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Figure 1: NaviNote enables blind and low vision (BLV) users to explore their surroundings via a five-stage pipeline after
localizing their precise positions using Visual Positioning System (VPS) in a pre-scanned area on a smartphone: (1) User asks
about the area using natural language; (2) User navigates to a specific location within the area by following the turn-by-turn
instructions NaviNote provides; (3) User listens to nearby spatial annotations created by other BLV users; (4) User asks follow-up
questions on spatial annotations and from other information sources; (5) User creates their own spatial annotations. Arrows in
the figure indicate the internal flow of the pipeline. During the interaction, the user wears a vest that holds the smartphone

with camera facing forward.

*Authors contributed equally to this research. Order was determined alphabetically.

This work is licensed under a Creative Commons Attribution 4.0 International License.

CHI ’26, Barcelona, Spain

© 2026 Copyright held by the owner/author(s).

ACM ISBN 979-8-4007-2278-3/26/04
https://doi.org/10.1145/3772318.3790589

Abstract

GPS and smartphones enable users to place location-based anno-
tations, capturing rich environmental context. Previous research
demonstrates that blind and low vision (BLV) people can use anno-
tations to explore unfamiliar areas. However, current commercial
systems allowing BLV users to create annotations have never been
evaluated, and current GPS-based systems can deviate several me-
ters. Motivated by high-accuracy visual positioning technology,
we first conducted a formative study with 24 BLV participants to
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envision a more accurate and inclusive annotation system. Sur-
prisingly, many participants viewed the high-accuracy technology
not just as an annotation system but also as a tool for precise
last-few-meters navigation. Guided by participant feedback, we
developed NaviNote, which combines vision-based high-precision
localization with an agentic architecture to enable voice-based an-
notation authoring and navigation. Evaluating NaviNote with 18
BLYV participants showed that it significantly improved navigation
performance and supported users in understanding and annotat-
ing their surroundings. Based on these findings, we discuss design
considerations for future accessible annotation authoring systems.

CCS Concepts

« Human-centered computing — Accessibility technologies;
Accessibility systems and tools; Accessibility design and eval-
uation methods; Mixed / augmented reality.
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1 Introduction

Exploring and understanding one’s surroundings is essential for
human well-being [31, 126] yet remains a persistent challenge for
blind and low vision (BLV) people. Large language models (LLM)
and computer vision (CV) capabilities have supported BLV users
with in-situ exploration by detecting nearby objects [56, 72, 87, 93],
recognizing text [53, 117], and providing scene descriptions [44, 45,
45, 65, 79, 89, 113, 123], yet these camera-based Al tools impose
limitations for BLV users around aiming the camera correctly [16,
23], verifying information, and addressing LLM hallucinations (i.e.,
models generate plausible-sounding but unfaithful or nonsensical
information [58]) [3, 50, 149]. They also cannot provide information
about objects outside the camera’s frame.

Location-based annotations complement existing tools by pro-
viding verified contextual information outside the camera view
(e.g., an entrance behind the user). Prior work, Footnotes [36], has
shown their value in providing multifaceted information to BLV
users that LLM- and CV-based tools alone cannot provide. However,
BLV users play a passive role in FootNotes as well as other assistive
systems for exploration [25, 33, 60], consuming information along
predetermined routes rather than contributing their own situated
knowledge. Existing systems are also limited by the precision of
localization technologies, often relying on the 10-meter accuracy of
GPS [86] or similar, which limits the utility of annotations as they
cannot be precisely placed or accessed.
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New emerging technologies could bridge this gap, allowing the
creation of accessible, empowering interfaces for BLV users to
act as active in-situ explorers and annotation contributors. First,
multi-modal large language models (MLLM) can enable voice-first
interfaces for users to interact accessibly with their surroundings
[60]. Second, the latest Visual Positioning Systems (VPS) are far
more precise than GPS at tracking where the user’s phone is in 3D
space [52, 104], without needing to aim cameras at specific targets.
We propose that together, these technologies offer opportunities
for high-accuracy, conversational, in-situ spatial annotations. We
therefore seek to answer the following research questions in the
context of such a system:

e RQ1: What types of annotations are most valuable to BLV
users, and in what scenarios are they most applicable?

e RQ2: How can we design an accessible interface to enable
BLV users to author in-situ spatial annotations?

e RQ3: How can BLV users effectively access and utilize spatial
annotations?

To answer these questions, we first conducted a formative study
involving 24 BLV participants, identifying six key annotation cate-
gories: Safety, Accessibility, Amenity, Layout, Attraction, and Expe-
rience. Beyond annotations, we learned our proposed technology
could address a critical prerequisite for exploration: precise “last-
few-meters” navigation, providing turn-by-turn instructions during
the final meters of travel where traditional GPS often fails [127].
Motivated by these findings, we designed NaviNote, a voice-based
system combining VPS technology with an Al-powered conversa-
tional interface. Utilizing sub-meter-level localization (i.e., position
error of less than one meter), NaviNote provides turn-by-turn in-
structions and an audio compass to facilitate safe navigation for BLV
users, and supports in-situ accessing and authoring of annotations
at precise locations.

To evaluate NaviNote, we conducted a second study with 18 BLV
participants in a local public square, now focusing on navigation
and free exploration. Sixteen participants compared navigation us-
ing NaviNote versus a baseline, and all 18 participants completed
a free-form exploration to listen to pre-set annotations and create
new ones. We found NaviNote significantly improved navigation
performance, with 14 of 16 participants successfully navigating
using NaviNote compared to only six with the baseline, and also
enabled all participants to successfully create annotations indepen-
dently. Moreover, NaviNote significantly outperformed the baseline
across qualitative measures, including perceived effectiveness, us-
ability, mental demand, frustration, and perceived performance.
Based on participants’ in-situ authoring, we refined the taxonomy
of desired annotations and introduced another category, Request.

In summary, our contributions include: (1) NaviNote, a voice-
based system that enables BLV users to create in-situ spatial anno-
tations and navigate effectively in last-few-meters scenarios, (2) an
evaluation of NaviNote with 18 BLV participants, demonstrating its
benefits for navigation and exploration, and (3) a taxonomy of BLV
users’ desired spatial annotations, developed through two studies
(n1 =24, n2:18).


https://doi.org/10.1145/3772318.3790589
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2 Related Work

We situate our system’s initial design within prior work on sup-
porting BLV users in understanding their surroundings, navigating
the last-few-meters, and using in-situ spatial annotations, as well
as on crowdsourcing for accessibility.

2.1 User-Initiated Tools for Environmental
Understanding

Assistive technologies often help BLV users understand their sur-
roundings through user-initiated requests. Many of these are
camera-based, supporting magnification [134, 144], object recogni-
tion [56, 87, 93], and text recognition [53, 117] in real time. How-
ever, properly aiming a camera is often difficult for BLV users
[51, 57, 140], and the information returned is typically limited to
describing each individual object or reading text without providing
broader contextual cues needed for navigation and orientation [50].

Several tools have introduced conversational Al to improve BLV
users’ access to environmental information. Seeing Al [89] and Be
My Eyes [143], two widely used smartphone apps [34], let users cap-
ture photos and receive detailed audio descriptions. Research proto-
types push this further: ChitChatGuide [60] supports question an-
swering about nearby points of interest (POIs) using LLMs; World-
Scribe [16] generates real-time visual descriptions tailored to users’
contexts (e.g., concise descriptions for dynamic scenes, detailed
descriptions for stable settings); and StreetViewAl [33] enables
virtual exploration of destinations via LLM-accessible streetscape
maps. These systems move beyond recognition to enable richer,
context-sensitive queries. Yet they still primarily position BLV users
as passive consumers: while users can ask questions and receive
descriptions, they cannot contribute new, in-situ knowledge to the
location.

To our knowledge, no tools currently enable BLV users to share
situated knowledge and lived experiences about the physical world
in-situ. Our research addresses this gap.

2.2 In-Situ Spatial Annotations and
“Last-Few-Meters” Navigation

Spatial annotations bind information to locations, providing an-
swers beyond camera-based recognition. Prior work has described
this as creating “chatty environments,” where the environment
“speaks” to users to provide otherwise inaccessible information [22].
For sighted users, spatial annotations have long been studied. For
example, GeoNotes [114] enabled users to attach notes to specific
locations using PDAs, ActiveCampus [40] allowed students to share
annotations to discover labs and nearby events, and StoryPlace.Me
[9] explored how elderly users could leave location-based stories
for future generations.

A few spatial annotation systems have targeted BLV users [23-
25, 36, 84, 133], with FootNotes [36] being most relevant. In Foot-
Notes, researchers attached annotations to existing OpenStreetMap
objects, which would play when BLV participants’ GPS signals
were nearby. Yet, the system did not provide an interface designed
specifically for BLV users to author annotations, and rather as-
sumed screen readers and text-to-speech would suffice without
user evaluation. Several GPS-based commercial systems, such as
Sendero BrailleNote GPS [74], Trekker Breeze [32], BlindSquare
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[91], and Microsoft Soundscape [88], allowed BLV users to actively
mark their environments. Users can search for and learn about im-
portant nearby POIs (e.g., crossroads, stores, popular cafes), mark
their own POIs, and save routes for later retracing via voice interac-
tion. However, these GPS-based systems, including FootNotes and
commercial tools, face the key constraint of the “last-few-meters”
problem [30, 36, 75, 127], where GPS fail to provide accurate turn-
by-turn guidance in the final few meters—sometimes as big as tens
of meters [92]—due to signal inaccuracy or incomplete map data
[127]. As a result, BLV users fail to accurately locate and reach the
intended POIs. Even when BLV users know they are near or directly
facing a PO, they often lack adequate information (e.g., haptic tex-
tures, smells, or characteristic sounds for landmark recognition
[76, 127]) to confidently use the location with GPS.

To bridge this gap, some systems have introduced infrastruc-
ture for higher accuracy, such as Bluetooth beacons (e.g., NavCog3
[130]), NFC-tagged landmarks [35], or ultrawide-bandwidth bea-
cons [77], but these require costly hardware installations and pre-
built floor maps. Others have explored navigation without pre-built
maps [64, 65, 127, 148]. For example, WanderGuide [65] allowed
users to explore the environment with a suitcase-shaped robot,
providing users with walkable directions and customizable levels
of audio scene descriptions. Clew [148] enabled users to record
and later retrace routes using smartphone sensors. Closing the
Gap [127] demonstrated the potential of camera-based landmark
recognition to assist users near a destination, but relied on a Wizard-
of-Oz setup [26] rather than a deployable pipeline. None of these
systems provided BLV users with a low-cost, low-barrier-to-entry,
independent solution to the last-few-meters problem.

Visual Positioning Systems (VPS) provide a new opportunity
for the last-few-meters navigation at high accuracy. In addition to
GPS information, VPS combine input from multiple sensors (e.g.,
camera, motion sensors, depth sensors) to generate visual features
in the surrounding environment. As users move their phone and
scan nearby objects or buildings, VPS compare what the camera
sees with a large database of previously mapped visual features to
pinpoint the user’s exact location and orientation with sub-meter
accuracy [38, 68, 116, 122]. Motivated by the gaps in accessible anno-
tation authoring and precise last-few-meters navigation, NaviNote
tackles these dual challenges with natural language interaction
and VPS-based localization to empower BLV users to navigate to,
access, and author their own spatial annotations independently
using a smartphone.

2.3 Crowdsourcing for BLV Users

Crowdsourcing annotations has been widely used to make locations
more accessible for BLV users. Previous research explored online
crowdsourcing to annotate bus stops [46, 118], accessible sidewalks
[47,70, 128], storefronts [73], obstacles [124], semantic information
in the real world environment [37, 43], and alt text for online images
[129]. Other work demonstrated how crowdsourced descriptions
of artwork can enhance museum experiences for BLV users [115].

In addition to large-scale labeling, several systems connect BLV
users with sighted volunteers for on-demand assistance. For exam-
ple, Be My Eyes [143] allows BLV users to share their camera view
with sighted helpers for real-time support, while VizWiz::Locatelt
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[10] enables BLV users to post photos and questions online, al-
lowing remote workers to outline objects and help them locate
targets.

Despite these advances, most crowdsourcing tools cast BLV users
as requesters rather than independent contributors. Yet BLV users
hold valuable perspectives, which, when shared, can better address
their communities’ needs [50]. As Al becomes increasingly capable
of automatic annotation, it is critical to identify what BLV users
value most, rather than relying on what Al “decides” is important.
Our two studies investigate these values and needs, and NaviNote
empowers BLV users to act as active information contributors.

3 Formative Study (Study 1)

To inform the design of NaviNote, we conducted a formative study
with 24 BLV participants, focusing on whether they would value
highly-localized audio annotations, what they might use them for,
and where they might place them (RQ1). The study identified BLV
participants’ desired types of annotations and revealed how precise
navigation would be a prerequisite for annotation authoring.

3.1 Methods

3.1.1 Participants (n1=24). We recruited 24 BLV participants (F1-
F24) from the local BLV communities. Table 1 in Appendix A lists
participant demographics and visual conditions. Participants re-
ceived a compensation of 75 GBP.

3.1.2  Procedure. We conducted a user-centric design workshop,
which consisted of two identical sessions over two days with 12
participants each day. In each session, participants were randomly
assigned to one of three four-person groups. Each session included
four stages: scenario-based brainstorming, tactile-map prototyping,
Wizard-of-Oz (WoZ) authoring [26], and reflection. Both sessions
lasted for approximately three hours.

Scenario-based Brainstorming,. Inspired by the co-design ac-
tivity in [15], we introduced participants to seven different scenarios
(see Supplementary Section ??), where real-world spatial annota-
tions with centimeter-level accuracy could be useful. Participants
then voted and held small-group discussions on the top two scenar-
ios, which were as follows. Day 1: (1) What audio annotations could
Orientation & Mobility (O&M) teachers add to a space to act as a
training ground for you? (2) You’re at home organizing your room.
What annotations would you place to help with organization? Day
2: (1) You're traveling to a friend’s apartment complex to house-sit
for them. What annotations would you want them (or the complex)
to place ahead of time? (2) You’re making a location-based audio
game. What annotations would you place?

Tactile-Map Prototyping. We provided each group with a 3D-
printed tactile map of a well-known local area, e.g., a historical site,
a large intersection, or a park with a garden. Participants audio-
recorded annotations, and placed markers on the map indicating
the annotation locations (see Figure 2). They prototyped for ap-
proximately 45 minutes and described their prototypes to the larger
group.

WoZ Authoring. We conducted a WoZ study on UCL East cam-
pus, where one researcher acted as an Al system that participants
could ask questions of—e.g., about the surroundings or to place
an audio note—and another researcher acted as the location-based
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audio playback system using an audio recorder. Each group en-
gaged with the WoZ separately for 15 minutes, authoring their own
annotations indoors and outdoors on campus.

Reflection. Participants engaged in semi-structured discussion
for 15-30 minutes in a large group about the pain points of the
proposed system, how they envisioned the system’s form factor, and
the most and least important system features. (See Supplementary
Section ?? for full list of discussion questions.)

3.2 Analysis

We audio-recorded all study sessions, transcribed them using Whis-
per [120], and manually fixed transcription errors. Transcripts were
analyzed using thematic analysis [14, 20]: Two researchers open-
coded the transcripts from the first day of the workshop (approxi-
mately 50% of the data) independently, and developed a codebook
by discussing their codes to resolve disagreements. The two re-
searchers then split the transcripts from the second day, coded
independently based on the initial codebook, and added new codes
when necessary. During this process, the two researchers periodi-
cally discussed new codes to ensure consistency. New codes were
added to the codebook upon agreement. The research team then
developed themes and sub-themes from the codes by clustering rel-
evant codes using axial coding and affinity diagrams [138]. Finally,
the researchers cross-referenced the original data, the codebook,
and the themes to make final adjustments, ensuring all codes were
correctly categorized. For this formative analysis, our emphasis
is on the range of perspectives rather than numerical prevalence
[83]. We present them as motivation and grounding for our system
design.

3.3 Findings

Here, we summarize participants’ motivation for spatial annota-
tions and present six categories of annotations they desired. We also
present their preferred system features to derive design guidelines
for NaviNote.

3.3.1 Annotation Motivation. Participants identified two primary
purposes for spatial annotations. First, they hoped to use annota-
tions to share and access information within their social circles
(e.g., facilities in their home when their friends were visiting) and
the broader BLV community (e.g., safety warnings for other BLV
people). Second, participants envisioned documenting in-situ ex-
periences, either for personal use (e.g., revisiting and recollecting
memories) or for collective benefit (e.g., sharing comments and
feedback about the accessibility of locations).

Beyond location-based annotations, participants also described
potential needs for dynamic object-based annotations, primarily for
indoor scenarios, such as locating and organizing household items
(e.g., matching clothing, identifying spices or cleaning products),
leaving operational instructions or reminders of food expiration
dates for safety, and attaching personal memories to specific objects
like photos. While equally important, we focus on location-based
annotations in this work and leave dynamic object annotations for
future exploration.

3.3.2  Annotation Taxonomy. We identified six categories of desired
spatial annotations for BLV users: safety, accessibility, amenity,
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Figure 2: Left: One of the formative study small groups prototyping where they would place annotations on a 3D-printed map.
Right: An example of a final prototype, with various audio buttons—which contain annotation recordings—arranged around a
tactile map. The orange modeling clay indicates annotation locations.

layout, attraction, and experience. We noticed these categories
often overlapped with those from FootNotes [36], but also extended
them—e.g., our “Attraction” category broadens FootNotes’ narrower
focus on “Historical”’—reflecting the wider range of annotations
found in participant quotes.

Safety. Participants emphasized safety-related annotations, in-
cluding depth-related (e.g., stairs, curbs, uneven pavement, cracks)
and width-related features (e.g., narrow entrances). They were at-
tentive to height, width, orientation, and number of steps due to
challenges in depth perception. Furthermore, they wanted annota-
tions near water (e.g., rivers, fountains, low-fenced areas) to alert
them of risks of falling, and annotations about protruding or sharp
obstacles such as hanging branches and thorns. Participants also
highlighted crossroads as important to be annotated, including the
position of zebra crossings, curbs again, and “where the traffic lights
(buttons) are.” (F2)

Accessibility. Participants noted a need for annotations about
accessible facilities (e.g., elevators, escalators, ramps). For example,
they proposed annotations distinguishing accessible toilets (i.e.,
toilets specially designed to accommodate people with disabilities,
such as those equipped with braille signage and offering larger
space) from generic ones to help find them faster. Participants also
wanted annotations that identified “haptic paths,” as F15 described,
“something with a touch and tail” They wanted to annotate features
that could be held or followed with a white cane, such as handrails,
walls, or curbs. Participants also wanted to annotate help points
(e.g., reception desks and concierges). As F2 noted: “You may need
to know where the reception desk is, so you can speak to someone.”

Amenity. Participants wanted annotations about amenities, in-
cluding public transportation (e.g., train stations, bus stops), com-
mon functional areas (e.g., shops, parks, cafes, prayer rooms), and
facilities (e.g., toilets, bins, benches). They were also interested in
information related to such amenities, such as opening and closing
times, public access, and peak hours of use.

Layout. Consistent with prior work [17], besides annotations on
individual locations, participants also desired an overview of their
surroundings, such as the overall shape and size of their current

area, locations of entrances and exits, and the start and end of
passageways. They also wanted information about the boundaries
of different areas, such as the boundary between pedestrian zones
and bike lanes.

Attraction. Participants wanted to annotate tourist attractions,
such as providing historical details about a location, similar to QR
code-based tours in museums. They also wanted annotations that
shared information about upcoming events, such as exhibitions
nearby, and envisioned annotating salient landmarks (e.g., a big
tree) to support mental map construction and to share as meeting
points.

Experience. Finally, participants wanted to create annotations
documenting personal experiences and comments about particular
places. As F3 noted: “It would be nice to have a note, like, oh, ‘I
came here with my friend, and we went to this building’ ” Par-
ticipants also suggested that such experience annotations could
serve as a community feedback channel, similar to “an audio ver-
sion of Google Maps reviews” (F4) [39], where they can provide
suggestions to service providers for improving accessibility. For
example, F23 suggested that cafes should offer assistance to people
with additional needs when making purchases or payments upon
entering the store.

3.3.3 Design Guidelines. Participants shared their desired features
for an annotation-authoring system. We summarize their needs
into six design guidelines (DG1-6) for NaviNote. Several of these
guidelines also align with findings from prior work [33].

DG1: Support Navigation with Constant Confirmation. Par-
ticipants across groups in the Reflection activity agreed that a
wayfinding feature would be essential: Why have annotations if
you can’t independently explore the world?

DG2: Support Different Levels of Conversational Queries.
Participants highlighted how the system should answer questions
about objects in front of them, and provide higher-level informa-
tion about their surroundings. This could include recommendations
about nearby places or concise summaries of the area. As F23 de-
tailed, “I was thinking, ‘What if they have something all in one, like
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a kind of a introduction of anywhere, and it will tell you what you
expect. What’s in front of you? When you turn there?’ It’s like a
two minute [introduction].”

DG3: Play Certain Annotations Automatically, Especially
Safety. Participants suggested some annotations should be played
automatically, noting that even seemingly irrelevant information
might turn out to be useful. As F24 said, “We should never fathom
that it was there, because if you don’t switch it on, you don’t know,
right? If you just point at something you want and you don’t real-
ize what’s around you.” All participants noted safety annotations
as most important and that they should be played automatically,
possibly alongside vibrations or beeping alerts.

DG4: Allow for Information Filtering. While agreeing that
certain annotations should be played actively, participants also
expressed wanting annotation filters, which could be customized
based on visual abilities and preferences. As F2 explained: “If I'm
in an area that I'm fairly familiar with, I may need less [informa-
tion] layers to make sure 'm walking straight. Whereas if 'm in
a completely new area that is unfamiliar to me, I may want a bit
more information.” F7 added, “During the day, [ actually don’t need
that much information. And then when it suddenly goes dark... I
need more information. Then it’s like, ‘I nearly tripped. ”

DGS5: Enable BLV Accessibility and Customizability. Partic-
ipants stressed that the system must be accessible and adaptable
to diverse needs, suggesting the use of voice input and tactile but-
tons. In the Tactile-Map Prototyping phase, large physical buttons
(Figure 2, right) were used to simulate recording audio annota-
tion, inspiring participants to recommend similar tactile buttons
alongside voice input for more accessible control in the final design.

Given VPS requires camera information, participants suggested
attaching it to the body to simplify aiming. Moreover, they high-
lighted the importance of customization, such as adjusting voice set-
tings, and navigation directions (e.g., clock-face vs. left-and-right),
which aligns with prior findings on the need for personalization
[16, 33, 50].

DGé6: Offer Multi-modal Feedback. Participants expected the
system to offer both haptic and audio feedback. For example, vi-
brations could be used for obstacle warnings, while spatial audio
could guide users toward destinations. Visual feedback was con-
sidered important for low-vision users, as they relied heavily on
residual visuals [136]. Interestingly, blind participants also wanted
visual feedback for sighted companions who might assist them. As
F7 explained, “I'm surrounded with people with full vision. And
sometimes when it’s all audio, they’re like, T can’t help you’. So I
feel like for the sighted people that are going to assist me, they do
need a visual cue”

4 NaviNote: Voice-based Annotation and
Navigation System for BLV Users

Based on the formative study findings, we developed an interaction
framework to enable BLV users to access spatial annotations inde-
pendently (RQ2). We then designed and implemented NaviNote, the
first system that enables BLV users to conversationally create and
access in-situ annotations. NaviNote is hands-free and voice-based,
and supports querying the surroundings, navigating to objects or
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annotations of interest, and creating, editing and deleting annota-
tions. We included customization features to allow users to tailor
Al responses and Ul to their needs.

4.1 Interaction Pipeline for Annotation
Authoring

Our five-stage interaction pipeline for accessible exploration and
annotation authoring follows:

Scanning. NaviNote relies on pre-scanned and pre-processed
environment data from a Point of Interest (POI) (i.e., a geographic
area of interest [135]) to accurately determine users’ pose (i.e.,
position, orientation) and understand scene elements. Relying on
pre-scanned data removes the burden for BLV users to properly scan
the environment in real time [67] or aim the camera precisely [3, 16].
Various other research and industry applications utilize scans in the
same way, including ImaginateAR [67], CoCreatAR [105], Google
Geospatial API [38], and Niantic Wayfarer for Pokémon GO [99],
and have shown that crowdsourcing scans can effectively gather
wide, accurate coverage [97, 107]. We envision this pre-scanning
process being performed by sighted users, volunteers [99], or even
other BLV users [139]. We discuss the implementation details of
pre-scanning and pre-processing in Section 4.2.1.

Localization. Upon launching NaviNote, users perform a brief
localization process (5-10 seconds) by slowly moving their devices
horizontally and vertically to observe the surrounding environment.
The system detects visual features and to determine the user’s pose
with sub-meter-level accuracy. Once localized, NaviNote fetches
the associated spatial data for navigation and annotation.

Query. Users can ask NaviNote questions about their surround-
ings or other topics of interest (e.g., history of a nearby statue).
NaviNote provides responses by synthesizing information from
multiple sources, including the pre-scanned environment, existing
spatial annotations, users’ camera feed, public map sources, and
the internet.

Navigation. When asked, NaviNote provides turn-by-turn in-
structions to guide users to target objects or annotations, and pro-
vides hazard warnings en route drawn from safety-related annota-
tions.

Annotation Authoring. Users can create annotations at specific
locations by conversing with the system, such as by saying “Place
an annotation on this bench saying it has armrests.” They can also
edit or remove existing annotations via a similar conversational
procedure.

4.2 System Design and Implementation

Based on the interaction pipeline and formative study, we designed
NaviNote with four major components: Scanning and Localiza-
tion, Query Answering, Navigation, and Annotation Accessing and
Authoring. NaviNote contains a phone-based frontend for user in-
teraction and a Python server backend for request processing. We
built the frontend with Unity 6000.0.34f1 and Niantic SDK for Unity
[103], and deployed the prototype on an iPhone 14 Pro with i0OS
18.6.1. Regarding the form factor, we used a commercial running
vest with adhesive straps to secure the phone on the users’ chest
for hands-free operation (e.g., while carrying a white cane). For
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audio output, we used L5 Bone Conduction Earphones, as bone con-
duction earphones enable users to hear system instructions while
still perceiving environmental sounds simultaneously [7]. Wired
earphones were also provided as an alternative.

4.2.1 Scanning and Localization. For NaviNote to dynamically
track users’ pose and understand their surrounding environment,
we first scan the whole POI to generate its 3D map. We adopt Ni-
antic’s VPS framework [104] both when making and using our
bespoke NaviNote map, as this framework supports crowdsourced
scans from commercial devices with depth sensors (e.g., recent
iPhone or Android phone equipped with LiDAR) and provides
high coverage of popular POIs [98]. Users conduct the scanning
by pointing their devices at the surroundings, while the frame-
work captures synchronized multi-modal sensor streams including
visual imagery, depth information, and device poses. In our experi-
ment setup, scanning the study area of approximately 45 m X 45
m takes 22 minutes. These streams are aggregated and uploaded
into Niantic’s VPS server where the data is transformed into spatial
features for localization in future sessions.

Besides spatial features, we also construct a scene graph of each
POI from its 3D map. A scene graph describes the spatial properties
(i.e., position, rotation, and dimensions, represented as bounding
boxes in the 3D point cloud) of each object within the POL Similar
to the scanning process, the scene graph can be generated through
crowdsourcing by sighted users and volunteers. Prior work also
demonstrated the practicality of automatically generating scene
graphs from RGB-D inputs [41, 78, 142]. In our user evaluation
study, we manually annotated the scene graph of the experimental
scene to ensure accuracy.

Ultimately, when a user is running NaviNote, the system loops,
estimating the user’s current pose relative to the scene graph and
fetching spatial annotations from the backend, and providing these
as context to NaviNote’s conversational agent system.

4.2.2  Query Answering. One of NaviNote’s most notable features
is its capability to answer user queries with natural language, as
illustrated in the top panel of Figure 3. This was motivated by
DG2 and implemented in the “Orchestrator” pattern [110] with
MLLM agents. The backend contains a single entry point (i.e., the
orchestrator) for user queries and has access to modules specialized
for particular purposes (i.e., agents). The orchestrator analyzes
user queries, delegates them to agents with suitable tools to gather
relevant information, and synthesizes a final response.

We implemented six agents, each designed to handle different
types of user queries, supporting real-time understanding of the
surroundings through the camera and external databases (e.g., our
pre-defined annotations and public map data). Annotation Agent,
which retrieves, creates, edits, and removes spatial annotations. It
answers questions related to existing annotations (e.g., “What do
people think of this park?”); Scene Understanding Agent, which
interprets scene graphs of POIs and computes object positions to
answer spatial queries (e.g., “What’s in front of me?”), and trig-
gers navigation on demand; Image Search Agent, which accesses
users’ camera frames and answers visual questions (e.g., “What
color is this flower?”, “Please read the sign.); Internet Search
Agent, which retrieves information from the internet; Public Map
Agent, which uses public map data (e.g., Open Street Map [111])
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to gather geographic information of nearby areas at a larger scale
with coarser granularity (e.g., nearest train station) to supplement
the scene graphs; and Customization Agent, which interprets
user customization requests and sends them to the frontend for exe-
cution. All agents have access to users’ pose provided by VPS from
the frontend. We used OpenAI GPT-40 [108] for the orchestrator
and GPT-40 mini [109] for the agents.

The backend is hosted on a cloud machine and communicates
with the frontend via WebSockets [29]. Users query by speaking to
the frontend, which transcribes queries locally using Whisper [120]
and forwards the transcribed text to the orchestrator. The orches-
trator invokes relevant agents and triggers actions on the frontend
as needed, and finally aggregates agents’ outputs into a response,
which is converted to audio on the frontend via iOS text-to-speech
API. The orchestrator is instructed to give responses within two
sentences or approximately 45 words by default, and users can cus-
tomize its verbosity. Users can also provide their visual conditions
or desired information (e.g., “include color information”) to help
the orchestrator produce more helpful responses. We provide the
system prompt in Supplementary Section ??.

Following participants’ preference for physical buttons (DG5),
we reprogrammed the physical volume button to serve as the inter-
action trigger. To issue a query, the user presses the volume button
(either on the smartphone or on connected earphones), speaks their
question, and waits for the system to process the input.

4.2.3 Navigation. NaviNote supports last-few-meters navigation
to facilitate scene exploration, as illustrated in the middle panel
of Figure 3. As the scene graph only contains information about
static objects within the POI and does not reflect the environment’s
dynamics (e.g., people nearby), NaviNote uses the Semantic Mesh
provided by Niantic SDK [102] to construct a real-time mesh of
walkable ground. We further refine the walkable mesh by excluding
parts that collide with objects in the scene graph. Then, NaviNote
computes the shortest path from the user to the destination using
the A-star algorithm [48]. The path is then smoothed to retain only
key turning points. If the path aligns with the edges of objects in the
scene graph, it forms a “haptic path” (Section 3.3.2) and generates
navigation instructions accordingly (e.g., “Correct direction. Follow
the edge of the flower bed on your right”).

NaviNote delivers navigation instructions in two ways: turn-by-
turn instructions and audio compass. Turn-by-turn instructions
are announced in a concise format (e.g., “2 o’clock, 5 meters”). To
provide timely feedback of direction (DG1), they are triggered at
turning points and every 10 seconds as confirmation (e.g., “Correct
direction, 2 meters”), and when the user deviates from the planned
route. The distance to the destination is also updated regularly (e.g.,
“Destination lies at 12 o’clock”). All audio instructions are played in
spatial audio to provide directional cues [61, 62]. Additionally, we
developed an “audio compass” to provide users with immediate and
constant feedback on their direction (DG1). The audio compass is a
beeping signal that continuously plays at high volume when the
user is facing the correct direction and at low volume when not (see
Figure 4). Following DG6, we also implemented visual feedback,
including a green-line path and a star marker at the destination
(see Figure 5).
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Figure 3: The interaction flow of NaviNote. Top: Question answering. The user asks a question to the phone, which converts
speech to text and sends the query with VPS location to the backend. The backend returns a text response, which the frontend
speaks aloud via text-to-speech. Middle: Navigation to objects and annotations of interest. The user requests guidance to an
object or annotation. The query and location are sent to the backend, which triggers navigation on the frontend. As the user
moves, the frontend generates turn-by-turn instructions with an audio compass with A-star wayfinding algorithm over the
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Figure 4: During navigation, there is an audio signal (“beep”)
in the direction users should be moving. When the user’s
orientation is correct, the audio signal continuously plays at
high volume, whereas at a lower volume with an incorrect
orientation. When the user’s orientation is correct, the sys-
tem also periodically provides verbal confirmation, saying,
“Correct direction!”

NaviNote allows users to customize navigation instructions.
They can choose among different directional formats, includ-
ing clock-face (e.g., “Turn to 11 o’clock”), egocentric (e.g., “Turn

forward-right”), egocentric with degrees (e.g., “Turn left by 30 de-
grees”), and cardinal (e.g., “Facing south. Head East”). Users can
also select their preferred unit of distance: meters, feet, or steps
(with one step defined as 0.76 meters).

4.24  Annotation Accessing and Authoring. NaviNote supports ac-
cessing existing spatial annotations (see the bottom panel of Figure
3) and authoring new ones. Spatial annotations are triggered when
the user approaches within a predefined distance (1.5 meters for
safety and accessibility annotations, and 1.0 meter for other less
critical categories). Following DG3 and DG4, NaviNote provides
two mechanisms for accessing annotations to provide layered ac-
cess to avoid information overload. Different access mechanisms
are applied based on annotation category: by default, Safety and ac-
cessibility annotations are automatically played to ensure timely
delivery of critical information. For safety annotations, the fron-
tend also vibrates for 0.5 seconds (DG6). The other four categories
are accessed only by asking: when nearby, the system delivers a
prompt with a short sound effect (“bing”) followed by a notification
aggregating these annotations (e.g., “two attraction notes nearby”).
Users can ask follow-up questions to access them. When multiple
annotations are nearby, annotations set to play automatically are
prioritized over those set to be prompted. All messages are played
sequentially, and any message that cannot be played within 15
seconds is skipped to avoid information overload. Users can also
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adjust which categories of annotations are automatically played,
prompted, or ignored by talking with the system (see Section 5.2
for participants’ choice).

For authoring, users can create annotations in natural language
by simply describing the new annotation (e.g., “Place an annotation
here saying, ‘Exit ahead’”) Annotations can be placed on objects
in the area or at the user’s current location. The backend auto-
matically determines the annotation category from the content
and acknowledges successful creation. Users can also modify or
remove annotations they previously authored through follow-up
commands (e.g., “I want to delete the annotation about the exit”).
We set all annotations to be publicly accessible for the convenience
of prototyping, and leave the management of public and private
annotations as future work (see more discussion in Section 7.1.3).

5 Evaluation (Study 2)

To evaluate the effectiveness of NaviNote in assisting BLV people
in exploring outdoor environments (RQ3), we conducted a study
with four pilot participants and 18 study participants in a public
local square. We aim to answer the following questions: (1) What
did BLV users ask NaviNote during outdoor exploration?, (2) How
effective is NaviNote in supporting BLV users in last-few-meters
navigation?, (3) What do BLV users think about the exploration
features, including the process of annotation access and authoring,
and the existing annotation types?, and (4) How do BLV users
envision using NaviNote in other real-world scenarios?

5.1 Participants (n,=18)

We recruited 18 BLV participants (11 females, 7 males) from local
low-vision communities and via snowball sampling [112]. Their
ages ranged from 20 to 80 (Mean = 48.9, SD = 16.5). Six partici-
pants reported being totally blind and eight reported being legally
blind. Table 2 in the Appendix B details participants’ demograph-
ics and visual conditions. Eight participants (P1-P4, P6, P10, P12,
P16) also took part in the formative study. Two participants did
not complete the navigation task (Section 5.3): P17 withdrew by
choice and P18 was interrupted externally. Both participants only
experienced NaviNote during tutorial and the free exploration task.
All 18 participants received compensation of 75 GBP.

We also recruited four BLV participants (see Table 2 in the Ap-
pendix) for pilot studies before the formal evaluation. After these
pilot studies, we refined the experimental scripts to better explain
system features and gathered valuable feedback from participants
that informed our baseline condition choice (Section 5.2). We also
fixed system engineering bugs, and adjusted the annotation trigger
distances from 2 meters to 1.5 meters for safety and accessibility
annotations, and to 1.0 meter for other categories (Section 4.2.4),
to help users better locate annotations while still receiving safety
alerts in advance.

5.2 Apparatus

We conducted the study in a local public square (Golden Square
in London) selected for its size (~40 X 40 m), which represented a
realistic navigation scenario, and for its safety, with fencing along
the perimeter. The ground surface within the experimental area was
uniformly flat and did not contain any designated tactually salient
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pathways, though some existing structures (e.g., curbs, flower beds)
were naturally perceivable by touch. See Figure 6(A) for the square
layout. We planned two routes for participants to navigate, each
approximately 30 m long with an equal number of turns (i.e., two
turns) [55, 84] and a similar number of landmarks (e.g., table tennis
tables, flower beds) [90, 147], as shown in Figure 6(B). Since the
square contains three large elevated flower beds with curbs in the
middle, both designed routes required participants to walk around
one of the flower beds. The research team created 39 annotations
within the square, with 11 safety, 7 accessibility, 4 amenity, 6 layout
and 4 experience annotations, which were all inspired by quotes
and findings from the formative study, as shown in Supplementary
Section ??.

Given the lack of existing tools to address the last-few-meters
problem for BLV people, we used photo describer tools (e.g., Seein-
gAI [89]) as baselines for navigation. Initially, we tested the Apple
Magnifier [5] in a pilot study with four BLV participants. Partici-
pants reported that it caused information overload, due to its contin-
uous stream of information. Pilot4 commented: “This is something
too much to keep listening and listening,” and Pilot1 added: “Be-
cause too much [information caused] information [over]load, you
might think it’s not [even] information.” Pilot4 suggested TapTapSee
[137] for the baseline, which we adopted, as it is commonly used
in the BLV community. TapTapSee delivers concise, on-demand
image descriptions by double tapping the screen. We considered
audio-based tools as baseline, such as VoiceVista [145], which of-
fers audio beacons for navigation. However, the beacons rely on
GPS localization, which is not precise enough for last-few-meters
navigation [86].

5.3 Procedure

The study consisted of a single on-site session that lasted approxi-
mately 2.5 hours. Prior to the on-site session, participants completed
a demographics questionnaire (see Appendix B). The on-site session
contained four parts: a tutorial on NaviNote, a navigation task, a
free-form exploration, and an exit interview.

5.3.1 Tutorial. We started with a tutorial on NaviNote and the nav-
igation baseline, TapTapSee. For NaviNote, the localization process
was completed in advance by the research team to ensure consis-
tent localization quality across all participants, allowing the later
evaluation to begin from the same starting point. We first instructed
participants to press the volume button of the earphone to ask ques-
tions. Fifteen participants used bone conduction earphones and
three (P1, P3, P4) opted for wired alternatives. We demonstrated
how to create, edit, and delete annotations using natural language,
and how to access annotations either automatically or on demand.
Participants also learned about the navigation function, including
turn-by-turn instructions and the audio compass, through a short
practice route that did not overlap with the later experiment. We
ensured that both the high and low audio compass volumes were
audible and comfortable for all participants. Participants were wel-
come to customize voice timbre (e.g., gender, accent) and speed,
and set which type of annotations they wanted to be played auto-
matically, prompted, or ignored. All participants kept safety and
accessibility annotations set to play automatically, with the remain-
ing categories set to be prompted. For TapTapSee, we explained how
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Figure 6: (A) The layout of the local public square for the evaluation study (gates omitted). There are 20 benches, 26 trash bins,
two set of stairs, one ramp, six stone podiums, three flower beds, two table tennis tables, three historical notice boards, and one
statue. (B) The two routes for the navigation task. Participants start from the ramp and navigate to the furthest podium on the

left for “Emma” (green route), and to a trash bin on the right back corner of the square for “Ben” (red route).

to double tap the screen to take a picture and wait 7-10 seconds
for the image description [137]. Participants practiced using both
systems freely until fully confident about their usage.

5.3.2  Navigation Task. We contextualized the navigation task in
the scenario of meeting two friends, named “Emma” and “Ben,” at
specific locations in the square. We provided initial destination
descriptions before the task (e.g., “Emma told you she’d meet you
at the podium with the vase, which is the leftmost podium furthest

from you if you're starting from the ramp”) and marked the destina-
tion with large text labels. For NaviNote, an annotation was placed
at the two destinations (Supplementary Section ??), and participants
could ask the system to provide turn-by-turn instructions to the
meeting spots. Although NaviNote supports creating annotations
during navigation, participants were asked to explore this feature
later during the free-form exploration to ensure consistent compar-
ison of navigation time. For TapTapSee, participants could use it
to get scene descriptions as needed during navigation. Researchers
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followed the participants during the walk to ensure safety, and
participants could stop the task at any time. We counterbalanced
the order of the two systems (NaviNote or TapTapSee) and the two
routes using Latin Square [125], with four participants assigned to
each combination randomly.

After each navigation, participants described the route with land-
marks they recalled. They also evaluated the system performance
using UMUX-LITE [69] on Perceived Effectiveness and Ease of Use,
and NASA Task Load Index (TLX) [49] on Mental Demand, Physical
Demand, Performance, and Frustration. Participants gave a 7-point
Likert scale on each subjective measure. See Supplementary Sec-
tion ?? for the full script. We also collected participants’ qualitative
feedback on both systems.

5.3.3  Free-Form Exploration. Participants then conducted a free
exploration task within the square using NaviNote. They were
contextualized in the scenario where they have some time to explore
the square and existing annotations at their own pace before their
friends arrived, and were encouraged to create new annotations
for audiences of their choosing. During the exploration, they could
freely use all features of NaviNote to navigate and query their
surroundings. Each participant was required to create at least three
annotations.

5.3.4  Exit Interview. We ended our study with a semi-structured
interview, discussing annotations participants created, the purposes
and target audiences of these annotations, as well as annotations
and scenarios they envisioned outside the square (see Supplemen-
tary Section ??). We also asked for feedback on existing annotations,
on the design of NaviNote, and suggestions for future in-situ anno-
tation authoring systems.

5.4 Analysis

Since two participants (P17, P18) did not complete the navigation
task (Section 5.1), we analyzed the quantitative data from P1-P16
while including qualitative data from all 18 participants. For P1-P16,
the navigation task routes and the system order were fully counter-
balanced, with four participants for each combination of the route
and route order. Our analysis methods are described below.

5.4.1 Measures & Statistical Analysis. In addition to the Likert scale
ratings (Section 5.3), we defined two measures for navigation: (1)
Navigation Success, a binary value indicating whether a participant
successfully reached the destination and (2) Total Landmarks Re-
called, the number of landmarks participants correctly remembered,
reflecting their mental map construction [17]. In line with estab-
lished definition that landmarks should be permanent, unique and
identifiable [147], we considered flower bed, statue, stone podium,
and table tennis table as landmarks, while excluding transient or
repetitive features such as people, benches (20 in the square), and
trash bins (26 in the square).

Using the Shapiro-Wilk test, we found none of the measures
to be normally distributed. Therefore, we applied a generalized
linear mixed model (GLMM) [12] to Navigation Success and Aligned
Rank Transform (ART) ANOVA on other measures for statistical
analysis. For each measure, we included one within-subjects factor,
System, with two levels: NaviNote and TapTapSee. To validate the
counterbalancing, we also included Order representing the order
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of the two systems in the navigation task and found no significant
effect of Order on any measures. We evaluate statistical significance
at a = .05. Partial eta-squared (1712,) was used to calculate effect size,
with 0.01, 0.06, 0.14 representing the thresholds of small, medium
and large effects [21, 141].

5.4.2 Qualitative Analysis. The thematic analysis process [14, 20]
for this study was identical to that in the Formative Study (Section
3.2), except that the initial open-coding by two researchers was
performed over five participants’ transcripts (~28% of the data). In
addition to participants’ transcripts, the research team analyzed all
user queries to categorize user questions. We only include questions
initiated by participants and exclude those prompted by the research
team during the tutorial (Section 5.3). We also analyzed the system
responses of all user queries regarding response correctness and
types of error.

6 Evaluation Study Results

We report participants’ performance in the navigation task and
experiences with NaviNote across navigation, exploration, and user
query. We then share participants’ envisioned future system use
cases.

6.1 Navigation Experiences

6.1.1  NaviNote Improved Navigation Performance. We found a sig-
nificant effect of System on Navigation Success (y*(1) = 9.11,
p = 0.003), with 14 of 16 participants successfully navigating us-
ing NaviNote (P1-P9, P11-P14, P16) compared to only 6 with the
baseline, TapTapSee (P4, P5, P7, P13, P15, P16). Of the two partici-
pants (P10, P15) who did not complete navigation with NaviNote,
P10 stopped about two meters from the destination due to phone
tracking drift (Section 7.2.3), and P15 considered a similar nearby
object as the destination and stopped following instructions.

6.1.2  Easier Navigation Perceived with NaviNote. We found a sig-
nificant effect of System on Mental Demand (F1 15 = 5.36, p = 0.035,
r]f, = 0.26), Self-rated Performance (F115 = 15.71, p = 0.001,
;712, = 0.51) and Frustration (F,15 = 12.00, p = 0.003, qf, = 0.44),
as shown in Figure 7. Compared to navigating using TapTapSee,
participants felt that navigating with NaviNote was less mentally
demanding (dif f = —6.12, p = 0.035), more successful (dif f = 8.69,
p = 0.001), and less frustrating (dif f = —7.38, p = 0.004). Fifteen
participants appreciated NaviNote’s continuous instructions. Eight
participants considered the instructions effective for reducing men-
tal load, as the constant confirmation provided “a lot of support
and comfort” (P14). In contrast, fourteen participants felt that Tap-
TapSee was insufficient for navigation, noting that they needed to
take “indefinite number of photos” (P10, P14) and only received
directions by chance (P6, P10, P14).

While no significant effect was found in Physical Demand (Fy,15 =
3.14, p = 0.097, MeanNaviNote = 1.82, MeantapTapsee = 2.59,
SDNaviNote = 1.42, SDTapTapSee = 2.00), four participants (P8, P10,
P11, P15) reported that taking photos while walking increased their
physical demand. P5 and P13 further explained that with TapTapSee,
the lack of directional information led them to take smaller steps,
which in turn increased the physical load. Nine participants appre-
ciated NaviNote for being hands-free, and eight liked NaviNote for
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Figure 7: Comparison of users’ subjective ratings between NaviNote and the baseline system using UMUX-LITE (Perceived
Effectiveness, Ease of Use) and NASA-TLX (Mental Demand, Physical Demand, Self-rated Performance, Frustration)

no need to aim the camera at specific targets. As P13 detailed, “So
with TapTapSee, it’s expecting you to be able to point the camera
at something and being able to find what you’re looking at. With
[NaviNote], I don’t have to look.” Compared to TapTapSee, which
only had access to the camera frame, NaviNote incorporated the
spatial understanding of the entire POI beyond camera view, an
essential part of making NaviNote hands-free. Additionally, nine
participants disliked TapTapSee for having to stop and perform
additional gestures while walking with white canes, describing this
process as “completely disorientating” (P7).

6.1.3  Design Considerations for Navigation Cues. We found a sig-
nificant effect of System on Perceived Effectiveness (F1 15 = 38.44,
p < 0.001, n = 0.72) and Ease of Use (F1,15 = 26.00, p < 0.001,
1712, = 0.63), where participants considered NaviNote more effec-
tive for navigation (dif f = 12.9, p < 0.001) and easier to use
(dif f =10.2, p < 0.001) than TapTapSee. Participants shared their
experience of the audio compass, verbal instructions, and multi-
modal feedback on safety warnings. They also offered improvement
suggestions:

Audio Compass. Eight participants specifically mentioned ap-
preciating the audio compass, describing it as easy to understand
(P10, P13) and helpful for finding and confirming the correct direc-
tion (6/18). Four participants (P7, P14, P17, P18) further suggested
that, in addition to louder beeping signals when facing the correct
direction, NaviNote should also provide real-time verbal confirma-
tion. In terms of distraction, P15 found the compass subtle and not
distracting, whereas P2 and P16 found it confusing and preferred
only verbal corrections.

Verbal Instructions. Eight participants found the turn-by-turn
instructions straightforward and easy to follow. Participants exhib-
ited different preferences on the information within the instructions:
four (P6, P8, P11, P14) appreciated constant directional assurance,
and five liked the occasional distance-to-destination updates, which

assured them that they were “getting closer” (P7). However, three
participants (P9, P13, P18) found the updates on distance distract-
ing and wanted only immediate direction. P9 and P18 liked the
instructions for providing information about “haptic path” (Section
4.2.3). As P9 explained, “If I go anywhere, I try to check if there is
a wall or a curve or something to follow to keep in straight line.
[... In the experiment I] followed the flower bed, which was a good
guideline”

Four participants (P7-P9, P12) noted a learning curve for the
instructions. Five participants wanted NaviNote to explicitly say
when they were going the wrong way, rather than just telling them
to “turn backward.” They also suggested using more natural phrases,
such as “turn around” instead of “backward” (5/18), and simplifying
egocentric directions to four basic options (i.e., left, right, forward,
backward) rather than eight (P8, P9).

Multimodal Feedback. NaviNote provided haptic vibrations
when playing safety annotations (Section 4.2.4). P13 appreciated the
multimodal feedback as it made the system more robust: “I wasn’t
just relying on one thing. If something stopped working but I felt a
vibration, I still knew there was something happening or there was
something to be aware of”

6.2 Annotation Experiences

6.2.1 NaviNote Helps Users Understand their Surroundings. We
found a significant effect of System on Total Landmarks Recalled
(F1,15 = 15.21, p = 0.001, ,]127 = 0.50), with participants remember-
ing more landmarks with NaviNote than TapTapSee (dif f = 8.75,
p =0.001). Thirteen participants mentioned how the annotations
in NaviNote helped them learn about their surroundings, e.g., by
providing general descriptions of the square and by offering specific
information tailored to their needs. Nine participants praised the an-
notations for giving a general impression of the layout and available
amenities. As P15 recounted, “[with NaviNote] I learned there are



NaviNote

branches, there are benches, there are statues, there are flowers, and
people sitting around.” P10 further noted that crowdsourced anno-
tations in NaviNote could help identify “what services or amenities
are available” and could help him plan for social activities.

In terms of specific information, four participants (P1, P4, P7,
P14) noted appreciating historical annotations about the square
and the statue. Three participants (P5, P13, P18) valued information
about local attractions, such as descriptions of flowers and their
species (P13, P18), which raised their awareness of features they
would otherwise have difficulty seeing (P5, P9). Notably, four par-
ticipants (P12, P15, P17, P18) praised NaviNote for providing color
information about objects. P12 noted that color information about
obstacles with low contrast against the background (e.g., a gray
raised flower bed vs. gray ground) made them easier to detect and
avoid.

6.2.2 Experiences with Different Types of Annotations. In addition
to agreeing that the layout and amenities annotations helped them
understand their surroundings (Section 6.2.1), participants high-
lighted the help of safety and accessibility annotations in supporting
safer mobility. Eleven participants noted appreciating these anno-
tations during navigation and free exploration, as they provided
advanced alerts of obstacles, helping them avoid them. As P14 de-
scribed, “[with safety annotations] it was good to know even before
I get there that I'm going to encounter a raised [flower] bed.” Three
participants (P3, P5, P10) noted liking NaviNote for automatically
playing safety alerts. Four participants (P1, P7, P10, P17) further
emphasized the usefulness of warnings about overhanging obsta-
cles (e.g., tree branches), which conventional aids, like white canes,
typically miss. As P1 explained, “[NaviNote] would be a comple-
mentary assistance to white cane... because the idea is to avoid
bumping my head into a barrier”

Participants expressed diverse opinions on attraction and experi-
ence annotations. Several participants (6/18) appreciated attraction
annotations for sparking interest in nearby areas rather than “easily
missing them” (P18), and three (P4, P8, P17) even considered them
their favorite type of annotation. In contrast, four participants (P3,
P5, P6, P10) chose to filter out attraction annotations due to lack of
interest or usefulness. Notably, all four of these participants were
blind. Opinions on experience annotations were similarly mixed:
three participants (P1, P8, P16) liked how they shared personal
experiences of the area, especially from BLV users’ perspectives
(P8), while P10 preferred practical information over subjective ex-
periences, and P5 noted only being interested in such annotations
from friends.

6.2.3 Annotation Authoring. All participants created annotations
successfully. Building on existing annotations and querying
NaviNote for additional information, they actively created new
annotations to share with themselves as reminders (4/18), with
friends and family (7/18), with the BLV community (8/18), and with
the public (7/18). In addition, participants (12/18) appreciated the
ability to edit and delete annotations, as this allowed them to cor-
rect mistakes (P8, P12, P17) and prevent Al misunderstandings (P1,
P10). Most annotations that participants created fit within our exist-
ing annotation taxonomy: safety (6/18), accessibility (P7), amenity
(7/18), layout (5/18), attraction (P2, P8, P9), and experience (8/18).
Interestingly, three participants (P4, P13, P14) created annotations
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that aimed to request information from other users. For instance,
when feeling unsure about the identity of a statue, P14 created an
annotation asking other users to “find it out” and tell her. This type
of annotation fell outside of our original categorization, but would
nonetheless provide valuable opportunities for users to communi-
cate with each other; thus, we add a final category to our taxonomy,
“Request.”

6.2.4 Control Over Annotation Access. Six participants appreciated
that NaviNote allowed them to filter annotations by type. Seven
participants suggested refinements to these “information layers”
with respect to annotation category, content, and context. P7 pro-
posed finer-grained annotation categorization, while both P3 and
P7 recommended filtering by content rather than type to retrieve
useful information. For non-safety annotations, P10 wanted anno-
tations linked to places of personal significance to automatically
play, P14 suggested applying location-aware filtering (e.g., outside
the square vs. in the square), P13 and P16 recommended merging
duplicate information (e.g., flowers in two identical flower beds),
and P11 suggested accessing these annotations only in first-time
visits.

While participants valued the different access modes for anno-
tations (i.e., automatic, prompted, or silent), P13 found asking the
system for the prompted annotations to be tedious. She suggested
incorporating lightweight gestures for annotation access, such as
using the volume button to quickly play or dismiss prompted anno-
tations.

6.3 User Query Experiences

We evaluate the performance of NaviNote’s voice-based question
answering regarding the accuracy of NaviNote and participants’
interaction experiences. We further analyze the types of user query
and NaviNote’s response time.

6.3.1 Accuracy. Participants asked a total of 605 questions. Among
these questions, 501 (82.8%) were correctly answered, 34 (5.6%)
were incorrect, 13 (2.2%) were partially correct, 39 (6.5%) were
misrecognized by the speech-to-text model (e.g., due to accents,
background noise or low volume), and the Al failed to answer the
remaining 18 questions (3.0%) for various reasons listed below.
Half of the incorrect answers (17/34, 50%) were caused by failing
to retrieve relevant information for generating answers or invoking
actions. These failures stemmed from miscommunication between
the orchestrator and the agents, such as not passing or returning the
correct parameters (e.g., when a user asked about the statue’s his-
tory, the orchestrator only instructed the annotation agent to search
for history-related annotations without specifying statue-related
ones). The second most common cause was the orchestrator invok-
ing the wrong agent as it misunderstood the user query due to two
similar terms (e.g., “attractions” vs. “attraction annotations,” which
prompted the orchestrator to invoke the internet search agent or
annotation agent respectively; 6/34, 17.6%). Other reasons included
the Al failing to retrieve chat memory for context-based answers
(5/34, 14.7%), retrieving incorrect information (e.g., using users’
Unity coordinates instead of real-world positions; 5/34, 14.7%), and
AT hallucinations (1/34, 3.0%) For the 13 partially correct answers,
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the most frequent cause was the orchestrator generating the cor-
rect answer without invoking the appropriate agent to trigger the
corresponding frontend action (e.g., start navigation; 8/13, 61.5%).

For the 18 questions that NaviNote failed to answer, eleven
(61.1%) occurred because the system lacked available information
(e.g., the participant asked “How is the weather today?” while
NaviNote has no access to the date). Six cases (33.3%) were due to
“Too Many Requests” errors from OpenAl API, and one case was
due to OpenAl incorrectly filtering safe content.

6.3.2 Conversational Voice-based Interaction Experiences. Thirteen
participants explicitly appreciated NaviNote for the conversational
and voice-based interaction design, describing it as “intuitive and
user-friendly” (P9). P7 also said, “I've never seen a system where
you can say instructions. You [usually] have to go into menus to
do things” P17 further suggested that, in addition to voice control,
the system should incorporate a graphical user interface to allow
exploring available functions with screen readers.

We also observed that 11 out of the 18 participants interacted
with the system in a conversational style. For example, when creat-
ing an annotation, instead of immediately providing the content,
participants would first tell the system they wanted to create a
annotation, wait for the system to ask for content, then provide
it in a follow-up query. Five participants also asked NaviNote to
repeat responses.

6.3.3 Question Types. As participants often asked similar ques-
tions repeatedly, we counted the number of participants who asked
each type of question rather than the total occurrences, to prevent
any single participant from disproportionately affecting the dis-
tribution of question types. Among all questions initiated by the
participants, the most common three types were directly related to
system features: (1) All 18 participants inquired about annotation
content and asked to author annotations; (2) Seventeen participants
asked to customize NaviNote; and (3) Twelve participants asked
about navigating to specific locations. In addition to questions re-
lated to system features, participants asked four types of questions
related to their surroundings. Ten participants (55.6%) asked for
general descriptions of their surroundings, such as the layout
and size of the square. Nine participants inquired about the objects
and activities at specific locations, such as number of benches
and available services at the square. Nine participants asked about
object details in or beyond the camera view. For example, P17
asked, “Could you describe these birds for me?” after hearing bird
sounds. Eight participants asked about object locations relative
to themselves (e.g., “Is the flower bed [that] the one attraction
note [talks about] on my left or right?”).

6.3.4 Response Time. NaviNote answered user queries in an aver-
age of 10.8 seconds (SD = 8.3, Max = 41.0, Min = 1.2, see Figure 8).
The variation was partly due to question complexity (e.g., “Hello!”
vs. “My friend Emma left me a note. Can you help me find where she
is?”), while longer delays were typically caused by unstable internet
or occasional “Too Many Requests” errors from the OpenAl APJ,
upon which the API waited for around 20 seconds before retrying.
Six participants (P2, P5, P6, P9, P17, P18) expressed dissatisfaction
(Mean response time = 15.1s), noting that the system should respond
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more quickly, while P15 (Mean response time = 10.8s) was satisfied
and described it as “responding very quickly.”

6.4 Independence through Annotations: When
Are Annotations Useful?

Eight participants highlighted that NaviNote gave them more in-
dependence compared to asking others for help. As P13 explained,
“I don’t want to always have to wait for somebody sighted. I quite
like to get out, but people always get worried.” Participants appre-
ciated that NaviNote enabled them to take initiative rather than
receive information passively (5/18), by asking follow-up questions
and actively leaving notes. Most participants (14/18) noted that
they would feel comfortable exploring alone with NaviNote in the
future.

Participants also envisioned potential use cases for NaviNote be-
yond the experiment. These cases generally fell into four categories:
navigation, relaxation and exploration, information gathering, and
social interactions.

6.4.1 Navigation. Several participants (8/18) envisioned using an-
notations to mark interested spots and navigate back in later days.
For example, five participants wanted to mark indoor public spaces,
such as airport gates, train stations, and malls for easier access. P7
also proposed returning home with NaviNote: “My biggest fear is
getting stuck in the house, not able to come out because I've always
got this fear: The minute I leave my house, I won’t be able to find
my house again because all the houses look the same and feel the
same from outside.”

6.4.2 Relaxation and Exploration. Participants wanted to use
NaviNote for museum exploration, street wandering, and travel
(8/18) to help independent exploration, which is often challenging.
For example, P5 said, “Usually I would just walk [past exhibits].
That’s why I hate going to museums. There’s a load of stuff I can’t
see” With NaviNote, however, she could discover visual attractions
that she normally wouldn’t see.

6.4.3 Information Gathering. Participants saw potential value in
viewing others’ comments in advance. As P4 envisioned, “I can see a
map of [annotations] and then there’s like little stars or something. I
click it and I can hear it. I would actually do that” They also wanted
to gather information about tourist attractions (P5), or leave notes
to request information, so that other BLV individuals visiting the
same location later could benefit (P13, P14).

6.4.4 Social Interactions. Participants envisioned leaving audio
notes for social purposes (6/18), such as marking meeting locations
or sharing information with friends. For example, P13 imagined a
scenario where, if she were running late, her friends could leave her
an annotation about a new meeting spot. P16 described annotations
as a feature that “makes [the environment] more interactive” by
sharing information with other users, and P4 further emphasized
that accessible annotations can promote social interaction: “Can
you imagine that? You can actually interact with people. Because
a lot of people, they don’t interact that much... So I like the audio
note element [for allowing more interactions].”
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Figure 8: Left: Distribution of NaviNote’s response time per user query, with mean response time to be 10.8 seconds and median
response time 8.6 seconds. Most queries were answered within 15 seconds. Right: Response times for individual participants,
with variation between participants primarily due to unstable internet connections in the field.

7 Discussion

Our evaluation showed that NaviNote effectively supports BLV
participants in independently authoring annotations, navigating
the last few meters to POIs, and exploring local public places. Par-
ticipants also envisioned using it across various use-cases. In this
section, we discuss design challenges we discovered related to spa-
tial annotation authoring tools, reflect on agent-based accessibility
systems, and outline limitations and future directions. Note that
in this section we discuss broad topics, while we outline specific
design implications for NaviNote in Section 6.

7.1 Design Challenges for Spatial Annotation
Authoring Tools

Participants praised NaviNote for supporting scene exploration and
enabling them to author and access spatial annotations. They also
suggested ways to improve retrieval mechanisms and safety, as
discussed below.

7.1.1  How can annotations maintain scene alignment over time?
While crowdsourced annotations anchored to spatial locations can
help BLV users explore their surroundings, they also introduce the
challenge of staying physically aligned after changes in the scene.
During free exploration, participants were concerned that objects of
interest may be moved or removed, making associated annotations
obsolete. In addition to manual edits via crowdsoucing, advances in
3D change detection [80, 81, 119] opens up the possibility of auto-
matic detection and realignment of annotations [106]. We suggest
that future systems explore automatically detecting environmental
changes and realigning or removing outdated annotations to ensure
they remain reliable.

7.1.2  How can annotations be kept true, safe, and ethical? As with
many user-generated content (UGC) platforms, crowdsourcing in-
troduces risks of rumors and malicious content, which can under-
mine users’ experiences and even threaten safety [18, 131, 132],
especially for BLV users. Existing mechanisms from UGC platforms
can be adapted to moderate such annotations: (1) “Official/Verified”
annotations from trusted users, similar to the “blue checkmark”
system on X [146] or Instagram [54]; (2) Upvote/downvote mech-
anisms, where heavily downvoted annotations are removed [66];
and (3) Al filtering to automatically detect and remove unsafe notes.
That said, Al-based approaches are not always reliable due to in-
accuracies and biases in training data [4, 11]. For instance, in our
study, Al incorrectly filtered out a harmless note about a nearby
mosque (1/605). Future work should explore strategies to ensure
spatial annotations remain genuine, safe, and ethical.

7.1.3  How to manage annotation access and prevent information
overload? In the current prototype of NaviNote, all notes were made
publicly accessible to simplify evaluation. However, our findings
show that participants frequently authored annotations intended
only for themselves, their acquaintances, or specific BLV audiences
(Section 6.2.3), which further supports the social annotation needs
reported in FootNotes [36]. To better protect end-user privacy, fu-
ture systems should incorporate fine-grained access control mech-
anisms that verify the intended audience before an annotation is
shared. Moreover, systems should offer options for anonymity and
warn users when they disclose sensitive or identifiable information
[63]. For example, an annotation such as “Meet me here” should only
be visible to trusted contacts, and a note like “This is my favorite
cafe in my neighborhood” should be shareable anonymously.

In addition to privacy considerations, filtering information based
on target groups can help prevent information overload. NaviNote
currently prioritizes safety- and accessibility-related annotations
and skips notes that cannot be played within 15 seconds after a
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user approaches them (Section 4.2.4). Future systems should further
prioritize annotations based on both the identity of the contributor
(e.g., assigning higher priority to notes from known or trusted peo-
ple) and community ratings within the target group (e.g., upvotes
or verification mechanisms as discussed in Section 7.1.2). These
strategies can help ensure that users receive relevant, trustworthy,
and manageable information.

7.2 Usability Challenges of Exploration Systems
in the Wild

While NaviNote provided substantial support in last-few-meters
navigation and free exploration, our evaluation also revealed several
usability challenges, which we reflect on below.

7.2.1  Crowdsourced Scanning. NaviNote is built on the assumption
that scans can be crowdsourced from sighted volunteers and friends,
a process that has been used to capture locations world-wide [13,
99, 107], and can be completed online [101] and offline [100]. With
consent, BLV user sessions could also be used to keep scans up-to-
date. In the future, we also envision gathering scans from drones
[96, 150], delivery robots [82], and automated vehicles [8]. Given
VPS scans still have limited coverage [13], in the meantime, research
should investigate methods to provide seamless transitions between
more/less accurate localization methods, e.g., between VPS and
GPS, such that users can have at least some guidance no matter
where they are. Furthermore, research should explore mechanisms
to automatically update scene understanding, e.g., whenever users
localize and contribute new scans (Section 7.1.1).

7.2.2  Guidance for Independent Localization. Despite not needing
to aim NaviNote at specific targets during use, NaviNote’s VPS still
requires an initial localization, in which users sweep the camera
back and forth until the system identifies its location [38, 104]. Al-
though we did not formally test this localization process with every
user, as it was out of scope for our study, ten participants tested
independent localization with eight succeeding within one minute
(80%). Future work should explore how to improve localization for
BLV users to enhance the generalizability and robustness of our
findings, e.g., by designing effective audio and haptic guidance for
this process similar to [19, 85, 121, 139].

7.2.3  Detecting and Notifying Users of Drift. While VPS enabled
high accuracy and continuous localization, some participants still
experienced mid-use drift, where the phone failed to track its 3D
position accurately, causing the navigation algorithm to misguide
them (e.g., P10 stopped about two meters from the destination). To
accurately reflect NaviNote’s performance, we did not intervene
when drift occurred. Even though participants were instructed
before the task to navigate as they normally do (e.g., with white
canes) and only treat NaviNote’s instructions as an additional ref-
erence point, they still exhibited a high-level of trust in the system
during the experiment. Future tools should explore mechanisms
to counter mid-use drift (e.g., visual-based pose estimation [71]
and localization [2], reprojection [139]), as well as using MLLMs
for visual-semantic reasoning to correct AR content [106]. More-
over, future research should explore effective ways to detect and
alert users of drift, such as reporting localization confidence and
instructing users to re-localize. Annotating the environment with
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landmark-specific cues (e.g., haptic textures, smells, or characteris-
tic sounds [76, 127]) may also improve landmark recognition and
further support users’ self-localization when drift occurs.

7.3 Al Agent-based Systems for Accessibility

Most of our BLV participants expressed trust in NaviNote. As P8
noted, “The way it gives directions is very clear. And then that’s how
it builds up trust” However, there were one case (1/605) where the
system generated incorrect answers and the participant accepted
fabricated information (although this was rare). For example, P2
believed the statue depicted someone other than who it was based
on a system hallucination. Future systems should make users aware
of AT’s limitations (e.g., the types of questions it can reliably answer)
and the possibility of hallucinated responses before use [51, 59, 94,
95]. They should also investigate how to provide richer context
and details to help BLV users recognize errors independently [51],
such as including information sources and image descriptions in the
response (e.g., “This information came from the internet” vs. “... from
user X’s annotation”). More importantly, future work should focus
on building more reliable and explainable Al systems [6, 27, 28].
Al systems can also suffer from response latency [67, 151]. In
our study, some participants expressed wanting faster responses
(Section 6.3). Since NaviNote incorporated the “Orchestrator” pat-
tern [110], response time was influenced by both the base model
latency [1] and question complexity, which could require one or
multiple rounds of communication between the “Orchestrator” and
specialized agents. Beyond model-level improvements, future re-
search should also investigate speed optimization of agent-based
architectures, while tailoring responses to BLV users’ needs [42].

7.4 Limitations and Future Directions

This work has several limitations and future directions, in addition
to those mentioned in the discussion above. First, although the pre-
set annotations used in our system evaluation were derived from
participants’ desired annotations identified in our formative study,
they were tested in single-user sessions. As a result, our evaluation
may not fully capture the dynamics of community-based, crowd-
sourced annotations, e.g., how BLV users might interpret colloquial
or incomplete annotations. Moreover, we evaluated NaviNote in a
local public square with comparatively few objects and relatively
simple routes, which may not fully reflect BLV users’ actual daily
settings. Additionally, further effects and concerns may have eluded
us based on our relatively small sample size of 16 users. In sum-
mary, future research should investigate BLV users’ experiences
with crowdsourced annotations in longitudinal and multi-user stud-
ies, test such systems in more complex and realistic public environ-
ments, and include more participants with diverse visual conditions.

8 Conclusion

Thanks to a formative study with 24 blind and low vision (BLV) par-
ticipants, we contribute the design and implementation of NaviNote.
NaviNote is an accessible voice-based interface, incorporating Vi-
sual Positioning Systems and Multimodal Large Language Models
to enable BLV users to author in-situ annotations and navigate
effectively in last-few-meters scenarios. Through an evaluation
with 18 BLV participants, we found that NaviNote significantly
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improved BLV users’ navigation performance, helped them bet-
ter understand their surroundings, and enabled them to actively
annotate the environment. We also discuss design considerations
for future accessible annotation systems and provide an initial tax-
onomy of BLV users’ desired spatial annotations to guide future
crowdsourcing efforts.
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Table 1: Participant demographics in the formative study.

"Can you match

"Can you notice objects

If you were paired with
a totally blind

1D Day and Group Age/Gender Visual Condition clothes/objects according to N participant, would you
. " around you as you walk? .
their color? be able to help guide
them?
F1 Day 1, Group A 45/F Low vision Sometimes When close by N
F2 Day 1, Group A 43/M Low vision ;l;:;rléaspSEe tells me colors of Yes with good contrast Sometimes
F3 Day 1, Group A 20/F Low vision N If it’s far then no Y
Low vision, macular If it’s near yes but if it’s far it
F4 Day 1, Group A 33/F dystrophy Y harder to see Y
F5 Day 1, Group B 58/F Totally blind N N N
Fe6 Day 1, Group B 25/F Low vision Y Y Y
F7 Day 1, Group B 51/F Low vision Sometimes Y Y
F8 Day 1, Group B 56/F Low vision N Sometimes Sometimes
F9 Day 1, Group C 46/F Totally blind With help Using cane N
F10 Day 1, Group C 61/F Low vision Sometimes Depends on distance Y
F11 Day 1, Group C 45/M Low vision N N Not answered
F12 Day 1, Group C 45/M Low vision Depends on color Depends on light Y
F13 Day 2, Group D 44/F Low vision Y N Not answered
Sometimes or most times, but it . .
has to be at very close proximity Sometimes. It depends how close Sometimes, it depends on
F14 Day 2, Group D 60/F Low vision s s . . the light and if the ground
and it’s dependent on the level of it is and only in daylight. s flat
light T
F15 Day 2, Group D 76/M Low vision N N Y
F1e6 Day 2, Group D 24/F L.O\.N vision, peripheral Depends Depends N
vision loss
F17 Day 2, Group E 48/F LOVY vision, .Cf?lor blind, N Not answered N
peripheral vision loss
Fi8  Day 2, GroupE 62/M Low vision, no sightin y Y Y
left eye
F19 Day 2, Group E 66/M Low vision Y Y Y
F20 Day 2, Group E 58/F Low vision No. I can see light and shapes ziessi.olncan see objects in blurry N
F21 Day 2, Group F 36/F Low vision Y Sometimes but not in the dark Y
F22 Day 2, Group F 40/M Low vision Y Y Y
F23 Day 2, Group F 34/M Blind W.“h some light N N Not answered
perception
F24 Day 2, Group F 65/M Low vision Y Blurry vision Y
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Table 2: Participant demographics in the evaluation.

D Formative Age/Gender Visual Condition geol‘;, x)u‘c/lils'il;l;eiyn Prior {\R How do you typic.a.lly navigat.e thx.e last 10-50
ID . s Experiences meters when getting to a destination?
Daily Activities
Pilot1 F7 51/F ﬁ)os‘: vision, central vision Always N Not asked
Pilot2 F19 66/M Low vision Always Y Not asked
Pilot3 F4 58/F Blind Not at all Y Not asked
Pilot4 F23 35/M Low vision Sometimes Y Not asked
Low vision. central vision A sighted guide (e.g., friend, family member), asking
P1 F3 20/F loss ’ Always Y for verbal directions from people nearby, a general
navigation app (e.g., Google Maps, Apple Maps)
P2 F15 78/M Totally blind Not at all N A white cane, a sighted guide
Asking for verbal directions from people nearby, a
P3 Fi6 25/F Low vision Sometimes N real-time remote assistance app (e.g. Be My Eyes
Volunteer, Aira Agent)
P4 F4 33/F Low visic?r%, sensitive to light, Sometimes Y A sighted guide, asking for v.erba.l directions from
central vision loss people nearby, a general navigation app
. . . A white cane, a sighted guide, asking for verbal
P5 - 35/F g:zi;{:;}; some light Rarely N directions from people nearby, a real-time remote
assistance app
A white cane, a sighted guide, asking for verbal
Po F8 56/F Low vision Sometimes N directions from people nearby, a real-time remote
assistance app
Low vision, sensitive to light, A white cane, a sighted guide, asking for verbal
P7 - 55/M weak depth perception, Always Y directions from people nearby, a real-time remote
central vision loss, scotoma assistance app
A sighted guide, Asking for verbal directions from
people nearby, a general navigation app, a BLV or
P8 - 46/M Totally blind Not at all N accessibility app I can use independently (e.g., Seeing
Al VoiceVista, Be My Eyes without remote
assistance)
Po R 80/M Totally blind Not at all N A white cane, asking ff)r verbal direct.ions from
people nearby, a real-time remote assistance app
Low vision, peripheral vision ~ Always during A wh{te cane, a sighted guide, Asking for verbal
P10 F2 44/M loss, scotoma, occasionally daylight, cannot see at Y dlrgctlons from people nearby, 2 @al—tlme remote
L . . assistance app, a BLV or accessibility app I can use
sensitive to light night .
independently
Low vision, weak depth A white cane, a sighted guide, Asking for verbal
P11 - 66/F perception, peripheral vision ~ Sometimes Y directions from people nearby, a real-time remote
loss assistance app
A white cane, A sighted guide, asking for verbal
P12 1 46/F Low vision, central vision Always v directions fr.om people nea.rby, a general navigation
loss app, a real-time remote assistance app, a BLV or
accessibility app I can use independently
Blind with some light . . -
P13 R 42/F perception, color blind, no Not at all N A wl'ilte canbe, asking for verbal directions from
depth perception people nearby
Low vision, sensitive to light,
P14 B 67/M color bl:md, we;?k depth B Always v A whi.te cane, a sighted guide, asking for verbal
perception, peripheral vision directions from people nearby
loss
A white cane, a sighted guide, asking for verbal
directions from people nearby, a general navigation
. app. If its really important I might do the journey on
P15 ) SUE Low vision Always Y an earlier day so I don’t get lost on the important day.
Also I often arrange someone to meet me at a place I
know I can find like a tube station.
Pl6 F21 37/F Lon vision, lcqlor blind, Always N A sighted guide, asking for vgrbz?l directions from
peripheral vision loss people nearby, a general navigation app
Blind with some light Just to identify day and A white cane, asking for verbal directions from
P17 - 49/M . . N
perception night people nearby
P18 - 52/F Blind with some light Rarely N A white cane, a sighted guide

perception
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