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ABSTRACT
Social agents should exhibit socially adequate behavior to fit the
context they meet. Fitting the context is particular relevant for
interactive agents that interact and are being observed by people.
Hence, the perceptions of people of such social capabilities are
an important concern. Exhibiting socially adequate behavior can
more easily be identifiable when in the presence of other social
actors. However, even alone, one’s ability to adjust to the context
might be socially motivated and interpreted as such. Similarly,
intelligent agents may be identified as social beings when acting
alone. Moreover, social context is triggered in different ways. In
this study, we explore if adaptation to the physical surroundings
(e.g., the agent’s location) is enough to shape the perceptions of
people observing the agent. We contribute to the study of situated
cognition’s role in interpreting an autonomous agent’s behavior. In
particular, we explore the impact of behavior changes grounded on
the location as a contextual cue on the motivation ascribed by an
observer to the agent’s behavior.

We implemented a virtual scenario with multiple contexts and
one simple character employing a computational model called Cog-
nitive Social Frames that supports behavior change to context. We
conducted a user study (n=92) to assess if an observer’s perceptions
of intention and motivation are affected by an agent’s capability to
adapt to different contexts. Our findings suggest that (a) despite no
other agents being present, participants ascribe social motivations
to the agent’s adaptive behavior, (b) such attributions are inde-
pendent of visual cues, and (c) even without any pre-established
norms, agents that consistently adjust their behavior to the physical
context are perceived as more social.

CCS CONCEPTS
• Human-centered computing → Empirical studies in HCI ; User
studies; • Computing methodologies→ Agent / discrete models.
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1 INTRODUCTION
Social context corresponds to the "specific circumstance or general
environment that serves as a social framework for individual or
interpersonal behavior. This context frequently influences, at least
to some degree, the actions and feelings that occur within it" [43].
Some psychologists have noted the influence of the physical sur-
roundings on the human social context. For example, in 1913, in
his book, "On beginning the treatment’" Freud describes the thera-
peutic setting for psychoanalysis including, amongst other things,
the importance of the position of the patient (lying down) and the
disposition of the office, including the couch position and the thera-
pist’s chair [16]. Kurt Lewin describes the importance of life-space
in deriving a person’s behavior [27], and the theory of affordances
(e.g., [17]) talks about the possibilities offered by the environment.
However, when it comes to virtual agents, the physical context
seems largely forgotten.

The physical surroundings give us an impression of the intended
behavior. For example, in many courtrooms, the judge is standing
higher than the defendants. For formal work presentations, we
might have the entire audience facing the presenter, or if we desire
a less traditional setting, we can rearrange the seats in a circle.
When placed in different settings, one adjusts their actions based
on the existing context. Showing adaptive behavior determined by
the agent’s surroundings can suggest intention and, to an extent,
socially intelligent behavior [44]. Moreover, cognitive processes
reflect these adaptations. Recognizing and adapting to distinct con-
texts reshapes one’s internal mechanisms to fit the environment,
hence situating that individual’s cognition [9, 39].

When deciding what line of action to pursue, people consider
meaningful and noticeable aspects of their surroundings [8]. Several
motivators can influence people’s interpretation and construct of
the context including the physical setting, nearby social actors [5],
cultural values and social norms [24], or even internal goals [20].
However, the literature reveals a lack of consensus on the definition
of context. The lack of agreement on context’s conceptualization
extends to its categories. Categorization schemes are either too gen-
eral or incomplete [2]. Still, among the several categories of context,
the importance of the spatial characteristics of the surroundings is
mentioned by several researchers, even though the terminology is
not consistent (e.g. “locations” in [46] and “place” in [11]).
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To endow intelligent agents with the necessary capabilities to
live alongside humans, computational models for social agents
should allow them to fit their context and match the surrounding
social actors’ expectations. Thus, it is necessary to include the
mechanisms required to support and display social awareness in
the artificial agent’s computational models while shaping their
internal processes to fit the social context [12] better. Researchers
have proposed some models that attempt to establish a strong
foundation of sociality embedded across all the artificial agent’s
cognition [38][13][31][36]. Nonetheless, to deploy autonomous
agents with such socially focused models into the wild, researchers
must understand how an observer perceives and acknowledges an
agent’s actions in multiple contexts, including its social motivations.

Although several researchers recognize the importance of spatial
characteristics for agent cognition, there is a lack of empirical stud-
ies supporting these claims. We intend to explore this human sen-
sitivity to behavior changes, and its motivations, in virtual agents
when this adjustment is based on the physical context. We con-
ducted a user study to investigate if an observer identifies social
motivations when an agent exhibits behavior changes grounded
on their location to create context-aware agents. We explore the
situatedness of the agent’s behavior regarding a physical context
defined by rooms with clear boundaries and, optionally, marked
with distinctive symbols on the floor. Using minimalist represen-
tations of social agents and decoupling the physical environment
of potentially acquired social rules enables the observer with a
new frame of reference. In this study, we attempt to validate the
following two hypotheses:

Hypothesis 1. When the behavioral changes are based on the
physical context, participants will attribute higher values for social
motivations to the agent than when the behavioral changes are ran-
dom.

Hypothesis 2. When the physical environments have a visual cue
that distinguishes them, participants will attribute higher values to
context-related motivations than when no visual cue exists.

In this paper, we refer to agents social motivations to define the
causes that lead to behavioral changes in order to accommodate a
rule related to the agent’s context. If people perceive the agent’s
adaptation to different physical contexts as socially motivated, re-
searchers and designers may focus on endowing virtual and robotic
agents with the mechanisms to adapt their behavior based on their
surroundings, to make the agents appear more social. For instance,
when an human is observing the actions of an autonomous robot
that consistently adjusts its behavior to the physical context, the
agent might be perceived as more social when compared to one
that does not coherently adapt its behavior.

In the following section, we review other empirical works explor-
ing the perception of social behavior based on authored actions and
intelligent mechanisms. Afterwards, we present a scenario inspired
by the apparent behavior experiment [19] that uses artificial agents
implementing the Cognitive Social Frames model [36]. We then
elaborate on the experimental study we conducted to verify both
hypotheses and discuss the implications of our findings in the devel-
opment of computational models for social agents. The findings of
this study shed new light on what it means for an intelligent agent
to display social behavior based on its physical context, namely

the relevance of adaptive mechanisms towards supporting socially
situated agents.

2 RELATEDWORK
Heider and Simmel’s pioneered research on the perception of human-
like behavior on virtual entities in their experimental study of ap-
parent behavior [19]. Before any computational graphics started
to be rendered, the authors relied on an animated film with simple
shapes (circles and triangles) to conduct an experimental study
about an observer’s perception of behavior. Their results showed
that participants ascribed intentions and motives to the shapes’
movements, suggesting that humans attributed anthropomorphic
qualities to non-human agents. Other social scientists have also con-
tributed to the understanding of perceived behavior: from people’s
attribution of reasons [41] and intentionality [35] to individual and
group behavior, to folk notions of belief, desire, and intentions used
to predict and understand human behavior [23], there have been
several theoretical frameworks to explain behavior attribution [29].

Gong explored how anthropomorphic qualities of virtual charac-
ters elicit more social responses from people [18]. Based on several
facial images with distinct anthropomorphism levels, the author
conducted an experimental study in which he asked participants to
decide on several social dilemma games. The results suggest that
increasingly more human-like computer representations elicited
more social responses from people. Also, using functional magnetic
resonance imaging (fMRI), Krach et al. [25] studied how different de-
grees of robots’ anthropomorphismmay affect a player’s perception
of its partners in a human-robot game scenario. Their findings sug-
gest that the perceived human-likeness of a robot linearly increases
a human capability to model other’s “minds”, hence promoting the
attribution of their intentions and motives. These works suggest
that anthropomorphism qualities in artificial agents evoke cogni-
tive capabilities associated with social intelligence. However, we
hypothesize that it is possible to attribute social motivations to the
behaviors of non-humanoid abstract shapes, like the ones in [19].

Sturgeon et al. conducted an experimental study aimed at explor-
ing the impact of theory of mind in the perceived social intelligence
of robots [40]. The results suggest that the capability to adapt to
another human’s actions contributes to the perception of social in-
telligence. Also, other researchers claim that agents, namely robots,
are useful to study social behavior when properties of the physical
environment are expected to influence one’s social cognition [33].

To the best of our knowledge, there is no empirical study relying
on artificial agents to investigate the effect of the physical sur-
roundings on social intelligence perception. Other researchers also
identify the scarcity of empirical work to verify assumptions and
test predictions about social influence [15]. With the increasing in-
terest in explainable AI and the deployment of autonomous agents
in the wild, our community is experiencing a valuable endeavor
to support new contributions with findings from human science
research works [32] while creating intelligible and interpretable
systems [1]. We argue that the interpretability and explainability of
the AI behavior should be grounded on the context it sits as well.
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