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Figure 1: Overall workflow and example usage for the VOICE Voice Assistant.

Abstract

Voice Assistants (VAs) are becoming an increasingly important part
of our lives. However, most widespread VAs generally fail to take
into account the user’s spatiotemporal context [11], leading to more
descriptive and less natural dialogue. This paper introduces VOICE,
an open-source multimodal VA leveraging multimodal interaction
and vision-language models to allow for a more flexible and natural
communication. Additionally, we present a preliminary user study
to evaluate VOICE’s ability to understand queries with contextual
references.

CCS Concepts

+ Human-centered computing — Natural language interfaces;
Mixed / augmented reality.
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Voice Assistant, Multimodal Interaction, Vision-Language Model,
Mixed Reality
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1 Introduction

Voice Assistants (VAs) have become prevalent in our daily lives [17].
With the recent announcements of Meta’s Orion, Snapchat’s Spec-
tacles, and Android XR, the use of speech interfaces is expected
to grow even further. However, forty years after Bolt’s seminal
work “Put that there” [4], integrating human speech within a User
Interface (UI) remains a difficult task. Human communication is
inherently multimodal [19], and the English language, in particular,
relies heavily on pronouns [5, 7, 12] and the use of complementary
modalities (e.g. gaze or gestures) to disambiguate them [6, 8, 15, 20].
As the most commonly deployed VAs struggle with spatiotempo-
ral contextual information [11], the use of deictic pronouns (i.e.
referencing contextual elements, such as “this”, “there”, or “here”)
presents multiple difficulties. This problem, known as the pronoun
disambiguation problem [7, 11], affects the naturalness of VA inter-
action [2].

With recent advancements in the Artificial Intelligence (AI) field,
the development of Large Language Models (LLMs) with multi-
modal capabilities has opened new possibilities for VA interfaces.
Specifically, the advent of Vision-Language Models (VLMs) enables
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machine to process and reason over visual data in conjunction
with textual input, making them possibly well-suited to address
the challenges posed by spatiotemporal context in human to VA
communication.

We introduce VOICE Operating in Contextual Environments
(VOICE), an open-source multimodal VA capable of disambiguating
multiple pronouns by taking into account the user’s context and vi-
sual attention. Multimodal interaction has demonstrated flexibility
in the allowed user interaction [16], and VLM has exhibited strong
reasoning capabilities with images. By combining both, VOICE
seeks to explore their potential to enhance VAs. Our preliminary
user study shows that VLM additional input capability opens a lot
of exciting possibilities for VAs by improving their reasoning capa-
bility over environmental contextual information while allowing
users to use more flexible queries.

2 Related Work

To resolve pronoun ambiguity, previous works have relied solely on
speech through conversations between the user and the VA [13, 21].
Others have used complementary modalities such as touch [9],
gaze [14], or pointing gestures [18] to determine user’s attention.
GazePointAR [10, 11] is a Head-Mounted Display (HMD)-based
VA that integrates gaze and pointing gestures. Their VA allows for
a more natural conversation as it can comprehend contextually
ambiguous queries such as “What is this?” or “Can you recommend
something from here?”, making interactions more intuitive and
context-aware. The latest version of their system, as presented in
[11], first listens for the user’s query and then waits for the user
to stand still while pointing and gazing for the system to take a
screenshot through the HMD cameras. The screenshot and the
deictic modalities are then subsequently analyzed using an object
detection model, and a prompt containing the user’s query and a
textual description of the user’s environment (i.e. what he gazed
and pointed at) is then forwarded inside a LLM. The generated
response is then read aloud by the HMD.

This work builds on the ideas presented by Lee et al. [10, 11] and
explores the use of VLMs for VAs through the implementation of
VOICE. The use of a VLM distinguishes our work from GazePointAR
[11] and is expected to improve two of its identified problems: 1)
an improved reasoning capability since the scene is not described
but perceived by the model, and 2) the capture of gaze over time
for more natural queries.

3 A Context-Aware Multimodal Voice Assistant

A typical interaction with VOICE is illustrated inside Figure 1. When
using VOICE, the user starts by saying “Hey glasses”. The applica-
tion will instantly capture a screenshot of the user’s Point of View
(POV) through the HMD’s camera, listen to their subsequent query,
and begin tracking their eye gaze continuously until the query is
complete. The application then generates a textual response by
forwarding these inputs into a VLM and reads it aloud.

3.1 Architecture

The VOICE software architecture follows a client-server model. The
client can be any HMD-based application responsible for capturing
a screenshot, the user’s query and recording eye gaze during the
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query’s duration. The client then communicates with the server
using either an HTTP or a WebSocket connection. All source codes
are available under the MIT license for reproducibility purposes!.

We implemented a client application for the HoloLens 2 using
Unity 2022.3.51f and Microsoft’s MRTK 3. The user interacts with
VOICE by saying “Hey Hololens”, the client then takes a screenshot
of user’s POV and listens for the user to complete their query. While
listening, it logs the user’s eye gaze data continuously, over the
entire period of the query. Each recorded query is then sent to the
VOICE server.

The server is written in Typescript and works with Node v18.20.4.
Upon receiving a query, the server constructs an empirically de-
termined prompt, following Lee et al. [11]’s recommendation for
better results. The prompt is built using user’s spoken query, their
POV and a modified POV that includes their visual attention (see
section 3.1.1). It is then processed using a specified pre-prompt VLM
(by default, OpenAI’s gpt-40). Generated text output is then sent
back to the client. As VLM have shown greater reasoning capability
[1, 22], we expect VOICE architecture to outperform GazePointAR’s
[11] textual approach.

3.1.1  Continuous Gaze Data Representation. In human communica-
tion, gaze is directed directly towards referenced objects [8, 15, 20]
a key signal used to infer attention and intention, providing in-
sight into what others are focusing on or considering [6]. There-
fore, VOICE architecture relies on gaze to resolve pronouns in user
queries. As VOICE aims to deliver a natural user experience, with
no unnatural forced behavior upon the user, the system records
gaze continuously (as suggested by Lee et al. [11]), rather than
discretely, during the entirety of any user query. Then, it maps the
recorded 3D vectors into their pixel coordinates given the user’s
POV screenshot taken at the beginning of the query. Subsequently,
the user POV is processed by overlaying a heatmap that visually
represents where the user focused their gaze during the query (see
Figure 2b). This modified POV, enriched with gaze information,
serves as a second input to the VLM, allowing it to incorporate the
user’s visual attention as part of its reasoning process.

4 Preliminary User Study

We gathered 5 participants and asked them each separately to per-
form 6 pre-defined context-sensitive queries (see Appendix A). Each
query was designed to be ambiguous if not supported by an addi-
tional deictic modality, with some containing multiple pronouns.
Participants were told how to activate VOICE (i.e. the wake up
sentence), and were instructed to ask the queries as written, with
no further instructions on the interaction. All participants were
between 24 and 31 years old (i = 27.2). All reported having used
VAs previously. Through this short evaluation, we aimed to en-
sure VOICE’s ability to disambiguate pronouns and reason over
contextual data.

Out of the 30 recorded queries, 22 were correctly disambiguated
and understood by VOICE, which proceeded by giving a satisfactory
answer. These results are promising and demonstrate the system
capability to disambiguate context-aware queries even when con-
taining multiple pronouns. The mean process time per query was

https://github.com/tsepton/voice
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(b) The corresponding user’s visual attention.

Figure 2: Example of a recorded POV and its corresponding
gaze heatmap.

9.98s+1.64. The designed queries left two participants confused at
first, as how they should communicate deictic references to the sys-
tem. However, all independently understood that the system relied
on eye gaze®. After completing the queries, all participants reported
intentionally using their gaze to aid in disambiguation. However,
they did not find this use cumbersome, nor did they report that it
felt unnatural.

5 Future Works and Limitations

While Section 4 demonstrates that our gaze representation is effec-
tive, further adjustments are likely needed. Currently, the heatmap
generated from the Hololens eye-tracking data is inaccurate. A bet-
ter calibration or a more precise eye-tracker could likely benefit the
resulting performance. Additionally, our implementation does not
account for head movements, which may lead to drift in the data.
As suggested by Aziz and Komogortsev [3], incorporating head
movement compensation would also likely improve performance.

One participant expressed their will to use pointing gestures
and was disappointed to learn later that the system relied solely on
gaze as the modality for processing such inputs. When designing
VOICE, pointing gestures were excluded as they can be considered
an additional effort and/or feel uncomfortable in public settings

2This was likely influenced by the Hololens requiring calibration for eye gaze when
worn for the first time.
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[11]. Nevertheless, it could enhance the VA reasoning capability
but its internal representation should be addressed.

Using a VLM instead of a LLM is expected to enhance the VA
reasoning capabilities, but the community could benefit from a
comparative study of VOICE with other approaches. Furthermore,
the VA will inevitably inherit any limitations present in the chosen
model. For example, gpt-4o is equipped with safeguards that prevent
it from revealing a person’s identity. To address such constraints, it
is necessary to tackle the limitations inherent in the chosen model.
As VOICE is open source, we have made it easy to switch models,
including using a self-hosted one through Ollama?.

While the VLM allows for a deep understanding of the user’s
environmental context, it currently does not incorporate temporal
context, user-specific information (e.g., personal details such as their
agenda) nor does it have an internet access. Future research should
explore ways to enable the VLM to access past events. However, it
is crucial to carefully consider the privacy implications involved.

6 Conclusion

We presented VOICE, a context-aware multimodal VA capable of
understanding flexible queries through the capture of the user’s
gaze. A preliminary user study involving 5 participants assessed
a VLM can effectively disambiguate multiple pronouns. Our work
shows that VLMs are promising for handling complex, context-
sensitive queries, enabling a more nuanced understanding of the
user’s environment.
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Original Sentences (French)

English Translation

Quel pays est-ce que c’est?

Which country is this?

Quelle langue est commune a
ces deux pays?

Which language is common to
these two countries?

Quel est le résultat de ceci [une
équation]?

What is the result of this [an
equation]?

Le résultat de ceci [une équa-
tion] est-il égale & ca [une
équation]?

Is the result of this [an equa-
tion] equal to that [an equa-
tion]?

Connais-tu ce logo?

Do you know this logo?

Sais-tu ou ceci prend lieu cette
année?

Do you know where this is tak-

ing place this year?

Table 1: Ambiguous queries relying on contextual informa-
tion (see Figure 3) used within the evaluation.

(a) Referent for queries 1 and 2.

2x=10

x/10=50

X*x=1000+(12/x)

(b) Referent for queries 3 and 4.

4 4

LISMAR
JEICS

(c) Referent for queries 5 and 6.

Figure 3: Projected images serving as contextual elements in
front of participants during the preliminary user study.
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