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Figure 1: We present Lifelnsight, an AI-powered assistive wearable equipped with an on-body camera, microphone, and a
single-click interface for goal-oriented visual querying for blind and low vision (BLV) people. We evaluated LifeInsight across six
scenarios, identified through multiple week-long video-based cultural probes with BLV people.

ABSTRACT

Assistive technologies (ATs) have the potential to empower
blind and low vision (BLV) people. Yet, they often remain
underutilised due to their immobility and limited applica-
bility across scenarios. This paper presents Lifelnsight, an
Al-powered assistive wearable for BLV people that uses a
wearable camera, microphone and single-click interface for
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goal-oriented visual querying. To inform the design of Lifeln-
sight, we first collected a corpus of BLV people’s daily ex-
periences using video probes and interviews. Ten BLV peo-
ple recorded their daily experiences over one week using
GoPro cameras, providing empirical insights. Based on these,
we report on Lifelnsight and its evaluation with 13 BLV peo-
ple across six scenarios. Lifelnsight effectively responded to
visual queries, such as distinguishing between jars or identify-
ing the status of a candle. Drawing on our work, we conclude
with key lessons and practical recommendations to guide
future research and advance the development and evaluation
of Al-powered assistive wearables.

CCS CONCEPTS

¢ Human-centered computing — Empirical studies in accessi-
bility; Accessibility technologies.
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1 INTRODUCTION

Blind and low vision (BLV) people face numerous challenges
in their everyday lives [32, 33, 52, 73, 76, 79, 107, 114, 117,
120, 129]. For example, when going grocery shopping, a com-
mon challenge for BLV people is to find specific products
or differentiate between products [73, 76]. Other challenges
include selecting clothing of a particular colour or identifying
objects in the real world, including medical products or cur-
rency [32]. Although various forms of assistance are available
to assist in such scenarios (e.g., human assistance or braille
labels on the packaging of medication), current assistance,
especially assistive technologies (ATs), are typically limited
to specific scenarios. Taking widespread and frequently used
talking colour detectors [88, 95] as an example, they only
detect colours and the presence of light. Consequently, BLV
people often use multiple ATs for assistance in their every-
day lives. With the use of artificial intelligence (AI) and
advances in smartphone apps like Seeing AI [7] and Be My
Eyes [6], which utilise AI to describe people, text, currency,
colour, and objects, the landscape of assistance has evolved
significantly. Pioneered by Bigham et al. [26, 27] in VizWiz,
where remote workers provide answers to BLV people’s visual
questions, Al-powered systems allow to identify medication,
scan product barcodes, and distinguish between banknotes
using a single handheld device [7, 38, 52]. Moving a step fur-
ther, the transition from handheld devices to wearables [28],
where technology is used while being worn, holds promise
as it reduces interaction friction by freeing up BLV people’s
hands, which are often already occupied holding the white
cane or the leash of a guide dog.

To contribute to the promising direction of wearable ATs,
this paper presents the design, development and evaluation
of Lifelnsight, an Al-powered assistive wearable! that uses a
wearable camera, microphone and single-click interface for
visual querying. Lifelnsight allows BLV people to ask visual
questions (e.g., “Is this the honey jar?”, Figure 1) to then
receive goal-oriented information [124], i.e., responses on their
specific questions that they provided through speech input.
To inform Lifelnsight’s design and evaluation, we first con-
tribute a corpus of daily scenarios experienced by ten BLV
people using video-based cultural probes for the duration
of one week. The resulting video recordings and interviews
highlighted the participants’ challenges in localising, organis-
ing, understanding and interacting with real-world entities.
For example, they encountered challenges in determining
when a hot teapot has reached its fill level, distinguishing
between different food products, or noticing another person
standing next to them. While participants reported owning
various ATs that could assist them, we learned from them and

!The term “Al-powered assistive wearable” refers to a wearable pro-
totype that uses artificial intelligence - specifically OpenAl’'s GPT-4
Vision API [5] - and the combination of visual input and speech input
to assist BLV people.
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from the literature [78, 98] that existing ATs often remain
unused due to technological immaturity and inconvenience.
Consequently, the participants expressed a desire for future
ATs that seamlessly integrate into their daily routines, rather
than remaining idle in a drawer.

Informed by the video-based cultural probes, we then em-
pirically evaluated Lifelnsight in a user study involving 13
BLV people to shed light on BLV people’s usage behaviours
and preferences when interacting with an Al-powered assis-
tive wearable across six common everyday life scenarios, such
as distinguishing between food products. Participants em-
phasised Lifelnsight’s potential to replace their smartphone
as the current most important AT as they will no longer be
required to take their phone out of their pocket, hold it in
one hand, and operate it with the other hand. LifeInsight was
perceived as highly useful across multiple everyday life sce-
narios that were previously identified in the cultural probes,
with a success rate of above 80%. We conclude by discussing
the opportunities and challenges for Al-powered assistive
wearables and provide practical recommendations to support
researchers and practitioners when designing, implementing
and evaluating future Al-powered assistive wearables with
BLV people.

Contribution Statement: We first contribute a corpus of
BLV people’s daily scenarios using video-based cultural probes
[30, 51]. The video recordings using the cultural probes and
the subsequent interviews build the foundation of the paper
to understand what the existing challenges are (Figure 3)
and how we can best build and evaluate Lifelnsight, an Al-
powered assistive wearable for BLV people, across multiple
scenarios (empirical contribution [123]). Second, based on the
insights obtained using the cultural probes, we contribute the
design, implementation and evaluation of Lifelnsight (arte-
fact and empirical contribution [123]). LifeInsight assists BLV
people across multiple daily scenarios using a single wear-
able technology, which implementation we made publicly
available at https://github.com/FlorianMathis/Lifelnsight
to contribute to open-sourced designs of ATs [36] and to
encourage replication studies and future research. Finally,
we contribute (a) three key lessons learned from the cul-
tural probes and the process of designing, implementing,
and evaluating LifeInsight, and (b) practical recommenda-
tions for designing Al-powered assistive wearables for BLV
people. These insights are particularly relevant for the HCI
and accessibility communities as well as for leading indus-
try projects that have recently highlighted the benefits of
assistive wearables in the everyday lives of BLV people (e.g.,
the partnerships between Be My Eyes, Meta, and Microsoft
[1, 3]). In summary, this paper contributes knowledge to the
following two research questions:

RQ;: To what extent can an Al-powered assistive wear-
able address BLV people’s needs and preferences in mul-
tiple everyday life scenarios?

RQ2: How do BLV people interact with an Al-powered
assistive wearable across multiple everyday life scenarios?


https://github.com/FlorianMathis/LifeInsight
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2 RELATED WORK

We review literature that examined the challenges faced by
BLV people and the current landscape of ATs.

2.1 Challenges of Blind and Low Vision People

Research on BLV people covers a substantial number of acces-
sibility research, contributing to nearly half of the published
works on accessibility at ACM conferences, such as CHI and
ASSETS (2010 - 2019, > 43% [84]). For example, Brady et
al. [32] reported on their findings of a study with 5,329 blind
users where they explored the visual questions that blind
people would like to have answered. Their taxonomy of visual
questions highlights the importance of identifying objects
in blind people’s real-world surroundings, reading text in
the physical space, and understanding the visual or physical
properties of a real-world object. Rodrigues et al. [102] iden-
tified the major concerns, expectations, challenges, barriers,
and experiences BLV people face with smartphones. They
found the usage of smartphones is a tedious and long task
for BLV people, but that they value the benefits of using
technologies and that they are resilient and willing to im-
prove their ability to use such technologies. Related work by
Rector et al. [101] explored the challenges BLV people face
with exercise technologies and argued corresponding systems
should rigorously decide when and how to deliver auditory or
haptic feedback. There is additional research that explored
how BLV people navigate surface level changes [129], en-
gage with visual artwork [17, 82], access information on the
web [85], authenticate [19, 23, 33, 67], and participate in
cooking activities [75, 79, 120].

In summary, various research efforts have contributed an
understanding of BLV people’s challenges and their needs,
often by conducting interviews, contextual inquiries in con-
trolled settings, and surveys [42, 49, 116, 128, 129]. What is
missing is groundwork that provides insights into the com-
bination of BLV people’s daily scenarios and how these can
inform the design, implementation and evaluation of an Al-
powered assistive wearable. Building upon the literature that
applied contextual inquiries in controlled settings [129] and
explored visual questions asked by BLV people [26, 32, 52],
we use cultural probes [30, 51] within the activities of daily
living [81, Figure 1] (Figure 6 in Appendix A), such as doing
the laundry or interacting with digital interfaces, to offer
comprehensive insights into the daily scenarios encountered
by BLV people and to inform, for the first time, the design
and empirical evaluation of Lifelnsight.

2.2 Assistive Technologies for Blind and Low
Vision People

A result of the growing interest in accessibility research is
the increasing number of ATs aimed to empower BLV peo-
ple in various scenarios, including object recognition and
social interaction [49]. Besides the help of another person or
the use of a guide dog, ATs have become a central element
in BLV people’s daily lives. These include braille keyboards
and displays [94, 118], audio-tactile labels [34, 53], smart
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glasses [115], and apps (e.g., Seeing Al [7] or various accessi-
ble map applications [47]). Below, we review ATs from the
broader HCI and accessibility literature.

As one of the pioneering works, VizWiz [26] offers a versa-
tile solution for answering visual questions. A BLV person can
take a photo with their phone, such as one of a grocery store
shelf, and then ask a visual question to receive a response
from a pool of workers. Building on the concept of visual
scene understanding, Guo et al. [57] developed an interactive
screen reader for real-world interfaces. Gonzalez et al. [52]
and Chang et al. [38] created an Al-powered scene description
app for visual answering. Rahman et al. [100] explored how
automated hand-based spatial guidance can bridge the gap
between guidance and execution. Their system assists BLV
people in tasks such as writing on printed forms or drilling
holes for hanging paintings. With Find My Things, Wen et al.
[121] proposed an app that allows BLV people to find their
personal items using teachable AI [65]. Others, such as Ah-
metovic et al. [13] and Jain et al. [63], explored sonification
of navigation instructions [13] and using street cameras [63]
for navigation assistance.

The HCI and accessibility literature has proposed many
more ATs for BLV people, highlighting a trend of novel
ATs that range from generic visual question-answering ap-
plications (e.g., [26, 52]) to more specialised devices (e.g.,
FingerReader [106], VizLens [57], ForeSee [131]). Recent ad-
vancements integrate sophisticated Al capabilities, broaden-
ing the scope and functionality of ATs (e.g., Seeing Al [7],
Be My Eyes [6], or WorldScribe [38]). Our exploration of a
novel Al-powered assistive wearable for BLV people advances
the field of user-centred ATs by combining: i) the benefits of
wearables, which are designed to seamlessly fit into daily life
and provide timely, context-specific information [54, 87, 97];
with ii) multimodal large language models (e.g., OpenAl’s
GPT-4 Vision [5]) for goal-oriented information [124] on BLV
people’s visual queries.

3 VIDEO-BASED CULTURAL PROBES

Prior to developing and evaluating Lifelnsight, we center BLV
people into our research process by using cultural probes to
explore their daily experiences and inform the AT design-
and evaluation process. Cultural Probes offer valuable insights
into individuals’ activities, concerns, and values [30, 51]. De-
veloped in the late 1990s [51], they have since become a
widely accepted method for contextual research within the
accessibility, HCI, and design communities [30, 86]. In our
work, we use a video recording device (i.e., a one-click Go-
Pro camera), along with various straps and mounts, as the
cultural probe. Participants were asked to provide insights
into their everyday lives and the related challenges using the
provided probes. Therefore, the resulting empirical data are
represented by video recordings that were self-recorded by
the participants. We conducted complementary interviews
after the collection of the video recordings. While some of the
insights from the use of the cultural probes align with the
work by Brady et al. [32], which used a different methodology
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Figure 2: For the cultural probes, we provided participants with a GoPro Hero 9 camera, including various straps and mounts.
Participants received instructions on how to use the equipment and were assured of ongoing assistance.

in 2013, our video recordings provide access to more recent
data (collected over a decade later), and allow us to more
accurately describe the design- and evaluation process of
Lifelnsight without making assumptions about BLV people’s
needs and preferences [89].

3.1 Cultural Probes and Scenarios

We equipped participants with a one-click video recording
device, a GoPro Hero 9 Black with QuikCapture? (Figure 2).
We used the GoPro Hero 9 Black due to its simplicity (single
button press to start/stop a recording), its audio feedback
when starting/stopping a recording, and the wide-angle lens,
which further supports BLV people when recording their
daily activities. Participants were free to select their preferred
combination of straps and mounts to ensure comfort in the
recording and not interfere with their daily experiences. For
example, providing wearables like chest mounts and head
mounts to seamlessly record daily activities ensures minimal
interference with existing technologies, such as smartphones,
which play an important role for many BLV people [102].
The majority of the participants decided to record the videos
using the chest mount or the head mount, with some of the
participants also using the tripod.

Following an introductory session, encompassing an inter-
view to gather demographics and an overview of the data
collection procedure, participants were introduced to the
video-recording device and the different mounts. We encour-
aged the participants to focus their video recordings on chal-
lenges and scenarios that frequently appear throughout the

2QuikCapture allows a wuser to automatically record video
with a single button press, see the original documentation:
https://community.gopro.com/s/article/ What-is-QuikCapture-and-
How-Does-it-Work, last accessed 31 Jul. 2024

day, such as when dressing or doing house work (Figure 6 in
Appendix A).

3.1.1 Ethics and Scenarios. Our work received ethical ap-
proval at the University of St. Gallen. To protect partici-
pants’ privacy and anonymity, the raw video footage was only
reviewed by the primary researcher. Participants were asked
to respect the privacy of potential bystanders. They were
asked not to video record sensitive activities, such as bathing
or toileting, to avoid causing discomfort or invading privacy.
Participants were free to start and stop the video recording
at any point throughout the week. For example, they might
have video recorded various everyday life challenges on day
1, day 3, day 4, and day 7. We encouraged the participants
to record as many daily scenarios and challenges as feasible
using the activities of daily living as examples, including
dressing, eating, doing housework, and other daily activities
(Figure 6 in Appendix A). This allowed us to receive insights
into BLV people’s various short-dated daily scenarios spread
across a week.

3.2 Concluding Session: Interview

After a 1-week data collection phase, we scheduled a conclud-
ing session for a closing interview and to create an anonymised
copy of participants’ probes. The concluding session was con-
ducted at a venue chosen for participants’ convenience, e.g.,
at their home. The main objectives were to prompt par-
ticipants to describe the scenarios they had captured on
video and express gratitude for their valuable participation
in our research. Appendix B provides an overview of the core
interview questions.


https://community.gopro.com/s/article/What-is-QuikCapture-and-How-Does-it-Work
https://community.gopro.com/s/article/What-is-QuikCapture-and-How-Does-it-Work
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Table 1: We report the sample’s demographics, including responses on the Short Set on Functioning questionnaire (WG-SS [96]).
oooo means no difficulty; eeoco some difficulty; eeeo a lot of difficulty; eeee cannot do it at all. For P5 we provide additional data
of their blind partner, who provided consent to be involved in the analysis, as described in Section 3.3.

Participant Gender Age Vision Vision Hearing Mobility Cognition Self-Care Communication
P1 man 44 Low Vision ®e00 0000 000 0000 0000 ee00
P2 woman 49 Totally Blind eeee 0000 0000 0000 0000 0000
P3 man 38 Totally Blind eeee 0000 0000 0000 0000 0000
P4 woman 46 Totally Blind eeee 0000 0000 0000 ee00 0000
P5 | P5.a man | woman 67|64 Totally Blind eeee 0000 0000 0000 0000 0000
P6 man 26 Totally Blind eeee 0000 ecoe 0000 ee00 0000
pr woman 41 Low Vision 00 0000 0000 0000 0000 0000
P8 man 41 Totally Blind eeee 0000 ee00 0000 0000 0000
P9 woman 47 Totally Blind eeee 0000 0000 0000 0000 0000

3.3 Recruitment and Participants

Participants were recruited through local societies for BLV
people and project partners, including the Swiss National
Association of and for the Blind (SNABLIND), Schweiz-
erischer Blinden- und Sehbehindertenverband (SBV, Sektion
Ostschweiz), and Lebenshilfe Vorarlberg. All participants were
reimbursed according to the local reimbursement policy. We
recruited a sample of nine BLV people. P5’s blind partner,
with whom P5 lives together (P5.a, female, 64, totally blind),
contributed additional insights into P5’s and their daily chal-
lenges. Therefore, a total of 10 BLV people contributed video
recordings during the one-week data collection. For simplic-
ity, all insights from both P5 and their blind partner (P5.a)
are collectively referred to as “P5” in the remainder of the
manuscript.

Overall, we had 5 male and 5 female participants, with
an average age of 46.3 (SD = 11.98; range: 26 - 67). Table 1
provides an overview. Participants reported high familiarity
with technology, reporting an average of 4.11 (Mdn = 4, SD
= 0.33) on a 5-point Likert scale, where 5 represents very
high familiarity. They reported to live alone in a house or
flat (3), with their wife and kids (1), in a shared flat (1),
with their blind partner (2), at their parent’s house (1), in
a flat with their daughter (1), and in a shared care home
(1). Although the majority of the participants reported to
live with their disability since birth, there were several cases
where their eyesight degenerated over time: P3 became blind
after an operation 14 years ago, P4 had a vision of 4% at the
age of eight and became blind three years ago, P5 became
blind at around the age of 30 (= 35 years ago), P6 became
blind at the age of 20 (= 6 years ago), and P8 became blind
eight years ago.

3.4 Data Analysis

3.4.1 Cultural Probes. Before reviewing the cultural probes,
we defined two key topics when analysing the videos: (1)
description of daily scenario and (2) challenge of daily sce-
nario. Systematically analysing the videos helped us to focus
on similar key elements across all probes. The videos were
accompanied by an audio track where participants expressed

their thoughts or provided descriptions of the scenarios and
challenges they filmed. We now provide an overview of the
key topics.

Description of Daily Scenarios. We first aimed to describe
the video-recorded everyday life scenarios that we observed in
each probe. Describing the scenarios in the first place helped
us to identify the related challenges. Describing the activities
also complemented our understanding of the scenarios and
the learnings from the interviews, where the participants
walked us through their daily experiences.

Challenge of Daily Scenarios. Having understood the sce-
narios, our objective was to understand the accompanying
challenges. As we have conducted the concluding interviews
before reviewing the video probes, we could identify the
challenges through a combination of the video material, the
additional audio descriptions, and the notes we took during
the interviews.

Additional Observations. We wrote down additional obser-
vations (i.e., Memos [39]) where we report reflective thoughts
of our experiences when interviewing BLV people and review-
ing the cultural probes.

To contribute towards consistency and protect the partici-
pants’ privacy, the initial reviewing of the raw video material
was done by the primary researcher who was in close con-
tact with the participants. Three researchers then employed
affinity diagramming [43], a commonly used method in HCI
research [83, 113] and accessibility research [79, 119, 130], to
cluster and organise the daily scenarios and the experienced
challenges by BLV people. The lead researcher first provided
the context of the collected data and then set up an in-person
clustering session with two additional HCI researchers using
Miro as a digital whiteboard [4]. The clustering lasted for
approximately 1.5 hours and was performed on the shared
digital whiteboard. Towards the end of the clustering, we
brainstormed possible labels for the clusters and spent an
additional 1 hour to discuss the preliminary affinity struc-
ture, the labels, and the items that we disagreed on until we
reached a consensus. This procedure facilitated our ability
to identify and cluster the core challenges and scenarios of
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BLV people in their everyday lives. Table 4 in Appendix D
shows an overview of the video recordings’ metadata for each
participant.

3.4.2 Semi-Structured Interviews. We audio recorded the in-
terviews and took notes of the participants’ comments. When
asked about their daily scenarios that contribute significant
challenges to their living, we transcribed and translated their
comments for further analysis. The same three researchers
who conducted the affinity diagramming on the video record-
ings then employed another affinity diagramming [43] on
the semi-structured interview data to cluster the responses,
following the same procedure as outlined in Section 3.4. We
first provided context of the collected data and then initiated
the clustering session using Miro [4]. Towards the end of the
clustering, we added possible labels for the clusters and dis-
cussed the affinity structure. We then iterated again over the
labels and the affinity structure. We concluded by discussing
any remaining open points until we reached a consensus. This
method facilitated our ability to identify the characteristics
BLV people desire in ATs and learn about their “ideal” AT,
which we report in Section 4.2.

4 RESULTS: VIDEO-BASED CULTURAL
PROBES

To inform Lifelnsight’s design (Section 5) and its evaluation
(Section 6), we first present the results collected using the
cultural probes.

4.1 Challenges of BLV People in Everyday Life

The use of the probes highlighted six key scenarios, which
we synthesise into a taxonomy in Figure 3. Our taxonomy
overlaps with some challenges of Brady et al. [32]’s taxonomy,
such as identification, description and reading. Our objective
is to provide additional insights into BLV people’s lived
experiences and use the challenge-related scenarios to inform
the design and evaluation of Lifelnsight in Section 5 and
Section 6.

4.1.1 Spatial Localisation and Organisation. The video record-
ings highlighted various challenges of BLV people when local-
ising and organising entities. For example, P9 faced difficulties
in locating and picking up an object they dropped on the
floor. Related, P3 faced challenges in localising the ball when
playing with their daughter. P5’s probes shed light on the
challenges encountered while working with their partner in
the kitchen, particularly instances where they accidentally
collided with one another. Other examples included the locali-
sation of the roses to cut (P2), finding the different ingredients
for a meal on the kitchen counter (P6), or positioning and
localising food on a plate or in a bowl (P1, P9).
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Summary of Challenge 1

The video recordings highlighted that localising and
organising entities, encompassing physical objects
and other humans, represents a significant challenge
for BLV people.

4.1.2 Understanding the Current State. When P4 prepared a
bowl of cereal with banana and milk, they expressed difficul-
ties in adding the right amount of milk and cereal. Related,
P8 commented they face difficulties in understanding the
right mix ratio, e.g., when combining chicken with pineapple
and rice. Additional examples included a recording by P2,
where they prepared an indoor fireplace and mentioned it is
challenging for them to know when adding more firewood
makes sense as they are unaware of the fire’s current state.
In another recording, P2 had to pause their kitchen blender
several times when mixing ingredients as they were uncertain
about the consistency. Other video recordings included deter-
mining if there is remaining food in a pan (P8), ascertaining
when the teapot is filled with hot water (P9), evaluating the
cleanliness of clothing (P3), and knowing when their cake
(P4) or meat (P8) is properly baked/cooked.

Summary of Challenge 2

The video recordings demonstrated that the lack
of visual feedback to understand an entity’s state
often introduces difficulties and uncertainties for BLV
people.

4.1.3 Interacting with Devices and Interfaces. P8 shed light
on their check-in routine at their workplace, facilitated by a
touchscreen interface, requiring them to install tactile mark-
ers to enable their interaction with the device. While P3’s
video recordings showed they are accustomed to operating
a particular elevator and know which buttons to press to
reach the ground floor, they voiced to frequently encounter
difficulties when using elevators equipped with touchscreens
and visual representations of floor levels. Additionally, the
recordings highlighted that many household devices, such
as washing machines and ovens, introduce touchscreens that
make the interaction for BLV people challenging. P3 men-
tioned it is difficult for them to accurately set the temperature
of the oven. P4 and P8 added that due to the challenges
they face with their washing machine, stove and oven, they
usually abstain from using specific settings although they
might be superior in some cases, e..g, when a quick wash-
ing cycle would be more eco-friendly. P2’s video recordings
raised concerns about the feedback modalities of technologies
that are supposed to help them, explaining that while their
robot vacuum cleaner emits various noises, they experience
difficulties in accurately interpreting the sounds.
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SPATIAL LOCALISATION AND ORGANISATION

Localizing and organizing entities, encompassing physical objects and other humans,
introduces a significant challenge in the everyday life of BLV people.

Presenting Food on a Plate: A person wants to
present food on a plate aesthetically for their
guests.

Challenge: Organising the food on a plate when
guests are over to visit.

Playing Ball Game: A person aims to localise
the spatial positioning of a ball when playing a
ball game in a park with their daughter.
Challenge: Localising the ball and the other
person when engaging in a ball game.

INTERACTING WITH DEVICES AND INTERFACES

BLV people experience significant challenges when engaging and interacting with devices and
interfaces, particularly when those lack clear feedback, e.g., in the form of physical buttons or precise
audio instructions.

Checking in at Work: A person wants to Interacting with the Oven: A person wants to
check-in and check-out at their workplace using  set the temperature of the oven to a specific

the system provided by the employer. degree.

Challenge: Interacting with a touchscreen when  Challenge: Lack of interpretable tactile feedback
checking in and out at work. when interacting with the oven.

COMPREHENDING WRITTEN INFORMATION

Despite significant technological advancements (e.g., OCR systems), assessing and
comprehending information on physical objects is challenging for BLV people.

Understanding Instructions: A person wants to
learn more about the washing that is best for a
given clothing by reading the brand label.
Challenge: Lack of interpretable information on
the brand label when aiming to understand the
washing instructions of particular clothing.

Reading Letters: A person wants to read a
letter they received in their physical mailbox.

Challenge: Being able to understand from
where the letter is and what the content of the
letter is.
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UNDERSTANDING THE CURRENT STATE

The lack of feedback for BLV people to understand an entity's state often introduces
challenges and uncertainties.

Cleanliness of Clothing: A person wants to
know if the clothes they wear are clean or dirty.

Preparing and Mixing Food: A person aims to
cook chicken curry for their dinner. They
combine chicken with pineapple and rice.
Challenge: Understanding the right mix ratio
between different ingredients when preparing
dinner.

Challenge: Understanding the cleanliness of
clothing.

COMPARING AND DIFFERENTIATING

Comparing, combining, and distinguishing between entities poses a challenge for BLV people,
especially when dealing with everyday life objects that share common attributes, such as similar
materials or shapes.

Disti tehing R Prod

P A person
wants to distinguish different food products in
their fridge.

Challenge: Distinguishing between food
products that are stored in the fridge.

Sorting Socks: A person aims to compare
different clothes to sort their socks.

Challenge: Differentiating between similar socks
when doing the laundry.

NAVIGATING IN (UN-)FAMILIAR ENVIRONMENTS

Navigating in environments is challenging for BLV people, especially in initially familiar surroundings
where alterations disrupt navigational routines.

Walking in Lively Public Spaces: A person Moving Around at Home: A person wants to
wants to walk from a bus stop to their walk from one corner of their living room to the
workplace in a vivid environment. opposite corner of the same room.

Challenge: Construction sites or bicycles Challenge: Changes in the living room, e.g.,
parked on the pavement to the way to the toys placed on the floor by the user’s daughter,
workplace introduce significant difficulties. introduce significant mobility challenges.

Figure 3: A taxonomy of daily scenarios experienced by BLV people. The six core scenarios inform the evaluation of Lifelnsight. A
waterpixels filter was applied on the raw images to protect participants’ identity and privacy.

Summary of Challenge 3

The video recordings indicated that BLV people ex-
perience significant challenges when engaging and
interacting with devices and interfaces, particularly
when those lack clear non-visual feedback.

4.1.4 Comparing and Differentiating. P5’s recordings expressed
challenges in filling the washing machine with clothing of the
same colour. P8’s recordings added the challenge of sorting
socks and keeping track of two socks of the same type during
the washing process. Others faced difficulties in differenti-
ating between food products in the kitchen. For example,

P5 brought up the example of distinguishing between prod-
ucts in their fridge. P9 mentioned the example of grocery
shopping and then arriving back at home, which introduces
the challenge of differentiating between two similar products.
Other video recordings showed challenges in distinguishing
between spices and ingredients (P8, P4), or differentiating
between playing pieces of a board game (P9).
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Summary of Challenge 4

The video recordings highlighted that comparing and
distinguishing between entities poses a significant
challenge for BLV people, especially when dealing
with everyday life objects that share common at-
tributes, such as similar materials or shapes.

.

4.1.5 Comprehending Written Information. P3 and P5’s record-
ings highlighted the challenges in reading physical letters and
magazines, which require them to use time-consuming, and
often inaccurate, optical character recognition (OCR) sys-
tems (e.g., OrCam [115]), or wait for human assistance. P5
explained the scenario where they need to wait for their son
to visit before they can understand written information in a
letter. P2’s video recordings revealed that the challenge of
comprehending information in written form is not only lim-
ited to reading magazines or letters, but extends to any type
of information to be read on a physical object. For P2 and
P5, the recordings highlighted challenges in comprehending
washing instructions and product descriptions, including the
washing instructions found on clothing labels.

Summary of Challenge 5

The video recordings emphasised that assessing and
comprehending written information on real-world
objects is challenging for BLV people.

4.1.6 Navigating in (Un-)Familiar Environments. P4 shared
a recording where they walk from a bus station to work
using a path they have rarely walked alone. Although no
specific challenges were observed, P4 added it is challenging
for them to adjust to adaptive environments. According to
P4, construction sites or bicycles parked on the pavement are
close-to-impossible for them to perceive. Related, P3’s video
recordings and their corresponding comments highlighted
their familiarity with the living room setting, but that there
are several occasions where their daughter’s toys on the floor
introduce significant challenges. P2 added they usually do
not face any walking challenges at home, but that there are
situations where both their hands are occupied and therefore
they can no longer use their hands to guide them. They added
navigation becomes even more challenging outdoors due to
environmental noise, even in familiar settings such as in their
garden.

Summary of Challenge 6

The recordings highlighted BLV people’s challenges
in navigating in environments, especially in initially
familiar surroundings that become unfamiliar due to
alterations or environmental noises.

4.2 Semi-Structured Interviews

When asked what characteristics an “ideal” future AT should
manifest, the message of the participants was that future
ATs need to be easy and fast to use, not be overloaded
with too many features, and clearly improve their life. P9

Florian Mathis and Johannes Schéning

articulated the imperative that any form of assistance must
refrain from disconnecting them from reality, exemplified by
not interfering with their hearing sense: “[a future AT] has
to be very simple, it has to keep at least one ear free because
I can’t abstain from hearing” (P9). P2 and P3 emphasised
the importance of future assistance being unobtrusive and
omnipresent, seamlessly integrated into daily life without
drawing attention or necessitating them to pick up dedicated
devices.

“I shouldn’t face difficulties when preparing to
use the technology |[...] there are pouring aids with
an acoustic feedback, but I don’t use them because
it’s kind of too annoying for me to get the device,
put it in the glass, pour the water in the glass,
and then clean the device” - P2

P8 shared their experience using OrCam MyEye, an Al-
powered device that is mounted onto the arm of the glasses
frame [115], emphasising the need for future ATs that pro-
vide greater comfort during extended use. Additionally, they
voiced there exist some stigmatisation [11, 99, 110] and misun-
derstandings among sighted people, resulting in them feeling
uncomfortable using such head-mounted devices in public.

“the stuff with the glasses [referencing to OrCam
[115]] is quite good, but because the camera is on
the side, it always pulls the glasses down on the
right or left side. Also, in terms of comfort for
wearing, it is not entirely pleasant, so it’s not
like you would say, ‘I'll go shopping with it.” [...]
And the next thing is, when you have a pair of
glasses on, people get very confused. You have a
white cane, symbolising that you can’t see, but
on the other hand, you’re wearing glasses, and
that’s a bit... well, I tried it in the store with the
products, and some people really came up to me
and asked why I was wearing glasses... So there
are misunderstandings. Maybe a different type of
holder or something would be needed.” - P8

Expanding upon the essential traits that an “ideal” future
AT should embody, we identified two primary directions
highlighted by the participants:

Direction 1: Digital Vision Twin. P5 brought up the idea
of a system that substitutes vision through real-time spatial
descriptions of reality. Unlike a vibrating white cane, they
envisioned a system that verbally identifies obstacles in their
path, similar to how a guide dog would do it.

“it would be nice for mobility if there was a sys-
tem that behaves like a guide dog [...] the dog
never leads you into an obstacle, and if that is
technically possible, then that would be a great
help” - P5

Related, P4 brought up the example of a virtual guide dog,
similar to NavCog3 [103] or RDog [37], that guides them
through everyday life by describing their surroundings.
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“a robot that walks ahead [...] and if stairs are
approaching then, compared to a dog, the robot
can tell me ’stairs up, down’ [...]” - P4

P2 expressed interest in having access to a virtual agent that
provides real-time information about their surroundings, and
added they want to “replace their eyes” to allow them to go
shopping and be able to explore discounts without the help
of another person.

Direction 2: Human(-like) Assistance. There were com-
ments on an “ideal” AT that represents, or acts like, a human.
For example, P5 and P6 expressed their wish to have access
to a human being, and that this is the best assistance they
could get as it allows having continuous conversations.

“the most helpful thing, what is very difficult, is
human assistance [...] if you can hire an assistant,
that is of course always the greatest help. you can
communicate with them” - P5

Additionally to the example of human assistance, P6 men-
tioned that a human-like assistant, such as in the form of a
ChatGPT-extension®, might already be sufficient.

“[...] a system that simulates a human, but it’s

difficult even with ChatGPT, you can use it to

have something explained how it looks like but

never so exactly; it’s still different to a human”

- P6
In Section 5, we describe how the insights gained from the
probes and the interviews inform the design and evaluation
of Lifelnsight, a first version of an Al-powered assistive wear-
able for BLV people. Through the probes and the interviews
with BLV people, including the identification of the current
challenges, needs, and wishes [89], we aim to shape future ATs
that are useful for BLV people without creating irrelevant
technical artefacts (i.e., “Disability Dongles” [62]).

5 LIFEINSIGHT: AN AI-POWERED
ASSISTIVE WEARABLE FOR BLV PEOPLE

We first describe the concept and implementation of Lifeln-
sight. We then contribute an empirical evaluation of Lifeln-
sight across the six scenarios identified in the cultural probes
(Figure 3 and Figure 5).

5.1 Concept and Implementation

With Lifelnsight, we provide a single-click interface that
allows BLV people to query targeted visual information across
multiple real-world scenarios. Lifelnsight serves as a human-
like digital vision twin, offering visual information to BLV
people; an aspect the probes and the interviews identified
as important. Contrary to existing Al assistance, such as
Be My Eyes [6], where BLV people take out their phone,
navigate to the app, take a picture, and then provide written
input, Lifelnsight allows for targeted visual queries with a
single-click interaction followed by speech input (Figure 1 and
3ChatGPT is a language model that can engage in natural language

conversations and provide responses based on the input it receives, see
https://chat.openai.com/, last accessed 31 Jul. 2024
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Figure 4). Lifelnsight’s strengths are its wearable, lightweight
and flexible design, and its goal-oriented visual understanding
by offering responses to BLV people’s specific objectives [124],
which the probes and prior research deemed as essential.
Williams et al. [122] found that blind people are “amenable
to wearing such devices as long as they [are] not too large,
heavy, or outlandish”. Furthermore, Lifelnsight eliminates
the need for additional interaction steps, such as taking out
a smartphone or a dedicated AT, as it is worn on-body
and consistently available for visual querying, aligning with
the desire for “universal devices that enable seamless usage
without the need for device switching” [49]. Early evidence
in related fields highlights the potential of camera-based
wearables, such as for memory aids for older adults [77]
or to assist wheelchair users with shopping [71]. Recently,
accessibility partnerships, like the one between Be My Eyes
and Meta [1], suggest that Al-powered wearables will soon
be available for millions of BLV people. While heads-on
devices such as the OrCam [115] have found application,
the comments by the participants (e.g., P8 in Section 4.2)
and existing literature [29] suggest there is potential for the
exploration of alternative form factors of future Al-powered
assistive wearables.

In summary, Lifelnsight can be worn as a wearable at-
tached to clothing (e.g., clipped to the collar) or used as
a handhold device, depending on BLV people’s preferences.
While Lifelnsight attached to clothing allows one-handed
interaction, keeping the location of Lifelnsight flexible can
assist BLV people when pointing to specific objects they have
visual questions about. This flexibility and interaction con-
cept is derived from the use of Guiard’s kinematic chain model
for human asymmetric bimanual cooperation [55, 56], where
the user first sets the frame of reference and then initiates
the visual querying pipeline using a single-click interface. In
contrast to the Be My Eyes and Meta partnership [1], which
allows BLV people to initiate the Be My Eyes’ “Call a Volun-
teer” experience entirely by voice commands on the Ray-Ban
Meta Smart Glasses, our evaluation of Lifelnsight contributes
knowledge on the interaction concept and how an Al-powered
assistive wearable is used by BLV people. While we designed
Lifelnsight as a lightweight and unobtrusive wearable that
can be mounted onto clothing, its flexibility, including its
form factor as well as its interactional affordances, still allows
BLV people to mount Lifelnsight on the frame of traditional
glasses, aligning with the recent product developments in
leading industry projects [1].

5.1.1 Implementation. Lifelnsight encompasses three main
components. Two of them, the camera + microphone for sens-
ing, and the single-click interaction interface for initiating the
visual querying process, are body-worn. The processing of the
visual query takes place on a Raspberry Pi 4, providing a low-
cost Al-powered assistive wearable for scientific explorations
(Figure 4) that allows exploring the concept, benefits, and
potential challenges of future Al-powered assistive wearables
for BLV people.
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Figure 4: Implementation pipeline of LifeInsight, showing the individual hardware and software components.

Component 1: Visual and Auditory Sensing. For visual sens-
ing of the real-world surroundings and to enable targeted
visual querying, Lifelnsight uses a Raspberry Pi 3 camera
(Sony IMX708 image sensor) and a Mini USB Lavalier mi-
crophone. One reason Lifelnsight offers speech input is that
previous research has highlighted its speed compared to other
input modalities, showing it to be nearly five times faster
than using a keyboard with VoiceOver input [18]. All compo-
nents that contribute to the processing of the real-world data,
including a powerbank to power Lifelnsight, are integrated
into a fashionable bum bag (Figure 1).

Component 2: Single-Click Interaction Interface. The single-
click interface for interacting with Lifelnsight is mounted to
a retractable yoyo reel that can be attached to any preferred
body location. This flexibility has been made possible using
a 3D printed case that provides BLV people a customisable
interaction platform and allows us to better integrate aes-
thetics and customisation into the AT design [78]. A BLV
person presses a button followed by speech input to initiate
a targeted visual query. Auditory feedback informs about the
button press and when Lifelnsight is ready to receive input.

Component 3: Visual Querying Process. LifeInsight runs
a Python script that processes the incoming data using a
multimodal large language model, i.e., OpenAI’'s GPT-4 Vi-
sion API [5], and then generates a response based on the
visual question. For speech recognition, Lifelnsight uses the
SpeechRecognition library [9], which provides alphanumeric
data that is then sent to the LLM together with a visual
snapshot of the user’s real-world surroundings for contextual
information. As system prompt for the multimodal LLM
Lifelnsight uses the following prompt on boot up: “Assisting
a blind person in their everyday life. Responses should be brief
and outline the requested information immediately within one
sentence.”. The LLM output is then further processed using
gTTS (Google Text-to-Speech) [44], a Python library to in-
terface with the Google Translate text-to-speech API. All
interactions are stored locally, including a visual snapshot of
the real-world surroundings, the visual query, and the output
by the LLM. Prior work by Akter et al. [15] has shown that
BLV people are particularly concerned about the privacy of
bystanders when capturing their surroundings. Therefore, for

privacy reasons, Lifelnsight applies a haarcascade classifier
and a Gaussian blur [41] to blur people’s faces (e.g., other
bystanders) before further processing the visual data.

6 USER STUDY OF LIFEINSIGHT

Informed by the data collected using the cultural probes,
we explore the extent to which Lifelnsight can assist BLV
people across multiple daily scenarios. In a within-subjects
study with 13 BLV people, Lifelnsight is evaluated across
six common everyday life scenarios (Figure 5). The selection
of the scenarios is further supported using literature that
identified BLV people’s frequent daily challenges [26, 32, 58].
While some challenges faced by the BLV people may appear
similar, such as reading information on devices/interfaces and
comprehending written text, the video recordings and the
interviews revealed these as distinct experiences with nuanced
contextual differences, which we aimed to consider in the user
study of Lifelnsight and to contribute towards the breadth of
the studied scenarios. While we present the individual findings
for each scenario (e.g., in Section 7.1.1), we deliberately avoid
direct comparisons between the scenarios. Instead, we aim
to offer a comprehensive overview of Lifelnsight’s strengths,
weaknesses and its usage patterns among BLV people and
across various everyday life scenarios. Figure 5 summarises
the scenarios identified using the cultural probes, which we
then used in Lifelnsight’s evaluation.

(1) Localising Objects: To study the use of LifeInsight for
object localisation, we evaluate Lifelnsight in the sce-
nario of determining the presence of an object on the
table (e.g., a watch). In this scenario, the participants
were initially unaware of the watch’s presence and were
tasked with determining whether a watch was on the
table.

(2) Understanding the Current State of Objects: To repre-
sent the scenario of understanding the current state of
an object, we study Lifelnsight in the scenario of deter-
mining the state of a candle. Participants were aware
of a candle on the table and were tasked to identify its
current status (i.e., lit or not). For safety reasons, the
candle remained unlit throughout the study.
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Figure 5: Overview of the scenarios that were identified in the cultural probes. Each object represents one of the scenarios (e.g.,
localising an object or comparing two objects). LifeInsight was evaluated in all scenarios.

(3) Interacting with Devices and Interfaces: Despite grow-
ing interests in developing accessible digital interfaces
(e.g., [68, 70]), reading information on displays remains
challenging for BLV people. We investigate Lifeln-
sight when aiming to identify the temperature written
on a display (e.g., an oven). This scenario focused
on the information displayed on the screen, without
considering subsequent possible interactions, such as
adjusting the temperature.

Comparing Objects: We evaluate Lifelnsight in the con-
text of distinguishing two food products who manifest
similar form factors (i.e., a jam jar and a honey jar).
The participants were instructed to determine which
jar contained jam and which contained honey.

(5) Comprehending Text: To assist BLV people in compre-
hending text in the real world, we study Lifelnsight in
the scenario of reading the washing information from
the care label of a household linen (i.e., washing tem-
perature of a towel). The participants were instructed
to inform us about the washing temperature written
on the care label of a towel.

Navigating in (un-)familiar Environments: Finally, we
explore the use of Lifelnsight to assist BLV people in
recognising and identifying obstacles in front of a door
(e.g., a chair and a cable). Compared to the task of
localising a watch, in this scenario, the participants
were aware of an obstacle in front of the door and were
tasked to use Lifelnsight to identify it.

—
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Although there are numerous additional everyday life chal-
lenges that BLV people might face (e.g., when cooking [80,
120]), we focus on these six scenarios to align with the ob-
tained insights in the cultural probes, reported in Section 4.
These explorations offer important insights into BLV people’s
behaviours and preferences when they use, for the first time,
an Al-powered assistive wearable across multiple scenarios.

6.1 Recruitment and Participants

A new set of 13 participants was recruited through local so-
cieties and project partners, including some BLV people who
had previously taken part in the cultural probes. The study
received ethical approval at the University of St. Gallen.
Participants were reimbursed according to the local reim-
bursement policy. We first conducted a pilot study with one

blind person and then recruited thirteen BLV people, includ-
ing 7 male and 6 female individuals, with an average age of
51.77 (SD = 13.16; range: 27 - 67; see Table 2).

6.2 Data Collection and Analysis

The empirical evaluation of Lifelnsight encompasses two
phases: i) Scenario Exposure using Lifelnsight; and ii) Semi-
Structured Interviews. The order of the scenarios in Figure 5
was counter-balanced using a Latin Square [31]. Participants’
interactions when using Lifelnsight were video- and audio
recorded.

6.2.1 Phase 1: Scenario Exposure Using Lifelnsight. We first
introduced Lifelnsight and explained all components, includ-
ing the wearable camera, the microphone and the single-click
interface for speech input. We then let the participants famil-
iarise themselves with the system. Participants then experi-
enced the six scenarios identified in the cultural probes (Fig-
ure 3 and Figure 5). For participants’ interaction behaviours,
we first reviewed the recordings to identify their usage be-
haviours when interacting with Lifelnsight. We then assessed
participants’ queries with regard to each query’s proximity
to the expected output. For example, when aiming to read
the washing instructions of a towel, a BLV person might ask
LifeInsight to output i) what it sees (generic prompt), ii)
what it sees on the towel (object-centred prompt), or iii) the
temperature they can wash the towel with (targeted object-
centred prompt, i.e., goal-oriented information [124]). The
classification adds to Brady et al. [32]’s taxonomy of visual
questions and to Gonzalez et al. [52]’s understanding of BLV
people’s goals when using Al-based apps. It allows us to un-
derstand how BLV people query for visual information when
using Lifelnsight for the first time. Furthermore, we asked
participants to rate the wearable’s usability using the SUS
[35], their perceived empathy of the wearable (PETS) [104],
and their perceived workload using the raw NASA-TLX [59].
PETS encompasses two factors: emotional responsiveness
(PETS-ER) and understanding & trust (PETS-UT) [104].
Additionally, we asked to rate the perceived satisfaction,
trust and success when using Lifelnsight on a 7-point Likert
scale (1=low, 7=high). Finally, we report the appropriateness
of Lifelnsight’s descriptions given the visual and auditory
sensing input. In line with Gonzalez et al. [52], we aimed
to understand the appropriateness of Lifelnsight’s responses
given the information available in the photos processed by
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Table 2: We report the sample’s demographics, including their experience with Seeing Al [7], as also done in the work by Gonzalez
et al. [52], the assistance they had with them, and their affinity for technology (1 = low, 5 = high).

Participant Gender Age Vision Seeing AI Experience Participant-Owned Assistance Affinity for Technology
P1 man 37  Totally Blind yes White Cane, iPhone, Apple Watch 4
P2 woman 64 Low Vision yes White Cane, iPhone, Guide Dog 4
P3 man 67  Totally Blind yes White Cane, iPhone 4
P4 woman 65  Totally Blind yes White Cane, iPhone, Guide Dog, Milestone 4
P5 man 65  Totally Blind yes White Cane, iPhone 4
P6 woman 58  Totally Blind no White Cane, iPhone, Guide Dog 4
p7 woman 46  Totally Blind yes White Cane, iPhone, Milestone 4
P8 man 27  Totally Blind yes Care Taker, Wheelchair, White Cane, iPhone, Glasses 4
P9 man 63  Totally Blind yes ‘White Cane, iPhone, Headphones 5
P10 man 52  Totally Blind yes White Cane, iPhone 5
P11 woman 37 Low Vision yes White Cane, iPhone, Magnifier (16x), Monocular 4
P12 woman 50 Totally Blind yes White Cane, iPhone 3
P13 man 42 Low Vision no White Cane, iPhone 3

Lifelnsight. The accuracy metrics allow us to evaluate how
close Lifelnsight’s visual answering is compared to a human
answer. We used Gonzalez et al. [52]’s definition of accuracy:
"the extent to which the scene description matched a sighted
human perception of the image” [52]. The accuracy metric
ranges from 1 to 3, with 1 no match at all, 2 a partial match,
and 3 great match. Lifelnsight’s accuracy scores are drawn
from three researchers’ coding considering the tasks, the vi-
sual input, each researcher’s answer given the task and the
visual input, and Lifelnsight’s response given the visual and
auditory input. This allowed us to evaluate the quality of
LifeInsight’s output experienced by the participants and to
compare it with prior work by Gonzalez et al. [52].

6.2.2 Phase 2: Reflection on Using Lifelnsight. We concluded
with semi-structured interviews to learn more about the
participants’ perceptions and opinions when using Lifeln-
sight, which we transcribed and translated for analysis. The
insights help us in shaping the design and interaction inter-
face of future Al-powered assistive wearables. The interviews
were guided by (1) usage experience, (2) motivation of us-
ing Lifelnsight in daily life, and (3) design and interaction
space for future Al-powered assistive wearables. Affinity di-
agramming [43] was used to cluster participants’ feedback,
following a similar procedure as outlined in Section 3.4. The
lead researcher first introduced the study context and the
semi-structured interview script to the other researchers. All
researchers were aware of the research but some were less
aware of the individual steps and the data collection pro-
cedures. The semi-structured interview script was available
on the digital whiteboard for the duration of the affinity
diagramming. Three researchers then employed affinity di-
agramming [43] to cluster and organise the interview data.
The clustering session lasted for approximately 1 hour and
was performed on Miro [4]. Labels were attached towards the
end of the clustering, with another round of discussion to
resolve any remaining comments and thoughts by the team.
Appendix C provides an overview of the core questions.

7 RESULTS: USER STUDY OF LIFEINSIGHT

We first present Lifelnsight’s performance in assisting BLV
people across the scenarios, followed by insights into usage
and querying behaviours. Finally, we report on Lifelnsight’s
usability and participants’ perceived workloads, their empa-
thy levels when using Lifelnsight, and the findings from the
interviews.

7.1 Phase 1: Using Lifelnsight in Daily Scenarios

7.1.1 Usage Success. Participants could successfully use Lifeln-
sight in the majority of the scenarios (80.8%, 63 out of 78
experiences). While LifeInsight could identify the state of the
candle and correctly provide the information shown on the
display for all participants, some participants faced challenges
when using Lifelnsight in the other scenarios, which we will
report in the following.

Localising Objects (76.9%). Participants encountered chal-
lenges in identifying whether the watch they were searching
for was on the table on three occasions. In these situations,
LifeInsight did either not accurately describe the watch on
the table (e.g., “a black object”, P5) or informed the partici-
pants wrongly about the absence of the watch (e.g., “No, I
don’t see a watch on the table.”, P7 and P12). Interestingly,
P7 followed up by asking Lifelnsight if it sees the entire table,
on which Lifelnsight replied “No, the table is not fully visible.
Only a part of it can be seen in the foreground on the right”.
P7 made two additional visual queries about the presence
of the watch, which is a common method by BLV people to
check for conflicting information among multiple model out-
puts [60]. However, Lifelnsight responded negatively both
times as the watch was not within Lifelnsight’s field of view.
Consequently, P7 concluded that there was no watch on the
table.

Comparing Objects (76.9%). Three participants faced chal-
lenges using Lifelnsight to identify which jar contained honey.
Specifically, P2 requested Lifelnsight to read aloud the text on
the jar, but Lifelnsight was unable to accurately analyse the
taken picture. Similarly, for P3 and P5, Lifelnsight provided
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incorrect answers based on the visual input. For example,
in P5’s case, they held a jam jar in their left hand while
Lifelnsight’s camera focused on the honey jar on the table,
resulting in incorrect information about what the participant
was actually holding in their hand.

Comprehending Text (69.2%). There were four participants
who experienced challenges in identifying the appropriate
washing temperature of the towel using Lifelnsight. For ex-
ample, P4 was holding the care label of the towel and covered
the washing instructions that showed the 60°C information
with their fingers. In the case of others, such as P8, the rel-
evant information on the care label was not visible and a
generic prompt read aloud other visible parts of the label.
In the case of P10, Lifelnsight provided a response to the
participant’s visual query but the response was wrong (40°C
instead). In the case of P9, the washing label was too blurry
for Lifelnsight to identify the washing temperature.

Navigating in (un-)familiar Environments (61.5%). While
in some scenarios Lifelnsight analysed a visual prompt that
deviated from a view of the floor in front of the user (e.g.,
the door, the participants’ arms), there were situations where
Lifelnsight misinterpreted visual information. For example,
for P8, instead of detecting the chair or the cable on the floor,
Lifelnsight informed the participant about a white card or a
piece of paper on the floor as the object’s were only partially
visible by Lifelnsight.

7.1.2 Usage Behaviours & Visual Querying Behaviours. While
we primarily designed Lifelnsight as a wearable that can
be clipped onto the collar (default position), we did not
restrict the participants’ usage behaviours. The majority of
the participants kept Lifelnsight attached to their collar (in
69 out of 78 experiences, 88.46%). Three participants, P7, P8
and P11, decided to use Lifelnsight as a handheld device in
some scenarios. For example, P7 took Lifelnsight into their
left hand to assist in identifying the washing temperature of
the towel. P8 held Lifelnsight in their left hand when aiming
to identify whether there is a watch on the table as this
helped them to adjust their visual coverage of the table in
front of them.

Overall, participants queried LifeInsight 307 times (M =
23.62 prompts per participant; M = 3.94 prompts per sce-
nario). Distinguishing two objects (M = 4.62, SD = 3.43) and
comprehending written text (M = 5.00, SD = 4.49) resulted
in the highest number of prompts. Contrary, localising the
watch on the table (M = 2.62, SD = 1.19) and navigating in
(un-)familiar environments (M = 3.38, SD = 2.43) resulted
in the lowest number of prompts. Table 6 in Appendix F
provides an overview of all scenarios.

When exploring the most frequent querying method, we ob-
served participants’ visual queries considered both the object
of interest and the visual information queried for, i.e., they
requested goal-oriented information [124]. For example, when
identifying the state of a candle, most participants queried
specifically if the candle is lit (e.g., “Is there a candle burning
on the table?”). Across all scenarios, targeted object-centred
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prompt represented the majority of visual queries, 127 out
of 307 requests (41.4%). The second most common querying
approach entailed the object of interest without a targeted
visual query. For example, when comparing objects, partici-
pants asked questions such as “What is written on the jar?”
or “What do I hold in my hand?” without directly requesting
the specific information they sought (like P2, “Which of the
two glasses contains honey?”). This visual querying method
covered 30.6% of the prompts, 94 out of 307. The remaining
queries fall either into the generic category (49 out of 307,
15.9%) or were incomplete due to inaccurate auditory sensing
(37 out of 307, 12.1%, e.g., “what” instead of “what do you
see?”).

Interestingly, we observed scenarios where the participants
initially used generic prompts and then refined them to more
accurately address the specific visual questions they had. For
example, P14 began with a generic question “what is on the
table?” and then adjusted it to “is there a watch on the table?”
to more specifically query for visual information. Others, such
as P4, began with a generic prompt “what do you see?” when
aiming to access the washing information on the care label
of the towel to then transition through an experience with
an object-centred prompt to a targeted object-centred prompt.
After being not successful in retrieving an answer using a
generic prompt (e.g., a number of degrees), P4 adjusted their
prompting and queried Lifelnsight more specifically to read
aloud what is written on the care label. Since Lifelnsight’s
response still did not specify the temperature at which the
product could be washed, P4 refined their query to more
explicitly request the needed information (i.e., “with which
temperature can I wash this towel?”).

7.1.3  Perceived Workload, Perceived Empathy of Lifelnsight and
General Perception. Participants’ perceived workload when us-
ing Lifelnsight received a mean score of 22.56 on a scale from

0 to 100 (SD = 13.33, min = 4.17, max = 46.67). Table 5 in

Appendix E provides an overview of all raw NASA-TLX sub-
scales [59]. For participants’ perceived system usability [35],

LifeInsight received a score of 74.81 (Mdn = 80, SD = 18.86),

which stands for an above good usability [21]. PETS-ER

received a mean score of 48.53 (SD = 17.67) and PETS-UT

a mean score of 36.83 (SD = 24.57). The overall mean score

was 43.85 out of 100 (SD = 19.20). We compare the PETS

scores with the four validation scenarios in the original paper,

as suggested by Schmidmaier et al. [104]. LifeInsight showed

higher empathy compared to the non-empathic systems by

Schmidmaier et al. [104] but lower empathy towards their

empathic systems. Furthermore, Lifelnsight received a score

of M = 5.15 (Mdn = 5.5, SD = 1.93) for satisfaction, M

= 5.60 (Mdn = 6, SD = 1.67) for participants’ trust in its

responses, and M = 5.26 (Mdn = 6, SD = 2.05) for perceived

success on 7-Point Likert scales.

7.1.4 Lifelnsight's Visual Understanding vs. Human's Visual
Understanding. Lifelnsight’s accuracy across all scenarios was
2.64 on a 3-point scale (SD = 0.62), slightly higher compared
to Gonzalez et al. [52]’s app with a mean of 1.95 (SD =
0.82). This suggests Lifelnsight performed considerably well
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when providing responses to visual questions. Interestingly,
there were scenarios where the performance of Lifelnsight was
superior than the performance of the visual evaluation of
three researchers. For example, when P13 aimed to identify
the washing temperature of the towel, none of the researchers
was able to derive the temperature information solely from
Lifelnsight’s visual sensing. Contrary, Lifelnsight was capable
of identifying the object as a towel and then determining the
temperature at which it can be washed. This suggests that in
situations where humans may face challenges in determining
the answer based solely on visual information, LifeInsight can
bridge this gap by extracting relevant details from other
sources. In this case, the type of household linen, a towel,
provided the relevant information. An overview of the images
used for the analysis is provided in Appendix G. Table 6 in
Appendix F provides an overview of the accuracies in each
scenario.

7.2 Phase 2: Reflection on Using
LifeIlnsight Across Multiple Scenarios

7.2.1 Experience and Perception Using Lifelnsight. Lifeln-
sight received overall positive feedback as an Al-powered
assistive wearable. Participants voiced “the simplicity of press-
ing a button is very good and handy for everyday use” (P2)
and that what sets LifeInsight apart from other ATs (e.g.,
Seeing Al [7] and Be My Eyes [6]) is “the speech input and
speech output, which [P1] otherwise only knows from Siri”
(P1). Another positive point that stood out was Lifelnsight’s
design, which allowed participants to wear and use it on-body.

“The advantage of this system is that you have
your hands free. So if I take something off the
shelf in a store, I can easily take the device in
one hand and hold my cane in the other. |[...]
With Be My Eyes, it’s practically impossible |[...]
I have my cane, and I should hold the phone,
which is nearly impossible to operate with one
hand. [...]” - P13

Furthermore, participants were positive about the versatility
of Lifelnsight and about its responses to the visual queries,
which participants termed as advantageous over existing ATs.

“What I really liked here is the flexibility [...] I
was pleasantly surprised. So far, the systems ['ve
tried were more specialised [...] Here, I have a
wide range of options for how I can ask and how
the system then develops an answer.” - P9

“In the app version, I have to first take the phone,
start the app, say what I want, and then I can
film or take a photo. And here, you’d have it
mounted.” - P7

“On a smartphone, I need to specifically install
an app for recognition. And this system could be
used for various things, like colour recognition,
text recognition, and so on.” - P6
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P13 highlighted the capabilities of Lifelnsight to perform
targeted visual queries and that these affordances accelerate
their experiences in daily scenarios compared to existing ATs.

“If I compare the prototype with OrCam or Seeing
Al I find the information was much clearer. I
heard much less nonsense. With Seeing AI or the
OrCam, when I look at a product, I always have
to guess from bits of words what it might be.” -
P12

Despite the positive words about Lifelnsight, there were some
situations where the use of Lifelnsight was challenging and
resulted in multiple visual queries that negatively impacted
participants’ experiences. For example, P1 voiced that multi-
ple attempts have reduced satisfaction a bit but that they
are used to it from prior experiences using ATs (e.g., Seeing
AT [7] or Be My Eyes [6]).
“The problem I just described [camera orienta-
tion/: you actually have with many aids. Some-
times you just have to aim precisely to achieve
reasonable results.” - P9

Related to P9’s comment, P1 voiced that what is still missing
is for Lifelnsight to better understand what “[they/ want and
help optimise; built-in usage aids and optimisation options”
(P1). P12 added that they believe the way the visual question
is asked might require a bit more practice.

7.2.2 Motivation Using Lifelnsights in Everyday Life. When
asked what would motivate the participants to use Al-powered
assistive wearables in their daily lives, P8 mentioned that
LifeInsight would provide them with “more satisfaction and
the ability to move through life like a sighted person.” (P8).
Others emphasised a reduced dependency on other people.

“It would greatly ease my daily life because I
wouldn’t have to think so much about where to
find a sighted person to ask.” - P12

“It would certainly be more convenient than al-
ways using my tPhone. With the iPhone, I have
to hold it in one hand and operate it with the
other. If you also have a guide dog or a white
cane, it would be nice to have a button you can
use one-handed.” - P4

Although participants argued that Al-powered assistive wear-
ables could replace human assistance in many situations (e.g.,
P5: “the system is available around the clock, which a human
usually isn’t, even when living in assisted living”), some par-
ticipants mentioned scenarios where they would still prefer
human assistance.

“If I am alone, I would definitely use the system,
or if I don’t feel like asking someone. Otherwise,
if I have the object in my hand and someone is
standing right next to me, I would say ’take a
quick look’” - P6

Participant P12 noted that their motivation for using Al-
powered assistive wearables depends on the specific context
and the amount of trust they have in such systems.
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“I would need a human when I feel it’s absolutely
important to get a reliable answer that I can trust.
If I had a job interview tomorrow and I need to
know which clothes are really spotless, I don’t
think I would trust the system 100%. I would rely
on a sighted person.” - P12

7.2.3  Perception of Lifelnsight’s Design. Participants found
LifeInsight easy to use and appreciated being in control of
the visual querying using a single-click interface.

“With other systems like Seeing AI, the camera
just runs and talks whenever it recognises some-
thing. Here, I can control it myself when I want
information, which I greatly appreciated.” - P3

“I like that [you have to press [the button], when
I can trigger something myself and not every-
thing always happens automatically. In certain
sttuations, it would be cool, I wouldn’t need the
hands because they’re already occupied, maybe it
could be via a code word but not either/or but
rather both.” - P10

There were some participants who voiced interest in using
LifeInsight in combination with a wake word [8].

“I would like to be able to say, "Hey Prototype, I
want this and that.” The problem is, I'm out in
the city, and I have the cane in my right hand
and the guide dog in my left hand, then I have
to let go of something to press the button.” - P9

“I would prefer voice control over a button be-
cause I often want to use it when my hands are
occupied or dirty.” - P12

8 DISCUSSION

We introduced and evaluated Lifelnsight, an Al-powered as-
sistive wearable for BLV people. The cultural probes provided
rich insights into BLV people’s daily experiences and played
a pivotal role in the concept, design and evaluation of Lifeln-
sight. We now discuss the key findings in relation to the two
research questions and conclude by discussing key lessons
and practical recommendations for the design, development,
and evaluation of future Al-powered assistive wearables for
BLV people.

8.1 RQ;: To what extent can an Al-powered
assistive wearable address BLV people’s
needs and preferences in multiple everyday
life scenarios?

The use of Lifelnsight resulted in a low perceived workload
and an “above good” [21] usability score. LifeInsight assisted
BLV people in multiple situations that, as reported by the
participants, would otherwise be challenging for them, or even
close to impossible. Furthermore, participants valued the goal-
oriented approach to their visual queries which, in comparison
to existing ATs such as Seeing Al [7], reduced the amount
of general descriptions of the real-world surroundings that
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do not provide specific answers to their objectives. Although
LifeInsight still faced challenges for accurately querying vi-
sual information in some scenarios (Section 7.1.1 and Section
7.2.1), it worked remarkably well across the majority of the
scenarios. As suggested by Lifelnsight’s evaluation, argued by
Kane et al. [69], and implemented by Bigham et al. [26] with
VizWiz, ATs “equipped with AI” - be it through multimodal
LLMs like in LifeInsight or simulated through crowd-workers
like in VizWiz [26] - can indeed reduce the amount of carrying
around multiple ATs. As deemed promising future research
by Gonzalez et al. [52], Lifelnsight’s evaluation provides em-
pirical evidence that integrating multiple visual querying
affordances into one holistic experience has a positive impact
on the usability of ATs. While Lifelnsight accommodates
multiple daily scenarios, its design and interaction was still
perceived as highly usable. In fact, Lifelnsight was perceived
as superior to existing ATs, such as Be My Eyes [6], which
is used in more than 150 countries by more than 650,000
BLV people [6]. We observed scenarios where Lifelnsight sur-
passed human’s performance when evaluating visual content,
such as the “towel example” in Section 7.1.4. This finding
is particularly promising as it suggests that Lifelnsight can
deliver accurate responses to BLV people’s visual queries
without direct visual access to the information. By accurately
identifying specific objects (e.g., a towel), Lifelnsight pro-
vides empirical evidence of its potential to replicate certain
aspects of human cognitive abilities. Some participants as-
sumed the ideal washing temperature to be 60°C based on
identifying the object as a towel by touch. In these situations,
Lifelnsight can still be used to validate BLV people’s ini-
tial assumptions, which becomes especially valuable in more
hazardous scenarios, such as when checking the status of an
indoor fireplace (Figure 3). Despite Lifelnsight’s assistance
and effectiveness, it is important to acknowledge that in sce-
narios like the “towel example”, BLV people, caretakers, and
others could provide similar information through a tactile
inspection of the towel and their knowledge of textile care
and appropriate washing temperatures.

Answer to RQq

Al-powered assistive wearables can assist BLV peo-
ple in multiple scenarios. Compared to existing as-
sistance, such as Seeing AI [7] or human support,
Lifelnsight offers notable advantages. First, Lifeln-
sight’s wearable form factor reduces friction as BLV
people do not need to grab an external device or
navigate to the relevant assistive app on their smart-
phone. Second, while human assistance is not always
available, Lifelnsight offers a reliable alternative, en-
hancing BLV people’s independence by minimising
(or even eliminating) the need to rely on another
person’s constant availability.
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8.2 RQ2: How do BLV people interact with an
Al-powered assistive wearable across multiple
everyday life scenarios?

When exploring participants’ querying behaviours, the major-
ity of the queries can be classified as targeted visual queries,
where the user queries for specific visual information (i.e.,
goal-oriented [124]). This suggests Lifelnsight allows for assis-
tance that is tailored to BLV people’s visual queries instead of
providing generic visual scene descriptions. Interestingly, P12,
for example, voiced they found the information from Lifeln-
sight much clearer than from Seeing Al [7] or the OrCam [115]
as they heard “much less nonsense” and do not have to “guess
from bits of words what it might be” (P12’s quote in Section
7.2.1). The querying behaviours align with the importance of
future applications that “tailor their output through settings
and instructions from the user” and allow for continuous con-
versations [52]. By combining multimodal LLMs with speech
input, as implemented in Lifelnsight, participants adjusted
their input for more detailed output through their natural
use of Lifelnsight. For example, P4 began with a generic
query when aiming to access the washing information on
the care label to then realise their query does not yield an
output that is specific enough. Accordingly, they adjusted
their query to receive a more specific output. This suggests
that compared to non-conversational ATs [7, 74, 93], Lifeln-
sight allows BLV people to reflect on, and verify, the received
responses through follow-up queries, an important ability
for obtaining additional information when needed by BLV
people [60, 116]. Furthermore, P4’s experience highlights how
Lifelnsight allows starting with generics and moving into
specifics to “tactilely explore photo ‘layers’ for specific infor-
mation” [52]. This concept has already demonstrated promis-
ing results for BLV people in multi-layered touch explorations
on images [74]. Lifelnsight provides additional empirical evi-
dence of its effectiveness, showing how Al-powered assistive
wearables can provide meaningful assistance across various
scenarios in BLV people’s everyday lives.

While the concept and design of Lifelnsight offer signif-
icant flexibility, questions about user adaptations remain
open, particularly highlighted by P4’s example, where they
refined their input to obtain a more accurate response (Sec-
tion 7.1.2). We believe that future research on Al-powered
assistive wearables should incorporate BLV people ’s behav-
iors and preferences into the Al-powered processing pipeline
as best as possible. For example, aligning with the work by
Mott et al. [92], which adapted touch interfaces for individuals
with motor impairments, wearable ATs for BLV people could
be further enhanced using teachable AI [91, 121] or incorpo-
rating accessibility data into AI model training [3]. These
approaches allow BLV people to personalise their experiences
based on their needs and interaction behaviours, e.g., when
performing visual queries, potentially minimising the amount
of additional user adaptations required. Partnerships between
Microsoft and Be My Eyes [3], which focus on incorporating
accessibility data into AT model training, already undertake a
significant step forward to better address BLV people’s needs
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by “making AI models more inclusive for the over 340 million
people around the world who are blind or have low vision” [3].
Such efforts, if done in a privacy-preserving manner [2], can
reduce Al biases and Al errors [16], as well as better tailor
the output of Al-powered assistive wearables to BLV people’s
needs and prompting behaviours.

Answer to RQ

Participants employed three methods when querying
visual information: generic prompts, object-centred
prompts and targeted object-centred prompt, with tar-
geted object-centred prompts representing the most
frequent one applied. Despite Lifelnsight’s novel de-
sign, featuring a single-click interface combined with
an Al-powered assistive wearable, participants en-
countered minimal interaction friction and reported
finding Lifelnsight highly natural to use. While most
participants wore Lifelnsight attached to their col-
lar, some preferred to use it as a handheld device in
certain scenarios.

8.3 Key Lessons, Future Research Directions,
and Practical Recommendations for
Designing AI-Powered Assistive Wearables
for BLV People

Over the past 1.5 years, we distilled three key lessons based
on the cultural probes and when designing, implementing
and evaluating Lifelnsight for the first time. These insights
are intended to aid researchers and practitioners in fostering
a shared understanding of the collaborative development
of future Al-powered assistive wearables that cater to BLV
people’s needs and preferences.

8.3.1 Key Lesson 1: Identifying Challenges and Contribut-
ing Assistance to BLV People’s Daily Experiences: Less Spe-
cialised, More Multifunctional. Through the cultural probes,
we identified existing challenges faced by BLV people in
their everyday lives and how BLV people envision future ATs
that accommodate their needs and preferences. While the
results from the probes are not the first that contribute a
taxonomy of BLV people’s experiences in their daily lives
(e.g., [32, 80, 102]), from our work with BLV people we
learned:

e about a potential promising direction for future Al-
powered assistive wearables that encompasses the cur-
rent needs and preferences of BLV people across multi-
ple daily scenarios, and

e how to design a study around common daily scenarios
of BLV people to provide empirical insights into, and
evidence of, the use of Al-powered assistive wearables.

Reflecting on the probes, we learned that BLV people have
a desire for ubiquitous access to ATs that are integrated
into their daily life unobtrusively, akin to the presence of
assistive mobile devices (e.g., an iPhone + VoiceOver®). As

4https://Www.apple.(:()m/‘a(:(:essibility/vision7 last accessed 6 Aug. 2024
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noted by the participants, such an integration of assistance
can offer support even in unforeseen challenging situations,
sparing the burden of anticipating potential obstacles later
in the day and carrying around multiple ATs. As articu-
lated by Zolyomi [132], “creating accessible HCI requires deep
knowledge of disabled people and the current state of acces-
sible technology”. By first identifying the daily experiences
of BLV people and then using these insights to inform the
evaluation of Lifelnsight, we contribute to the vision of as-
sistance that is universal, rich and supportive in various
daily scenarios. We argue that future research is required
to embed Lifelnsight into real-world scenarios over several
months to help the HCI and accessibility communities further
enhance Al-powered assistive wearables and better under-
stand BLV people’s potential behavioural changes over time.
This includes examining how they might adjust their visual
querying behaviours using Al-powered assistive wearables, as
well as how camera-based wearables provide answers to vi-
sual questions w.r.t BLV people’s preferences and functional
roles/information types [61].

8.3.2 Key Lesson 2: Navigating the Promises and Chal-
lenges of Al-Powered Assistive Wearables. With Lifelnsight,
we were able to provide empirical insights into an Al-powered
assistive wearable for BLV people. Participants commended
Lifelnsight for its versatility, noting that it enabled them to
use one AT with a single-click interface and speech input to
seamlessly access assistance across various scenarios. They
also highlighted its hands-free, lightweight and wearable form
factor. However, there were concerns about Lifelnsight’s field
of view and potential privacy concerns of camera-based ATs
when used daily (confirming previous survey-based research
by Akter et al. [15]). First, LifeInsight’s evaluation showed
that participants prefer to maintain control over the visual
sensing, including what and when the system processes in-
formation. In this context, research is encouraged to explore
alternative activation methods (e.g., wake words [8]) and
to assist BLV people in positioning Lifelnsight’s camera for
visual sensing (Section 7.2.1 and Section 7.2.3). For exam-
ple, from neighbouring fields we can learn how to embed
alternative camera configurations [40] into future Al-powered
assistive wearables, such as to achieve stereo vision [127]
and provide an understanding of the visual context around
the user [126]. Second, the literature emphasised the im-
portance of developing privacy-preserving ecosystems for
camera-based wearables [15, 22] and Al systems [46]. While
Lifelnsight incorporates measures to protect privacy, such
as the integration of an additional privacy layer (Figure 4),
research is needed that focuses on enhancing Lifelnsight’s
ability to preserve BLV people’s and bystander’s privacy [14]
while identifying the optimal balance with its visual sensing
capabilities (and assisting BLV people in taking high-quality
pictures [64]). As indicated by P12 in Section 7.2.1, it re-
mains important to learn more about how BLV people query
Al-powered assistive wearables when they ask visual ques-
tions, and to use these insights to enhance the training of Al
models, which we will discuss in more detail in Section 8.3.4.
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8.3.3 Key Lesson 3: The Necessity of Human-Centred De-
sign in Al-Powered Assistive Wearables for BLV People.
Al that guides humans through everyday life has for most
people “mostly been confined to science fiction” [24] and,
according to Bigham and colleagues [24, 25], “people with dis-
abilities have been using systems with many of these features
for decades, placing people with disabilities at the forefront
of artificial intelligence”. While it is essential to consider i)
“special care to ensure that systems are trained and evaluated
on the diversity of abilities and experiences that people with
disabilities have” [66], and ii) providing custom labels from
BLV people [66, 121], we suggest that there may be other fac-
tors that could further enhance the development of effective
Al-powered assistive wearables. For example, in widely used
applications such as Seeing Al [7], it is essential to acknowl-
edge that their usefulness is contingent on BLV people having
access to a smartphone that meets their requirements. Learn-
ing to use a smartphone is a long process where resources are
potentially inaccessible and isolating [45]. Our evaluation sug-
gests that BLV people face little to no challenges when using
an Al-powered assistive wearable that encompasses a single-
click interface and speech input. As noted in Gamage et al.
[49]’s literature review, BLV people prefer voice input and
speech output when interacting with ATs, both of which are
incorporated into Lifelnsight. Despite P8’s experience when
using a head-mounted AT in public (Section 4.2), our find-
ings as part of Lifelnsight’s empirical evaluation suggest that
future ATs may not necessarily need to “strive to be designed
for social acceptability” [108-111]. Participants highlighted
the importance of functionality, especially as technology be-
comes increasingly ubiquitous in public and social settings.
The little evidence for social acceptance in our study might be
attributed to several factors: i) the time when Shinohara and
Wobbrock [110]’s research was first published, which predates
the current widespread presence of technology in public and
social settings, ii) differences in research methods, such as the
surveys used in [110] compared to the diary studies in [111]
and our in-the-wild probes and laboratory study of a novel
wearable AT, or (iii) the design of LifeInsight, which aimed to
be discreet and avoid “marking [blind people] as being blind
within a predominantly sighted social world” [109].
However, in line with Shinohara et al’s works, we believe
it is now time for future research to find clarifying answers
to these questions in the context of Al-powered assistive
wearables (e.g., by applying the Design for Social Accessi-
bility (DSA) perspective and including the DSA Method
Cards [112] in future research). Additionally, the findings en-
courage future research to explore how Al-powered assistive
wearables can further enhance the information details for BLV
people by, for example, i) allowing them to personalise the
experience for their own needs using teachable AI [91, 121],
ii) going “beyond domain-agnostic factual accuracy to con-
sider how to deliver relevant information efficiently” [61],
and iii) adding certainties or uncertainties [72, 125] to LifeIn-
sight’s output to allow BLV people to independently deter-
mine the quality of Al-powered responses and inform them
about potential system-introduced Al hallucinations [124].
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Al-powered assistive wearable alone, which we consider as
today’s “cutting edge technology” [110], are insufficient with-
out comprehensive empirical evaluations, including how BLV
people prefer to wear them, use them for visual querying,
and foster social interactions [90, 111]. We argue future re-
search on Al-powered assistive wearable must also include
policy discussions around supporting BLV people in building
“accurate mental models, verifying information accuracy, and
combating biases and harms” [12]. Integrating these factors,
including “cutting-edge technology” [110] and social accept-
ability constructs [111, 112], are essential for the design and
implementation of future Al-powered assistive wearables with
BLV people.

8.3.4 Practical Recommendations for Designing Al-Powered
Assistive Wearables for BLV People. Based on our empirical
research and the key lessons, we synthesise our work into
three practical recommendations to act as a resource and
reference for researchers and practitioners when contributing
to future works on Al-powered assistive wearables for BLV
people.

(I) Incorporate Wearability, Flexibility and Unobtrusive-
ness. We recommend to design future ATs with weara-
bility, flexibility, and unobtrusiveness in mind. The use
of a body-mounted interface (i.e., camera and single-
click interface) combined with natural speech-based
input [48, 50], as implemented in Lifelnsight, has shown
significant promise across various daily experiences of
BLV people. The empirical insights presented in this
paper support the value of “hands-free accessibility”
for engaging across multiple daily scenarios (e.g., as
pushed forward through the partnership between Meta
and Be My Eyes [1]). However, our findings, such as
P8’s comment on OrCam [115] in Section 3.4.2, or
the participants’ usage behaviours of LifeInsight (Sec-
tion 7.1.2), challenge the anticipated form factor of
future Al-powered assistive wearables. Ideally, BLV
people should benefit from user-centred cutting-edge
technology, such as Al, while maintaining the ability
to customise the look and feel of the final product,
such as the form factor of wearable ATs. Depending on
BLV people’s preferences and needs, this could take on
the form of an unobtrusive on-body device, similar to
Lifelnsight, or of an integration into glasses, such as in
the example of the Ray-Ban Meta Smart Glasses [1].

(IT) Find the Balance Between User Adaptations and System
Design. Whenever feasible, Al-powered assistive wear-
ables for BLV people should aim to better understand
BLV people’s needs and, as highlighted by P1 in Section
7.2.1, incorporate built-in usage aids to support them
in optimising their interactions. The interaction with
future Al-powered assistive wearables should remain
adaptable by BLV people, similar to Lifelnsight, which
can be worn on the body or used as a handheld device.
As evidenced by P4’s visual querying example in Sec-
tion 7.1.2, we recommend to integrate the challenges
and experiences of BLV people into the training process
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of AT models, as exemplified by the recent collaboration
between Microsoft and Be My Eyes [2] or by the use of
teachable AI [91]. While this approach should carefully
balance the additional effort required for personalisa-
tion with the benefits it provides to BLV people [91],
these adaptations can be highly beneficial for frequent
and long-lasting use of Al-powered assistive wearables.
For example, when Al models are trained for specific
applications (e.g., assisting BLV people in particular
contexts), additional user adaptations, such as those
described by P4, may become redundant. The message
here is that these user adaptations could potentially
be minimised - or even eliminated - as multimodal
AT models may become more effective at processing
BLV people’s input by utilising prior visual queries and
long-term usage behaviours.

Align the Design of Wearable ATs with BLV People’s
Needs and Existing (Analog) Support Systems. While
numerous technological challenges remain, such as de-
lays in Al-based systems due to the handling of complex
visual input and speech input, we believe that now is
the right time to collaborate towards a future where
Al-powered assistive wearables “make our interactions
with computers, the world around us, and other people
more accessible to everyone” [24]. We recommend that
future works prioritise continuous learning about BLV
people’s everyday scenarios, preferences, and social
contexts - including how future Al-powered assistive
wearables complement existing more traditional, non-
digital systems (e.g., P13’s comment in Section 7.2.1
and P4’s comment in Section 7.2.2). As illustrated
by Lifelnsight’s design decision to prioritise freeing
up the hands of BLV people, we recommend future
explorations on how Al-powered assistive wearables
can complement established support systems. This is
particularly important given that existing popular aids
like the white cane serve dual functions: they not only
assist BLV people to navigate safely but also affect the
BLV people’s surroundings as they make other peo-
ple aware of the disability and remind them “to leave
space and show respect” [20]. While existing powerful
ATs (e.g., Vocatex Plus [10]) offer significant assistance
in BLV people’s lives, there is still a pressing need
for future systems that can be seamlessly and con-
sistently integrated into everyday life, particularly in
situations where human assistance is unavailable and
where BLV people experience dynamic and mobile situ-
ations (e.g., while walking). Inspired by Bigham’s quote
that “[...] just because something is impressive does not
mean it will be adopted” [24], the recommendation is
not to reinvent the wheel but to explore how technol-
ogy can be more effectively and seamlessly embedded
into the lived experiences of BLV people, which we
aimed to achieve by transitioning from early promis-
ing smartphone-based apps, like VizWiz [26], to Al-
powered assistive wearables, like Lifelnsight. Drawing
on research with multiple BLV people over a significant
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period, it remains important to align the design and
interactional affordances of future Al-powered assistive
wearables with existing aids and coexist with them, fos-
tering a more comprehensive and impactful ecosystem
of assistance for BLV people.

9 CONCLUSION

In this paper, we presented and evaluated Lifelnsight, an
Al-powered assistive wearable for BLV people. Using cultural
probes and interviews, we first contributed an understanding
of the daily experiences of BLV people. By collecting and
analysing empirical data acquired from 10 BLV people in
real-world settings, we not only raised awareness of current
challenges but also informed the design, development and
evaluation of Lifelnsight. We evaluated Lifelnsight across
six scenarios with 13 BLV people. Our work highlighted the
potential of Al-powered assistive wearables for BLV peo-
ple, identified BLV people’s visual querying behaviours, and
outlined promising future research directions for the develop-
ment and evaluation of Al-powered assistive wearables. With
LifeInsight, including the cultural probes and Lifelnsight’s
design, implementation and empirical evaluation, we make
meaningful contributions to a human-centred future that
encompasses suitable assistance in various daily situations
experienced by BLV people.
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A CULTURAL PROBES: KICK-OFF
MEETING, QUESTIONS AND
SUPPORTING MATERIAL

The primary researcher met each participant at a location
of their preference. The initial kick-off meeting served to
introduce the participant to the cultural probes, collect demo-
graphic information, provide an overview of example everyday
life scenarios (Figure 6), and distribute the video-recording
equipment.

Table 3: Overview of participants’ assistive technologies they
mentioned during the kick-off meeting. Note that BLV peo-
ple make use of a plethora of ATs and other assistance in their
everyday life; therefore, this list is not meant to be exhaustive
and representative of ATs used by BLV people in general.
Instead, the list provides a glimpse into some of the systems
the participants use to facilitate their day-to-day tasks.

Participant  Assistive Technologies

P1 Talking Watch; Rollator
P2 OrCam; Milestone; Screen Reader (PC + Phone)
P3 Color Detection Device; Seeing Al
P4 Milestone; MyWay Pro, Be My Eyes, Seeing Al; Talking Scale
P5/P5.a  Stationary OCR Device, Apps, Electronic Talking Pen
P6 Electronic Talking Pen; Seeing AI; Smart Shoes; OrCam
P7 Talking Scale
P8 Apps; Audio Description; Milestone; Talking Scale/ Thermometer; OrCam
P9 Auditory Output on PC/Phone/Scale/Alarm Clock; OrCam; Milestone; Scanner
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A.1 Questionnaire Kick-Off Meeting

We asked the following questions in the kick-off meeting to
collect our participants’ demographics.

e What is your gender? (Male, Female, Prefer not to say,
Self-defined)

e How old are you?

e What type of living arrangement are you in? Please
briefly describe where you live (Own home, Dormitory,
etc.) and whether you live alone or with other people.

e Are there caregivers or family members who support
you in your daily life? If yes, please briefly describe.

e Is your personal environment specifically adapted to

your situation?

Please describe your disability in 1-2 sentences.

Since when do you have low vision/are you blind?

Questions from the Washington Group Questionnaire [96]

Could you please explain how your disability affects

your everyday life? Please provide 2-3 examples of

everyday situations where your disability plays a sig-
nificant role.

e Do you have any restrictions on accessing certain places
due to your disability? What are the consequences of
this?

e Do you currently possess assistive technology that helps
you in your daily life? This could be, for example, a
specialized communication device, a special computer
keyboard, etc.

e Have you used assistive technologies in the past that

you no longer use? If yes, please briefly explain which

technologies you used and why you stopped using them.

Statement: "I am very familiar with technologies, such

as smartphones, TVs, computers.” (This statement is

answered on a 5-point Likert scale (does not apply at
all 1 - - - 5 fully applies).

Is there anything else you would like to tell us about

your disability?

A.2 Supporting Material

We provided participants with additional information sheets
about the use of the video camera. The materials were dis-
cussed in the kick-off meeting and sent to the participants
via electronic mail.

e Step 1. Please attach the camera to the location dis-
cussed in the "Kick-Off Meeting" (e.g., using the shoul-
der strap).

e Step 2. The camera is equipped with four video pre-
sets — in this study, you use STANDARD (DEFAULT
SETTING). This means you do not need to make any
further adjustments to the camera.

e Step 3. Please press the shutter button to start record-
ing, as introduced in the "Kick-Off Meeting". You can
now record your everyday activities for as long as you
want (up to 1.5 hours continuously due to the battery).

e Step 4. After recording, you can press the same button
again. This will automatically stop the recording and
power off the camera.
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Figure 6: Activities of Daily Living, as visualized by Li et
al. [81]. The figure includes daily activities such as bathing,
dressing, grooming, oral care, toileting, transferring, moving
around, eating, shopping, cooking, managing medication, using
the phone, housework, laundry, driving, managing finance,
leisure and other activities.

e Step 5. If the battery is running low, please recharge it.
To do this, open the cover on the right side and plug
the camera with the battery into the power outlet, as
practised in the "Kick-Off Meeting". Ideally, the camera
should be fully charged before each use. Alternatively,
you can remove the battery and replace it with the
second battery.

— Step 1) Pull the release button on the right side of
the camera towards you. The cover should then pop
open.

— Step 2) Remove the battery and replace it with the
second battery.

e Step 6. If the memory space is running low, you should
hear auditory feedback during the recording. Please
replace the memory card (we provide you with 2 —
3 additional memory cards). To replace the memory
card follow the following procedure, as practised in the
"Kick-Off Meeting":

— Hold down the release button of the battery door
and slide the door open.

— Remove the memory card and insert the second mem-
ory card.

e Please get in touch with us if you face any issues with
the recording. We are happy to help.

B CULTURAL PROBES: CONCLUDING
MEETING AND SEMI-STRUCTURED
INTERVIEW QUESTIONS

The primary researcher scheduled a concluding session with
each participant after the 1-week data collection phase. The
concluding session served to create an anonymised backup of
the cultural probes and held an additional semi-structured
interview. The core questions are outlined below.
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e Can you describe a typical day in your life and the spe-
cific challenges you experience due to your disability?

e What everyday activities present particular challenges
for you due to your disability? [Discussion of filmed
daily tasks]

e Are there situations or tasks where you urgently need
help but currently have no suitable solutions?

e Can you share a positive experience with us where
another person or a technology has made your day
easier and more enjoyable regarding your disability?

e What improvements and changes in the public domain
(e.g., infrastructure, transportation) would significantly
improve your daily routine?

e What characteristics would a supportive technology
need to have for you to use it?

e The 1 million [currency] question: Suppose you can
wish for an ideal supportive technology that you want
— without any limits. How would this technology look/-
function?

e Overall, have there been any difficulties for you as part
of this study?

LIFEINSIGHT EVALUATION:
SEMI-STRUCTURED INTERVIEWS AND
MATERIAL

e Topic 1: Usage Experience with LifeInsight

— Example Question 1: What contributed positively to
your confidence in the prototype? What contributed
negatively?

— Example Question 2: How does the prototype com-
pare to other assistive technologies you have used
in the past? Are there specific features or functions
that you prefer in this prototype over others?

e Topic 2: Design and Interaction Space of LifeInsight

— Example Question 1: How did you find the interaction
with the prototype using the single-click interaction?

— Example Question 2: This system requires to have a
view of your real-world surroundings using a camera.
To achieve this, we attached a small camera to the
collar of your clothing. On what other clothing items
or body parts would you want to wear such a small
camera?

e Topic 3: Usage in Public Space and Social Acceptance

— Example Question 1: How would you feel if you
would wear and interact with such a system in public
spaces?

— Example Question 2: What do you think others would
perceive about you if you were to wear and use such
a system in public spaces?

e Topic 4: Motivation of Using LifeInsight in Daily Life

— Example Question 1: What would motivate you to
use this prototype in your daily life?

— Example Question 2: In which scenario would you
prefer another person providing you with assistance?
And in which scenario would you prefer to receive
the assistance from such a system?
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D CULTURAL PROBES: METADATA OF THE
VIDEO RECORDINGS

Table 4 provides an overview of the video recordings that
were collected during each participant session. Note that one
session was scheduled for at least one week, with a concluding
interview after the collection of the everyday life challenges.

E LIFEINSIGHT EVALUATION:
NASA-TLX [59], SUS [35] AND PETS [104]

Table 5 provides a summary of the quantitative data collected
during the empirical evaluation of Lifelnsight.

F VISUAL QUERYING BEHAVIOURS

Table 6 shows participants’ visual querying behaviours across
all scenarios.

Florian Mathis and Johannes Schéning

G LIFEINSIGHT EVALUATION: VISUAL
SENSING BY PARTICIPANTS

Figure 7 provides an overview of example pictures taken by
Lifelnsight when used by the participants across the scenarios.
All images were taken by BLV people during the empirical
evaluation of Lifelnsight.
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Table 4: Overview of the metadata of the participant-driven video recordings. # of Video Segments represents the number of
video segments recorded for each participant, # of Used Video Segments represents the distribution of the video segments that
were used for each participant during the data processing. Proportion stands for the contribution to the overall video recordings
dataset in percentages. Duration shows the average, min, and max duration of the video recordings in minutes (mm:ss). Videos
that were too short to be meaningful or where we observed technical issues with the video-recording device are excluded. Videos
that included multiple everyday life challenges were further split into video segments.

Participant Primary Video Perspective(s) # of Video Segments # of Used Video Segments Proportion Duration [avg | min | max]

P1 First- and Third Person 20 15 8.43% 05:34 | 01:30 | 11:48
P2 First Person 47 42 23.60% 03:01 | 00:13 | 09:33
P3 First Person 28 17 9.55% 01:05 | 00:33 | 02:13
P4 First Person 38 29 16.29% 06:29 | 00:29 | 11:56
P5 First- and Third Person 37 32 17.98% 03:01 | 00:16 | 09:02
P6 First Person 12 2 1.12% 01:01 | 00:47 | 01:15
P7 First Person 30 2 1.12% 00:52 | 00:46 | 00:59
P8 First Person 28 27 15.17% 07:37 | 00:30 | 14:07
P9 First Person 13 12 6.74% 01:07 | 00:12 | 02:21

Table 5: The table shows the NASA-TLX values for each dimension [59], the SUS [35], and the PETS [104].

Metric Lifelnsight

NASA-TLX [59]
Mental Workload | M = 26.54 ( )
Physical Workload | M = 12.31 ( )
Temporal Workload | M = 17.31 (SD = 22.60)
Effort | M = 28.85 (SD = 16.97)
Performance | M = 24.23 (SD = 21.30)
( )

( )

( )

( )

SD = 21.45
SD = 14.23

Frustration | M = 26.15 (SD = 27.78

Overall NASA-TLX | M = 22.56 (SD = 13.33
SUS [35] | M = 74.81 (SD = 18.86

PETS [104] | M = 43.85 (SD = 19.20

Table 6: Overview of participants’ visual querying behaviours and the accuracy scores of LifeInsight in comparison to a human
evaluation across the scenarios [52]. Values denote mean (standard deviation).

Visual Querying Behaviour ‘ Localising Understanding State Devices & Interfaces Comparing Comprehending Text Navigating

Incomplete Prompts | 0.15 (0.55) 1.0 (1.08) 0.38 (0.77) 0.54 (1.39) 0.62 (1.12) 0.15 (0.38)

Generic Prompts | 0.46 (0.97) 0.38 (0.96) 0.23 (0.60) 1.15 (2.19) 0.69 (1.03) 0.85 (1.07)

Object-centred Prompts | 0.54 (0.88) 0.85 (2.23) 0.92 (1.26) 2.62 (3.40) 1.54 (2.18) 0.77 (1.36)
Targeted Object-centred Prompts | 1.46 (1.20) 1.62 (1.12) 2.62 (2.96) 0.31 (0.63) 2.15 (2.91) 1.62 (1.50)
Overall Number of Prompts | 2.62 (1.19) 3.85 (3.18) 4.15 (3.31) 4.62 (3.43) 5.00 (4.49) 3.38 (2.43)
Accuracy Scores | 2.51 (0.68) 2.92 (0.20) 3.0 (0.0) 2.85 (0.40) 2.49 (0.77) 2.03 (0.78)




CHI '25, April 26-May 1, 2025, Yokohama, Japan Florian Mathis and Johannes Schéning

Localising Understanding Devices and Comparing Comprehending Navigating
State Interfaces Text

P1

9
\=

n
.

REDUZIEREN ERHOHEN

Figure 7: Images taken by BLV people when using LifeInsight across the six scenarios. Each row represents one participant.
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