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Abstract
In a social context where two or more interlocutors interact with each other in the same space, one’s sense of copresence with
the others is an important factor for the quality of communication and engagement in the interaction. Although augmented
reality (AR) technology enables the superposition of virtual humans (VHs) as interlocutors in the real world, the resulting sense
of copresence is usually far lower than with a real human interlocutor.
In this paper, we describe a human-subject study in which we explored and investigated the effects that subtle multi-modal
interaction between the virtual environment and the real world, where a VH and human participants were co-located, can have
on copresence. We compared two levels of gradually increased multi-modal interaction: (i) virtual objects being affected by real
airflow as commonly experienced with fans in summer, and (ii) a VH showing awareness of this airflow. We chose airflow as one
example of an environmental factor that can noticeably affect both the real and virtual worlds, and also cause subtle responses in
interlocutors. We hypothesized that our two levels of treatment would increase the sense of being together with the VH gradually,
i.e., participants would report higher copresence with airflow influence than without it, and the copresence would be even higher
when the VH shows awareness of the airflow. The statistical analysis with the participant-reported copresence scores showed
that there was an improvement of the perceived copresence with the VH when both the physical–virtual interactivity via airflow
and the VH’s awareness behaviors were present together. As the considered environmental factors are directed at the VH, i.e.,
they are not part of the direct interaction with the real human, they can provide a reasonably generalizable approach to support
copresence in AR beyond the particular use case in the present experiment.
CCS Concepts
• Human-centered computing → User studies; Mixed / augmented reality; • Computing methodologies → Mixed / augmented reality;

1. Introduction
Most research on natural social interaction between real and virtual
humans (VHs) is related to the concepts of social presence or copresence—one’s sense of “being (socially) connected” or “being together,” respectively. To increase the sense of copresence with VHs,
researchers have primarily focused on improving the visual/aural
fidelity of the VH, e.g., its appearance [GSV∗ 03] and verbal behaviors [MdKG09]. However, the surroundings in the space where
the interlocutors, i.e., a VH and a real human, interact with each
other could be also a critical factor influencing the sense of copresence. In this manner, Allwood considered that the environment is
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the fourth major parameter that characterizes a social activity (after
purpose, roles and instrumentation) [All00].
The physical environment is particularly important in augmented
reality (AR), where virtual content is visually merged with the realworld surroundings. In such environments, humans can expect natural and seamless interaction between the virtual content and the
physical environment. For instance, Microsoft’s HoloLens is addressing this challenge by employing a reconstructed virtual representation of the surrounding physical environment [Mic17]. On top
of the spatial coherence between virtual content (including VHs)
and the physical environment [KMB∗ 17], our goal is to explore
and understand how and in what ways the surrounding environment is contributing to human perception of natural interaction and
whether we can leverage any such knowledge to increase the sense
of copresence with VHs.
Related work by Lee et al. [LKD∗ 16] suggests that subtle movements of a computer-mediated physical object between real humans

