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On the Effect of Augmented-Reality Multi-User Interfaces and Shared
Mental Models on Human-Robot Trust

Rodrigo Chacón Quesada, Fernando Estévez Casado, and Yiannis Demiris1

Abstract— Augmented Reality multi-user interfaces facilitate
communication, coordination and collaboration among teams.
Moreover, these interfaces can help to align the team’s per-
ceptions and expectations under a shared mental model. This
model is a psychological construct that represents the common
knowledge, beliefs, and understandings held by team members.
In this paper, we study to what extent, if any, the combination
of Augmented Reality multi-user interfaces and shared mental
models affects human-robot trust. To this end, we developed an
Augmented Reality multi-user interface to perform a user study
(N = 37) comparing non-dyadic human-robot interactions
with a quadruped robot exhibiting low reliability (Group 3),
against dyadic interactions while the robot exhibited high-
reliability (Group 1) or low-reliability (Group 2). We made
this comparison using validated trust questionnaires relevant to
HRI. Our results, obtained via Bayesian data analysis methods,
show differences in the distribution of answers between groups
1 and 2. Notably, this difference is smaller between groups 1
and 3, which suggests that the combination of shared mental
models and multi-user interfaces holds promise as an effective
way to manage and calibrate human-robot trust.

I. INTRODUCTION

In Human-Robot Interaction (HRI), the preference for
multi-user interfaces over single-user interfaces is under-
scored by the need for enhanced safety, management of com-
plex tasks, and the distribution of workload among human
and robotic collaborators [1]. One of the critical factors in-
fluencing the success of these human-robot interactions, par-
ticularly in safety-critical environments, is the establishment
of trust. Fostering a robust level of trust between humans and
robots is imperative, as it directly influences the effectiveness
and reliability of collaborative efforts, ensuring the seamless
integration of robotic systems into human-operated tasks
[2]. However, calibrating trust in multi-user HRI settings
presents a unique challenge, as it requires navigating diverse
individual preferences, communication styles, and levels of
expertise among multiple human participants, complicating
the establishment of a unified trust framework.

An effective way to calibrate and manage trust in complex
real-world environments lies in ensuring accurate and shared
mental models. These models are defined as mental represen-
tations of the knowledge of system features, functionalities,
maintenance, and sufficient use [3]. A prevalent method to
establish shared mental models is through cross-training,
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Fig. 1: Augmented reality multi-user interfaces for robot opera-
tion could facilitate creating shared mental models among team
members via cross-training, where an expert provides one-to-one
guidance to a learner. Although learners may interpret a robot’s
erratic movements as a flaw, if the expert seems unaffected, they
might perceive the behaviour as normal. Thus, having potential
implications in their reported levels of human-robot trust.

wherein experienced users employ diverse techniques to
impart information to less experienced team members. This
process allows the latter to integrate such knowledge into
their mental models, ensuring greater consistency in their
expectations of the robot’s performance.

Motivated by the limited number of works studying the
effect of multi-user interfaces and shared mental models on
human-robot trust, in this paper we present the design details
on an Augmented Reality (AR) multi-user interface for robot
control we developed to facilitate cross-training in colocated
human-robot interactions, i.e, where the users and the robot
share the same physical space (section III). Furthermore, we
performed a user study (N = 37) comparing non-dyadic
interactions with a quadruped robot exhibiting low reliabil-
ity (Group 3), against dyadic interactions while the robot
exhibited high reliability (Group 1) or low reliability (Group
2). We used a validated multi-item Likert scale to measure
the participants’ subjective trust after completing their trials
[4]. We present the experiment details in section IV.

Our results, presented in section V and obtained via
Bayesian data analysis methods, show differences in the
distribution of answers between groups 1 and 2. Notably,
this difference is smaller between groups 1 and 3, which
suggests that the combination of shared mental models and
multi-user interfaces holds promise as an effective way to
manage and calibrate human-robot trust in complex real-
world environments.
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II. RELATED WORK

A. Extended Reality Multi-User Interfaces for Robot Control

Several recent studies have assessed the effectiveness of
wearable extended reality technologies, i.e., AR, Virtual Re-
ality (VR), and Mixed Reality (MR), in facilitating human-
robot interactions within shared workspaces, whether virtual
or physical [5]. Nonetheless, most of these investigations
involve scenarios where a single operator interacts with either
a single mobile robot [6], [7], [8], [9] or a fixed robot [10],
[11]. Additionally, certain studies have explored situations
where a single operator controls multiple robots [12].

While multi-user interfaces for controlling robots have
been previously studied in academic literature, the vast
majority of works are focused on remote interactions (teleop-
eration) [1] or virtual environments using VR Head-Mounted
Displays (HMD) [13]. A relevant exception is presented in
[14], where the authors proposed a multi-user AR interface.
However, their focus was on human-robot collaboration and
they compared their user interface (UI) against a non-AR
baseline. In this paper, our focus shifts to examining the
impact of cross-training on human-robot trust. Moreover,
we compared non-dyadic human-robot interactions with a
quadruped robot against dyadic interactions using an AR UI.

B. Non-dyadic HRI

While the predominant focus of current research in HRI
remains on dyadic interactions [15], there is a noticeable shift
towards non-dyadic interactions. Researchers have explored
various facets of non-dyadic interaction with robots, these
include: mitigating loneliness [16], assessing the influence
of robotic co-workers in industrial settings [17], examining
robot interactions in healthcare environments [18], exploring
collaboration within groups [19], understanding human per-
ceptions of groups of robots [20], exploring robot-mediated
intimacy [21], and studying human responses to robot mis-
treatment [22]. For literature reviews on non-dyadic HRI,
readers are directed to [15], [23].

The presence of multiple humans engaging with robots
gives rise to novel complexities, particularly those arising
from human-human interactions [19]. Moreover, in safety-
critical environments, understanding how the presence of
other humans influences trust is of special interest. Never-
theless, trust in non-dyadic HRI is a research area that has
received little attention. A relevant exception is [3], where
the authors present a UI incorporating features that support
shared mental models, trust establishment and development.
Nonetheless, their focus was on multi-user multi-device
multi-robot interfaces for robot teleoperation. In this paper,
we aim to study the effect of AR multi-user interfaces and
shared mental models created via cross-training on human-
robot trust during colocated human-robot interactions.

III. AUGMENTED REALITY MULTI-USER INTERFACE
FOR CROSS-TRAINING

A classical technique for developing shared mental models
is cross-training, where team members learn about the roles
and tasks of others. This technique involves an experienced

robot user assisting a less experienced one in building an
accurate mental representation of the robot’s features and
functionalities in a one-to-one interaction style [3]. The AR
multi-user interface we developed is aimed at enhancing the
formation of shared mental models among users through
cross-training. We designed the interface for a context in
which the users and the robot share the same physical
space, move around it, and communicate verbally while
synchronously seeing the same virtual elements that are part
of the UI. Although multi-user interfaces could be deployed
using hand-held devices, in prior studies, we demonstrated
the advantages of utilising AR UIs over handheld interfaces,
particularly in terms of immersion, time performance, and
cognitive workload [24]. These benefits are crucial met-
rics for the successful deployment of UIs in safety-critical
environments where cross-training is paramount, such as
industrial applications. Thus, the following considerations
are focused on a UI designed to be deployed on an AR
HMD. There are two main design considerations to account
for when designing a multi-user interface such as this one.
These are discussed next.

A. Design Considerations

1) Anchor sharing: This refers to the capability of syn-
chronising coordinates across various devices within a shared
local space, ensuring that virtual elements are visible in the
same location for all users [25]. Moreover, anchor sharing
allows localising the robot and the HMDs under a global
coordinate system, a process commonly known as colocal-
isation [26]. Three primary colocalisation approaches are
commonly used: marker-based [27], vision-based [26], and
common map [28]. Given the complexity of multi-marker
and multi-room settings required for mobile robot applica-
tions, along with the dynamic nature of real-world envi-
ronments, multi-anchor vision-based colocalisation methods
are usually preferred [26]. These methods involve extracting
sparse visual features from images and 3D poses provided by
the SLAM systems of the HMDs and robots. These features
are then used to localise the devices relative to multiple
spatially and temporally stable 6-DoF poses, referred to
as anchors. Multiple anchors help manage the offset that
is commonly generated by vision-based techniques as the
distance between the robot and the anchor increases [26].

2) Networking: The second design consideration involves
synchronising the positions, interactions, and movements of
users and virtual elements in real-time across user interfaces.
Numerous services and technologies are available to support
the networking requirements essential for developing multi-
user mixed reality interfaces [25]. For example, in previous
work, we employed Photon SDK for syncing affordances in
a multi-robot platform [12]. Nonetheless, in robotic appli-
cations, designers can also leverage the ROS communica-
tion infrastructure, which can inherently distribute processes
across machines. In this paper, we use ROS to provide
updates across all devices and manage interaction conflicts,
e.g., when two users interact with the same UI element.
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