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response in humans immersed in
interactions with virtual humans
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Abstract. The aim of the proposed study is to determine if a virtual human can
evoke a measurable inhibitory response to anti-social stimuli within the prefrontal
cortex. Justification, protocol and demonstrator are described here. The work
follows a previous study demonstrating that neural inhibitory responses can be
measured within an immersive virtual reality display. We have adopted the approach
of combining functional Near Infrared Spectroscopy (fNIRS) and virtual reality
head-mounted display. Haemodynamic changes will be measured in healthy
participants and subsequently, subjects with mental deficits, as both engage in
interactions that seek to evoke a response that would normally be inhibited.
Disinhibition is an aspect of social response exaggerated by several deficits of mind,
including dementia, autism and Tourette’s syndrome. This research could improve
tools for understanding, diagnosis and treatment of such condition.
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1. Introduction

As a crucial part of our daily activity in life, we engage in social interaction with
people [1]. However, in the course of social interaction, exhibition of anti-social
behaviour is common [2]. The degree to which these antisocial behaviours are exhibited
during interaction is often influenced by such factors as the influence of alcohol,
temperaments and mental well-being of interacting parties [3]. Mental health studies
suggest that anti-social behaviour is more likely to be exhibited (disinhibited) by people
with cognitive impairments or mental deficits [4].

We are interested in the neural inhibitory response that would normally stop
antisocial behavior arising from social cues perceived as evocative. Our experiment
attempts to provide such cues and measure the response. Such an experiment relies on
naturalistic conversation, preferably including a non-verbal element. However, the
likelihood of fatigue for human confederates, the cost of recruiting trained confederates,
repeatability and controllability of experiments, and ensuring safety of confederates,
suggest adoption of virtual human confederates. Virtual Reality (VR) brings the
advantage of carrying out our experiments in a controlled environment and immersive
VR makes interactions with virtual humans more natural and compelling. To measure
the response, we employ neural imaging, specifically measuring changes to blood
oxidization in the prefrontal cortex (PFC).
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To date we have developed the protocol, and experimental environment, gained
ethical approval and have begun recruiting.

2. Literature Review

We identify useful cues around our focus from existing studies. To achieve this, we
consider studies that have focused on triggering responses to stimuli, measuring these
stimuli as well as the technologies and paradigms adopted by these studies.

2.1. Virtual Reality (VR)

Psotka [5] argues that communication with virtual characters is more naturalistic and
thus convincing in immersive virtual reality. In line with this argument, this study shall
adopt immersive Virtual Reality (VR). Existing VR Technologies include the Head
Mounted Displays (HMD) and CAVE Automatic Virtual Environments (CAVE) [6]. We
are primarily interested in HMDs because of their wide availability and general low cost.

2.2. Virtual Humans (VH) and Social Interaction

Within this study, we focus primarily on virtual humans (VHs). A good number of
studies have attempted replicating social interaction in virtual space using virtual humans
and avatars [7]. Whilst several studies have attempted to show that VHs are perceived
the same way as real humans, the empirical evidences provided by these studies are often
inconsistent. Hence the conflict in opinions around perception of VHs [7].

The current study attempts to distinguish between perception of VHs and the neural
response invoked by them. We attempt to provide empirical evidence to these neural
responses. VR studies around the social domain have focused mostly on perception of
confederates and therapies for public speaking and phobia for crowds. We have found
none that targets inhibition to anti-social stimuli during social interaction or monitors
neural responses during these interactions. This study therefore attempts to fill this gap.

2.3. Neuroimaging

The choice of neuro-imaging tools has often been guided by research interest and
availability of technology or funds. The current study is concerned with inhibition during
social interaction and we expect the medial prefrontal cortex (MPFC) to be implicated
during interaction and their associated inhibition [8]. Therefore, we adopt a neuro-
imaging tool that is effective in measuring PFC activity.

We note that some paradigms such as the Hayling, Stroop and Simon tasks have
been used in attempts to measure inhibition in the past [8-11]. Honan et al [13] however,
argue that the inhibition evaluated by these measures may differ from inhibition within
the social domain.



G. Ahamba et al. / Triggering and measuring social inhibitory response in humans immersed 187
in interactions with virtual humans

3. Methodology

We seek to utilize our findings from this review to develop a system that seeks to
correlate inhibition as evaluated by a classic paradigm for evaluating inhibition (the
Hayling task) with neural responses from immersive interaction with friendly and
evocative virtual humans.

3.4 Proposed Experiment

The proposed experiment shall be a virtual simulation of a room with virtual
humans. Our participants shall be immersed in this simulation through an HMD. A
friendly virtual confederate within the scene shall calmly disagree with the participant’s
opinion, while another virtual confederate (not initially part of the conversation)
interrupts the discussion also in disagreement (but in a confrontational manner), thereby
potentially triggering inhibitory response in the participant.

This study is yet to be carried out. However, ethical approval has been obtained and
piloting is about to commence. The VR simulation will be tuned in piloting.

4. Potential Impact

The findings from this study will be potentially useful in behavioural therapies especially
for people with a history of anti-social behavior or possible mild cognitive impairments
or psychological disorders that make anti-social behavior more likely.

References

[1] W.C. So, M.K.Y Wong, and K.Y. Lam. social and communication skills Predict imitation abilities in
children with autism. Frontiers in Education. Vol. 1. Frontiers, 2016.

[2] M. Bruijnes, J. Linssen, R. op den Akker, M. Theune, S. Wapperom, C. Broekema, & D. Heylen. Social
behaviour in police interviews: relating data to theories. In Conflict and Multimodal Communication.
Springer International Publishing (2015), 317-347.

[3] R. A. Baer. Mindfulness-based treatment approaches: Clinician's guide to evidence base and applications,
Academic Press, 2015.

[4] M. F. Green, W. P. Horan and J. Lee. Social cognition in schizophrenia. Nature Reviews Neuroscience,
2015.

[5] J. Psotka. Immersive training systems: Virtual reality and education and training. Instructional science 23
(1995), 5-6, 405-431.

[6] R. Pausch, D. Proffitt, and G. Williams. Quantifying immersion in virtual reality. Paper presented at the
Proceedings of the 24th annual conference on Computer graphics and interactive techniques, 1997.

[7] L. Schilbach. The neuroscience of mimicry during social interactions. Emotional Mimicry in Social Context
(2016), 72.

[8] C. D. Frith. The social brain? Philosophical Transactions of the Royal Society of London B: Biological
Sciences 362(1480) (2007), 671-678.

[9] J. R.Stroop. Studies of interference in serial verbal reactions. Journal of experimental psychology, 18(6)
(1935), 643.

[10] B. Hommel. Inverting the Simon effect by intention. Psychological Research 55(1993), 270-279, 1993.

[11] A. E. Pinkham, M. Griffin, R. Baron, N. Sasson, and R. C. Gur. The face in the crowd effect: anger
superiority when using real faces and multiple identities. Emotion, 10(1) (2010), 141.



188 G. Ahamba et al. / Triggering and measuring social inhibitory response in humans immersed in
interactions with virtual humans

[12] C. Honan, M. Skye, A. Fisher, and K. Osborne-Crowley. Social disinhibition: Piloting a new clinical
measure in traumatic brain injury (TBI) individuals. Paper presented at the INS/ASSBI 5th Pacific Rim
Conference, 2015.



