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Figure 1: My dissertation work explores the design of an assistive agent as an always-available companion to assist BVI
people in real-world interactions. (a) I first conducted a user study with eight BVI people to probe the design insights for
designing assistive agents [11]. Based on the insights, (b) I developed a system, WorldScribe, that proactively provides live
visual descriptions based on user intent, and visual and sound contexts [10]. (c) My ongoing works expand WorldScribe to take
natural user interactions to provide corresponding information for BVI people, such as object descriptions for hand-object
interactions, and spatial information based on location and mobility. (d) In the future, I aim to draw insights from human
assistance to develop an assistive agent that serves as a long-term, context-aware companion in everyday environments.

Abstract
Interacting with the real world is a fundamental part of daily life,
yet it remains challenging for individuals who are blind or visu-
ally impaired (BVI). It demands live, contextual understanding of
dynamic environments, along with interactive, multimodal com-
munication to fulfill their sensory and cognitive needs. To address
this, my dissertation develops assistive AI systems and frameworks
that observe the real world through multimodal sensing, reason
about essential information in response to user contexts, and de-
liver human-like verbal communication to support real-world un-
derstanding. First, I explored the design insights of assistive AI
agents by investigating how BVI users interact with human-like
video AI systems across diverse real-world contexts. Second, with
the identified insights, such as a lack of proactivity, I developed
a mobile application that analyzes live camera feeds to generate
real-time visual descriptions aligned with user goals, delivering
them in harmony with the audio environment. Lastly, I extend it
with a set of human-like capabilities, such as memory, spatial under-
standing, and the ability to infer intent from natural interactions,
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to act as a long-term assistive companion. Ultimately, my disser-
tation advances a paradigm shift from digital agents to real-world
assistive agents that enhance the independence and agency of BVI
individuals.
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1 Introduction
Interacting with the real world is a fundamental part of daily life,
yet everyday tasks, such as grocery shopping [15, 17, 18, 21], cook-
ing [19, 20], physical making [12, 13], and navigating unfamiliar
spaces [16], remain challenging for individuals who are blind or
visually impaired (BVI). Unlike digital tasks and interfaces that
have rich metadata for promoting accessibility, these physical ac-
tivities demand real-time contextual understanding and effective
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communication to address individuals’ sensory and cognitive needs.
Current mobile applications, such as SeeingAI [4] and BeMyAI [3],
enable BVI users to snap a photo, receive visual descriptions within
seconds, and query missing details through conversation. Yet, their
utility falls short in the rapidly changing real world that requires live
context-aware descriptions. Remote sighted assistance (RSA) con-
nects BVI users with sighted agents who provide support through
video calls and real-time verbal guidance. However, RSA services
are not always available, costly, and raise privacy concerns [8].

The recent rise of agentic interactions, AI systems capable of
perceiving, reasoning, and acting over time to complete digital tasks,
has primarily occurred in well-structured, digital environments
rich in metadata. In contrast, real-world settings relevant to BVI
users are dynamic, unstructured, and individually different. How
to capture and represent meaningful contextual information from
these environments in ways that support agentic AI aligned with
BVI users’ needs remains an open challenge.

To address these questions, my research develops assistive AI
systems and frameworks that observe the real world through mul-
timodal sensing, reason about essential information in response to
user contexts, and use human-like verbal communication to support
decision-making. I envision an AI companion that is always avail-
able to BVI users and remains aware of both their past and present
surroundings. It provides timely, contextually useful suggestions
while respecting social norms and privacy, simulating the presence
of a trusted sighted companion to support the independence and
agency of BVI individuals.

To achieve this goal, I outline the three stages of my research
agenda in the following sections:

(i) Conducting user studies with BVI users to understand the
interaction needs and preferences of BVI users with
assistive AI agents across diverse real-world contexts [11].

(ii) Developing an assistive AI system, WorldScribe [10], that
provides context-aware live descriptions to empower BVI
userswith timely, relevant information for understand-
ing the real world.

(iii) Extending it with a set of human-like capabilities, such as
memory, spatial understanding, observing social cues, and
the ability to infer intent from natural tactile interactions,
to simulate a long-term, context-aware companion in
everyday environments.

Ultimately, my dissertation will contribute to a real-world as-
sistive agent that is context-aware, socially and environmentally
adaptive, and capable of providing always-available, trustworthy
support for BVI individuals in dynamic everyday settings. My aim
is to advance a paradigm shift from digital agents to embodied, real-
world assistive agents that meaningfully enhance the independence
and agency of BVI individuals.

2 Understanding BVI Interaction Needs and
Preferences with Live Video AI System
(ASSETS’25)

Recent advancements in large multimodal models (LMMs) have
advanced assistive technologies, enabling BVI individuals to ac-
cess their environments more independently. Traditionally, users
relied on sighted assistance, either by sending photos to crowd

Figure 2: Illustration of user turn-taking interactions with
ChatGPT’s live video AI. The screenshots were cropped from
the video recording of a participant in our study [11].

workers for answers [7, 24] or by using real-time remote services
like BeMyEyes [2] and Aira [1]. In recent years, LMM-powered
applications such as Be My AI [3] and SeeingAI [4] have further
expanded autonomy by supporting AI-driven conversations around
static images. However, there are still gaps between such LLM-
powered applications and human assistance, which can observe
complex visual and audio context in real time and provide useful
descriptions according to user needs and different abilities.

Advancing this trajectory, OpenAI released ChatGPT Advanced
Voice with Video on December 12, 2024 [5], a state-of-the-art sys-
tem enabling visual question answering (VQA) through live video.
This development marked a notable shift from static image interac-
tion to real-time engagement with dynamic physical environments.
While prior research has begun to examine how BVI users adopt
these emerging tools in everyday life [6, 14, 22, 23, 25, 26], impor-
tant questions remain about how live video AI systems perform in
realistic, task-oriented contexts.

To address this gap, we conducted an in-person user study with
eight BVI participants (To appear at ASSETS’25 [11]), exploring a
range of real-world task scenarios designed to engage them with
ChatGPT’s live video AI [5]. These scenarios included understand-
ing unknown objects, distinguishing between similar items, recog-
nizing prominent visual landmarks, and locating specific targets
within unfamiliar indoor and outdoor environments. Our findings
suggest that while ChatGPT demonstrated promising capabilities
of describing visual content, notable limitations remained across
several dimensions that impact their effectiveness as assistive tools
for BVI individuals. We highlight the following key challenges:
(i) ChatGPT lacks proactivity and the ability to continuously

describe essential visual information, even when explicitly
requested by users in scenarios such as identifying obstacles
or locating specific objects as they move. Instead, it responded
only to direct prompts, requiring users to repeatedly ask simi-
lar questions, which caused frustration and reduced efficiency,
especially during dynamic or repetitive tasks.

(ii) ChatGPT lacks spatial perception and memory for accu-
rate directional guidance, leading to confusion and ineffi-
ciency during tasks such as object search and outdoor naviga-
tion, where recalling prior movement is essential. BVI users
demand descriptions to complement their orientation and mo-
bility (O&M) skills, such as obstacles, signs, and landmarks,
especially in situations where auditory cues or residual vision
are limited.
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Figure 3: WorldScribe system architecture. (a) The user first specifies their intent through speech and WorldScribe decomposes
it into specific visual attributes and relevant objects. (b) WorldScribe extracts keyframes based on user orientation, object
compositions, and frame similarity. (c) Next, it generates candidate descriptions with a suite of visual and language models. (d)
WorldScribe then prioritizes the descriptions based on the user’s intent, proximity to the user, and relevance to the current
visual context. (e) Finally, it detects environmental sounds and manipulates the presentation of the descriptions accordingly.

(iii) ChatGPT fosters misplaced trust in its abilities through
affirming responses, sycophancy, and natural conversa-
tion. These human-like traits can inadvertently create a false
sense of security and inflate users’ perception of information
reliability, a concern that is particularly critical in high-stakes
assistive contexts, where overreliance on AI may lead to harm-
ful outcomes.

To address these three challenges, my next steps are to develop
a live description system with proactivity that provides essential
information, and a set of human-like capabilities toward realizing
a real-world assistive agent.

3 Context-Aware Live Descriptions for BVI
Navigation and Interaction (UIST’24 & DIS’24)

To enable proactivity and live descriptions, I developed World-
Scribe [10], a system that delivers live visual descriptions based
on users’ explicit intent (e.g., stated goals) and implicit intent (e.g.,
inferred from camera motion).

WorldScribe achieves this by interpreting camera motion as an
information cue: when the user moves the camera, it provides brief,
high-level descriptions, while remaining stationary triggers more
detailed ones. These dynamic descriptions are powered by a suite
of vision-language models (VLMs) designed to balance richness
and latency to enable real-time performance. Additionally, build-
ing on my prior work, SoundShift [9] in DIS ’24, which explores
sound manipulation techniques to enhance the distinction of vir-
tual sounds in real-world environments, WorldScribe incorporates
sound context to modulate description delivery in different ways,
such as increasing its volume in noisy environments or pausing
when speech is detected. The descriptions were also prioritized
based on user-defined intent and the proximity of the described
content (e.g., barriers closer to the user). BVI users can also cus-
tomize their desired visual information, its granularity, and audio
presentation (Figure 5).

An evaluation with six BLV people shows that they consider
WorldScribe descriptions useful with adaptive and customized vi-
sual information in different contexts. They also perceive descrip-
tions to be accurate based on the clues they ascertained (e.g., show-
ing their hands within the camera and getting descriptions accord-
ingly). A subsequent technical evaluation shows that the World-
Scribe descriptions achieve an accuracy of (84.26%), cover 75% es-
sential user-desired information, and successfully prioritize 80.83%

descriptions based on user intent and proximity of the described
content.

Through this work, I learn that building an assistive agent is a
long-tail challenge, given the wide diversity of users’ needs and
the complexity and variability of real-world environments. Below,
I describe my ongoing and future work toward this goal.

4 Towards An Assistive Agent in the Real
World: Expanding WorldScribe to Natural
User Interactions (Ongoing & Future Work)

Building on the insights from the above works, I present three on-
going and future directions aimed at realizing a real-world assistive
agent. First, expanding WorldScribe’s use of camera motion for
visual information access, I am exploring how natural hand-object
interactions can serve as intent cues for delivering live descrip-
tions within physical reach. Second, as identified in our ASSETS ’25
study that spatial awareness and memory are critical for real-world
understanding, I am designing a system architecture to generate
real-time spatial descriptions, such as direction, distance, object
size, and spatial changes. Third, beyond providing real-world infor-
mation, I aim to explore how to present it in ways that foster trust
and reduce human-AI friction.

Figure 4: WorldScribe [10] is a system that proactively de-
scribes the real world based on user contexts. (a) The user can
specify their intent and needs regarding visual attributes or
audio presentation through speech input. (b) Besides speech,
they can manually select options for richness and other vi-
sual attributes. (c) They can also configure pauses or increase
the volume of descriptions if certain sound events are de-
tected.
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Figure 5: Overview of WorldScribe and its extensions with different context-aware description strategies.

ManuscriptReady for Submission: ExploringNaturalHand-
Object Interactions as Intent Cues for Live Descriptions. Ex-
panding WorldScribe’s use of camera motion for visual informa-
tion access, my project, WorldScribe::Touch, explores how natural
hand-object interactions can serve as intent cues for delivering live
descriptions within hand reach.

I first synthesized a set of gestures, combining both those com-
monly used by sighted individuals and gestures specific to BVI
users. These were informed by prior research on on-device inter-
actions and discreet on-body gestures, including actions like grab,
touch, point, and swipe up. Building on this gesture set, I trained
lightweight recognizers capable of detecting these gestures and pro-
viding live descriptions to describe essential object information in
real time. Specifically, WorldScribe::Touch provides immediate feed-
back when certain gestures are detected: for example, describing
an object’s attributes when it is touched or grabbed, comparing vi-
sual differences between two objects when held, or reading out text
when the user performs a swipe-up gesture on the object, mirroring
the mobile screen reader interactions when retrieving texts.

We evaluated WorldScribe::Touch with eight BVI participants
across a range of object understanding tasks. Participants com-
mended the system for the completeness and accuracy of its descrip-
tions, as well as the intuitive gesture-based method for accessing
specific details, especially when compared to the assistive tools
they currently use that require frequent photo-taking and query.

Ongoing Work: Toward Live and Meaningful Spatial Un-
derstanding via Smartphone-BasedMulti-Modal SensingBuild-
ing on findings from our ASSETS ’25 study [11] that highlight the
importance of spatial awareness and memory for real-world navi-
gation, this project aims to develop an end-to-end solution using
accessible smartphone data and LMMs to deliver a broad range
of spatial information, in order to address the limitations of prior
work that typically supports only a few spatial cues through spe-
cialized hardware or software. The system is designed to generate
real-time spatial descriptions, such as direction, distance, object
size, and spatial changes, by leveraging smartphone inputs like
camera pose, RGB-D camera frames, and GPS. These are used to
construct structured prompts dynamically to enable accurate, live
spatial understanding with persistent environmental memory. We
will evaluate the system with BVI users and use the resulting data
to create open benchmarks for the HCI and AI communities.

Future Work: Designing Socially Aware Assistive Agents
Informed by Human Guidance The systems developed thus far
leverage a rich combination of smartphone-accessible signals, in-
cluding explicit verbal queries, camera motion, and hand–object
interactions, to generate real-time visual and spatial descriptions.

However, a critical open question remains: when is it socially ap-
propriate to present such descriptions? Real-world contexts, partic-
ularly those involving face-to-face interactions, introduce complex
design challenges. For example, how should an assistive agent con-
vey an interlocutor’s facial expressions or body language when
a BVI user is actively engaged in conversation? When is it worth
interrupting to provide essential information, and how can such inter-
ruptions be delivered in a way that is both respectful and meaningful?
As the next step, I will design and conduct a user study to investigate
how users perceive and respond to different styles of agent behav-
ior across varied social contexts, such as comparing command-like
(e.g., screen reader) versus human-like agent responses in differ-
ent social settings, such as one-on-one conversations versus group
interactions. Ultimately, my goal is to develop a unified assistive
agent that is socially aware, proactive, and effective in everyday
settings.

5 Expected Impacts
Recent AI integrations in downstream applications have demon-
strated the promise of agents capable of autonomously observing,
reasoning, and acting based on user context (e.g., programming,
computer use). My project explores how such capabilities can be
transferred to real-world practical tasks through accessible multi-
modal data (e.g., live video feed, microphone). The technical core
lies in contextual understanding, enabling systems to offer proac-
tive descriptions or actions. This approach has the potential to
advance not only traditional assistive technologies but also a wide
range of emerging applications, including AI-driven tourism and
hands-free or spatial interactions with intelligent agents.

6 Dissertation Status & Aims For UIST Doctoral
Symposium

My dissertation goal is to develop assistive agents that can under-
stand user contexts and needs, and proactively provide essential
information to BVI people. As such, the UIST DS would offer valu-
able feedback on system design and overall framing. I have just
completed my 3rd year of the PhD program and plan to propose
my dissertation in 2026, with the defense to follow by 2027. There-
fore, I look forward to receiving targeted feedback and seeking
collaboration and mentorship on my ongoing and future works.
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