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Review Article

Disability and Rehabilitation: Assistive Technology

Uses of assistive technology incorporating smart camera features in 
the rehabilitation of people living with disabilities: a scoping review

Anna Cautea, Leila Mirzaa, Bundy Mackintosha, Reinhold Schererb and Victoria Joffea

aSchool of Health and Social Care, University of Essex, Colchester, UK; bSchool of Computer Science and Electronic 
Engineering, University of Essex, Colchester, UK

ABSTRACT
Purpose:  The objective of this scoping review was to explore the use of assistive 
technology incorporating smart camera features in the rehabilitation of people living 
with disabilities.
Materials and methods:  This review was conducted in accordance with the Joanna 
Briggs Institute methodology for scoping reviews. Articles were eligible if they 
considered assistive technology that incorporated at least one smart camera feature. 
Rehabilitation in any setting was considered. Research including participants of any age 
with any form of disability, both self-reported and diagnosed, was considered.
Results:  25 studies were included in the final synthesis. Most studies investigated assistive 
technology for visual impairment (n = 23). The most explored devices were smartphones 
(n = 16) and/or smart glasses (n = 13). Most studies focused on text-to-speech (n = 22) and/
or object recognition features (n = 15). One study focused on facial recognition for people 
with Alzheimer’s disease and one on reading for children with dyslexia.
Conclusions:  Assistive technology incorporating smart camera features has been used 
mainly in the rehabilitation of people living with visual disabilities. Reported rehabilitative 
outcomes included enhanced reading ability and improved daily living skills. However, 
there were technical limitations, usability issues and high financial costs associated with 
various devices.

	h IMPLICATIONS FOR REHABILITATION
•	 Assistive technology incorporating smart camera features may enhance reading 

ability and daily living skills for people living with visual impairment.
•	 This technology is available in the form of smartphone apps and wearable devices.
•	 Its potential uses for people living with other types of disabilities remain under-explored 

in the literature.

Introduction

Over one billion people worldwide currently experience some form of significant disability [1]. The prev-
alence of disabilities is steadily rising due to an increase in the global ageing population and an increase 
in the prevalence of noncommunicable diseases [1,2]. Consequently, it is estimated that over three billion 
people worldwide will require assistive technology by 2050 [3] that is any equipment, software or prod-
ucts that improve or maintain people with disabilities’ functional capabilities [4]. Rehabilitation aims to 
improve functioning and reduce disability for individuals living with health conditions and is crucial for 
minimising the barriers they experience when interacting with their environment [5]. Moreover, rehabil-
itation has broader societal benefits because it can facilitate participation in employment and promote 
home-based independence, leading to greater economic growth and reduced caregiver expenses [5].

Recently, there has been increasing interest in the role of technology in rehabilitation. One exciting 
advancement in assistive technology has been the integration of artificial intelligence (AI). Artificial 
intelligence refers to the use of digital technology to simulate the processes of human intelligence. It 
enables machines to perform tasks that would traditionally require human intelligence, such as analysis, 
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decision making and perception [6]. AI is already being used in the United Kingdom’s National Health 
Service (NHS) to benefit both staff and patients – for example, using AI to analyse X-ray images sup-
ports radiologists in making assessments more quickly, which in turn allows more patients to be 
screened. In North East London, AI is being used to predict patients who are at risk of frequent accident 
and emergency department visits and provide them with preventative support [6]. AI is also being 
piloted in the NHS to decrease errors caused by human fatigue, automate repetitive tasks and reduce 
overall costs [7].

One specific form of AI is called computer vision, which allows computers to perceive and interpret 
visual information from the surrounding world. Through machine learning and neural networks, images 
and videos can be analysed, enabling systems to perform various visual perception tasks [8].

Another advancement in the assistive technology field is portable smart camera technology (p-SCT), 
which employs computer vision. This technology can be accessed through smartphones and wearable 
devices such as glasses. Mobile applications such as Seeing AI and Envision AI involve capturing digital 
photographs, enabling users to access several smart camera features including photo text to speech (i.e. 
narrating captured text aloud); object recognition and description (i.e. describing captured objects and 
surroundings); facial recognition and description (i.e. identifying captured faces and describing their fea-
tures); and barcode scanning (i.e. using captured barcodes to identify corresponding products). p-SCT 
has the potential to be harnessed as a powerful rehabilitation aid for people living with various disabil-
ities such as visual and communicative impairments. For example, they can support individuals to read 
items such as recipes; navigate their environment more easily by identifying and describing objects and 
scenes; participate fully in social interactions by identifying people; and access product information 
instantly. These apps are often free and are available on Android and iOS devices. They are able to read 
text in a range of languages and some also offer translation features, making them accessible to a wider 
range of people. AI integrations are also evident in voice assistants such as Siri and Alexa which are now 
widely used. They can support users by answering questions, sending messages, controlling home 
devices such as the radio and setting reminders.

In recent years, researchers have explored the use of p-SCT for people with visual impairments. Several 
studies have reported benefits following a period of rehabilitation using the OrCam MyEye 2.0 [9–11]. 
This is a wearable device that clips onto a pair of glasses and enables the user to access visual informa-
tion through audio. It can read text aloud, recognise faces and describe objects and scenes. Several 
studies have found that the OrCam device significantly improves daily activities for visually impaired 
patients, especially reading [12]. Other studies have compared OrCam, which costs over £2000, with free 
smartphone apps, such as Seeing AI, and reported that the free apps were similar to Orcam in terms of 
their text reading capability, usability [13] and patient preferences [10].

While there is a small evidence base exploring the rehabilitative benefits of assistive technology incor-
porating smart camera features for individuals with visual disabilities, scant attention has been directed 
towards its potential utility for people experiencing other forms of disability. For example, having text 
read aloud while words are shown on the screen may be beneficial for people with cognitive or linguistic 
deficits, because information presented in multiple modalities may be easier to process [14,15]. 
Alternatively, the technology’s ability to describe objects and people could facilitate memory and word 
finding in individuals with conditions such as dementia or aphasia. It could also support children with 
developmental disabilities to learn new words. Therefore, we carried out a scoping review to collate the 
literature and understand the overall landscape of research regarding p-SCT in the rehabilitation of var-
ious disabilities.

A preliminary search of MEDLINE, the Cochrane Database of Systematic Reviews and Joanna Briggs 
Institute (JBI) Evidence Synthesis [16] was conducted and no current or underway systematic reviews or 
scoping reviews on the topic were identified.

Review questions

The scoping review question was guided by the PCC framework as recommended by the JBI framework 
for scoping reviews. In this case, the “P” for population are people living with disabilities, the “C” for con-
cept is assistive technology incorporating smart camera features and the “C” for context is rehabilitation.



SMART CAMERA ASSISTIVE TECHNOLOGY: SCOPING REVIEW 3

The primary question was:

•	 How has assistive technology incorporating smart camera features been used in rehabilitation for 
people living with disabilities?

Sub questions were:

•	 Which types of people living with disabilities was the assistive technology used with?
•	 How was the smart camera technology used in rehabilitation?
•	 What benefits were reported from using assistive technology incorporating smart camera 

features?
•	 What, if any, barriers were reported to the use of assistive technology incorporating smart camera 

features?

Materials and methods

This scoping review was conducted in accordance with the JBI methodology for scoping reviews [17]. 
The JBI’s template for scoping reviews was used to support the conduct and reporting of the review [18]. 
A protocol was written to guide this review and was published on the Open Science Framework (OSF) 
website (https://osf.io/64nuj/).

Inclusion criteria

Participants
This scoping review considered studies including participants of any age who are living with any form 
of disability. Both diagnosed and self-reported disabilities were included.

Concept
This scoping review considered any form of assistive technology that incorporates at least one smart 
camera feature. This could be photo text-to-speech, object recognition and description, facial recognition 
and description or barcode scanning. The technology may be used for assistive purposes or therapeu-
tic uses.

Context
This scoping review considered studies that investigated the use of p-SCT for rehabilitation in any setting 
(e.g. at home, in a hospital or in supported living). In line with the WHO’s [5] definition of rehabilitation, 
we included studies which explored whether p-SCT improved functioning or reduced disability for indi-
viduals living with health conditions. We included studies where a prototype device was trialled. All 
geographical locations were considered.

Types of sources

This scoping review considered quantitative, qualitative and mixed methods study designs. Literature 
reviews, opinion papers, and grey literature sources, such as conference papers and dissertations, were 
also considered for inclusion in this scoping review.

Search strategy

The search strategy aimed to locate both published and unpublished studies. To assist with the devel-
opment of the search strategy, we received support from an academic librarian. An initial limited search 
of PubMed and CINAHL was undertaken to identify articles on the topic. The text words contained in 
the titles and abstracts of relevant articles, and the index terms used to describe the articles were used 
to develop a full search strategy for each database used. Following the development of the full search 
strategy, a three-step search strategy was then utilised in this review. Firstly, PubMed, CINAHL, EMBASE 

https://osf.io/64nuj/
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and PsycINFO were searched for articles. Next, the articles were assessed according to title and abstract 
with irrelevant articles excluded. Full texts were retrieved for the remaining articles and these were 
assessed for eligibility. The final search was carried out on 04.09.2025.

Studies published in English, French and German were considered. Searches were limited from 2009 
onwards, because this was when smart camera technology became available on the market. Sources of 
unpublished studies and grey literature searched were Open Access Theses and Dissertations, EBSCO 
Open Dissertations and ProQuest. Hand-searching of studies’ reference lists was also conducted.

The full electronic search strategy for all databases is outlined below:
“smart camera” OR “computer vision” OR “mobile technology” OR “assistive technology” OR “seeing ai” 

OR “envision ai”
AND
“impair*” OR “disorder*” OR “disab*” OR “difficult*”
AND
“text to speech” OR “print to speech” OR “speech synthesis” OR “narration” OR “object recognition” OR 

“scene description” OR “object description” OR “object detection” OR “facial recognition” OR “automatic 
face detection” OR “barcode scan” OR “barcode reader” OR “barcode identification” OR “QR code scan”

AND
“rehab*” OR “therap*” OR “treatment” OR “recovery”

Selection of sources of evidence

Following the search, all identified citations were collated and uploaded into Rayyan, a type of web-based 
software that supports screening for literature reviews. Duplicates were removed. Titles and abstracts were 
screened by two independent reviewers (LM and KK, an MSc student) for assessment against the inclusion 
criteria. Potentially relevant sources were retrieved in full, and the full text of selected citations were assessed 
in detail against the inclusion criteria by the two reviewers (LM and KK). Reasons for exclusion of sources of 
evidence at full text that did not meet the inclusion criteria were recorded. Any disagreements between the 
reviewers during the selection process were resolved through discussion, or with a third reviewer (AC).

Data charting and data items

Data was charted by two independent reviewers (LM and AC) using a data extraction form adapted from 
JBI by the researchers (see Appendix). The data extraction form was tested by the two reviewers on a 
sample of 10 papers and was refined following discussion. The form documented the following informa-
tion for each paper: title, author/s, year of publication, journal/publication, country where research was 
carried out, study objective, type of study/research design, data collection, sample, number of partici-
pants, age range of participants, details about how the technology was used in rehabilitation, details 
about the technology (type of device and smart camera features used) and key findings related to the 
review questions. Both reviewers extracted data for each article, then met to compare results. Any dis-
agreements between the reviewers were resolved through discussion.

Synthesis of results

Due to the wide variety of research designs included in this review, narrative synthesis was used to 
describe how assistive technology incorporating smart camera features has been used in the rehabilita-
tion of people living with disabilities, the benefits and barriers reported. Tabulation was used to present 
information about study characteristics, participant characteristics, technology characteristics, how the 
technology was used, outcomes, useful features, usability issues, facilitators and barriers.

Results

The search process identified 463 records, which reduced to 379 records after duplicates were removed. 
Nine records were identified from hand-searching reference lists. 379 records were assessed according to 
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title and abstract, and 325 of these records were excluded. 54 full-text articles were then assessed. 29 of 
these were removed (see reasons in Figure 1) and 25 total articles were included in this review. 7 of the 
included articles were grey literature and these were all conference proceedings. There was a 91% agree-
ment rating between reviewers on title and abstract screening. There was an 83% agreement rating 
between reviewers on full-text inclusion. Disagreements were resolved through discussion between the 
two reviewers (LM and KK). Only one decision at the screening stage involved discussion with the third 
reviewer (AC). The search process is illustrated in a PRISMA diagram in Figure 1.

Study characteristics

The studies included in the final synthesis used a variety of methodologies to address different objec-
tives. We have grouped the articles into four broad categories: reviews (group one, n = 4), studies evalu-
ating existing technology (group two, n = 10), studies investigating novel assistive devices (group three, 
n = 8) and studies reporting on clinical practice or user experience (group four, n = 3). Ten of the articles 
were carried out in the USA. The other articles’ authors were from 14 countries in Asia, South and North 
America, Europe and the Middle East. One article was written in German and all others were written in 
English. These characteristics are summarised in Table 1.

Participant characteristics

Of the 15 studies that reported participants’ ages, 14 were carried out with adult participants, with ages 
ranging from 18 to 92. One study investigated children with dyslexia [27].

Of the 25 studies, 23 focused on assistive technology for people with visual impairments. These visual 
impairments varied in severity and included congenital blindness, glaucoma and retinal dystrophies. 
Participants from one study had visual impairment and/or aphasia, including four participants with visual 
impairment only and two with visual impairment and aphasia [24,25]. One study [31] investigated assis-
tive technology for people with Alzheimer’s disease and one investigated a handheld reading device for 
children with dyslexia [27].

Figure 1.  PRISMA flow chart.
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Sample sizes varied, ranging from single case studies to a larger study with 100 participants. Only six 
studies included 20+ participants. The four review articles did not report on the number of participants 
in the articles they reviewed. Participant characteristics are summarised in Table 2 below.

Technology characteristics

The most commonly studied devices were smartphones (n = 16) and smart glasses (n = 13), with much 
less focus on tablets, smartwatches and hand-held or mounted devices. Orcam’s smart glasses were the 
most widely investigated device with 10 studies exploring their use. Most studies (n = 15) focused on one 
type of device. Other studies reviewed or compared two or more different devices. For example, four 
studies compared smartphone apps with wearable smart glasses [13,24–26,28].

Some studies focused on one smart camera feature whereas others explored multiple features. The 
features investigated were text-to-speech (n = 22), object recognition (n = 15), facial recognition (n = 11) 
and barcode scanning (n = 7).

The types of devices and smart camera features explored in each article are summarised in Table 3.

How smart camera technology was used in rehabilitation

The way technology was used in rehabilitation and the associated rehabilitation outcomes are sum-
marised in Table 4.

Types of studies
There was great variation among the studies in how the assistive technology was investigated and the 
extent of rehabilitation provided. Some studies reported on the use of technology by people with dis-
abilities during prototype testing [34], whereas others provided training and ongoing support, loaned 
devices and monitored use of the devices over a longer period [9]. Among studies reporting on use of 

Table 2.  Participant characteristics summary.
Group Article (authors, date) Sample Number of participants Age range

1 Celik and Rohrschneider [19] Visually impaired people Not reported Not reported
Patel and Parmar [20] Visually impaired people Not reported Not reported
Pundlik et  al. [21] Visually impaired people Not reported Not reported
Souza et  al. [22] Visually impaired people Not reported Not reported

2 Moisseiev and Mannis [9] Visually impaired people 12 27 to 93
Neat et  al. [23] Blind people 7 Mean 54, range 23–70
Waisbourd et  al. [11] Patients with legal blindness and end 

stage glaucoma
27 Mean age 62, range- 22 to 92

Caute et  al. [24] and 
Subramanian et  al. [25]

People with visual impairment and/or 
aphasia and reading difficulties.

7 Not reported

Granquist et  al. [13] Visually impaired people 7 26 to 67
Nguyen et  al. [10] Patients with either retinitis pigmentosa 

or cone-rod dystrophies
20 Mean age 47.6

Amore et  al. [12] Visually impaired people 100 19 to 90
van der Aa et  al. [26] Visually impaired people 30 Not reported
Ross [27] Children with dyslexia 32 10–13
Seiple et  al. [28] Visually impaired people 25 Mean age 64, range 30–83

3 Tekin and Coughlan [29] Blind person 1 Not reported
Stearns et  al. [30] Visually impaired people 4 43 to 64
Fardoun et  al. [31]. People with Alzheimer’s disease 41 55 to 72
Shilkrot et  al. [32] Congenitally blind people 14 (4 for technical evaluation, 

7 in focus groups, 3 for 
qualitative evaluation)

Not reported

Banf et  al. [33] Congenitally blind person 1 55
Awad et  al. [34] Visually impaired people 10 Not reported
Chen et  al. [35] Visually impaired people 23 (4 in study one, 19 in 

study two)
20 to 60

Chatpaitoon and 
Itthipanichpong [36]

Blind and severely visually impaired 
people

11 18 to 64

4 Dockery and Krzystolik [37] Visually impaired people 11 29 to 70 (mean 54)
Sorber et  al. [38] Legally blind patients 4 64 to 87
Bhagat et  al. [39] Blind and visually impaired people Not reported Not reported
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assistive technology, Dockery and Krzystolik [37] surveyed real-life use of smart-camera technology, 
while Sorber et  al. [38] reported on clinical case studies using wearable head-mounted devices. The four 
review studies gave an overview of a range of different apps and devices and reported on how these 
had been used in rehabilitation. Their conclusions varied with some highlighting the technology’s poten-
tial [19,22] while others identified limitations in the evidence base [21] or in the technology avail-
able [20].

Outcomes of rehabilitation
The most commonly reported rehabilitative gains were enhanced reading skills. These were observed 
across a range of devices, including commercially available wearable devices (e.g. OrCam) and smart-
phone apps (e.g. Seeing AI, Be My Eyes), as well as novel technology in development, for example the 
CU Eye Reader app [36] and the wearable FingerReader device [32].

Another reported benefit of using smart-camera technology was improved object and recognition, 
including using Orcam to identify different brands of cereal [9] or using novel smart glasses to identify 
everyday objects [34,35]. Although facial recognition and barcode scanning were less explored, a few 
exploratory studies investigated these features through novel apps or devices. Fardoun et  al. [31] devel-
oped a prototypal smartwatch for adults with Alzheimer’s disease designed to recognise people’s faces, 
but the accuracy and impact of using it was not reported. Tekin and Coughlan [29] designed an app to 
help a blind volunteer to recognise everyday grocery items through barcode scanning. The participant 
was able to access product information for 7 out of 10 products.

Comparison of different technologies
Several studies compared different assistive technologies, either through carrying out surveys or asking 
participants’ views. Dockery and Krzystolik’s [37] survey asked respondents for their views about different 
apps and found Seeing AI and Be My Eyes were the most popular. This survey also indicated that most 
respondents use several different apps rather than relying on a single app or device. However, the sam-
ple was small (n = 11) and may not be representative as the respondents all attended a low vision centre. 

Table 3. T echnology characteristics summary.
Type of device(s) Smart camera feature(s)

Group Article
Smart 
phone Tablet

Smart 
watch

Smart 
glasses

Hand held or 
mounted device

Text to 
speech

Object 
recognition

Facial 
recognition

Barcode 
scanning

1 Celik and Rohrschneider [19] ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
Patel and Parmar [20] ✓ ✓ ✓ ✓ ✓
Pundlik et  al. [21] ✓ ✓ ✓ ✓ ✓
Souza et  al. [22] ✓ ✓ ✓ ✓

2 Moisseiev and Mannis [9] ✓ ✓ ✓
Neat et  al. [23] ✓ ✓
Waisbourd et  al. [11] ✓ ✓
Caute et  al. [24] and 

Subramanian et  al. [25]
✓ ✓ ✓

Granquist et  al. [13] ✓ ✓ ✓
Nguyen et  al. [10] ✓ ✓ ✓ ✓ ✓
Amore et  al. [12] ✓ ✓ ✓ ✓
van der Aa et  al. [26] ✓ ✓ ✓ ✓ ✓
Ross [27] ✓ ✓
Seiple et  al. [28] ✓ ✓ ✓ ✓ ✓ ✓

3 Tekin and Coughlan [29] ✓ ✓ ✓
Stearns et  al. [30] ✓ ✓
Fardoun et  al. [31] ✓ ✓ ✓
Shilkrot et  al. [32] ✓ ✓
Banf et  al. [33] ✓ ✓
Awad et  al. [34] ✓ ✓
Chen et  al. [35] ✓ ✓ ✓ ✓
Chatpaitoon and 

Itthipanichpong [36]
✓ ✓

4 Dockery and Krzystolik [37] ✓ ✓ ✓ ✓ ✓
Sorber et  al. [38] ✓ ✓ ✓ ✓ ✓
Bhagat et  al. [39] ✓ ✓ ✓
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ng

 AI
 u

se
 a

dv
an

ce
d 

AI
, t

he
y 

ar
e 

no
t 

su
ffi

ci
en

tly
 in

te
lli

ge
nt

 t
o 

un
de

rs
ta

nd
 u

se
rs

’ n
ee

ds
.

In
 o

rd
er

 t
o 

us
e 

ob
je

ct
 r

ec
og

ni
tio

n 
fe

at
ur

es
 t

he
 u

se
r 

ne
ed

s 
to

 
be

 a
bl

e 
to

 p
oi

nt
 a

 c
am

er
a 

at
 a

n 
ob

je
ct

. T
hi

s 
m

ay
 b

e 
ch

al
le

ng
in

g 
fo

r 
pe

op
le

 w
ith

 s
ev

er
e 

vi
su

al
 im

pa
irm

en
t.

So
uz

a 
et

 a
l. 

[2
2]

Te
ch

no
lo

gy
: a

 r
an

ge
 o

f 
in

te
lli

ge
nt

 
en

vi
ro

nm
en

ts
 a

nd
 

as
sis

tiv
e 

te
ch

no
lo

gi
es

 
fo

r 
vi

su
al

 im
pa

irm
en

t

To
 f

ac
ili

ta
te

 r
ea

di
ng

 a
nd

 
na

vi
ga

tio
n.

Th
e 

re
vi

ew
 d

es
cr

ib
es

 a
 r

an
ge

 o
f 

de
vi

ce
s 

de
sig

ne
d 

to
 a

ss
ist

 v
isu

al
ly

 im
pa

ire
d 

us
er

s 
w

ith
 r

ea
di

ng
 

an
d 

na
vi

ga
tio

n.
 It

 a
rg

ue
s 

th
at

 t
he

 t
ec

hn
ol

og
y 

ha
s 

po
te

nt
ia

l t
o 

fa
ci

lit
at

e 
in

de
pe

nd
en

t 
liv

in
g 

an
d 

im
pr

ov
e 

qu
al

ity
 o

f 
lif

e 
fo

r 
pe

op
le

 w
ith

 
di

sa
bi

lit
ie

s.

M
in

ia
tu

ris
at

io
n 

of
 t

ec
hn

ol
og

y 
ha

s 
en

ab
le

d 
de

ve
lo

pm
en

t 
of

 s
m

al
l 

an
d 

po
rt

ab
le

/ 
w

ea
ra

bl
e 

de
vi

ce
s.

Ch
al

le
ng

es
 f

or
 d

ev
el

op
er

s 
in

cl
ud

e 
de

sig
ni

ng
 a

cc
es

sib
le

 
in

te
rf

ac
es

, a
ch

ie
vi

ng
 r

ea
l-t

im
e 

pe
rfo

rm
an

ce
, h

ig
h 

co
st

s 
an

d 
th

e 
hi

gh
 e

ne
rg

y 
co

ns
um

pt
io

n 
of

 d
ev

ic
es

.

(C
on
tin
ue
d)
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n
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s

Us
ab
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rie
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2
M

oi
ss
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 M
an
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s 

[9
]

Te
ch

no
lo

gy
: O

rc
am

 
sm

ar
t 

gl
as

se
s

To
 f

ac
ili

ta
te

 d
ai

ly
 li

vi
ng

 
ac

tiv
iti

es
, i

nc
lu

di
ng

 
re

ad
in

g 
an

d 
re

co
gn

isi
ng

 
pr

od
uc

ts
 a

nd
 m

on
ey

.

Pa
rt

ic
ip

an
ts

’ a
bi

lit
y 

to
 u

se
 O

rc
am

 im
pr

ov
ed

 
sig

ni
fic

an
tly

 a
fte

r 
tr

ai
ni

ng
 f

ro
m

 a
n 

ex
pe

rie
nc

ed
 

in
st

ru
ct

or
- 

fro
m

 2
.5

 t
o 

9.
5/

10
 o

n 
10

-it
em

 
fu

nc
tio

na
l t

es
t. 

Th
er

e 
w

as
 n

o 
fu

rt
he

r 
sig

ni
fic

an
t 

im
pr

ov
em

en
t 

af
te

r 
pa

rt
ic

ip
an

ts
 h

ad
 u

se
d 

it 
fo

r 
a 

w
ee

k.
Se

ve
n 

pa
rt

ic
ip

an
ts

 a
lso

 c
ar

rie
d 

ou
t 

th
e 

te
st

 w
ith

 
lo

w
 v

isi
on

 a
id

s. 
Th

ei
r 

pe
rfo

rm
an

ce
 w

as
 

sig
ni

fic
an

tly
 b

et
te

r 
w

ith
 lo

w
 v

isi
on

 a
id

s 
th

an
 

w
ith

ou
t, 

an
d 

sig
ni

fic
an

tly
 b

et
te

r 
w

ith
 O

rc
am

 
th

an
 w

ith
 lo

w
 v

isi
on

 a
id

s.
At

 t
he

 e
nd

 o
f 

th
e 

st
ud

y, 
pa

rt
ic

ip
an

ts
 r

ep
or

te
d 

th
at

 
O

rc
am

 w
as

 a
 u

se
fu

l a
id

. T
he

y 
sa

id
 t

he
y 

w
ou

ld
 

us
e 

it 
in

 t
he

ir 
da

ily
 li

ve
s 

an
d 

w
ou

ld
 r

ec
om

m
en

d 
it 

to
 o

th
er

 p
eo

pl
e 

w
ith

 lo
w

 v
isi

on
.

O
rc

am
 is

 p
or

ta
bl

e 
an

d 
ha

s 
go

od
 

pr
oc

es
sin

g 
sp

ee
d,

 s
o 

ca
n 

re
ad

 
an

d 
re

co
gn

ise
 o

bj
ec

ts
 

im
m

ed
ia

te
ly

. T
he

 r
ea

di
ng

 
al

ou
d 

sp
ee

d 
ca

n 
be

 a
dj

us
te

d.
Pa

rt
ic

ip
an

ts
 f

ou
nd

 it
 s

im
pl

e 
to

 
un

de
rs

ta
nd

 a
nd

 e
as

y 
to

 u
se

 
fo

r 
re

ad
in

g,
 p

ro
du

ct
 a

nd
 f

ac
ia

l 
re

co
gn

iti
on

, r
ea

di
ng

/
re

co
gn

isi
ng

 d
ist

an
t 

sig
ns

.

O
rc

am
 h

as
 s

om
e 

te
ch

ni
ca

l l
im

ita
tio

ns
: i

t 
ca

nn
ot

 r
ec

og
ni

se
 

sp
ec

ia
l f

on
ts

 a
nd

 m
ay

 b
e 

un
ab

le
 t

o 
re

co
gn

ise
 t

ex
t 

if 
th

e 
co

nt
ra

st
 w

ith
 it

s 
ba

ck
gr

ou
nd

 is
 p

oo
r 

or
 u

nd
er

 in
su

ffi
ci

en
t 

lig
ht

in
g 

co
nd

iti
on

s.

N
ea

t 
et

 a
l. 

[2
3]

Te
ch

no
lo

gy
: S

ee
in

g 
AI

 
an

d 
tw

o 
cu

st
om

-b
ui

lt 
sm

ar
tp

ho
ne

 a
pp

s 
us

in
g 

op
tic

al
 c

ha
ra

ct
er

 
re

co
gn

iti
on

Ap
ps

 w
er

e 
us

ed
 t

o 
lo

ca
te

 
an

d 
re

ad
 t

ex
t 
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co
rr

id
or

s 
an

d 
op

en
 

sp
ac

es
.

Pa
rt

ic
ip

an
ts

 u
se

d 
va

rie
d 

st
ra

te
gi

es
 t

o 
lo

ca
te

 t
ex

t 
in

 
th

e 
in

do
or

 e
nv

iro
nm

en
t. 

Al
l b

ut
 o

ne
 f

ou
nd

 
vi

br
at

io
na

l f
ee

db
ac

k 
of

 c
us

to
m

 a
pp

s 
he

lp
fu

l.

Fa
ci

lit
at

or
s 

in
cl

ud
ed

 v
ib

ra
tio

na
l 

fe
ed

ba
ck

 t
o 

he
lp

 lo
ca

te
 t

ex
t.

Ba
rr

ie
rs

 id
en

tifi
ed

 in
cl

ud
ed

 lo
ng

 p
ro

ce
ss

in
g 

tim
e 

an
d 

di
ffe

re
nt

 
sn

ip
pe

ts
 o

f 
te

xt
 b

ei
ng

 r
ea

d 
w

hi
le

 t
ry

in
g 

to
 f

ra
m

e 
th

e 
te

xt
, 

ra
th

er
 t

ha
n 

th
e 

w
ho

le
 s

en
te

nc
e 

be
in

g 
re

ad
 a

lo
ud

.

W
ai

sb
ou

rd
 e

t 
al

. [
11

]
Te

ch
no

lo
gy

: O
rc

am
 

sm
ar

t 
gl

as
se

s

To
 f

ac
ili

ta
te

 r
ea

di
ng

 a
nd

 
ex

pl
or

in
g 

th
e 

im
pa

ct
 

on
 q

ua
lit

y 
of

 li
fe

Af
te

r 
on

e 
m

on
th

 o
f 

us
in

g 
O

rc
am

 M
yE

ye
 1

, 7
4.

1%
 

of
 p

ar
tic

ip
an

ts
 r

ep
or

te
d 

an
 in

cr
ea

se
 in

 t
he

ir 
ov

er
al

l q
ua

lit
y 

of
 li

fe
 a

nd
 m

os
t 

(8
8.

9%
) 

w
er

e 
sa

tis
fie

d 
or

 h
ig

hl
y 

sa
tis

fie
d 

w
ith

 it
. T

he
y 

w
er

e 
ab

le
 t

o 
re

ad
 in

de
pe

nd
en

tly
 u

sin
g 

O
rc

am
 w

he
n 

in
 c

on
tr

ol
le

d 
se

tt
in

gs
 b

ut
 f

ou
nd

 it
 h

ar
de

r 
to

 u
se

 
in

 o
ut

do
or

 s
et

tin
gs

 w
he

re
 it

 w
as

 m
or

e 
di

ffi
cu

lt 
to

 lo
ca

te
 t

he
 t

ex
t, 

e.
g.

 r
ea

di
ng

 s
tr

ee
t 

sig
ns

. M
os

t 
pa

rt
ic

ip
an

ts
 u

se
d 

th
e 

de
vi

ce
 t

o 
re

ad
 b

oo
ks

 a
nd

 
ot

he
r 

pa
pe

r 
do

cu
m

en
ts

 a
nd

 f
ou

nd
 it

 e
as

ie
r 

to
 

re
ad

 w
ith

 O
rC

am
. T

he
re

 w
er

e 
im

pr
ov

em
en

ts
 in

 
“n

ea
r 

vi
sio

n”
 s

ub
sc

al
e 

of
 a

 v
isu

al
 f

un
ct

io
n 

qu
es

tio
nn

ai
re

. H
ow

ev
er

, i
t 

di
d 

no
t 

sig
ni

fic
an

tly
 

in
cr

ea
se

 t
he

ir 
re

ad
in

g 
sp

ee
d.

 T
he

 m
aj

or
ity

 d
id

 
no

t 
fin

d 
it 

us
ef

ul
 f

or
 g

ro
ce

ry
 s

ho
pp

in
g.

O
rc

am
’s 

w
as

 p
ar

tic
ul

ar
ly

 u
se

fu
l 

fo
r 

re
ad

in
g 

bo
ok

s 
an

d 
pa

pe
r 

do
cu

m
en

ts
.

Pa
rt

ic
ip

an
ts

 f
ou

nd
 it

 d
iffi

cu
lt 

to
 g

et
 s

ta
rt

ed
 u

sin
g 

O
rC

am
 a

nd
 

th
at

 it
 r

eq
ui

re
d 

a 
lo

t 
of

 t
ria

l a
nd

 e
rro

r. 
Ho

w
ev

er
, a

fte
r 

on
e 

m
on

th
, m

os
t 

pa
rt

ic
ip

an
ts

 f
ou

nd
 it

 e
as

y/
ve

ry
 e

as
y 

to
 u

se
.

Pa
rt

ic
ip

an
ts

 f
ou

nd
 it

 m
or

e 
ch

al
le

ng
in

g 
us

in
g 

th
e 

de
vi

ce
 w

he
n 

te
xt

 w
as

 h
ar

de
r 

to
 lo

ca
te

 (
e.

g.
 s

tr
ee

t 
sig

ns
). 

Pa
rt

ic
ip

an
ts

 
w

ith
 s

om
e 

de
gr

ee
 o

f 
vi

sio
n 

w
er

e 
m

or
e 

ab
le

 t
o 

al
ig

n 
th

e 
de

vi
ce

 w
ith

 t
he

 t
ex

t. 
O

rc
am

 d
id

 n
ot

 w
or

k 
w

el
l i

n 
lo

w
 li

gh
t 

co
nd

iti
on

s. 
Th

e 
hi

gh
 c

os
t 

of
 O

rc
am

 is
 a

 b
ar

rie
r 

fo
r 

m
an

y 
po

te
nt

ia
l u

se
rs

.

Ca
ut

e 
et

 a
l. 

[2
4]

 a
nd

 
Su

br
am

an
ia

n 
et

 a
l. 

[2
5]

Te
ch

no
lo

gy
: O

rc
am

 
sm

ar
t 

gl
as

se
s, 

Se
ei

ng
 

AI
 a

nd
 K

N
FB

 R
ea

de
r 

sm
ar

tp
ho

ne
 a

pp
s

Pa
rti

cip
an

ts
 w

er
e 

tra
in

ed
 t

o 
us

e 
Or

ca
m

, S
ee

in
g 

AI
 

an
d 

KN
FB

 R
ea

de
r. 

Th
ey

 
us

ed
 e

ac
h 

te
ch

no
lo

gy
 fo

r 
tw

o 
w

ee
ks

 a
nd

 t
he

n 
re

po
rte

d 
ho

w
 t

he
y 

ha
d 

us
ed

 it
, b

ar
rie

rs
 a

nd
 

fa
cil

ita
to

rs
 t

he
y 

ha
d 

ex
pe

rie
nc

ed
.

Se
ei

ng
 AI

 w
as

 s
el

ec
te

d 
as

 t
he

 p
re

fe
rre

d 
ap

p 
fo

r 
Ap

pl
e 

ph
on

es
 a

nd
 K

N
FB

 R
ea

de
r 

w
as

 s
el

ec
te

d 
as

 
th

e 
pr

ef
er

re
d 

ap
p 

fo
r 

An
dr

oi
d 

ph
on

es
.

Pa
rt

ic
ip

an
ts

 u
se

d 
bo

th
 t

ec
hn

ol
og

ie
s 

fo
r 

a 
ra

ng
e 

of
 

re
ad

in
g 

ac
tiv

iti
es

 a
cr

os
s 

a 
va

rie
ty

 o
f 

co
nt

ex
ts

 in
 

th
ei

r 
ev

er
yd

ay
 li

ve
s, 

in
cl

ud
in

g 
re

ad
in

g 
bo

ok
s, 

ne
w

sp
ap

er
s, 

m
en

us
, i

ng
re

di
en

ts
, s

ig
ns

, l
et

te
rs

 
an

d 
tim

et
ab

le
s.

Pa
rt

ic
ip

an
ts

 id
en

tifi
ed

 O
rc

am
’s 

hi
gh

 q
ua

lit
y 

vo
ic

e 
as

 a
 k

ey
 

be
ne

fit
.

Th
e 

ap
ps

 h
ig

hl
ig

ht
ed

 t
ex

t 
as

 it
 

w
as

 r
ea

d 
al

ou
d 

w
hi

ch
 

fa
ci

lit
at

ed
 r

ea
di

ng
. T

he
 a

pp
s 

w
er

e 
fre

e 
(S

ee
in

g 
AI

) 
or

 h
ad

 a
 

sm
al

l c
os

t 
(K

N
FB

 R
ea

de
r).

Pa
rt

ic
ip

an
ts

 r
ep

or
te

d 
di

ffi
cu

lti
es

 o
pe

ra
tin

g 
O

rc
am

, i
n 

pa
rt

ic
ul

ar
ly

 d
ire

ct
in

g 
th

e 
ca

m
er

a 
ac

cu
ra

te
ly

 t
o 

te
xt

. O
rc

am
 

di
d 

no
t 

pe
rfo

rm
 w

el
l i

n 
lo

w
 li

gh
t 

co
nd

iti
on

s. 
It 

is 
ex

pe
ns

iv
e.

It 
w

as
 h

ar
d 

to
 r

ea
d 

lo
ng

er
 p

ie
ce

s 
of

 t
ex

t 
w

ith
 t

he
 a

pp
s. 

Us
in

g 
th

e 
ap

ps
 r

ed
uc

ed
 t

he
 p

ho
ne

’s 
ba

tt
er

y 
lif

e,
 w

hi
ch

 
w

as
 a

 b
ar

rie
r 

to
 u

sin
g 

th
em

 in
 t

he
 c

om
m

un
ity

.

Ta
bl

e 
4.

 C
on

tin
ue

d.

(C
on
tin
ue
d)
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Te
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no
lo

gy
: O
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ar
t 
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se
s, 

Se
ei

ng
 

AI
 s

m
ar
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ho
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pp
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er
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 r
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 t
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in

g 
O
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Se

ei
ng

 AI
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Th
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m
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f 
O
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 a
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 S
ee

in
g 

AI
 s

ho
w

ed
 

th
at

 t
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 t
w

o 
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s 
w

er
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sim
ila
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in

 t
er

m
s 
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ra
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ch
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d 
in
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ov

er
 9
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an
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ta
ke

n 
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 c
om

pl
et

e 
ta

sk
s. 

Ho
w

ev
er
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pa
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ic

ip
an
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 c

om
pl

et
ed

 m
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e 
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su
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es
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g 

O
rC
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%
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ee
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%
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an
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 b
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Se
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 a
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.
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 d
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 c
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 u

sin
g 

a 
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e 
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 p

us
h 
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w

hi
ch
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m
s 

us
in

g 
a 

pr
ot

ot
yp

e 
sm

ar
tp

ho
ne

 a
pp

.

Fo
llo

w
in

g 
a 

br
ie

f 
tr

ai
ni

ng
 s

es
sio

n,
 t

he
 b

lin
d 

pa
rt

ic
ip

an
t 

su
cc

es
sf

ul
ly

 f
ou

nd
 b

ar
co

de
s 

on
 9

 o
ut

 
of

 1
0 

pr
od

uc
ts

. F
or

 7
 o

f 
th

es
e,

 b
ar

co
de

s 
w

er
e 

ac
cu

ra
te

ly
 r

ea
d 

an
d 

in
fo

rm
at

io
n 

ab
ou

t 
th

e 
pr

od
uc

t 
re

ad
 a

lo
ud

.

Au
di

o 
sig

na
ls 

(to
ne

s 
an

d 
ve

rb
al

 
in

st
ru

ct
io

ns
) 

fa
ci

lit
at

e 
bl

in
d 

pe
op

le
 t

o 
lo

ca
te

 t
he

 b
ar

co
de

 
on

 a
 p

ro
du

ct
. S

ig
na

ls 
he

lp
 t

he
 

us
er

 fi
nd

 t
he

 b
ar

co
de

 a
nd

 
pl

ac
e 

th
e 

ca
m

er
a 

at
 t

he
 

co
rre

ct
 d

ist
an

ce
. T

he
 s

of
tw

ar
e 

ru
ns

 o
n 

th
e 

ph
on

e 
so

 n
o 

m
ob

ile
 s

ig
na

l n
ee

de
d.

So
m

e 
im

ag
es

 w
er

e 
ou

t 
of

 f
oc

us
 d

ue
 t

o 
th

e 
N

ok
ia

 N
97

 
ph

on
e’s

 s
lo

w
 a

nd
 e

rr
at

ic
 c

am
er

a 
au

to
fo

cu
s 

m
ec

ha
ni

sm
.

Th
e 

ph
on

e’s
 c

om
pu

te
r 

pr
oc

es
sin

g 
un

it 
w

as
 le

ss
 p

ow
er

fu
l t

ha
n 

a 
st

an
da

rd
 d

es
kt

op
 c

om
pu

te
r, 

w
hi

ch
 m

ad
e 

th
e 

sy
st

em
 

slo
w

er
 t

o 
an

al
ys

e 
im

ag
es

. T
he

 a
ut

ho
rs

 a
rg

ue
 t

ha
t 

th
es

e 
ba

rr
ie

rs
 w

ou
ld

 b
e 

re
du

ce
d 

in
 n

ew
er

 a
nd

 m
or

e 
po

w
er

fu
l 

m
ob

ile
 p

la
tfo

rm
s 

su
ch

 a
s 

An
dr

oi
d 

an
d 

iP
ho

ne
.

St
ea

rn
s 

et
 a

l. 
[3

0]
Te

ch
no

lo
gy

: H
an

dS
ig

ht
 

pr
ot

ot
yp

e 
w

ea
ra

bl
e 

de
vi

ce

Re
ad

in
g 

us
in

g 
a 

ha
nd

-m
ou

nt
ed

 
w

ea
ra

bl
e 

de
vi

ce
 

(H
an

dS
ig

ht
).

Af
te

r 
a 

br
ie

f 
tr

ai
ni

ng
 t

as
k,

 p
ar

tic
ip

an
ts

 w
er

e 
as

ke
d 

to
 r

ea
d 

th
re

e 
ne

w
 a

rt
ic

le
s-

 o
ne

 a
rt

ic
le

 in
 e

ac
h 

of
 t

he
 t

hr
ee

 f
ee

db
ac

k 
co

nd
iti

on
s. 

Th
ey

 w
er

e 
as

ke
d 

qu
es

tio
ns

 a
bo

ut
 e

as
e 

of
 u

se
 a

nd
 d

at
a 

ab
ou

t 
th

ei
r 

us
e 

of
 t

he
 d

ev
ic

e 
w

as
 lo

gg
ed

. T
hr

ee
 

pa
rt

ic
ip

an
ts

 f
av

ou
re

d 
au

di
o-

on
ly

 f
ee

db
ac

k,
 w

hi
le

 
on

e 
pr

ef
er

re
d 

a 
co

m
bi

na
tio

n 
of

 h
ap

tic
 

(v
ib

ra
tio

ns
) 

an
d 

au
di

o 
fe

ed
ba

ck
.

Pa
rt

ic
ip

an
ts

 w
er

e 
al

so
 a

sk
ed

 t
o 

co
m

pa
re

 H
an

ds
ig

ht
 

w
ith

 B
ra

ill
e,

 s
cr

ee
n 

re
ad

er
s 

an
d 

pr
in

te
d 

te
xt

 
re

ad
in

g.
 T

he
y 

fo
un

d 
Ha

nd
Si

gh
t 

at
 le

as
t 

as
 g

oo
d 

or
 b

et
te

r. 
Th

ey
 a

pp
re

ci
at

ed
 t

ha
t 

it 
ga

ve
 t

he
m

 
ac

ce
ss

 t
o 

no
n-

Br
ai

lle
 t

ex
ts

 a
nd

 s
o 

im
pr

ov
ed

 
in

de
pe

nd
en

ce
.

Pa
rt

ic
ip

an
ts

 f
ou

nd
 H

an
ds

ig
ht

 a
t 

le
as

t 
as

 g
oo

d 
or

 b
et

te
r 

th
an

 
ot

he
r 

as
sis

tiv
e 

te
ch

 a
s 

it 
w

as
 

po
rt

ab
le

 a
nd

 g
av

e 
ac

ce
ss

 t
o 

no
n-

Br
ai

lle
 t

ex
ts

 a
nd

 s
o 

im
pr

ov
ed

 in
de

pe
nd

en
ce

.
Pa

rt
ic

ip
an

ts
 f

ou
nd

 a
ud

io
-o

nl
y 

fe
ed

ba
ck

 h
el

pf
ul

 f
or

 lo
ca

tin
g 

lin
es

 f
as

te
r 

an
d 

m
or

e 
ac

cu
ra

te
ly

 a
nd

 t
hu

s 
in

cr
ea

sin
g 

re
ad

in
g 

sp
ee

d.
 T

he
y 

us
ed

 t
he

 
au

di
o 

fe
ed

ba
ck

 a
lo

ng
sid

e 
te

xt
-t

o-
sp

ee
ch

.

Th
e 

au
th

or
s 

di
sc

us
s 

ho
w

 t
he

 h
ap

tic
 f

ee
db

ac
k 

co
ul

d 
be

 
im

pr
ov

ed
, e

.g
. v

ar
ia

tio
ns

 in
 in

te
ns

ity
, r

hy
th

m
, p

re
ss

ur
e,

 
fre

qu
en

cy
.

Fa
rd

ou
n 

et
 a

l. 
[3

1]
.

Te
ch

no
lo

gy
: p

ro
to

ty
pe

 
sm

ar
tw

at
ch

 d
ev

ic
e

Th
e 

pr
ot

ot
yp

e 
sm

ar
tw

at
ch

 
de

vi
ce

 w
as

 d
es

ig
ne

d 
to

 
he

lp
 p

eo
pl

e 
w

ith
 

Al
zh

ei
m

er
’s 

to
 r

ec
og

ni
se

 
an

d 
re

m
em

be
r 

de
ta

ils
 

ab
ou

t 
fa

m
ili

ar
 p

eo
pl

e.
 

Th
e 

pr
ot

ot
yp

e 
w

as
 

te
st

ed
 w

ith
 4

1 
pe

op
le

 
w

ith
 A

lz
he

im
er

’s 
D

ise
as

e.

Th
e 

au
th

or
s 

re
po

rt
 s

om
e 

us
ab

ili
ty

 fl
aw

s 
bu

t 
do

 n
ot

 
re

po
rt

 h
ow

 a
cc

ur
at

el
y 

th
e 

de
vi

ce
 r

ec
og

ni
se

d 
pe

op
le

, t
he

 im
pa

ct
 o

f 
us

in
g 

it 
or

 p
ar

tic
ip

an
ts

’ 
vi

ew
s 

ab
ou

t 
th

e 
de

vi
ce

.

Pr
ot

ot
yp

e 
fe

at
ur

es
 C

lo
ud

 
ar

ch
ite

ct
ur

e 
to

 e
na

bl
e 

da
ta

 
st

or
ag

e 
an

d 
im

ag
e 

pr
oc

es
sin

g 
ou

ts
id

e 
of

 t
he

 d
ev

ic
e,

 s
o 

ph
ot

o 
st

or
ag

e 
is 

no
t 

an
 is

su
e.

M
an

y 
pa

rt
ic

ip
an

ts
 h

ad
 v

isu
al

 im
pa

irm
en

t 
as

 w
el

l a
s 

Al
zh

ei
m

er
’s 

an
d 

ha
d 

di
ffi

cu
lti

es
 r

ea
di

ng
 t

ex
t 

on
 a

 s
m

al
l 

sc
re

en
. T

he
 a

ut
ho

rs
 p

la
n 

to
 a

dd
re

ss
 t

hi
s 

by
 c

re
at

in
g 

a 
te

xt
-t

o-
sp

ee
ch

 f
ea

tu
re

.
So

m
e 

pa
tie

nt
s 

w
er

e 
un

ab
le

 t
o 

po
in

t 
th

e 
w

at
ch

 a
t 

th
e 

co
rre

ct
 

an
gl

e 
to

 t
ak

e 
a 

ph
ot

o 
of

 s
om

eo
ne

’s 
fa

ce
 a

nd
/o

r 
fo

rg
ot

 t
o 

ta
p 

th
e 

sc
re

en
 t

o 
ta

ke
 t

he
 p

ho
to

.
Th

e 
sm

ar
tw

at
ch

 o
nl

y 
w

or
ks

 w
ith

 c
er

ta
in

 S
am

su
ng

 p
ho

ne
s. 

D
ev

ic
e 

ca
n 

al
so

 n
ot

 b
e 

us
ed

 w
ith

ou
t 

an
 in

te
rn

et
 

co
nn

ec
tio

n-
 d

ur
in

g 
te

st
in

g 
so

m
e 

pa
rt

ic
ip

an
ts

 w
er

e 
un

ab
le

 
to

 u
pl

oa
d 

ph
ot

os
 o

r 
do

w
nl

oa
d 

in
fo

rm
at

io
n 

du
e 

to
 

co
nn

ec
tiv

ity
 is

su
es

.

Ta
bl

e 
4.

 C
on

tin
ue

d.

(C
on
tin
ue
d)
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Gr
ou

p
Au

th
or

s, 
da

te
 a

nd
 

te
ch

no
lo

gy
 r

ev
ie

w
ed

Ho
w

 t
he

 t
ec

hn
ol

og
y 

w
as

 
us

ed
 in

 r
eh

ab
ili

ta
tio

n
Re

ha
bi

lit
at

io
n 

ou
tc

om
es

Us
ef

ul
 f

ea
tu

re
s 

an
d 

fa
ci

lit
at

or
s

Us
ab

ili
ty

 is
su

es
 a

nd
 b

ar
rie

rs

Sh
ilk

ro
t 

et
 a

l. 
[3

2]
Te

ch
no

lo
gy

: 
Fi

ng
er

Re
ad

er
 

pr
ot

ot
yp

e 
w

ea
ra

bl
e 

de
vi

ce

Re
ad

in
g 

a 
pa

m
ph

le
t, 

m
en

u,
 b

us
in

es
s 

ca
rd

s 
an

d 
ne

w
sp

ap
er

 a
rt

ic
le

s 
us

in
g 

Fi
ng

er
Re

ad
er

.

Al
l p

ar
tic

ip
an

ts
 f

ou
nd

 t
he

 b
us

in
es

s 
ca

rd
s 

an
d 

ne
w

sp
ap

er
 a

rt
ic

le
s 

ea
sie

st
 t

o 
ac

ce
ss

 a
nd

 r
ea

d.
 

Th
ey

 r
ea

d 
al

l t
he

 b
us

in
es

s 
ca

rd
s 

ac
cu

ra
te

ly
 a

nd
 

su
cc

es
sf

ul
ly

 u
nd

er
st

oo
d 

th
e 

m
ai

n 
po

in
ts

 o
f 

4 
ou

t 
of

 5
 n

ew
sp

ap
er

 a
rt

ic
le

s. 
Th

e 
pa

m
ph

le
t 

w
as

 
al

so
 c

on
sid

er
ed

 e
as

y 
to

 a
cc

es
s. 

Al
l f

ou
nd

 t
he

 
m

en
u 

di
ffi

cu
lt 

to
 a

cc
es

s 
du

e 
to

 t
he

 m
ul

tip
le

 
co

lu
m

n 
la

yo
ut

. O
ve

ra
ll 

ex
pe

rie
nc

e 
of

 u
sin

g 
Fi

ng
er

Re
ad

er
 w

as
 r

at
ed

 a
s 

“m
ed

io
cr

e”
- 

th
ey

 
ge

ne
ra

lly
 f

ou
nd

 it
 e

as
y 

to
 a

cc
es

s 
te

xt
 w

ith
 t

he
 

de
vi

ce
 b

ut
 u

sin
g 

it 
to

 r
ea

d 
w

as
 h

ar
de

r 
an

d 
le

ss
 

en
jo

ya
bl

e.
 T

he
y 

fo
un

d 
it 

us
ef

ul
 f

or
 e

xp
lo

rin
g 

te
xt

 b
ut

 le
ss

 g
oo

d 
fo

r 
lis

te
ni

ng
 t

o 
lo

ng
er

 
se

ct
io

ns
 o

f 
te

xt
.

Pa
rt

ic
ip

an
ts

 g
en

er
al

ly
 f

ou
nd

 it
 

ea
sy

 t
o 

ac
ce

ss
 t

ex
t 

w
ith

 t
he

 
de

vi
ce

, p
ar

tic
ul

ar
ly

 if
 

pr
es

en
te

d 
in

 s
in

gl
e 

co
lu

m
ns

.

Pa
rt

ic
ip

an
ts

 s
ai

d 
th

ey
 w

ou
ld

 n
ot

 u
se

 t
he

 d
ev

ic
e 

fo
r 

lo
ng

er
 

te
xt

s 
du

e 
to

 f
at

ig
ue

. T
he

y 
fo

un
d 

th
e 

sy
nt

he
sis

ed
 v

oi
ce

 
un

pl
ea

sa
nt

 a
nd

 s
om

et
im

es
 d

iffi
cu

lt 
to

 u
nd

er
st

an
d.

 T
he

 
de

vi
ce

 h
ad

 a
 fi

xe
d 

re
ad

in
g 

sp
ee

d 
- 

so
m

e 
us

er
s 

re
ad

 f
as

te
r 

th
an

 t
hi

s 
so

 h
ad

 a
lre

ad
y 

fin
ish

ed
 a

 li
ne

 w
hi

le
 t

he
 d

ev
ic

e 
w

as
 s

til
l r

ea
di

ng
 a

lo
ud

.
Pa

rt
ic

ip
an

ts
 h

ad
 d

iff
er

en
t 

vi
ew

s 
ab

ou
t 

pr
ef

er
re

d 
fe

ed
ba

ck
 

m
et

ho
ds

 (
e.

g.
 t

ac
til

e,
 a

ud
io

).
Al

l p
ar

tic
ip

an
ts

 f
ou

nd
 t

he
 m

en
u 

di
ffi

cu
lt 

to
 a

cc
es

s 
du

e 
to

 t
he

 
m

ul
tip

le
 c

ol
um

n 
la

yo
ut

.
Th

e 
ca

m
er

a 
do

es
 n

ot
 a

ut
o-

fo
cu

s, 
m

ak
in

g 
it 

ha
rd

 t
o 

ad
ju

st
 t

o 
di

ffe
re

nt
 fi

ng
er

 le
ng

th
s.

Th
e 

de
vi

ce
 m

ad
e 

er
ro

rs
 in

 r
ec

og
ni

sin
g 

ch
ar

ac
te

rs
 a

nd
 w

or
ds

.
It 

ne
ed

s 
to

 b
e 

te
th

er
ed

 t
o 

a 
co

m
pa

ni
on

 c
om

pu
ta

tio
n 

de
vi

ce
, 

e.
g.

 a
 t

ab
le

t 
co

m
pu

te
r.

Ba
nf

 e
t 

al
. [
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]

Te
ch

no
lo

gy
: 

Pi
ct

ur
eS

en
sa

tio
n 

sm
ar

tp
ho

ne
 a

pp

Un
de

rs
ta

nd
in

g 
an

 im
ag

e 
by

 t
ou

ch
in

g 
di

ffe
re

nt
 

pa
rt

s 
of

 it
 a

nd
 

re
ce

iv
in

g 
au

di
to

ry
 

de
sc

rip
tio

ns
 u

sin
g 

Pi
ct

ur
eS

en
sa

tio
n 

sm
ar

tp
ho

ne
 a

pp
.

Th
e 

bl
in

d 
pa

rt
ic

ip
an

t 
w

as
 a

bl
e 

to
 le

ar
n 

to
 u

se
 t

he
 

de
vi

ce
 in

de
pe

nd
en

tly
- 

th
e 

au
th

or
s 

ar
gu

e 
th

at
 

th
is 

w
as

 d
ue

 t
o 

th
e 

de
sig

n 
of

 t
he

 u
se

r 
in

te
rf

ac
e 

an
d 

pr
ov

isi
on

 o
f 

a 
tu

to
ria

l a
nd

 t
ra

in
in

g.
 T

he
 

pa
rt

ic
ip

an
t 

su
cc

es
sf

ul
ly

 p
ro

vi
de

d 
ac

ce
pt

ab
le

 
in

te
rp

re
ta

tio
ns

 f
or

 a
ll 

im
ag

es
.

Pi
ct

ur
eS

en
sa

tio
n 

ca
n 

be
 u

se
d 

in
 

di
ffe

re
nt

 la
ng

ua
ge

s.
A 

vo
ic

e-
gu

id
ed

 t
ut

or
ia

l h
as

 b
ee

n 
de

ve
lo

pe
d.

Th
e 

pa
rt

ic
ip

an
t 

w
as

 a
bl

e 
to

 u
se

 
th

e 
sw

ip
e 

ge
st

ur
e-

ba
se

d 
us

er
 

in
te

rf
ac

e 
de

sig
n,

 i.
e.

 t
he

re
 

w
er

e 
no

 o
n-

sc
re

en
 m

en
us

 o
r 

bu
tt

on
s.

Sc
en

e 
la

be
lli

ng
 a

nd
 f

ea
tu

re
 e

xt
ra

ct
io

n 
w

er
e 

no
t 

al
w

ay
s 

pr
ec

ise
- 

th
e 

au
th

or
s 

an
tic

ip
at

e 
th

at
 t

hi
s 

w
ill

 im
pr

ov
e 

in
 

th
e 

fu
tu

re
, a

s 
co

m
pu

te
r 

vi
sio

n 
te

ch
no

lo
gy

 b
ec

om
es

 m
or

e 
ad

va
nc

ed
.

Aw
ad

 e
t 

al
. [

34
]

Te
ch

no
lo

gy
: I

nt
el

lig
en

t 
Ey

e 
sm

ar
tp

ho
ne

 a
pp

Re
co

gn
isi

ng
 o

bj
ec

ts
, 

co
lo

ur
s 

an
d 

ba
nk

no
te

s 
us

in
g 

a 
sm

ar
tp

ho
ne

 
ap

p 
(In

te
lli

ge
nt

 E
ye

).

Th
e 

ap
pl

ic
at

io
n 

w
as

 t
es

te
d 

by
 u

se
rs

 w
ith

 v
isu

al
 

im
pa

irm
en

t 
w

ho
 w

er
e 

th
en

 a
sk

ed
 f

or
 f

ee
db

ac
k.

 
Th

e 
us

er
s 

ga
ve

 p
os

iti
ve

 f
ee

db
ac

k 
ab

ou
t 

th
e 

ap
p’

s 
pe

rfo
rm

an
ce

 (
3.

7/
5)

, e
as

e 
of

 u
se

 (
4.

1/
5)

, 
fa

m
ili

ar
ity

 o
f 

in
te

rf
ac

e 
(4

.4
), 

re
sp

on
siv

en
es

s 
(4

) 
an

d 
cl

ar
ity

 o
f 

pr
om

pt
 m

es
sa

ge
s 

(3
.0

).
Th

e 
au

th
or

s 
re

po
rt

 t
ha

t 
th

e 
ap

p 
ac

cu
ra

te
ly

 
id

en
tifi

ed
 o

bj
ec

ts
 a

nd
 b

an
kn

ot
es

, b
ut

 n
o 

de
ta

ils
 

of
 t

es
tin

g 
ar

e 
re

po
rt

ed
.

Pa
rt

ic
ip

an
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Two articles emphasised the importance of identifying the most suitable device for individual partici-
pants depending on their goals and other factors [19,38].

Three studies explored how well different apps or devices performed for different reading material 
[13,26,28]. van der Aa et  al. [26] compared OrCam to three apps (Seeing AI, Envision AI and Lookout) and 
found participants’ reading performance varied depending on the type of reading task, suggesting that 
certain technologies may be better suited to different forms of reading. For example, Orcam and Seeing AI 
were more useful for reading a table of contents, whereas the three apps performed better than Orcam for 
reading a handwritten shopping list, street sign, monetary note and medicine bottle. None of the technol-
ogies facilitated reading a TV guide [26]. Granquist et al. [13] reported that both OrCam and Seeing AI were 
perceived by participants as useful for daily reading activities, and both technologies achieved over 95% 
accuracy in text recognition. However, participants were able to complete more tasks using OrCam (71%) 
compared to Seeing AI (55%). In contrast, Seiple et  al. [28] compared four technologies, including Orcam 
and Seeing AI, and reported that Seeing AI had the best performance across a range of reading, searching 
and identifying tasks, and also had the highest user satisfaction.

Training
Although many studies provided training, only Waisbourd et  al.’s [11] study investigated the impact of 
this. The authors reported that participants’ ability to use Orcam improved significantly after training 
from an experienced instructor, but no further significant improvements were seen after participants had 
used Orcam for a week, perhaps because their performance was already close to ceiling.

Outcome measures
Two studies reported improvements in vision-related quality of life after using assistive technology to 
facilitate reading for four weeks, including for a novel app [36]. Waisbourd et  al. [11] found that almost 
three quarters of participants felt their overall vision-related quality of life had improved after learning 
to use Orcam, as they were able to read books and other documents independently. A limitation of 
many studies was that rehabilitation outcomes were assessed using unvalidated tests specifically devel-
oped for the studies [9].

Useful features, barriers and facilitators to using the technology

In addition to highlighting useful features of apps and devices, the articles also outlined barriers and 
facilitators to using them (see Table 4).

The four review papers all highlighted a trend towards small, portable and wearable devices and the 
integration of assistive technology into mainstream devices. According to Souza et  al.’s [22] systematic 
review, this trend is due to miniaturisation of technology, reduction in power requirements and availabil-
ity of small power sources. Celik and Rohrschneider [19] and Pundlik et  al. [21] highlighted the numerous 
benefits of this, with assistive technology becoming more accessible, affordable, inconspicuous, and 
socially acceptable, therefore avoiding the potential stigma associated with bespoke specialist assistive 
technology devices.

The studies also highlighted a variety of usability issues and barriers. One key issue was the availabil-
ity of apps and devices in languages other than English. Some existing and novel apps, such as 
PictureSensation [33] were available in different languages. However, the accuracy of the app in different 
languages was not reported. The high cost of devices and subscriptions can also be a barrier to access-
ing them in developing countries [39]. The expense of Orcam was highlighted in several studies [10,11,13]. 
Patel and Parmar [20] also highlighted a lack of knowledge and experience with technology in develop-
ing countries such as India, which can be a barrier to using devices. Several articles discussed the pros 
and cons of different systems and how to increase affordability in developing countries. For example, 
Chen et  al. [35] and Fardoun et  al. [31] reported that they chose to reduce costs for users in developing 
countries by using a cloud server or cloud storage for image processing, because these did not require 
high performance hardware with large phone storage. However, cloud servers and storage need a strong 
and consistent internet connection [31].
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Usability issues explored in the papers included preferences for different types of feedback and user 
interface. For example Stearns et  al. [30] found that most users preferred audio to haptic (vibrations) 
feedback, while Banf et  al. [33] reported that swipe gestures were easier for people with visual impair-
ment to use than onscreen menus and buttons.

The devices were more usable for some reading tasks than others. Namely, near vision tasks were 
easier than reading in the distance, and reading text in multiple columns, such as a TV guide or menu, 
posed particular challenges [26,32]. Unusual fonts and formatting, such as text found on processed food 
labels, were also a barrier [13,35].

Studies highlighted the importance of considering users’ personal preferences and previous technol-
ogy use when selecting devices. For example, the voiceover feature on a smartphone can be challenging 
to learn to use [13], but may be useful for people who are already familiar with it. Devices should have 
a variety of options for personalised feedback (e.g. audio, tactile, combined) as users have different pref-
erences [32].

Some specific technical barriers were identified. For example, Orcam was found to struggle in low 
lighting conditions [11,13], whereas Seeing AI performed better [13]. High energy consumption was 
another barrier identified [22]. Some studies reported technical challenges that are likely to be overcome 
using newer and more powerful devices/mobile platforms. For example, Tekin and Coughlan [29] used a 
Nokia in their study, but reported that their app would work better on an iPhone or Android smartphone.

Several studies discussed whether age is a potential barrier to successful use of the smart camera 
technology. For example, in their review article and opinion piece, Celik and Rohrschneider [19] sug-
gested that age may be a barrier because younger people are more likely to own a smartphone or 
tablet, but they did not refer to any data or case studies that provided evidence that age itself is a 
barrier to using electronic visual aids. Chen et  al. [35] reported that older users needed longer to learn 
to use a device and that the needs of users of different ages should be taken into account when design-
ing devices. Conversely, Seiple et  al. [28], who investigated whether age predicted performance at base-
line or change in performance when using smart-camera technology, found no association for any of the 
four technologies explored. Fardoun et  al. [31] developed a smartwatch for people with Alzheimer’s dis-
ease, many of whom also had visual impairments, and discussed the challenges of designing assistive 
technology for people with multiple impairments, which are more common as people age.

Discussion

We reviewed 25 articles and abstracts to consider how assistive technology incorporating smart camera 
features has been used in the rehabilitation for people living with disabilities.

Which types of people living with disabilities was the assistive technology used with?

All but two of the articles focused on assistive technology in relation to visual impairments (n = 23). 
However, several articles highlighted that many participants have more than one disability and that this 
is a key consideration when choosing assistive technology and supporting people with disabilities to use 
it. For example, Fardoun et  al.’s [31] study developed a device to support people with Alzheimer’s Disease 
to recognise and remember information about people they know. They reported that some participants 
also had visual impairment and that this impacted on their use of the device. Other studies discussed 
the importance of considering cognition alongside visual impairment [38]. Some authors speculated that 
assistive technology may be useful for groups other than the ones they were designed for. For example, 
Shilkrot et  al. [32] designed a wearable reading device for congenitally blind people but suggest that it 
may be useful for people with other types of visual impairment, dyslexia and for supporting early lan-
guage learning among pre-school children.

The research was mostly small-scale. Among the studies which reported the number of participants, 
11.5 was the median. This is in line with other recent research studies exploring the use assistive tech-
nology for people with disabilities, with 13 reported to be the median number of participants for studies 
investigating people with disabilities and older adults [40]. One article [32] discussed the challenges of 
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recruiting participants to their study. The challenge of recruiting representative users with particular dis-
abilities has been reported more widely in the Human Computer Interaction and accessibility literature, 
with key barriers including difficulties finding representative users and the users accessing a research 
setting [41].

How was the smart camera technology used in rehabilitation?

The technology was used on various devices including smartphones, tablets, smart watches, smart 
glasses and other wearable devices such as FingerReader. The majority of studies focused on assistive 
technology incorporating text-to-speech and/or object recognition (n = 24), with reading the most com-
monly addressed rehabilitation goal. Studies identified different strengths and limitations of the technol-
ogies. A clinical case study stressed the importance of considering the client’s goals, cognition and 
physical abilities when selecting suitable assistive technology [38]. Dockery and Krzystolik [37] surveyed 
visually impaired patients about their use of assistive technology and found that they used on average 
four different apps, which suggests that they are using different apps for different functions. Indeed, 
different reading apps/devices were reported to perform better with different reading material [26], 
which may explain why patients use multiple apps.

What benefits were reported from using assistive technology incorporating smart camera 
features?

Many studies highlighted the numerous benefits of assistive technology apps which can be used on 
smartphones, because they are accessible, affordable and inconspicuous. Indeed, even in a study where 
participants reported positive results with a wearable device, Orcam, only 15% of participants continued 
rehabilitation using Orcam at the end of the study. Key reasons for participants not continuing to use 
Orcam were the cost of the device and that they were already using smartphone apps and screen-reading 
software as low vision aids, which they reverted back to at the end of the study [10].

Improvements in reading were the most commonly reported rehabilitation outcome, with the tech-
nology facilitating independence in everyday, functional tasks. However, few studies included a 
longer-term follow-up to explore whether participants continued to use the technology and find it ben-
eficial. A survey among attendees of a low vision clinic reported that participants were using a variety 
of different apps in their everyday lives [37], but it is unclear whether this finding would be replicated 
among people who do not have the support of a low-vision clinic. A review highlighted the limited 
evidence about the real-world impact of electronic visual aids, but found that user surveys indicated that 
smartphone apps were increasingly widely used and were more popular than specialist devices [21].

Two studies explored the wider impact of using the technology and reported improvements in 
vision-related quality of life after using it to facilitate reading for four weeks [11,37]. Being able to read 
books and other documents independently was cited as a key reason for this [11].

Were any barriers reported to the use of assistive technology incorporating smart camera 
features?

A wide variety of barriers to accessing and using the technology were reported, ranging from practical 
factors such as cost and availability in different countries and languages, to usability issues.

Several studies highlighted inequitable access to technology outside of the Global North, due to com-
mercial availability, cost, language and technical know-how [35,36]. Indeed, the World Health Organisation 
identified that over 2.5 billion people needed assistive technology products, yet only 3% had access in 
some low-income countries, whereas 90% had access in some high-income countries [3]. They reported 
that barriers included high costs, low awareness, limited infrastructure, lack of trained personnel, and 
inadequate product range. Their recommendations for achieving universal access to assistive technology 
included ensuring products are effective and affordable, involving users and their families across the 
whole access pathway, raising public awareness and combatting stigma. Researchers have also 
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highlighted the importance of making cultural adaptations when designing technology, considering not 
only language, but also aesthetics and social norms, without which technology is more likely to be 
rejected [42].

Several studies in this review sought to address the gaps in linguistic and commercial availability 
through developing novel technological solutions to be used in countries such as China [35] and Thailand 
[36]. These studies reported the early stages of developing new technology, so they did not report on 
its real-world use.

Barriers related to technical limitations were also reported, such as the technology struggling to read 
particular text formats or in particular conditions, such as low lighting [9–11,13,24,25,39]. Other barriers 
related to the user’s interaction with the technology, such as people with visual impairment struggling 
to direct a camera accurately at the text [11,13,23–25].

Several authors discussed candidacy, including whether electronic assistive technology is less suitable 
for older people, but these studies lacked robust evidence exploring this issue [12,19,35]. This might 
reflect bias among clinicians who may assume that older people are less interested in or less capable of 
learning to use assistive technology [43]. There is also a lack of accessibility research generally about 
older adults, with only 9% of studies between 2011 and 2021 investigating this group [40].

Limitations of evidence base

Among the studies reviewed, there was a lack of user involvement in developing novel technology. User 
testing typically occurred after development and the questions asked of users were limited and general 
[34]. Some studies reported carrying out user testing but provided very few details of this [35]. None of 
the studies reported using Participatory Design [44] or co-design methods [45].

Research has shown that many types of assistive technologies are developed without meaningful user 
input, resulting in poor usability and low adoption rates [46]. Recommendations for inclusive design 
include involving users early in the design process to understand real-world needs and contexts and using 
participatory methods, iterative feedback, and co-design to improve functionality and satisfaction [45].

Accessibility research includes a disproportionate number of studies focusing on visual impairment. 
Mack et  al. [40] reported that in the 10 years between 2011 and 2021, 43% of accessibility research stud-
ies focused on people who were blind or had visual impairment. In contrast, people with complex con-
ditions such as cognitive impairment were under-represented.

Future research

Future research should further investigate the usability of assistive devices, identifying factors that facil-
itate usability for people with specific disabilities and barriers to successful use. Novel technologies 
should address gaps in currently available assistive technology for different groups and across different 
linguistic and cultural contexts. Participatory Design and co-design methods should be used to bring 
together people with lived experience of disability and professionals to develop assistive technology that 
addresses real-world challenges encountered by people with disabilities [45]. Future research should fur-
ther explore this technology in relation to non-vision impairments as it may have the potential to be 
harnessed as a powerful rehabilitation tool for people with other disabilities. It should also investigate 
and address the needs of people with multiple comorbidities and people with complex conditions. 
Future research should investigate the real-world impact of using technology and should include robust 
experimental studies, including RCTs.

Clinical implications

Portable smart camera technology is increasingly accessible and affordable and is often available through 
mainstream devices such as smartphones. There is evidence of its benefits in rehabilitation of visual 
impairments, particularly as a reading aid. Its potential use for other disabilities, such as cognitive, lan-
guage and reading impairments, requires further investigation.
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Limitations

One limitation of this scoping review is that the search was restricted to articles written in English, 
French or German, meaning potentially relevant studies written in other languages may have been 
excluded. Furthermore, assistive technology research is a rapidly evolving field with varied terminology 
used across papers, therefore it is possible that relevant articles that used different vocabulary may have 
been missed. The rapid pace of technological change may also mean that technological features, usabil-
ity issues, barriers and facilitators reported in this review may have changed since the articles were 
published, or even by the time an article was published, and may therefore be out of date. For example, 
many smartphone apps, such as Seeing AI, have updated their object recognition and description fea-
tures to provide more accurate and detailed descriptions. This review includes studies that were pub-
lished in the 2010s, which are more likely to be out of date.

Conclusions

Assistive technology incorporating smart camera features has mainly been investigated in relation to 
visual impairment rehabilitation. Text-to-speech and object recognition have been the most explored 
features, with less focus on facial recognition and barcode scanning. Reported rehabilitative outcomes 
included enhanced reading ability and improved daily living skills. However, there were technical limita-
tions, usability issues and high financial costs associated with various devices.
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