engineering. Unfortunately, like in other occasions where humans have to face
a significant societal change, many fears arise. In a viral fashion, these fears are broadcasted often without a
critical, rational approach. The topics of artificial intelligence and robotics of the future are all over the news
and media. Often these reports bring about unrealistic science-fiction-like scenarios for a technology that is
still far from being as advanced as depicted. In this context, it is the task of researchers to critically evaluate
the potential implications of the introduction of robots into human daily environments, and take adequate
measures to prevent negative consequences, if any.

Overall, it is important to focus research, and public outreach of research, on the potential advantages that
the new robotic technologies might bring to society. Robots equipped with well-designed social mechanisms
would be able to adapt to a wide variety of contexts. One of the areas that robots are already shown to be very
useful is the robot-assisted training of social skills for children diagnosed with autism spectrum disorder
(ASD). According to several studies (for a review see [79]), individuals with ASD open up to interaction with
robots, with which they can train their social behaviors and skills, such as emotion recognition or joint
attention. Most importantly, those skills seem to generalize from interaction with robots to interaction with
other humans ([80-82]). Apart from designing robots designated to an entire type of population, one could
think about robots that adapt socially to individual needs, providing a custom-made level of social
engagement, without compromising functionality. For example, if a person does not seem interested in
establishing a human-like interaction with the robot, the robot would recognize this attitude and adapt its
communicative style (e.g., a minimal degree of eye contact, limited use of language and less spontaneous
behavior). On the other hand, if a robot would detect signals from the human that invite more social contact,
the robot could increase its level of socially engaging behaviors. Robots with such skills could take care of the
elderly, be placed at information desks, or assist with certain tasks at home.

In summary, we propose that developing socially capable robots could have an extremely positive impact on
society. However, implementation of social skills in this type of artificial agents should take into
consideration possible emotional and psychological consequences. Therefore, an extensive and in-depth
interdisciplinary debate with rational and critical evaluation of the state-of-the-art technology and its
implications is indispensable. This debate should also involve the public and should be made open and very
transparent.

Future directions

In our approach (Kompatsiari et al. [83]; Schellen et al. [84]; Wiese, Metta & Wykowska [9], see also:
www.instanceproject.eu), we stress that in examining social attunement between humans and robots one
needs to use the methods of experimental psychology and cognitive neuroscience in natural (but
experimentally controlled) human-robot interaction protocols. This allows for targeting and isolating specific
cognitive mechanisms of the human brain and designing robots that evoked those specific mechanisms.
Proper experimental control allows for better reproducibility and generalizability of results. One of the
challenges is to translate well-established paradigms of experimental psychology into more naturalistic
interaction scenarios [83]. This is because classical experimental protocols often present to participants



reduced (in naturalness) stimuli, such as schematic drawings of faces. This is done in order to maintain
experimental control. However, having already established robust replicable effects with the use of such
stimuli, we can now move towards more ecologically valid protocols while still trying to maintain
experimental control. This is precisely our approach. Once we succeed in transferring the standard protocols
of experimental psychology into human-robot interaction studies, we will be able to understand whether, and
under what conditions, the well-studied mechanisms of human social cognition are evoked in human-robot
interaction. By the same token, it is crucial to investigate objective (and perhaps implicit) measures of when
people adopt the intentional stance towards robots. So far, we have developed a more explicit measure, based
on self-report, the Intentional Stance questionnaire [59], but future studies will be dedicated to discovering
neural (and behavioral) correlates of subjective reports which indicate mentalistic or mechanistic mode of
explaining the observed behavior. Once such markers are identified, we will be able to determine —with
objective implicit measures— whether, during an interaction with a robot, a participant is in the intentional
or design stance mode. It might be beneficial for the interaction to online adjust behavior of the robot in
order to elicit one or the other stance, dependent on the current needs (if a robot needs to be received as a
social entity, it might modify behavior to evoke adoption of intentional stance, or, if it needs to be perceived
instrumentally as a tool for a given task, it might behave in a manner that evokes the adoption of the design
stance). Such online adaptation of behavior is of course still in the realm of fantasy, but the goal of
identifying neural or behavioral correlates of adopting the intentional stance is within the research agenda
for the near future.

Conclusions

Artificial agents, and humanoid robots specifically, are likely to be increasingly present in the human social
environment. It is plausible that designing the robots in a way that evokes adoption of intentional stance
towards them might facilitate social attunement and their integration into society. We postulate that in order
to make this happen in a proper way, we need to use the methods of experimental psychology and cognitive
neuroscience in natural, but experimentally controlled, human-robot interaction protocols. In the process of
developing robots with social capabilities that attune well with humans and potentially evoke adoption of
intentional stance, we should actively discuss societal impact of such technology, and address potential issues
with reason and appropriate scientific methods.
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