Simulating listener gaze and evaluating its effect
on human speakers
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Abstract. This paper presents an agent architecture designed as part of
a multidisciplinary collaboration between embodied agents development
and psycho-linguistic experimentation. This collaboration will lead to
an empirical study involving an interactive human-like avatar following
participants’ gaze. Instead of adapting existing “off the shelf” embodied
agents solutions, experimenters and developers collaboratively designed
and implemented experiment’s logic and the avatar’s real time behavior
from scratch in the Blender environment following an agile methodology.
Frequent iterations and short implementation sprints allowed the experimenters to focus on the experiment and test many interaction scenarios
in a short time.
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Introduction

Gaze is a very important aspect of social communication as it is closely connected
with comprehension, planning, and prediction processes [6]. It furthermore represents a strong cue for the speaker and listener’s focus of attention [2]. While the
influence of the speaker’s gaze and utterances on the listener’s gaze has been investigated to some extent [7], the influence of the listener’s gaze on the speaker’s
behaviour is largely unexplored so far. The difficulty of precisely controlling a
human being’s gaze behaviour might have contributed to the sparse amount of
related work. Indeed, in an experimental setup which intends to investigate the
speaker’s reaction to the listener’s behaviour, the manipulated variable, i.e. the
listener’s gaze behaviour, has to be controllable in a way that minimises the
interfering impact of any confounding variables. In human-human interaction,
however, the possible sources of interference are manifold. Only recent advances
in the development of embodied conversational agents provide a possible solution to overcome these difficulties. Employing an artificial agent as listener makes
the experiment substantially more controllable, interrupting the recursive relation between speaker and listener behaviour. Also, even though interacting with
a virtual agent is an unusual situation for most, people generally treat agent
gaze similarly to human gaze [6]. Our goal is to examine whether listener gaze
can be simulated by simple gaze-following (also imitating joint attention) and
whether that affects speaker behaviour in terms of speech production and gaze
behaviour.
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Fig. 1: Software architecture of the virtual agent.
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Implementation Decisions and Architecture

The avatar-based interactive application supporting the experiment described
in this paper capitalises on a previous work experiment [7]. The solution employed back then was comparable to available agent control frameworks [8,9,5,1]
and offered a BML [4] interface to the experimenters to interactively control
the avatar. This raised a number of issues, the most significant drawbacks being a cumbersome deployment process, a non-trivial compilation and packaging
pipeline, and the impossibility for experimenters to interactively edit the scene
layout or the assets. These issues hindered the collaboration flow between the
multidisciplinary team as well as the experimental setup eventually used in the
study.
In this experiment, the interactive agent framework was reimplemented from
scratch around the Blender software4 . Blender indeed provides an integrated
full-fledged editing environment tightly coupled with a complete game engine
which does not constrain which attributes of the game logic, assets, or real-time
controllers can be exposed to the experimenters. Also, because all resources
(assets, game logic, and input/output scripts) can be packed in a single .blend
file, packaging and deployment becomes as trivial as sharing a single file on a
convenient file-sharing service like Dropbox5 . All assets used in the experiment
are covered by the Creative Common (static objects) or the LGPL licence (Mesh,
textures and weight maps of the Brad Character from ICT’s Smartbody [8]).
Figure 1 depicts the architecture of the interactive setup. The eye tracker
machine (bottom left) sends, via local area network, the coordinates of the screen
point that the user is watching. The top box represents the content of the Blender
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editor. It includes all the assets needed for the visualization as well as the invisible
assets animating and controlling the agent.
A Blender scene makes use of four software modules: i) the receiver reads
the eye coordinates via a UDP connection; ii) the object selector performs a ray
cast of the eye coordinates in the 3D scenes to pick up a reference to the object
which the user is currently watching; iii) the logic controller determines if the
character has to play back an animation (e.g. nodding) or if it has to look at
either a neutral location, the same object the user is looking at, or back at the
camera; iv) finally, the motion controller applies the motion to the spine (via
forward kinematics) and to the eyes (via inverse kinematics) of the character.
The right side of the Blender box shows the elements which are exposed to the
experimenters so that they can autonomously fine-tune the experiment: i) the
gain of both the eyes and the spine movements, which also influence the speed of
the gazing behaviour; ii) the timeouts used by the state machine to change state,
which are needed to tune the reaction speed of the avatar as well as to smooth
the avatar’s behavior when the subject’s inferred gaze trajectory becomes noisy;
iii) the range of the sensors used to intercept the ray cast; and iv) the location of
the objects, to customise the layout of the scenes. The experimenters were also
provided with two commodity scripts to start the calibration procedure and to
run the trials.
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Experimental set-up

We plan to use the avatar to address psycholinguistic research questions, in particular the influence of listener gaze on human-agent interaction. We intend to
examine whether simple gaze-following by the avatar, which merely mirrors (after some filtering) the human participants’ own gaze, might be enough to create
the impression of an intelligent avatar that processes and understands spoken
descriptions, and whether this affects the participant’s behaviour in terms of
speech production and gaze behaviour. In contrast to previous research concentrating, for instance, on the perception of virtual agents [3], we will exploit the
actual, real-time gaze behaviour of the participants.
To this end, participants will sit in front of a computer screen displaying the
content of the experiment. An eye tracking camera will be positioned directly
below the screen. During the experiment, participants will view face and torso of
the avatar (introduced as “Brad”) with a set of six similar 3D objects arranged
on a table in front of it, which they will be asked to describe verbally. The eye
tracking technology will be used both as a diagnostic tool to measure the fixation
locations as well as as input data for the experiment, endowing the virtual agent
with the ability to follow the participant’s gaze. Figure 2 depicts the data flow
in this set-up.
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