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Abstract—Most current approaches to social navigation focus
on the trajectory and position of participants in the interaction.
Our current work on the topic focuses on integrating gaze
into social navigation, both to cue nearby pedestrians as to the
intended trajectory of the robot and to enable the robot to read
the intentions of nearby pedestrians. This paper documents a
series of experiments in our laboratory investigating the role of
gaze in social navigation.

I. INTRODUCTION

As mobile robots move into human-populated environments,
such as homes, offices, and businesses, they must be able to
negotiate the problem of navigating in spaces that they share
with people. This development has given rise to research on
the problem of social navigation [3, 15]. Among other goals,
researchers in this area wish to improve the comfort and safety
of people who must share space with robots, to make robots
more interpretable to people as they navigate, and to enable
robots to make progress on tasking where they may otherwise
be impeded by nearby pedestrians blocking their path [2, 25].
It is also worth noting that the study of social navigation
has not been limited to the domain of robotics. Significant
research has been performed in virtual reality simulations
or 3D-rendered game models [17, 24], and the Social Force
Model — which has been leveraged in robotics — has its
origins in multi-agent crowd simulations [9, 22].

A significant majority of the work on the task of social
navigation in robots has focused on the position and trajectory
of people with respect to the robot [4, 10, 20, 23]. A smaller
collection of work has focused on cuing nearby pedestrians
as to the intentions of the robot. Methods have included the
addition of turn signals to the robot, as well as projection map-
ping arrows onto the floor in front of the robot; both indicating
the robot’s intended trajectory [1, 6, 14, 19]. Research in our
group has instead focused on leveraging gaze as a social cue,
both to indicate the intended trajectory of the robot [8] and to
interpret the intentions of nearby people [11]. This short paper
discusses the evolution of our thinking on this problem based
on the outcomes of several experiments in an ongoing series of
studies that we are performing and concludes with a discussion
of challenges we have identified. For a comprehensive review
of approaches for handling interactions in the context of social
navigation, we refer the reader to Mirsky et al. [16].

The first work in this series of experiments is by Fernandez
et al. [6] who attached LEDs to the frame of a BWIBot robot
[13], and used the LEDs in a fashion similar to a turn signal.
In a test in which people pass robots heading head-on towards
them in a hallway, LEDs were only successful in preventing a
human and a robot from blocking each other’s paths when the
person has previously seen the turn signal being used by the

robot (thus revealing the signal’s meaning). This result caused
us to look to the use of gaze as a social cue to coordinate
hallway-passing behavior, with the hypothesis that gaze will
be easily interpreted correctly by people.

Gaze is an important indicator of where a person is about
to move. Norman [18] speculated that bicycle riders avoid
collisions with pedestrians by reading their gaze. Nummenmaa
et al. [19] present a study in which a virtual agent (3D-
rendered on a computer monitor) walks towards the study
participant. The participant must choose whether to pass the
agent on its left or right using keyboard commands, and the
virtual agent indicates its intention by looking to its left or
right. Unhelkar et al. [27] present a study in which head
pose is used to determine which target a pedestrian will walk
toward. Khambhaitia et al. [12] present a motion planner which
coordinates the head motion of a robot to the path that the
robot will take 4 seconds in the future, and asked participants
in a video survey to determine the robot’s intended path as it
approaches a T-intersection.

In our lab we have investigated the use of gaze in social
navigation. Hart et al. [8] present a human study in which
researchers acting as pedestrians in a busy hallway vary their
gaze patterns to be either congruent with the direction that
they intend to walk, counter to that direction, or absent (by
looking down at a cell phone). The results demonstrate that
pedestrians passing these researchers in a hallway are more
likely to collide with them when their gaze is counter to the
direction that they intend to walk in. In the same paper, Hart
et al. [8] update the experimental setup from Fernandez et
al. [6] to compare a gaze cue presented on a 3D-rendered
virtual agent head mounted to the robot’s chassis to the use
of LEDs; finding that the gaze cue is more effective than the
LEDs in preventing the robot and participants in the study
from blocking each other’s paths.

The first two of these robot studies surrounds the idea of the
robot socially cuing its intentions to nearby pedestrians, but
does not explore the idea of the robot’s behavior responding
to social cues made by the people it interacts with [7, 26].
The most recent study on this topic by our group, performed
by Holman et al. [11], approaches this problem from the
perspective of enabling the robot to respond to human gaze.
Participants are placed in a virtual environment, using wireless
virtual reality equipment with an embedded eye tracker, and
instructed to walk to one of five targets, in a similar fashion
to the experimental design described in the work by Unhelkar
et al. [27]. The study’s findings indicate that gaze can be used
as an early cue indicating the target of a participant’s motion.
We plan to leverage these results in future work to enable a
robot to coordinate its motion to that of nearby pedestrians.
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