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Abstract

Augmented Reality (AR) glasses offer significant potential to ad-
vance conversational user interfaces (CUIs), particularly in chal-
lenging, hands-free settings such as veterinary care in animal barns.
Effective communication in such scenarios relies heavily on mutual
Theory of Mind (ToM)—the ability to understand intentions and
coordinate joint actions. However, dynamic, noisy, and cognitively
demanding veterinary environments pose substantial obstacles to
the formation and maintenance of a mutual ToM, and traditional
interfaces often fail to support these essential cognitive processes
adequately. This position paper argues that integrating AR glasses
equipped with cameras capable of filming and interpreting environ-
mental contexts, along with synchronized audio-visual feedback,
can profoundly influence mutual ToM among veterinary profes-
sionals. By applying concepts from cognitive psychology and the
Human-Agent Speech Interaction (HASI) model, our discussion
examines how Augmented Reality (AR) can enhance cognitive pro-
cesses in real-world settings. AR glasses can improve aspects of
conversation, including recognizing intentions, interpreting visual
context, and adapting communication strategies. AR with mutual
ToM can enhance usability, reduce cognitive load and improve un-
derstanding among communication partners. We establish a foun-
dation and emphasize the necessity of empirical research to explore
and validate these concepts.

Keywords

Conversational User Interfaces, Theory of Mind, Augmented Reality
Glasses, Hands-Free Veterinary Collaboration

Permission to make digital or hard copies of all or part of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full citation
on the first page. Copyrights for components of this work owned by others than the
author(s) must be honored. Abstracting with credit is permitted. To copy otherwise, or
republish, to post on servers or to redistribute to lists, requires prior specific permission
and/or a fee. Request permissions from permissions@acm.org.

ToMinHAI °25, Waterloo, ON, Canada

© 2025 Copyright held by the owner/author(s). Publication rights licensed to ACM.
ACM ISBN 978-x-xxxx-xxxx-X/YYYY/MM
https://doi.org/10.1145/nnnnnnn.nnnnnnn

Thomas Kosch
thomas.kosch@hu-berlin.de
HU Berlin
Berlin, Germany

Martin Gaedke

gaedke@informatik.tu-chemnitz.de
Chemnitz University of Technology
Chemnitz, Germany

ACM Reference Format:

Tobias Miinch, Thomas Kosch, Sebastian Heil, and Martin Gaedke. 2025.
Supporting Mutual Theory of Mind through AR-Enhanced Conversational
User Interfaces in Veterinary Care. In Proceedings of Theory of Mind in
Human-CUI Interaction Workshop @ ACM CUI 2025 (ToMinHAI °25). ACM,
New York, NY, USA, 3 pages. https://doi.org/10.1145/nnnnnnn.nnnnnnn

1 Introduction

AR glasses are currently being trialled as a promising platform for
advancing CUIs in hands-free professional contexts [1, 9, 16]. In
veterinary medicine, particularly in animal barns, veterinarians op-
erate in dynamic, noisy, and high-pressure environments where effi-
cient collaboration and real-time information exchange are crucial.
Effective teamwork in these settings depends on a shared under-
standing of intentions and rapid adaptation to changing scenarios—
an ability grounded in the mutual formation of Theory of Mind
(ToM) [3, 15]. However, maintaining ToM in such challenging en-
vironments is non-trivial. Traditional user interfaces—even con-
versational systems—often fail to adequately support the cognitive
processes required for seamless communication and action coor-
dination, particularly under constraints of mobility, hygiene, and
environmental complexity [9].

A new generation of AR glasses, such as Meta Glasses, now com-
bine hands-free visual feedback, real-time audio interaction, and en-
vironmental sensing through integrated cameras [9]. These devices
are not limited to passive information display; they can actively
capture and interpret visual context, offering a new design space for
multimodal conversational support. By linking audio-visual signals
with environmental context, AR-based CUIs can lighten cognitive
load, boost situational awareness, and help veterinary teams de-
velop a shared understanding of each other’s mental states [1, 16].

This position paper addresses a central question: How can AR
glasses equipped with conversational interfaces and envi-
ronmental perception capabilities reshape mutual Theory
of Mind in the context of hands-free, high-stakes veterinary
work? We argue that the integration of AR glasses with synchro-
nized audio-visual feedback, supported by cognitive models such as
the HASI model [16] and established principles from cognitive psy-
chology [3], opens new opportunities for augmenting key aspects
of team communication.
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2 Background

Advancing hands-free CUIs in complex environments requires a
multidisciplinary understanding of cognitive psychology, interac-
tion models, and the unique constraints of wearable augmented
reality technologies.

Theory of Mind in Human-CUI Interaction: ToM describes
the ability to infer, model, and anticipate the intentions and mental
states of others [3, 13]. In the context of Human-CUI interaction,
ToM is not only a fundamental cognitive faculty for natural conver-
sation, but also a key design challenge for artificial agents [11, 15].
Recent work has emphasized the importance of Mutual Theory of
Mind in Human-AI and Human-Agent Interaction, arguing that
effective collaboration with intelligent systems requires both hu-
mans and machines to iteratively shape, update, and communicate
their interpretations of each other’s mental states [15]. Designing
CUISs capable of supporting and reflecting user intentions through
dialogue, contextual cues, and adaptive strategies remains an open
and critical problem in human-centered AI (HCAI) [7, 16].

Cognitive Models in Conversations: To create effective CUIs,
we need to understand how people recognize, process and gener-
ate speech. Conversation models (e.g. the interactive alignment
model [12] and Norman’s action cycle [10]) highlight the back-and-
forth nature of dialogue. This involves setting goals, taking action,
providing feedback, and assessing responses. More recently, cogni-
tive architectures for speech-based systems incorporate dynamic
context, multimodal signals, and adaptation to user traits [6, 16].
Integrating these cognitive models with AR-based CUIs enables
more adaptive, and contextually aware conversational experiences,
allowing systems to support intention recognition better and reduce
communication breakdowns [1, 4].

Veterinarians and Hands-Free Challenges: Veterinarians
working in barns and animal care settings face challenging opera-
tional constraints: hands are most of the time occupied, environ-
ments are noisy, and strict hygiene protocols limit interaction with
shared devices [8, 9, 14]. Traditional interfaces (e.g., touchscreens
or handheld devices) are often impractical, leading to workflow
disruptions or communication delays [2, 5]. There is a need for
hands-free, context-aware technologies that integrate with vet-
erinarians’ workflows, support real-time communication, and are
robust in the face of environmental challenges [9, 15]. Recent stud-
ies in medical and industrial contexts have demonstrated that AR
glasses, when combined with multimodal CUIs, can address many
of these issues; however, domain-specific research for veterinary
applications remains limited [2, 14].

3 Enhancing Mutual ToM with AR Glasses

Recent advances in AR glasses create opportunities to actively
support the formation and maintenance of mutual ToM in hands-
free, high-stakes environments such as veterinary medicine. By
integrating environmental perception, multimodal feedback, and
speech-centric interaction models, AR-based CUIs can address long-
standing cognitive and practical challenges in collaborative work [9,
15, 16].

Environmental Perception via Camera Input: Currently
developed AR glasses, such as Meta Glasses, contain front-facing
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cameras that can capture the visual context of the user’s envi-
ronment [9]. In contrast to authentic AR glasses, Meta glasses do
not have a digital overlay [9]. This enables context-aware CUIs to
recognize ongoing activities, identify relevant objects, and adapt
system responses in real time. For veterinarians, environmental
perception means the system can distinguish between routine and
emergency procedures, track the presence and behavior of animals,
and support hygiene protocols by minimizing the need for physical
interaction [2, 5]. By embedding camera-driven contextual aware-
ness into dialogue management, AR CUIs become better partners in
collaborative activity, proactively anticipating needs and reducing
misunderstandings—a key element of mutual ToM [15].

Audio-Visual Multimodal Interaction: AR glasses facilitate
hands-free interaction not only through audio but also via visual
feedback and overlays [1, 14]. Synchronized audio-visual outputs
support a richer, more robust channel for communication—especially
in noisy or unpredictable environments. Visual prompts (e.g., step-
by-step checklists, contextual alerts, and images) can complement
spoken guidance, reinforcing understanding and supporting rapid,
coordinated decision-making [4, 16]. This multimodal approach is
especially important for maintaining mutual ToM: the system can
both clarify its intentions and confirm its recognition of the user’s
goals, enabling smoother and more effective turn-taking and repair
strategies [6, 7].

Hands-Free Veterinary CUIs with HASI: The HASI model
provides a structured framework for designing CUIs that account
for the dynamic interplay between user actions, system responses,
individual traits, and broader context [16]. Applying HASI to hands-
free veterinary CUIs emphasizes three critical layers: (1) interaction
(user and system actions, timing, phrasing); (2) traits (user expertise,
emotional state, system reliability); and (3) context (ongoing activ-
ities, environmental challenges, team roles). By operationalizing
HASI in AR glasses, designers can ensure that system feedback
is both relevant and adaptive—supporting veterinarians as they
navigate complex, high-cognitive-load workflows [2, 9]. This struc-
tured interaction promotes mutual ToM by making system states,
intentions, and limitations transparent, enabling human users to
build accurate models of the CUI and vice versa [15, 16].

4 Model and Implications

Building on the HASI model and contemporary cognitive frame-
works, we envision a model for AR-glasses-supported conversa-
tional interaction in hands-free veterinary environments.
Interaction Flow and Cognitive Processes: The interaction
flow in our model is cyclical and adaptive: veterinarians initiate
dialogue with the AR glasses via speech, gestures, or contextual trig-
gers, while the system leverages camera input to interpret environ-
mental cues and user actions [2, 9]. The CUI responds with tailored
audio and visual feedback, supporting key cognitive steps—such as
goal formation, action planning, execution, and evaluation—aligned
with established models like Norman’s action cycle [10, 16]. By
bridging the gap between user intent and system understanding,
this flow seeks to reduce cognitive load and encourage smooth,
error-tolerant interactions in high-stakes environments [3].
Communication Strategies: Our model supports a range of
communication strategies for both routine and critical veterinary
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tasks. Proactive system prompts, context-aware clarifications, and
multimodal confirmation cues help resolve ambiguities and break-
downs before they disrupt workflow [6, 7]. The AR system can dy-
namically switch between modalities—emphasizing visual overlays
in high-noise situations or audio in visually complex contexts—to
optimize message delivery and comprehension [1, 4]. Feedback is
iterative: both human and CUI partners update their mental models
based on ongoing interactions, supporting flexible adaptation and
rapid repair.

Mutual ToM Formation and Maintenance: Central to the
hypothetical model is the continuous, bidirectional formation of
mutual ToM. The system infers the user’s goals, emotional state,
and situational needs through verbal, nonverbal, and contextual
signals, while transparently exposing its own state, limitations, and
decision rationale [15, 16]. This recursive interpretation-feedback
loop enables users to calibrate their expectations, fostering trust
and efficient division of labor [11]. The AR-enabled CUI becomes
a cognitive partner for complex decision-making and facilitating
shared understanding even under the unpredictable demands of vet-
erinary practice. Future empirical studies are needed to validate the
effectiveness of this mutual ToM model in real-world deployments.

5 Discussion

While AR-glasses-enabled CUIs present clear potential for enhanc-
ing mutual Theory of Mind in veterinary practice, several important
limitations and challenges must be addressed before deployment
in real-world settings. Technological constraints—including inter-
net connectivity, robustness of speech recognition in noisy barns,
and accuracy of environmental perception—may limit effective-
ness [2, 9]. Using cameras in veterinary settings requires considera-
tion of ethical principles and privacy for maintaining the veterinary
staff and animal owners. Additionally, becoming too dependent on
technology is a challenge because it can lead to a decline in human
skills [5, 8]. To foster trust in these high-stakes environments, it is
crucial to prioritize transparency, provide clear explanations, and
ensure that users retain control over the technology. Additional, It
is crucial to address negative biases and provide users with prac-
tical training to make an usage in a veterinary setting possible.
Additionally, adapting interaction models and cognitive support to
diverse user skill levels and workflows remains an ongoing research
challenge.

6 Conclusion and Future Work

AR glasses with conversational interfaces and environmental per-
ception can enhance hands-free, context-aware support in veteri-
nary medicine. By establishing a mutual ToM through synchronized
audio-visual cues, these systems can reduce cognitive load, enhance
team communication, and improve workflow safety and efficiency.
Despite ongoing research and development challenges, this ap-
proach could be a starting point for the next generation of HCAI in
busy professional settings.

Future research should focus on critically reflecting on the pro-
posed model through field studies and controlled experiments in
veterinary settings. Key areas of exploration include the effect of
AR-supported mutual Theory of Mind on communication efficiency,
error rates, cognitive load, and user satisfaction. Collaborating with
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veterinary professionals during the design and evaluation process
is crucial to ensure that solutions meet their specific needs and
requirements. Additionally, ethical guidelines and best practices for
camera-enabled, Al-driven CUIs should be developed with input
from domain experts and stakeholders [8, 14].
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