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Abstract

The adoption of conversational agents is growing at a rapid
pace. Agents however, are not optimised to simulate key so-
cial aspects of situated human conversational environments.
Humans are intellectually biased towards social activity when
facing more anthropomorphic agents or when presented with
subtle social cues. In this work, we explore the effects of simu-
lating anthropomorphism and social eye-gaze in three conver-
sational agents. We tested whether subjects' visual attention
would be similar to agents in different forms of embodiment
and social eye-gaze. In a within-subject situated interaction
study (N=30), we asked subjects to engage in task-oriented
dialogue with a smart speaker and two variations of a social
robot. We observed shifting of interactive behaviour by hu-
man users, as shown in differences in behavioural and objec-
tive measures. With a trade-off in task performance, social
facilitation is higher with more anthropomorphic social agents
when performing the same task.

Keywords: human-computer interaction, social agents, con-
versational arti�cial intelligence, smart speakers, social robots

Introduction
With conversational AI and domestic technology on the rise,
several questions remain open on how humans engage with
interactive agents when in different forms of embodiment
and social behaviour. A wide range of interaction modalities
has been researched for agents, that come in various forms
such as smart speakers (Alam, Reaz, & Ali, 2012), and social
robots (Breazeal, Dautenhahn, & Kanda, 2016). However, by
design, social robots provide additional modes of pragmatic
communication. Social robots can express their internal state
using not only speech but also non-verbal behaviour. By gen-
erating multimodal communicative behaviours (Breazeal &
Fitzpatrick, 2000; Mizoguchi, Sato, Takagi, Nakao, & Hata-
mura, 1997), social robots enable different manifestations of
interaction similar to how humans interact with each other
(Shibata, Tashima, & Tanie, 1999).

In the �elds of human-computer interaction and human-
robot interaction, anthropomorphism is often leveraged as a
way to make machines more comfortable to use. The addi-
tional comfort comes from ascribing human features to ma-
chines with the aim to simplify the complexity of technology
(Marakas, Johnson, & Palmer, 2000; Moon & Nass, 1996).
While interactions between humans include many subtle so-
cial cues that we take for granted, 'face-to-face' interactions
are still considered to be the gold standard of communication
when interacting with either humans or conversational agents
(Adalgeirsson & Breazeal, 2010). Therefore, agents need to
employ anthropomorphic designs and a rich set of social be-
haviours to be considered as socially intelligent partners in
interactions.

Figure 1: Situated interaction with a human-like social robot.

Many social robots do employ these elements, especially
the ones with a human-like design, and provide the possi-
bility of generating non-verbal social behaviours in their in-
teractions with humans (Fong, Nourbakhsh, & Dautenhahn,
2003). Many of these behavioural elements are subtle so-
cial cues (e.g. gaze shifts and facial expressions), that are
highly important for situated human conversational environ-
ments. One reason why face-to-face interaction is preferred is
that a lot of familiar information is encoded in the non-verbal
cues that are being exchanged. However, generating and in-
terpreting these cues, induces higher levels of cognitive load
(Torta, Oberzaucher, Werner, Cuijpers, & Juola, 2013) and
may therefore increase interaction time. This suggests that
human-like conversational agents that can express patterned
non-verbal behaviours can cause social facilitation in users,
but may be less ef�cient in task performance.

In this paper we contribute to this emerging �eld with a
two-fold empirical evaluation of the elements of: 1)anthro-
pomorphic designand 2)non-verbal social behaviourin con-
versational agents. We study whether a human-like face (i.e.
a social robot), capable of displaying non-verbal cues, shifts
interactive behaviour in comparison to a voice-only conversa-
tional agent (i.e. a smart speaker), that does not employ these
multimodal features. Our contribution consists of a user study
that was conducted with participants interacting with a smart
speaker and a social robot collaborating in dialogue. To com-
prehend the effects of the comparison further, we test whether
it is the anthropomorphic face or the social eye-gaze features
that contribute to the perceived differences and remove the
non-verbal behaviour of the social robot in a third condition.














