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Abstract The paper develops a general conceptual framework for the ontologi-
cal classification of human-robot interaction. After arguing against fictionalist in-
terpretations of human-robot interactions, I present five notions of simulation or
partial realization, formally defined in terms of relationships between process sys-
tems (approximating, displaying, mimicking, imitating, and replicating). Since each
of the n criterial processes for a type of two-agent interaction ℑ can be realized
in at least six modes (full realization plus five modes of simulation), we receive
a (6n × n)× (6n × n) matrix of symmetric and asymmetric modes of realizing ℑ,
called the ‘simulatory expansion’ of interaction type ℑ. Simulatory expansions of
social interactions can be used to map out different kinds and degrees of sociality in
human-human and human-robot interaction, relative to current notions of sociality
in philosophy, anthropology, and linguistics. The classificatory framework devel-
oped (SISI) thus represents the field of possible simulated social interactions. SISI
can be used to clarify which conceptual and empirical grounds we can draw on to
evaluate capacities and affordances of robots for social interaction and it provides
the conceptual means to build up a taxonomy of human-robot interaction.

Key words: social ontology, classification of social robots, sociality, types of sim-
ulated interaction, taxonomy of human-robot interaction

1 Introduction

At first blush, the notion of a ‘social robot’ does not seem to make much sense. If we
use prototype semantics to interpret the terms involved, we end up with a category
mistake–the currently prototypical robot, i.e., the industrial robot performing repet-
itive movements irrespective of context, is not the kind of entity that could engage
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in prototypical social interactions such as reaching an agreement or meeting for a
cup of coffee. If we set prototype semantics aside and turn to explicit definitions,
matters do not seem to improve at all. For, on the one hand, researchers in “social
robotics” advise us to abandon all hope with regard to conceptual fixations within a
fast changing field–“the concept of robot is a moving target, we constantly reinvent
what we consider to be robot’” (Dautenhahn, 2014). On the other hand, while the
term ‘social’ still is taken to be amenable of definition, so far there is only a research
path towards a comprehensive account of human sociality but not yet a theory with
stabilized terminology. Research on social ontology in philosophy is yet to come
into full contact with efforts by anthropologists, linguists, psychologists, and cogni-
tive scientists to create an integrated study of human sociality (Enfield and Levinson,
2006). In short, we have only begun to determine, based on conceptual and empir-
ical research, what could or should be understood by the qualifier ’social,’ and the
class of items we wish to qualify with this yet rather vague predicate–the reference
class of ‘robots’–is under construction, even constitutively perhaps.

This is an unusual situation. The philosopher’s uneasiness can only increase,
however, upon reading that a ‘social robot’ is designed to enable people to “interact
with it as if it were a person, and ultimately as a friend” (Breazeal, 2002, p.xi). This
one-liner nicely encapsulates three assumptions that, from the philosophical point
of view, raise conceptual issues of breath-taking significance.

The first issue concerns the idea that human-robot interactions could qualify as
instances of social interactions–are we justified in applying the term ‘social inter-
action’ even when the relevant capacities for sociality are not distributed symmetri-
cally over the interacting systems? In short, could there be, in principle, asymmetric
social interactions?

The second issue centers on the type of capacities that robotic systems could
possibly exhibit. Given the current state of robotics, most of those capacites that we
consider distinctively human, such as linguistic communication and intelligent be-
havior, are merely approximated by robotic systems. But can capacities for sociality
at all be approximated? Which degrees and kinds of approximation are admissible,
and can robots have the relevant approximative capacities?

The third issue concerns differences in the normative dimension of classifica-
tory predicates. The predicates (i) x is a y and (ii) x can be interacted with as if it
were some y carry different semantic restrictions and signal different practical im-
plications. Will the practice of human-robot interaction change the semantics and
normative significance of ascriptive predicates (e.g., x is a person), i. e., will we
come to allow for anything normatively to count as a person if our interactions with
it resemble interactions with a person?

The philosophical debate about social robotics so far has concentrated on eth-
ical and moral aspects, either sidestepping conceptual issues or addressing them
obliquely within a specific context of application. This focus made good sense,
given that the basic design idea of social robotics, i.e., the program of building
artifacts that engage humans in interaction types that we used to reserve for hu-
mans only, generates a host of urgent questions of policy and legislation. Up until
recently philosophy of social robotics mainly engaged in “roboethics” (Veruggio,
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2006) understood as an area of applied ethics that discusses benefits and disvalues
of social robotics applications in elderly care, schools, or therapeutic contexts (cf.
e.g. Sullins, 2008; Sharkey and Sharkey, 2012; Sparrow and Sparrow, 2006; Coeck-
elbergh, 2010; Vallor, 2011).

Increasingly, however, the scope of robo-ethics has widened to take up gen-
eral methodological issues, exploring the challenges of social robotics to traditional
paradigms of moral agency and moral patiency (cf. e.g. Gunkel, 2012; Coeckel-
bergh, 2012). As these investigations bring out clearly, supported by empirical re-
search on human-robot interaction (cf. e.g. Kahn et al, 2004a), the phenomenon of
human-robot interaction contains conceptual ambiguities that are directly linked to
ethical judgments.

We need to conceptually clarify the phenomenon of human-robot interactions
in all its diversity, in order to make progress in the professional and public ethical
debate about social robots. But which methods should we apply if the traditional
essential differences between res extensa versus res cogitans are dissolving? Post-
phenomenological philosophy of technology recommends the radical step of aban-
doning ontology. However, there are good epistemological reasons, in my view, why
roboethics should rely on both empirical research and ontology to provide a fine-
grained analysis of human-robot interactions. Since public policy and legislation
are guided by ethical recommendations, it is problematic if ethical recommenda-
tions are based on subjective impressions about what a robot ‘is’ or ‘is not’–it may
be presumptuous, for example, to suggest without more detailed ontological and
empirical investigations that human interactions with carebots are “too undignified
for a human to enter into” since carebots are “totally inadequate surrogate prod-
ucts”(Danish Ethical Council, 2010). There is increasing empirical evidence that in
certain contexts of therapy and caretaking (e.g., autism and dementia) humans ben-
efit more from the interaction with robots than from human interaction (Cabibihan
et al, 2013; Leyzberg et al, 2011).

More generally speaking, the Western democratic conception of political author-
ity is grounded in the epistemology of discourse-theoretic validation; ethical judge-
ments are to be warranted by ‘rational discourse,’ which in turn presupposes norma-
tive classifications that are established by intersubjective methods of empirical and
theoretical inquiry. When postphenomenologists dismiss “ontology” in favor of a
postphenomenological or “relational” approach focused on subjective ‘takings-as,’
they miss out on an important ally that can translate the “relational approach” into
the conceptual format needed for the sort of rational discourse that in Western so-
cieties still counts as epistemic warrant for ethical and political decision making.
While–correctly, in my view–ridding themselves of the murky bathwater of tra-
ditional realist substance-attribute’ ontology, postphenomenologists inadvertently
throw out the baby of pragmatist analytical ontology, which alone is currently capa-
ble of developing sufficiently differentiated and intersubjectively justifiable norma-
tive classifications of interactions.1

1 Note that pragmatist analytical ontology is not committed to the facticity or even the possibility
of rational discourse, just to its utility as regulative idea and regulated praxis.
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The following considerations, written from the perspective of pragmatist analyt-
ical ontology, are intended to offer clarifications and classificatory tools that should
prove useful for the ethical debate about social robotics applications. In addition, the
conceptual distinctions offered below may also have heuristic value for the design
of empirical studies of human-robot interactions, especially when undertaken in the
context of research on social cognition. I will outline a conceptual framework on the
basis of which any extant and future type of human-robot (and human-human) inter-
action can be classified, so that a comprehensive and detailed taxonomy of human-
robot interactions can be built up incrementally.

I begin in Section 1 with a brief reflection on the predication contexts ‘x treats y
as z,’ ‘x interacts with y as if it were z,’ and ‘x takes y as z.’ As I explain, these con-
texts not only govern different modes of constructionality (make-believe, fiction-
ality, conventionality or ‘social reality’) they also behave differently with respect
to precisely those ascriptive terms that social roboticists are wont to use in their
descriptions of human-robot interactions. I argue that for conceptual reasons we
cannot adopt the–temptingly easy–strategy of treating human-robot interactions as
fictionalist analogues to human-human interactions. Thus we are saddled with what
I call the ‘soft problem in the ontology of social robotics,’ namely, the problem of
how to describe human-robot interactions, from a second-person and third-person
point of view, given that our concepts for human social interactions as such are
inapplicable. I suggest addressing the soft problem by developing a theory of simu-
lated social interaction. In Section 2 I set out on this task and define five notions of
simulation, formulated as relationships between process systems: replicating, imi-
tating, mimicking, displaying, and approximating. In Section 3 I sketch how these
distinctions can be used to define for each interaction concept ℑ a “simulatory ex-
pansion” of ℑ and show how the latter can be used to characterize human-robot
interactions. In Section 4 I address the question of which sorts of simulations of a
social interaction ℑ can qualify as a social interaction. Given that we currently have
not one but several competing notions of sociality, I suggest that we should abandon
the idea of a dualist distinction between social and non-social interactions; rather,
we should conceive of sociality as a matter of degree. I show how we can use the
notion of a simulatory expansion of a social interaction ℑ to create a taxonomy for
human-robot interactions. As I shall explain, this taxonomy promises to enable us
to address two tasks in one go. On the one hand, it should be possible to integrate
within this taxonomy competing accounts of sociality with more and less restric-
tive requirements. On the other hand, with the descriptive tools of the taxonomy we
can create a comprehensive conceptualization of simulated sociality that allows for
differentiated descriptions of human-robot interactions from a second-person and
third-person point of view.
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2 Against fictionalist deflations of robot sociality

Social robotics creates a practical space that we currently have great difficulty con-
ceptualizing. While adults interacting with social robots display signs of conceptual
disorientation, children tend to resolve the conflict pragmatically by using contex-
tual categorizations of robots (‘alive enough to be x’), or hybrid categorizations
(‘mechanical yet with feelings,’ cf. Bernstein and Crowley 2008), or practically re-
late to robots in ways that conflict with the chosen categorization (cf. Clark, 2008;
Turkle, 2011). While most researchers might agree that we need a new ontological
category (cf. Kahn et al, 2004b) in order to conceptualize human interactions with
‘social robots’ so-called, it is currently far from clear how we should go about this
task. Do we need a new concept for the item we are interacting with, the robot, as
a new sort of artificial ‘living thing’? Or, leaving the robot in the familiar category
of machines, do we need a new concept for our responsive dispositions for interact-
ing with such machines, e.g., as dispositions for machine sociality? Or should both
relata, robot and human, retain their traditional conceptualizations and should we
introduce a new sort of relation between them: fictional social relations?

These are three basic strategies that traditional substance-attribute ontology has
to offer, as well as various combinations thereof. Once we abandon the traditional
substance paradigm, however, new systematic options for categories come into view.
In this paper I will suggest quite a different line of approach, however. It is not one or
two new ontological categories that we need in order to conceptualize human-robot
interactions, I shall argue, but an entire new classificatory framework for simulated
social interactions. In order to motivate this approach I will begin with some general
remarks on the idea that human-robot interactions could be fictional social interac-
tions.

Humans interact with their environment not only (i) physically but also (ii) sym-
bolically, i.e., representing physical features, and (iii) ‘figuratively,’ i.e., assigning
to representations of physical features new interactive significances. Consider the
following three types of ‘figurative’ interactions of a human with her or his envi-
ronment (an object, another human, an event etc.),2 which I introduce here together
with their characteristic linguistic forms, i.e., linguistic expressions that are typi-
cally used in descriptions of the participant, who experiences the interaction from
a second-person point of view, and descriptions of an observer from a third person
point of view, respectively.

1. Make-believe or pretend-play. The participant describes the object she is inter-
acting with according to the interpretational rules of the make-believe scenario
(e.g., ‘I tied my horse to a branch’), and the observer describes the interaction as
make-believe scenario (e.g., ‘she treated the stick as a horse’).

2. Fictional interaction. The participant describes the interaction in accordance with
the conventions of the fiction (e.g., ‘I greeted the king and was admitted to the
court’), the observer describes the participant’s behavior together with its signif-

2 For the sake of simplification I shall throughout this paper assume that an interaction has just two
participants (i.e., two human participants, or a human and a robot).
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icance relative to the conventions of the fiction (e.g., ‘she bowed as if she were
greeting a king and he moved his head and right hand as if he were admitting her
to approach’).

3. Socially instituted interaction. The participant describes the interaction in accor-
dance with extant social conventions (e.g., ‘I showed him the receipt’) and the
observer describes the participant’s behavior and its social significance (e.g., ‘she
handed him a piece of paper that counts as proof of payment’).

Observer descriptions of make-believe scenarios are linguistically typically signaled
by the phrase ‘x treats (considers) y as z (or: as if it were z),’ while fictional inter-
actions are typically described by ‘x interacts with y as if it were z,’ and socially
instituted interactions are typically characerized by the phrase ‘x takes (object or
interaction) y to count as z.’3

With these distinctions in mind, let us now consider the following formulations
of the design goals of social robotics and descriptions of human-robot interactions,
respectively:

[1] We interact with [a sociable robot] as if it were a person, and ultimately as a friend
(Breazeal, 2002, p. ix).

[2] Ideally, people will treat Kismet as if it were a socially aware creature with thoughts,
intents, desires, and feelings. Believability is the goal. Realism is not necessary (ibid.p. 52).

[3] This also promotes natural interactions with the robot, making it easier for them to
engage the robot as if it were a very young child or adored pet (ibid. p. 100).

[4] I find people willing to seriously consider robots not only as pets but as potential friends,
confidants, and even romantic partners (Turkle, 2011, p.26).

[5] ”...social robots–the class of robots that people anthropomorphize in order to interact
with them” (Breazeal, 2003, p. 167).

Formulations [2] and [4] describe human-robot interactions as make-believe scenar-
ios where an object is treated as something else, or as if it were something else. Hu-
mans mainly engage in make-believe projections during childhood (pretend play),
but many people allow themselves to entertain the special type of anthropomorphis-
tic make-believe projections also in adult life, as a form of conscious, self-ironic
sentimentality. Formulation [5] explicitly clarifies that the design of social robotics
consciously targets our capacities and dispositions for anthropomorphizing make-
believe projections.

Very little indeed is needed to anchor such projections and to allow us to treat an
object as a human being or as a companion. You may treat the tree in front of your
window as the master of the garden just because it overshadows all other plants of
the garden, and you may treat your car as your companion or adversary just because
its start-up performance in difficult weather resembles reliable or malicious actions.4

3 For the sake of the argument in this section I operate here with a simplified version of Searle’s
definition of social reality: ‘For all kinds Z, instances of kind Z is part of social reality iff there are
X, Y, and C: X takes Y to count as a Z in circumstances C,’ cf. Searle 2009.
4 Here I bracket the question whether ‘anthropomorphizing’ is the right label for make-believe pro-
jections of this kind. Treating something as companion or foe does not necessarily imply treating
it as human being. Especially if one applies the ‘non-exceptionalist’ notions of sociality I discuss
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Projections of make-believe (‘treating x as if it were y) are based on physical or
functional similarities or analogies between, on the one hand, features or doings of
an intentional agent, and, on the other hand, static or dynamic features of a natural
or artificial item (Walton, 1990). Fictional interactions are also based on similarities
or analogies, but there is an important difference between ‘treating some x as if it
were to do y’ and ‘interacting with x as if it were y.’ When I treat my car as com-
panion and greet it, the car does not perform any distinctive behavior in return; in
contrast, a NAO-robot reacts to a human greeting with greeting behavior, or even
autonomously displays greeting behavior to elicit a human greeting. In other words,
make-believe scenarios typically are one-sided analogical projections where only
the human agent involved executes the actions in the template of actions and re-
actions that define the interaction. In contrast, in fictional interactions both agents5

behave in ways that resemble the actions and reactions prescribed by the interac-
tion template. Typically we connect fictional interactions with role-play, where the
relevant fictional conventions are understood by all agents involved. But a fictional
interaction can also be said to take place even if one of the agents is not conscious
or is not aware of any convention of fictionality being in place. For example, as long
as the behavior of my dog resembles a greeting or as response to my greeting, one
can say that I interacted with him as if we were greeting each other; and as long as
the behavior of a hypochondriac resembles pain relief after medical treatment, one
can say that by administering a placebo I interacted with him as if he were in pain.
In short, whether a scenario is make-believe or a fictional interaction depends on
whether the agents engender occurrences that resemble the actions and reactions of
an interaction template.

Applying these considerations to quotations [1] through [5] above, human-robot
interactions are described as make-believe in [2], [4] and [5] (here explicitly), and
as fictional interaction in [1] and [3] (in the context of this passage Breazeal ex-
plains that her robot Kismet is programmed to produce behavioral patterns that
make it more “natural” for people to interact with it “as if it were a very young
child or adored pet”). None of the quoted announcements of the design goals of
social robotics use formulations that are the characteristic indicators of social ac-
tions, i.e., the movements of the robot are not supposed to be ‘taken as’ or to ‘count
as’ certain actions, nor are the participating humans said to exhibit behavior that
‘counts as’ an action with social significance. In other words, the quoted passages
do not describe human interactions with robots as scenarios where a social action
de facto occurs.

In comparison with other descriptions of the design goals of social robotics in
terms of intentionalist vocabulary, where robots are said to “perceive” their envi-

below, one might argue that even though human beings are the primary instances of social actors,
our long-standing practice of projecting social roles onto natural things and artifacts is a way to
‘socialize’ the world, not to ‘anthropomorphize’ it.
5 Throughout this paper I use the term ‘agent’ in the broad disjunctive sense where it refers either
to agents proper, i.e., conscious living things that can act on intentions, or to inanimate or living
items that are causal origins of events that resemble (and thus can be treated as) actions, i.e., the
doings of agents proper.
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ronment or even are said to be “aware” of it,6 the strategy of using linguistic forms
that express the fictional irrealis of sociality rather than the realis may seem a very
useful device of professional caution. But upon a closer look any attempt to deflate
the question of robot sociality by using social vocabulary in fictionalist embeddings
are bound to be unsuccessful, as I shall argue now.

Consider again formulation [1]. Could we ever interact with anything ‘as if it
were a person’? As just mentioned, both make-believe and fictional interaction are
based on resemblances or analogies between descriptive aspects of entities and in-
teractions. But the predicate ‘person’ is not a descriptive predicate. When we call
an entity a person, we thereby make certain commitments in the performance of
that very utterance–we are not describing features but announce that certain com-
mitments are undertaken. The performative-ascriptive use of language is not limited
to promises and explicit declarations–it pervades our vocabulary for social interac-
tions. Importantly, performative-ascriptive predicates cannot be embedded in con-
texts with fictionality markers. One cannot perform a linguistic-pragmatically and
conceptually coherent speechact by uttering ‘It is as if I hereby promise you...,’ nor
‘what I will say now is a bit like a promise...’ Similarly, if we treat some x as a
person we are committed to taking x to count as a person–that is, assuming that we
wish to abide by linguistic norms and the actions they entail, we must interact with
x as a person.

This is due to two facts of social reality.7 The first fact is that commitments are
strictly ‘bivalent’–they are either undertaken or they are not undertaken; pretend-
ing to undertake a commitment is simply to fail to undertake it. But if we cannot
make fictional commitments, we cannot make fictional promises, nor can we inter-
act with someone as if she were a person. At best we can commit ourselves to treat
an occurrence as having a certain special significance within a fictional context, but
this is a real commitment to abide by special interpretational conventions.8 Making
a promise or treating someone as a person are real social interactions by virtue of
engaging in a certain declarative practice (e.g., by uttering a sentence) which is the
process of taking on the relevant commitments. If we address an infant as a person,

6 Cf. Fong et al 2003, p.145
7 In the context of this paper I take it that these two facts are self-evident elements of the ‘logic’ of
social practices; a more detailed discussion of the semantics of fictional discourse in application to
the performative-ascriptive predicates for social and moral roles is in preparation.
8 A promise given by a fictional character of a stage play–e.g., Romeo’s promise to Juliet to return
the following night–is a behavior that counts as promise with respect to our actual social conven-
tions. But due to the referential shifts introduced by the context of the stage play, the actor playing
Romeo makes no commitment at all beyond the commitment to playing Romeo–the commitment
to return is not the actor’s fictional commitment but the commitment of the fictional character
Romeo. It is an act that in the context of the fiction counts as the promise of the fictional character
x that p–and in this the only coherent sense, I think, we can give to the idea of a ‘fictional com-
mitment.’ My views here benefitted from many discussions with Stefan Larsen, in the course of
his PhD project on the status of robot sociality, see Larsen (2016); Larsen offers a detailed inves-
tigation of the fictionalist conventions of the theatre and uses them as heuristic metaphor for the
description of human-robot interactions.



Towards an Ontology of Simulated Social Interaction 9

for example, we are making a full commitment to certain actions and omissions, in
accordance with rights and obligations.9

The second, more general reason for why one cannot make fictional commit-
ments are the performance conditions of social interactions. It is a constitutive fea-
ture of social interactions that the agents involved can only react to the enactment of
behavior since the other agent’s intentions as such are not directly accessible. The
agents of a social interaction ℑ take certain behaviors (their own and that of others)
to count as social actions of a certain kind (e.g., a greeting, answering, helping)
and thus to imply that the agents involved have the specific intentions associated
with ℑ. But the factual occurrence of these intentions is not part of performance
conditions for ℑ. To be sure, the action of greeting and the action of pretending to
greet are two different actions–but in the context of a social interaction the behav-
iors involved in each of these actions count as the same social action, since they
both fulfill the relevant performance conditions for the social action of greeting.
To emphasize, I am not prejudging here the issue of how to define sociality, i.e.,
which sorts of joint or reciprocal acts of intentionality should occur for a behav-
ior to count as social interaction ℑ in context C. I am making the pedestrian point
that it is an obvious requirement of social praxis that the performance conditions
of a social interaction–as opposed to its definition–must relate only to behavioral
criteria and cannot take intentional states into account.10 Often we criticize that a
social interaction was performed without the intentional state that according to the
concept of the interaction should have been part of it–we complain that someone
merely ‘went through the motions’ in his greeting or offered an insincere apology,
etc. Such charges about someone’s performing a social action inauthentically or in-
sincerely relate to the quality of the social action, not to the latter’s occurrence–we
do not question that the social interaction has been performed, but claim that it has
been performed badly.11

In combination the mentioned two facts of social reality–i.e., that commitments
are binary and that the performance conditions for social interactions relate to
norm-governed behavior and not to agentive intentions–preclude the possibility of
fictional social interactions. A fortiori, they rule out that declarative-performative
terms can be used in fictional contexts.

9 Significantly, describing a colleague’s interaction with his infant daughter Breazeal keeps the
fictional scope correctly focused on the descriptive predicate socially fully aware and responsive
[agent]’: ”Simply stated, he treats his infant as if she is already fully socially aware and responsive–
with thoughts, wishes, intents, desires, and feelings that she is trying to communicate to him as any
other person would” (Breazeal, 2002, p.30).
10 Unless one champions a purely behaviorist account of social interactions, the definition of a so-
cial interaction will include behavioral performance conditions, but also state additional conditions
relating to the agent’s intentions and understanding of norms.
11 Since the performance conditions for social interactions relate only to behavior and not to the
intentions of the agents involved, behaving as if one were to perform a certain social action A that
is part of a social interaction ℑ is tantamount to exhibiting behavior that counts as the relevant part
of social action ℑ. The agent might intend to perform another action, e.g., she might intend to do
B = [pretend doing A], but this does not detract from the fact that the performance conditions for
A have been fulfilled.
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In other words, for social interactions there is no fictionality gap. Fictionality
requires that the real and the fictional domain are in some fashion separated–that
there is a ‘gap’ between the two domains that is bridged by imaginative analogi-
cal reasoning, using the real as stand-in for the fictional (Walton 1990, 2005). We
may treat a stick as a horse or interact with a robot as if it were a “young child”
and yet remain fully aware of the difference in descriptive features between the real
stick and the imagined horse, or the robot and the imagined child, respectively. But
no such fictionality gap can be kept open for social actions and interactions. This is
most palpable when performative-ascriptive predicates are used or implied–whoever
addresses some x as a person, by that very utterance undertakes the relevant com-
mitments and thus takes x to count as a person, i.e., engages in a real social interac-
tion. It is important to see, however, that the fictionality gap collapses not only for
performative-ascriptive predicates but for all predicates for social actions and thus
obviates a fictionalist interpretation of human-robot sociality in general.12 From a
philosophical viewpoint it is thus a category mistake to assume that we can interact
with anything “as if it were a person.” The fictionalist interpretation of human-robot
interactions overlooks that we cannot drag social (inter)actions into the scope of fic-
tionality. We can create contexts of social interaction for fictional interactions, i.e.,
we can commit ourselves to respect the reinterpretations of a fictional domain, but
we cannot fictionalize our commitments. In short, there is social fictionality but no
fictional sociality.13

To summarize the observations in this sections, I have argued here that we cannot
treat human-robot interactions as fictional social interactions, i.e., as interactions
where humans engage in fictional commitments to a social interaction. While for
physical interactions there is a clear difference between the real and the fictional
interaction (e.g., pushing someone and behaving as if one were pushing someone)
due to physical dissimilarities, for social interactions the fictionality gap collapses.
A human’s actions towards the robot cannot be considered as a pretended social
action, since the performance conditions of social actions, i.e., the conditions for
the performance of a social action from a third-person point of view, are insensitive

12 In Seibt (2014b) I use the contrast ‘friend’ vs. ‘person’ to highlight the difference between
descriptive and performative-ascriptive terms–in hindsight, this was infelicitous, since even though
the term ‘friend’ is partly descriptive, the performative-declarative elements of the meaning of
friendship arguably are dominant. The predicates ‘friend’ and ‘person’ belong on the same side
and should be contrasted with (predominantly) descriptive predicates such as ‘child’ or ‘woman.’
13 That we cannot uphold a fictionality gap for social interactions is also implicitly reflected in con-
cerns about the expectable cultural change effected by social robotics. Authors who warn against
the pervasive use of social robots are not worried about humans losing themselves in realms of
fictionality. Rather, they fear a degradation of social interactions, due to an increased functional-
ization of social relations (cf. Sharkey and Sharkey 2012) where the performance of connection
seems connection enough” (cf. Turkle, 2011, p.26). The worry is that we increasingly will reduce
to definition of a social action to its performance conditions, i.e., that we will abandon our current
understanding that the concept of a social action comprises both conditions relating to behavior
and conditions relating to intentional states. While we currently criticize each other for performing
bad social actions by going through the motions, by not living up to the concept of the social action
in question, such criticism will vanish–or so the argument goes–and with it the social standards for
performing social actions well, i.e., sincerely.
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to the difference between authentic and pretended action. As convenient it might
seem to describe human interactions with a robot as fictional social actions, upon a
closer look such descriptions are conceptually incoherent.

This leaves us with what I call the ‘soft problem in robo-ontology.’ Once we
realize that we cannot use fictionalizations of familiar predicates for human social
interactions in order to describe human-robot interactions, we face the following
juncture. Extant philosophical definitions of social interactions determine that for a
social interaction to occur, all agents involved must have the capacities required for
normative agency, e.g., intentionality, consciousness, normative understanding.14

Thus, going by our standard philosophical definitions, we need to treat human in-
teractions with so-called ‘social’ robots as non-social interactions. Alternatively, we
need to develop new conceptual tools for forms of non-reciprocal or asymmetric
sociality, i.e., for social interactions where one agent lacks the capacities required
for normative agency.

In the following sections I will pursue the second route and outline a solution
to the ‘soft problem’ by devising a conceptual framework for simulated social in-
teractions. By analyzing forms of simulations and classifying types of interactions
parts of which are simulated, we can investigate in a differentiated fashion which,
if any, human-robot interactions can qualify as social interactions. As will become
apparent, I hope, discussing robot sociality in the terms of the suggested framework
can also advance our understanding of sociality in general.

3 Five notions of simulation

The ‘soft problem of robo-ontology’ introduced in the previous section is best ad-
dressed, in my view, by devising a conceptual framework that is rich and discrimi-
native enough to describe human-robot interactions at all stages of research devel-
opment in robotics. The first step towards developing such a framework is to clarify
the notion of simulation.

As we commonsensically understand the term, the predicate ‘simulate’ states a
relationship between occurrences. In order to describe the denotation of the predi-
cate more precisely, I suggest using a process ontology, i.e., an ontology that counte-
nances processes among the basic categories. The following definitions are drafted
on the background of a mono-categoreal process ontology called General Process
Theory, but in the context of this paper it can remain open whether the embedding
ontological framework has other basic categories, and how the explanatory predi-
cates of the ontological theory (e.g., ‘emerges,’ ‘is part of,’ or ‘is an instance of’)

14 For an overview of these requirements of standard accounts of social interaction see Hakli
(2014). Hakli discusses what I call ‘the soft problem’ in a differentiated fashion that also involves
larger epistemological perspectives on conceptual change and the conventionality of conceptual
contents.
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can be defined more precisely.15 Since in General Process Theory processes are
non-particulars, I shall use ‘process’ and ‘process type’ interchangeably.

Let ‘C’ and ‘C*’ stand for processes or collections of processes. A collection
of processes can occur in such a way that (i) other processes ‘emerge’ (in the pe-
riod during which the collection occurs) or else (ii) without such ‘emergent prod-
ucts.’ Thus we can distinguish two sorts of co-occurrent collection of processes, (i)
complex processes and (ii) collections of processes. Both complex processes and
collections of processes may have themselves complex processes (or collections of
processes) as parts. If a process system Σ is a collection of processes, the occurrence
of C and C* is merely a mereological sum, i.e., Σ = sum(C, C*). In contrast, if a pro-
cess system Σ is a complex process, then there is a basic process, the interaction I of
C and C* that emerges from the interference of C and C*, i.e., Σ = I(C, C*).16 Both
complex processes and collections of processes may be parts of complex processes
or of collections of processes.

The distinction between a complex of processes and a collection of processes will
become relevant below when we consider alternative classifications of processes.
For example, if Kim works on a production line next to an industrial robot, she might
take herself to work alongside of the robot, treating the robot as a feature of the
production line, or she might take herself to work with the robot in a collaborative
situation. This difference will matter when we discuss differences in classifications
of social interactions from first, second, and third-person points of view.

In order to allow for such further distinctions the following definitions for modes
of simulations are formulated in such a way that they can be applied to process
collections with arbitrary dynamic organization. That is, the following relationships
may hold for process systems Σ and Σ* if these are parts of a mere collection of
processes, occurring ‘alongside,’ but also if Σ and Σ* are parts of a complex process,
i.e., parts of an interaction.

The five relationships of simulation I will distinguish here are five ways of devi-
ating from a common baseline, which I call the realization of an action17:

Definition 0 (Realization). For any process type A, process system Σ realizes A iff
Σ generates an instance of A.

For present purposes, let us say that a process system Σ generates a process α just in
case α is a (possibly emergent) part of Σ , and that α is an instance of process type
A just in case α fulfills all (functional and non-functional) occurrence conditions Fi

15 Relevant technical details, especially also on the part-relation for processes I shall use in the
following definitions, can be found in Seibt 2005, 2009, 2014a.
16 For details cf. Seibt 2014a.
17 The following five definitions are simplified–and, I hope, thereby improved–versions of those
presented in Seibt 2014b. – In the following I use capital letters as variables for process types
and Greek letters as variables for instances of a process type. Note, though, that in General Pro-
cess Theory there are, strictly speaking, no ‘instances’ or ‘tokens’, since I consider the type-token
(kind-instance) distinction to mark extremal regions on a gradient scale of specificity; in order to
simplify the exposition here I stay with the traditional idiom and speak of highly specific, localized
processes as instances (tokens) of kinds (types) of processes.
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for A.18 For example, two people reading next to each other each realize instances
of the action type reading.

Any two instances of a process type A differ with respect to at least one aspect
that is not among the occurrence conditions Fi for A, e.g., its location. If a process
α fulfills all functionally relevant occurrence conditions of A but fails to fulfill at
least one the non-functional occurrence conditions of A (e.g., conditions of A’s bio-
chemical realization), α is no longer an instance of A but an instance of a process
type that is functionally equivalent to A. Deviations from non-functional occurrence
conditions are the hallmark of the first and strongest mode of simulation.

Definition 1 (SIM-1, Functional replication). For any process type AP realizable
by process system Σ , process system Σ* functionally replicates AP iff Σ* realizes
a process type C that is distributively functionally equivalent to AP, or Σ* realizes
subprocesses D1...Dn of C that are distributively functionally equivalent to all sub-
processes B1...Bn of AP.19

Let me unpack this definition. First, the disjunctive clause in the righthand side
of SIM-1 is to ensure that the definition covers simulations of and by (i) simple
processes, (ii) complex processes, as well as (iii) collections of processes. Second,
processes X and Y are distributively functionally equivalent iff for each part of X
there is an input-output equivalent process that is part of Y. Third, the parthood rela-
tion on processes is not the transitive parthood relation that holds for spatiotemporal
regions, i.e., it is not the case that every part of the spatiotemporal region occupied
by a process X is a part of X. Rather, parthood on processes is a non-transitive and
context-dependent relation (Seibt 2014a). Claims about parts of a process A are thus
always to be understood in relation to a finite partition P that states the mereologi-
cal structure of A. In order to highlight that claims about functional replication–and
other modes of simulation–are relative to a given finite partition of the simulated
process type, a subscript ‘P’ is added to the variable of the process type, i.e, ‘AP’.
For example, relative to a fine-grained partition for the process type A = teaching
math, only an imaginary close-to-perfect android such as Star Trek’s Mr. Data could
functionally replicate A = teaching math; on the other hand, relative to a coarse-
grained partition of A = initiating a conversation one can claim that even present-
day educational robots such as Aldebaran’s NAO-robot functionally replicate A.

18 For present purposes I must rely on an intuitive understanding of the theoretical predicates
‘functional’ and ‘non-functional’; a more precise statement of the envisaged distinction is quite
involved, especially from within a naturalist metaphysics where all properties, even qualia, are in
some sense ‘functionalized.’– Here I am also neglecting specific issues of realizations that arise
when the process in question is an action and intentional scope comes into play. In Seibt (2014b) I
formulate the right-hand side of the biconditional as a disjunction: action A is realized by a process
system Σ if the system generates an instance of A or if Σ realizes instances of all subprocesses
B1...Bn of A. The disjunctive formulation is to account for variations in intentional scope, e.g.,
the difference between the holistic performance of an action by an expert versus the summative
performance of the same action by a novice.
19 More precisely the definiendum should be formulated as: ‘process system Σ* functionally repli-
cates AP as realizable in Σ ’; here and in the following definitions I take this restriction to be
understood.
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The definition of functional replication demands maximal similarity of functional
structure (to reemphasize: relative to a given partition of the simulated process type).
The second mode of simulation, here called ‘imitation,’ loosens this constraint by
reducing the requirement of distributed input-output equivalence, i.e., input-output
equivalence along all parts of the simulated process, to a requirement of input-output
equivalence for most parts. Let us say that processes X and Y are functional ana-
logues iff all non-ultimate parts of X have functional equivalents in Y (where a ‘non-
ultimate’ part of X is any part that has a part in the partition of X). In other words,
processes X and Y are functional analogues just in case they are input-output equiv-
alent and have similar (though not maximally similar) functional structure. Aiming
again, as in SIM-1, for a definition that can cover simple and complex processes
as well as collections (complexes) of processes, we can define a second mode of
simulation as follows:

Definition 2 (SIM-2, Imitation). For any process type AP that has non-ultimate
parts and is realizable by process system Σ , process system Σ* imitates AP iff Σ*
realizes a process type C that is a functional analogue of AP, or Σ* realizes sub-
processes D1...Dn of C that are functional analogues of all immediate subprocesses
B1...Bn of AP.

For example, let us assume that the partition for the process A = fetching new linen
when commanded lists among the parts of A the process B1 = reacting to a com-
mand which has as non-ultimate parts B2 = classifying type of speech act and B3 =
analyzing semantic content. Relative to this partition, Aethon’s TUG robot, a mo-
bile, self-navigating delivery device for hospitals that is activated by touchscreen
input, cannot be said to functionally replicate process fetching new linen when com-
manded, since TUG does not generate processes that are functionally equivalent to
B1, B2, and B3. But TUG generate a process that is functionally analogous to B1, B2,
and B3, and thus can be said to imitate A. Or again, to illustrate the second disjunct in
SIM-2, a multi-robot system of Kilobots imitates the group process A = forming a V-
shape since the immediate subprocesses of A as realized by, e.g., a swarm of birds,
i.e., the local interactions between neighboring birds, have functional analogues in
the programmed interactions between the kilobots.

The third mode of simulation, which I call ‘mimicking,’ further relaxes the re-
quired input-output equivalence of simulating and simulated process. For the pur-
poses of social robotics, one might argue, the first two modes of simulation are
not really relevant since it does not matter whether two processes are input-output
equivalent in all regards–all that matters is input-output equivalence relative to the
capacities of human observation. Let us say that process Y is an empirical proxy of
X iff for any observable part of X there is a part of Y that is observably input-output
equivalent. A process may then be said to be an empirical proxy of another even if
there are considerable deviations in functional structure.

Definition 3 (SIM-3, Mimicking). For any process type AP that has observable
parts and is realizable by process system Σ , process system Σ* mimicks AP iff Σ* re-
alizes a process type C that is an empirical proxy of AP, or Σ* realizes subprocesses
D1...Dn of C that are empirical proxies of all immediate parts B1...Bn of AP.
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For example, Hiroshi Ishiguro’s Geminoid robots, which are physical copies of the
bodies of particular people, can be said to mimick some human facial movements,
e.g., rolling one’s eyes or smiling, since–or so we may assume for the sake of the
illustration–these artifical facial movements are empirically indistinguable, down to
their smallest observable phases, from their real counterparts in a human face.

By ways of contrast, consider Cynthia Breazeal’s robotic head Kismet. Kismet
also moves some of its components (called Kismet’s ‘ears,’ ‘lips,’ ‘eyebrows,’ and
‘eyelids’) in ways designed to be interpretable as expressions of surprise, delight,
disgust, sadness, etc., but here the observable similarity with human expressions
of these emotions is reduced to some typical elements. Kismet performs the facial
movements familiar from cartoons and animations, and like these it exploits our ten-
dency to ‘anthropomorphize’ our environment.20 When Kismet and similar social
robotics applications are designed in ways that capitalize on the human tendency to
‘anthropomorphize,’ the following mode of simulation is targeted.

Definition 4 (SIM-4, Displaying). For any process type AP that has parts and is
realizable by process system Σ , process system Σ* displays AP iff Σ* realizes sub-
processes D1...Dn of C that are empirical proxies of all and only typical immediate
parts B1...Bn of AP.

Which parts B1...Bn of a process A are ‘typical’ for A in the sense that a human
being will take the occurrence of empirical proxies of these parts as an indication
for the occurrence of A I take to be context-dependent; but note that some relevant
aspects of Gestalt perception may be innate and some typical cues for behavior that
steer the dynamics of social interactions, such as pointing and gaze-following, may
be culturally universal (cf. Enfield and Levinson (2006)). Thus claims about the
displaying of a process A in the sense of SIM-4 are relative to a partition P whose
nodes are annotated for typicality.

Displaying is the target mode of simulation for social robotics applications that
belong into the genre of entertainment technology, where smooth social interactions
are instrumental for the primary design goal of engaging the user in a game. For
example, Sony’s robotic dog AIBO can be said to display a dogs greeting or a dog’s
invitation to play.

20 As noted above, fn. 4, instead of ‘anthropomorphizing’ we should rather speak of a human
tendency to ‘socialize’ the environment. Above I pointed out that the performance conditions for
human social behavior cannot take intentional states into account. The phenomenon we commonly
call ‘anthropomorphizing’ indicates, I think, that the performance conditions for social behavior
operate with observable criteria that are schematic, involving generic Gestalts. As it appears, judg-
ing from our practices of interpretation, the upward position of the corners of a mouth does not
need to be an intentional smile to count as a smile, nor does it need to resemble a human smile
in all regards–a mouse can smile, and so can a sponge, a car, or a tree. That we use such general
observable indicators of socially relevant actions and emotional states could be explained in evo-
lutionary terms as follows. Surely it is preferable for humans to risk erroneous inclusions into the
space of social interactions rather than erroneous exclusions; if we mistake something for a social
agent, the error can be corrected without incurring social repercussions, but if we fail to recognize
a social agent as such, this would amount to a social offense.
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Other applications, especially in the area of assistive technology where special
cooperative efforts on the side of the human can be expected, may settle for the fifth
and ‘poorest’ mode of simulation:

Definition 5 (SIM-5, Approximating). For any process type AP that has parts and is
realizable by process system Σ , process system Σ* approximates AP iff Σ* realizes
subprocesses D1...Dn of C that are empirical proxies of only some typical immediate
parts B1...Bn of AP.

For example, the robotic seal PARO approximates process type A = a cat’s purring
by creating empirical proxies of some typical subprocesses of A such as physical
vibrations and sounds of the right wave lengths (but fails to create empirical proxies
for other typical subprocesses of a cat’s purring, such as the relaxation of muscle
tone).

This concludes the distinctions in modes of simulations I wish to suggest here;
further distinctions could be added if necessary. As the reader will have noticed,
the definitions provided are not exact–they rely on a number of vague predicates
(‘functional,’ ‘observable,’ ‘typical’). In addition, they contain a context-relative pa-
rameter: the partition of a process. But, I submit, they capture five relevant intuitive
notions of simulation: simulation as ‘a process with the same structure occurring in
a different medium’ (functional replication), simulation as ‘a process with similar
structure that yields the same results as the original process’ (imitation), simulation
as ‘a process that yields the same observable results as the original process’ (mim-
icking), simulation as ‘a process that yields the same relevant observable results as
the original process’ (displaying), and simulation as ‘a process that we can treat as
observably similar to the original process’ (approximating).

To illustrate how one might use these distinctions to clarify the capacities of
robots, consider the robot Leonardo, created by Brian Scassellati (Scassellati, 2002).
Leonardo is programmed to produce, for a restricted interaction context, a represen-
tation of the beliefs and intentions of the person it is interacting with, to the extent
that it can pass an empirical test for the capacity of ‘false belief-attribution,’ the so-
called ‘Sally-Ann test.’ In the philosophical discussion about sociality, false-belief-
attribution counts as a prime example for social cognition. Given that Leonardo
passes the Sally-Ann test, precisely what has been simulated: the Sally-Ann test,
false-belief attribution, or even social cognition?

To bring the above definitions to bear on this question, assume that we operate
with a partition Q for the process A = attributing-to-X-the-false-believe-that-p that
lists the process B = passing-the-Sally-Ann-test as one of the typical parts of A,
and as another typical part the process C = reacting-emotionally-to-the-belief-that-
p, belonging to the affective dimension of the theory of mind (cf. Kalbe et al 2010).
Then we should say that Leonardo does not replicate, imitate, mimick, or display,
but merely approximates false-belief attribution A–if conceptualized as AQ–since
Leonardo only realizes an empirical proxy for one of the processes that are typi-
cal for A. We cannot conclude from this that Leonardo thereby also approximates
social cognition, since even if false-believe attribution were a typical part of social
cognition, the empirical proxy of a typical part of X which is a typical part of Y
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is not an approximation of a typical part of Y. But assuming that we conceptualize
B, the passing of the Sally-Ann test, in terms of a partition P* that lists as typical
parts of BP∗ the processes D = uttering ‘p’ in response to queries about X’s belief,
E = applying certain inference schemata to p, F = uttering ‘r’ upon queries about
an object’s location in r, and G = tracing the locations of an object, we can say
that Leonardo mimicks the process of passing-the-Sally-Ann-test, since the robot
realizes processes that are input-output equivalent to all the typical parts of BP∗.

In sum, the five definitions highlight that there are different degrees of simula-
tion relative to structural and observable similarities. They also highlight that claims
about one process X simulating another process Y depends on how we describe (par-
tition) process Y. In the case of robotic simulations of human actions the following
inverse relationship holds. If action A is described in terms of a coarse-grained par-
tition that predominantly uses predicates for natural and functional process types
(e.g., uttering ‘p’ or inferring) a robot can be be said to simulate action A to a high
degree–it might be able to mimick, imitate, or even functionally replicate the action.
Vice versa, if a fine-grained partition is used to describe action A and if the partition
includes predicates for mental and reflectively normative process types (e.g., judg-
ing or noticing), a robot will likely achieve only low degrees of simulation–at least
relative to the current state of technology, it will only be able to display or approxi-
mate actions under such a description. The five definitions of modes of simulations
thus accommodate the description-dependency of claims about simulation while at
the same time allowing us to formulate simulation claims more precisely.21

4 Simulatory expansions of interactions

The next step in developing a conceptual framework for simulated social interac-
tions is to analyze the notion of interaction and relate the latter to the five modes of
simulation as previously defined. Since there is no ready-made theory of concepts
of interaction to draw on, let us set out with some preparatory reflections.22

The notion of interaction always signals a contrast to the mere co-occurrence of
a plurality of processes. In the terminology introduced in the previous section, an
interaction is a complex process as opposed to a collection of processes. However,
in common-sense and scientific discourse we use the concept of an interaction in
two senses. In its wide sense, the term denotes a complex non-agentive occurrence

21 The suggested classification of forms of simulation also should prove useful in the discussion
of design issues in social robotics. For example, we can use it to compare and evaluate robotic
simulations of an action AP in terms of degrees of simulation; here one might refine SIM-5 by
introducing degrees of approximation; or it may be used to plan design goals, e.g., in order to decide
whether there are any ethical reasons to aim for higher degrees of simulation than mimicking.
22 Apart from Aristotle’s conceptual analysis of interactions (cf. Gill 2004), the most important
source and resource for a future ontology of interactions is the work of Mark Bickhard, who com-
bines empirical and conceptual research to promote ”interactivism” both as a paradigm for em-
pirical research and as a comprehensive theoretical stance or metaphysical view; cf. e.g. Bickhard
2009a,b and his chapter in this volume.
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consisting of two or more non-agentive occurrences (often we use terms for objects
or forces to refer to occurrences involved in an interaction). In contrast, in the term’s
narrow sense, ‘interaction’ denotes an complex action consisting of two or more ac-
tions. For example, we use the wide sense when we describe corrosion (the forma-
tion of iron oxides) as an interaction between the physical processes that constitute
iron atoms and those that constitute oxigene atoms, or define cell metabolism as an
interaction between catabolic and anabolic processes. In contrast, a joint action that
two or more agents intend to perform as such, such as playing football, discussing,
carrying a table, or choire singing, is an interaction in the narrow, agentive, sense.

How do non-agentive interactions (wide sense) relate to agentive interactions
(narrow sense)? This is largely unexplored territory in ontology. The question
has been touched upon occasionally, e.g., when environmental ethicists consider
whether the agents of a collection of actions Xn are responsible for the unintended
interactive product of the processes that are, or result from, Xn (cf. e.g. Björnsson
2011; Petersson 2013). But currently we still lack a sufficiently comprehensive the-
ory of multi-agent actions that would relate complex actions, collections of actions,
complex non-agentive occurrences, and collections of non-agentive occurrences in
all possible combinations.

In particular, we lack theoretical concepts for interactions that cannot be sub-
sumed under either the wide or the narrow sense of interaction. Besides complex
non-agentive occurrences whose parts are non-agentive occurrences (the first, wide
sense), and complex actions whose parts are actions (the second, narrow sense),
there are complex processes which have both actions and non-agentive occurrences
as parts, and which may be either intended by an agent (third sense) or not intended
(fourth sense).

The third sense of interaction is the primary target in our present context. In ac-
cordance with the four different senses of interaction identified, let us speak of four
kinds of interaction–which each may be further differentiated into subordinate types
of interaction–and let subscripts (‘interaction1’ etc.) indicate which of the four kinds
of interaction is at issue. We engage in an interaction3 whenever we act in response
to natural processes that are generated or shaped by our actions. For example, a bas-
ketball player doing solo dribbling drills engages herself in an interaction3–the ball
bounces in response to her actions and vice versa. Similarly, playing a single-player
computer game can qualify as an interaction3 (at least if we consider the events on
the screen as natural processes rather than as the actions of the programmer). It is
important to note that interactions3 do not need to be initiated by the agent–consider
a dynamic flood response, by building dams here and opening channels over there,
performed dynamically in response to the spread and flow of the collecting waters.
However, whether initiated or not, it is a hallmark of an interaction3 that the agent in-
tends to perform it by performing the actions that are among its parts. Interactions3
thus resemble complex actions (interaction2), and I shall call them ’asymmetric’
complex actions.

With these preliminary considerations in place, let us now turn to defining the
two notions of interaction that are most relevant for present purposes.
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Definition 6 (Interaction2). A process system Σ is an interaction2 iff Σ is a com-
plex action AP and all parts of AP are (simple, complex, or collective) actions Bi.

Definition 7 (Interaction3). A process system Σ is an interaction3 iff Σ is a com-
plex action AP, some of the parts of AP are (simple, complex, or collective) actions
Bi, and some of the parts of AP are non-agentive (simple, complex, or collective)
occurrences Ci.23

Central for these two definitions is the distinction between actions and non-agentive
occurrences, which is notoriously difficult to define. In the present context we can
circumnavigate this difficulty by operating with the following simple condition. A
process AP is an action iff an agent can intend to do AP.

To illustrate that this condition is sufficiently discriminative, consider a proto-
typical interaction2, a strategic boardgame such as chess. Each ‘move’ of the game
is a process AP that one of the players intended to do (under the description AP) and
each player intends to participate in the game as an interaction2, i.e., each player
considers the processes executed by the other player as actions–as something that
an agent can intend to do. In contrast, when two musicians perform a duo, each
musician will react to sounds and phrases understood as non-agentive acoustic oc-
currences (one can intend to do what it takes to produce a certain sound on the
instrument, but one cannot intend to sound); nevertheless each musician intends to
bring about the interaction as complex process where the musician’s actions respond
to and influence sounds from another source. Thus a duo is the simultaneous occur-
rence of two interactions3, generated by two musicians.

These illustrations show, first, that the suggested requirement for actions is subtle
enough to dissociate the question ‘which parts of the interaction are actions?’ from
the question ‘which kinds of entities, humans or non-humans, cause the processes
that are parts of the interaction?’ Second, the examples also make plausible that
interactions3 are complex actions rather than complex occurrences–in this type of
interaction the agent(s) who intend(s) to do the actions Bi that are part of AP, also
intend(s) to do AP.

Precisely what is involved when we intend to do AP has been much debated in
the philosophy of action for the last half century it least. But even the least demand-
ing conceptions of intentions take the latter to involve (at least) three abilities: (i)
the ability to form beliefs about the process type AP as a standard for action and
interaction, i.e., as a template all parts of which should be realized if one wishes
to realize AP, possibly as an element within an interaction context, (ii) the ability to

23 Since the two definitions are to be as generic as possible, no requirements for dynamic, tem-
poral, or spatial relationships among the parts of an interaction have been added. That is, I am
assuming here that the processes that are the parts of an interaction may occur all or partly simul-
taneously, with overlap, or sequentially in series. But we can easily introduce types and subtypes
of interactionsi by specifying which temporal, spatial, and dynamic relationships need to hold
among the parts of the interaction in question. To simplify the exposition I omit here and in the
following definitions specifications of the partition levels at which the parts of AP are situated; as
mentioned above, the embedding ontological framework of General Process Theory operates with
a non-transitive part relation and parts are indexed to partition levels.
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understand AP as a process that underlies normative judgments (i.e., as an action that
should, must, may etc. be done) and thus generates commitments, and (iii) the abil-
ity to initiate a process that is an instance of AP and to pursue its realization despite
some changes in the action environment.24 At the current state of technology robots
lack at least the first two of these abilities; thus they cannot intend to do AP, and
thus they cannot realize an action. But they may realize non-agentive occurrences
that simulate an action–currently at least in the sense of approximating, display-
ing, on mimicking.25 Thus we can define the class of human-robot interactions as
follows.

Definition 8 (Human-robot interaction). A process system Σ is a human-robot
interaction iff

1. Σ has two process subsystems H and R which satisfy the predicates ’human
agent’ and ’robotic agent,’ respectively,

2. Σ is a complex action AP and for any part X of AP it holds that:

a. X is either an action or the simulation of an action, and
b. X is an action iff X is part of H, and
c. X is the simulation of an action iff X is part of R.

This definition can be made more precise in a number of ways but the current ver-
sion suffices, I trust, to convey the general idea that human-robot interactions are
interactions3.

In order to gain more specific descriptions of human-robot interactions we need
to indicate the mode in which the robot simulates an action. For this purpose we first
need to diversify the simulatory expansion of an interaction2 as follows:

Definition 9 (Simulatory expansion matrix). For any process type AP with n part
processes, the simulatory expansion matrix of AP is a 6n× n matrix of process types.
Each row of this matrix consists of a sequence of n process types Ci so that each Ci
is either identical with or a simulation of a process Bi just in case Bi is part of AP.

To offer a toy example, let us assume that the process type AP = welcoming has the
following parts according to the partition P: <B1 = approaching target person, B2
= establishing eye contact, B3 = opening one’s arms, B4 = uttering in a friendly
tone of voice “hello!”>. A section (!) of the simulatory expansion matrix for AP =
welcoming would then look as follows:26

24 For an overview over current accounts see e.g. (Setiya, 2007)
25 To keep all options open, I will here also assume that it is conceptually possible to entertain the
thesis that future robots may be able to imitate or functionally replicate intending to do X.
26 Abbreviations for the modes of simulation are used as names for occurrences that simulate the
action in the relevant column.
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approaching eye-contact open-arms utterance

... ... ... ... ...

E1: Imit Dis Mim App

E2: Dis Mim App Real

E3: Mim Mim Mim Mim

E4: Dis Dis Mim Dis

E5: Dis App App App

... ... ... ... ...

Each row in the simulatory expansion matrix of an action AP describes one of the
many ways to simulate AP, stating a complex mode of simulation that can be for-
mally represented as an ordered sequence of the modes in which each part of AP
is simulated. Using the expansion matrix of our simple example, Honda’s ASIMO
robot realizes simulatory expansion E1, while H. Ishiguro’s ROBOVIE robot, which
is teleoperated and thus arguably realizes utterances, realizes the simulatory expan-
sion E2.

Simulatory expansions can be defined for any sort of process, simple, complex,
and collective, and both for actions and non-agentive occurrences. For complex pro-
cesses the array of simulatory expansions quickly becomes very large. In general,
for any kind of interaction ℑ with m agents and n parts, the simulatory expansion
matrix for ℑ states all combinatorial possibilities for the realization of all parts of the
interaction or for their simulation in any of the six modes, for all agents. For the case
of an interaction of two agents the simulatory expansion matrix of this interaction
has the dimensions (6n ×n)× (6n ×n).

Let us here focus on two-agent interactions2 (i.e., complex actions) and let ‘AP
[S1:B11...B1k, S2:B21...B2h]’ be shorthand for ‘the interaction2 AP whose parts are
actions B11...B1k performed by agent S1 and actions B21...B2h performed by agent
S2, as structured by partition P.’ The following definition introduces a special sub-
type of simulatory expansion matrices for interactions2.

Definition 10. The asymmetric simulatory expansion matrix of an interaction2 AP
[S1:B11...B1k, S2:B21...B2h] is a k× (6h × h) matrix which correlates each of the
actions B11...B1k of agent S1 with any of the possible 6h −1 simulatory expansions
of the actions B21...B2h of agent S2.

In other words, the asymmetric simulatory expansion matrices of two-agent interactions2
is a list of all interactions3 that can be generated by simulatory expansions of all
(and only) the actions of one of the two agents. Let us call any row in this matrix an
asymmetric simulatory expansion of the relevant interaction2.
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5 Simulated social interactions

On the basis of the definitions presented in the two preceding sections we can re-
formulate the familiar topos of what robots can and can’t do by asking ‘Which of
the asymmetric simulatory expansions of one specific interaction2 is a possible or
desirable human-robot interaction?’ This way of posing the question allows for dif-
ferentiated answers.27 More importantly, the core question of robot sociality can
now be stated as follows:

Q1: For any interaction2 AP that is a social interaction, which asymmetric
simulatory expansions of AP qualify as social interactions?

At first glance, it might seem that the answer to question (1) is quite straightforward:
none. If we take a (again, for simplicity: two-agent) social interaction to be part
of ”social reality” and postulate, following Searle (Searle, 2009), that this requires
”acceptance or recognition” (Searle, 2009, p. 8) by both agents for the ”statuses” of
the actions they perform, a social interaction implies that its parts are social actions.
Thus, one might argue, since no simulation of an action can qualify as a social
action, it follows that none of the asymmetric simulatory expansions of a social
interaction is a social interaction; a fortiori, no human-robot interaction–which are
asymmetric simulatory expansions of a social interaction at best–can qualify as a
social interaction.

But matters are more complex. There are good reasons to question the philo-
sophical standard model of social interactions, which still follows largely Hegelian
lines and calls for joint “recognition” of normative statuses or for various forms
of reflective collective intentionality (cf. e.g. Laitinen 2011; Tuomela 2013; Gilbert
2008). In fact, as Cerulo (2009) has pointed out, the intentionalist notions of social-
ity in philosophy and the social sciences that exclude nonhumans are hardly ever
argued for but presumed from the outset. Moreover, any principled exclusion can
be challenged on empirical grounds in two ways. On the one hand, social robotics
research itself provides strong evidence for reviewing the principled exclusion of
nonhumans, since people prefer to use social vocabulary to describe their dealings
with robots.28 On the other hand, and more importantly, the intentionalist standard
model of sociality does not sit well with recent research on the conditions of so-
ciality in cognitive science, anthropology, psychology, and linguistics. For in view
of this research it is far from clear that human social interactions are in all cases
interactions2.

27 For example, surveying the set of asymmetric simulatory expansions of an interaction2 one
could investigate whether there are dependencies among expansions (‘if this partial action is merely
displayed, then that must be mimicked’, etc.) or, vice versa, one could try to identify certain clusters
of asymmetric simulatory expansions (‘this sort of simulation succeeds for all interactions2 that are
short term/in educational contexts/involve touch etc.’). Answers can be further tailored to technical
possibility versus practical feasibility, or practical versus moral desirability.)
28 Cf. Turkle 2011. See Hakli 2014 for a discussion of possible methodological strategies of ac-
commodating these phenomena for a theory of sociality.
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As anthropologists and linguists have argued, sociality requires patterns of inter-
active practices of turn-taking organization and mutual orientation (cf. e.g. Schegloff
2006; Goodwin 2006), the elements of which are non-agentive occurrences–they are
pre-conscious routines acquired by imitation learning. Similarly, cognitive scientists
have identified pre-conscious “mechanisms” of social cognition, such as epistemic
alignment (Samson et al, 2010), sensory contagion (Blakemore et al, 2005), and
“implicit” learning and tracking processes (Frith and Frith, 2012). Finally, from
the side of evolutionary biology it has been pointed out that sociality can be ex-
plained without presupposing mindreading, i.e., the inferential capacities of a theory
of mind, but rather on the basis of practices of conditioning (Mameli, 2001).

All these results can be taken to suggest that all human social interactions are
interactions3 consisting of a mixture of actions and non-agentive occurrences.29 In
short, recent empirical research suggests that there is much more involved in human
social interaction than what we do or can intend.

Matters are further complicated by the fact that, as noted above, the definition and
demarcation of social actions should take into account differences in point of view–
differences between the participant’s second person point of view and the observer’s
or third-person point of view.30 Furthermore, we need to distinguish the observer’s
third person point of view from the point of view of the omniscient third person
presupposed in philosophical analyses of the concepts of social interaction.31 If we
reflect on normative content assuming an omniscient third person point of view, it
makes sense to postulate requirements of mutual reciprocal acknowledgements of
intentionality, while from the viewpoint of the empirical observer, who does not
have epistemic access to the intentional states of another agent, definitions of social
interactions can only refer to the internal states of others in terms of manifestations
of such states. Arguably, one cannot decide on (Q1) without first clarifying the more
foundational methodological question (Q0):

(Q0) Which of these three viewpoints, two empirical and one normative, has
the best claim to delivering the ‘right’ account of sociality? Or should we
consider sociality as a complex phenomenon that involves the facts of all
three perspectives?

29 To call such preconscious, non-intended occurrences ‘non-agentive’ may be problematic–one
might agree with my criterion for agency above that if an occurrence is an action then it must be
possible to intend it, but deny that the implication also holds in the other direction; all processes
that occur as parts of an intended action are agentive, one might say, even though they are not
intended. I must bracket this issue here.
30 Phenomenological analyses of forms of responsiveness long have drawn attention to the impor-
tance of this difference, but there is also increasing interest in ”second person cognitive science,”
cf. e.g. Reddy 2008; Schilbach et al 2013.
31 Elsewhere (see Seibt 2017) I argue that for the purposes of attributing responsibility in a suffi-
ciently differentiated fashion we need to distinguish between: (i) the second person point of view
of the human interactor with the robot; (ii) the internal third person point of view of the roboti-
cist who designs the interaction; (iii) the external third person point of view of the observer of a
human-robot interaction; and (iv) the omniscient third person point of view of the cultural com-
munity evaluating the human-robot interaction and its effects on the surrounding context relative
to teh community’s norms and values.
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Whichever stance we take on (Q0), the theoretical tools of the “simulatory expan-
sion matrix” of an action (in a given partition) as defined above should prove helpful
for formulating the relevant claims more precisely, I submit. For example, compare
the following two characterizations of social interactions. The first one, (A), is the
omniscient third person account of social interactions requiring joint knowledge
about the mutual acknowledgement of norms of action (Gilbert, 2013); the second
one, (B), is an account from a second person point of view in terms of the disposition
to respond to the encounter of a conspecific in ways that express certain narrative-
practical competences concerning action explanation (Hutto, 2012). If we choose
characterization (A) as the ‘baseline’ of normal social interaction, we could discuss
(B) as an account of sociality that focuses only on those entries in the simulatory
expansion matrices of an interaction AP that realize simulation mode 4 (displaying)
for all partial actions of AP that are not bodily movements.

Once we have made headway on the question (Q0) and decided where to set the
bar of the baseline of a ‘real’ social interaction and from which viewpoint, we can
then address the demarcation question (Q1). To illustrate which form such demar-
cation questions will take, assume we operate with baseline (A) as just stated (the
‘reciprocity account’) and consider again the simplified example of an expansion
matrix given above. Imagine I instantiate the simulatory expansion E1 of welcom-
ing; that is, I happen to walk precisely into your direction, thereby imitating the in-
tentional action of approaching you, I happen to look approximately at you, thereby
displaying the intentional action of seeking eye contact, I happen to stretch my arms,
thereby mimicking the intentional action of opening my arms, and finally, as I am
almost bumping into you, produce purely reflectively a ‘hello!’, thereby approxi-
mating the intentional action of uttering ‘hello!’ – have I been welcoming you? Or
again, consider simulatory expansion E6, where all the parts of welcoming are real-
ized apart from the last, the meaningful and friendly utterance of a welcome, which
is only mimicked–should we count this, from a second or third-person perspective
as a social action? E6 is the behavior of a person in the autism spectrum.

In sum, there are sufficient grounds to reject the idea that demarcation questions
have straightforward answers. Which robotic occurrences are acceptable contribu-
tions to a social interaction depends not only on which forms of simulations we find
acceptable, but also on the viewpoint we adopt for the definition of a social interac-
tion in the first place–what appears as a simulation from one viewpoint (and relative
to one account) is just the normal perfomance of sociality from another viewpoint
(and relative to another account). The best strategy for coming to grips with the
demarcation question may be to (i) adopt a maximally demanding baseline (i.e., to
adopt the most restrictive realization requirements for social interactions from the
omniscient third person point of view), (ii) to state the symmetric and asymmetric
simulatory expansions for some typical social interactions, and then (iii) to discuss
which regions of the expansion matrix should count as social interactions, drawing
on alternative and less restrictive definitions of sociality.
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6 Conclusion

The aim of this paper was to offer in outline a conceptual framework for the classifi-
cation of forms of human-robot sociality. I have tried to differentiate between make
believe and fictional interactions (‘treating as if’), social ‘taking as,’ and various
forms of the ‘as if’ of simulation. Since social terms are performative-ascriptive, I
argued, they cannot be used in fictionalizing contexts, as social roboticsts are wont
to do when describing social robotics applications. Thus the difficult task of con-
ceptualizing what happens in human-robot interactions, the ‘soft problem for the
ontology of social robotics,’ cannot be addressed by a fictionalist ‘quick fix.’ In
order to solve the ‘soft problem’ we need to develop an ontology of simulated so-
cial interaction (SISI), I suggested, and sketched some possible trajectories for how
one can approach this task. On the background of an embedding process ontology
I have offered five definitions to distinguish varieties of the simulatory ‘as if’ of
human actions and interactions, in terms of five modes of simulations: functionally
replicating, imitating, mimicking, displaying, and approximating.

According to sketch of SISI presented in this chapter, human-robot interactions
are instantiations of asymmetric simulatory expansions of social interactions. The
simple definitional tools of SISI allow us to develop classifications in terms of which
we can formulate the questions of robo-ontology with greater precision. But the
framework also holds out the promise, I believe, of facilitating the construction of
a unified account of sociality.32 For example, as I highlighted above, relative to
standard ‘intentionalist’ accounts of sociality in philosophy, also human-human in-
teractions instantiate asymmetric simulatory expansions of social interactions, since
not all of what we socially do is the result of conscious norm-guided actions. SISI
can be used as a conceptual interface between philosophical and empirical research
on human sociality–it allows us to investigate which simulatory expansions of so-
cial interactions in the standard intentionalist sense, i.e., using notions of sociality
championed in philosophy, should be included in the scope of social interactions,
given empirical research results on human sociality undertaken on the basis of non-
intentionalist notions of sociality. As cognitive scientists, evolutionary biologists,
anthropologists, and linguists have argued, the phenomenon of sociality does not
hinge on the capacity of norm-guided action but begins much earlier, with joint at-
tention to basic patterns: response rhythms and turn taking, and other elements of
our pre-conscious capacity of imitating a praxis. Greater attention to the different
modes and ways in which an intentional action can be simulated can facilitate re-
flections on how much (or how little) mentality we should require for a definition of
social action. A fully worked out ontology of simulated social interactions might be

32 The conceptual tools of SISI are particularly basic (since it is grounded in a foundational ontol-
ogy) yet precise and–due to its simple combinatorial strategies–highly expressive. It is therefore
possible to translate into the classificatory framework of SISI other proposals of distinctions in
capacities for moral agency (see e.g., Wallach and Allen (2008)), or in asymmetric forms of col-
lective agency (see in particular the interesting contributions to Misselhorn (2015) the details of
these embeddings are currently worked out, together with a critical discussion of the classificatory
unification one may achieve in this way.
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the key to a comprehensive account of sociality where we can map out the relation-
ships between empirical and conceptual analyses of sociality more clearly.

In short, then, the ‘soft problem’ of robo-ontology, i.e., the problem of how to
describe human interactions with ‘social’ robots, motivates the development of an
ontology of simulated social interactions and at once provides an important heuris-
tics for an integrated account of sociality where empirical results and normative
insights are combined.

Using the simple classificatory tools of SISI we receive new analytical perspec-
tives on the ontology of the design process in robotics. As I argue elsewhere (Seibt
2017), in order to generate sufficiently differentiated ascriptions of responsibility we
can model design processes as new forms of collective intentionality, with more or
less emphasis on engendering human-robot interactions in the so-called ’we-mode’
or the ’I-mode.’

It must be stressed, however, that the suggested approach at best yields an empir-
ically grounded taxonomy of asymmetric simulated social interactions, for humans
and robots. Such a taxonomy cannot enlighten us with respect to the ‘hard problem’
of robo-ontology, namely, the question of what, if anything, is lost when a process
is perfectly simulated (in the sense of functional replication as defined above). But
discussion of taxonomic questions might help us to decide whether and where the
hard problem matters at all.
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